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PREFACE 

It seems fortuitous that this Conference occurred when industrialized 
nations were _suddenly forced to realize that the energy crisis was 
real. At the same time, many underdeveloped countries have taken 
their place in a global society, adding their own demands to a finite 
natural resource base. 

With an ever-increasing world population consuming the existing 
developed resources at an alarming rate, it becomes paramount that 
we (the world's scientists) search for "new" or previously unexploited 
resources from those areas of the world not yet well investigated. 
Thus the world's dry regions take on new significance as a human 
environment, and as a resource of approximately one-third the land 
surface of the earth. Suddenly these "pristine" areas become the 
focal point of increased habitation and exploitation. 

Thus, the theme of this Conference centers on new and unused plant 
resources for food, forage, medicinal, and industrial uses. Our 
original intent was to make a 9lobal assessment of arid and semi-arid 
plant resources, to determine the degree of present utilization, and 
to investigate possibilities for the present and future. We were 
frankly overwhelmed by the response and by the number of papers 
submitted. We quickly discovered the difficulty in organizing papers 
of such diversity. We had originally hoped to have all papers fall 
neatly into the above categories. It became apparent that other 
categories were essential, and ultimately workshops were added on 
plant ecology and management and "basic research". We are well 
aware that such a breadth of topics is seldom attempted in a single 
conference and, therefore, that there may well be understandable 
criticism of this point: We apologize for the catch-all nature of 
such organization, but categorization becomes almost impossible with 
such diversity. Editing a volume of this nature also causes night
mares in uniformity, format, language, style, and length. Some 
papers are reviews, others are philosophical, and still others are 
reports of current research. Our objective is to represent the 
international flavor of all aspects of arid land plant resources. 
We make no apologies for the diversity. 

The length of this publication does not allow the inclusion of 
the excellent continental summary papers. Their publication will 
be forthcoming in another book. 

In this volume you will find information not available to the 
scientific community at large. We are proud to have been a part of 
an exciting week of presentations (Oct. 8-15, 1978), and we cherish 
the new friendships nurtured in an environment of international 
cooperation. Representatives from 20 countries have discussed and 
presented their best assessments of the arid land perspective. 
We hope that the test of time is kind to their judgement and 
recommendations. 

J.R. Goodin 
David K. Northington 
July 1979 
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Desert Vegetation, Its Age And Origin 

DANIEL I. AXELROD 
Department of Botany 

University of California 
Davis, California 95616 

Is zonal desert vegetation ancient, or is it a relatively new earth 
feature? Recent discussions of living biota in the Namib (Zinderen 
Bakker, 1976), Australian (Beard, 1977), tropical American (Sarmiento, 
1976), Argentinian (Solbrig, 1976) and Sonoran deserts (Blair, Hulse 
and Mares, 1976) conclude that desert environments are ancient. 

This is evident in such phrases as "the tropical American desert 
flora ... is of considerable age" (Sarmiento, 1976); or " ... the 
antiquity and high degree of endemism of the (Namib) biota corroborates 
the old age of the desert" (Zinderen Bakker, 1975); " ... and by the 
Oligocene, desert conditions were established (in Australia)" (Beard, 
1977). 

The notion of antiquity is not new, but echoes that reached earlier by 
Engler (1914), Johnston (1940), and others. Actually, there is 
considerable fossil evidence that refutes the idea that regional 
deserts are ancient. In particular, fossil floras recovered from 
the present deserts and their bordering regions show that forest, 
savanna, woodland and other vegetation zones occupied these areas for 
tens of millions of years before the present, and that zonal desert 
vegetation is in fact quite young (Axelrod, 1950b). In addition, 
the occurrence of fossil vertebrate faunas in the present desert 
regions that include arboreal taxa, as well as abundant grazers, 
provides further evidence of their youthfulness because they 
typified these areas well into the later Tertiary, and in the 
Quaternary as well (Gill, 1975; Mauny, 1957; Callen and Tedford, 
1976; Patterson and Pascual, 1972; Cooke, 1972). Furthermore, 
their youthfulness is consistent with evidence which shows that 
unique minerals of chemical origin produced under moist, non-desert 
environments have distinguished these areas for most of their 
history, and that truly arid (desert) regional climates are in fact 
much younger (Bowler, 1976; Callen, 1977; Tankard and Rogers, 1979). 
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Paleoclimatic evidence from the oceans reviewed below is also 
consistent with their relative youthfulness. Furthermore, in some 
cases the spread of deserts can be correlated with the recent rise 
of topographic barriers that isolated them from moisture-bearing 
winds. 

If desert environments are relatively young, then the origin of the 
very unique adaptive types that distinguish these regions today, and 
which give to them an aspect of antiquity, must be explained. For 
instance, Fouquieria and Koeberlinia in the Sonoran Desert represent 
small families that are well isolated from all others, and certainly 
are not of recent origin. Nor are the giant candelabra cacti like 
Pachycereus or Lemaireocereus that occur in the tropical American 
deserts of recent origin. The same problem is posed by the unique 
life forms that distinguish other desert regions, for instance the 
cactoid euphorbias and the stone-like Lithops and Hoodia of the 
South African deserts, and the grotesque Welwitschia of the same 
region. On the same basis, one might well assume--as some have 
done--that the great array of unique life forms in the desert of 
southern Madagascar (Koechlin, 1972) must indeed indicate that it 
is ancient (Fig. 1). 

3 4 5 6 7 8 9 1011 12 13 14 15 16 17 

Thicket of Alluaudia comosa, diagram: I, Commiplwra monslruosa; 2, Cassia 
meridionalis; 3, Bauhinia grandidieri; 4, Alluaudia comosa; 5, Rhigozum madagas
cariensis; 6, Euphorbia leucodendron; 7, Xerophyta dasylirioides ; 8, Pachypodium 
lamerei; 9, Blepharis calcitrapa; 10, Terminalia subserrata; 11, Xerosicyos danguyi; 
12, Cro/011 sp.; 13, Megistostegium perrieri; 14, Delo11ix adansonioides; 15, Selaginella 
11ivea; 16, Alluaudiopsis fiherenensis; 17, Euphorbia 011eoclada. 

Fig. 1. Vegetation in the desert and semidesert of southern Madagascar 
includes numerous unique adaptive types (from Koechlin, 1972). 
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The apparent conflict is resolved by fossil evidence which indicates 
that these and other novel desert taxa represent the hardy, 
drought-resistant survivors of ancient alliances that persisted 
over these regions as the period of drought gradually lengthened 
during the Tertiary. From this standpoint, desert floras may 
include ancient (Cretaceous- Eocene) as well as much younger 
(Miocene-Pliocene) alliances that became more narrowly adapted 
to progressively drier conditions, and to longer periods of 
drought, during a span of 60 million years or more (Axelrod, 1977, 
1979). As a background for presenting evidence that supports this 
thesis, the nature of modern desert climates is reviewed first. 
Then the changing global paleogeography which has exerted the primary 
control on the development of desert climate, and hence on the 
plants and on the vegetation in it, is considered . The paleobotanical 
evidence that shows that zonal desert environments have spread 
widely only since the close of the Tertiary is then reviewed. 
Finally, the ways in which the markedly diverse and often "strange" 
taxa that inhabit desert regions may have originated is outlined . 

Present Desert Climates 

Logan (1968) provides a useful classification of deserts based on 
their causes. The general features of four of his five major types 
of desert--sub-tropical, cold-coastal, rainshadow, and continental 
interior--are briefly outlined here. We shall consider the origins 
of all four. 

Sub-tropical Deserts 

The major belts of desert climate now in sub-tropical latitudes 
result from convergence of air aloft in the latitude zone 20 to 
35 degrees from the Equator . Convergence taking place at middle 
and upper tropospheric levels results in high pressure at the 
surface. It in turn gives rise to the great semi-permanent 
anticyclones so prominent in global maps of the wind field, 
anticyclones which are located over the eastern portions of all 
ocean basins (except the North Indian Ocean) in sub-tropical 
latitudes. Within anticyclones descending air approaches the 
surface warmed by compression, and in a state of relative dryness. 

Only through supply of sufficient heat and moisture from the surf ace 
can moist convection currents arise sufficient to overcome the 
anti-rain properties of anticyclonic influence. At present, 
moist sub-tropical climates occur over the western portions of the 
ocean basins and adjacent continental areas, but they are outweighed 
by the arid conditions over land in more westerly longitudes . In 
the case of Asia and Africa, the aridity is unbroken, except for 
relatively small and isolated highlands, from Pakistan westward 
through North Africa to the shores of the Atlantic Ocean, a stretch 
of more than 9,000 km. Thus, although the belts of aridity in the 
subtropics are broken by interceding regions of humid climate, the 
condition of aridity is widespread and in many areas, extreme. 
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With the change of seasons, the mechanism shifts poleward in summer 
and equatorward in winter. On the equatorward side of the sub-tropical 
deserts, areas dominated by the trade wind belt in winter are invaded 
in summer by warm, moist equatorial air masses, producing convectional 
showers. Farther equatorward, the increasing frequence of such 
storms results in more precipitation and thus the desert is gradually 
replaced by grassland, thorn scrub, dry tropical forest or savanna, 
and then rainforest. 

Cool-Coastal Deserts 

These deserts, typified by the Namib of southwest Africa, the Atacama 
of Peru-Chile, the Pacific coast of Baja California, the northwest 
coast of Australia, and the Atlantic coast of the Sahara, lie 
astride the tropics and represent a special case of the sub-tropical 
desert . Their aridity is partly the result of the descending air 
which is devoid of moisture and dominates the area through the 
year. In addition, the cold-water currents--the Benguela, Humboldt 
(or Peru}, Canary, and California--moving equatorward on the east 
side of the ocean basins, which have originated in high cold latitudes, 
increase aridity. As they move equatorward they are deflected 
away from the coast by the Coriolis effect. As a result, very cold 
water wells up from the depth producing further chilling. 

While air pressure is high over coastal deserts in the sub-tropics, 
it is even higher over the ocean deserts and extends far west of the 
desert coasts. Warm surface air, quite moist from its contact with 
warmer water adjacent to sites of upwelling, moves slowly from the 
high pressure cells toward the lower pressure areas over the deserts 
back of the coasts, the movement carrying the air across the cool 
coastal waters. As air temperature drops from contact with the 
cold surface, droplets of moisture form, creating a layer of fog 
near the surface. The air, moving landward, crosses the coast with 
a relative humidity near 100% and is chilled nearly to the temperature 
of the water, usually from 15° to 180C. Since only a thin layer of 
air (up to 600 m or so) is affected, the subsiding sub-tropical air 
above this level is hot and dry. Rainfall does not occur because the 
air above is devoid of moisture, convectional movements are prevented 
by the layer of cold air near the surface and the volume of the 
latter is too small to provide an adequate source of moisture. 

Recent studies have revealed the complex interactions between the land 
and sea in terms of the role of cold water in stabilizing air 
masses. Bakun (1978) has shown that upwelling cold water along the 
Guinea coast of Africa is correlated with the area of dry climate 
that supports a semi-arid savanna surrounded by wet tropical forest. 
Similar relations are noted also by Markham and McLain (1977) along 
the dry coast of northeast Brazil where cold water supports campos 
(savanna} and caatinga as well . There is a high correlation between 
a rise in sea surface temperature and rainfall, a relationship 
established also for El Nino along the Peruvian coast (Fairbridge, 
1967; Wyrtki et al., 1976). Evidence also indicates that there 
were northerly shifts of the Subtropical Convergence from near 
its present position at 4oos to 31os during the Late Quaternary. 
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This displacement was caused by the northward migration of the Polar 
Front from 48°-5o0 s to 40°s during the Late Quaternary (Be and 
Duplessey, 1976). They note that present sea surface temperatures 
have prevailed· for only about 1% of the past 540,000 years off 
southeast Africa, and for about 10% of the past 250,000 years off 
southwest Australia. It seems clear that with no ice caps, or 
with only small ones, coasts that are now dry or desert would 
receive considerably more rain--a relation consistent with evidence 
provided by fossil floras from these areas (see below). 

Rainshadow Deserts 

A change in the altitude of a mass of air is accompanied by an 
inverse change in its temperature at an adiabatic rate of 1°c/100 m 
in unsaturated air. As air traverses a mountain range, the rising 
air on the windward side cools to and below the dew point and 
condensation occurs, forming clouds and progressing to precipitation 
as rain or snow, thus reducing the lapse rate. As air descends to 
the lee of the range there is adiabatic heating at the dry rate, 
resulting in a drying effect on the area traversed, and also 
elevating temperatures so that air at any given level on the lee 
slope usually is warmer than that at the same level on the windward 
side. 

A change in seasonal wind direction may cause the lee side to be the 
windward side on another occasion, so that yearly precipitation is 
distributed rather equally or nearly so. However, the unidirectional 
trades and westerlies provide conditions of heavy orographic rain 
on the windward side and inadequate moisture to the lee. This may 
occur on oceanic islands "(e. g. Hawaii, West Indies). On the 
continents, some mountain ranges now form formidable barriers to 
moisture-bearing winds, as the Sierra-Cascade axis to the Great 
Basin, the Andes to the Peru-Chilean coast, the Himalaya-Tibetan 
Plateau to the central Asian deserts, and the Sierra Madre to the 
Mexican plateau. 

Continental Interior Deserts 

The interior of Asia is a very large land area at relatively high 
latitudes and lacks a marine influence. As a result, winters are 
extremely cold because of the low receipt of solar energy and very 
short days. This causes the r egion to be the center of a major 
high pressure cell, in the center of which frigid air subsides and 
flows outwar d as extremely dry air. I n summer, the interior becomes 
very warm because of its size , the large input of solar energy 
resulting from long days, and the lack of a moderating maritime 
influence. This results in the formation of a low pressure cell 
over central Asia which draws in air from all sides, creating the 
monsoon. However, the moisture-laden monsoon cannot penetrate into 
the interior be cause i t is blocked by the high mountains trending 
f rom the Caucasus eastward t o the Hima layas and the great ranges of 
southern China. As a result, t he central Asian deserts exhibit 
extreme continentality, with summer days in excess of 3B0 c at 
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lowland stations, and winter days well below -3o0 c in the Caspian 
region and falling to less than -5o0 c in the Northeast. 

The Trend to Drier Climates 

The general trend to drier land climates during the Tertiary Period 
has been established by the climatic indications of fossil floras 
recovered at widely separated latitudes. For instance, conifer
deciduous hardwood forests that require cool temperate climate 
occupied high northern latitudes early in the period, blanketing 
regions (e.g., Greenland, Spitzbergen, Ellesmereland) that are now 
covered with ice and tundra. In middle latitudes floral sequences 
reveal a progressive shift from taxa that contributed to forests 
of sub-tropical affinity, to mixed deciduous forests that required 
mild temperate climate, to restricted forests and woodlands in open 
country during the late Tertiary (Chaney, 1940; Krystofovich, 1929, 
1935) . A general cooling trend is also indicted by estimates of 
marine paleotemperatures based on the thermal requirements of 
molluscan faunas (Durham, 1950) and by the isotopic (o16;ol8) 
ratios of tests of pelagic forarninif era recovered from the ocean 
floor (Savin, Douglas and Stehli, 1975). Most of these data have 
been reviewed and collated by Frakes and Kemp (1973). 

The gradual cooling trend following Eocene time was primarily a 
response to paleogeographic changes that affected the distribution 
of heat across the earth's surface. There certainly is no need to 
appeal to extra-terrestrial sources as the prime control on the 
major changes in earth's climate during the Cretaceous or Tertiary, 
though orbital variations of the earth may account for relatively 
short term variations in climate, as reviewed recently by Kerr (1978). 
The major paleogeographic changes that account for the trend to 
cooler and drier climates can be considered in terms of several 
categories, all of which are interrelated . 

Plate Movements 

All the continents formed the supercontinent Pangaea into Late 
Jurassic (140 m.y. ago) time. Only a small proto-Atlantic that 
filled the area between lO°N and 300N Lat. separated the eastern 
United States-Newfoundland from northwest Africa (Smith and Briden, 
1977). Major changes have since taken place. 

The South Atlantic commenced to open at its southern end 125-130 m.y. 
ago, the spreading moving northward like an opening scissors. The 
final tie between Africa-South America (at Perrnanbuco-Gabon) evidently 
was severed in the Late Cretaceous (early Turonian, 85 m.y. ago) 
though more recent evidence suggests it may have opened in Late 
Albian time (FBrster, 1978; Kennedy and Cooper, 1975, Petters, 1978). 

North America and Europe were still linked across middle latitudes 
(40°-60°) into the Middle Eocene, with spreading continuing since 
then (McKenna, 1975). 
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Antarctica-Australia separated from South Africa in the Jura-Cretaceous 
transition (135 m.y. ago), but a tie between Australia and southern 
South America via Antarctica was maintained into the Middle Eocene. 

India separated from Antarctica-Australia in the Early Cretaceous, 
and by the .mid-Cretaceous (Cenomanian, 100 m.y. ago) it was 
bisected by Lat. 30°s, and reached the Asian plate in the Eocene 
(45-50 m.y. ago). It moved northward again in the Miocene, lifting 
the Himalayas and the Tibetan Plateau. 

Africa moved slowly north some 15° during the Late Cretaceous into 
the Middle Miocene (15 m.y. ago), when it joined the Asian plate via 
the Arabian Peninsula, at which time a great influx of Holarctic 
mammals spread southward to compete with those of Africa (van 
Couvering and van Couvering, 1975; Hamilton et al., 1978). 

The south coast of Australia uncoupled from Antarctica at Lat. 
55°-6o0 s in the middle Eocene (50 m.y. ago), and Australia moved 
northward during the rest of the Tertiary. Its southern coast was 
near Lat. 45°s by the early Miocene, and close to its present 
position at 35° to 4o0 s by the close of the epoch. 

South America, isolated from North America throughout the Cretaceous 
and most of the Tertiary, finally joined with it as a volcanic 
bridge was constructed between them in the Pliocene, at which time 
there was a spectacular interchange in mammaliam faunas (Simpson, 1969) 
and also of the floras (Raven and Axelrod, 1975). 

The continental rearrangements greatly affected land climates, and 
hence the distribution and evolution of life. Among the major 
climatic effects of plate movements, the following bear directly 
on the development of floras of arid and semi-arid regions. 

Isolation of the austral continents resulted in the origin of unique 
taxa (families, tribes, genera) in the dry (and humid) regions of 
South Africa, South America, Australia, and Madagascar. 

By contrast, in the Northern Hemisphere almost continuous contact 
between North America and Eurasia during most of the Tertiary led to 
a more nearly common flora and fauna. This explains the similarities 
of the biota in the temperate climates of these land areas today, 
including the colder desert regions. 

The union of Africa-Arabia allowed major faunal interchange, and also 
the development of a common flora to the area of developing dry climate 
following the Middle Eocene, one that reached from western India 
into the Mediterranean basin. 

Rafting Antarctica into a polar position, coupled with the rotation 
of North America, brought colder climates and finally polar climate 
and ice caps to the high latitudes. This trend led directly to the 
formation of desert conditions as cold-water coasts developed in 
sub-tropical latitudes. 
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The union of North and South America permitted the intermingling of 
their faunas and floras. This includes the sharing of many common 
taxa, or closely related ones, in the dry regions of both areas. 

The Panamanian bridge blocked the westward movement of tropical water 
into the Pacific and directed it north in the Atlantic and Pacific 
basins. As a result, the Gulf Stream and Kuroshiro were strengthened, 
bringing (for a brief time) warmer water and high precipitation to 
high latitudes and the rapid buildup of snow and ice which then 
spread as the first major ice shee ts. 

Retreating Seas 

All the continents were widely flooded in the middle Cretaceous 
(Cenonanian), and they have been progressively retreating since 
that time (Termier and Termier, 1952; Furon, 1959; Bond, 1976, 1978). 
At the close of the Cretaceous much of central North America was 
still flooded. By the end of the Paleocene the sea had retreated 
into the Mississippi Embayment with its northern shore in southern 
Illinois, and with a further retreat in the rest of the period. 
The Great Tethys Sea covered much of southern Eurasia and north 
Africa during the Cretaceous and Early Tertiary. An arm of that 
sea, the Obie, reached northward through western Siberia to join 
the Arctic Ocean during the Early Tertiary. Africa has had only 
marginal seaways during most of the Tertiary, except in its 
northern part in Egypt-Algeria during the Eocene. Australia was 
well flooded into the Cretaceous, but seas retreated in the 
Eocene and were confined chiefly to the Eyre basin. South America 
has had marginal seas for most of the Tertiary, notably in Venezuela 
and border areas and in the Argentina-Paraguay trough. 

As seas gradually retreated from the continents two major climatic 
changes occurred. First, the chief source of moisture for interior 
regions was gradually removed, bringing drier climate to the interior 
of Asia, Africa, North America, and Australia. This was supplemente d 
by rising topographic barriers, as in western North America, South 
America, and in southern Asia. Second, as moderating thermal effects 
of the seas were reduced, the ranges and extremes of temperature 
increased over the continental interiors, eliminating many taxa that 
were sensitive to either h e at or cold (or both) in regions where 
precipitation was gradually lessening. 

Mountain And Plateau Building 

Subcrustal changes that ultimate ly control plate movements are also 
responsible f or the building of great mountain chains, for the 
accompanying volcanic activity , and for the uplift of high plateaus. 
These make topographic b a rrie rs that a ffect climates, creating 
moister conditions on the windward side and drier to the lee . 
Major events of this sort were especially widespread during the 
later Cenozoic. 
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Among the well established events are the uplift of the Sierra 
Nevada, the Cascade Range, the Peninsular-Transverse Ranges which 
resulted in a drier climate to the lee (east), and the retreat of 
forests and woodlands there. 

The central Rocky Mountains and the Mexican Plateau and its bordering 
Sierra Madre Oriental and Occidental were largely elevated during 
the late Cenozoic. They provided a barrier to the warm moist air 
from the Gulf of Mexico that moved northward, not only into the 
Rocky Mountains, but also to the northwest where the mountains 
created a second (eastern) rainshadow for the Great Basin. 

The Andes were elevated during the Pliocene and Early Quaternary, 
especially. In the north, the uplifted range blocked the westward 
movement of moisture from Amazonia to the Pacific, bringing drier 
climate to the Peruvian coast. In the south, elevation of the Andes 
following the Miocene created a major rainshadow over the plains 
of western Argentina-Patagonia and the drier conditions that spread 
there restricted forests. 

Commencing in the Miocene and continuing through the rest of the 
Cenozoic, east Africa was warped significantly, bringing a drier 
climate to the lee (west) where savannas spread at the expense of 
rainforest. 

In Australia, the Dividing Range was uplifted largely during the late 
Tertiary, blocking transport of moisture from the Tasman Sea to the 
interior where drier climates now spread. 

The Alpine system, stretching from southern Europe across southern 
Asia was largely elevated following the Miocene. This includes the 
great Himalayan uplift, evidence of which is well documented by the 
thick, coarse elastic sequence of the Siwalik Series that poured off 
the south front of the rising mountain mass. Behind it, the Tibetan 
Plateau was still relatively low in the Middle Miocene, as indicated 
by a fossil flora near Namling, Tibet, and now at an elevation near 
5,000 m (Li and Guo, 1976). The flora has no montane conifers such 
as spruce, fir, cedar, or pine; it is a deciduous hardwood forest 
composed of birch, hornbeam, oak, elm, currant, haw, and with willow 
and cottonwood along the streams and lakes. The assemblage finds 
analogy with forests that are now in temperate climates at much 
lower levels. Uplift of the area to its present position well above 
tree-line following the Miocene blocked the northward movement of 
monsoons, and thus brought a drier climate to the Takla Makan-Tarim
Gobi basins, converting that region into the most extreme desert 
area of Asia. Uplift continued into the Pleistocene as shown by 
the Liddmarg flora from the Karewa Formation, Kashmir, on the north 
(lee) slopes of the Pir Pinjal Range (Puri, 1947). The flora is now 
at 3,000 m in cool temperate conifer zone, with the· white birch zone 
above it from 3,200 to 3,650 m where the alpine zone begins. The 
rich flora represents a temperate rainforest of oaks, laurels, figs 
and others that, as a group, do not live above 1,500 m today. The 
Pir Pinjal range has been elevated fully 1,500 m since the Early 
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Pleistocene, bringing a colder climate and cutting off monsoon rains 
that earlier drenched the Kashmir when the flora lived there. 

Chilling Oceans 

The mean temperature of the oceans in high polar latitudes was near 
loo-12°c in the Paleocene and Early Eocene (Savin et al., 1975), and 
gradually decreased to o0 c or less at times of glacial maxima in the 
later Tertiary and Quaternary. Land areas were certainly colder than 
the oceans during the early Tertiary, probably with a mean tempeature 
near s0 c in polar regions as judged from paleobotanical evidence in 
Greenland (Koch, 1963), Spitzbergen (Schloemer-JMger, 1958; Manum, 
1962), Grinnell Land (Heer, 1878), and West Antarctica and its nearby 
islands (Mcintyre and Wilson, 1966; Barton, 1964; Orlando, 1964; 
Raven and Axelrod, 1974; Thomson and Burn, 1977; Duzen, 1908). The 
time when glaciation commenced at high latitudes is not certainly 
established. The above estimates of Paleocene-Eocene paleotemperatures 
imply that glaciers probably formed wherever mountains within the 
polar circles had elevations above 2,500 m, with ice tongues reaching 
down to lower levels. Local ice sheets evidently had formed on 
Antarctica during the Late Oligocene-Miocene, (26 m.y. ago) as judged 
from evidence provided by ice-dropped erratics and striated quartz 
grains recovered from deep cores in the Antarctica seas (Hays et al., 
1975}. By this time, global temperatures were substantially lower 
and ice would now be at lower elevations than earlier. There is 
good evidence that an ice sheet had spread over a wide area by about 
4 to 5 m.y. ago (Kemp, 1978). As temperatures gradually decreased 
during t he middle and late Tertiary, equatorward-flowing currents 
on the eastern sides of the oceans were transporting progressively 
colder water to lower latitudes, gradually creating the cold 
Benguela, California, Humboldt and Canary Currents. 

Cold currents not only tend to stabilize the sub-tropic anticyclonic 
circulations {Bakun, 1978; Markham and McLain, 1977), but tropical 
storms and hurricanes moving out of the warm-water tropics, upon 
encountering colder water, lose strength and are dissipated. Thus, 
summer rainfall- was reduced gradually in areas adjacent to the 
emerging dry zones. And on their northern margins the progressive 
reduction in summer rain resulted in the gradual emergence following 
the latest Tertiary of dry summer, mediterranean type climates that 
distinguish these cold-water coasts. 

Upwelling water became progressively colder as ice developed in polar 
regions, and as land-ocean temperature contrasts became greater 
resulting in stronger anticyclonic circulations. Upwelling in the 
early Tertiary was relatively minor as compared with that of the 
present because anticyclonic circulation was much weaker since the 
temperature contrast between land and sea was not so marked. In 
addition, curr ents along the easte rn s ides o f t he oc eans we r e more 
sluggish so upwelling resulting from the Coriolis effect was 
also reduced. Clearly, the high pressure areas were not so stable 
as at present, but more migratory. 
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Age of Dry Climates 

The following _review of the vegetation sequence in and marginal to 
present arid and semi-arid regions is not an exhaustive survey. 
However, it does demonstrate with reasonable certainty that non-desert 
environment~ characterized all present desert areas during most of 
Tertiary time. 

North America 

Great Basin Desert 

A rich Oligocene flora south of Elko, Nevada, is dominated by foliage 
of Taxodium and Alnus that accumulated on the margins of a swamp in 
which coal was formed. Associates on the bordering slopes included 
Metasequoia, Acer, Gymnocladus, Mahonia, Nyssa, Tilia and others that 
indicate a well-watered region with ample rain in summer and mild 
winters. These conditions contrast markedly with the present climate 
of this semi-desert region where winter extremes regularly fall to 
-4o0 c and the summer temperatures exceed 35°c. 

To the west, a sequence of fossil floras in the Carson Sink region 
reveals a shift from forests to woodland and then to more open 
country during the middle and late Tertiary (Figs. 2 & 3). An 
Early Miocene (19 m.y. ago) flora from the Sutro Tuff near Silver 
City has Fokienia (abundant), Metasequoia, Pseudotsuga (common), and 
Sequoiadendron among the conifers, a palm, dominant species of 
evergreen Lithocarpus anp Quercus, and associated dicots that include 
Machilis (a laurel) and 1others that indicate a mild, wet climate. 
Precipitation occurred chiefly in the summer season in this area 
where summers are now dry. Winters we+e mild, and probably frostless 
or nearly so. 

A rich flora of Middle Miocene age (15 m.y. ago) near Pyramid Lake is 
dominated by deciduous hardwoods, notably species of Acer, Aesculus, 
Alnus, Betula, Crataegus, Platanus, and Prunus that probably dominated 
near the lake shore with Glyptostrobus. The bordering slopes were 
covered with a conifer forest including species of Abies, Chamaecyparis, 
Pinus, and associated evergreens, notably Lithocarpus and Quercus, that 
probably also contributed to a broadleaved sclerophyll vegetation. 
The assemblage implies a lower rainfall than the Sutro flora, probably 
near 900 mm as an annual average. A few miles away the younger 
(14-12 m.y. ago) Purple Mountain, Fallon and Chloropagus floras 
represent a rich mixed conifer forest. It was composed of Abies, 
Chamaecyparis, Picea, Pinus, Pseudotsuga, and Sequoiadendron, with 
associa.tes of Acer, Arbutus, Betula, Cercis, ¢hrysolepis, Lithocarpus 
and Quercus, and with Alnus, Betula, Populus and Salix along the 
stream and lake borders (Axelrod, 1956, 1959, 1962, 1976). Warmer 
slopes supported a mixed evergreen forest composed of Arbutus
Chrysolepi s-Li thocarpus-Quercus. Precipitation was now about 760 I!IITI 

annually, and summer rains had been reduced materially. By 10-8 m.y. 
ago, the mixed conifer and broadleaved sclerophyll forests had been 
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Fig. 2. A sequence of middle and late Tertiary fossil 
floras in western Nevada provides a basis for 
interpreting climatic change. 
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replaced over the basins by live oak-juniper woodland, as shown by 
the Esmeralda and Truckee floras (Axelrod, 1940a, 1940b, 1957), 
with riparian-border woodland and thickets of willow and cottonwood 
dominating the drainageways, when precipitation was near 380-500 mm. 
By this time, forests were restricted to higher hills over the 
interior and to the Sierran rise to the west, areas where moister 
climates were present. During the Late Pliocene (3.5 m.y. ago) a 
notable rise in precipitation enabled the Sierran mixed conifer 
forest to re-enter lowland basins in the western part of the region, 
though the forest was impoverished as compared with that of the 
Miocene (Axelrod and Ting, 1960). Clearly, the present desert 
environment with a winter precipitation of only 100-130 mm must be 
more recent, as implied in Fig. 3. 

Mojave Desert 

Situated between the Great Basin and Sonoran deserts, the Mojave 
region was covered with dry tropic forest during the Paleocene 
time, as shown by the Galer flora from the El Paso Mountains. 
Associated with coal beds, it includes abundant ferns and 
broadleaved dicots in genera like Celastrus, Parathesis, Persea, 
Sapindus and others that are now in central to southern Mexico. 
In that region, rainfall exceeds 1,125-1,250 mm and most of it 
comes in the warm season, with a summer maximum. A Miocene flora 
(17 m.y. ago) northeast of Tehachapi (Axelrod, 1939) represents a 
rich live oak-pinyon pine-cypress woodland composed of Arbutus, 
Clethra, Persea, Quercus, Sabal, Umbellularia and others associated 
with chaparral shrubs distributed in Arctostaphylos, Ceanothus, 
Cercocarpus, Heteromeles, Prunus, Quercus (scrub oak), and Rhus. 
A dry tropic scrub that inhabited drier parts of the basin 
included species of Acacia, Celtis, Dodonaea, Euphorbia, 
Eysenhardtia, Ficus, Pithecellobium, Prosopis, Randia and others . 
Semi-desert patches probably were present on the driest sites, as 
hot south slopes with thin soil. Precipitation was near 650 mm, 
temperatures were mild in winter with frosts absent. The Ricardo 
flora from the El Paso Mountains in the desert to the east is known 
chiefly from wood (Webber, 1933). It includes a dominant live oak 
(Quercus), pinyon pine, cypress, a palm (possibly Sabal), and a few 
undescribed leaves representing dry tropic scrub (Acacia) and 
chaparral taxa (Ceanothus). 

No doubt semi-desert patches were in the nearby region, chiefly on 
dry south slopes with thin soil, but the region certainly was not a 
desert as it is today. To the south, the Anaverde flora from the 
vicinity of Palmdale (Axelrod, 1950a) shows a dominant oak woodland 
with Persea (avocado) one of the commoner trees, together with 
several live oaks, Pinus, a palm, Sapindus, and chaparral species of 
Ceanothus, Quercus (scrub oak), Rhamnus and others. A few dry tropic 
s .crub relicts, notably Colubrina, Dodonaea, and Eysenhardtia, are 
also recorded. The region had at least 500-650 mm precipitation, 
winters were mild and nearly frostless, and there was adequate 
summer rain to support several genera that are now confined to areas 
to the south and southeast. Late Pliocene (3.5 m.y. ago) and Early 
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Quaternary (2.5 m.y. ago) pollen floras from the northern margin of 
the Mpjave region; distributed from the Coso Range near OWens Lake 
eastward into Panamint Valley where rainfall now totals only 50 mm 
annually, show- woodland over the lowlands and impoverished Sierran 
forest in the hills (Axelrod and Ting, 1960). This indicates that 
rainfall was, not less that 500 mm at this time, and demonstrates 
also that there was a significant rise in precipitation as glaciation 
commenced in the nearby Sierra Nevada to the northwest. That the 
desert is quite young is apparent also from studies of wood-rat 
middens scattered across the region (Wells and Berger, 1967; Wells 
and Jorgensen, 1964; Wells, 1976; Wells and Hunziker, 1977) that have 
radiocarbon dates in the range of 40,000to 9,000 years before the 
present (B.P.). They show that juniper woodlands covered the lower 
slopes of the ranges and probably extended down into many of the 
bordering basins. Wells and Berger (1967) make special note of 
the fact that the wood-rat middens often contain taxa that are no 
longer present in the mountains where the midden sites now occur, 
including juniper. Below the conifer-woodland zone there probably 
was a dense semi-desert sage association much as there is today. 
This implies that the lowest drier parts of the present desert basins 
received at least 200-250 mm precipitation, and that the widely-
spaced shrubs of the present desert which live under less precipitation of 
100-140 mm were not yet a regional feature. If present, local<deserts 
were restricted to the driest sites scattered over the region, 
chiefly in the lee of ranges and on hot, south-facing slopes with 
thin soil at low elevations. 

Sonoran Desert 

Fossil floras from south,ern California and Baja California west of 
the San Andreas fault system have displaced northward since the 
Middle Miocene (Axelrod, 1979). Amounting to 500 km along the San 
Andreas proper, it probably is more for the coastward slices of 
the zone. On this basis, the Paleocene Elsinore flora, composed of 
tree ferns (fronds over 1.5 m long), feather palm, and numerous 
large-leaved dicots of several genera, then lived in the area of 
the present Sonoran Desert near the latitude of Rosario, Baja 
California. Furthermore, during the latest Cretaceous (70-65 m.y. 
ago) Araucaria inhabited sites now at La Mission and Rosario, Baja 
California. They were then situated in the latitude of the present 
Viscaino Desert where rainfall is now about 50 mm annually. The 
Eocene Del Mar flora, which was then a little south of the latitude 
of Rosario, represents a dry tropic forest with species of Bauhinia, 
Bombacopsis, Cercidium, Cuphea, Ficus, Fouquieria, Guazuma and 
Suriana, and with a woodland of Celtis, Cissus, Forestiera, 
Fremontodendron, !lex, Pinus and Quercus in the bordering granitic 
hills to the east (Ting, manuscript). The Miocene Modelo and 
Puente floras of southern California, which then lived near the 
Mexican border, are dominated by a rich evergreen oak woodland with 
Annona, Juglans, Lyonothamnus, Persea and Sabal as associates, and 
with diverse shrubs in the understory, notably species of Cercocarpus, 
Fremontodendron and Quercus (scrub oak). They indicate precipitation 
was near 800 mm at a minimum, winters were mild and summer rain was 
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typical of this region only 14-15 million years ago. The Mint 
Canyon flora (13 m.y. ago), from several miles east of Newhall in 
southern California, is a rich woodland with numerous live oaks 
(Quercus) associated with Ilex, Juglans, Laurocerasus, Lyonothamnus, 
Persea, and with Ceanothus, Cercocarpus, Rhus and other sclerophyllous 
shrubs in the understory. Drier sites supported an arid tropic 
scrub, as indicated by species of Acacia, Acalypha, Bursera, 
Caesalpinia, Cardiospermum, Dodonaea, Eysenhardtia, Fouquieria, 
Lysiloma, and Pithecellobium and others that require frost-free 
winters. No doubt semi-desert sites were present, but were 
restricted chiefly to the driest sites with thin soil. The drier 
aspect of this flora as compared with the Modelo and Puente in 
coastal California reflects its position in the area of the present 
Anza-Borrego Desert. This places it in the lee of the ancestral 
Peninsular Ranges, an area where precipitation would be lower than 
on the windward slopes of the range. There was summer rain, annual 
precipitation was near 500-650 mm at a minimum, and winters were 
frostless. Clearly, the present desert environment of this area, 
where precipitation is now 50-75 mm yearly, is more recent. In 
this regard, wood-rat middens from the Sonoran Desert in southern 
Arizona indicate pinyon pine-juniper woodlands lived in the present 
desert during the Wisconsin, from 30,000 to 10,000 years ago (Van 
Devender and King, 1971; Wells, 1976; Wells and Hunziker, 1977). 
That somewhat similar conditions prevailed in the western part of 
the Sonoran desert in California seems probable at least for the 
Early Pleistocene. At that time the Soboba flora near San Jacinto, 
southern California, shows that mixed conifer forest reached fully 
1,000 m below its present level, into an area now semi-desert 
(Axelrod, 1966). These relations are consistent with the occurrence 
of megafossil remains in wood-rat (Neotoma) middens in the central 
peninsula of Baja California (Wells, 1969), situated near San 
Fernando Mission southeast of Rosario. The site is at an elevation 
of 600 m in an area now covered with Sonoran Desert vegetation, 
including Fouquieria (Idria) columnaris and the giant cactus 
Pachycereus pringlei and others that are not recorded in the midden. 
The fossil flora, dated at 10,000 years B.P., contains Juniperus 
californica and Prunus fremontii both of which live in moister and 
cooler areas above the Sonoran Desert vegetation today. The record 
implies that during the pluvials the desert flora probably was at 
lower, warmer levels and confined chiefly to warmer south-facing 
slopes in this general latitude (30°N) near the northern margin 
of the present desert. 

Chihuahuan Desert 

Little fossil evidence regarding the history of the flora of this 
region is presently available. However, its northern margin in the 
Barrilla Mountains, Texas, was covered with a dry tropic forest into 
the Late Eocene (Berry, 1919a), with dominant palms, oaks, laurels, 
and other evergreens. Since similar vegetation extended well to the 
east (Ball, 1931, 1939), it must also have covered a good part of 
the Chihuahuan area as well. This implies ample summer rain and a 
mild winter climate, without frosts. Evidence from the northern 
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margin of the desert in the Rio Grande trough, New Mexico, shows that 
the extension of the desert northward in it is a consequence of the 
recent developm~nt of the trough, and of the resulting rainshadow that 
lowered precipitation there (Axelrod and Bailey, 1976). 

A Pliocene mammal fauna from the desert near Chihuahua City (Arellano, 
1951) indicates that the area was well watered in Hemphillian time 
("Pliocene"). Grazing mammals imply at least a parkland, probably 
an oak savanna and with scattered sclerophyllous shrubs. During the 
Wisconsin, wood-rat middens from the northern part of the present 
desert (Wells, 1966, 1976) reveal a woodland of juniper, pinon, scrub 
oak, walnut and their regular associates. There also are records 
in the middens of "desert taxa", notably cacti, Acacia, Agave, 
Eysenhardtia and others that probably lived on drier slopes scattered 
in the woodland, much as they do today. Clearly, an increase of 
250 mm annual precipitation would be sufficient for oak-juniper 
woodland to descend into the present desert area. This could be 
accomplished by a slight change in climate or topographic conditions. 
The notion that the Chihuahuan desert region has developed in its 
present extent quite recently is supported strongly by Morafka's 
(1977) biogeographic analysis of the herpetofauna which displays 
relations to the Mojave-Sonoran deserts that are of late Cenozoic 
development, and chiefly since the Late Pliocene. 

Southern High Plains 

The southern half of the High Plains stretches from western Nebraska 
southward into the northern Texas Panhandle. It grades westward to 
the front of the Rocky Mou~tains and to the east merges into the 
Great Plains as rainfall increases and as the short grass plains are 
replaced by tall grass plains or prairie. The area has been undergoing 
progressive desiccation during most of the 60 million years of the 
Tertiary period. In Paleocene time, the region was at or close to 
sea level. In Colorado-New Mexico it supported a rich forest dominated 
by broadleaved evergreen dicots with associated deciduous hardwoods. 
The latter increased to the north where they assume more nearly 
equal importance in the vegetation which also included more abundant 
Taxodium and Metasequoia among the conifers. Palms (Sabalites) were 
prominent along the river courses, and the forest taxa include (Brown, 
1962) species of Acer, Betula, Ampelopsis, Carya, Castanaea, Celtis, 
Cercidiphyllum, Corylus, Eucommia, Ficus, Lauraceae, Magnolia, Nyssa, 
Planera, Prunus, Pterocarya, Quercus, Rhamnus, Sassafras, Sapindus, 
Viburnum and Zelkova. Rainfall was well distributed through the 
year, probably totalling not less than 1260 mm yearly. Temperatures 
were warm to mild and equable, with frost unknown except near the 
Canadian border where it may have been of brief duration. 

Drought first appeared over the area in the Middle Eocene, as shown by 
floras of this age in central Texas where dry tropic forests are 
recorded (Ball, 1931, 1939), and by the nature of the Green River 
flora, Colorado and Utah (MacGinitie, 1969). The Green River taxa 
have smaller leaves than those of the rich ·Paleocene to Early Eocene 
forests. In addition the taxa are allied to those that are now found 
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in dry sub-tropic to tropic savannas, notably species of Alophyllus, 
Astronium, Beilschmiedia, Bursera, Cardiospermum, Caesalpinia, Cedrela, 
Celtis, Dipteronia, Engelhardtia, Eugenia, Mimosites, Ocotea, Oreopanax, 
Persea, Triumfetta, and Sterculia. Furthermore, there are indications 
of live oak woodland and associate xerophytes, notably species of 
Pinus (pinon), Quercus, and Vauquelinia. Associated with these taxa 
are remains of more temperate forest species that attained best 
development at cooler levels in the bordering hills, notably species 
of Pinus, Sequoia, Acer, Ailanthus, Lindera, Populus, Pterocarya, Rosa, 
Salix, and Zelkova, as well as the pollen of a number of others that 
lived on more distant slopes. The trend to increased warmth probably 
was not the result of a climatic warming as such, but reflects the 
southward shift of the continent on the order of 800-900 km following 
the Early Paleocene, as judged from evidence of plate tectonics 
(Smith and Briden, 1977; Smith, personal communication). 

By Miocene time (Barstovian = 15-12 m.y. ago) the Kilgore flora from 
western Nebraska (MacGinitie, 1962) shows that deciduous hardwoods 
dominated the region (Figs. 4 & 5). The floodplain and valley slopes 
supported taxa allied to those that occur now well to the southeast, 
where rainfall is fully 900 mm yearly, or about twice that in western 
Nebraska today. Among the recorded taxa that lived at or close to 
the site of plant accumulation are species of Acer, Carya, Cedrela, 
Celtis, Chamaecyparis, Cladastris, Cocculus, Cordia, Crataegus, 
Fraxinus, Meliosma, Nyssa, Platanus, Populus, Pterocarya, Quercus, 
Ribes, Robinia, Vitis and Ulmus. Of these, Cedrela, Cordia and 
Meliosma now live in Mexico in areas of frost-free climate. Lack 
of frost is implied also by the evidence of crocodiles, alligators, 
giant land tortoises and other vertebrates in the Pliocene of the 
region (Hibbard, 1960). Since they indicate frost-free (or nearly 
so) conditions following the Miocene, a frost-free climate for the 
Miocene seems most likely. Not only were winters mild, summer 
temperatures were lower than those at present: climate was more 
equable than it is today. Mean monthly temperatures now range from 
23°c in July to -6°c in January, a range of 29°c. In the Late 
Miocene, mean annual temperature probably was near 14°-15°c, and the 
range probably was not more than 9°-10°c, which gives a frost 
frequency of less than 0.1% of the hours of the year. If the 
estimate of the range of temperature is increased to 14°c, then 
frost frequency rises to 1.0% of the hours of the year, which 
probably would have been too much for the frost-sensitive taxa. 

A small fossil flora from the treeless plains of the northern 
Panhandle of Texas is preserved in the type section of the 
Clarendonian Stage (12-10 m.y. ago) of mammalian chronology. It 
includes species of Celtis, Gymnocladus, Rhamnus, Salix, Sapindus, 
and Ulmus that represent members of floodplain or lake-border 
vegetation, and Juniperus that probably lived on drier slopes nearby. 
In addition, a relatively warmer winter climate is consistent with 
the occurrence of seeds of Arctostaphylos and Sabal palm (Chaney and 
Elias, 1936). The former probably lived on drier slopes with the 
juniper, the latter along lake and stream margins where there was 
ample water. 
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There is a change to moister and possibly cooler climate about 210 km 
to the north in Beaver County, Oklahoma (Chaney and Elias, 1936). 
This flora, is a rich floodplain assemblage of Acer, Amorpha, Celtis, 
Fraxinus, Gymnocladus, Platanus, Salix, Sapindus, Typha and Ulmus. 
Whether the differences as compared with Clarendon are significant 
cannot be determined because the samples are too small to adequately 
represent the environments. In any event, these small floras do 
indicate floodplain environments like those now on the major rivers 
that reach into the eastern part of the High Plains in Oklahoma. 
In those areas precipitation averages at least 760 mm as compared 
with about 500 mm at the sites of the fossil floras. Clearly, 
conditions were moister than those in these areas today, winters 
were warmer, and summers were not so hot. 

The small Middle Pliocene flora from western Kansas (Chaney and Elias, 
1936) is more impoverished and reflects a drier climate. In 
particular, the leaves of Celtis and Ulmus are smaller than those 
of the Beaver Co. flora to the south. This was the driest part 
of the Tertiary in this region, and corresponds to that recorded 
in the far West (Fig. 3). This was also the time when there was a 
rapid evolution in grasses on the High Plains, as described and 
figured by Elias (1942). Their rapid proliferation at this time 
corresponds to the opening of a new adaptive zone (or subzone) , one 
of drier plains as compared with more mes ic g~asslands i n the 
slightly older f loras. 

By the latest Pliocene or earliest Pleistocene, as judged from a 
small flora near Channing in the Texas Panhandle, precipitation had 
increased and more numerous broadleaved dicots, notably eastern and 
western oaks, were now in the region. They imply incr ea sed 
precipita tion well above that , in the a r ea today, consistent with 
the record of pollen of several taxa that now live far to the east, 
notably species of Carya, Corylus, Juglans, and Ulmus. Clearly, 
the present drou.ght-p ron·e climate of the High Plains is a more recent 
deve lopment, one that followed the climatic f luctuations of the 
Qua ternar y . 

Africa 

Saharan-Libyan Deserts 

This broad region (Fig . 6 ) was blanketed with rich t ropical forest s 
and savannas i n t he Early Tertiary when Africa was 10-12° south of 
its present position. The occurrence of mesic rainforest over North 
Africa is indicated by the large (megaphyll) fossil leaves represented 
in the Paleocene of the Red Sea Hills (Lat . 26°N) (Seward, 1935) , 
and by fruits of tropical f ami l ies recorded there by Chandler (1954) 
that have a ffiniti es with taxa in t he London Clay flora . An 
Ee-Oligoce ne f lora near Aswa n is a dry tropic fores t r ich in di vers e_ 
t axa , including numerous woody legumes , l a urel s , figs a nd ot her 
taxa (Couvet and Frite l, 1910). Engelhardt(l907) illustrated a group 
o f we ll-preserved dicot leaves from Faiyum that are of moderate size 
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and imply woodland or savanna vegetation. The collection needs 
revision, but the genera noted include taxa like Arctocarpidium, 
Cassia, Cinnamomum, Ficus (5 sp.), Litsea, Maesa, Securidaca, 
Tetranthera and others that indicate a well-watered region, probably 
with a dry winter season. Fossil forests have been well known for 
over a century (Ward, 1889) from the Libyan-Saharan region. The 
woods are allied to tropical families (Krause!, 1939; Boureau, 1958), 
notably Arecaceae, Clusiaceae, Enenaceae, Fabaceae, Dipterocarpaceae, 
Lauraceae, Monimiaceae, Moraceae, Myrsinaceae, Nypaceae, Rhizophoraceae, 
Rutaceae, Sterculiaceae, and Ternstroemiaceae. 

Fossil woods from Cyrenaica, Libya, show relationships to those in 
Egypt, notably similar species of palm, laurel and fig as reported 
by Chiarugi (1929). The more recent work of Koeniuger and Louvert 
on the fossil woods from the Algerian Sahara (review in Aubreville, 
1970; Axelrod, 1973, 1975) records numerous taxa that represent 
tropical forest and savanna-woodland in the Late Eocene and Oligocene. 
Among the families recorded are Annonaceae, Combretaceae, 
Dipterocarpaceae, Ebenaceae, Euphorbiaceae, Fabaceae, Lauraceae, 
Moraceae, Myrtaceae, Sterculiaceae. The trees and shrubs imply 
alternating savanna and forest on the Tinehart Plateau into the 
Early Miocene, with palms and woody legumes quite common. Some .of 
the taxa have a wide distribution. Entandophragmoxylon is recorded 
from eastern Fez and Constantine, implying savanna forests reached 
from Tunis into Egypt. Sterculoid woods have been recorded from Rio 
do Oro, Egypt, Somalia, and Libya, and Dombyea-like wood occurs in 
Algeria, Morocco, Lowe~ Egypt and Syria, suggesting environments 
like the Guinea-Sudanese savannas. 

The occurrence of these tropical and sub-tropical taxa in the Saharan 
region into the Miocene implies that the laurel forest of the 
Macaronesian Islands was derived chiefly from the Tertiary forests 
and savannas of Africa proper, rather than by migration southward from 
the Mediterranean region where they are recorded in the Miocene. This 
is consistent with the disjunct distribution of a number of Canarian 
taxa to the eastern tropics, notably Aeonium, Apollonias, Dracaena, 
Persea, Sideroxylon, and others (Axelrod, 1975, Fig. 5). A tropical 
source for the Canarian laurel forest taxa is supported also by 
plate tectonic evidence, for the area of the present Canaries moved 
north from near Lat. 18°N in the Eocene to 28°N by the Middle Miocene. 
The islands no doubt were stocked as soon as they were built up in 
the Middle Miocene (15-16 m.y. ago). 

Numerous species allied to those that now contribute to the Canarian 
laurel forest, notably Apollonias canariensis, Laurus canariensis, 
Ocotea foetens, and Persea indica, as well as endemic species of 
Celastrus, !lex, Myrsine and Viburnum, have allied (or the same) 
species in the Miocene and Pliocene of southern Europe. They were 
then associated with numerous mediterranean sclerophylls, notably 
Arbutus unedo, Buxus sempervirens, Chamaerops humilis, Jasminum 
heterophyllum, Laurus nobilis, Myrsine africana, Nerium oleander, 
Olea europea, guercus ilex and£· suber. At that time they lived 
under summer rainfall, as shown by the occurrence with them of species 
of Annona, Berchemia, Carpinus, Cinnamomum, Diospyros, L~quidambar, 
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Paliurus, Paulownia, Pterocarya, Robinia, Sapindus, Sassafras, Ulmus 
and Zelkova. Stocking of the Canarian province from adjacent Africa 
in the Miocene, when the Arcto-Tertiary forests and the mediterranean 
sclerophylls were farther north in mild temperate climates, clarifies 
the problem as to why these taxa did not reach the Canaries. 
Desiccation during the later Tertiary, coupled with the elimination 
of summer rainfall as the mediterranean climate emerged, no doubt 
eliminated many woody African taxa not only from the Mediterranean 
basin, but from the Macaronesian province as well. In addition, the 
cold waves of the Quaternary may well have affected others, much as 
they occasionally damage sub-tropical crops in the Macaronesian 
islands today. 

The Early Pleistocene (Villafranchian) flora from Lake Ichkeul in 
northern Tunisia (Arambourg et al., 1953) is composed of plants that 
still occur in Tunisia--Ceratonia, Populus alba, Olea europaea, 
Quercus coccifera, Q. ilex, Q. suber, Rhus coriaria. Several temperate 
species no longer n~tive to Africa are also present--Fagus silvatica, 
Juglans regia, Pterocarya sp., Ulmus scabra. In addition, taxa of 
sub-tropical affinity that are no longer in north Africa are also 
recorded, notably cassia, Pittosporum, and Sapindus. Clearly, climate 
was one of mild temperature with rainfall in both summer and winter 
in this region of present Mediterranean climate which must be 
post-Villafranchian (Glacial I) in age. 

Similar vegetation is indicated by a pollen flora from the Ahaggar 
Mountains, central Sahara (van Campo et al., 1964; Grunert, 1976). 
It comes from a region now very dry yet the high percentage of fossil 
trees indicates a humid climate, as shown by Pterocarya fraxinifolia, 
Picea cf. orientalis, Taxus baccata, Ostrya, Tilia cf. rubra, Alnus, 
Quercus and Juglans (not regia). There is also the high Irano
Caucasian group of taxa, notably species of Picea, Pterocarya, 
Platanus, Zelkova, Ulmus, Ostrya, Juglans, Tilia, Alnus, Corylus, 
Quercus and Fraxinus. Mediterranean taxa are represented by Pinus, 
Cupressus, Olea, Phillyrea and others. The presence of Entada 
(Mimosaceae), Antidesma (Euphorbiaceae) and Sapotaceae indicates 
links with the west African savannas for these taxa are no longer 
in the Saharan region. They may have connected that area with the 
African savannas along drainage lines during the Early Quaternary. 
In broad aspect, the flora recalls the present environment in Turkey 
where summer rain supports a mixed temperate forest in the mountains, 
above the sclerophyllous mediterranean flora of the drier lowlands. 

Similar relations are indicated by pollen floras from Kurkur Oasis 
(Lat. 24°N) , 70 miles west of Aswan Dam, Egypt (van Campo et al., 
1968). Of Late Pliocene age, they imply that taxa that live in the 
mountains of the eastern Mediterranean basin were present in the 
central Sahara at the end of the Tertiary, associated with alliances 
that represent both Mediterranean and sub-tropical African elements. 
The older pollen sample has taxa now in the mountains of the eastern 
Mediterranean (Alnus, Aesculus, Carpinus, Corylus, Ostrya, Tilia), 
some are assigned to a Mediterranean element (Pinus cf. halepensis, 
Celtis, Cupressaceae, Olea, Pistacia and others), and some are a 
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sub-tropical African component (Capparidacae, Ficus, Hyphaene, Phoenix, 
Phyllanthus, Podocarpus, Sapotaceae). A somewhat similar sample at 
Kurkur, also considered Late Pliocene, shows a decrease in forest taxa 
(Alnus, Carya, Carpinus), the Mediterranean group shows a slight 
increase, and the sub-tropical group increases appreciably, with members 
represented by Acacia, Celastraceae, Charnaerops, Combretaceae, Hyphaene, 
!lex, Melastomataceae, Phoenix, Sapotaceae. In addition, the halophytic 
and xerophytic taxa (Arnaranthaceae, Artemisia, Chenopodiaceae, Compositae, 
Ephedra, Legurninosae, Tarnaricaceae, Zygophyllaceae) show an increase. 

A pollen flora from Wadi Tufa, considered Middle Pleistocene, indicates 
further desiccation for the temperate plants (Alnus, Platanus, Salix) 
are chiefly those of riparian occurrence. A Mediterranean group is 
present, including Pinus halepensis, Cistaceae, Cupressaceae, Menthaceae, 
Olea, and Rharnnaceae. The xeric sub-tropical taxa (Acacia, Charnaerops, 
Capparaceae, ~nocardia, Phoenix) are also reduced, but the xeric 
and halophytic groups are well developed (Arternisia, Chenopodiaceae, 
Compositae, Cruciferae, Legurninosae, Zygophyllaceae). 

Late Pleistocene pollen floras from the region reveal the relations 
since 20,000 years B.P. The central Sahara was occupied by 
scattered Mediterranean vegetation as recently as 10,000 to 8,000 
years ago (Monod, 1963; Quezel, 1965; Schulz, 1976). Arborescent 
pollen taxa include Pinus halepensis, Cedrus atlantica, Cupressus, 
Juniperus, Quercus, !lex, with associates such as Alnus, Acer, Celtis, 
Daphne, Erica, Fraxinus, Juglans, Phillyrea, Pistacia, Salix, Tilia 
and Zizyphus. The assemblage represents vegetation like that now in 
the semi-arid Saharan Atlas, though a few taxa (Juglans, Tilia) that 
are not now there suggest some summer rain at this time. Farther south, 
in the Tschad Sahara at Bor~ou, Quezel and Martinez (1958) record 
pollen of Mediterranean taxa, including Cupressus, Cedrus, Juniperus, 
Pinus, Halepensis, Acacia, Ephedra, Erica, Ficus, Myrtus, Olea, Quercus, 
and Prunus. Evidence of some summer rain is provided by Acacia and Ficus. 

These earlier analyses are subject to modification by the more recent 
studies of present-day pollen deposition recovered from a north-south 
transect across the Sahara (van Campo, 1975). The data emphasize the 
importance of long-distance transport of pollen by wind. Mediterranean 
taxa (Cedrus, Pinus, Cuppressaceae, Olea, Quercus) have a peak fallout 
of 40 to 50% near Lat. 33°-34°, close to the bordering Atlas to the 
north. There is a steady decrease to traces (less than 1-2%) from 
Lat. 27° to 21°, an air-lin~ distance of 1,200 km from the source area. 
Taxa of tropical alliance show a reverse relation, decreasing from a 
high of 30-50% for Acacia, Chrozophora and Combretaceae at Lat. 21° 
to minimal or absent at Lat. 30°. Clearly, the reconstruction of 
lowland vegetation over the region on the basis of pollen is fraught 
with uncertainty, and is further aggravated by the small samples 
(i.e. , 200 grains) that are generally collected. Nonetheless, the 
presence of large faunas in the region in post-glacial times (Mauny, 
1957; Ortlieb and Petit-Marie, 1976) attests to ample water and forage, 
probably desert grassland and scattered thorn woodlands over the lower 
elevations, and with treelines reaching down along the water courses 
into areas now desert during the early post-glacial time (van Campo, 1975). 
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In any event, the pollen floras do provide evidence of increasing 
aridity (Monod, 1963), as judged from the gradual restriction of 
the mediterranean schlerophyllous vegetation to its present area, 
and of savanna-border and grassland vegetation to moister areas 
farther south. 

The endemics and vicariants almost certainly are middle to late 
Tertiary in age. Some of the floristic relations imply northward 
and southward shifts during the fluctuating pluvial-dry stages of 
which remnants are now in the central Sahara. In the Ahaggar and 
Tibetsi the Mediterranean and African montane taxa are concentrated 
in areas where local climates approach that of the regions where they 
are characteristic (Pellegrin, 1926; Quezel, 1965). The Mediterranean 
and European taxa include grasses, forbs and local thickets of shrubs 
and small trees that are confined to relatively mild sites. Identical 
taxa include Erica arborea, Nerium oleander, and Pistacia atlantica, 
while vicariants are Olea europaea-laperrini, Myrtus communis-nivellei, 
Cypressus sempervirens-dupreziana. In the Tibetsi, African taxa are 
confined to moist drainageways on warmer southwest slopes at moderate 
elevations. Here are the species of Acacia, Abutilon, Capparis, 
Commocarpus, Cordia, Grewia and others that indicate mild winters, 
and also the summer rainfall that formerly was more widespread to the 
north. Comparable relict associations are also in the Sonoran Desert, 
as well as in the Mojave, where mountains have relict woodlands that 
extendP.d down onto the present plains as recently as 20,000 to 12,000 
years ago. Finally, it seems desirable to recall again that large 
herds of giant mammals (which require ample food and water) roamed the 
Saharan region (Mauny, 1957 ; Ortleib and Petit-Marie, 1976), as well 
as the Moj ave-Sonoran area, into the latest Quaternary, regions where 
today there are only shifting sands, extreme heat, little rain, and 
no surface water. Furthermore, the "dead cities" along the Saharan
Libyan shor es, as well as in the Middle East, clearly attest that 
man occupied these present extreme deserts only 2,000 to 4,000 years 
ago. 

A recent survey (Dumont, 1978) indicates that during the Neolithic 
there was a hyper-arid period about 5,000 to 3,000 years ago. This 
is inferred from the distribution of Late Quaternary fossil dunes 
across t he region (Sarnthein, 1978), and from the elimination from the 
area of Nile crocodile, hippopotomas, and large predatory fishes 
(Lates and Clarias) about 5,000 years B.P. They are now in the Niger 
and tropical Africa but have not recolonized the Sahel which has 
aquatic populations from the Saharan region. Rock paintings up to 
5,000 years B.P . show abundant African game, the horse appears about 
3,000 years B.P. and the camel at the beginning of history (Mauny, 1957). 
Cattle frescos are abundant in the Sahel, but not in the Air region. 
This and other evidence reviewed by Dumont (1978) suggests that extreme 
drought in the area between 5,500 and 3,000 years B.P. largely 
destroyed its civilizations. This time may well correspond to the 
peak of the Xerothermic period i n coastal California, a time when 
interior and desert taxa shifted coastward and now persist there in 
relict dry sites (Axelrod, 1966). 
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The more recent deterioration of the Sahel ecosystem is the result of 
human disuse. Van Steenis (1936), Cloudsley-Thompson (1974) and de Vos 
(1975) point out that present conditions in the Saharan region have 
been engendered almost wholly by human activities. These include 
felling trees for firewood and charcoal, for foliage to feed cattle 
in times of dr0ught, and notably overgrazing by goats. As emphasized 
by Sarnthein (1978), evidence suggests that a change from desert to 
vegetated land (and vice versa) can be very rapid--spanning scarcely 
a few hundred years. This is shown by dune fields in the western 
Sahara that became active no more than 300-400 years ago. Clearly, 
a short desert phase (we may be in one) would be disastrous for 
efforts to spread agriculture into the area. 

Ethiopian-Somalian Semi-desert 

The desert and semi-desert region of the horn of Africa reaches 
southward into northeastern and northern Kenya, and encompasses the 
area of Lake Turkana (=Rudolf) on the Kenya-Ethiopian border. A 
pollen flora from the Ileret Member of the Koobi Fora Formation, 
situated on the east shore of Lake Turkana (Bonnefille, 1976) has a 
number of taxa in the pollen spectra that are not in the Lake 
Turkana area at present, including Ericaceae, Podocarpus, Juniperus, 
Olea, Hagenia (Rosaceae), Dodonaea (Sapindaceae), Myrica, Mimulopsis 
(Acanthaceae) and others that are in the Ethiopian Highlands. A 
second group not now in the area includes riverine taxa from the 
Omo River, including species of Celosia, Combretum, Ficus, Hyphaene, 
Justicia, Maytenus, Rhus, and Ricinus. Pollen grains of these two 
groups have not been recovered in the modern pollen rain of the 
East Turkana or Omo areas. Of the 47 fossil species, over half are 
not in the contemporary vegetation near the fossil site. This 
implies a cooler, moister climate in the region about 1.5 m.y. ago, 
when the sample was deposited. At that time forests were more 
extensive, but the later trend to drier climate favored their 
replacement by Acacia semi-desert that now dominates the area. 

Namib-Kalahari-Karoo 

An Ee-Oligocene flora (ca. 38 m.y. ago) from Banke in the southern 
Namib Desert is composed chiefly of evergreen taxa including Ficus, 
Gunnera, Myrica, Podocarpus, and a protead somewhat similar to 
Brabeium (reviewed in Axelrod and Raven, 1978), as well as unidentified 
leaves of semi-arid aspect. Such a mixture resembles that in the 
Cape Region today. This implies that temperate rainforest was 
relictual by the close of the Eocene in this region, and associated 
with xeric taxa ancestral to those now in the western Cape region. 
There is no evidence that the summer-dry (mediterranean) climate of 
South Africa was present prior to the formation of a major ice sheet 
on Antarctica (5 m.y. ago). Earlier, sea-surface waters were much 
warmer as judged from fossil marine faunas along the Namib coast. 
The Miocene marine fauna near Bogenfels has mollusks that now live 
on the east coast, an area washed by the warm Mozambique Current. 
This implies that the cold Benguela did not affect the Namib coast 
during the Miocene (15-16 m.y. ago). With warm water offshore, 
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convectional showers would bring summer rain to this area that is now 
dry in summer. This suggests that sclerophyll vegetation probably 
occupied the present desert and semi-desert areas in the Miocene, with 
relict patches of evergreen forest in favorable sites. Furthermore, 
the Early Pleistocene "oyster-line beach" at the mouth of the Orange 
River is also a warm-water fauna. This indicates that the Benguela 
Current was not as strong or as cold as at present, and that the full 
desert and mediterranean climates were not in existence as regional 
features during the interglacials. 

As for the Kalahari Desert, a preliminary collection of a fossil 
flora in the area south of Makarikari Pan, Botswana, contains a large 
fern (Asplenium) a possible danthonoid grass (a relatively primitive 
group), and a leaf that is possibly a malvoid or of sterculoid 
(Dombyea) alliance. The assemblage implies heavier rainfall over the 
area, possibly in the Oligocene or Miocene. At Alexanderfontein 
Pan, Kimberley (Butzer et al., 1973) infer that rainfall in the area, 
which now averages about 400 mm was nearly twice that during the last 
glacial, about 19,000 yrs. B.P. 

Particularly instructive is the occurrence of relict vegetation in the 
east-west trending Swartberg Range where there is a rapid change to a 
typical Cape sclerophyllous flora on south-facing (cooler) slopes. 
As precipitation rises above 330 mm, stands of evergreen taxa like 
Ilex mitis, which are in the Knysna region, occur as relict clumps 
(White, 1978). Thus, a decrease in rainfall from well distributed 
through the year (as at Knysna), to 380-500 mm as in the Cape flora, 
to less than 250 mm in the Karroo, involves a shift from rich forest 
to succulent desert. Such changes probably occurred more than once 
during the Quaternary climatic fluctuations. Not only is there such 
a pattern in South Africa (Zinderen Bakker, 1976), but in tropical 
Africa (Hamilton, 1976), in the Saharan-Libyan region (see above), and 
in the Mojave and Sonoran desert areas of western North America as well. 

Asia 

Thar Desert, India 

The area of the Thar Desert (Fig. 7) in Kutch and adjacent Rajasthan, 
now situated at Lat. 22°-25°N, was moving northward from the southern 
tropics during the Late Cretaceous-Eocene (Smith and Briden, 1977) , 
when fossil plants were being preserved in accumulating sediments. 
The f ossil floras are situated now in a desert r egion and represent 
rich forests of tropical alliance. A diverse pollen flora illustrated 
initially by Bose (1952) has now been studied by Jain et al. (1973) 
who indicate its Paleocene age, a time when the Barmer area was near 
Lat. 12°-15°s. Among the familie s reported are Anacardiaceae, 
Araliaceae, Cyathaceae, Fagaceae , Liliaceae, Oleaceae, Proteaceae, 
Sapindaceae, Schizaeceae, and Solanaceae. Eocene Laki series in Kutch 
has angiosperm pol l e n r epresenting taxa in such families as Arecacea e , 
Araliaceae, Barringtonia, Caesalpiniaceae, Euphorbiaceae, Myrtaceae, 
Meliaceae, Liliaceae, Rutaceae and Sonneratia (Venkatachala and Kar, 
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1969}. A few plants from a diatomite deposit near Barmer, considered 
Middle Eocene in age (Lakhanpal and Bose, 1951), include leaves of 
Mesua, Garcinia and Calophyllum which are typical members of the 
evergreen forests of eastern India and areas farther east. Cocos is 
also recorded in the same beds near Barmer (Kaul, 1951}, thus 
supporting the inference drawn from the associated leaf flora that 
this present tropical desert region earlier supported a forest that 
required ample rainfall and warm temperatures. And wood of Terminalia 
from Rutnal in Kutch (Prakash and Dayal, 1968) also represents an 
alliance that is found now in the east, where rainfall is adequate 
to support forests. At that time (Middle Eocene) the area was 
farther south, near Lat. 15°N as compared with 23°-25° today. 

The later history of this area can be inferred from events occurring 
to the east in India where there is clear evidence for a trend to 
drier climate during the Miocene and Pliocene. For example, woods 
of Gluta-Melanorrhoea occur in the Thar region and also in northwest 
India where there is likewise Pometia (Prakash, 1973). Today these 
genera occur in eastern India, southern India and Assam-Burma under 
moister climates. In addition, fossil woods of forest taxa like 
Anisoptera, Gluta, and Cymometra occur in the Miocene of eastern 
India (Bihar) and adjacent East Pakistan. However, these taxa now 
live some 640-800 km farther east and also to the southeast in the 
wet tropics of Assam and Burma (Chowdhury, 1952; Lakhanpal, 1965}. 
Lakhanpal (1970) has emphasized the relatively "sudden" appearance 
of diverse leguminous woody taxa in the Miocene of India. This 
implies the spread of drier climates for the family finds greatest 
diversity in dry tropical regions. Furthermore, he notes the great 
diversity of dipterocarps in the middle Tertiary of eastern India, 
implying a moister climate, is followed by a great reduction in 
their numbers--presumably reflecting the trend to drought. Lakhanpal 
also reports that the Siwalik floras along the Himalayan front 
reveal a shift from the Tanakpur flora with large leaves in the early 
part of the series which correlate with moist climate, to the 
Bhikna-Thoree flora with small leaf impressions that represent a 
drier, younger--probably Pliocene--environment. The data provide a 
basis for inferring that the Thar region probably was semi-arid in 
the Pliocene, and that full desert climate developed there more 
recently. 

Takla Makan-Gobi 

From the vicinity of Lake Zaisan (Lat. 47°N, Long. 84°E), situated in 
the semi-desert region of central middle Asia, Iljinskaja (1963) 
described a transitional Ea-Oligocene flora from the Aksyir Formation. 
It includes Taxodium from a swampy site, but the other taxa from the 
adjacent plain are chiefly deciduous hardwoods, notably species of 
Alnus, Ampelopsis, Fraxinus, Lindera, Ostrya, Platanus, Populus, 
Styrax, Salix, Tilia, and Zelkova. The only evergreen dicots are 
represented by Dryophyllum (probably Castanopsis} and Myrica. 
Clearly, the area lay well north of any Eocene subhumid, warm 
temperate zone. When this flora was living, about 35 m.y. ago, 
precipitation was near 1000-1150 mm at a minimum and temperatures were 
mild through the year. 
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That dry climate had not greatly affected central Asia by the Miocene 
is apparent from the Buchtorma flora from the Altai Mountains 
(Schrnalhausen, 1887; Kornilova and Rajushkina, 1970), on the north 
border of the Durigzaria Desert. The flora includes species of Abies, 
Acer, Alnus, Betula, Carpinus, Castanea, Cercidiphyllurn, Fagus, 
Fraxinus, Liriodendron, Picea, Pinus, Populus, Prunus, Pterocarya, 
Quercus (cf. mongolica), Salix, Metasequoia, Spiraea, Taiwania, Ulmus, 
and Zelkova. It differs from the more luxuriant, older floras of the 
nearby Zaisan region tn that the more numerous, mesic and exotic 
genera are not recorded, and the Buchtorrna is more modern in aspect. 
This can be attributed either to age or to a difference in elevation, 
though both seem responsible. Its younger age is indicated by the 
modern aspect of the taxa and by comparison with the modern flora in 
the Altai. The fossil flora has numerous deciduous hardwoods but the 
only trees of this sort in the region today are birch and aspen. The 
Altai forests, which also lack the mesic, mild-climate conifers 
(Metasequoia, Taiwania, Thujopsis) of the fossil flora, are composed 
chiefly of Abies, Picea and Larix and with scattered forest shrubs 
like Prunus, Rhododendro~ and Serbus. The fossil flora indicates 
warmer summers, milder winters , and more rainfall than at present in 
this region. 

On the dry steppes north of Lake Balkash, Krystofovich (1954) mentions 
briefly a Pliocene flora that indicates forests had retreated and 
were replaced largely by str eamside trees and with grassy plains on 
the interfluves. At Kochorka he lists species of Alnus, Celtis, Acer, 
Fraxinus, Populus, Salix (5 sp.), Trapa, Ulmus and Zelkova. 
Furthermore, he notes that a similar flora occurs at several sites 
(unspecified) in Sinkiang, including species of Acer, Fraxinus, Populus, 
Salix, and Ulmus (3 sp .), t6gether with species of Equisetu~, 
Cyperacites and Phragmites that indicate small lakes or swampy sites. 

Small collections representing different species of most of these 
genera are recorded from the Tarim basin (Chaney, 1935). The Kucha 
flora is represented by species of Acer , Populus, Rosa and Spi raea 
together with aquatic-borde r taxa as Cyperacites, Nuphar and Typha. 
About 1,000 km to the east in western Kansu, in the ·Tabubollok area, 
a small f lora o f s i milar nat ure is recorded (Chaney , 1935), with 
species of Acer, Clematis, Populus, Rosa and Ulmus, and with 
Cyperacites-:-Graminites, Nuphar, and~ha indicating a lake-border 
environment. 

These younger floras, s catt ered generally east-west over a distance of 
2 ,500 km imply that r egional desert environments ar e large ly a 
post-Pliocene deve lopment i n the i nt e rior o f Asia. 

Tsaidam Desert 

This high desert in Tsinghai Province, China, has an average elevation 
of from 2,700-3,000 m. I t i s rimmed by the Kunl un Mountains to the 
s outh, the Nan Shan to the northeast and t he Astin Tagh to the nort hwest, 
all with permane nt ice f ields . The basin has numerous northwest -trendi ng 
dune ridges, and drainage is to the north, leading down to the dry, 
salt-encrusted Lop Nor at the east end of the Tarim basin, Sinkiang. 
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Spore-pollen assemblages have been recovered from the 9,000 m of 
sedimentary rocks exposed in the basin. The microfossils are not 
abundant, hence reconstructions based on them are subject to revision. 

Hsu, Sung and Chow (1958) report the section has five Series which 
appear to correspond to our Formations. These include a lower 
Matishan (Tr 1) Series of dark brown conglomerates, the Chienchenshal 
Series (Tr 2) consisting of clayey and sandy beds of greenish gray 
to yellow-green color, the Hungshiaokao (Tr 3), the Kuankou (Tr 4) 
and the Shiaohweishan Series (Tr 5) composed of pinkish clays, silts, 
sandstones and conglomerates with intercalations of salt and gypsum 
beds. The lower two units yield spores of Polypodiaceae, and Pinaceae 
(Abies, Cedrus, Picea, Pinus), as well as pollen of Betula, Compositae, 
Cruciferae, Proteaceae, and Quercus. The Hingshiaokao Series (Tr 3) 
has grains of Polypodiaceae, Abies, Cedrus, Picea, Pinus, Tsuga, 
Betula, Castanea, Chenopodiaceae, Compositae (Artemisia), Ephedra, 
Fagus, Gramineae, Leguminosae, Liliaceae, Nitraria and Quercus. In 
this section coniferous pollen is reported to be abundant. The 
Kuankou Series (Tr 4) has grains of Abies, Picea, Pinus, Ephedra, 
Alnus, Betula, Centrospermae, Chenopodiaceae, Cyperaceae, Graminaeae, 
Liliaceae and Polygonaceae. Pollen of tree taxa is not common in 
the upper unit where it makes up only 6% of the total. 

The evidence, limited though it is, implies that this high, cold 
desert landscape was dominated earlier by conifer-hardwood forest 
and that grasslands (meadows) were scattered in the region. Later 
in the series forest is replaced by a steppe flora, with trees rare, 
probably living chiefly along stream-margins and in sheltered valleys. 
The older part of the section is judged to be Oligocene-Miocene, 
the younger probably grading up into the Pliocene. 

The floral sequence suggests that the Tsaidam basin, situated 800 km 
north-northeast of Lhasa, was isolated gradually from moisture-bearing 
monsoons originating in the Bay of Bengal as the Himalayas and the 
flanking Tibetan Plateau were elevated during the Miocene. As 
discussed earlier (see Mountain and Plateau building), similar 
relations are implied by the Miocene Namling flora near Lhasa, and 
by the Liddmarg flora from Kashmir far to the west. 

Turkestan-Kazakhstan 

In his review of the development of drier climates over southwestern 
Asia, Krystofovich (1954) noted that taxa with xeromorphic leaves 
occur in the Late Eocene Er-Oilan-Duz flora, situated near Kushka 
close to the Afghanistan border (Lat. 35° 30', Long. 62° 24'E) in 
the southern Turkestan Desert. Recorded here are taxa referred to 
Chamaecyparis, Sequoia, Cinnamomum, Dryandra, Palibinia, Rhus, Myrtus, 
Maytenus and Zizyphus (Vasilevskaya, 1949), and their age~ 
established by associated marine invertebrates. Krystofovich also 
refers to a rich flora at Badkhyz, studied by Vasilevskaya (1949), 
that is well preserved in dacitic tuffs, associated with marine 
invertebrates. Among the taxa represented are species of Amygdalus, 
Anacardites, Bumelia, Carya, Diospyros, Cassia, Laurus, Myrica, Ocotea, 
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Rhus, Tetracera, and Zizyphus. She emphasizes that the dominant 
vegetation at several localities is represented by evergreen trees 
and shrubs, and that deciduous taxa (Amygdalus, Carya, Diospyros) 
and conifers are ·subordinate. The trees and shrubs are distinguished 
chiefly by small leaves that are thick and leathery and with 
prominently protuding veins. These are sclerophylls and indicate 
warm temperatures and periodic drought. The vegetation is reminiscent 
of the sclerophyllous formations of the Mediterranean area, and also 
of southwestern Australia. Vasilevskaya emphasizes that the large 
leaves of oaks and palms, which are common in the floras of similar 
age in the Poltavian area of the southern Urals, are not present in 
this region. 

Evidence that a dry climate was commencing to develop in the Late 
Eocene is consistent with the deposition of salt deposits at Gaurdak 
in Ubzek SSR, southwest of Samarkland. This parallels the time of 

. development of dry climate in the western interior of the United 
States, as implied by the Florissant and Green River floras of 
Colorado and adjacent Utah (MacGinitie, 1953, 1969). In each region 
floras of dry aspect were located in a spreading dry zone that was 
situated between the deciduous hardwood-conifer forests in moister 
temperate climates to the north, and the dry tropic (savanna) to wet 
tropic (rainforest) forests to the south. 

The Eocene floras of north Kazakhstan (Makulbekov, 1972), situated at 
several sites 300-400 km south and southeast of Omsk, represent a 
humid oak-laurel forest. The only conifers are represented by cones 
referred to Pinus and Sequoia which probably were transported to the 
area from sites in the hills to the south and east. Among the taxa 
are species of Cassia, Castanopsis, Cinnamomum, Dryandra, Eugenia, 
!lex, Lithocarpus, Litsea (3 sp.), Magnolia, Persea, Quercus (6 sp.), 
~culia, and a palm. Some of the taxa referred to Leucothoe, 
Lomatia, Myrica, and one of the oaks have slender, apparently thick 
leaves that seem sclerophyllous. However, they are not among the 
dominants of the flora, and suggest that dry edaphic conditions, such 
as beaches, may account for them. That dry climate was not yet 
extensively developed in this area in the Eocene is shown also by the 
Paleocene-Eocene floras from western Kazakhstan and the lower reaches 
of the Volga River as described by Makulbekov (1977). Included are 
taxa representing Sequoiadendron and Thuya among the conifers, and 
diverse dicots, notably Aralia, Bumelia, Cinnamomum, Comptonia, Cornus, 
Ficus, !lex, Magnolia, Myrica, Persea, Ternstroemites, Ushia, and 
Viburnurn-:-- The assemblage represents a warm temperate forest that 
lived under ample yearly rainfall yet the present area is a semi-arid 
steppe. Furthermore, taxa like Cinnamomum, Ficus, Magnolia, Persea, 
and others imply that temperatures were mild in winter, with rare 
forests. 

The Eocene broadleaved evergreen oak-laurel forests of Kazakhstan 
(Makulbekov, 1977, 1972) that lived under ample rainfall and mild 
temperature, were replaced in the Oligocene by rich mixed 
conifer-deciduous hardwood forests. Notable among these is the flora 
of the Ashutas Mountains, in Kazakhstan (Lat. 41° 06', Long. 63° 50') 
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described by Krystofovich (1956). The large luxuriant foliage reflects 
ample moisture for the region, probably not less than 1250 mm and 
well distributed through the year. This provides a marked contrast 
with this present desert region where annual rainfall is 200 mm or 
less. Among the conifers are Glyptostrobus, Pseudolarix, Metasequoia, 
Sequoia, and Taxodium; monocots include Alisma, Arundo, Cannonphyllites, 
Phragmites, and Typha; and among the dicots are Acer, Ailanthus, Alnus, 
Betula, Carya, Castanea, Cercidiphyllum, Cissus, Comptonia, Cyclocarya, 
Diospyros, Fagus, Fothergilla, Fraxinus, Ilex, Juglans, Liquidambar, 
Magnolia, Ostrya, Physocarpus, Pterocarpus, Pterocarya, Quercus, 
Sorbus, Styrax, Tilia, Ulmus, Viburnum, and Zelkova. 

The monograph by Zhilin (1974) on the Oligo-Miocene floras from the 
area near the northern shore of the Aral Sea and the Turgan Plateau 
reveals similar vegetation. The flora formed a humid mesophytic 
mixed conifer hardwood forest that represents typical Arcto-Tertiary 
Geoflora. Among the mesic conifers are species of Glyptostrobus, Sequo_ia, 
Metasequoia and Taxodium that require high water tables or standing 
water. Associated dicots include both deciduous hardwoods as well as 
a few evergreens. Among the taxa present are Acer (8 sp.), Aesculus, 
Ailanthus, Alnus, Betula, Carya, Castanea, Celti"S; Cercidiphyllum, 
Cocculus, Cornus, Corylus, Cotinus, Crataegus, Fagus, Fraxinus, 
Laurocerasus, Laurus, Liquidambar, Juglans, Myrica, Ostrya, 
Phellodendron, Populus, Pterocarya, Quercus, Rhamnus, Ribes, Sorbus, 
Vitis, Zelkova and Zizyphus. It provides a marked contrast with the 
present region which is a dry and saline steppe region of low rainfall 
and extreme summer and winter temperatures. 

The rich Miocene (Sarmatian) flora of Armavir on the Kuba River, in 
the steppes of southwestern Georgia (Lat. 45°, Long. 41°E), demonstrates 
that this presently semi-arid region was well forested about 15 m.y. 
ago (Kutuzkina, 1964). The Miocene flora was dominantly a deciduous 
hardwood forest, with species of Alnus, Betula, Bumelia, Carya~ 
Carpinus, Castanea, Celastrus, Cercidiphyllum, Cornus, Corylus, Cotinus, 
Cyclocarya, Diospyros, Fagus, Hamamelis, Juglans, Liquidambar, Parrotia, 
Platanus, Populus, Prunus, Pterocarya, Quercus, Rhododendron, Rhus, 
Robinia, Rosa, Vitis, and Ulmus. Evergreens are~, but include 
Laurus and Cinnamomum, indicating relatively mild winters. The 
assemblage suggests ample summer rainfall, probably with a yearly 
precipitation close to 1,200-1,750 mm in this area where it now totals 
scarcely half that amount. 

Another rich sample of the deciduous hardwood forests that covered the 
Russian steppes is provided by the Krykna flora (Krystofovich and 
Baikovakaya, 1965) of the Middle Miocene age (15 m.y. ago) from the 
northern edge of the Sea of Azov. Among the 105 taxa listed are species 
of Acer (7 sp.), Ailanthus, Alnus, Betula, Berberis, Buxus, carpinus, 
Carya, Castanea, Celtis, Clethra, Clerodendron, Cornus, Corylus, 
Crataegus, Diospyros, Eucommia, Fagus, Hovenia, Hydrangea, Ilex, Juglans, 
Ligustrum, Liquidambar, Magnolia, Mesilpus, Nyssa, Ostrya, ~acia, 
Photinia , Populus , Prunus , Pyr us , Que r c us , Rhododendr on, Rhus , Rosa , 
Rubus, Salix, Sambucus, Sapindus, Sassafras, Staphylea, S~x,~ia, 
Ulmus, Vaccinium, Vitis, Wistaria and Zelkova. A similar forest 
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stretched far to the east and west during the Late Miocene, covering 
the region of the present steppes of southern Asia and adjacent Europe. 
There are a few taxa that may be referred to a 'mediterranean' element, 
though it is subordinate and presumably lived in the driest sites, as 
along the beaches or sandbars of rivers or the margins of lakes, much 
as some of them. do at present along the south shore of the Caspian 
Sea where they are adjacent to a related deciduous forest. Precipitation 
was certainly ample, probably no less than 1,140-1,270 mm in the Miocene, 
and temperatures were moderate. 

The position of the Krykna flora farther in the interior and to the 
north explains the absence of laurels, Cinnamomum and other taxa of 
warm requirements that are in the Black Sea-Mediterranean area. This 
is shown by the rich Miocene (not Pliocene) Kodor flora northeast of 
Sukhumi, Georgia (Kolakovsky, 1957, 1959, 1960) which includes 
numerous evergreen dicots, notably species of Cinnamomum, Ficus, 
Laurophyllum, Laurus, Ilex, Magnolia, Persea, Pasania, Oco~ 
Photinia, Sapindus and---s:t.e"rculia. Mixed with them were deciduous 
hardwoods, Acer, Alnus, Buettneria, Caesalpinia, Carya, Celtis, 
Corylus, Diospyros, Fothergilla, Juglans, Pithecel:i:Ob'ium, and 
Platanus. They demonstrate that this was a well watered region, with 
mild temperatures and frosts were rare to absent in the earlier half 
of the Miocene. We may infer that dry climate did not commence to 
spread rapidly until the Tethys was closed in the Middle Miocene when 
the African plate joined Asia at the Arabian peninsula. This inference 
is supported by evidence in India which shows that aridity spread 
rapidly in the Miocene, as outlined above. 

For southern Asia, including the interior regions of the Gobi and Tarim 
basins, as well as Turkestan and Kazakhstan, it is apparent that rich 
forests covered these regions well into the Miocene, and that grasslands 
and open country spread in the Pliocene. This agrees with Wadia's 
(1954) review of the geologic and archaeologic evidence that points to 
the recency of desert climates in Asia. He recalls that archaeologists 
and others have noted that " ••• in many parts of Mesopotamia, Syria, 
Seistan, Rajputana, Khotan, Tarim and Gobi ruins of scores of towns 
with their irrigation works, signs of agricultural prosperity, forests 
and other physical evidences of these places having humid and much 
more moister climate ..• ". In addition, as Wadia notes, similar 
discoveries have been made over wide areas of central Asia as well. 
He also reminds us of the evidence of deterioration of Central Asia's 
climate within the last 2,300 years furnished by well-authenticated 
"accounts of Alexander the Great's return march after his conquest 
of Western Punjab, through Rajputana, Sind and along the Mekran country 
to Persia, with 110,000 men, elephants and enormous amounts of baggage 
and equipment, without encountering any abnormal difficulties arising 
through lack of water, fodder for animals and food .for his army. This 
march was through countries which are today so desolate that they cannot 
support passing caravans of even 100 men and animals. Seistan and Lop 
Nor 2,000 years ago had extensive bodies of river, ground and lake 
water and large town-inhabiting populations. The same is true of 
Rajuptana and of cities •.• on its borders, whose civilization and 
prosperity more than 4,000 years ago are well known historic facts. 
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have yielded small fossil floras in this area which is now dry thorn 
scrub to semi-desert for the most part (Berry, 1921, 1936). Among 
those that are in Eocene floras (cf. Menendez, 1969) are species of 
Apocynophyllum, Burserites, Cedrela, Combretum, Chrysophyllum, Ficus, 
Inga and Nectandra. Miocene species are represented by (Berry, 1936) 
Achras, Annona, Bignonia, Cassia, Chrysobalanus, Coussapoa, Heliconia, 
Hernandia, Persea, Rhizophora, Sabicea, Simaruba, Sophora, Styrax, 
Tapirira and Trigonia, as well as palms and cycads. These assemblages 
clearly represent tropical forests near the coast, and thus contrast 
markedly with the present thorn scrub dominating the area today. 

The northern coast of Venezuela and adjacent Colombia is dry, 
receiving only 500-800 mm annual rainfall during the warm season. 
The area supports a xerophyllous to semi-desert scrub discussed by 
Sarmiento (1972, 1975, 1976) in terms of its composition, geographic 
affinities and origin. As he notes, most of the taxa have affinities 
with those in the nearby tropical deciduous forest and woodland, but 
others have come from the dry parts of the southwestern North America. 
This is shown by genera such as Agave, Fourcroya and Yucca that are 
richly developed in Mexico and the adjacent United States, but reach 
their southern limits in northern South America. 

These may have invaded the region during the driest part of the Tertiary 
(ca 5 m.y. ago), and also during the drier parts of the Quaternary. As 
noted by van der Hammen (1972), the mean temperature of the Amazonian 
basin was several degrees Centigrade lower during the maximum glacials 
than it is today. This would have made the climate considerably drier 
and enabled grassland and savanna to spread into areas now covered 
with rainforest. That this occurred is evident from the discontinuous 
distributions of numerous taxa in tropical South America which represent 
populations of dry-adapted taxa that are isolated now by more mesic 
vegetation (Eden, 1974; Vanzaloni, 1973; Moreau, 1963). Furthermore, 
as suggested by Williams (1975), building the Panamanian bridge may 
have enabledthegrass Piptochaetium to disperse via grazing mammals 
from the High Plains, where it was especially abundant and dominant in 
the Miocene and Pliocene, southward to Argentina at this time. That 
the floristic links with the North American dry region (cacti, agave, 
etc.) may date from this time seems likely. 

As for the age of the xerophyllous vegetation of coastal Venezuela
Colombia, Sarmiento (1976) notes that there are very few relict 
endemics in the region. This in itself militates against any 
antiquity for the vegetation. Furthermore, the fossil floras of 
the region, including the dry Maracaibo basin (Berry, 1921, 1936; 
Me nendez, 1969) indicate that area was covered with wet tropical 
rainforest and savanna into the Miocene. Dry xerophyllous floras 
occur also in the intermontane valleys of Colombia. Since these 
topographic basins have resulted from recent (Pliocene, Pleistocene) 
deformation (van der Hammen, 1961; van der Hammen and Gonzalez, 1964), 
the invasion by dry-adapted taxa must be comparatively recent. 
Significant in this regard is the fact that the Miocene floras of the 
Magdalena Valley indicate wet tropic forest (Berry, 1938; Menendez, 
1969), not the drier vegetation which appeared there more recently. 
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The dry areas along the Caribbean coast are also in topographic basins, 
at least in part (e.g. Maracaibo), that likewise owe their origin to 
late Cenozoic deformation. A return to more genial (warmer) climate 
in high latitudes -would reduce the strength of the Canary High, rainfall 
would increase on the north coast of Venezuela, and savanna would 
replace thorn scrub except in local, dry rocky sites. The relations 
imply that the rare endemics, as well as the taxa of dry vegetation 
itself, probably originated earlier on dry substrates scattered in 
the forests and savannas of the region, and then spread with expanding 
dry climate to contribute with other taxa to the makeup of the dry 
scrub of the region. Clearly, there is no compelling evidence for 
the notion that the tropical American desert flora has considerable 
age (Sarmiento, 1976). 

Caatinga 

The caatinga or thorn forest in Bahia-Pernambuco, northeast Brazil, 
largely occupies an area of very hard Precambrian rocks which are 
covered with very little soil for the most part. The plants are 
scattered and grow out of small joints in the rocks where humus, 
dust, soil and some moisture collect. Although it is not desert 
vegetation, the Bahia fossil flora from an area now covered with 
thorn scrub indicates its recency. The importance of the relation 
is that thorn scrub regularly grades into tropical desert vegetation, 
and contributes many species to it. The large fossil flora, 
provisionally dated as Pliocene (Hallick and Berry, 1924) may be 
Middle to Late Miocene (15-10 m.y. ago). It is composed of some 
50-odd dicots, including Anacardites, Bombax, Bumelia, Cassia, 
Coccoloba, Dalbergia, Fagara, Ficus, Heliconia, Ilex, Inga, Myrica, 
Pisonia, Sapindus and others. with large leaves. Many of them are 
entire and the assemblage indicates a well watered tropical forest 
that contrasts markedly with the open, drought-deciduous scrub in 
the area today. The latter is made of small palms that grow out of 
the fractures in the basement, numerous cacti, thorny legumes 
(Acacia, Caesalpinia, Mimosa), bottle trees (Chorisia) , and abundant 
bromeliads that cover the branches of shrubs and small trees and 
are also scattered on the ground. 

The shift from tropical evergreen forest to open thorn scrub probably 
is related to the appearance of colder water along the nearby coast. 
This seems to be an effect of the Benguela Current which flows west 
from tropical Africa to merge into the Brazil Current and lowers the 
sea surface temperature 2°-3°c below that a short distance north in 
Brazil where rainfall is much heavier. A cooler sea surface in the 
Late Cenozoic glacial ages would reduce the importance of the adjacent 
Atlantic as a tropical cyclogenic area (Markham and McLain, 1977; 
Wright, 1977). As a result, precipitation would have been lowered 
sufficiently so that forest would be replaced by the dry semi-open 
caatinga. 

Argentina-Patagonia 

In southern Argentina, a region now covered with cold microphyll 
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desert vegetation, there is a good record of Paleocene biota. A 
petrified forest from the Paleocene at Cerro Bororo, Chubut (Lat. 43° 
30'S, Long. 67° 37'W) is composed of palm, cycad, Nothofagus and a 
laurel (Archangelsky et al., 1969; Petriella and Archangelsky, 1975). 
Although the authors refer to it as tropical, it more readily fits 
into a mild temperate, frostless climate of high equability and 
ample precipitation. Large Eocene floras, notably the Rio Pichileufu 
(Berry, 1938) and the Rio Turbio (Hunicken, 1966) reveal rich 
temperate rainforests. The Rio Pichileufu flora is the richer of , 
the two, and judging from its larger leaves--mostly entire--represents 
a somewhat warmer, though still a temperate environment. It has 
several gymnosperms, including Araucaria, Fitzroya, Ginkgo, Libocedrus, 
and Zamia. Among the dicots are species of Annona, Astronium, Cassia, 
Cedrela, Coccoloba, Cupania, Dalbergia, Embothrium, Ficus, Laurelia, 
Lomatia, Momisia, Myrica, Polylepis, Tetrapteris, Trichilia, and 
others that give it a warm temperate aspect, commonly designated 
sub-tropical. This flora, which needs revision, is similar to that 
from the Concepcion-Arauco coal mines (Lat. 37°-38°S) in coastal 
Chile (Berry, 1922a). Another flora allied to the Rio Pichileufu is 
at Mirahoja near Lat. 42° and just north of the Rio Chubut (Berry, 1925). 
It differs from the Rio Pichileufu in the absence of conifers. Its 
general floristic relations also ally it with the Arauco-Concepcion 
flora along the Pacific Coast to the northwest. 

The Large Rio Turbio flora (Hunicken, 1966) in the southern Patagonia 
near Lat. 51°s is of Eocene age but differs importantly from the Rio 
Pichileufu. It has a cooler aspect, as shown by its smaller leaves, 
many of them serrate. It is a Nothofagus flora, and indicates 
latitudinal forest zonation and a cooler climate in this area 1,200 km 
farther south. Among the reported taxa are a single conifer referred 
to Acompyle, and diverse dicots distributed in Anacardites, Cupania, 
Drimys, Eugenia, Myrica, Nothofagus, Ocotea, Paullinia, Persea, Quales 
and Rhamnidium. As noted by Hunicken (1966) the higher parts of the 
section range up into the Oligocene, and the increase in Nothofagus 
implies a general cooling of climate. 

Several small floras in Argentina (Menendez, 1969, 1971; Berry, 1932), 
which are now dated as Early Miocene (18-20 m.y. ago) by radiometric 
evidence (Marshall et al . , 1977), indicate a cooler climate. Nothofagus 
forests had now shifted farther north with cooler climate to replace 
the mild-to-warm-temperate evergreen dicot forests that formerly 
occupied this region. The shift is indicated also by the mammalian 
faunas (Patterson and Pascual, 1972) for they have numerous taxa that 
radiated into more open environments. During Santacruzian time the 
terrain appears to have been open country with scattered woodlands. 
Among the mammals, arboreal forms are rare, flightless birds are 
not uncommon, marsupials are common and varied, and there is a variety 
of rodents and some small monkeys. Endentates, including armadillos, 
glyptodonts and ground sloth, are represented by diverse and abundant 
forms. Furthermore, Patterson and Pascual (1972) have noted diverse 
groups of ungulates radiating during the Oligocene, including marsupials, 
ungulates, and notoungulates, showing the development of high crowned 
(hypsodont) teeth typical of grazers. They probably lived on the 
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margins of savanna woodlands as judged from the fossil floras of 
the region. 

The evidence available from several small floras, some not well dated, 
and a sequence of mammaliam faunas, indicate that the Andes to the 
west had not ye~ been elevated appreciably, for similar forests ranged 
across the region. Today there are sharp vegetation differences that 
reflect the drier and colder climate to the east of the range where 
the Patagonian Desert now dominates. Thus it seems proper to question 
the opinion of Kusnezov (1951) (quoted in Blair, 1976; p. 201) that the 
monte has existed since the Eocene (or earlier?) and that it has been 
unchanged since then, some 35-40 m.y. ago. All of the diverse 
vegetation types of which we have any knowledge have changed greatly 
since the early Tertiary. Clearly, the monte is a much younger 
semi-desert flora that largely owes its spread to the elevation of 
the Andes in the Pliocene and Pleistocene, and the resultant drier 
climates which compelled forests to retreat into the mountains to 
the west, and the northwest. Like the Sonoran Desert flora, the monte, 
with its species of Bouganvillea, Bulnesia, Cassia, Condalia, Flourensia, 
Gochnatia, Larrea and their associates, probably was derived from dry 
tropic forest and scrub of which the present chaco is a derivative 
(Sarmiento, 1976; Solbrig, 1976). 

Menendez (1971) depicts the general vegetation change in South America 
on a series of maps , and indicates that semi-arid vegetation appeared 
only in the Pliocene. This conflicts with the reconstructions by 
Solbrig (1976) who visualizes a persistent high pressure area supporting 
a presumed "Tertiary-Chaco Paleoflora" over northern Argentina and 
Paraguay from the Paleocene down to the present. While there was no 
doubt a high pressure system,, it was not as strong in the Paleocene-Eoce ne 
as in the Miocene or later, as Solbri g implies. Fur ther , it probably 
was not situated over the lowlands at the he ad of the Argentinean 
seaway · in the Paleocene-Miocene, an area still largely within only 
100 m of sea level (Harrington, 1962) . It more probably was located 
over the Brazilian shield, an are a of exceptionally hard, edaphically 
dry Precambrian rocks. These may have provided sites suited for the 
origin of dry-adapted taxa which spread into the dry zone in the lee 
o f the Andes as the r ange was elevate d i n the late Te r t i ary. Another 
source f or the taxa o f the chaco and monte vegetation may have been in 
the lee of the low Andes eastern Bolivia-northwestern Ar gentina 
(Lat . 20°-3o0 s). Forerunners of modern taxa may have been present there 
i n the Eo-Oligocene, with their descendants spreading out into the 
lowlands to form regional plant formations late in the Tertiary as 
the Ande s we r e elevated and dr y climate spread more widely . This 
s uggestion is s uppor t e d by t he na ture o f the f os s i l flor as de scribed 
by Berry f rom the Bolivian Platea u. 

The Puna 

The Potosi flora described by Ber ry (1917, 1939) comes from the high 
Puna on t he Bolivi an Plateau. Considered Pliocene by Berry, i t more 
p r obably is Miocene (Ahlfeld, 1956) . It is distinguished by ve r y 
small leaves and leaf lets of t axa that are simila r to those of dry 
regions today. Leguminous leaflets are especially common and find 
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relationship with alliances now in the monte and chaco. Among the taxa 
recorded are 80 species in genera such as Acacia, Bauhinia, Caesalpinia., 
Calliandra, Capparis, Cassia, Copaifera, Cuphea, Dalbergia, Dodonaea, 
Drepanocarpus, Escallonia, Euphorbia, Inga, Jacaranda, Lonchocarpus, 
Machaerium, Mimosa, Myrica, Osteomeles, Passiflora, Pithecollobium, 
Porlieria, Sweetia, Terminalia and Weinmannia. The flora is now at 
an elevation above 4000 m and implies an uplift on the order of 2,000 m 
or more to the present cold, bleak inhospitable region with its 
rosette plants and a few grasses. The flora, preserved in tuffs on 
the north slopes of Cerro Potosi, shows that the area of dry vegetation 
to the east decreased as the region was elevated, and that the area 
of the Puna greatly increased. The origins of the Puna flora probably 
are to be found in ancestral forms at somewhat lower levels in the 
Andes, and also to the south where they may have originated under 
cooler climate and thence shifted northward as the Andean range and 
the antiplano were elevated late in the Cenozoic. 

The flora from Psillypampa, Bolivia (Berry, 1922b), now at an elevation 
of 2,600 m, includes some 20 typically tropical genera, mostly with 
small to medium-sized leaves. Among the taxa recognized by Berry are 
Goniopteris, Gleichenia, Annona, Cassia (3 sp.), Chrysophyllum, 
Coussapoa, Heliconia, Iriartites, Mesipilodaphne, Myrica, Pisonia, 
Pithecollobium, Protium, Saccoglottis and Sideroxylon. These range up 
into the montane sub-tropics and occur in areas with a summer and fall 
rainy season and a dry winter and spring during which many of the taxa 
may shed their leaves. They appear to be a part of a Tertiary Chaco 
flora. The presence of coal in the deposit suggests that the dry 
season was not long, probably not more than 3-4 months. The taxa 
now have an altitudinal range of from 1,000 to 1,500 m implying 
uplift of no less than 1,900 m, and possibly as much as 3,750 rn, to t he 
present cold altiplano since the later Miocene. The flora is 
certainly older than the Potosi, which Berry regarded as Pliocene. 

Australia 

This large southern continent separated from Antarctica 50 m.y. ago in 
the Middle Eocene, when its southern shore was near Lat. 60°. As it 
was rafted north the latitude of the southern coast decreased as 
follows (Veevers and McElhinney, 1976; Smith and Briden, 1977): it 
was at Lat. 45°s in the Late Eocene (40 m.y. ago); at Lat. 40°s in 
the Early Miocene (20 m.y. ago); at Lat. 35°-37°s in the Late Miocene 
(10 m.y. ago); and in its present position at 330-35os during the 
Pliocene. 

In considering the development of dry climate (Fig. 9), I have referred 
to data presented in the excellent review by Kemp (1978). Since the 
previously described leaf floras have not yet been revised, or 
adequately collected for the most part, they are referred to in a 
general way and chiefly in terms of supplementing the pollen record 
with respect to climatic indications. As for the earlier papers, 
Singleton (1939) has a useful bibliography of paleobotany. More 
recent papers of value are those of Duigan (1965) on the ecology of 
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the Miocene brown coal flora, the review of paleobotany by Burbidge 
(1960) in her discussion of phytogeography of the Australian flora, 
and also papers by Gill (1965, 1975), Churchill (1973) as well as 
others noted below. 

The Paleocene-Eocene record implies a mild temperate rainforest 
covered much of the continent. Nothofagus is present at various sites 
as are podocarps. Anacolosa and Cupanieae (Sapindaceae) pollen are 
often present as is pollen comparable to Beaupurea and to myrtaceous 
taxa. The assemblage has been compared with the montane rainforests 
of New Guinea and New Caledonia. Nypa pollen is in the Perth region 
and together with records of proteads, Nothofagus, podocarp taxa and 
abundant fern spores all suggest a well watered region and mild 
temperatures (Hos, 1975). Records of this sort of vegetation are 
widespread--not only in western Australia, but in South Australia in 
the Eyre basin, and in the southeast as well (Fig. 9). 

Balme and Churchill (1959) record pollen from early Tertiary, probably 
Late Eocene, sediments at Coolgardie, Western Australia (Lat. 31°s, 
Long. 122°E) of taxa representing abundant Nothofagus (brassii type) 
associated with proteaceous and podocarpaceous grains. Also present 
are grains referred to ferns (Gleichenia, Cyathaea), conifers 
(Dacrydium, Microcachrys, Podocarpus) as well as alliances similar 
to Casuarina, Cupanieae, Beaupurea, Myrtacaeae and Banksia. Together 
with Nothofagus, the authors note that the conifers are especially 
abundant in the lower part of the 400-foot sequence. Minor differences 
are noted in different bore samples, but all represent a similar kind 
of temperate evergreen forest denoting ample rainfall and mild 
temperature. Southwestern Australia was bathed by a warm ocean, as 
shown by records of mangroves (Avicennia, Rhizophora and Sonneratia) 
and Nyp~ palm in the Perth area (Churchill, 1973). These are limited 
by minimum (cold month) mean temperatures of 18°-2ooc, implying the 
shore area was sub-tropical or warm temperate. Land climates were 
not so warm owing to the loss of heat by land as compared with marine 
areas which conserve it. A warm sea in the area is consistent with 
the widening ocean between Australia and Antarctica, for the West 
Indian drift now commenced to bathe the southern shore, producing 
summer storms that reached far inland. 

Pollen assemblages from Lake Eyre basin are dominated by Nothofagus, 
diverse protaceous pollens are recorded, as well as Casuarina and 
several gymnosperms (Wopfner et al., 1974). Farther north, Kemp 
(1978) reports on sites in the southern part of the Northern Territory, 
where there were local marshy sites, as implied by Cyperaceae, 
Restionaceae and Sparganiaceae. Nothofagus (brassii group) is present 
as well as podocarpaceous pollen similar to Phyllocladus. Cupressaceae 
(Callitris?) and Casuarinaceae are locally abundant. Leaves figured 
by Chapman (1936) from the Eocene (?) of the region are broadleaved 
evergreen dicots, chiefly of notophyll and microphyll size, consistent 
with a mild to warm temperate climate. Rather similar vegetation is 
recorded in the southeast part of Australia (Lange, 1970; McGowran 
et al., 1970), in New South Wales and also along the southern shores 
of South Australia where broadleaved dicots of moderate size are 
recorded (Chapman, 1935). Pollen data indicate a diversity of 
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Proteaceae, several forms of Nothofagus, and taxa similar to Anacolosa, 
Beaupurea and Cupanieae. Nypa is also recorded in the Gippsland basin 
in the southeast corner of Australia, with abundant Cupanieae, Malvaceae, 
Anacolosa, Beaupurea, Bombacaceae, Cupanieae, Malvaceae and Myrtaceae 
(Kemp, 1978) . 

Kemp (1978) notes a shift in the composition of the Middle Eocene 
flora of the Gippsland basin, where Anacolosa pollen and that of 
Nypa are not recorded. At the same time there is an increase in 
Nothofagus brassii-type pollen and a rise in gymnosperms. These 
imply a cooler climate in this southeast corner of Australia. This 
may reflect the separation of the continent from Antarctica, producing 
a "cooler," more marine climate in this southeast corner which also had 
a somewhat higher elevation. 

In southern New South Wales at Nerriga, a rich microflora dated as 
Eocene has representatives of Cupanieae, Anacolosa, Santalaceae, 
Podocarp_us-types and Araucariaceae. Pollen representing all three 
extant groups of Nothofagus is also represented. Drier sites in 
exposed areas, possibly on basalt flows, supported taxa allied to 
Banksia and Casuarina. The assemblage represents a rainforest that 
lived under mild temperate climate. To the north on the New England 
Plateau there are abundant leaf remains on Vegetable Creek (Ettingshausen, 
1888). The leaf flora, not yet revised, reportedly includes a number 
of presently sclerophyllous taxa, as Dryanda and Hakea, as well as 
rainforest genera. Rega~dless of their identity the figured leaves 
are notably smaller than those in other Eocene floras. They mostly 
fall in sizes well below microphyll (i . e., nanophyll, leptophyll), 
implying a cooler climate. This suggests deposition in an upland 
basin possibly near 500-700 m, as inferred from its position near 
Lat. 45° at this time (Smith and Briden, 1977). 

In sum-, the palynological evidence, which i s based on very small, 
mostly inadequate, samples and identified only to family or generic 
level for the most part, implies that at all sites there are trees which 
are presently associated in rainforests. Nothofagus brassii, many of 
the podocarps, araucarians, and some of the so- call ed "tropical" 
elements , as Cupanieae, Anacolosa, and Santalurn are at present 
rainforest components. Many of them are most common in, or confined 
to, forests in mountainous areas of New Guinea and New Caledonia. 
The fossils are mixed with Nothofagus cf. fusca, _!'!. cf. menziesii, 
and Dacrydiurn which are components of temperate montane rainforest 
climates. This has been considered to be an "anomalous" mixture of 
tropical or subtropical rainforest taxa with those of cool temperate 
rainforest communities . I t has also been suggested that the early 
Tertiary vegetation is not represented by a single modern forest type, 
and that the climatic regime which supported these forests has no 
modern analog (Duigan, 1965; Kemp, 1978). Daley (1972) also drew 
attention to this problem in explaining the mixture of "tropical" and 
"temperate" taxa in.the Eocene London Clay flora. However, he neglected 
to note that the London Clay was not at Lat. 50° as it is today, but near 
La t. 35°N in the Early Eoce ne . Also , contemporaneous f loras in 
western Europe include numerous temperate deciduous hardwoods, implying 
cooler conditions nearby. Since there was no polar ice cap, the 
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global temperature gradient was much lower than at present. Extremes 
of temperature were damped, and under such equable conditions there 
was a regular intermingling of "tropical" and "temperate" taxa as 
occurs today in the wet uplands of the tropics and sub-tropics, and 
also in large greenhouses. 

Minimal Eocene temperatures may well be inferred from the cooler, 
more temperate plants in these floras, as suggested by Kemp (1978). 
Nonetheless, these forests of Australia cannot be considered 
definitively as not represented in the modern vegetation. This view 
does not take into account the transport of pollen and spores from 
more distant areas by river or by wind to the sites of deposition where 
they mingled with taxa from those environments. This can reasonably 
be demonstrated for the Miocene brown coals at Yallorun where the 
forests which formed the brown coal were almost purely coniferous, 
and hardwoods, although occasionally present, may be regarded as 
accidental (Gill, 1965). In this area, the presumed pollen indicators 
of "tropical" climate are also recorded, notably Anacolosa and 
Cupanieae, yet the conifers include Agathis, Podocarpus, Phyllocladus, 
and Microcachrys from cool temperate environments. 

In New Guinea at levels above 1,500 m Nothofagus is found with 
Dacrydium, Papuacedrus, Phyllocladus, and Podocarpus, and numerous 
evergreen dicots. As illustrated in Fig. 10 this is a mild temperate 
climate. The figure also shows that temperatures in other regions 
where members of the Nothofagus forests and their associates live, 
are largely in the mild temperate zone. These include representative 
stations in southern Chile, New Zealand, and Tasmania-eastern Australia. 
The data for Papua New Guinea were kindly made available by Dr. Linsley 
Gressitt, Director of the Wau Ecology Center. The radiating lines 
on the nomogram represent the warmth of climate, depicting the number 
of days in which the mean temperature rises above a specified level. 
These grade from 0 days warmer than io0 c at tree line, to 365 days 
warmer than 18°c at the margin of the climatic tropics (Bailey, 1960). 
Note that most of the stations are within the middle of the temperate 
climatic regime and have a mean annual temperature near 15°c or less. 
The Papuan stations have the highest equability. The station at 1800 m 
has a rating of M 80 and the Kaindi site ~t 2,362 m is near M 90 . 
(read the arcs).- The New Zealand stations are the next most-equable, 
with ranges from ~ 60 to !i. 70, the Chilean stations are generally 
similar, but the Australian stations are chiefly near M 60. Most 
of the sites are in areas where less than 1% of the hours of the year 
are subject to frost (read dashed lines). Clearly, the notion of 
"tropica~" or even "sub-tropical" c.limate for the Eocene Nothofagus 
forests is unsupported by these data. The mingling of Anacolosa and 
other "tropical" alliances with the temperate taxa is readily explained 
by the highly equable climate in which temperatures were neither too 
cold for the tropical nor too warm for the temperate taxa. In this 
regard, the Eocene position of Australia--largely between Lat. 55o and 
40°s Lat.--is consistent with a temperate climate, not a tropical or 
even a sub-tropical one. 

The evidence from numerous sites scattered across the southern half of 
Australia imply high rainfall in areas presently desert or semi-arid. 
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Fig. 10. Comparison of temperature conditions of Nothofagus and 
allied forests in Papua New Guinea, Chile, New Zealand 
and Tasmania-eastern Australia. 
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This is indicated not only by the forest taxa, but by the abundance of 
epiphytic fungi, the diversity of ferns, and by the nature of the 
sedimentary rocks (Wopfner et al., 1974; Bowler, 1976). The wide 
distribution of taxa whose equivalents occur today in rainforests 
implies high rainfall well distributed through the year, low seasonal 
ranges of temperature, and frostless climates over the entire area. 
There is no evidence of xerophytic vegetation or of zonal grasslands 
in the Eocene. If present, drier conditions would have been to the 
north of central Australia, and are in fact implied by the smaller 
leaf size of dicots recorded from the central Australia (Chapman, 1936) 
as compared with those along the south coast (Chapman, 1935). 
Precambrian highs, composed by hard plutonic and metamorphic rocks 
scattered over the northern half of Australia may have supported 
local dry sub-tropical forest and savanna taxa during the Eocene, and 
later as well. 

Data for the Oligocene are restricted to pollen floras in southeast 
Australia, as well as on the Tasman Rise and farther south. In the 
Gippsland basin, a lower diversity of taxa in the Eocene has been 
noted, as had the disappearance (temporarily) of presumed "tropical" 
indicators, as Anacolosa, Santalurn, and Nypa pollen. Some coal 
assemblages in the Late Eocene-Oligocene are dominated by 
Phyllocladus-like pollen which resembles that of Dacrydium of Tasmania. 
However, this restricted monotype can scarcely be considered a 
definitive indicator of past climate. The genus surely was represented 
by other species that ranged into more temperate climates than those 
now in Tasmania. A relatively low diversity of taxa is noted in the 
eastern part of the Murray Basin (Kemp, 1978), though brown coal 
deposition, which is recorded over a wide area in southeast Australia, 
represents an acid environment in which many pollen taxa might not be 
expected to be preserved. The Late Oligocene sequence in the Otway 
basin shows abundant Nothofagus and a lack of warm indicators. The 
generally lower temperatures suggested by pollen evidence seems 
consistent with oxygen-isotope data from the marine sequence (Savin 
et al., 1975). In sum, abundant rainfall is implied by the amount of 
coal and lignite in the southeast region which was probably unaer 
the influe nce of westerlies through the year. As glacial conditions 
commenced to spread over Antarctica, precipitation may have been 
reduced somewhat over central Australia, though not enough for 
regional dry climates. This is inferred from a pollen flora recovered 
by the Deep Sea Drilling Project on Broken Ridge (Kemp and Harris, 1975). 
Dated near the Oligocene-Miocene transition (25 m.y. ago), it was 
then situated near Lat. 35°s and presumably would have been under the 
influence of dry climate if one was present. However, the taxa 
include pollen o f Arecaceae , Araucariaceae (Araucaria?), Casuarinaceae, 
Chloranthaceae, Didymelaceae (Didymeles?), Fagaceae (Nothofagus), 
Moraceae/Urticaceae, Myrtaceae, Podocarpaceae (Microcachrys?), 
Proteaceae, Restionaceae and Sapindacae (Cupanieae). Clearly, low 
rainfall was not affecting this area, and probably not the western 
borders of Australia either. 

During the Miocene, Austra lia continued to move northward and the 
Antarctic ice-cap increased its area . The existence of an ice sheet 



49 

from the Early Miocene has been inferred from the presence of ice-rafted 
debris in drill sites around the Antarctic continent (Hays et al., 1975). 
This suggests circulation increased from rather sluggish in the Early 
Miocene to greater ·strength in the Late Miocene as ice spread further. 
Although southern Australia probably was under the influence of 
westerlies, the ~egions to the north were now becoming drier as the 
continent shifted northward into the (weak) high pressure system. This 
heralded the commencement of the evolution of its arid flora (Raven and 
Axelrod, 1972). Not only were taxa coming under the influence of 
savanna/dry tropical forest climates, even drier areas were provided 
by hard Precambrian basement rocks scattered over the mountains which 
are still in the northern half of Australia, sites well suited for 
accelerated evolution (Axelrod, 1967, 1972). 

As for vegetation in the southeast, brown coal deposition continued 
through the Miocene in the Gippsland basin, and there is no evidence 
to indicate a major change in vegetation from the Late Oligocene. 
Nonetheless, Acacia--which now dominates over much of the drier parts 
of Australia--makes its first appearance in the southeast and implies 
drier climates to the west and northwest. Early Miocene beds at 
Kiandra in New South Wales, dated at 18-22 m.y. ago, contain abundant 
Nothofagus brassii-type pollen, and a gymnosperm component of 
Araucaria, Dacrydium, Nothofagus, and Podocarpus pollen implies a 
temperate rainforest. Leaf floras at the Kiandra sites are dominated 
by Lauraceae and Myrtaceae, but lack Nothofagus. This suggests (Kemp, 
1978) altitudinal zonation with a mixed broadleaved gymnosperm forest 
near the depositional site and Nothofagus on the more distant, cooler 
and higher slopes. This agrees with the observation (above) that the 
Oligocene Vegetable Creek leaf flora to the north appears to represent 
a . cooler, upland forest as j udged from the small size of the leaves 
illustrated. An inland locality near Cadia on the central tableland, 
New South Wales, is associated with basalts dated at 10-12 m.y. ago. 
Nothofagus brassii-type is abundant, podocarps and araucarias are 
present, and together with tree-fern and diverse epiphyllous fungi, 
indicate high rainfall. A warmer group of dicots includes taxa 
allied to Symplocos, Drimys and Cupanieae and implies a general lack 
of frost. The data suggest a dense closed f orest, one in which grasses 
are rare and Asteraceae pollen is not r ecorded. 

In the Middle and Late Miocene in the Yallouran area 130 km southeast 
of Melbourne, there isa rich flora that has been well studied (Duigan, 
1965; Cookson and Duigan, 1965; Gill, 1956). Gymnospermous pollen 
occurs throughout, Nothofagus pollen decreases upward in the section, 
several proteads are r ecorded and layers of old gymnospermous forests 
are preserved in these brown coals . Duigan (1965) lists some 16 taxa 
from mega- and microfossil records, including Agathis, Araucaria, 
Dacrydium, Phyllocladus, Podocarpus, Casaurinaceae, Nothofagus, . 
Lauraceae, Myrtaceae , Oleaceae, Proteaceae (incl. Beauprea and Banksia), 
Restionaceae, Sapindaceae (Cupanieae), Winte~ceae. The as~emblage 
has been compared with f orests in the mountains on the Lamington. 
Plateau in s outh Queensland (Cookson and Duigan, 1956) and also in the 
mountains o f New Gui nea wher e Nothofagus a nd Araucaria f ore sts are now 
at levels of 1,200 to 2,100 m (Duigan, 1965). They live under high 
rainfall, well distributed through the year. A mean annual temperature 
near 15°c is indicated for much of this zone , and a low range of monthly 



50 

temperature is characteristic (Fig. 10). 

Data for the Miocene thus suggest a dominance of rainforest in the 
southwestern part of the continent with little or no evidence of open 
vegetation. However, the pollen spectra show that some of the major 
components of open forests, notably Acacia, Poaceae and Asteraceae, 
were present. Closed forest dominated by Nothofagus brassii species 
and gymnosperms extends from western Victoria to coastal Queensland 
and inland to western New South Wales. In central Australia, localities 
near Lake Frome in central South Australia and at Ti Tree in the 
southern part of the Northern Territory provide indications of more 
open grassland in the Middle Miocene (Kemp, 1978). In the Lake Frome 
area, now a semi-desert, there is a well studied section of fossiliferous 
Neogene rocks that include distinctive lithologies (dolomite, smectite, 
silicrete, limestone) that provide evidence of paleoclimate (Callen, 
1977; Wopfner et al., 1974). The Middle Miocene (15-16 m.y. ago) 
Namba Formation, which rests in the Paleocene-Eocene Eyre Formation, 
contains abundant Nothofagus and Podocarpus pollen, implying high 
rainfall at this time:--The presence of fresh-water algae (Pediastrum) 
indicates ample moisture, as do certain species of fossil frogs, 
crocodiles, turtles and fish, whereas a fossil porpoise implies a 
connection to the sea. Fossil koala and a flying phalanger indicate 
forests in the area. Grass pollen is abundant, suggesting a savanna 
landscape with forests along watercourses and grassland on the interfluves. 
Some seasonal aridity is apparent from the nature of the sediments 
higher in the section, as shown by occasional saline intervals. Although 
there was a marked increase in rate of ice accumulation on Antarctica 
in the early Middle Miocene, Australia was largely removed from its 
effects. This is shown by the warm coastal waters indicated by oxygen 
isotopic evidence (Dorman, 1966) and by the presence of the foraminifera 
Lep_.:!:do~yclina. As reviewed by Callen (1977) and Kemp (1978), decreasing 
temperatures in the later Miocene are consistent with ice-cap growth 
and also the clay mineralogy of the oceans. The cooling trend resulted 
in increased aridity into the close of the Tertiary, with a shift from 
mild temperate conditions with phases of seasonal aridity, to warm 
semi-arid climate, and with conditions approaching the mediterranean
type climate in the medial Pleistocene. The general trend to aridity 
in the Murray basin of southwestern New South Wales, and somewhat 
later in the more mesic Victoria basins, was associated with the northward 
movement of Australia and with decreased precipitation related to the 
buildup of the ice sheet on Antarctica. The disappearance of Nothofagus 
west of the Dividing Range evidently reflects lowered rainfall due to 
the northward movement supplemented by uplift of the eastern highlands 
that evidently com..menced as early as the Middle Miocene (Wellman and 
McDougall, 1974). 

In the latest Miocene-earlier Pliocene (4-6 m.y. ago), there was an 
important cooling trend, due evidently to the rapid spread of the 
Antarctic ice sheet, as indicated by Ross Sea ice shelves that reached 
some 300-400 km beyond their present limits (reviewed by Frakes, 1978). 
~his wo~ld have affected southern Australia by lowering temperature and 
increasing the dry anticyclonic circulation. A decrease in rainfall 
would result from a lowering of ocean temperatures caused by the 
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increased supply of cold water from Antarctica. The drop in the 
difference between sea and air temperatures would result in decreased 
evaporation from low latitude oceans. Gill (1975) discusses the 
rapid change in environments at this time, noting a shift from 
humid rainforest conditions in southeastern Australia to the present 
one of semiaridity. In western Victoria, on Granite Burn in deposits 
dated at 4.3 m.y. ago the fossil flora represents a mixture of 

· Tertiary rainforest conifers and Nothofagus, and the present 
Eucalyptus-Acacia flora. In the Smeaton district, basalt dated at 
2~1 m.y. ago is associated with a clay that has a pollen assemblage 
like the present. Not far away Agathis is present and the bones of 
a crocodilian show the shift to present climate was not yet complete. 
In the Murray River, a bed considered to be earliest Pleistocene 
(1. 8 m.y. ago) yielded a pollen profile like the present (Churchill, 
1973; Gill, 1973). This shift from rainforest to the sclerophyll 
flora was a major event, and seems to correlate well wit h the shift 
to the dry climate recorded in California, Nevada and the High Plains. 

In his review of aridity in Australia, Bowler (1976) concluded that 
its development dates from the Late Tertiary following a period when 
warm, subhumid environments extended to the southern margin of the 
continent. The first evidence of some aridity in Australia is provided 

· by the contraction of large lakes and extensive faunal change near 
the end of the Tertiary. Earlier changes to subhumid conditions 
probably date from the growth of the west Antarctic ice-cap during 
the period from 17-10 m.y. ago, as implied by the Miocene floras and 
faunas from the Lake Fromme area, South Australia. Bowler (1976) 
concludes that by 2.5 m.y. ago substantial cooling had taken place 
and the Australian climatic pattern then resembled that of the 
present. Current evidence in northeastern Queensland shows 
sclerophyll taxa rapidly expanded there after 38,000 yrs. B.P. 
(Kershaw, 1978). And along the west coast of Australia there appears 
to be ample evidence for the spread of dunes and wind-blown sand 
deposits of Late Quaternary age (7,400 yrs. B.P. - 3,000 yrs. B.P.) 
(Wyrwoll and Milton, 1976). Clearly, the main imprint of aridity 
on the Australian landscape occurred during the Quaternary--as on 
the other continents. Thus we see that Beard's (1977) notion that 
Australia, during its Tertiary movement northward across 30° of 
latitude, sailed through climatic belts like those of the present 
day, and which he presumes indicates great age for both the 
mediterranean and desert vegetation and climate, has no factual basis. 

Summary 

During the Cretaceous-Eocene, in tropical latitudes, dry-adapted taxa 
were scattered chiefly in savanna climates, and also on edaphically 
dry, hard Precambrian basement rocks of the shield areas. By Oligocene 
time, small semi-desert basins were present in the lee of low ranges· 
Ever-drier a reas spread into the Medial Pliocene in response to plate 
movements, to t opographic changes, and to the spread of cold wate r 

· along the west coasts as glacial conditions deve loped over po~ar 
regions. Dry areas fluctuated with oscillating Quaternary climates 
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with desert and semi-desert climates spreading into lower latitudes 
in the glacials, retreating in the interglacials. 

In temperate latitudes, forests and woodlands occupied the present 
areas of dry climate (desert, steppe, semi-desert) during most of 
Tertiary time. Grasslands spread rapidly over interior regions 
following the Middle Miocene as forests and woodlands retreated 
to moister slopes and to the continental borders. Temperate grasslands 
attained a wide area during the Pliocene (5 m.y. ago), retreated under 
moister climates at the close of the Tertiary and during the pluvials, 
but spread again in the drier interglacials and after the close of 
the Pleistocene. Presently available evidence implies that the 
sequence of change was similar in temperate and tropical regions 
on all continents. 

Evolution 

The preceding review suggests a general synchrony of major change in 
vegetation in widely separated areas during the Tertiary, at least 
so far as the record is now known. This included the appearance of 
tropic savannas over large land areas (North America, South America, 
Africa, Eurasis) by the middle Eocene. By this time taxa were adapted 
to seasonally drier conditions as judged from their leaves with typical 
xeromorphic features, and from associated evaporaite deposits that 
reflect a dry season over the low-middle latitudes. This was 
followed by a progression of fossil floras that imply successively 
drier conditions in both temperate and tropical regions, and eventually 
the rapid evolution of semi-deserts and deserts on a local scale during 
the past 5 million years, with their regional spread greatly accelerated 
during the past 10,000 years. Can these events explain the 
evolutionary history implied by the diverse plants that inhabit dry 
regions today? Specifically, can they simultaneously explain the 
origins of unique desert taxa that have no close relatives and are 
clearly of considerable antiquity, as well as the origin of other 
taxa that live side-by-side with them that are so recent that their 
near relatives are still in the bordering region? 

An affirmative answer is provided by the view that the taxa that 
represent these extreme differences in structure and age have been 
accumulating seasonally dry regions throughout the history of 
angiosperms, with the more taxa representing the older ones. The 
role of aridity in stimulating the evolution of new taxa in dry 
regions was outlined initially by Stebbins (1950) . He pointed out 
that drought favors the breakup of populations into smaller breeding 
groups. These may interbreed and favor the spread of new gene 
combinations which are selected for further specialization in terms 
of survival in dry areas. Such changes are further enhanced by 
topographic diversity, for it enables divergent populations to live 
in proximity, thus increasing the chance for survival of new groups. 
Minor climatic fluctuations may bring slightly divergent populations 
into proximity, and encourage further interbreeding and the spread of 
genes which further adapt taxa to live in ever-drier areas. Stebbins 
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· also emphasized that the adaptations to dry areas are of numerous kinds 
including drought-deciduous trees and shrubs, water storage plants ' 
(cacti, bottle-trees), annuals that have only a brief life span, 
leafless shrubs or small trees, those with underground bulbs and 
corms, and a host of others. Inasmuch as numerous ways of living are 
possible in dry r~gions, and notably in those of the warm sub-tropics 
and tropics, the isolation of unique populations by climatic-topographic 
factors has led to numerous unique taxa. 

Axelrod (1972) noted that scattered throughout the tropics today edaphic 
dry sites provide valuable clues to the evolution of some of the ancient 
relicts that occur in, and are in a number of instances mainly confined 
to, arid and semi-arid areas at present. Such sites must have been 
widespread in the interior of West Gondwanaland, the vast continent 
formed by the union of Africa and South America, where much of the 
early evolution of angiosperms seems to have .taken place (Axelrod, 
1970; Raven and Axelrod, 1974). Here too, there probably was seasonal 
drought of the sort that is found today at the margins of the tropics. 
In the present fragments of Gondwanaland, arid sites are frequent on hard, 
resistant Precambrian rocks. They typically have little soil in 
savanna areas and even in regions of heavy rainfall steep slopes are 
generally barren or nearly so, like the monolith of Sugar Loaf, Rio 
de Janiero. It is a desert insofar as plants are concerned, even 
though its base is surrounded by tropical rainforest. Similar outcrops 
increase inland and also to the north in the caatinga where conditions 
are drier and where typical desert floras cover their slopes. They 
recur also in the savannas of Africa where the same rocks are found, 
having been displaced there by sea-floor spreading since the Late 
Cretaceous, though the floras on them are now largely different. Such 
sites may have been the centers for the origin of numerous unique 
taxa that characterize the warm deserts for they have been present 
since angiosperms originated. Similar sites are also present in more 
temperate regions, like the broad dome of Stone Mountain, Georgia, 
and other granite to granite-gneiss domes throughout the foothill belt 
of the Appalachians. Most of them contain semi-arid taxa that now find 
more optimum development in dry areas far to the west (Axelrod, 1975; 
McVaugh, 1943). Continental reconstructions show that these sites were 
at lower latitudes into the Early Tertiary, having been displaced 
northward to their present positions since then (Smith and Briden, 1977). 

Such areas, which have been available for plant occupation for scores 
of millions of years, probably have been the centers for early evolution 
of taxa adapted to dry conditions. Of particular significance is evidence 
that these sites may provide a means for accelerating evolution (Axelrod, 
1967, 1972). If there is a general trend to aridity over a region with 
scattered dry rocky sites on which new taxa are originating, they can 
continue to evolve there more rapidly than they would otherwise under 
the stimulus of a secular trend to drought like that of the Tertiary. 
This is expectable since the gradient to greater aridity toward the 
center of each dry area would draw small populations into their centers, 
much as a whirlpool pulls in debris from the surrounding area .. under 
the stress of new conditions in such marginal areas, catastrophic 
selection (Lewis, 1962; Raven, 1964) in local founder populations may 
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lead rapidly to new, markedly different taxa. Speeding up the rate of 
evolution in local dry areas by taxa that have become adapted to live 
under drier conditions provides a mechanism to increase the diversity 
of taxa in these areas. The unique forms may thus represent ancient 
taxa that managed to survive and spread as drought increased simply 
because they were already adapted to conditions of some drought, and 
only moderate changes would be needed to adapt them to greater aridity. 
Following an origin in such local dry areas, they could then enter into 
the composition of dry tropic forest, arid tropic scrub and other 
vegetation zones where bottle-trees, ocotillo, cacti, and other unique 
adaptive types occur, as well as in the desert. 

The desert floras of the temperate regions of the northern continents 
are more nearly related to one another than are those of the tropical 
regions. This results simply because they derived their taxa from 
shrubs, perennials, forbs and grasses that were members of temperate 
vegetation zones--chiefly temperate forests and grasslands--that were 
Holarctic in occurrence and successively occupied these areas during 
the middle and late Tertiary, and have persisted over the regions of 
desiccation. There is little or no evidence of deserts in the 
temperate northern regions into the Pliocene, and on this basis they 
are largely interglacial, and especially post-glacial, in age. 

Among the autochthonous desert floras, that of the Mexican desert region 
(Sonoran-Chihuahuan-Pueblan-Tehuacan) is especially rich in endemics. 

As noted by Rzedowski (1962), in Mexico 217 genera were confined to 
arid regions, of which 93 (43%) are endemic, and of the 410 genera in 
the semi-arid regions 113 (28%) are endemic, or a total of 71% in 
dry regions. By contrast, out of 1163 genera in both humid and 
subhumid regions, only 93 (15%) are endemic to those areas. The 
abundance of endemic genera in this region is clearly related to dry 
climate. It would be desirable to compare the floras of other dry 
regions on the same basis to determine whether the relation is more 
pronounced in some regions than others, and to ascertain the causes 
for the differences that may exist. 

The great differences between the taxa of the southern deserts of 
Africa, southern South America and Australia reflect the fact that the 
continents on which they originated have been widely separated during 
most of the course of angiosperm evolution, and the non-desert floras 
of these continents from which desert plants were derived differ 
widely. In this regard, Beard (1976, 1977) points out that many of 
the typical xerophytic life-forms common on other continents are 
poorly developed or occur in only a few species in Australia. Absent 
there are stem and leaf succulents, drought-deciduous shrubs/trees, 
spinescent taxa, and plants with underground perennating organs such 
as corms and bulbs. By contrast, the dry flora of Australia is 
characterized by sclerophylly in various forms. Leaves of Eucalyptus 
are tough, falcate, pendant and glaucescent. In the dominant shrub 
genus ~cacia, many of the Australian species are not normally bip innate 
and spinescent , but have petioles that are broadened into a 
sclerophyllous phyllode that takes on a variety of shapes and sizes. 
Leaves of proteaceous shrubs often are harsh, brittle, lobed or deeply 
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divided. Shrubs in the families Myrtaceae and Rutaceae have an 
ericoid habit, with small needle-like leaves . There also is a unique 
form of sclerophyllous hummock-grass in its deserts, as in Triodia and 
Plectrachne. Furthermore, Beard notes that the fruits of Australian 
plants are characteristically hard and woody, even in families and 
genera which on other oontinents have succulent fruits. All this Beard 
ascribes to the nutrient-deficient soils of Australia. 

Doubtless these scleromorphic plants did evolve on nutrient-poor soils, 
as they did in South Africa and elsewhere, but the absence of many of 
the other characteristic life-forms from the deserts of Australia may 
also be related to its isolation from other continents and to the unique 
floristic pool that characterized the area from the Cretaceous into the 
Eocene. Australia was then in high latitudes, joined to Antarctica 
and South America, and the entire region at middle and high latitudes 
was covered with a dense temperate rainforest. As Australia commenced 
to move northward following the Eocene (50 m.y. ago), sclerophyllous 
taxa radiated in response to spreading aridity and the consequent 
breakup and dissection of their habitats. Thus, the unique xeromorphic 
forms probably developed from taxa that were already present there, 
from members of its unique austral families and tribes. In contrast, 
the desert flora of South Africa, drawn from many diverse sources 
including West Gondwanaland tropical percursors discussed above (Axe lrod 
and Raven, 1978), is highly diverse in life forms . For exampl e, the 
order Centrospermae, in which succulence and CAM-photosynthes i s are 
prominent, centers in South America (Cactaceae), Africa (Aizoceae), 
and Madagascar (Didieriaceae), with Portulacaceae in both Africa and 
South America. The order is clearly secondary in Australia where it 
is represented by derived taxa of no great antiquity. 

As dry areas expanded in widely disjunct tropical regions throughout 
the Tertiary and subsequently, there has been a parallel evolution of 
many life forms such as bottle trees, leafless shrubs/trees, or thorny 
shrubs in divergent alliances. The progressive shift from rainforest 
to savanna to open woodland and xerophyllous scrub on a ll continents, 
developing more or less synchronously , has likewise created new adaptive 
zones for many additional recruits from ne ighboring vegeta tion , including 
drought-deciduous trees/shrubs, perennials , bulbous plants , annuals and 
many others. These have originated and accumulated in dry areas on 
isolated continents to form the distinctive desert floras of each 
region. In addition, since the associated pollinators (insects, birds, 
bats, etc.) have differed in each area they have provided unique 
plant-animal relationships that have furthe r guided the origin of the 
divergent alliances in these isolated dry r egions in which the c limates 
also diff er in the ir degrees of drought and thermal conditions . In 
each region, climatic oscillations during the Quaternary selected.new 
populations a nd increased opportuniti es for hybridization and rapid 
evolution which enabled the new alliances to adapt to these novel 
environments and to produce many new loca l species, especially of 
annuals. 

Through time , the expanding r egions of drought i n t he warm c l i mat es 
especially have continued to accumulate divergent life-forms. As a 
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result, the great diversity of life forms is a distinguishing feature 
of the warm (tropical) deserts. This has been possible simply because 
they live in divergent ways and there is little or no competition between 
them even though low rainfall is limiting to all life in these regions 
(Shreve, 1951). The variety of codominant life forms which is the 
hallmark of the warm deserts {Fig. 1) provides a marked contrast to the 
rather similar physiognomy of the other zonal types of vegetation that 
are distinguished chiefly by one dominant life form, as in grassland, 
woodland, chaparral {or macchia), tropical forest, or conifer forest, 
and also in the deserts of cool to cold regions, as in Nevada, Gobi 
and Patagonia. 

Conclusion 

The preceding review of fossil evidence indicates that the regional 
deserts in different parts of the world are comparatively new features 
of the earth's surface. While semi-desert areas, and perhaps local 
deserts, were present in the lee of ranges over lower latitudes by the 
Miocene and later, they were in no sense regional deserts like the 
present ones. As recently as a few millenia ago woodlands and grasslands 
reached down to the borders of the desert ranges, and trees lined the 
valleys and drainage-ways to the numerous lakes scattered over these 
regions. Great herds of large mammals grazed peacefully on the 
landscape, hordes of water-birds covered the ponds and lakes, and fish 
played in clear bubbling springs and in brooks that flowed into or 
across these regions where man was then in a minority. That was Eden. 

All that is changed now. Under the impact of man's exploding populations 
the deserts have been spreading {Paylore, 1976). Even in the recent 
past man occupied these regions, as shown by the abandoned highly 
advanced civilizations now buried under the sands of the most extreme 
deserts, whether the Sahara, the Gobi or the Atacama. His retreat has 
been the result of an almost total disregard for the environment, 
not only the forested, wooded and grassy belts, but the deserts in 
particular. They have been greatly overpopulated not only by man, 
but by his cattle, sheep and goats in innumerable hoards. To sustain 
them, as well as himself, he has had to sink wells to underground 
reservoirs that are not being replenished: he is tapping fossil water 
that accumulated during the last Ice Age--20,000 years ago! As the 
water tables have been lowered, grasses, forbs and shrubs have 
shrivelled and died, as have his crops, especially during the cyclic 
trends to drought which will return again. Indiscriminate tilling of 
the deserts has resulted in great dust storms which have blown away the 
thin soil that has taken millenia to develop; there are authenticated 
cases of desert dust carried from the Sahel to the Caribbean Sea! 
Goats have wandered these landscapes without control, eating everything 
in sight except the rocks themselves, converting hundreds of thousands 
of square miles into rocky deserts. One need only examine the area 
from the western Mediterranean (Morocco-Spain) eastward through Asia 
Minor-Iran-Afghanistan-India to see the horrible results. And they are 
repeated in our own southwest, as well as in Mexico, Chile and 
Australia. 
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Current attempts and plans (e.g. Petrov, 1977) to further "develop" 
and "improve" these arid landscapes represent the dreams of the 
largely uninformed. Man has not yet improved on Nature. He never 
will. The best that can be done now for these dry regions is to 
leave them alone apart from a few narrow strips where major rivers 
flow through them, like the Nile, the Colorado, and others. As 
properly emphasized by several investigators at this conference, our 
chief efforts should be directed to the use of native desert plants 
for food, fuel, fiber, medicinal and other resources. This would 
reduce the need for irrigating crops (e.g. alfalfa, corn, tomatoes, 
wheat) from mesic, temperate regions. Actually, the practice of 
irrigation in desert areas away from the major river drainages is 
temporary because the water table is being lowered, it cannot be 
replenished, and salt concentrations continue to build up under the 
high evaporation in these areas. Furthermore, a trend to cooling (we 
may be in one) would trigger the spread of the warm deserts so current 
efforts to exploit them will fail as they have with other civilizations 
in the recent past. Today this fragile ecosystem needs all the prote ction 
we can give it, as do all in the others in which we live (Ehrlich, 1974; 
Train, 1978). 
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Soils of the arid regions have many properties in common with 
humid region soils and several that are, in the main, quite different. 
Among the particular properties that distinguish most arid region 
soils are a low level of organic matter, slightly acid to alkaline 
surface soil pH and a moderately to strongly alkaline subsoil, 
calcium carbonate accumulation in one or more horizons within two 
meters of the soil surface, low biological activity and weak to 
moderate profile development (Dregne, 1976). A few humid region 
soils may have one or more of these properties but seldom, if ever, 
does such a soil exhibit all of them. 

In addition, soils in the drier part of the arid regions frequently 
will be covered with a thin layer of gravels and stones that con
stitutes a desert pavement or desert armor. Soluble salts may be 
present in quantities sufficient to influence plant growth, parti
cularly in poorly drained depressions, in irrigated areas, and in 
soils containing appreciable amounts of gypsum. 

Worldwide, sand dunes cover about 25% of the arid regions (Cooke 
and Warren, 1973). Sand seas (also called dunefields and - in 
Africa - ergs) tens and hundreds of kilometers in length and width 
are the collections of sand dunes that many people think of as 
dominating deserts. They do not. Desert pavements are more common. 
Sand seas of the kind that occupy the Empty Quarter of Saudi Arabia, 
the inner Takla Makan Desert in China, the Kyzyl Kum and Kara Kum 
deserts of the Soviet Union, and the western Sahara are spectacular 
manifestations of the power of the wind to modify landscapes. 

Physiographically, desert soils are usually shallow and rocky on 
steeply sloping land, deep and coarse textured on alluvial fans 
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and piedmonts as well as on smooth and undulating plains, deep 
and fine textured in the closed basins that are typical of arid re
gions, and of variable texture and depth on river flood plains. 
Deep clays in closed basins tend to be slightly or moderately saline 
in the semi-arid climates and strongly saline in the more arid 
climates. Close basins are variously known as playas, takyrs, 
salares, and salinas, the latter two usually having white salt 
crusts on the surface. 

Soil Properties 

Selected characteristics of a few representative soils from 
southern New Mexico (Gile et al., undated) are presented in Tables 
one to five. Average annual precipitation is about 200 to 250 mm 
distributed throughout most of the year. 

The Calciorthid {Table 1) is a weakly developed gravelly sandy 
loam found on alluvial terraces. It is calcareous throughout the 
profile and very highly calcareous in the K2 (calcic) horizon. 
Organic carbon is about average for a soil of this texture, pro
ducing an organic matter content in the surface five centimeters of 
approximately 0.4 percent. This soil illustrates a characteristic 
of uncultivated desert grasslands and shrublands: The organic 
matter content of the surface layer is frequently less than that 
of the next lower layer. The explanation lies in the high temp
erature and relative dryness of the surface of a sparsely-vegetated 
soil, which makes the surface soil less hospitable for plant roots 
than the subsurface horizon. This soil was covered with a desert 
pavement of pebbles. 

The Haplargid {Table 2) is an old soil on a gentle slope where 
erosion has been minimal and considerable clay movement into the 
subsoil has occurred (shown by the small "t" in the horizon symbol). 
This soil, too, is calcareous throughout the profile but contains 
much less calcium carbonate than does the Calciorthid (Table 1). 
In the arid regions, a well-developed soil such as this Haplargid 
will be confined to level or gently sloping land. This soil also 
has a desert pavement, intermixed with loose sand. 

Table 3 gives some profile characteristics of a soil having an 
indurated layer of calcium carbonate. Hard carbonate horizons 
are called petrocalcic, caliche, or calcrete layers. There 
usually are enough vertical cracks in the indurated layer to permit 
water and roots to move through the layer. Petrocalcic Paleargids 
are found on level upland sites. Again, the surface has a desert 
pavement of fine pebbles intermixed with loose sand. 

Hummocky sandy soils have characteristics similar to those shown 
for the Torripsarnrnent (Table 4). In this case, the original, 
surface soil has been eroded away by wind erosion, and a layer of 
sand has been deposited to form a hummock. The recent deposit of 
sand appears as a surface C horizon (parent material) since there 
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has not been time for any soil development to occur. The developed 
soil now covered by the new sand deposit has become a buried soil, 
as indicated by the small "b" in the symbols for the five lower 
horizons. Organic carbon is lower in this sand than in the finer 
textured soils of Tables 1, 2, and 3. In any one climate area, 
sandy soils generally contain less organic matter than clayey 
soils. 

The Torrert (Table 5) is much different, texturally, than the four 
other soils because it is a playa (depression) soil. It develops 
deep and wide cracks when dry and becomes practically impermeable 
to water when wet. The fine material has its source in sediments 
carried into the depression by erosion of surrounding uplands. 
Since runoff water also collects in the depression, moisture 
conditions are much wetter there than annual precipitation figures 
indicate. This accounts for the relatively low salinity levels 
in the top one meter of soil. Organic carbon contents are about 
twice as high as in the more sandy soils. 

The soils of Tables 1 to 5 occur in a continental climatic 
region. Soils characteristics may be quite different in places 
where rainfall is almost entirely confined to summer. Table 6 
shows data for a soil from the arid southwest of Angola (d'Hoore, 
1964), a summer-rainfall area where the average annual precipitation 
is about 200 mm. Despite the low annual rainfall, the soil is free 
to carbonate to a depth of 130 cm and the horizons from 15 to 85 
cm are moderately acid. The combination of relatively high rain
fall in a few months and a porous parent material results in a 
high degree of leaching. Similar soils can be expected to occur 
in the Sahel, northeastern Brazil, and western India. 

Limiting Soil Factor 

By and large, the principal soil factor influencing the distribution 
of native vegetation is the permeability of the soil to water. 
Upland soils where guayule, jojoba, agave, and cacti thrive are 
generally highly permeable and have a low water holding capacity. 
Plant growth in the arid regions probably is greatest wherever the 
permeable surface soil is underlain by a finer textured and less 
permeable subsoil that retains moisture in the upper part of the 
profile. Fine textured soils of closed basins are inhospitable 
for most shrubs and frequently are entirely devoid of vegetation 
even when they are non-saline. Poor aeration is the principal 
deterrent to plant growth on those soils. 

Water Repellence and Salinity 

Many arid region soils exhibit a degree of water repellency that 
temporarily prevents water penetration into the soil (Debano and 
Letey, 1969). Most commonly, the tendency toward water repell~nce 
is the greatest in sandy loam soils that are barren of vegetation. 
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Only very dry soils are water repellent, and the repelling effect 
d i sappears once t he soil is wetted. Aside from the fact that rain 
wat e r wi ll not ent er a water-repellent soil immediately, the most 
harmful e ffect is the resulting increased runoff and accelerated 
wa t er erosi on that follows. Whether or not a soil is water-repellent 
p r obably has little effect on plant distribution. 

Excessive soi l salinity affects plant distribution as well as plant 
growth (Hayward, 1954). Gypsiferous upland soils, which usually 
are at least moderately saline, sometimes have a different flora 
t han non-gypsif€ rous soils. Saline soils generally have quite a 
di fferent p l ant composition than their non-saline counterparts . 
Alkal i sacaton is a good indicator of soil salinity; saltbush 
generally - but not always - is, too. 

Water-Soil Relations 

Soils affect plant distribution and plants affect soil properties. 
A classic study by Fireman and Hayward (1952) in the Escalante 
Desert of Utah provided evidence of the variable effect of sage
brush (Artemesia), saltbush (Atriplex), and greasewood (Sarcobatus) 
on soil chemical properties (Tables 6 and 7). Sagebrush caused 
relatively little change, saltbush largely affected soil salinity, 
and greasewood had its most pronounced effect on soil exchangeable 
sodium and pH. 

Conclusion 

Soil factors influencing the distribution and growth of native 
plants are principally the physical conditions affecting 
infiltration rate, water holding capacity, and aeration. Soil 
salinity is locally important in many places. The nutritional 
status of the soil generally is unimportant as a differentiating 
factor. 
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Table 1. Profile characteristics. Typic Calciorthid. 

Organic 
;.-.pepth,cm Horizon Particle size,% Carbon,% Carbonate,% 

sand silt clay 

o-s A2 71 19 10 0.25 6 

5-13 B 73 15 12 0.34 15 

13-18 K2 64 18 18 0.17 65 

18-48 K31 73 16 11 0.26 35 

48-69 K32 81 12 7 0.13 21 

69-94 K33 79 14 7 0.10 10 

94-132 Cea 78 13 9 7 

Table 2. Profile characteristics. Typic Haplargid. 

Organic 

Depth,cm Horizon Particle size, % Carbon ,% Carbonate, % 

sand silt clay 

0-5 A 87 5 8 0 . 20 2 

5-13 A3 87 5 8 0.18 3 

Blt 85 5 10 0. 19 4 
13-23 

B2ltca 80 5 15 0.21 12 
23-41 

82 4 14 0.13 11 
41-71 B22tca 

84 4 12 0.08 11 
71....,99 Kll 
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Table 3. Profile characteristics. Petrocalcic Paleargid. 

Organic 
Depth,cm Horizon Particle size,% Carbon,% Carbonate,% 

sand silt clay 

0-6 A2ca .67 19 14 0.32 1 

6-28 B2tca ·. 64 17 19 0.67 8 

28-43 K2m 66 18 16 0.28 23 

43-64 K3 65 20 5 0.17 21 

64-79 C3ca 70 18 12 0.12 n · 

79-104 IIC4ca 58 27 15 0.08 9 

Table 4. Profile characteristics. Typic Torripsamment. 

Organic 
Depth,crn Horizon Particle size,% Carbon,% Carbonate,% 

sand silt clay 

0-28 Cl 94 3 3 0.15 0 

28-58 C2 93 3 4 0.15 trace 

58-84 B2b 89 6 5 0.13 trace 

84-109 B3cab 89 6 5 0.10 1 

109-137 Cl cab 89 6 5 0.10 2 

137-163 C2cab 94 3 3 0.06 1 

163-188 C3b 95 2 3 0.06 trace 
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Table 5. Profile characteristics. Typic Torrert. 

Organic 
Depth,cm Horizon Particle size,% Carbon,% Carbonate,% ECe* 

sand silt clay 

0-5 A 6 30 64 0.58 4 1.1 

5-23 AC 6 28 66 0.45 4 0.5 

23-48 Cl 6 32 62 0.26 4 0.4 

48-81 C2 6 29 65 0.24 3 0.5 

81-114 C2 6 28 66 0.29 3 0.4 

*ECe = electrical conductivity of saturation extract in millimhos per 
centimeter. 

Table 6. Profile characteristics. Brown soil of arid tropical 
region. 

Organic 
Depth,cm Particle size,% Carbon,% Carbonate,% pH 

sand silt clay 

0-7 52 34 14 0.40 0 6.4 

7-15 45 35 20 0.50 0 6.1 

15-30 52 24 24 0.42 0 5.8 

30-53 40 36 24 0.28 0 5.7 

53-85 53 24 23 0.18 0 5.8 

85-130 52 22 26 0.11 0 6.3 

130-165 33 33 34 0.05 0.6 8.0 



80 

Table 7 . Effect of shrubs on surface soil pH. 

Plant association pH (1:5 dilution) 
betwee n plants under plants 

Sagebrush (Arbemesia) 8.5 8.4 

Saltbush {Atriplex) 8 . 7 9 . 2 

Greasewood (Sarcobatus) 9. 0 9.8 

Table 8 . Re lation of crown diame t e r to soil properties . 

Soil property Sh a d s c a l e Greasewood 

--------crown diameter, cm -·--------------
2-7 7-30 2-7 7-30 30-60 

a 
pH(s) 8.0 8.4 8.0 8.4 8.8 

EC b e 1.1 6 . 1 1.1 2.4 3.8 

ESPc 4 10 23 

a = pH of saturated paste. 

b = electrical conductivity of saturation extract, in millimhos 
per centimeter. 

c = Exchangeable Sodium Percentage. 
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The vegetation of desert and semi-desert regions of the world is 
characterized by: 1) low standing biomass and cover with bare 
patches of ground; 2) a diversity of life forms (small trees, 
xerophytics, evergreen shrubs, deciduous shrubs, succulents, geo
phytes, and ephemerals); and 3) the repetition of these same life 
forms independent of species in different parts of the world. 
Therefore, to understand vegetation patterns in desert and semi
desert regions, it is necessary to first understand the reasons 
for the apparent convergence of diverse life forms. 

It has long been recognized that many desert plants have charac
teristics which distinguish them from plants in mesic areas. These 
characteristics, called xeromorphic by Schimper (1903), include 
reduction of surface to volume ratio of leaves, reduction of in
tercellular spaces, increase in conductive elements and in 
sclerenchyma, increase in chlorenchyma, and changes in the form 
and size of leaves. In addition, the leaves of many desert plants 
show characteristic physiological traits, such as either increased 
stomatal resistance and low tissue hydrature or succulence and low 
osmotic potentials. The regular appearance of some of these traits 
in unrelated plants from different deserts, such as in Larrea 
cuneifolia (Zygophyllaceae) from South America, Simmondsia chinensis 
(Buxaceae) from the United States, and Artemisia herba-alba 
(Compositae) in the Middle East, suggest strong selection and pro
vide a basis for predicting convergence in these and other traits 
of desert plants. 

However, plants having these xerophyti c characteristics are not 
confined t o deserts. They occur in habitat s where low soi l water 
availability is accompanied by atmospheric conditions that promote 
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rap i d water loss. Such conditions exist in extremely salty soils 
(salt mar s hes ) , in extremely cold soils (arctic and high mountain 
environments ) , i n extr emel y shallow soils with a great deal of 
r unof f (table lands, rocky s l opes), and under special edaphic con
di tions (serpentine soi ls, limestone outcrops, gypsum soils). 

Another characteristic of deserts is the coexistence of plants with 
very different morphologies and life forms in the same or adjacent 
habitats. For exampl e, all warm desert areas have a flora containing 
perennial evergreen and deciduous shrubs, succulents of various 
shapes (cylindrical unbranched, cylindrical branched, rosette, etc.), 
a large number of annuals and geophytes, and small trees along washes 
and depress i ons . This variety of life forms indicates that there 
are several competitively viable solutions to the problems of sur
vival and reproduction in deserts. Therefore, we must explain why, 
although certain constellations of morphological features regularly 
appear in taxonomically unrelated desert plants, there is not con
vergence on one life form. 

Natural selection maximizes fitness over entire life cycles, and 
not necessarily short-term photosynthesis or decreased water loss. 
However, a plant capable of maximizing photosynthesis within the 
constraints of its available resources and the physical environ
ment should have advantages in competition with other plants, de
fenses against herbivores, and should have more energy available 
for reproduction. Consequently it is reasonable to expect natural 
selection to maximize net yearly photosynthate production. However, 
convergence will occur only if there are few solutions to the pro
blems of maximizing photosynthesis under severely limited moisture 
conditions with high temperatures. 

A land plant lives in two different media: air and soil . The plant 
extracts water from the soil and transpires it through the leaves. 
Drought resistance therefore consists of: 1) the a}Jility of the 
leaf to photosynthesize under conditions of low water potential; 
and 2) soil water extraction by roots. Because the leaf is the 
organ of greatest photosynthetic activity and of greatest exposure 
to the drying power of the air, modifications of the characteristics 
of leaves are more striking than are modifications in other struc
tures of desert plants. The stems of desert plants are similar 
to those of plants in other environments except that a larger 
proportion of them are photosynthetic. In roots, modifications 
occur mostly in position within the soil and in the total biomass. 
The traits of leaves and roots are, however, intimately coevolved. 
Canopy characteristics influence the effectiveness of different 
types of roots, and vice versa. 

Optimality vs. Satisfaction 

The idea that nature pursues economy in all her works is firmly 
ingrained in western culture and scientific tradition, and it has 
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survi~ed the.d~vel~pment of a materialistic science. A corollary 
of this t:adition is tha.~ ~volution results in optimal phenotypes, 
that is, in the most efficient phenotype for each environment. 

The idea that evolution results in the selection of optimal pheno
types follows from a definition of :-Jatural selection which con
siders evolution proceeding in a uniform environment. If natural 
selection is defined as a process by which, in a population of or
ganisms with (a) different characteristics, that are (b) heritable, 
those with (c) characteristics that increase their probability of 
survival in the environment and/or increase their reproductive 
output, will increase in frequency (be selected) over time if (d) 
the environment remains constant; then indeed, given sufficient 
time, phenotypes should approach optimal design. Optimality cri
teria have been applied by Givnish (1976, 1978, 1979), Mooney and 
Gulmon (1979), and Orians and Solbrig (1977) to predict the be
havior of leaves and roots of desert plants. Their predictions 
are general and not specific, and these models explain only part 
of the observed variability. The failure of these optimality models 
to predict more accurately could be due to incomplete knowledge of 
the basic physiology of plants or to the fact that nature does not 
necessarily select optimal phenotypes. 

In effect, natural selection can favor phenotypes which are op
timal for a certain environment only if that environment is con
stant over time. In a variable environment, phenotypes must be 
such that they can survive over more than one environmental cir
cumstance. No environment is invariable or totally predictable. 
The physical environment is always variable in unpredictable 
ways, and the biological environment (competitors and predators) 
is even more so, especially for sessile organisms such as plants. 
Organisms therefore must cope with a number of possible environ
mental configurations both in time and space. The phenotype which 
is selected is the one that will survive a string of environments, 
even if such phenotype is not optimal for any of them, and may 
be temporarily outcompeted (but not eliminated) by phenotypes 
more fit for a particular environmental circumstance. Success
ful phenotypes need not be optimal in an absolute sense, but must 
be able to grow and reproduce over a variety of circumstances. 
This is the essence of the satisfaction principle (Mesarovic et 
al., 1973). The satisfaction principle (as applied to evolu
tionary situations) can be defined by saying that natural se
lection operates so as to favor phenotypes (populations or species) 
that are able to grow and reproduce over time in one or more 
environments. Theoretically a phenotype might be confronted with 
the same environment over many generations . In such a hypothetical 
situation, selection would tend to favor those phenotypes which 
approximate the optimal, but such a situation never exists, since 
all phenotypes must face a variety of environmental configurations. 
So for example, all plants must cope with diurnal temperatur~ and 
light cycles; they must deal with changing soil water potentials 
and with different mineral availabilities; if they live more than 
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a year (the most common situation) they also have to cope with ex
trem.e wint er temperatures (if growing in temperate or cold or alpine 
reqions)' or dry periods (in desert belts), and so on. Not only 
does a plant face a variety of environmental conditions, but the 
magnitude of the environmental parameters is variable and unpre
dictabl e. The phenotypes which survive and reproduce (i.e., those 
favored by selection) are those able to function in each of the 
environments they faoe, even though they may not function optimally 
or most efficiently in any of them. The mechanism by which a plant 
copes with the variety of environments is primarily physiological 
and developmental flexibility. 

Physiological and developmental flexibility presents definite 
costs to the organisms, although these costs have not been studied 
carefully. Physiological and developmental flexibility involves 
biochemical machinery with caloric, material, and maintenance costs. 
Organisms that are too flexible, although able to function under 
a variety of physical situations, may not be able to invest 
sufficient energy for competitive or defense functions and may 
therefore be poor competitors and/or unable to sustain predators, 
and therefore are unable to survive. During evolution, organisms 
are selected (i.e., survive to reproduction) that possess the ne
cessary developmental and physiological flexibility to cope with 
the common environmental uncertainties, but are also able to com
pete and ward off predators. However, there are a number of viable 
solutions, which account for the diversity of species within life 
forms and the diversity of life forms within an area. 

The physical environment can be pictured (Fig. 1) as an irregular 
oscillator which emits not one but a large number of waves of 
different lengths and amplitudes. The plant, in order to survive, 
must cope with these oscillations. But not only must it cope with 
the environmental oscillations, it must also compete with congeners 
as well as other species in the community. 

The most obvious environmental oscillations are the daily cycle 
of light and dark and the yearly seasonal cycle. Every organism 
must possess physiological controls so that its performance stays 
within the satisfaction range which can be defined as remaining 
functional and competitive within the possible extremes of the 
environmental oscillation. It is not necessary that the perfor
mance of the individual be optimal, as long as the plant survives 
and remains competitive. So for example, one physiological mechanism 
to deal with extreme environmental oscillations is to go dormant 
(e.g., deciduous trees in temperate forests). Since not all species 
go dormant in response to cold or drought, it cannot be stated 
that dormancy is the optimal response inasmuch as species that do 
so forego some photosynthetic gains. However, the dormancy res
ponse allows the species to remain alive and compe titive, and 
therefore is an acceptable r e sponse . 
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Figure 1. The environment as an oscillator. Solid line; mean 
monthly temperatures for Tucson, Arizona; dotted line; 
same for Boston, Massachusetts {0 c). 

In addition to the diurnal and seasonal cycles, there are other 
less regular and more unpredictable oscillations such as temperature 
and drought cycles, or disturbances such as the hurricane cycle 
in New England { a hurricane strikes any point in New England 
approximately every 150 years). The amplitude of some of these 
irregular oscillations is often greater than that of the average 
daily or seasonal cycle, imposing further physiological demands 
on the organism. Eventually the amplitude falls outside of the 
satisfaction range resulting in either the direct death of the 
plant or its indirect death through competition. The site is, 
however, open to reinvasion by the species if the environmental 
oscillations return to within the satisfaction range. 

Environmental oscill ations vary over space a s well as over time. 
Given that no phenotype and its underlying genotype {as well as 
populations or species) have the physiological machinery to cope 
with all eventualities, the phenotype is restricted to the geo
graphical area where the environmental oscillati ons are within 
the satisfaction range. Within this range it may be t emporarily 
eliminated by local extremes , but it can reinvade , provided that 
it has the machinery to disperse. The more often local extinctions 
occur, the greater becomes the necessity of good dispersal mechanisms. 
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But not all extr eme environmental oscillations are local and temporary. 
Some changes are more or less permanent, such as geological cold 
periods or warm periods , or periods of drought . If these oscilla
tions occur over a l l the range of the species and fall outside 
its sat isfaction range, then the species becomes extinct. 

Physiological machinery to keep the plant functioning within the 
satisfaction range requires a flux of energy and materials. Since 
t he rabes of mass and energy flow from the environment into the 
p l ant are f i ni t e, the number of possible physiological controls is 
also limited. This means that each species will necessarily have 
a limited satisfaction range, i.e., it will be able to survive 
and be competitive only within a given range of environmental 
oscillat ions. 

Competition has to be v i ewed as part of the physiological machinery 
of the plant under the satisfaction principl e. That is, in plants 
competit ion results when more than one individual tries to gain 
access to limited resources, whether space, light, water, or minerals. 
Being deprived of appropriate resources can result in insufficient 
physiological machinery to cope with environmental oscillations, 
and consequently a more r estricted satisfaction range and eventually 
death. 

Plants with the physiological ability to deal with a large number 
of extreme environmental oscillations will require a greater flux 
of energy and materials than species having narrower ranges. If 
faced with str ong competition for these resources, they may not 
be able to maintain the necessary flux of energy and resources. 
Then selection may operate to select phenotypes which are better 
competitors with lower ranges of tolerance because energy is di
verted from some physiological functions that are seldom used to 
structures that tur n the phenotype into a better competitor. 

This leads t o specialization and envir onmental resource parti
tioning. However, special i zation makes the species more vulnerable 
to extreme envi ronmental oscill ations and ~arrows i t s geographical 
range. A direct corollary of this model is that the more frequent 
the extreme oscillations are, the less specialization is observed 
and the greater is the satisfaction range of the species. On 
the other hand, the more predictable and milder the envir onmental 
oscillations a r e, the greater is the degree of specialization and 
the narr ower the species s atisfaction r ange. 

Environmental Oscillations and Responses in Desert Regi ons 

Three environmental factors are considered to be most stressful 
to the growth of plant s (Levitt, 1972) . They a r e: 1) temper atur e ; 
2) water ; and 3) minerals (sa lt) , o f which t he f irst two have 
drawn t he greatest experimental a t t ention. Any environment a l 
factor necessary f or growt h i s potenti a lly capable o f causing 
injury and/or death to the plant if its value falls near the limit 
of the plant's satisfacti on range or outside of it. 
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Desert regions are characterized by great oscillations in water 
availability over time, by predictable and (because of relatively 
low vegetation cover) generally high light levels, and by fairly 
predictable oscillations in temperature (Fig . 2). Life forms and 
vegetation patterns should then be determined primarily by the 
distribution and availability of water (Noy-Meier 1973, 1974). 
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Figure 2. Mean monthly rainfall for Tucson, Arizona. Note the 
cycle of wet and dry months that form a secondary 
oscilation. 

Given the intermittent nature of available soil moisture, it is 
difficult for desert plants to utilize the high levels of light 
energy to fix co2 . Since co2 gain is coupled with H2o loss, 
desert plants are expected to evolve mechanisms to increase either 
the rate of co 2 flux during periods of water availability with 
concomitant loss of photosynthetic capacity in times of water 
stress, or the efficiency of water use in photosynthesis at the 
price of loss of photosynthetic capacity under conditions of ade
quate soil water (Orians and Solbrig, 1977). A variety of mechan
i~ms affect c?2 and H2o vapor fluxes, ranging from simple phen~lo
gical adaptations such as deciduousness, to profound morphological 
and biochemical changes such as succulence and CAM photosynthesis 
(Ting, 1971). The costs and benefits of each of these character
istics are such that they make each specific adaptation competi
tively superior over only a narrow range of environmental conditions 
(Fig. 3). 



Figure 3. 

w 
~ 
1-

WI-

~z 
I::> 
I- ....... 
z<C 
>-~ 0 <( 

~w 

Ou 
I~ 
Q.. a:::: 

::::> 
I- V') 
w 
Z!:::: z 

::::> 
....... 

89 

SOIL WATER POTENTIAL (~SOIL) 
The predicted amount of net photosynthate per unit area, 
per unit time, as a function of soil water potential 
for leaves variably adapted to extract water from soil 
under high water potentials. Each of the four hypothe
tical types (a-d) graphed has a zone (shaded) where it 
outperform the others. (from Orians and Solbrig, 1977, 
University of Chicago). 

The inevitable trade-offs between them explain both the adaptive 
nature of desert plant forms and their richness (Orians and Solbrig, 
1977). 

It is my contention that leaves capable of photosynthesizing while 
under high negative water potentials (xerophytic leaves) are in
trinsically more expensive to construct than leaves that photo
synthesize only when water availability is great (mesophytic leaves). 
I base this assumption on the observation that the leaf features 
that confer an ability to function under conditions of water 
stress--small cells, thick cell walls, high osmotic pressure, a 
tight vascular network, thick cuticles, and numerous specialized 
stomata--require more building materials per unit volume than the 
features of leaves not so adapted. Maintenance costs are diffi
cult to estimate, but there is good reason to believe that a 
xerophytic leaf, with its specialized structures , is more costly 
to maintain per unit weight than a mesophytic leaf (Penning 
deVries, 1975). 
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Figures 4 and 5 depict presumed cost, income, and profit curves as 
a function of time for hypothetical mesophytic and xerophytic leaves. 
Costs include all energetic expenditures of construction and main
tenance, whereas income is equated with photosynthate production 
(also in calories); profit is income minus costs. Because of lower 
construction costs and higher maximum photosynthetic rates 
mesophytic leaves become an energetic asset to a plant eariier in 
its life cycle than do xerophytic leaves. When water stress sets 
in, however, mesophytic leaves are no longer photosynthetically 
active, and they must either be dropped by the plant or be main
tained as energetic liabilities. Xerophytic leaves continue to 
accumulate a profit under conditions of moderate drought. 
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(right) Cost-income curves for mesophytic (x) and xero
phytic (y) leaves show break even points at x for the 
mesophytic and y for the xerophytic leaf. Cost is de
fined in terms of energy expenditure for building and 
maintaining leaves, and income is the energy derived 
from photosynthesis. (from Orians and Solbrig, 1977, 
University of Chicago}. 
(left) Profit (income minus cost) curves for mesophytic 
a,al (left line) and xerophytic d,dl (right line) leaves, 
which have the cost-income properties shown in figure 4, 
indicate that the profit begins much sooner for meso
phytic leaves. (from Orians and Solbrig, 1977, Univer
sity of Chicago). 

Since plants with mesophytic leaves cannot function under condi
tions of high water stress, they are acti ve only when soils are 
wet. Superficial soil layers in deserts become saturated more 
often than do deeper layers (Solbrig, 1977). Intermediate soil 
layers are saturated infrequently, but because they do not lose 
water through evaporation, they retain some water for longer 
periods, but with greater strength. Thus, plants with mesophytic 
leaves and succulents tha t can extract water only f r om wet soils 
have their roots predominantly in the upper soil layer s, whereas 
plants with xerophytic leaves, which require longer periods of 
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water availability have their roots primarily in intermediate soil 
layers (Orians and Solbrig, 1977; Solbrig, 1977). The availability 
of soil water and soil properties determine, in part, the distribu
tion and competitive ability of plants with different photosynthetic 
characteristics. 

Because stomatal resistance affects both water vapor and carbon 
dioxide fluxes, there is an inevitable direct relationship between 
carbon gain and water loss. Furthermore, there are appreciable 
differences between species in the amount of desiccation they can 
sustain before their leaves wilt. Species that can sustain high 
internal water stresses without wilting tend to have specialized 
stomata with high individual resistances, which is not necessarily 
the case with plants that are not desiccation-resistant. This led 
us (Solbrig and Orians, 1977) to postulate a model which explains 
life-form diversity of desert plants on the basis of photosynthetic 
performance. Based on the fact that a high saturation point can 
only be achieved when stomata! resistances are very low, and that 
those species which can photosynthesize under high water stress 
have specialized stomata and high internal resistances, two basic 
strategies were postulated for desert plants: 1) the "high turn
on, fast turn-off" strategy of ephemerals and plants active during 
the rainy season, characterized by high photosynthetic rates when 
water is available and by an inability to function under water 
stress; and 2) "the low turn-on, slow turn-off" strategy of ever
green perennial shrubs and succulents, characterized by the ability 
to sustain some photosynthesis even under conditions of high water 
stress at the expense of low photosynthetic rates (because of 
high resistances to co2 flux) even under conditions of low water 
stress. 

The model just described is based on optimality considerations. 
Rainfall distribution and soil water conditions result in two 
kinds of soil water. The first is water held in the upper layers 
of the soil: upper soil layers are saturated to varying depths 
following wet season rainfall, and lose their water quickly due 
to evapotranspiration. This resource can be appreciable but is 
fairly transient. The second kind is water held in intermediate 
to low soil layers (20 cm to 1 m): only after exceptionally intense 
rains does this layer become saturated. However, due to a combina
tion of percolation and capillarity some water does accumulate in 
this layer. Because of its greater depth and lower temperature, 
evaporation losses from this area of. the soil are considerably less 
than those from surface layers. Consequently, it was postulated 
that plants with a "high turn-on, fast turn-off" strategy would 
be optimal for harvesting water from surface layers, and plants 
with a "low turn-on, slow turn-off" strategy would be optimal for 
harvesting water stored at greater depths. In general, the ob
servations fit the predictions: ephemerals have superficial roots 
and evergreen perennial desert shrubs have deeper roots. But the 
fit is not perfect because many desert shrubs have relatively super
ficial roots. Furthermore, succulents, postulated to be the most 
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specialized of the desert perennials, also have superficial roots. 

An alternative is to look at the strategies of desert plants from 
the point of view of the satisfaction principle. Organisms will 
grow in areas where the environmental oscillations fall within the 
range of the organism's physiological tolerances. Succulents have 
the broadest physiological tolerance since they can remain active 
even in times of extreme drought. Annuals are the least tolerant: 
they require a relatively high (less negative) soil water potential. 
Xerophytic shrubs run the gamut from species that are only active 
during the rainy season to those which can tolerate fairly large 
hydric stresses. Where the oscillations in rainfall are very great, 
especially in areas where there are prolonged periods of drought, 
succulents should prevail as well as desert ephemerals and tropophytes, 
which specialize in rapid growth during the short rainy periods. 
Areas with more predictable rainfall and shorter periods of drought 
are within the tolerance range of species with photosynthetic machinery 
more dependent on soil water availability, such as xerophytic shrubs. 
Succulents cannot compete successfully with shrubs because of the 
latter's higher photosynthetic potential, and will tend to be elimi
nated. However, there will always be years of extreme drought and/or 
areas that for edaphic and topographic reasons are drier, where 
succulents will be able to compete. Short-lives ephemerals, on the 
other hand, will tend to become replaced by annual species with 
longer life spans, such as grasses and eventually by herbaceous 
perennials. 

A model based on the satisfaction principle does not call for op
timal solutions . On the contrary, it asserts that species with 
broad tolerances will have phenotypes that are not optimally adapted 
to any one environment and that optimal phenotypes can only exist 
in stable and predictable environments. Since no environment is 
strictly stable, no phenotype is optimal in an absolute sense. 

Mooney and Harrison (1972) sampled the percentage of species with 
different life forms in the Sierra San Pedro Martir in Baja 
California, Mexico. At the base of the mountain, rainfall is ex
tremely low and unpredictable, whereas in the upper reaches a ty
pical Mediterranean type climate prevails, with winter rains and 
summer drought. The perennial vegetation at the base of the moun
tain consists largely of succulents and deciduous xerophytic shrubs 
(Fig. 6); that is, plants with either very broad tolerances (succu
lents) or those specialized to be active primarily during the rainy 
season. In addition, there is a rich flora of ephemerals. Moving 
toward the moister upper reaches, Mooney and Harrison observed a 
decline and eventual disappearance of succulents from the flora, 
an increase followed by a drastic decrease of the proportion of 
deciduous shrubs and an increase and eventual dominance of ever-, . 
green perennial shrubs. Concomitant with these changes in compo-
sition a steady increase in density and cover was observed and a 
decrea~e of · ephemer als. These changes are in accordance wit h t he 
predictions. 
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Figure 6. Percentage of succulents, deciduous and evergreen shrubs 
in the Sierra San Pedro Martir, Baja California, Mexico, 
at different altitudes (from Mooney and Harrison, 1972). 

At the base of the Sierra, where environmental oscillations are 
high and unpredictable, plants must have broad tolerances . Several 
solutions are possible, and all can coexist. In the slightly more 
predictable environment of the upper reaches of the Sierra San Pedro 
Martir, a more efficient, more competitive but less broadly tol
erant life form dominates the vegetation. -

Summary and Conclusions 

The vegetation in desert regions is characterized by admixtures 
of different life forms such as succulents, evergreen and deci
duous shrubs, phreatophytic trees, geophytes, and ephemeral herbs. 
According to classical ecological theory, each of these life forms 
and their many subforms occupy a unique, nonoverlapping ecological 
niche to which they are optimally adapted. I contend that such 
a model is applicable only when the environment is predictable in 
time and space. When the environment is highly unpredictable as 
is the case in desert regions, broad tolerance and not optimal 
f unction is selected, permitting t he coexistence o f s pecies wit h 
very similar requirements. 
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Gypsum (CaS04.2H20) is a common surface evaporite in warm or hot 
regions of low rainfall throughout the world. Enormous deposits 
of gypsum were formed during the Mesozoic and subsequently covered 
over by mostly calcareous (CaC03) or silicaceous (Si02) deposits of 
the Cenozoic. Tectonic and erosional forces have reexposed such 
"fossil" gypsum, or its anhydrite form (CaS04). Strange and bizarre 
plant endemics tend to develop upon such substrates, especially 
in arid regions such as North Central Mexico where the surrounding 
flora is rich and the gypsum outcrops are of long standing. 

While much has been written on the kinds of plants which occur on 
such "special" soils as serpentine, limestone and yet other substrates 
(Kruckeberg, 1954, 1969; Whittaker, 1954, 1975; etc.) relatively little 
attention has been given to gypsum as an edaphic element in plant dis
tribution and speciation. 

Johnston (1941) provided the first real stimulus for the study of 
gypsum habitats in the North American deserts. This was followed 
by descriptive studies on a number of selected gypsum sites in Texas 
and New Mexico by Waterfall (1946) and from the Chihuahua Desert 
regions by Powell and Turner (1977). Parsons (1976) provided a 
worldwide review of publications relating to gypsophily in plants, 
but the literature is quite sparse, most of this relating to North 
American plants. The present paper will extend his observations 
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and provide additional insight into the phenomenon of gypsophily, 
especially as related to endemism and speciation in the North 
American deserts. 

Gypsum Outcrops in North America 

Withington (1962} has produced a comprehensive map showing the 
distribution of gypsum and anhydrite outcrops in the United States. 
Nothing comparable exists for Mexico, but there exists a number of 
geological studies and field guides on portions of north-central 
Mexico which show surface outcrops of gypsum (e.g., Lopez, 1967; 
West Texas Geol. Soc., 1964) and these have been of much help in 
our studies in this region. 

One of the objectives of our present study has been to compare the 
floras on gypsum outcrops from differing latitudes to determine if 
endemism is largely confined to those outcrops which are more 
southern in distribution. Fig. 1 shows the approximate location of 
five sites examined in the present study. These range from approxi
mately 24° to 47° north latitudes . The exact sites, along with a 
listing of the more conunon flowering plants which dominate such 
outcrops are shown in Table 1. 

Parsons (1976) discusses the propensity of species from certain 
families to become gypsophiles, naming in particular the closely 
related families Brassicaceae, Resedaceae and Capparaceae as well 
as families from the subclass Caryophyllideae which includes such 
taxa as Chenopodiaceae, Nyctaginaceae, Caryophyllaceae and Portula
caceae; while such families conunonly occur on gypsum outcrops, ex
amination of the lists compiled in Table 1 will reveal that a wide 
range of families and genera occupy gypsum outcrops, depending, we 
suspect, on the availability of plant types which are relatively 
poor competitors in the surrounding vegetation. In other words, 
the floristic makeup of a given gypseous outcrop largely reflects 
the propagules made available to it from adjacent habitats. Never
theless, in North America at least, the confinement of local endemics 
to gypsum is largely a phenomenon of latitude. This is largely a 
reflection of the age or time of exposure of the gypsum outcrop. 
That is, the earlier its exposure the more likelihood for speciation 
over time. Thus in Montana and Wyoming gypseous endemics at the 
sites examined are absent; in Southwestern Colorado 2 or 3 occur; 
in New Mexico, perhaps 6; in Mexico up to 16 are known to occur in 
comparable areas (Table 1). 

It might be supposed that the gypsophilic endemics are more common 
in the southern latitudes because of the richer flora which surrounds 
such habitats, and this might be a factor. However, the floristic 
composition of gypseous outcrops in the northern latitudes are 
proporti onately richer (i.e., in terms of diversity o f the surround
ing vegetation) than the more southern latitudes. Even so they have 
fewer or no endemics. 



Table l. Comparison of plants growing on gypsum from five different latitudinal sites. 

(1) Mexico, 24° L (2) New Mexico, 33° . L+ (3) Colorado, 38° L (4) Wyoming, 44° L (5) Montana, 47o L 

Ephedraceae Ephedraceae 
Ephedra Ephedra 

Cupressaceae Cupressaceae 
Juniperus Juniperus 

Poaceae Poaceae Poaceae Poaceae Poaceae 
Aristida Bouteloua(3)+ Festuca Oryzo12sis Agro12yron 
Bouteloua Muhlenbergia s12orobolus Stipa Bromus 
Distichlis Pa.e.12012horum Hordeum 
Muhlenbergia Setaria Oryzopsis 

Sporobolus(4)+ Phle um 
Stipa 

Liliaceae Liliaceae 
Alli um Alli um 
Calochortus 

"' co 

Polygonaceae Polygonaceae Polygonaceae Po lygonaceae 
Eriogonum+ Eriogonum Eriogonum Eriogonum 

Chenopodiaceae Che nopodiaceae Chenopodiacea e Chenopodiaceae 
Atriplex(3)+ A triplex Atriplex Chenopodium 
Suaeda(4)++ Eurotia Eurotia A triplex 

Nyctaginaceae Nyctaginaceae 
Abronia+ Abronia 
Anulocaulis+ 
Mirabilis 

Caryophyllaceae 
Dryma r i a+ 

Portulacaceae Portulacaceae 
Portulaca Talinum 

Ranunculaceae Ranunculaceae 
Delpheni um Anemone 



Brassicaceae Brassicaceae Brassicaceae Brassicaceae 
Nerisyrenia(2)++ Malcomia Les~erella Erucastrum 

Malcomia Lesquerella 
Thal~i 

Crassulaceae 
Sedum 

Rosaceae 
Potentilla 
Ribes 

Leguminosae Leguminosae Legumniosae Leguminosae 
Dalea+ Astragalus+ oxytropis Dal ea 
Hoffmanseggia Psoralea Hedysar~ 

Medicago 

Zygophyllaceae 
Kallstroemia 

Polygalaceae 
Pol~ 

Euphorbiaceae Euphorbiaceae Euphorbiaceae \0 
\0 

Euphorbia Euphorbia(3) ~horbia 

Anacardiaceae Anacardiaceae 
Rhus Rhus 

Malvaceae 
~haeralcea 

Frankeniaceae 
Frankenia+ 

Loasaceae Loasaceae 
Mentzelia Mentzelia(2) 

Onagraceae Onagraceae Onagraceae Onagraceae Onagraceae 
Calylophus Calylophus Calylophus Gaura Gaura 

Apiaceae Apiaceae 
Loma ti um ~leurum 

Convolvulaceae 
Cressa 
Cuscuta 



Polemoniaceae 
Gilia 

Hydrophyllaceae 
Nama+ 

Boraginaceae 
Tequilia{2)+ 

Lamiaceae 
Hedeoma 

Scrophulariaceae 
Castilleja 

Rubiaceae 
Hedyotis+ 

Asteraceae 
Flaveria 
Gutierrezia 
Hymenoxys 
Isocoma{2)+ 
Sartwellia+ 
Strotheria+ 
Thelesperma+ 

Polemoniaceae 
Gilia 

Hydrophyllaceae 
Nama+ 

Boraginaceae 
Tequilia 

Asteraceae 
Psilostrophe 
Senecio+ 
Viguiera 

Polemoniaceae 
Ipomopsis 

Boraginaceae 
Cryptantha+ 
Lappula 

Scrophulariaceae 
Castilleja 

Asteraceae 
Hymenopappus 
Machaeranthera+ 

+indicates an endemic species for these genera at the sites concerned. 
++indicates two endemic species in these genera at the sites concerned. 

Polemoniaceae 
Phlox 

Boraginaceae 
crxptantha 
L~ula 

Lamiaceae 
Hedeoma 

Asteraceae 
HymenoEappus 
L:i::godesmia 
Machaeranthera 

Boraginaceae 
Cryptantha 

Scrophulariaceae 
Penstemon 

Rubiaceae 
Gali um 

Asteraceae 
Achillea 
Aster(2) 
Chrysopsis f-' 

0 
Cirsium(2) 0 

Grindelia 
Gutierrezia 
Helianthus 
Hymenopappus 
Hymenoxys 
Ratibida 
Solidago 
Son ch us 
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__ n 
.iFiqu~e .L Dis tributton of s ome of the major gypsum outcrops in 

·w,estern North America . Numbers refer to the sites 
:examined. i n Table 1 . 

This s ug9est s that t he histori ca l or "exposure factor" determines 
to a l a rige ·ext ent the degr .ee of endemism which may be found at a 
given gypseous site. This, at l east, is our opinion and we have 
assembled s ome evi dence t o suppor t this point of view in the dis
cussion that fo l lows .. 

Re l ative Age o f Gypsophilic Endemics 

Most workers who have considered the origin, or at least the re
lati ve age, of edaphic endemics have emphasized the importance of 
se l ect ion i n t heir formation (Ehrlich and Raven, 1969; Valentine, 
1972 ; e t c.). Indeed, Raven (1964) thought that "catastropic se
l ection" mi ght be an important factor in the development of certain 
edaphic endemics, especially those on serpentine. Kruckeberg (1969) 
has revi ewed much of the literature bearing on this subject and 
concludes "that soil, as is climate, is a potent selective agency 
in securing evolutionary change." 
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But what about time? Do edaphic endemics develop relatively rapidly 
out of the matrix of so-called "wide" or non-endemic species over a 
relatively short period of time in a burst of "adaptive" or catastrophic 
speciation? Or do they accrue their bizarre and distinctive charac
teristics over long periods of time? In short, are the more bizarre 
endemics ancestral relics in their specialized habitats, or relatively 
recently derived populations resulting from rapid speciational pro
cesses? 

In approaching this question we have attempted to draw upon informa
tion derived from a number of sources, the most important being (1) 
monography or comparative morphology, (2) comparative chemistry, 
(3) chromosomal data and (4) historical geology. These will be 
discussed in turn in the portions that follow. 

Monography or Comparative Morphology 

When we first became interested in gypsum endemics, an attempt was 
made to place under detailed systematic scrutiny those genera which 
contained several or more such elements in the hope that a pattern 
might emerge which would shed light on the likely origin or relative 
age of these taxa . Some of the more important genera studied were 
Sartwellia (Turner, 1971), Haploesthes (Turner, 1975), Selinocarpus 
(Fowler and Turner, 1978), Tequilia (=Coldenia of authors; Richardson, 
1977), Nerisyrenia (Bacon, 1978) and Flaveria (Powell, 1978). Most 
of these genera are centered in the gypseous areas of north central 
Mexico and, in that they represent several quite different families 
(Nyctaginaceae, Boraginaceae, Brassicaceae and Asteraceae), their 
detailed study should provide insight into the relative age of such 
endemics, as contrasted with nonendemics, at least for the area 
concerned. 

Gypsum endemics also occur in more widespread genera such as Suaeda, 
Frankenia, Hedeoma and Gaillardia; many of these are undoubtedly re
cently derived, to judge from their morphological relationship with 
yet other taxa, but suffice it to say that even within these groups 
some of the endemics are generally strongly differentiated morphologi
cally. 

Suaeda (Chenopodiaceae) - In their synopsis of the largely halophytic 
Suaeda in North America, Hopkins and Blackwell (1977) recognized 14 
species. Five are fairly localized endemics of north central Mexico. 
The remaining taxa are relatively widespread (Fig. 2); in spite of 
the predominance of the latter, gypsum outcrops in more northern 
latitudes have not spawned a single endemic from within this genus. 
We conclude that the Mexican outcrops harbor endemics largely be-
cause the gypsum beds have been exposed for much longer periods of time. 

Tequilia (Boraginaceae) - One of the more st7iki~g gypsophilic 
elements of the desert regions of North America is the subgenus Eddya 
of the arnphitropical genus Tequilia (Fig. 3). 
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Figure 2. Approximate distribution of the largely halophytic 
genus Suaeda (Chenopodiaceae) in North America. Of 
the 19 species recognized by Hopkins and Blackwell 
(1977), 5 are relatively localized gypsum endemics 
(distributions of which, somewhat enlarged, are shown 
in black). 

The genus was monographed by Richardson (1977) . The taxa are 
quite diverse and the 28 species recognized by him were distributed 
among six sections in two subgenera. 

Eddya with nine species is the only element within Tequilia to 
develop gypsophily to any degree, in spite of the proximity of 
gypsum to propagules from species other than those of Eddya, 
especially in South America. This suggests that the North American 
elements are relatively remote from their South American counterparts 
and that gypsophily developed very early on the North American con
tinent and that Eddya itself (with a base chromosome number of ~ = 9) 
did not give rise directly to the South American elements which are 
based on a chromosome number of x = 8. as are their North American 
nongypsophilic counterparts belonging to the subgenus Tequilia. 

All this does not provide much insight into the origin of gypsophiles 
in Tequilia but it does suggest (along with the conclusions by 
Richardson, that the least advanced or more "primitive" species of 
Tequilia occur in the subgenus Eddya) that gypsophily is very old 
in the genus generally. 



Genus 

Tequilia 
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_ Figure 3 .. Distribution of the desert genus Tequilia (Boraginaceae) , 
which has an amphitropical distribution. Endemic gypso
philes are confined to the subgenus Eddya (cf. insert} 
in which 7 of the 9 species are gypsophilic endemics 
(data from Richardson, 1977). 

Selinocarpus (Nyctaginaceae) - Eight o f the 10 species of this 
predominantly shrubby genus are gypsophiles (Fig . 4), some of 
them being highly restricted endemics (Fowler and Turner, 1977). 
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One of the species, §_. somalensis, is endemic to the horn (Somalia) 
of North-eastern Africa where it reportedly occurs in gypsum sub
strates . In fact, the gypsum soils of this region presumably harbor 
numerous gypsopbilic endemics (Horwood, 1976). It is anybody's guess 
as to how this remarkable disjunction occurred, but the explanation 
does not seem to be that of "bad taxonomy", or locality error, for 
the t~.on seems properly placed, although more detailed study of the 
problems may reveal a remarkable convergence not recognized by 
current workcers . 

Figure 4. Distribution of the genus Selinocarpus. Only two 
of the ten species are not gypsophiles and their 
distribution is shown in black (after Fowler and 
Turner, 1977). 
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What does seem apparent, however, is that Selinocarpus, at least 
in Mexico, became adapted very early to gypseous soils, some of the 
woodier, less advanced species (assuming woodiness is primitive for 
the Nyctaginaceae, as it seems to be) being hard-core gypsophiles. 

Nerisyrenia (Brassicaceae) - This genus includes nine species, all 
except one being relatively narrow gypsophiles (Fig. 5). Some of the 
more restricted taxa (e.g., N. johnstonii, N. turneri, N. castillonii) 
form a phyletic series whose-morphological and chemical-characters 
separate these from yet another phyletic series (N. camporum, N. 
gypsophila, ~· powellii). Suggestively, the least advanced sp~cies 
of the complex, ~· incana, a gypsophile, more or less bridges the 
morphological gap between these two phyletic lines, but has the 
chemistry of the single, weedy, widespread species~· camporum 

' (Fig. 6). This suggests that gypsophily was established very early 
in both lines of Nerisyrenia and it might be that the facultative 
gypsophile (~. camporum) arose out of a gypsophilic element, much 
as postulated for dysploid populations of Hymenoxys odorate (Fig. 9). 

Flaveria-Haploesthes-Sartwellia (Asteraceae) - Flaveria is a re
latively widespread taxon with 18 of its 19 species native to the 
Americas (Powell, 1978). The exceptional species is E:_. australasia, 
which is restricted to Australia where it occurs as a weedy plant on 
mostly sandy soils. 

The genus is centered in the desert regions of Mexico, the more 
advanced species occurring as halophytes or facultative gypsophiles, 
the less advanced or "primitive" species occurring on gypsum sites 
in the Tehuacan desert of southern Mexico (Fig. 7). 

Flaveria is quite closely related to Haploesthes and Sartwellia 
(Fig. 8), the latter two being wholly gypsophilic elements of the 
desert southwest. Together, these three genera make up a separate 
subtribe Flaverinae whose relationship in the large family Asteraceae 
is uncertain, some workers relating the subtribe to the Heliantheae, 
some to the Senecioneae and some championing tribal status for the 
group. Whatever its taxonomic position, it is clear that the 
component taxa have remote phyletic relationships and that within 
the group gypsophily developed early, this edaphic tendency per
sisting today in the confinement of seemingly ancentral morphological 
types to gypsum outcrops. 

Taken together, then, the several monographic studies referred to 
above strongly suggest that gypsophily developed quite early in 
the desert or "semi-desert" regions (Axelrod, 1979, this volume) 
of Mexico and that at least some of the speciational events have 
evolved such that seemingly obligate gypsophiles gave rise to 
facultative gypsophiles, much as has been reasonable documented 
for Hymenoxys odorata, discussed below. 
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Nerisyrenia 
9 spp. 

8 gyp 

Figure 5. Distri buti on of the nine species of Nerisyrenia; all are 
gypsophiles except for the widespread N. camporum (not 
shaded). Data from Bacon (1978). 

Degree of Divergence 2 3 4 5 

Figure 6. Wagnerian diagram showing hypothetical phyletic 
in Nerisyrenia. The only non-gypsophile in the 
is ~- camporum. Additional discussion in text. 
Bacon (1978). 

6 

lines 
genus 
After 
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Figure 7. Distribution of 16 western American species of Flaveria. 
Five of the more primitive. taxa are primarily gypsophilic 
species of the Tehuacan Desert of south-central Mexico, 
the remainder are either gypsophiles or halophytes. 
Five additional, fairly specialized species, occur in 
t he genus (one widespread, t wo in Flori da, one in 
Sou~h America and one in Australia), none of which 
is gypsophilic . After Powell (1978). 
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. HaQloesthes 
3 spp. 

(all gyp) 

Sartwellia 
4 spp. 

(all gyp) 

Figure 8. Distribution of the genera Haploesthes (3 spp . ) and 
Sartwellia (4 spp.). The species of both genera 
are gypsophiles and, along with Flaveria (Fig . 7) 
make up the anomalous tribe Flaverinae o f t he Compositae , 
a taxon with relationships to both the Heliantheae and 
Senecioneae. 
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Comparative Chemistry 

Very little is known about the chemistry of most gypsophilic endemics, 
but those reports available to date also suggest at least some of 
these are strong paleoendemics. For example, Powell (1972) des
cribed a gypsophilic poppy, Argemone turnerae (Papaveraceae) as 
sufficiently distinct so as not to be readily placed in any of the 
groupings proposed by the most recent monographer of the genus. 
Stermitz, Kim and Larson (1973) subsequently showed that the principal 
alkaloids of this remarkably distinct species were armepavine and 
tetrahydropalmatine. Neither alkaloid had been previously reported 
for the genus (or family!); indeed, the tetrahydropalmatine, prior 
to their examination, had been found only in the closely related 
family Fumariaceae, in spite of wide surveys for alkaloids among 
Argemone and the Papaveraceae generally. 

Bacon (1978), working with Nerisyrenia (Brassicaceae), has completed 
the most intensive comparative phytochemical study of a predominantly 
gypsiferous genus. Emphasizing flavonoids, he noted that the most 
"primitive" or least advanced taxa in the genus (as determined from 
cytological and morphological data), have very distinctive chemistries 
and that the three taxa concerned (N. castillonii, N. turneri and 
!!.· johnstonii, all narrow gypsifero;:;s endemics of north central 
Mexico) presumably "enjoyed a phyletic history parallel to, but 
separate from, the other species within the genus. It is this line 
of evolution to which the related genus Sy~thlipsis has its closest 
phyletic ties, as suggested by its flavonoid profile." As noted 
below, morphology and chromosomes also strengthen this relationship 
and, taken together, one must conclude that gypsophily is very old 
in Nerisyrenia, its development perhaps predating that of the more 
widespread facultative gypsophiles such as N. campo~ 

Chromosomal data 

Bacon (1978) has undoubtedly assembled the most detailed chromosomal 
data for a given group of gypsiferous taxa. He made 221 chromosome 
counts representing 112 populations of the nine species which make up 
the herbaceous genus Nerisyrenia. The group as a whole showed a wide 
array of chromosomes numbers, including diploids, polyploids, 
aneuploids and dysploids, ranging from 2~ = 14 to 2~ = 59. Never
theless, the most "primitive" or least advanced member of the genus 
(as determined from morphological studies, ~· incana, is a gypso
philic endemic with 2n = 20; (occasional dysploid counts of 2~ = 21, 
22 and 23 also occur)--:- This is presumably the ancestral base chromo
some number of Nerisyrenia in that its closest generic r elative , 
Synthlipsis, also has a base number of ~ = 10. 

That localized gypsum endemics can give rise to a number of chromosomal 
- 'd d d races, some of which can become highly successful, wi esprea , wee Y 

species is neatly documented by the study of chromosomal rac~s.of 
Hymenoxys odorata by Sanderson and Strother (1973). G~psophilic 
populations of this species occur in north central Mexico. 
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These are uniformly diploid with 2n = 30 chromosomes, as are all 
members of this relatively large genus, species of which occur in 
both North and South America. Nevertheless, descending diploid 
populations with 2n = 28, 24 and 22 occur in nongypsiferous areas 
of adjacent Texas.-The 2n = 22 race has become a widespread weed 
in overgrazed and. distur~ habitats throughout the southwestern 
United States and adjacent northern Mexico (Fig. 9) . In short, 
relatively loca1 g:ypsophilic endemics clearly have the capacity 
to gi ve rise to ·widespread weedy groups, in spite of their seemingly 
secondary adaptation to gypsum outcrops, for surely !:!_. odorata in 
nort:lll central HS1tioo became adapted to gypsum soils in the distant 
past fz; ~iferous elements (its most closely related taxa 
occur iri1 mmgypsiferous soils of South America) . 

.... ... . 

, n=ll • 
..... ~ ____ j__r-~~ · ·· ···· ·· - .rr=ll 

Figure 9. Distribution of Hymenoxys odorata, showing the hypo
thetical origin of widespread, weedy, non-gypsophilic 
populations (2~ = 22) from its presumably ancestral, 
relatively localized gypsophilic population (2n = 30) . 
Additional discussion in text. (After Sanders~n and 
Strother, 1973). 

Generalizations drawn from one or two selected examples are not 
likely to be especially convincing. More meaningful would be 
a large assemblage of chr omosome counts from a wide array of 
gypseous plants, especially from among their nongypsiferous co
horts. This should permit a comparison of diploid versus tetraploid 
counterparts, the latter presumably being derived from the former . 
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Approximately 400 species in some 160 genera distributed among some 
55 families are known to occur on gypseous soils in the desert areas 
of southwestern North America. Powell and Powell (1977) have assembled 
chromosome counts for about 125 species, representing 55 genera in 
25 families, that commonly occur on gypsum soils in the Chihuahuan 
Desert Region. Their preliminary tabulation suggests that within a 
given taxonomic group, diploids are more common among gypsiferous 
taxa than among their nongypsiferous counterparts. Thus they re-
port about 10% polyploidy among gypsophilic species of the Asteraceae, 
versus about 27% polyploidy among nongypsophilic species of that family. 
This suggests that the gypsophilic elements, as a group, are more re
lictual in their specialized habitats than they are newly subscribed. 

Historical geology 

Ideally, in establishing relative ages of gyp versus non-gyp plants 
within a given group, one would like to have a fossil record of the 
taxa concerned. Unfortunately, there are few such records available 
for most desert taxa. Nevertheless, much can be inferred about the 
time needed for effective speciation by ascertaining the length 
of time a given gypsum habitat might have been available for 
occupation by plants generally. Thus we are inclined to believe 
that the few, if any, local endemics on gypsum in Montana and 
Wyoming (Fig. 1), is largely due to the coverage of this area by 
ice during the most recent glacial period. 

It is well knonw, however, that plants can adapt fairly rapidly 
to highly mineralized or peculiar soil types. For example, local 
physiological adaptation to high metal concentrations in tailings 
from mining operations in England may occur over a period of several 
hundred years and perhaps as little as 50 (Jain and Bradshaw, 1966). 
This is usually accomplished without much morphological differentia
tion and it might be that careful experimental study of plants on 
gypsum outcrops in Montana and Wyoming will show genetic adapta
tions of this type. 

But the fact remains that significant morphological dif ferentia
tion (i.e., specific differentiation) has not occurred in popula
tions which have become adapted to the metal tailings, so we must 
assume that suites of morphological characters, especially of the 
flower, are fixed at a much slower rate. 

There are exceedingly large deposits of anhydrite and gypsum in 
north-central Mexico. Most of these are Mesozoic in age, having 
been deposited 150-240 million years ago. Subsequent orogenies 
in the Sierra Madre regions of this area must have exposed large 
sections of such strata as early as the Paleocene; if not earlier. · 
Thus CaSO either anhydrite or its hydrated derivative, gypsum, 

4' . 11 must have been available for the occupancy of plants for litera Y 
millions of years. 
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we are aware , of course~ that gypsum outcrops weather more rapidly 
than their usually overlying strata (in north-central Mexico), 
limestone , but this would only tend to make more localized or 
island-like, the gypsum exposures concerned, thus insuring their 
isolation fxom y et other gypsum populations; i.e., from the original 
founding co,lony or ooJ.onies which first became adapted to gypsum. 
What we a re s ugg;esting:, then,. is that the high degree of local 
endemism found on gyps sites in Mexico is due largely to the age 
of expostme of t b:e subsurface gypsum in this region, along with the 
subsequent isolation of such habitats via differential erosional 
processes. 

Early occupancy and the persistence of such plants on these special
i zed habitats would permit "morphological divergence . " Such 
"div·er·genoe'" "ght be more the r·esult of retention of ancestral 
morphologica1 and chemical features than the accumulation of morpho
logical adaptational charact ers over time. This would explain the 
presumably "relictual type " chemical patterns obtained for Argemone 
turneri a nd Nerisyre:nia, as discussed above, as well as the distribu
tional and morphological anomalies noted for generic taxa such as 
Selinocarpus, Tequi.lia, Sartwellia, etc. 

The suggestions made above, that the sparsity of gypsum endemics 
in the more northern latitudes is due to the more recent exposure 
(or "reexposure" in the case of glacially covered outcrops) of such 
habitats for plant exploitation, seem reasonable. However, the 
absence of such endemics might also reflect many other variables 
such as genetic swamping from large neighboring populations, 
climatic f actors (as these affect soils), etc. That exposure-time, 
or availability for occupation, has been a factor in the more southern 
climes is attested to by the observation that where isolated gypsum 
exposures can be reasonably dated, morphologically differentiated 
taxa evolve rather slowly. This may be exemplified in the vicinity 
of Monterrey, Mexico where upthrusted gypsum plugs (Wall, Murray 
and Diaz, 1961) have been exposed for plant occupancy for a minimum 
of at least 25,000 years, (our personal estimate). 

Plants from the Monterrey site (Portrero Chico) have been carefully 
examined (Table 2) and not a single localized endemic has been found 
on this relatively recently exposed gypsum piug, in spite of a very 
rich flora on the mountain ridges surrounding these eroded uplifts, 
or portreros. A few widespread gypsophilic species may occur on 
such sites, presumably as a result of propagule immigration into 
the area in relatively recent times (i.e., since man entered the 
region), but there are no endemics of the type found on the few 
acres of gypsum which occurs just north of San Roberto Junction, 
Mexico (Turner, 1972). 

Among closely related taxa which tend to occur on gypsum, many also 
occur on s aline soils (i n spite o f the strong distinct i on between 
these habitats noted by Johnston, 1941). 
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Table 2. Plants collected on gypsum "plug" at Potrero Chico, 
ca 30 km northwest of Monterrey, Mexico. 

NYCTAGINACEAE 
Allionia 
Cyphomeris 

RHAMNACEAE 
Karwinskia 

LOASACEAE 
Cevallia 
Eucnide 

POLEMONIACEAE 
Gilia 

BORAGINACEAE 
Heliotropium (2 spp) 

VERBENACEAE 
Lantana 

LAMIACEAE 
Hedeoma 

SCROPHULARIACEAE 
Seymeria 

RUBIACEAE 
Hedyotis (2 spp) 

ASTERACEAE 
Barroetia 
Dyssodia 
Gymnosperma 
Haploesthes 
Iva 
Porophyllum 
Sanvitalia 
Tridax 
Verbesina 

It seems likely that at least some of the endemics reflect a 
physiological "jump" from saline to gypsum soils (Henrickson, 
1977). Such might be the case in Suaeda, Flaveria and yet other 
genera. Even so, the morphological differentiation of these con
trasting species suggest that the availability of such habits has 
been sufficiently long so as to "trap" ancestral relics, or else 
their occupancy was early enough so as to provide sufficient time 
for morphological differentiation via micro-adaptational mechanisms. 
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Plants for Medicinal Uses 
with Special Reference to Arid Zones 

EDWARDS. AYENSU 
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Washington, D.C. 20560 

After many years of benign neglect, many researchers and health 
administrators have renewed interest in the discovery of new medicinal 
plants of value in the solution of numerous ailments and diseases that 
modern western medicines have failed to conquer. Since the discovery 
of the so-called "Wonder Drugs", which are mostly of plant origin, 
pharmacologists and phytochemists have been relying on a vast number of 
plant species from whence they can obtain natural sources of new drugs. 

Unfortunately, few attempts have been made to tap the incredibly 
large amount of information that is currently stored in the heads of 
herbalists and traditional healers, who have managed to keep well over 
80 per cent of the world's rural population in reasonably good health. 
Furthermore, the arrogance with which many western-trained doctors, 
especially from developing countries, often dismiss the value of herbal 
medicine should be replaced with a careful analysis of the pharmacopoeia 
that has been cherished by human medical history for centuries. 

This paper offers suggestions for the discovery of new medicinal plants 
that could be of help in our attempts to supply better medical care for 
the world's population by the year 2,000. 

The therapeutic value of plants was introduced to me during early child
hood, but the healing powers of these plants did not make a lasting 
impression on me until many years ago when I developed an acute, 
persistent abdominal pain that gave great concern to my family. After 
several visits to our local "modern" hospitals with no specific 
improvement in my condition, my mother, in total desperation, took 
me to a famous herbalist who practiced in the town in which I was born. 
The herbalist asked my mother to describe in detail my eating habits 
and the frequency with which I answered to nature's call. Upon further 
questioning, the herbalist left us in his rather modest but clean 
accommodation for the fields. He returned after about forty minutes 
with several leaves and the bark of a tree. He inunediately ordered 
his assistant to prepare a decoction with the specimen. WhFm this was 
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compl e t ed, he off ered me a large glass of this concoction which I 
found extremely b i tter. Within an hour or so I began to feel 
relieved. The rest of the liquid was put into two large bottles 
and given to my mother so that she could supervise my intake of the 
prescription. In just about three days the frequent abdominal pains 
were gone. I began to develop a good appetite and have since been 
most grateful to t his herbalist. I learned later that one of the 
medical doct ors at the Regional Central Hospital had declared mv 
situation hopeless and had made it known to my mother that the 
hospital did not have any further help to offer. 

I have, t herefore, personally witnessed the great help that can be 
gained from herbal medicine. And this is why I strongly suggest a 
worl dwide revival of interest in research on indigenous herbal 
drugs. My new book on "Medi cinal Plants of West Africa" is a 
demonstration of my keen i nvolvrnent in this subject. 

It is astonishing and indeed an enormous human tragedy that, despite 
the knowledge that many modern medicines are also derived from plants, 
very little research has been encouraged in herbal medicine throughout 
the world, particul arl y in t hose regions where the health services 
available to the popul ati on are very inadequate. 

The task that confronts people who are interested in public health, 
particularly those living in rural and remote areas of the under
developed world, i s to attract the attention of the many western
trained medical doctors who show total disregard and disdain for the 
importance that herbal medicine plays in the world's health situation. 
I am particularly disturbed by those western-trained doctors, 
originating from developing countries, who are even antagonistic to 
ancient folk remedies on which their own survival, while as infants, 
had relied. I would like to challenge every one of those doctors who 
can honestly say that he or she had not been treated and saved with 
the aid of herbal medicine during childhood. Many of the western
trained doctors have been brainwashed into believing· that only 
medicines originating from the developed nations have healing powers. 
I am inclined to believe that many of these same doctors are even 
unaware that the major pharmaceutical houses in some countries are 
constantly searching for new active compounds of pharmacological 
interest and are maintaining natural products programs in their 
establishments where continuous plant screening research is conducted. 

About three years ago the World Health Organization (WHO) pledged to 
provide satisfactory health care for all mankind by the year 2,000. 
In a recent article Mahler, (1977), Director-General of the WHO, 
clarified this point. "This ambitious goal is, quite simply, beyond 
the scope of the present health care systems and personnel trained 
in modern medicine. With but 23 years to go, and since it is unlikely 
that the least developed countries can even dream of having enough 
of the orthodox type of personnel, it is clear that unorthodox 
solutions must be sought .••• For far too long, traditional systems 
of medicine and "modern" medicine have gone their separate ways in 
mutual antipathy. Yet are not their goals identical-- to improve the 
health of mankind and thereby the quality of life? Only the blinkered 
mind would assume that each has nothing to learn from the other." 
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There are several reasons why it is highly advisable that modern 
medical practitioners be encouraged to work side by side with 
herbalists. Most scientists are aware that plants contain various 
constituents or principles that can be classified under several 
headings. The most notable ones are the organic acids such as 
tannin, polygalic acid, sarracenic acid and fumaric acid. Saponins 
consist of numerous compounds which with water form colloidal 
solutions that foam readily and stabilize emulsions of fats and 
oils and easily reduce surface tension. These compounds are chemically 
known as glucosides and are usually toxic. Alkaloids on the other 
hand are chemically complex, nitrogen-containing, oily substances. 
Our current knowledge indicates that they are somewhat limited in 
their distribution in the plant kingdom, found generally in species 
of such families as the Leguminosae, Papaveraceae, Ranunculaceae, 
Rubiaceae and Solanaceae. These alkaloids include very well known 
drugs such as strychnine, quinine, nicotine, cocaine and morphine. 
It is interesting to note that alkaloids rarely occur in a plant alone. 
Generally more than two occur together; in the bark of Cinchona there 
are over 24 of them, in poppy juice there are about 20. These alkaloids 
and the glucosides could be correctly described as poisonous plant 
principles because, although when used in very small quantities they 
are likely to induce extremely desirable physiological effects, when 
large doses are used, they most often result i n h i gh toxi city and 
could be fatal to the patient. It is for these reasons that every 
effort should be made by pharmacologists, phytochemis t s a nd physicians 
to work with herbalists in order to avoid unnec essary fatalities 
during the administration of otherwise -per f ect l y sa:fe plant drugs. 

In the past two years the WHO has establis hed a division for 
traditional medicine whose protocol stems from. t he 1974 joint 
WHO/UNICEF group that studied the alterna tive approach.es to meeting 
basic health needs in developing countries. The study qroup recommended 
the mobilization and training of practitioner s of traditional medicine, 
including traditional birth attendants, for primary health care services. 

In April 1978, the Institute of Medicine of t he U.S . Nationa l Academy 
of Sciences published a study report entitled "Strengthening U.S. 
Programs to Improve Health in Developing Countries. " This study was 
initiated by an Act of congress (that became law on August 1, 1977), 
Section 315 of Public Law 95-83(a) (1), which directed the Secretary 
of Health, Education and Welfare to "arrange for a conduct of a study 
or studies to determine opportunities, if any, for broadened federal 
program activities in areas of international health. Such study or 
studies shall consider biomedical and behavioral research, health 
sources research, health professions education, immunization and 
public health activities, and other areas that might improve our ~nd 
other nations' capacities to prevent, diagnose, control or cure disease, 
and to organize and deliver effective and efficient health services." 

In reading the Academy's report, I was struck by the thoroughness 
with which the conventional modern health topics and medical approaches 
had been covered with orthodox recipes for solving health problems in 
developing countries. While these efforts are laudable and h~ghly 
encouraged, I would like to remind our colleagues of the Institute of 
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Medicine that their goals will not be fully realized unless and 
until the expenditures and programs they envision do include the 
upgrading of traditional healing practices. As I have often pointed 
out to western-trained medical officers and friends in the World 
Health organization, traditional healing practices currently form 
the basic core of primary health care for nearly all the rural 
populations in the developing countries. I therefore want to take 
this opportunity to call on the Institute of Medicine of the U.S. 
Academy of sciences to use the provisions set forth in Section 315 
of Public Law 95-83, to organize a study group composed of the most 
knowledgeable individuals capable of assessing the current state of 
the art of traditiona.l healing systems in developing countries, and 
to recommend ways. and means of bridging the gap between traditional 
and modern medicin.e. I believe a study of this nature, drawing on 
the expertise available in both the developing and developed countries, 
will push us near to the realization of delivering a comprehensive 
health program to the world's less fortunate. 

Much er.edit for the recent renewed interest and respect given to 
herbal medicine should be accorded to the People's Republic of China, 
which a few years ago began to popularize its intense belief and 
successes in plant-derived drugs, and to a great extent has managed 
to bridqe t hre gap between traditional herbal practices and those of 
modern medic.ine. .As a part of their overall program of self-reliance, 
the 850-900 million Chinese have had to rely on traditional medicine 
and pharmacology to raise the standard of health care. During my 
last b¥o visits to the People's Republic of China, I had the 
opportunity to visit health centers in the cities and in the comm\lnes. 
In both cases I was struck by the commitment the medical profession 
had made to plant-derived drugs in the preparation of antibiotics 
and decoctions. The healing powers of these antibiotics and 
deooctions are attested to by the highly commendable state of health 
of the Chinese people. As I examined in one commune health post, the 
various kinds of decoctions prepared from different plant species 
(that have been boiled in water and allowed to stand for several days) , 
I could not help but notice the moldy condition of some of the 
preparations. Are the healing powers of these crude extracts enhanced 
by the molds and bacterial action? 

Until the Chinese experience became well known, little did most people 
realize, especially in the developed countries, that the primary 
health care of most peoples of the world is sustained by herbalists. 
In the Indian subcontinent, for example, the extremely rich heritage 
of herbal medicine has for centuries sustained the health requirements 
of most of the population--both rural and urban. As one travels through 
India, Nepal, Sri Lanka, Pakistan and Bangladesh, highly respected 
indigenous herbal drug houses on which the people depend are encountered . 
Less flamboyant but equally active sales of indigenous herbal drugs 
occur in open markets in Africa and South and Central America. 

Herbal therapy has formed the basis of treatment since the beginning 
of human history. Well over 4,000 years ago the Assyrians had compiled 
a list of a few hundred drug-containing plants. The Sumerians were at 
that time making full use of the poppy "joy-plant," Papaver somniferum. 
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An examination of t?e pharmacopoeias of ancient China, India, Egypt 
and Greece, to mention a few, attests to the great importance and the 
professionalism by which empirical knowledge of medicinal and toxic 
ext:acts from plants were handed down the generations either orally 
or in records. The famous scientist Dioscorides in about 75 B.C. 
produced, in his outstanding classical work De Materia Medica an 
authoritative reference work on drug plants which, for 15 cen~uries, 
was hailed as the masterpiece on this subject. From these records 
and those of other noted authorities we are now the beneficiaries 
of many valuable therapeutic drugs such as atropine, digitoxin, 
morphine and reserpine, to mention a few. 

In recent years medicinal plants have been referred to as "Chemical 
Factories" because such plants serve as new sources of various types 
of chemical compounds with complex structures that have the potential 
to cure many diseases. Currently these chemical compounds are used 
in three distinct ways. First, the most common application involves 
the isolation of the natural substances which are used directly as 
therapeutic drugs, such as those mentioned above. Secondly, there 
are other compounds that are used as starting materials for the 
synthesis of drugs such as sapogenic precursors of cortisones and 
steroidal hormones. Over the years I have worked on various species 
of Dioscorea (the true yams) that represent classic examples of plants 
suitable for the production of steroidal sapogenins. Equally well 
known is the synthesis of penicillins from natural penicillin. 
Thirdly, the application of some drug plants involves species that 
serve as models for pharmacologically active compounds in the field 
of drug synthesis. It is obvious that certain plant constituents 
are so complex that their direct application may even be harmful 
to man. Therefore their effectiveness can only be achieved by the 
preparation of synthetic derivatives. A good example of such a 
derivative is cocaine, which has been developed for use in modern 
local anesthetics. 

In his admirable article on "Medicinal Plants and Empirical Drug 
Research," Hansel (1972) rightly pointed out, "To be sure, without 
naturally occurring active principles, it seems probable that neither 
the principle nor the activity would otherwise have been discovered. 
Put yourself in the place of a chemist who would like to develop a 
remedy for cardiac insufficiency; methods currently available would 
not lead him to synthesize a digitoxin-like molecule without 
knowledge of the natural prototype." 

It seems obvious from Hansel's statement and similar observations 
by Schultes (1972), swain (1972a), Tippo and Stern (1977), and my 
own work (Ayensu, 1978), that much field work needs to be do~e to 
identify species that have been in use by tradit~onal herbali~ts 
over the years for curing specific ailments. This can be achieved 
by encouraging interested botanists and medical ~actors in.the 
developing world to collect information fro~ their resp~ctive 
regions by working very closely with established h~rbalists: The 
information thus collected could be analyzed and with the aid of 
phytochemists the extent of activity could be ascertained and drugs 

· h ffer;ng At the moment, our manufactured for alleviating uman su ~ · 
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knowledge of such basic data in many parts of the world is 
unfortunately limited. As such, we are not benefiting fully 
from the unlimited chemical information that abounds in plants. 
Although many major drugs have been derived from flowering plants, 
our lack of a correct inventory of these plants, especially those 
in the tropics, has restricted our ability to expand the 
investigative potential of the drug-yielding species that are yet 
untapped . 

In a r ·ecent articl e on "Floristic Inventory of the Tropics: Where 
do we Stand?'' Prance (1977) estimated that there are some 155, 000 
species of tropical flowering plants, 11,000 ferns and fern allies, 
16,000 bryophytes , and at least 90,000 fungi. In tropical Africa 
and Madagascar alone there are well over 40,000 species of flowering 
plants. Tropica l Asia, Australia and the Pacific Islands are reported 
to hav·e about 35,000 species. The largest number of species, well 
over 1 00 ,000 occur in tropical America. Currently only a minute 
fraction of these species has been analyzed for chemical activity. 
Swain i(l '.97 2b) and others have demonstrated in their publications 
the significance of medicinal plants in phytochemistry and how such 
s tudies could increase the production of new modern drugs. 

Ther·e .are some 443 species in 64 flowering plant families that have 
medicinal value and occur in various arid regions of the world 
(Appendix 1) . Where possible, information pertaining to their chemical 
compos ition and their purported medicinal uses is included. Nearly 
15 percent of the world' s population, some 650 million people, live 
on arid and semi -arid lands, and the majority of the.se people are 
impoverished . The l east we can do is to help them to attain a decent 
standard of health care. I believe that this list could serve as a 
starting 
plants. 
lands of 

point for intensive phytochemical investigation of xerophytic 
It is my hope that the utility of plant resources in the arid 
the world could be greatly enhanced by such studies. 

In conclusion, I want to leave you with the sentiments expressed on 
this subject by the Director-General of WHO: "Many of the plants 
familiar to the 'wise-woman' or the'witch-doctor' really do have the 
healing powers that tradition attaches to them; the pharmacopoeia of 
modern medicine would be poorer if one removed from it all the 
preparations, chemicals and compounds whose origins lie in herbs, 
funguses, flowers, fruits and roots. 

Let us not be in any doubt: modern medicine has a great deal still 
to learn from the collector of herbs." 
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FAMILY & NAME 

ACAN'rHACEl\li: 

Andro9raphis eohi oides 
Muell. Ar q . 

Barleri a prionitis 
L. 

Blepharis edulis 
Pers . 

B. l i nari aefol ia Pers . 

!!!_h F-O!IM 

annua l herb 

spinous herb 
l-3 f t. 

woody herb 

herb 

APPENDI X I 

ARIO ZONE SPECIES FOR MEDI CINAL USES 

~ 

t r op. I ndia 

Nuba Mts ., Sudan 

N. & Cent . Sudan 

W. Afri c a to Sudan 
s . Af rica & SW Asia 

CHEMICAL CONSTITUENTS 

Echioi dini n (fl avonoid aglycone) 
& echioidi n· (flavono i d gl ycos ide) 

Scut ellarei n-7- rharnnos l yg lucoside 
in flowers & beta-sitosterol i n 
whol e plants . 

Se eds cont ain g lucose , catechol , 
blepharin (f l avonoid g l ycoside) 
& a l lantoin; after saponifica t i o n 
t he s eeds yie l d l upeol (tri ter pene ) 

USES ~ 

EAl ** 
EA2 

A 50% ethanol- water extr ac t of EA3 
aerial parts was de void of anti - EA4 
bacter i a l , anti f ungal , ant i amebic,A474 1 
hypoglycemi c , antispasmodic , MPEA 
hypot ensive, hypo t hermic , anal -
gesic , CNS, anticonvulsant, 
cytotox i c & ant i t umor activ i ty . 
Swoll e n t est i c l e s , sor e e yes. 

Allantoin has wound heal ing prop
e rtie s, antiin f l ammatory, anti
hemorrhoidal, keratol ytic , & 
emoll ient ac t i v i ty . 

EA5 
EA6 
A4968 
L2039 
L2038 
J 7479 

AGAVACEAE (pr act ically all Agave s p . studied to da t e conta i n ste roi dal saponi ns that y i eld diosgeni n & related sapogenins fol l owi ng hydro l ysi s) 

Agave a t rovi r ens Karw. 200- 250 cm. l eaves 

A. aure a Brdge . 75-100 cm. l eaves 

li· c e rul ata Trel. 30- 40 cm. leaves 

A. dudleya r osette o f l eaves 

A. go ldrnani ana Tre l . 50 cm. l eaves 

~- l e_cheguilla Torr. 40-60 cm. l eaves 

Mexi co v i t amin B12 source; 

E . Baja Califo r nia diosgenin 

c . Baja Califo r nia d i osgenin 

Baja Californ i a diosgen i n 

Baj a Cal ifornia dio s genin 

Mexico & Texas diosge n i n 

(** SEE LAST PAGE OF APPENDI X I.) 

d iosgenin alcoholi c drink 

uncha rac terized saponins f rom 
whole plant have abortifaci ent 
acti v ity i n r a bbits . 

UNESCO 

A4 302 
UNESCO 

,._. 

"' ... 



FAMILY & NAME 

A. mapisaga Trel. 

A. mirabilis Trel . 

A. nelsonii Trel. 

A. eromontori Tre l. 

A. rigida Mill 

A. ~Trel. 

A. s isalana Perrine 

A. sobria Brandeq . 

A. s ullivanii Trel. 
CA. fourcroydes) 

A. tequilana Weber 

A. toumeyana Trel. 

A. vilmoriniana Weber 

AMARANTHACEAE 

Achyrantes aspera L . 

Aerva tornentosa Lam. 

LIFE FORM AREA 

1 75-250 cm. l eaves Mexico 

200- 250 cm. leaves Mexico 

18-35 cm. leaves N. & C. Ba ja California 

spine curved Baja Cape 

200- 300 cm. leaves Mexico : Yucatan 

50 cm. leaves SE Baja California 

shrub with short t runk Mexico: Yucatan 

60 cm. leaves 

large sword- l eaved 
rosette 

leaves 125 cm. or 
longer 

succulent leaves 

1 m. 

herb, 1-6 ft . 

shrub under 2m. 

E . & c. Baja 

Baja Californi a 

Mexico 

S.C . Arizona 

Mexico : Sonora desert 

hotter parts of world 

Thar, Somali-Chalbi, 
Arabian & Sahara 

CHEMICAL CONSTITUENTS 

diosgenin 

diosgenin 

diosgenin 

diosgenin 

diosgenin 

diosgenin 

diosgenin 

dio s genin 

diosgenin 

d iosgenin 

diosgeni n 

diosgenin 

Whole p lant & root contai ns o l eanolic 
acid (triterpene) , beta- sitosterol , 
(sterols), beta- ecdysone (insect 
moulting hormone}& betaine 

Alkal oid tests negative 

USES 

wounds (disinfectant) , 
stomach ache , const ipation 

REF. 

McG 

UNESCO 
MPEA 
McG 

drink with vitamin 8 12 UNESCO 

50% ethanol extract showed hypo
glycemic activity when given to 
r a ts; benzene extract showed weak 
abortifacient activity i n preg
n a nt mice &, at SOmg/ kg, showed 
100% ant i i mplantation acti v i ty . 
Benzene gave 1 00% antifertility 
acti vity i n f emal e mice & 
equi voca l androgenic , oestrogenic 
& antioestrogenic activi ty in mice. 

K3661 
A3335 
A5700 
J8488 
J8575 

EAS 
McG 

..... 
N 
t.n 



FJ\MIL'l ll NAME 

ANACAP.DIACEAE 

Schi nus rnol l e Hort. ex _,___... 
Engl . 

APOC'lNACEAE 

Acokanthera ouabaio 
Poix. 

Ca r i s sa spinarum L. 

Holarrhena africana DC. 
(H. flor i bunda) 

. \!.· antidys enterica Wall . 

LIFE FORM 

tree , a-30 m. 

tree 

AREA 

desert s; hi l l s , 
p l a ins ; ephemeral 
wate r cou rse 

Atac ama - Peruvian 
desert ; hi l l s 

E. Africa f rom Et hi opia 
to the Cape 

evergreen thorny shr ub India 

s h r ub o r medium-s i zed Afric a 
t r e e , 5-10 ft . 

small or middle - s i zed India 
de ciduo us tre e 

CHEMICAL CONSTITUENTS USES REF . 

Leaf-stem extracts contain l i9noceri c Water extracts of the f rui t show A3484 
acid & beta-sito~terol 1 t r uit essenti al in Vi tro uterine stimul ant activ- A3466 
oil , 3-4% , contains phellandrene , p inene , ity , hypot ensi ve activity in A3407 
thymol , & lirnonene (monoterpene) & dog, i nsectic i dal ac tivity & a re McG 
beta-spat hulene (sesquit er pene) , a l so i chthyotoxic agai nst Rambdia 
c yanidin- 3- galactos ide, cyanidin- 3- que l e n & Cic hl asorna facetum 
r utinos i de , peon i din-3-glucoside 
(ant hocyani ns) & 3- oxolanosta-B, 
24-dien- 26- oic acid & 3 , 21-dioxo-
l anosta- 8,24- di en-26- oic acid 
(triterpenes) . 

Most s p. c onta in cardi a c g l yco s i des 
t hat ar e wi despread in t his genus 

Odo r oside H, odoros i de G, B , C , 
e vomonoside (cardiac gl ycosides), 
lupeol (triter pene ) . 

Conta i ns a l a r g e nwnber of s teroid 
a l kaloi ds in s eeds , stembark, l eaves 
& roots inc l uding c ones s i mine , con
c uressi ne , 3- alph a - conan-5- e ne, 
dihydroconcuress i ne , d ihyrdoi socon
essine , holarrhi mine , holonamine, 
a lpha -hydr oxyConessine , i socon
essimine , kurc hessi ne, kurchol e s sine , 
N-methylholar r h i mine , ho l adys amine , 
hol adys i ne, kur c h a line , kurchi

phyllarnine, kurch iphyl l ine, 
ho llarhi d i ne , kurchami ne , kurchimine , 

poisoned arrows 

50% ethanol-water extract of 
aerial parts of t he p l ant 
lowered blood pres s ure i n 
dogs & had d i uretic activity 

50% ethanol - water extract of 
frui t inh i b i ted Bntamoeba 
h istoly t ica in v itro , was 
cytotoxic agains t 9KB cel l s 
in v i tro , & eli c ited hypo
g l ycemic act i v ity ; s imi lar 
e x tract of stembark l owered 
b l ood pressur e i n dogs & showe d 
antis pasmodic activ ity on 
i nt estinal str ips i n v i t r o . 

A2780 
L0700 
UNESCO 

EA9 
EAl O 
EA72 

A2230 
A5062 
A3335 

.... 
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FA_NfILY & NAME 

Nerium oleander L. 

Rauvolf ia s e r pe nti a 
Benth. 

~- vomitoria 
Afzel. 

Strophanthus spp . 

ASCLEPIADACEAE 

Calot r opis g i g ante a 
Ait . 

LIFE FORM 

s hrub unde r 2 m. 
evergreen 

glabr ous s h rub 

shrub, s mal l tree 
t o 20 ft. 

c limbers 

s h rub or s ma l l t ree 
to 3 m. 

AREA 

Arabi a n & Sah a ra 
d e serts ; waterc o u rse 
are a s; roc k y 
Me dite r ranean 

I ndia 

Afri c a : Se negal to 
Zair e, Ug anda & 
E . Afric a 

CHEMICAL CONSTITUENTS 

conami ne , cona rrhimine, 
conessi dine , conessimi ne, 
conessine , c onimine , conkurchi ne , 
conkurch i n i ne , holarrhenine, 
hol arrhi ne , holarrhessi mi ne , 
hol arrhimi ne , i s oconessimine , 
k ur chamine, kur ch ine , l ettocine , 
& many others . 

Car dio t onic h eterosi de (oleandioside ) 
c ontain s car d i ac glycos i des s uch as 
odoroside H; f lavonoi ds s u ch as 
rutin , astr agalin, q uerc etin , 
kae mp fero l, & nicot ifl oroside; 
tri terpenes. ursol ic aci d & 

o l e ano l ic a c i d; steroids beta 
sitosterol & daucost erol. 

More than 75 a lka l oids have been 
iso lated , i n c l uding r e s e r p i ne , 
r e s c i nna mi n e & d e serp i dine. 

A large number o f i n dol e alkal oids 
s i milar to ~.- s e rpen t ina; major 
commercial sou r ce of reserpine . 

Trop. Afri c a, Madaga s c ar , Ca r dio t o nic heter osides; car d i a c 
I n do -mala ysia . g l y c osides inc lud i ng o u a bain & 

stropha nthi n . 

I ndia , S . China , 
Ma l ayan Isl ands 

Ca l otropin , uschari n, cal otox in , 
resinols , g i gan tin , etc.; l atex 
cont ains caou tchouc , alpha - calo
tropeo l, b e t a - cal o tropeo l , b eta
amyrin . 

USES 

Ex tracts show car diot onic 
a cti v i ty . An e x t r e mel y t oxic 
p lant . 

Reserpine , rescinnamine , & 
des erp idine a r e establ i shed 
drugs , having t r a nquilizing 
& hypotensive a ctivity . 

REF . 

McG 
J861 7 
K31 72 
A2259 

A2230 
A5062 
EA75 

Same as above plu s emeti c , yaws, A5062 
dizziness , mea s l e s , erysipel as, UNESCO 
l ice , sprai n s , swelli ngs, fever , MPWA 
sedative , purga t i ve , indi gestion , 
diarrhoea, colic , jaundice, vert igo, 
abortion , snake bite , leprosy , 
gonorrhoea , u r e t hral discharge . 

Ha ve c a r d i o t o nic p r operties . 

Latex has insectici dal acti vity 
& abortifacien t effects in rats . 

UNESCO 
EA75 

UNESCO 
A5612 

Purgative , fever s , c o l ds , emetic , A4807 
dysentery , diaphoret ic , expec-
t o r ant, eleph a n t i a s i s. 

,.. 
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FAMILY & NAME 

f.· procera (Ai t. ) 
R. Br. 

Pergularia extensa 
N. E. Br . 
(~a extensa) 

LIFE FORM 

shrub , succulent 
stem, 2- 2.5 m. 

perennial twining 
shr ubs 

~ 

Thar , Arabian, Sol'ftllU• 
Chal.bi , Sahara daeert11 
clayey; watarcoureear 
w. & c. India , Paraia 

India ·, Afghani s tan 

CHEMICAL CONSTITUENTS 

Whole plant1 oalotoxin, calotropin, 
uaoharidin, oal actinic acid, oholi~ 
uscharinr Leaf: calotropin , oalactin , 
calotox1n , uscharin, ulcharidin , 
uzar iqanin, syrio9enin , prooeroaider 
Seed1 uschar in, coroqlauciqenin , frugo
side, oorotoxiqeni n , calotropin; 
~ootbark• benzoyl- i sol ineol one , 
benzoyl lineolone , l ineolone & iso
l ineolone (these 4 are pregnanes ) , 
calotoxin, uscharidin. Whole plant 
after hyrdolysis: the t r i terpenes 
alpha-amyrin & beta- amyrin & the 
sterol beta- sitosterol. Latex: 
calotropi n , uscharin , uscharidin , 
voruscharin, & t he t r iterpene 
taraxasterol (all of the above are 
car di ac glycosi des unl ess stated 
otherwi se) . stem ba r k after hydrol
ysis : t he pregnanes alpha & beta
ca l o t ropeols , an uncharacterized 
sterol & the t r i ter pene beta-amyrin. 
Also noted : giganti n, caout chouc , 
t r ypsin, a l pha-lactuceryl isoval erate 
& beta-lactuceryl acetate . 

Duemine, sterol s , 24% i norgani c salts 
(K2N03 & KCl ), bitter res i ns; an 
uncharacteri zed glucoside 

~ 

Sarne as for £.· gigantea plus : 
fruit extracts have antidiuretic 
activityi leaf & s t em extracts 
show weak CNS depressant effect s; 
leaf extracts are cardiotonic. 
Calotropin is a major cytotoxi c 
princip~e. Extracts of plant 
have strong uterotonic activity, 
cardiotonic activity , weak hypo
thermic activity & weak CNS 
depreesant activity. 

~-

MqG 
UNESCO 
A4641 
A4927 
A4617 
L2167 
A4635 
A4641 
A461S 
A4333 
A4397 
A43'7S 
A4394 
A4383 
A4355 
A4396 
A256B 
A4926 
A4927 
A5100 
A5520 
A5521 
A55 22 
A5523 
L2167 
A4653 
A4232 
A4326 
A4233 

Asthma, amenorrhoea , rheumatism, 
s t imulating effect on smooth 
i nt estina l muscles, i nvoluntary 
muscl es & postgangl ionic chol in
ergic nerves . Leaf extracts show 
l ow level of anti - f er tility 
acti vity i n rats . A 50% ethanol
water extract lowered blood pr es
s ure i n dogs , s howed i n vitro anti
spasmodi c activity on--Yntesti nal 
s trips , hypothermi c activity in 
mice & enhanced amphetamine in
t oxicat i on i n mi ce. 

A4931 
A3127 
UNESCO 

.... 
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FAMILY & NAME 

Pentatropis cynanthoides 
R. Br. 
(i:'_: spiralis) 

Periploca aphylla Decne . 

P . forsteria Decne . 

f_. graeca L. 

E_. laevigata Ait. 

E_. nigrescens Afzel . 

Sarc ostemma a c idum 
(Rcxb.) Voig-t~~-

Solenostemrna argel 
Hayne 

BIGNONIACEAE 

Tecomella undulata 
(G . Don ) Seem. 
(tecoma und ula t a } 

BORAGINACEAE 

He liotropium e i c hwa ldi 
St e ud. 

LIFE FORM 

perennial climbing 
herb 

erect shrub 

vine 

tall s hrub with 
twining stem 

tall shrub with 
twining stem 

vine 

leafless , some what 
succule nt h erb 

shrub 

shr ub or small t r ee 

herb 

AREA 

Syria, Palestine, 

Sinai 

Baluchistan , Sind 

Mediterr anean 

Mediterranean 

Sahara-Mediterr anean 

Medi terranean 

Ind i a 

Syria , Pale stine, Sinai 

I ndia 

W. & C . Asi a , Austra lia 

CHEMICAL CONSTITUENTS 

Heteros ides found ; cardi ac g l ycosides 

Heterosides f o und ; cardi ac g l ycosides 

Cardi o t onic h e t e r osides , esp . 
perip locin (periplo c o s ide ) , cardiac 
g lycosides 

Ca rdiac g lycosides 

He t ero s i d e s. found; c a r d iac g l ycosides 

USES REF . 

UNESCO 

UNESCO 

UNESCO 

UNESCO 

UNESCO 

Contains t he t riterp e ne lupeol A 50% e thanol-water extract of EAl l 
sterns s howed c a rdi otonic activity EA73 

Leaves contain arg e l i n & a r gel oside 
(flavonoids) 

Ba r k : t ecomin {verat r oyl- D- g l u c oside ) , 
beta-sit o sterol, ~-alkanes, !!_- a k lanols , 
ver atr i c a c i d , l apachol , dehyd rotec t ol . 
h eartwood : 6 - 0 - v e r a t r oylca talposide. 
Flowe r s: rut in , beta- sitoster ol , que r cetin , 
l u teolin g lucoside . Roots : dehydro t ectol, 
l apachol , t riacont an-1-o l, b e ta-sitoster o l, 
t e cto l , d e h ydro-alpha-lap a chone, 6 - 0 - v e ra
t roy l catalposide . 

EA12 
EA13 

EA14 t o 
EA18 
J034 5 
J3275 
Ll444 

Major a lkal o i d in who le p l ant i s h e l i o - Lasiocarpine h a s b een shown t o be EA20 to 
t r i ne. c a rcin ogen ic & hepatotoxic in 2- EA24 

year f eedi ng in r ode nts . Extracts J6265 
l ower b l ood p ress u r e i n a n i mal s EA25 t o 
b u t are devo id o f CNS e ffect s , EA28 

.... 
"' "' 



FAMILY & NAME 

H. ophioglossum Stocks. 

H. strigosum Willd. 

H. tuberculoswn Boiss. 

Trichodesma a fricanum 
R. Br . 

T. indicum- R. Br. 

BURSERACEAE 

Boswellia bhawdajiana 
Birdw. 

B. carterii Birdw. 

B. dalz ielii Hutch. 

B. f e riana Birdw. 

B. papyrifera Hochst . 

B. serrata Roxb. 

LIFE FORM 

herb 

perennial to 1 ft. 

herb 

annua l, 2- 3 ft. 

herb 

small tree 

tree 

tree, 12-40 ft. 

small tree 

s ma ll tree 

moderate-sized 
deciduous tree 

AREA 

Baluchistan , Somali 

Trop. Africa, Egypt , 
Arabia , Australia 

Persia 

W. Africa t o Red 
Sea & S. Africa 

Baluchistan, Pers i a , 
Mauritius 

NE Africa 

NE Africa , SE Arabia 
mountainous 

w. Africa 

NE Africa , SE Arabia 
mountainous 

NE Africa 

N. India; dry hills 

CHEMICAL CONSTITUENTS 

Alkaloids reported to be present 
but no compounds were isolated. 

Strigos ine & t raohelanthamidine 
are r eported present ; both are 
pyrrolizidine alkaloids similar 
to those in _!!.. eichwaldii . 

No alkaloids i solated, but it is 
presumed that the plant would con
tain pyrrolizi dine alka loids . 

Related species contain hepatotoxic 
pyrrolizidine a l kaloids 

Related species contai n hepatotoxic 
pyrro lizidine alkaloids 

Incensole , incensol e oxide & 
iso inc ensole oxide {diterpenes) 

~ ~-

have no analgesic, diuretic , EA29 
ant itumor , antimicr obial or s mooth 
muscle effect . 

Frankincense 

Franki ncense 

Extracts lower blood sugar when 
given orally to animals & have 
anal gesic, antipyreti c & CNS 

depressant a c t ivity . 

EA30 

A2230 

EA34 

EA34 

UNESCO 

UNESCO 
A3199 
A3206 
A3207 

UNESCO 

UNESCO 

UNESCO 

UNESCO 
A3 335 
A5585 

.... 
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FAMILY & NAME LIFE FORM 

Conuniphora abyssinica Engl . shrub 

.£. africana Engl. 

c. cornii Chiov. 

c. erythraea Engl. 

.£. guidottii Chio v . 

c. mukul Engl. 

£· my rrha Engl. 

£ . opobalsamum En g l . 

£ · parvi f l ora F. Muell. 

.£. playf airii 

shrub or small tree 
to 20 ft. 

shrub 

small tree, unarmed 

shrub 

s mall tree or s hrub 
with spin escent 
b ranches 

shrub 

unarmed s h r ub 

s hrub 

shrub 

AREA 

trop. E. Af r ica 

d r ier parts o f trop. 
Africa 

trop. E. Africa 

Sudan 

Trop . E. Africa 

CHEMICAL CONSTITUENTS 

gum r e s i n (myrrh); eugenol , b e t a
s itoster o l, campest ero l & chol e s t ero l 
p lus s e veral diterpenes 

gum r e s i n (bd e llium) 

o l e o-r e sins 

g um resin (myrrh) 
The terpenoid bisabo l ene wa s 
i sol ated in 1897. 

gum resin (Balm of Gilead) 

Rajasthan , Sind {Pakistan) gwn,resin, 1. 4 5% essential o il; 
Ba luc histan , Arabi a; gum contains t he sterol s 
a r i d , rocky areas g uggul sterol IV , V & an u ncharac

t eri stic keto sterol. The com
pou nd responsible for the anti-

t r op . E. Africa 

Su dan 

trap E. Af rica 

trop. E . Afr ica 

inf lammatory activ i ty was iden
tified as a ketosteroi d . Add
itional novel sterol s , guggul sterol s 
I, II, & III were isolated, also t h e 
novel octadecan-1 ,2,3,4- tetrol & 
eicosanoctadecan-1,2,3 , 4-tetrol & 
t he monocycli c diterpenes cembrene 
A, mukulol, a lpha-camphorene , 
a llo - c embr o l. 

gum resin (Balm of Gilead) 

USES REF. 

UNESCO 
A3698 
EA35 

Swoll en testicl e s , stomach UNESCO 
p r obl ems , colds , fevers, snake MPEA 
b i te, disinfect wounds, typhoid 

Astringent, antiseptic, stom
achic, carminative, d i aphor
eti c, expectora nt , diureti c, 
uterin e stimul ant , ulcers , 
bronchitis; extracts reduce 
adjuvant arthriti s inflam
mati on when g iven orally to 
r abbits ; the ke t osteroi d 
showed a dose- dependent 
anti i nflamrnatory effect in 
carrageenin- i nduced rat pedal 
edema assays . A 50% ethanol
water extract of aerial parts 
were devoid of anti arnebid, 
anthelmintic , a n t ivira l , 
cytotox ic , a ntiturnor, diuretic , 
antispasmodi c & CNS e f fects . 

UNESCO 

UNESCO 
EA35 

UNESCO 

UNESCO 
J4499 
K3784 
J l01 26 
EA36 to 
EA4 0 
Ll290 
EA73 
EA4 1 

UNESCO 

.... 
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FAMILY & NAME 

£.. roxburqhii Alston 
(£_. Wiqhtii) 

£.. setulifera Chiov. 

£.· socotrana Engl. 

CACTACEAE 

Echinocactus gibbosum 
DC. 

E. williamsii Lem. 

Echinopsis eyriesii 
Zucc. 

Lophophora williamsii 
Coulter 

Opuntia coccinellifera 
Mill. 

0. dillenii Haw. 

0. ficus-indica Mill. 

LIFE FORM 

shrub to 4 m. 

shrub 

shrub 

plant depressed; 
20 cm . 

globular; 5-8 cm. 

globular to short 
columnar 

small, fleshy, spine
less perennial with 
subterranean main 
axis which puts 
up shoots 

~ 

w. Pakiet11.n, ?ndi& 

Trap. E. Af:ric!I. 

Trap. E. Afl:'ica 

Argentina 

Mexico to s . Texas 

Argentina, S. Brazil 
Uruguay 

N. Mexico: Zacatecas, 
Chihuahua, beth side s 
of the Rio Grande 

definite trunk; 3-4 m. W. Indies & Trap. Amer. 

low spreading bush; 
2-3 m. 

bushy & erect to 5 m. 

SE United States; W 
Indies, E. Mexico & 
N. South Amer ica 

tropics & subtropics 
of world 

CHEMICAL CONSTITUENTS 

oleo- resins 

gum resin s 

anhaline, mescaline , anhalanine, 
anhalonidine, plyotline, lophophorine 

Mescaline, responsible for the well 
documented hallucinoge nic activity 
of this plant; mescal: anhalamine, 
anahalomine, anhalodine, lopophorine, 
pellotine, anhaline, mescaline (3,4, 
5-trimethoxyphenylthylamine). 

fruits contain the pigment betanin 
& an arabinogalactan had been 
isolated from the pods. 

The betaxanthin, indicaxanthin, is 
present in flowers, leaves, stems, 
& fruits. Flowers contain beta
sitosterol, lauric, rnyristic, 
palmitic, stearic & oleic acids & 
esters of these acids. Also 

.~ 

narcotic 

Plant used in r e ligious rites 
of American Indians to produce 
intoxication & kaleidoscopic 
vision; causes depression of 
CNS; has limited use in 
neurasthenia & hysteria. 

REF. 

UNESCO 

UNESCO 

UNESCO 

UNESCO 
A2230 

A 50% ethanol-water extract was EA73 
devoid of antibacterial, anti
fungal, antiarnebic, anthelmintic, 
antiviral, hypoglycemic, hypotensive, 
antispasmodic, hypothermic, 
analgesic, anticonvulsant, diuretic, 
cytotoxic, antiturnor & CNS effect. 

EA42 
EA43 

EA44 to 
EA47 

... 
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FAMILY & NAME 

Q.. nigric ans Haw . 

0. s oehrens ii Britt. & 
Rose 

Q.. stricta Haw. 

0 . vulgaris Mi ll. 

Sel enicereus grandif lorus 
Brit. & Rose 

CAESALPINIACEAE 

Cassia acutifolia Def. 

C. angustifolia Vahl 

£· auriculata L. 

LIFE FORM 

dense bush to 5 m. 

AREA 

Col ombia , Panama, 
Curacao , Venezuela 

s ucculent stem; spines Atacama-Peruvian 
thorns desert; plains & hills 

bush, low spreading 

definite trunk; 
2- 6 m. 

W. Cuba, Florida to 
S. Texas 

Medi terranean basin 

large fle s hy perennial Jamaica 
climbing vine 

shrub , .6-3m. 

low s h r ub s imilar to 
C . acutifolia 

s mall shrubby t ree, 
2-4 m. 

Sudan, India; Nubia 
Egypt; Nubian desert 

India, E. Africa 
from Somalia to 
Mozambique , Arabia; 
dry land 

India 

CHEMICAL CONSTITUENTS 

mal onic, succinic, rnalic , tartaric, 
citri c & phorbic a cids. The seed 
oil contains myristi c, palmitic, 
pal mitolei c , stearic , oleic & 
lino l eic acids. 

Several fatty acids identified i n 
seed oil 

Flavonoside 
Beta- sitosterol isolated from plant 

Cactine isolated 

Gl ycosides; sennosi des (a mix ture of 
anthraquinone glycosides ) , rhein and 
related compo unds. Senna l e a ves and 
pods. 

USES 

a nti-diarrhoet i c 

dropsy, cardia c remedy 

Infusions & the sennosides 
are used widely as laxati ves. 

REF . 

McG 

EA48 

UNESCO 

UNESCO 
A5062 

J0322 
116 194 
A6192 
UNESCO 

Same as above plus a loe-emodin, e modin , Same as above plus cathartic , UNESCO 
sen noside A & B. Senna l eaves & inc rease peristalsis . Ll944 
pods . 

Sennosides 

J 8061 
K3667 

A 50 % ethano l - water extract of UNESCO 
aerial parts showed in vitro J8926 

antiviral activity & antispas- A3335 
medic activity . Root e xtracts 
had almost i dentical resul t s. 

.... 
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FAMILY & NAME 

£· fistula L. 

£. obovata Coll. 

Ceratonia siliqua L. 

Tamarindus indica L. 

CAPPARACEAE 

~ farinosa Forsk. 

Capparis decidua Edgew. 
<~.: aphylla Roth . ) 

LIFE FORM 

moderated- sized 
deciduous tree 

undershrub 

shrub or tree; 
3-10 m. 

tree; 8-30 m. or 
more 

shrub 

densely branching 
shrub or small tree 
with scanty, small 
leaves on young shoot s 

~ 

India, Pakistan 

Egyptian Sudan , S. & 
Cent . Sahara to Upper 
Senegal, the Niger & 
Chad areas 

Mediterranean (cult. 
in Spain, Italy, Cyprus 
Greece, Syria). 

Thar desert; Arabian 
desert 

W. Africa through the 
Sudan to Red Sea, S . 
Arabia, India & E. 
Africa 

driest part of Deccan 
Peninsula, Rajasthan, 
Punjab, Sind (Pakistan~ 
Arabia, Egypt, N. & 
Trop. Africa; dry 
desert 

CHEMICAL CONSTITUENTS 

Sennosides. 
source of crude drug 

Rhein in fruit and leaf 

Mannans, qalactans, pectin, 
tannin; gum & sugar in fruits. 
Carob bean gum from fruits. 

Seed oil contains the usual fatty 
acids (saturated & unsaturated); 
flowers, fruit & l eaves conta in 
glyoxylic, oxaloacetic, oxal osuccinic 
& alpha-oxo~glutaric acids; tamarind 

Leaf contains stachydrine & 3-hydrox
ystachydrine 

USES 

A 50% extract of ethanol-water 
of seed pods or stembark showed 
in vitro antiviral, cytotoxic & 
hypoglycemic effects. 

Same as above 

REF. 

J8926 
A3335 

J0322 
UNESCO 

Anti-diarrhoetic; use of gum i s UNESCO 
mainly as suspending agent & in EA77 
anti-diarrheal preparations. EA78 

Diarrhoea, dysentery, coughs, 
fevers, sore throat; extracts 
have juvenile hormone activity 
a 50% ethanol-water extract of 
flowers showed in vitro anti
viral activity.~ ~~-

McG 
MPEA 
J7370 
J8026 
A4590 
L2173 
J8616 
A3335 

A 50\ ethanol-water extract of A2963 
aerial parts was devoid of anti-A4741 
bacterial, antifun9al, antiamebic, 
hypoglycemic, hypotensive, anti
spasmodic , CNS, analgesic, hypo
thermic , antitumor, diuretic, & 
cytotoxic activity. 

Astringent, cardiac problems , 
boils, swellings, toothache, 
laxative, diaphoretic, alex
eteric, anthelmintic, cough , 
asthma, inflammation, fever, 
rheumatism; A 50\ ethanol
water extract of aerial parts 
was devoid of antibacterial 
antifungal , antiamebic, anti-

UNESCO 
A4819 

... 
w ... 



FAMILY & NAME 

C. grandis L.f. 

£. spinosa L. 

Cleome brachycarpa Vahl 

£· papillosa Steud. 

Courbonia virgata 
Brongn . 

CARYOPHYLLACEAE 

Ankiropetalwn coelesyri
acum Boiss. 

!!_. qypsophiloides 
Fenzl. 

Gypsophila arrostii 
Guss. 

~- fastigiata L. 

LIFE FORM 

small tree 

small prostrate 
shrub 

low diffuse herb 

herb; 10-30 cm. 

low shrub or under
shrub; 1- 2 ft. 

perennial herb 

perennial herb 

glabrous perennial; 
30-60 cm . 

herb 

AREA 

Rajasthan, Deccan 
Peninsula, Burma, 
Sri Lanka 

Deccan Peninsula, 
Rajas than, Ladakh, 
NW India, W. Asia 
Afghanistan , Europe, 
N. Africa, Australia, 
Sandwich Islands; 
rocky & hilly areas 

W. Africa to Red Sea , 
to Arabia & India 

Turkestan & Thar 
deserts 

Egypt, Sudan 
desert 

Syrian, Lebanese & 
Mesopotamian deserts 

Syrian, Lebanese & 
Mesopotamian deserts 

Italy 

Spain 

CHECMICAL CONSTITUENTS 

Roots contain 4,5,6,7,-tetra
hyroxy-decyl-isothiocyanate . 

Fruit peel contains stachydrin~. 
34-36% oil in seeds. Glucoside, 
rutin, pentosan, rutic acid, 
pectic acid, saponins. 

3-hydroxystachydrine in plant; a lso 
a derivative of tetramethylammonium. 

Saponin s 

Saponins 

Saponosides 

Whole plant gave positive tests for 
alkaloids & saponins 

USES 

viral, hypoglycemic , anti
spasmodic, hypothermic, 
analgesic, anticonvulsant, 
cytotoxic, antitumor, diuretic 
& CNS effects. 

REF. 

A 50% ethanol-water extract of UNESCO 
aerial parts showed anti- Jll77 
spasmodic, diuretic & antitumor EA72 
effects. Swellings, e rupt i ons 

Scurvy, emetic UNESCO 
Extracts prevent live r toxicity A2356 
in mice treated with carbon A4119 
tetrachloride. 

toxic UNESCO 
A5062 

UNESCO 

UNESCO 

UNESCO 

UNESCO 
EABO 

.... 
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FAMILY & NAME 

£. paniculata L. 

g,. struthium L. 

Saponaria off ioinalis L, 

Spergularia me.rginata 
Kittel (.§.. media) 

CELASTRACEAE 

Gymnosporia spinosa 
Fiori 

CHENOPODIACEAE 

Anabasis aphylla L. 

~· aretioides Moq. 
& Coss. 

LIFE FORM 

pe renniel1 40-150 
cm. 

herb 

erect perennial 1 
30• 70 cm. 

herb 

shrub 

s hrub or herb 

herb 

AREA 

Iran 

W,S , & Cent. Europe, 
Cent , Russia, Caucas ia 

N. Africa, Middle East; 
coastal dunes, s aline 
soil 

Afghanistan, Pakistan 
Himalayas 

Russian steppes from 
Caspian Sea to Turkesta n ; 
Syrian desert 

CHEMICAL CONSTI TUEiNTS 

Saponosidea1 aeveral ; l yooflavonoi ds 
isolated including orientin & hom
oorientin, kachimoaide , saponaretin, 
isosaponarin & adoni ve rni tol . 

Saponosides 

oxa l i c aci d & saponi ne i n roots . 
Trite r pene glycosides from root s 
(saponoside A-0 , saponaroside , 
gypsos i de) & the plant also conta i ns 
t he f l avono ids saponarin , myri c itrin, 
linarin & kaempf erol- 3- r hamnoside . 

Saponins 

Roots contain beta-amyri n (triter
pene), dulcitol (sugar alcohol ) & an 
uncharacter ized quinone . 

Oxy aphllidine , anabasine, l up i ni ne, 
pachycarpine, s alsoline, aphylline , 
aphyllidine , anabasamine, sparteine, 
oxalic acid, other r elated alkaloids. 
Potent ial source of sparteine . 

Alkaloids 

USES 

Gypos os ide, a t riterpene iso
l ated from roots i n a r e l ated 
species, has s edative & anti~ 
convulsant activity in mice . 

Gypsos,ide has sedative & anti
convulsant activity in mice; 
hwnan t oxicity of ingestion 
of bark. 

REF . 

UNESCO 
EA Bl 
EA82 
EA83 

UNESCO 

A5617 
EA84 to 
EA87 
EA88 

UNESCO 

A 50% ethanol-water extract of EA89 
aerial parts showed in vitro A48l9 
antispasmodic activity.~~ 

Sparteine & pachycarpine are 
oxytocics. 

A6832 
A2230 
A5062 
J 4181 
J 2122 
J5056 
J 6807 
J6888 
J8429 
J88l 9 
Lll05 

UNESCO 

.... 
w 
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FAMILY & NAME 

A. articulata Choulette 
ex Pommel 

~.prostrata Ponunel 

~ reti culata 

Haloxylon recurvum 
Bunge ex Boiss. 

H. salicornicum Bunge 

H. tamarixifoliurn Pau 

Salsola richleri Karel. 
(.§_. arbuscula Pall.) 

s. foet ida Del. 

S. kali L . 

S. subaphylla C.A. Mey. 

Suaeda fruticosa Forsk . 

S . mo n o i ca Forsk . - - ---
COMPOSITAE 

Achillea santolina L. 

LIFE FORM AREA CHEMICAL CONSTITUENTS 

succulent shrub ; buds Arabian & Sahara Betaine, piperidine 
just at or above sur- deserts ; saline p lains, 
face; very small sandy, watercourse 
leaves 

shrub 

shrub 

shrub 

shrub 

large bush or small 
tree; succulent 
xerophyte 

herb 

spreading bush 

h e rb 

herb 

erect or ascending; 
shrubby 

undershrub; 1-2 ft . 

perennial, buds j ust 

NW Africa Al k aloids 

Sahara, Israel 

India 

Baluchistan , Afghanistan Betaine, anabasine, piperidi ne, 
haloxine, & halosaline . 

N. Africa , Egypt , 
Syria , Spain, Turkestan 
Sahara 

Karakoum desert 
c. Asia, Iran, 
Afghanistan 

India 

Europe, N. Africa , As i a 

Al kaloids 

Salsoline , salsolidine, sal samine . 

Salsoline , s alsolidine & rel ated 
alkaloi ds 

Karakourn desert Alkaloids; s ubaphylline. 
C. Asia, Iran, Afghanistan 

Europe & Mediterranea n to Betaine in leaf 
Austral ia, Asia , N. Amer-
ica , S . Africa 

Su dan 

Arabian & Sa hara 

USES 

Extracts reduce spontaneous 
motor activit y i n rats (CNS 
depressant) , b u t do not l ower 
blood press u r e in dogs . 

Hypotensive p r operties 

A defatted ethanol extrac t 

REF 

A2230 
McG 

UNESCO 

A22 30 
A5900 

UNESCO 

UNESCO 
A5062 

A2230 
failed tu s how antii n f l arnrnatory A506 2 
effects in r ats. K4636 

UNESCO 
A5062 

A2 230 

McG 

,_, 
w ...., 



FAMILY & NAME 

Ambrosia maritima L. 

Artemisia absinthium L. 

A.annua L. 

LIFE FORM AREA 

at or above surface deserts ; plains 

aromatic herb, 1-4 ft. Mediterranean Fegion 
through Sudan, ~. ~ S 
Africa to Mascarene l~l. 
Principe & s . Tome 

ar-0matic suffrutescent N. Asia, Afghanistan , 
perennial west to Atlantic; N. 

annual 

Africa 

Pakistan, Wa s iristan, 
Afghanistan, NE Asia 

E!i~MIOAt. CONSTITUENTS 

~eiquitorpene laotones • ainbrosin & 
d!\!ll§in . 

Aerial parts1 artemitin, rutin , 
caffeic acid, chlorogenic acid , 
aesculetin, artabin , beta ine , 
~antonin , scopoletin , isofraxidin, 
chamazulene , arabs in, absinthin, 
ketopelenolide A & B, quebrachitol, 
guaiadienolide, thujone, isothuzone, 
artemisia ketone , 1,8-cineo le, ter
pinen-4-ol, neothujol, alpha-terpineol, 
beta-amyrin acetate , alkanols . Leaf: 
chamazulene, agerol , ageratriol, 1,8-
cineole, artemisia alcohol, artemisia 
ketone, artemisia acetate. Roots: 
rnatricariaester, spiroketalenol 
ether (Cl4-trans), spiroketalenol 
ether (Cl3-trans), sulphur derivatives. 
Flowers: absinthin, quebrachitol, 

~ 

1\mbrosin & damsin are cyto
toxic principles . 

Excitation of autonomic system; 
stimulates digestive organs. 
Extracts are very toxic. 
Effects shown in animals are: 
abortifacient, anticonvulsant, 
choleretic, spasmogenic , CNS 
depressant, increase gas tric 
secretions. 

3,3 1 ,4' ,6,7-penta-methoxyquercetagetin, 
anabsinthin. Essential oil: large 
number of mono & sesquiterpenes, thujone 
being the most important. 

.3% essential oil. Aerial parts contain 
a novel sesquiterpene qing-hau-sau, iso
fraxidin, ceopoletin, beta-amyrin acetate , 
alkanes, alkanols, quercetagetin-3' ,4', 6,7-
tetramethyl ether. Essential oil contains 
menthol & arternisia ketone . 

REF. 

A4347 
A3864 

UNESCO 
A3546 
A2751 
A5679 
A3701 
A3757 
Jl0154 
A3322 
A3227 
A2919 
A2914 
A2975 
A3068 
K3907 
A5908 
Mo316 
A6931 
K4068 
A2915 
A2930 
A3118 
A5878 
A3514 
A4982 
A2959 
A5486 
A5453 

UNESCO 
Ll690 
A3757 
K4068 
J4532 
A3707 
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FAMILY & NAME 

A. campestris L. 

?::.· cina Berg. 

?::.· dracunculus L . 

?::.· fragrans Willd. 
(~ santonicwn) 

A. gallica Willd. 

A. herba- alba Asso 

?::_. judaica L . 

LIFE FORM 

perennial herb 

small semi-shrub; 
perennial 

perennial h erb 

AREA 

Africa 

USSR, Russian 
Turkestan, Persia; 
steppes 

Western Tibet (14-16, 
000 ft.), Afghanistan, 
Western Asia, S . & 
Cent. Russia 

suffrescent perennial NW Iran, C. & E. 

herb 

herbaceous; shrub; 
under 2 m. 

herb 

Europe, C. & E. 
Russia , Soviet Armenia 

E. Germany, France, 
England, Scotland 

Iranian, Arabian & 
Sahara deserts; N. 
Africa, Arabia 
Syria, Persia 

Saharo-Sindi desert 
area; Egyptian desert 

CHEMICAL CONSTITUENTS 

Aerial parts contain scopoletin, 
quebrachitol, rutin, caffeic acid, 
chlorogenic acid; 4.0% thujone in 
essential oil. 

Santonin; leaf contains 
quebrachi tel. 

.3% essential oil; methyl chavicol 
(oil of Taragon) , p-methoxycinnamic 
aldehyde. Root contains artemidiol 
& artemidinol (coumarins) , aerial 
parts contain rutin , caffeic acid, 
aesculetin, thujone, isothujone, 
artemisia ketone, camphor, 1,8-
cineole, neothujol, alpha terpinene, 
terpinen-4-ol, beta-pinene, artemitin, 
scopoletin, i sofraxidin, substituted 
coumarins & isocoumarins; essential 
oil contains spathulenol . 

Santonin; essential oil contains 
alpha-pinene, carvacrol . 

Santonin 

.3% volatile oil; aerial parts contain 
herbolides A, B, & c (sesquiterpene 
lactones) 

USES 

Anthelmintic, stomachic 

REF. 

UNESCO 
A3757 
A3564 
A2937 
A6711 
A3068 

UNESCO 
A2937 

UNESCO 
Ll831 
J6534 
A2831 
A2975 
A3068 
A3564 
A3757 
L0786 

.... 
w 

K4166 '° 

UNESCO 
A4575 

UNESCO 

McG 
UNESCO 
L0741 

UNESCO 



FAMILY & NAME 

~· maritima L. 

A. mexicana Wills. 

~· monogyna Walds t. & 
Kit. (~. santonicum) 

!!· neo-mexicana Woot. 

~· parviflora Roxb. 

~· persica Boiss. 

~· sacrorum Ledeb. 

~· scoparia Waldst. & 
Kit. 
~· santonic um) 

A. s ieversiana Ehrh. 

A. wrightii A. Gray 

LIFE FORM 

shrub, l m.; woody 
root stock 

herb 

suf frutescent 
perennial 

herb 

erect herb 

suf f rutescent 
perennial 

suffrutescent 
perennial 

biennial; 30-60 cm. 

erect herb 

herb 

AREA 

England to Chinese 
Mongolia; semi
desert with extremes 
of temperatures; 
saline sandy soil 

Americas 

NW Iran, c. & E. 
Europe, C. & E. Russia 
soviet Armenia 

Americas 

Afghanistan, China 

Persia, Afghanistan 

w. Tibet, Tibetan 
regions of Kumaon, 
& s. Russia, Siberia 

c. & E. Europe , SW Asia 
Siberia 

Siberia , Tibet 

Americas 

CHEMICAL CONSTITUENTS 

Santonin; inflorescence contains san
tonin & aerial parts contain 
scopoletin & isofraxidin. 

Santonin; sesquiterpene lactones 
from whole plant are tulipinolide, 
arglanin, armexifolin, artemexifolin. 

Santonin 

Santonin 

~ 

Anthelmintic (santonin); can 
cause fatal poisoning from 
cardiac & respiratory failure. 

Extracts do not produce abor
tion in pregnant rabbits; 
tulipi~olide is cytotoxic. 

~· 

UNESCO 
J5481 
A3757 

UNESCO 
Ll607 
A0220 

UNESCO 

UNESCO 

Santonin A 50% ethanol-water extract of UNESCO 
whole plant was active in vitro EA73 
against vaccinia virus.--~~-

l \ essential oil 

Choline in aerial parts; flowers contain 
rutin, quercetin-3-beta- D-galactoside, 
kaempferol-3-beta-D-gluco-galactoside, 
quercetin-3-rutinosyl-7-galactoside, 
quercetin-3- rutinosyl-7-digalactoside, 
Leaf contains quercetin-4-beta-D-
gl uco-galactos ide; Whole plant contains 
scoparin. 

San ton in 

UNESCO 

A2230 
J2538 
K3400 

UNESCO 

.... ... 
0 



FAMILY & NAME 

Carthamus oxyacantha 
Bieb. 

Flourensia cer_n_u~ DC. 

Franseria dumosa 
A. Gray 

Grangea rnaderaspatana 
Poir. 

Grindelia squarrosa 
Dunal 

Inula grantioides Boiss. 

Pegolettia senegalensis 
Cass . 

Pluche~ pinnatifida Hook. 
f. 

Pulicaria glaucescens 

Jaub. & Spach. 

LIFE FORM 

prickly herb 

shrub under 2 m. 

low shrub 

hairy annual or 
perennial; herb or 
shrub 

semi-succulent 

shrub 

aromatic annual herb, 
1 ft. 

shrub 

shrub 

AREA 

Afghanistan, Iran, 
Pakistan 

N. America; plains 

s. USA; N. Mexico 

Trap. Africa & Asia 

America 

India 

w. Africa to Sudan, 
Arabia, w. India, s. 
Trop. Africa 

Somalia 

Baluchistan, Persia 

CHEMICAL CONSTITUENTS 

Aerial parts contain the ses
qui terpene hinesol-beta-D
fucopyranoside. 

Flowers contain the sesquiterpenes 
flourensakiol, flourensic acid, & 
the fatty acids arachidic & behenic, 
as well as (l-3)-archiodo-behenicin. 
Leaves contain the flavonoids 
cirsirnaritin & hispidulin. 

Contains the flavonoid 4', 5,7-tri
hydroxy-3', 8-dimethoxyflavone. 

Large nwnber of diterpenes have been 
isolated from this plant, but active 
compounds have not been reported. 
Flavonoids from flowers &/or inf lor
escences: quercetin, luteolin, 3-
methyl-quercetin, 3-methylkaempferol 
3-methyl-kaempferol ether, 3,3'
dimethylkaempferol ether & 3,7-
dimethylkaempferol ether. Expec
torant; antispasmodic. 

USES 

Considered to be a poisonous 
plant. 

REF. 

K3806 

J3680 
K2017 
EA91 
EA92 
L0558 
EA90 

EA92 

Extracts give a biphasic A2343 
effect on blood pressure & A4819 
have vasoconstrictor activity; A5148 
in vitro activity against 
~d~a histolytica & 
antispasmodic activity; 
antiamebic 

A fluid extract of the aerial Kl096 
parts has been reported to have L0458 
expectorant activity in one of A5148 
three species when administered UNESCO 
orally. 

,_. ... ,_. 



FAMILY ~ NAME LIFE FORM 

'l'an&cetum ashillaides oc. bush 

CONVOLVULACEAE 

convolvulus arvensis L. 

C. glomeratus Choisy 

C. scammonia L. 

£_. spinosus Burm. F. 
(C. hystrix) 

Ipomoea orizabensis 
Ledenois 

CRUCIFERAE 

herb , trailing or 
twini'ng, long 
cylindrical rhizome 

herb or under shrub 

perennial twining 
vine 

shrub 

climbing shrub 

~ 

Takla- Makan desert; 
sandy, saline 
Afghanistan 

Temp. r egions 

Rajputana, Sind 
(Pakistan) , Baluchistan 

Syria, Iraq, Asia Minor 
Greece, India, sub
desert 

Rajputana, Sind 
(Pakistan) , Baluchistan 

Mexico 

CHEMICAL CONSTXT!Ji:N'l'S 

Convolvulinr 4,9\ potont purqativ• 
resin; alpha amyrin, beta-1ito•t•rol , 
stigmaeterol , campe1terol, & • •veral 
n-alkanes & n-alkanol• ; beta•methylea• 
culetin (coumarin )present in a ll parts 
of plant; aerial parts contain the 
the flavonoid s quercetin & kaempferol 
plus caffeic acid . 

2-C- methylerythritol in whole plant 

Scammony gum resin, glucosides, 
methylpentosides of jalapinolic acid 
& its methyl ester, ipuranol , tiglic 
acid, delta-alpha-methylbutric acid, 
acopoletin, 3:4-dihydroxy cinnamic 
acid , etc. 

Mixture of hydroxy fatty acid; 
gl ycosides & triglycerides are 
active constituents. 

!!!!!. REF. 

McG 

Cathartic, purgative; extracts UNESCO 
have high degree of anti- A3896 
inflammatory activity in rats. K4636 
Plant extracts show inhibitory EA94 to 
action on growth of other plants. EA102 
Extracts have anticonvulsant 
activity in mice & rats. Extracts 
reduce blood pressure in animal s 
wi t h no change in cardiac output 
& no effect on ECG. Coronary 
circulation is raised by as much 
as 33%. Total a lkaloids moderately 
lowered blood pressure . Root 
extracts shown to have antihem
orrhagic activity, & show pro
nounced purgative effect . 

Purgative UNESCO 
K4348 

Hydrogogue, cathartic, dropsy, UNESCO 
anasarca. 

Purgative UNESCO 

Purgative ; hydrogogue; cathar- UNESCO 
tic. 

I-' 
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FAMILY & NAME 

Descurainia sophia Webb 
(Sisymbrium sophia L.) 

LIFE FORM 

annual herb; 30-60 
cm. 

Farsetia hamiltonii Royle herb 

E:_. jacquemontii Hook. f. herb 
& Thoms. 

Sismybrium irio L. 

CUCURBITACEAE 

Bryonia cretica L. 

Citrullus colocynthis 
Schrad. 
(Colocynthis vulgaris 
Schrad.) 

Corallocarpus epigae 
Benth. & Hook.-f-.--

Cucumis rnelo L. -------

c. prophetarum L. 

c . trigonus Roxb. 
(<;;_, melo) 

CUPRESSACEAE 

annual; 15-50 cm. 

perennial climber 

annual; buds at sur
face 

climbing herb 

prostrate annual 

ground-trailer 

prostrate annual 

AREA 

Europe, N . America 
regions of Asia from 
Kashmir to Kumaon to 
Baluchistan. 

Afghanistan, Arabia, 
Algeria 

Afghanistan, Baluchistan 

Europe, SW Asia, N. 
Africa 

E. Mediterranean area 

Thar, Iranian, Arabian 
Sahara deserts; hills, 
sandy 

India 

paleotropics 

CHEMICAL CONSTITUENTS 

Variety of alkaloids; isorhamnetin, 
beta-sitosterol, helioscopiol . 

Seeds contain the flavonoid 
isorhamnetin. 

Most Bryonia species have 
cucurbitacins as active principles. 

Tannin; alkaloids present; 
cucurbitacins in seeds, fruit 
pulp, fruit peel, stern, root, 
leaf. 

Leaf contains the flavonoids meloside, 
A, meloside L, meloside A caffeoyl 
ester, meloside L caffeoyl ester. 

W. Africa through E. Fruits contains cucurbitacins, B, C, 
Africa; Abyssinia, Arabia D, & G-1, an uncharacterized sterol 
India (propheterosterol), & the normal 

amino acids. 

paleotropics Four new steroidal compounds were 
isolated but their structures have 
not yet been determined. 

USES 

Indolent ulcers, expectorant 
restorative, tonic, fever 
bronchitis, dysentery, worms. 

Extracts of plant lower body 
temperature in mice. 

Cucuibitacins have cytotoxic & 
cathartic effects . 

Extracts of fruit have anti
tumor activity against Sarcoma 
37; activity is due to 
curcurbitacins. 

REF. 

EA103 
UNESCO 

EA50 
EA51 

A2033 
A2640 
McG 
UNESCO 

Kl99 

L0734 
Ll841 

EA125 

.... 
J> 
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FAMILY & NAME 

Juniperus excelsa Bieb. 

CYPERACEAE 

Kyllinga triceps Rottb . 

DIOSCOREACEAE 

Dioscorea spp. 

Testudinaria sp. 

ELATINACEAE 

Bergia odorata Edgew. 
~- suffruticosal 

EUPHORBIACEAE 

Euphorbia antiquorum L. 

E. ato to Forst. 

E. cattimandoo w. Ell . 
(~. trigonal 

E. ellioti Leandri 
(~. trigonal 

LIFE FORM 

tree or shrub; 
2- 9 m. 

6-12 in . 

t wining stems 

twini ng stems 

aromatic perennia l 

fleshy shrub or small 
tree; thorny 

fleshy shrub 

erect, f leshy shrub; 
6-7 ft. 

fleshy shrub 

AREA CHEMICAL CONSTI TUENTS 

Iranian desert 

India 

trop. & warm temperatures Most a ll species contain diosgenin, 
which is the starting material for 
product ion of steroid hormones. 

trop. & warm temp
eratures 

w. Pakistan, W. India, 
Iran, Arabia, Egypt, 
Sudan, Senegal 

I ndia, Sri Lanka; hotter 
areas up to 2,000 ft.; 
hills 

Malabar Coast, 
Andaman Islands 

Deccan Peni nsula 

Deccan Peninsula 

Ubiquitous steroids & common 
triterpenes are present . 

9-Aza-1-methylbi cyclo (3 ,3,l l-nonan-
3- one. 

~ REF. 

McG 

A SO\ ethanol-water extract of UNESCO 
the rhizomes of D. alta lowered EA72 
bl ood pressure i n d;;g5;" had CNS 
& diure~ic effec t s. 

Purgative, digestive, gout , 
warts , rheumatis m, nerve dis
orders, dropsy , maggots; ex
tracts have high degree of 
irritant activity. A SO\ 
ethanol-water extract of stems 
showed in vitro antispasmodic 
activitY:- ~~-

Milky j uice used as abortif a
cient & emrnena909ue 

J9919 
A3335 
UNESCO 

A2230 
UNESCO 

.... ... ... 



FAMILY & NAME 

E. grandidens Haw. 

E. hirta L. 

E. hypercifolia L. 

E. neriifolia L. 

E. nivulia Buch.-Harn. 

LIFE FORM 

spiny succulent tree; 
10-16 m. 

erect annual with 
hairy stem 

small annual; short
stalked leaves 

shrub or tree; 2-8 
m. succulent, thorny 

shrub or tree to 9m.; 
fleshy leaves; armed 

AREA 

NW Africa, Cape 
distr. 

Africa, India; waste 
ground in hotter areas. 

India; trap. areas in 
both hemispheres 
except Australia & 
Pacific Islands 

CHEMICAL CONSTITUENTS 

Glucosides, resins, wax, volatile 
matter; stern latex contains irri
tant & co-carcinogenic phorbol 
esters of known structure. 

Quercitrin & quercetin (flavonoid) 
& ellagic acid; active principles 
vary, reported to be a phenolic 
substance, essential oil, glucoside, 
alkaloid. 

Thar desert; rocky; India Active principle varies; contains 
Deccan Peninsula, Balu- caoutchouc; friedelanol, taraxerol 
chistan, Malayan Isl. & epifriedelanol (triterpenes); 

India, Peru, Burma; 
dry rocky regions; dry 
forests 

stem latex contains irritant 
ingenol esters. 

Active principles vary; stern 
latex contains irritant ingenol 
esters. 

USES 

Extracts have immunostirnulant 
activity, antitumor activity & 
are free of irritant effects; 
extracts also have antihista
mine activity. Sores, eye 
trouble, tonic, cough, warts, 
defficiency of breast- milk, 
snake bite, cathartic, worms 
gonorrhoea, depress heart & 
respiration, antibacterial & 
anti tubercular, dysentery, 
colic, wounds, tumors, diuretic, 
oxyuris, thrush, boils, asthma, 
purgative. 

Astringent, dysentery, 
diarrhoea, rnenorrhagia, 
leucorrhoea. 

REF. 

UNESCO 

UNESCO 
MPWA 
MPEA 
L0350 
A3335 
J9918 
A5936 
A0127 

Ll566 
UNESCO 

Purgative, expectorant, warts, 
ear ache, ophthalmia, extracts 
have weak irritant effects. 

McG 
UNESCO 
A2460 
L0350 
J9918 

Purgative, diuretic, earache, 
rheumatism. dropsy; extracts 
have irritant activity; a 
50% ethanol-water extract of 
aerial parts was devoid of 
antibacterial, antifungal, 
antiamebic, antiviral, hypo
glycemic, hypotensive, anti
spasmodic, CNS, analgesic, 
hypothermic, anticonvulsant, 
cytotoxic, diuretic & antitumor 
activity. 

UNESCO 
L0350 
J9918 
A4741 

..... 
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FAMILY & NAME 

E. resinifera Berg. 

E. r oyl eana Boiss. 

~- sanguinea Hochst. 
& Steud. 

E. tirucalli L. 

E. trigona Haw. 

E. turcomanica Boiss. 

Fluggea l eucopyrus 
(Koen.) Willd. 

Phyllanthus madera
spatensis L. 

1:,!FE FORM 

fleshy cac tus- l ike 

~ 

Morocco (upper Oum- er 
-Rebia basin & s lopes 
of Entifa Ma ssif) 

shrub or tree t o 5 m. W. Himal ayas; outer dry 
armed; fleshy l eaves slopes, 3- 5 , 000 f t. 

shr ub or tree 

shrub or t r ee; un
armed. 

Africa 

Africa; India, Bengal 

fleshy shrub or tree ; DeCcan Peninsula, 
spines Andaman I sl ., Moluccas; 

dry roc ky regions, 
dec iduo us forests. 

shrub 

thorny shr ub 

woody undershrub or 
herb 

Afghanistan, Iran , C. 
Asia Caucasus 

Indi a 

Trap . & subtrop . Old 
World 

CHEMICAL CONITlTU!NTft 

Active principle var ia•1 •tern 
latex contain• vory i rritant & 
co-ce ro1noqenic e l tlr• r•• i n
ifere toxin, pror••1nf1r atoxin, 
& r•lated oompound1. 

Caoutchouc, water & water sol uble• 
in l atex; also in l atex, irritatin 
& co-carcinoqenic phorbol asters . 
Also ellagic acid & a number of 
di benzopyr a n der i vatives of known 
structure + benzoic acid in plant . 

Caoutchouc , isoeuphorol in fresh l atex, 
euphorone in dried latex . Irritant 
diterpene esters of the phorbol type 
a lso having cocarcinogenic activity . 
Whole plant contains taraxerone, 
tirucall ol & beta- sitosterol . 

Latex: 1. 5% caoutchouc ; reported to 
contain hydrocya n i c acid . 

~ 

En\Qt ic , cat hartic , mostly in 
vet erinar y medicinei extracts 
have irritant activi t y. 

REF . 

UNESCO 
J 0182 
J991 8 

Extracts have i rritant activity ;Kl068 
cathartic , ant he l mintic. L0350 

J 991B 
UNESCO 

Veeicant, rubefacient , warts, 
rheumatism, neuralgia, tooth
ache , purgative , cough , asthma 
earache , colic ; extracts have 
irritant activity. A 50% 
ethanol- water extract of aerial 
parts s howed antiamebic , hypo
therrnic , & ant i-convulsant 
activity. 

Vesi can t , purga t i ve , earache, 
boils . 

Snake bit e, swolle n testi c l es , 
emetic ; a 50% ethanol-water 
extract of p l ant showed a nti
spasmodic, hypotherrnic & 
a nti turnor acti v i ty . 

UNESCO 
M0216 
Ll608 
L0 352 
J991 8 
A3335 

UNESCO 

UNESCO 
MPEA 
A33 35 

.... 
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FAMI LY & NAME 

Ricinus conununis L. 

FABACEAE 

Abrus p r ecat ori u s L . 

Al hagi c ame l orum Fisch . 

A. ma urorwn DC. 

LIFE FORM 

s hr ub 

woody t wi n i ng shrub 

s hrub with buds just 
a bove or at surface 

low bush; 35- 40 cm. 
a rme d 

AREA 

E. Africa , t r op . 
Africa 

Ind i a , W. Indies, 
Africa 

Takla- Makan , Turke s t a n, 
Ara b ian , Irani an 
d e serts 

Egyptian & Lybian 
deserts to the Sahara 

CHEMI CAL CONSTITUENTS 

Ric i n A toxalbumin in seeds . 
Ri c i nine , a n alkal o i d castor oil . 

Abrin, a tox a l bumin in seeds; might 
contain alkal o ids . 

Melezi tose 

Saccharose , me l ezi tose. 

USES REE 

Purgdtive, tumor , boil s , worms , UNESCO 
headache , e meti c, ophthalmi a , MPWA 
wounds, rash, epil epsy , stomach MPEA 
ache , itch , y a ws, lumbago , A5062 
j aundice , r heuma tism, fever , A3335 
d i arrhoea, toot hache , kidney & A5973 
bladder troubl e, emollient, 
colic, asthma , cancer, moles, 
craw- craw , l eprosy , venereal 
disease , post- partum bleeding, 
skin diseases ; a 50% ethanol-
water extract of roots showed 
in vitro a ntiamebic activity, 
cytotoxic effec ts against the 
9KB carcinoma & hypoglycemic 
effects. A similar extract of 
stems sho wed t he same effects . A 
leaf extract showed in vit ro ant i 
viral activity & hypoglycemic activity. 
The seed cake showed oestrogenic 
activity in mice. 

Snake bite , cough, colic, heart UNESCO 
problems , con stipation, convul- MPEA 
sions, ophthal mia , spermatorr- MPWA 
hoea, aphthae , cancer , syphilis, 
leucoderma, d ysentery , worms, 
conjunctivi ts , emetic, 
rheumatism, d i uretic , gonorr-
hoea, jaundice, boils, poi son, 
ulcers, oral contraceptive, abort ion , 
purgative . 

Purgative, laxa t ive 

Laxative & purgati ve. 

McG 
UNESCO 

UNESCO 

..., ,. 
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Fl\IUlj't & twlll 

ApsQua~alhat1 ~~Av. 

Aa~r@v@lua ad3trin9ena 
~oil!>! . & Hilu11111li.n, 

! · li1IJ11!1\if~r l.4bi ll. 

! • hamosys I.. 

~· heratensis Bunge 

Butea monosperma 
(Lam.) Kuntze 
(~. frondosa Roxb.) 

Crotalaria albida Heyne 

LUii: FORM 

a~uba1 30•100 cm, 

Shrub 

low s hr ub to 30 cm . 

e rect or prostrate 
annual; to 50 cm. 
shrub 

shrub 

AREA 

Central Asia 

Asia Mi nor, Iran, 
Kurdistan 1 .sub- desert 

Asia Mi nor , Iran, 
Kur distan; sub-desert 

Mediterranean , s . Russia 
Crimea , Syria, s. & w. 
Iran; Arabi a 

deciduous tree ; 3- 5 India, Burma , Sri Lanka 
rn. used in reclaiming 
saline soils 

undershrub; 30-60 cm. India 

CHEMICALOON!l'l!ITllE!NTS 

Stems cont ain beu -pll.tin1H:llyl.runine, 
N-Methyl•beta•phenethYlmnine , 
ealsolidine 1 N· methylmesca1ine , 
hordenine, N•methyltyramina, 
choli ne & r e l at;d alkaloids. 

Gum tragaoanth. 

Ma jor source of gum t r agacanth . 

Tanni n , mucilaginous material; butrin, 
butein , a g lucoside, a heterosi de ; 
py r ocat echine from a dry distillation. 

Seeds of most sp. contain pyrrolizi
dine alkaloids. 

!!SES 

A SO% ethanol-water extract of 
whole p lant showed i n vitro 
a ntiamebic eff ects,- an e ffect 
on the guinea pig heart, anti 
spasmodi c activity & anti
tumor activity. 

Emuls:i.tier 

s uspendi ng agent , emulsifier , 
etc. 

~· 

UNESCO 
J 7900 
A3335 

UNESCO 

UNESCO 

Diarrhoea, a scaris, rubi f acient . UNESCO 
Extracts of f l owers have anti- A4357 
oestrogenic ac tivity & possibly A2121 
antiferti lity effects . Seed A4 283 
extrac ts ar e hepa t o t oxic , A4340 
nephrotoxic , have anthelmintic A4342 
acti vity, hypotensive activity , A5593 
insecticidal & abortifaci ent A4719 
activity. A 50% ethanol-water A3335 
e xtract of lea ves had anti-
spasmodic activity . 

Most pyrrol izi di ne alkal oi ds a r eEA72 
hepatotoxic & some hav e antiturno r 
properties . A 50% e t hanol- water 
extr act of whole p l ant was devoid 
of anthelmint i c , hypoglycemic , 
antispasmodic , hypotensive, 
analgesic, hypothermic , c ytotoxic, 
anticonvuls ant & diuretic activity . 

I-' ... 
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FAMILY & NAME 

C. burhia Buch- Ham. 

C. p r ost rata Rott!. 

Cytisus scoparius Link 

Flenuningia strobilifera 
R. Br. 

Glycyrrhiza glabr a L. 

~· glandulifera Walds t.& 
Kit . 
G. uralensi s Fis ch. 

Indigof era linifolia 
Retz . 

I . oblongifol i a Fors k . 

Lotus arabicus L. 

LIFE FORM 

erect or prostrate 
a nnual shrub 

annual; 15-50 cm. 

e r e ct shrub to 2 m. 

AREA 

S ind, Baluchist a n , 
Punjab, Rajastha n , 

Pakistan , Ind ia, Sr i 
Lanka, Indonesia 

Europ e & most o f USSR 

CHEMICAL CONSTI TUENTS 

Same a s f o r C . albida 

Same as f o r C . albida 

Sp a rtei ne , an o xytoc i c a l kal oid . 

erect shrub; 1. 2-3 m. Pakistan , China , Bu rma 
Java, Malaya 

per e nnia l herb; 1- 1 . 3 
m. 

p erennial 

erect per ennial ; 
4 5 - 60 c m. 

annu a l herb; 
15- 23 cm. 

shrub to 18 m. 

procumbent annual 

Mediter ranean , Asia Mino r 10 -15% glycyrrhizin (g l ycyrrh i zic 
s c ant y r a infa l l , cla y or acid ) ; 5-10% suga r s, b itter sub s tances 
sandy s oil in valleys r esins , cellu l ose , lignin , etc; 
s u bject t o i nundation. 

I ranian deser t 

Siberia , China , Mong o lia 
Turkes t an 

Sudan 

W. Afric a t o Egypt , 
Ara b ia , I nd i a , Ceyl o n, 
J a v a , 

Nile Valley , Sub - desert 

licorice e x t r act. 

Most likel y a l l parts o f the plant 
conta i n t oxic pyrro lizidine a l k a loids , 
i. e ., indos picine has been isolated 
from Indigofera spicata. 

Same a s abo v e . 

Some Lotus sp . contain L-Dopa. 

USES REF . 

Same as f or C. a l bida 

Same as f o r C . a l bida 

Ex tracts have o e s t r oge n i c A223 0 
activity . A 5 0% etha no l - wat er A000 2 
ext ract o f aeri al p arts of p lantA4819 
showed h ypoten s ive, a ntispas -
modic & diu r e tic a ctivity . 

Extracts a r e oest rogenic d u e t o UNESCO 
t he presence o f i sofl a vones . A001 2 
They als o rela x u t e rine muscl es A4678 
Gly c y rrhiz i n is c a . 50 t imes A6 518 
sweeter than s ugar & also has A48 7 1 
a great n umber o f pharmacolo g i cal 
e f f ects, c hief ly i nvo l ving t h e 
cortiocoster o i d a l- l ike activi t y 
Ext r act used i n f l avoring . 

McG 

UNESCO 

EA1 26 

J890 3 

.... 
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FAMILY & NAME 

!!· jolyigi Batt. 

Phaseolus lunatus L. 

Physostigma venenosum 
Salf . 

Retama monosperma Boiss. 
(Genista monosperma 
Lam . ) 

R. nigra 

R. raetarn Webb. 

R. sphaerocarpa Boiss. 

R. webbii Spach 

Trigonella foenurn
graecurn L. 

LIFE FORM 

procurnbent annual 

biennial twiner 

shrub 

shrub 

shrub 

drought resistant 
shrub 

shrub 

shrub 

herbaceous annual 

~ 

w. Q c. Sahu:i. 

tropioe 

w. Africa 

N. Africa; Spain 

Argentina 

Saharo-Indian 
desert; N. Africa 

Medi t erranean, Spain, 
N. Africa; t ablelands 
with sandy soils 

N. Africa, Spain, 
Morocco 

Saharo- Sindi 
deserts; Asia Minor 
N. Africa 

Clll!:Mt(l/\11 PQN!!',!'!'1'Ql!iJ>l_!!l_ 

cyanogenetio principles . 
iiloma LotQs Sp. oontlil.n t•i:lopa. 

cyanoganatio prinaipl aa. 

Physosti'illl\ine (eSQrinal in seeds. 

Contains anagyrine , oyti;ine , 
N-methyloytisine, pachycarpi ne , 
retarnine, sphaerooarpine, sopho• 
rami ne , sophridine, sophochrysine , 
lupanine . 

Sparteine, genisteine , sarothamnine, 
scopari ne , hydroxytyrarnine plus 
most probabl y those above . 

Sparteine , pachycarpine & related 
aklaloids . 

Ret amine , sparteine , sphaerocarpi ne , 
sparteine, cytisine 

Trigonel line, c oumarin, nicotinic 
acid, scopoletin, diosgenin i n seeds . 

!)SES. 

poisonous 

Physosti gmine ia a powerful 
choline esterase inhibitor that 
ie used primarily in 
ophthalmology to treat glaucoma. 

Pachcarpine is a usef ul oxy
tocic agent. 

Hypertensive action on blood 
pressure . 

Oxytocic activity . 

Toni c, restorative ; extracts 
of seeds show hypoglycemic 

~ 

UNESCO 
J8903 

UNESCO 

A5062 
J9132 
UNESCO 

UNESCO 

A2230 
UNESCO 

UNESCO 
A5062 
A2230 

UNESCO 

UNESCO 
A5062 

ac t ivity in normal & alloxan- EA76 
treated rats . The acti ve con- J 2296 
stituents were coumarin , nico- A6 358 
tinic acid , scop o l etin & 
trigonelline . Extrac ts a l so 
s how no hypotens ive activity 
when given i ntrav enously to dogs . 

.... 
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FAMILY & NAME 

FICOIDACEAE 

Mullugo cerviana Ser. 

M. nudicaulis Lam. 

Trianthema pentandra L . 

GLOBULARIACEAE 

Globularia alypum L. 

GNETACEAE 

Ephedra a lata Decne. 

LIFE FORM 

annual; 2- 6 in. 
or more 

annual; 3-10 in. 

prostrate herb 

herbaceous perennial 

creeping or climbing 
shrubs 

E. americana Humb.& Bonpl. shrub under 2 m. 

E. breana Phil. shrub under 2 m. 

E. californica Wats. erect shrub 

E. distachya L. erect shrub 
C§._. vulgaris Rich.) 

AREA 

Trap. Africa to N. Africa 
Europe, Asia, Australia 

Trap. Africa & Asia 

Dry parts of Africa & 
Arabia 

Mediterranean, S. 
Europe & N. Africa fr. 
Morocco; dry forests of 
lower mountain slopes up 
to 2,000 m. 

Sahara desert 

Atacama-Peruvian 
desert 

Atacama-Peruvian 
desert 

Americas; Baja 
California 

Europe, w. & c. Asia 

CHEMICAL CONSTI TUENTS 

Plant contains hentriacontan-1-ol, 
daucosterol, beta-sitosterol, 
stigmasterol glucoside, D-glucose, 
& nonacos-l-en-4-one. 

Leaves contain luteolin-7-glucoside, 
rutin (flavonoids), globularin , 
catalpol . aucuboside, catalposide, 
asperuloside & monotropein (iridoid 
glucosides) & the phenolic acids , 
ferulic, chlorogenic, paracoumaric 
& caffeic acids. 

D- pseudo- ephedrine: ephedrine 

Ephedrine 

Ephedrine 

Ephedrine; UNESCO s ay s no a lka loids 
present. 

Ephedrine 

USES REF. 

Water extracts of whole plant EA127 to 
when administered to mice EA130 
infected with the P388 Leukemia J0012 
increased the lifespan of the 
mice by 60% over controls. The 
same extract did not have anti-
malarial activity in infected 
mice (bo t h given IV). 

Bronchodilator & anti - asthmatic UNESCO 
activity is due to ephedrine A5062 
& related alkaloids. EA75 

A5062 
McG 

McG 
A5062 

UNESCO 
A5062 

Simi lar in action to adrenalin . UNESCO 
A5062 

,_, 
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FAMILY & NAME 

E. equisetina Bup9e 

E. ~ Boiss . 

E. geranadi ana Wal l. 

E. intermedia Schrenk 
& C. A. Mey. 

~- major Host. 
{~. nebrodensis Tineo) 

E. multiflora Phil. ex 
:Stapf 

E. nevadensis S. Wats 

E. przewalskii Stapf 

E. sinica Stapf 

E. trifurca Torrey 

GRAMINEAE 

Cymbopogon citratus 
Stapf 

C. flexuosus Stapf 

LIFE FORM 

qiQe~iQ~s shl."llbr 
l~~ m. 

sill11,1l:l 

sma l l shrW:l1 usually 
only a f ew i nches in 
hei\Tht 

shrub 

shrub t o 2 m. 

shrub or small tree; 
2-8 m. 

shrub under 2 m. 

shrub under 2 m.; 
saline conditions; 
sand binding 

shrub to 30 cm. 

erect; 1 rn. 

perennial; 2 m. or 
more 

perennial 

~ 

Chin& 

:Cndi& 

:Cndi1.1 Him&l1.yas 
from Kaahmir to 
Sikkim at 7- 16 ,000 f t . 

I ndia 

I ndia 

Atacama-Per uvian 
desert 

N. America; p lains, 
hills 

Gobi & Takla-Makan 
deserts; plains, claye y 
soil. 

China 

Mexico 

Cult. through tropics 

India 

CHEMICAL CONSTI TUENTS 

Ephedrine 

Ephedr ine , UNESCO says no ephedr ine 

Ephedrine . 

. 7-2 . 33% a lkaloid; . 1% i s ephedrine 
rest i s pseudoephedr ine . 

Ephedr ine 

Tanni n; most probably contains 
ephedrine & related alkaloids. 

~ REF. 

Similar i n action to adrena l in . UNESCO 
A5062 

UNESCO 
A5062 

UNESCO 
A5062 

Similar in action to adrenal i n. UNESCO 
Water extrac t s of whole plants A5062 
when adminis tered IV to dogs A4617 
showed a di ure tic effect. 

UNESCO 

McG 

Same a s above. UNESCO says no alkaloids. McG 
UNESCO 

Same as above. 

Ephedrine 

Ephedrine; UNESCO says no alkaloids 

Essential oil contains a large number 
of monoterpenes. 

Leaf contains arundoin (triterpene), 
beta-sitosterol, tricontan-1-ol, & n
triacontane; essential oils: aliphatic 
terpene alcohols & aldehydes. 

McG 
A5062 

Similar in action to adrenalin. UNESCO 
A5062 

UNESCO 
A5062 

J5281 
J6882 

J2719 
UNESCO 

.... 
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FAMILY & NAME 

c. martini Stapf 

C. nardus Rendle 

c. proximus Stapf 

C. schoenanthus Spreng . 

Panicum miliaceum L. 

KRAMERIACEAE 

Krarneria illuca Phil. 

LABIATAE 

Hyssopus of ficinalis L. 

Lavandula antinaea Maire 

L. latifolia Vill. 
(~. spica) 

L. officinalis Chaix 
(~. vera) 

LIFE FORM 

perennial 

perennial 

compact tufted 
perennial; herb; 
1.5-3 ft. 

perennial; 30 cm . 

perennial 

buds at or just 
above surface 

under shrub 

shrub 

shrub to 100 cm . 

evergreen shrub; lm . 

AREA 

Asia, Trap . Africa 

Trop . Africa 

Egyptian desert 

Thar, Iranian, Arabian 
Sornali - Chalbi, Sahara 
deserts; ephemeral 
watercourse, plains 

US, Europe, W. Asia 

Monte-Patagonian 
desert 

Mediterranean; 
France to s. USSR 
& Iran 

Spain, low alt. 
Mediterranean 

Mediterranean; 
s. France, Italy 

CHEMICAL CONSTITUENTS 

Essential oils: aliphatic terpene 
alcohols & aldehydes . 

Essential oil: large number of mono
terpenes, sesquiterpenes, & phenylpro
panoids, aliphatic terpene alcohol s & 
aldehydes. 

Volatile oils 

Horde nine 

High concentrations of astringent 
tannins . 

Essences 

Essential oils, small amount of 
esters, high proportion of free 
alcohols (borneol, 23-41%) 

0.5% volatile oil (varies with variety, 
season, method of distillation; oil: 
esters (chiefly linalyl acetate), 
linalol, geraniol, cineole. 

USES REF. 

UNESCO 

A 50% ethanol-water extract of UNESCO 
whole plant was devoid of anti- J9684 
bacterial, antifungal, anti- EA72 
amebic, anthelrnirttic, antiviral, 
hypoglycemic, hypotensive, anti
spasmodic, analgesic, hypotherrnic, 
anticonvulsant, cytotoxic, 
diuretic & antitumor activity. 

Febrifuge 

Perfumery, vulnerary, bechic, 
carminative. 

Vulnerary 

UNESCO 

UNESCO 
McG 

A5062 

McG 

UNESCO 

UNESCO 

The leaf essential oil showed UNESCO 
CNS depressant activity in gold-A5453 
fish as well as spasmogenic 
activity. Lavender oil (Perfume). 

.... 
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l'AM:tl.Y 61 NMW 

~· :511'1'!EIQRiUi f., 

!l.· ,,., a ne. lt Ii· ii!.Qica 
cav. 

t.eueaii! e:$!J!llalotH 
SpNn~, 

t.tH rom AllA 

11hrun1 100 om. Spain 1 Medit erranean 

t hr ub ta l m. France, I t aly 

ll.nnud herl:l Afghanistan 

.;,. urticaefolia ~. lll::. annual herb1 l . S-2 f t. Sudan 

odmum canum Sims 
~......._. 

o. k:Ui.mo.ndscharicum 
Guerk & 

Perowskia abrotanoides 
Karel. 

but hy h.er lo 

horb 

hairy undershrub 

Rosmarinus officinalis L. evergreen shrub with 
sessile, opposite 
leaves 

Salvia aegyptiaca L. 

s. cabulica Benth. 

s. officinalis L. 

dwarf undershrub 

low shrub 

hardy perennial low 
s hrub or s ub-s hrub 

Crimea, Ukraine 

Turkey, Indi a 

Afghanistan; Baluchistan 

S . Europe , Spain , 
Dalmatia, Tunis ia, 
Morocco , S . France, 
arid , s unny moun
tain slopes. 

Afghanistan, Persia 

Pakistan, Punjab , 
Afghanistan 

Dalmatian Islands , 
Adriatic coast ; rocky, 
barren, s unny hill
sides 

CHEMICAL CONSTITUENTS 

Lav a ndin oil : 6 - 9% esters , 35% 
alcohols 

Camphor- ric h essence 

1- 2% vol atile oil containing 
. 8- 6% esters {bornyl acetate & 
8- 20% of total alcohols is borneol). 

. 7- 2% oil yield: salvene , d- alpha 
p inene, c ineole, d-beta-thu j one , 
1 -alpha- thujone borneol , d- a lpha
camphor. 

USES REF . 

UNESCO 

Perf umery, vulnerary UNESCO 

A 50% ethanol - water extract of 
aerial p l a nt parts showed a 
hypotensive e ffect in dogs, & 
in v i tro antispasmodic effect 
&°""CNS e ffe c ts as we l l . Colds , 
coughs , s ore e y e s , measles, 
abdominal pains , diarrhoe a. 

UNESCO 

UNESCO 
EA72 

Condiment , stimulant, emmenago - A54 53 
gue, c arminative, rubefacient, UNESCO 
perfumery , vulnerary ; essential 
oil has depressant eff ects & 
spasrnogeni c effects on goldfish. 
Rosemary o i l {perfume) . 

Sti mul ant , carminati v e , UNESCO 
sea soning , a s t ringent, anti - K46 9 9 
s ept i c , convu l sant . A 50% A0007 
e thano l-water extract of whole A5453 
plant was devoi d o f activity K2033 
i n t he f o l lowing: a ntibacterial , A4669 
antifungal , antiprotozoan , ant i 
viral, hypoglycemic, hypotensiv e , 
antispasmo d i c , hypotherrnic, 

.... 
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FAMILY & NAME 

s. spinosa L. 

Thymus broussonetti 
Boiss . 

T. capitatus Hoffm. 

T. vulgaris L. 

T. zygis L. 

LECANORACEAE 

Lecanora esculenta 

LILIACEAE 

Aloe africana Mill. 

A. barbadensis Mill. 

LIFE FORM 

shrub 

sub-shrub 

perennial herb 

pubescent sub-shrub 

sub-shrub 

shrub; 2-4 m. 

short, woody stern 

AREA 

Syria, Palestine, Sinai 

S. Morocco 

Sinai Peninsula 

Mediterranean; arid 
mountain slopes 

Iberian Peninsula 

E. & S. Africa 

SE Europe, N. Africa 
Madagascar 

CHEMICAL CONSTITUENTS 

Carvacrol 

Carvacrol 

Phenols: thymol, carvacrol; 1-2.6% 
volatile oil; 20-30% thymol, maybe 50% 
also isomeric with thymol linalool, 
1-borneol, pinene, etc.; source 
of essential oil used as a flavor. 

Up to 1 % is essence; 50% of essence 
is thymol. 

Cape aloes: anthracenic heterosides, 
mostly aloin or barbaloin. Most 
likely contains anthraquinones. 

Leaf contains 1,8-dihydroxyanthra 
quinone 

USES 

anticonvulsant, cytotoxic, 
diuretic, antitumor & CNS. 
Chromatographic fractions of 
leaves were devoid of anti
fertili ty effects. Ether 
extract of aerial parts showed 
oestrogenic activity. Essential 
oil acts as a depressant & 
spasmogen on goldfish. 

REF. 

UNESCO 

UNESCO 

Antiseptic, stimulant, carmin
ative, condiment, germicide, 
anthelmintic, parasiticide, 
deodorant; extracts reported 
to increase blood cholesterol 
leve ls in rabbits . Essential 
oil depressant to goldfish 
& has no oestrogenic activity 
Thyme oil (flavor, drug use). 

Laxative, purgative . 

UNESCO 
K4699 
A0007 
A5453 

UNESCO 

UNESCO 

A 50% ethanol-water extract of UNESCO 
whole plant was devoid of anti- L0290 
bacterial, antifungal, anti- A3335 

,.... 
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FAMILY & NAME 

A. candelabrum Ber ger 

A. dichotoma 

A. ferox Mill. 

!!.·Perry{ Baker 

!!..spicata Baker 

A. succotrina Lam. 

A. vera L. 
(A. -wlgaris Lam.) 
(~. barbadensis) 

LIFE FOliM 

shrub: 2-4 m. 

tree; succulent s t em 

tree-like 

perennial herb 

shrub 

shrub: 1-2 m. 

short, woody stern 

Ajl.EA 

Natd 

Namib desert1 hil ls 
rocky 

Cape Pr ovince, 5. 
Africa1 r ocky slopes 

E. Africa, Arabia 

E. & S. Africa 

S . Africa 

SE Africa, N. Africa 
Madagascar 

C!Ul{:tCAL CONSTITUENTS 

Most likely contains anthra
quinones . 

Most likel y contains ant hra
quinones . 

cape a l oes. Mos t likely contains 
ant hraqui nones. 

Socotra a loes; Zanzibar aloes; 
barbaloin; most likely contains 
anthraquino nes. 

Cape aloes; most likely contain s 
anthraqui no nes . 

Mocha aloes , contains anthraquinones . 

Cur acao aloes. Barbadoes aloes; 
contains anthraquinones . 

~ REF. 

amebic , anthelmintic , anti- A2435 
vi ral , hypoglycemic , hypotensive , 
antispasmodi c , hypothermic , 
analge sic , cytotoxi c, antitumor, 
& CNS effects . Lea f extracts 
showe~ questionable antifertility 
effects when given orally to mice. 
Root extracts showed no anti-
ferti l i ty activity in mice. 

UNESCO 

UNESCO 

UNESCO 

Laxative , p urgative, tonic UNESCO 
amenorrhoea, stornachic , jaundice , 
dyspepsia 

Purgative, laxati ve . 

Extract (aloes) used as a 
cathartic . 

Fresh juice widely used as a 
remedy to heal burns. Probably 
a cts by physically protecting 

UNESCO 

UNESCO 

UNESCO 
J 8942 
A4741 

the a f fec t ed a r ea. A 50% 
ethanol-water extract of l eaves 
was devoid o f antibacterial , 
antifungal, antiamebic , anti
viral, hypogl ycemic , hypoten
sive , ana lgesi c , antispasmodic, 
diuretic, cytotoxic, and anti
tumor activity . Leaf pulp water 
extracts prevented & cured ex
perimental gastric ulcers i n rats. 

.... 
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FAMILY & NAME 

Androcymbium gramineum 
Mac bridge 

Bowiea volubilis Hawey 

Colchicum autumnale L. 

c. ritchii R. Br. 
(~.~umL.) 

Convallaria maialis L. 

Dipcadi c owanii H. Perr ~ 

LIFE FORM 

cormous herb 

shrub 

herb with cor m 

herb with corm 

herb 

bulbo u s herb 

AREA 

S. Sahara; pre
desert o a s i s 

Kalahari des ert 

humid gra ssl and 

Egypt 

Europe 

Madagascar 

£· erythraeum Webb & Benth.bulbous herb Syria, Palestine, Sinai 

Ruscus aculeatus L. shrub Syria, Palest ine, Sinai 

Urgine a indica Kunth pe r e nnial herb with a India to Himalaya 
large bulb mountains; sandy soil 

CHEMICAL CONSTITUENTS 

Colchi c i ne and related a lkal oids . 

Col chicine ·r, related a l kal oids. 

Some c o l chicine . 

Cardenolides; a l a r ge nwnber of 
car diac glycosides in a l l parts 
of the p l a nt . 

Roots contain ruscodifensofuran , 
euparone , c hr ysopha nic acid, common 
stero l s & f atty a c ids. Ruscogenin 
is present after hydrolys is . 

Scillar en A , scillaren B , cardio
tonic heterosi des 

USES 

Antimit o t ic 

Colchicine is a spe cif i c f or 
diagnosis & treatffient of gout 

REF. 

UNESCO 
A2230 

UNESCO 

UNESCO 
A2230 

& is used to i nduce polyploidy in 
plants . 

Cardiotonic acti v i ty . 

Defatted etha no l e x tracts of 
roots showed weak CNS de
pressant & aut onomic effects 
in mice. 

UNESCO 

EA104 
EA75 
UNESCO 

J l418 
J 2385 
J 2747 
J 6429 
L091 7 
A2970 

Diuretic cardiac action similar UNESCO 
to digitalis ; extracts of U. A3335 
indica & scil laren A have -
cardiotonic pr opertie s . Also 
used as an e xpectorant . A 5 0% 
ethanol water e x tract of bulbs 
showed in vitro antiamebic & 
cytotoxic acti v i ty , & in v itro 
anti turnor & hypogl y cemic effects . 
The same e x tract was devoid of 
antispermatogenic e ffects in 
rats . 

.... 
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FAMILY & NAME 

u. maritima Baker 
(u. scilla Steinh. ; 
scilramai'itirna L. J 

Yuc ca brevifolia 
Engelm. 

Y. elata Enge lrn. 

Y. glauca Nutt . 

Y. valida Brandeg. 

MALVACEAE 

Abutilon hirturn G. Don 

A. i ndic urn s weet 

~- theophrasti Medic 

Gossypiurn herbaceurn L. 

Pavonia odorata Willd . 

P. propinqua Garcke 

LIFE F ORM 

perennial herb with 
a large bulb (up to 
5-6 lbs . l 

short to medium 
aborescent plants; 
1-3 rn. 

7 m. ; pere nnial 

perennial 

4.5-6 rn. perennial 

herb 

herb 

shrub 

hairy shrub t o 6 ft . 

~ 

Medit e rranean, G!:'e"oe , 
Malta, N. Africa, 
Asia Minc:>r 

Sonora desert, Mexico 

Ch i huahua, W. Texas 
to Arizona 

SW USA 

S. Baja Cal ifor nia 

Trap . Af rica , Mexi co 
s. Flori da 

W. I nd i es , Trap. Asia 
t ropi c s 

Eas t e rn Mediter r ane an 

W. Af rica to India & 
Malawi 

e r ect her b with s t i cky E . trop . Africa 
hari s 

hairy s hrub Baluchi stan; Abyssi n ia 

CHEMICAL CCNITltygNT! 

Containa mgro than e doz@n Oardiao 
glyeoaidoa, mainly §oillaren A· 

Cont aina di oBgenin & related 
steroi dal sapogenina (see Dioecorea) . 

Same a s above 

Same as above . 

Same as above. 

Gossypin , gossypitrin & cyanidin- 3-
r u t i nosi de from petals (flavonoi ds). 

Active pri nc i p l es are d i meric ses
quiterpene derivatives of gossypol . 

~ 

Smne remarks as for u. inaica 
A tinc ture o f the bulbs showed 
exp@ct orant activity in two 
sp~cies when adminietered 
orally. Extracts of bulb 
•how cardiotonic activity in 
gui nea pi gs . Noter A red 
varie.t y of this plant is used 
1n large quantities as a 
rod<1nticid<0. 

~-

UNESCO 
A5148 
L2122 
J 8528 

A 50% ethanol-water extr act of A3583 
whole plant had hypotherrnic A4741 
activity i n mi c e & CNS effects . 

Seedcake has week oestrogenic 
activity . 

A6163 

A 50% ethanol -water extract of A3335 
whole plant e xhibited in vitro 
anti amebi c activ ity & hypotensive 
activity in dogs . 

I-' 
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FAMILY & NAME 

Sida grewioides Guill. 
& Perrott . 

MELIANTHACEAE 

Melianthus ~ Vahl 

MIMOSCEAE 

Acacia abyssinica 
Hochst. 

A. arabica Willd. 

A. arabica Willd. var. 
;;:-il~ 

~: ehrenbergiana 
Hayne 

~· glaucophylla Steud . 

~.gumrnifera Willd. 

A.horrida Willd. -----
A. leucophloea Willd. 

A. modesta Wall. 

LIFE FORM AREA 

woody herb; 2 or more Sudan 
ft. 

shrub 

shrub 

moderate tree; ever
green 

moderate-sized tree 

shrub to 15 ft. 

shrub 

tree 

tree 

moderate-sized tree 

medium sized decid
uous tree 

Kalahari-Namib 
deserts 

Somali, Abyssinia 

Sind, Deccan Penin
sula, trap. Africa 
Egypt, Arabia, Natal 

as for A. ara b ica 

semi-desert; w. Africa, 
C. Sahara, Nile region 

Somali, Abyssinia 

India 

India 

W. Pakistan, India, Sri 
Lanka, Burma, Thailand, 
Java, Indonesia 

W. Pakistan, India, 
Afghanistan 

CHEMICAL CONSTITUENTS 

Probably contains ephedrine 

27-(3,4-trans-dihydroxy-cinnamoyl
oxy)-oleanoic acid (triterpene ester) 

Gum arabic (gum acacia) 

Gum produced following injury to tree. 
poor quality relative to A. senegal 
gum. Gum arabic (gum acaCia_) __ _ 

Gum a rabic (gum acacia) 

Same as A. arabica. 

Gum arabic (gum acacia) 

Gum arabic (gum acacia) 

Same as A. arabica. 

Gum arabic (gum acacia) 

Gum arabic (gum acacia) 

USES 

Gum used as a s uspending agent, 
emulsifying agent, demulcent. 
A 50% ethanol-water extract of 
stem bark showed in vitro anti -

- ---
amebic & antispasmodic activity 
in vivo hypotensive & CNS stim
ulant effects. When seeds were 
fed to male rats , the blood 
sugar levels dropped about 30%. 

Same as A. arabica. 

Same as A. a rabica. 

REF. 

J3877 
McG 

UNESCO 

UNESCO 
J7062 
A4819 

& 

UNESCO 

UNESCO 

UNESCO 

A 50% ethanol-water extract of A4741 
aerial parts had hypotensive 
activity in dogs & CNS activity 
in mice . 

Seeds in the ration of rats 
produced a 25% drop in blood 
sugar levels. 

J7062 

,_. 
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FAMILY & NAME 

!· pycnantha Benth. 

A. senegal Willd . 

A. seyal Del. 

A. stenocar~a Hochst. 

A. ~Guill. & Perrott. 

Piptadenia macrocarpa 
Benth. 

f.· peregrina Benth. 

f.· paniculata Benth. 

Prosopis spicigera L. 
~· cineraria) 

MORACEAE 

Ficus arnottiana Miq . 

LI FE FORM 

shrub 

small tree to 25 ft.; 
armed 

tree to 40 ft. 

tree to 40 ft . 

as for !· senegal 

tree 

AREA 

S. Australia 

Sind, Sudan, c. 
Africa, Senegal, 
dry, rocky hill; 
mm. rain 

I ndia 
3-400 

CHEMICAL CONSTITUENTS 

Beta-phenethylamine (a pressor sub
stance); tannin in gum. Gum arabic 
(gum acacia). 

Gum arabic; high quality gum pro-
duced when tree is injured. 

dry parts of trap. Africa Same as A. arabica. 

dry parts of trap . Africa Same as !· arabica. 

Brazil 

Gum arabic (gum acacia) 

Indolic bases; bufotenine, butofenine
N-oxide, N,N-dimethyltryptamine & 
related alkaloids. 

USES ~ 

A5062 

Used as high quality emulsifier,UNESCO 
suspending agent, demulcent; MPEA 
purgative, gonorrhoea. 

Same as A. arabica. 

Same as A. arabica. 

A2230 

unarmed tree to 20 m. Brazil/W. Indies Bufotenin (an itrogenous dimethyl 
derivative of 5-hydroxy-triptamine 
or serotonine). 

A2230 
UNESCO 

tree 

armed tree 

large shrub or small 
tree 

Brazil 

w. Pakistan, Persia 
India, Afghani stan, 
Arabia 

India 

Indolic bases . UNESCO 

A large number of sterols & fatty acids A 50% ethanol-water extract of K06880 
A4819 & n-alkanols have been identified in s·tems was devoid of anti-

the leaves. The alkaloid spicigerine 
also is present in leaves. 

bacterial, antifungal, anti
amebic, antiviral, hypoglycemic , 
hypotensive, antispasmodic, 
analgesic , hypothermic, anti
convulsant, diuretic, cytotoxic, 
& anti-tumor effects. 

A 50% ethanol-water extract of 
stem bark was devoid of in 

EA73 
A5123 

vitro antiamebic , anthelmintic, A4741 
antivira l, antispasmodic & 
cytotoxic activities, as well 
as in ·vivo hypotensive, hypothermic , 

.... 
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FAMILY & NAME 

F. carica L. 

MORINGACEAE 

Moringa aptera Gaertn. 

M. concanensis Nimmo 

MYRTACEAE 

Eucalyptus dumosa 
A. Cunn. 

E. globulus Labill. 

~- oleosa F. Muell. 

Myrtus communis L. 

OLEACEAE 

Fraxinus ~ L. 

LIFE FORM 

tree 

moderate-sized to 
small tree 

small tree 

evergreen tree 

evergreen tree 

evergreen tree 

non-deciduous shrub 

tree 

AREA 

N. Arabia , Syria, 
Persia , Kurdistan 

Sudan 

India, w. Pakistan 

Australia; dry regions 

Australia 

Australia; dry regions 

Mediterranean; coastal 
regions 

Asia Minor, SE 

CHEMICAL CONSTITUENTS 

A large number of furocoumarins & 
coumarins, including psoralen , 
psoralen glycoside, umbelliferone, 
bergapten, psoberan , from the 
leaves & rutin . 

Leaves are major source of essential 
oil containing ca. 70% eucalyptol 
(cineole). 

Tannin, essence 

Manna: 50% mannitol & 20% galactoside-

USES 

analgesic, anticonvulsant, 
diuretic, antitwnor & CNS 
effect. 

REF. 

J6002 
J6870 
J7289 
J7290 
J9488 
K0582 
K1909 
A6130 
A2624 
A6464 

UNESCO 

Essential oil used as a flavor, A5431 
diaphoretic , expectorant. 
Essential oil shown to have 

A3466 
A0007 

expectorant activity when given UNESCO 
orally to guinea pigs. It also 
has insecticidal activity & 
is oestrogenic. Eucalyptus oil. 

UNESCO 

UNESCO 

UNESCO 

,.... 
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FAMILY & NAME 

Ol ea e uropaea L. 

OROBANCHACEAE 

Cistanche tubul osa 
(Schrenk) Hook.f. 

PAI&E 

Phoenix dactyl ifera L. 

PAPAVERACEAE 

LIFE FORM AREA 

Europe 

tree to 7 m. Palesti ne, Asia Minor 

fleshy herb Sinai peninsula 

tall palm to 120 ft. India, Pakistan 

CHEMICAL CONSTITUENTS 

saccharoses; simple coumarins in 
bark include fraxin, cichorin , 
aescul in, fraxinol & aesculetin. 

Seed oil contains the usual common 
sterols, as wel l as the triterpenes 
erythrodiol, uvaol, beta- amyrin, 
butyrospermol, 24-methyl-enecyclo
artenol , cycloartenol; l eaves 
contain the triterpenes beta-
amyr in , crataegolic acid, erythrodiol 
& uvaol, as well as a number of common 
plant acids. Mannitol in branches & 
sedoheptulose & mannoheptulose in 
leaves . The flavonoid apigenin-7-di-O 
beta- D-xyloside in leaves . Ripe 
fruits contain dimethyl ol eor uropeine. 
Leaf constituents include apigein, 
api genin- 7- di-0-D-xyloside , olivin, 
oleanolic acid, maslinic acid, 
cinchonidine, cinchonine, dihydro
cinchonine. Fresh husks of olives 
contain o leanolic & maslinic acids 
Fruits contain choline & virgin 
olive oil contains tyrosine & 
Beta- (3,4- dihydroxy-phenyl) - ethanol. 
Leaves contain oleuropein . 

Oestrone in seeds (0 . 00019\) & beta
amyrin, beta-sitosterol, quercetin & 
rutin in pollen . Oestrone in pollen. 
Chlor ogenic & isochlorogenic acids 
in fruits. 

~ REF. 

J9255 

Extracts of plant inhibit J9925 
sarcoma 180 & Ehrlic h carcinoma J7279 
i n mice. Water extracts of J8373 
of leaves lower blood pres
sure in animals. The acti ve 
principles is the iridoid gl u
coside oleurope in. Oleuro
pein also relaxes smooth 
muscle in vitro. Extracts of 
l eaves als~e hypoglycemic 
& diuretic activi ty. Extracts 
of leaves show antibacterial 

J5192 
Kl233 
K4526 
Jl289 
A5927 
L0121 
EA56 
EA59 
EA60 

activi ty in vitro. The active EA61 
principle--Ys oleuropein & its EA62 
aglycone. Seed oil (olive oil) EA54 to 
was shown to have weak oestrogen- EA61 
ic activity in mice when A4335 
administered orally. 

Seed & pollen extracts show 
oestrogenic activity in mice, 
due to oestrone content 

K4297 
A5609 
A0125 
A5564 
A5683 
K3182 

.... a. ..., 



FAMILY & NAME 

Argemone mexicana L. 

Papaver dubium L. 

P. r hoeas L. 

P . s omniferum L. 

PINACEAE 

Pinus gerardiana Wall . 

PLANTAGINACEAE 

LIFE FORM AREA 

prickly, erect her b Amer icas 

a nnual h e rb to 60 cm. Europe, Asia 

CHEMICAL CONSTITUENTS 

Barberine , p r o t opi ne, coptisine, 
chelerythrine, sanguinarine . 

Sangui narine , protopine , coptisine , 
berberine, e t c . 

annual herb to 90 cm. Temp. Eurasia; NW Africa Sanguinari n e , thebaine , protopine , 
coptisine & r e lated alkaloi ds. 

annual, glabrous or 
glaucous herb to 1 20 
cm. 

middle-sized tree 

Asia: Indi a, Per s ia, 
Turkey , Yugoslavia , 
Macedoni a, Bulgaria, 
China , Manchuria, 
As i a Minor . Rich 
manured soils; wa rm 
temperate c limate. 

India 

A l arge number of rel ated alkalo i ds : 
morphine (3-20%), codeine ( . 3% ) , papa
verine ( . 8%) , narcotin e (5%) , neopine, 
thebaine (. 4% ), pseudomorphone ( . 2%), 
canoscopine ( . 2% ), & about 18 
more alkaloids . 

USES REF . 

Cat h a r t ic , laxative , e metic, UNESCO 
expectorant , demulcent , wounds , A2230 
purgative . A 50% ethanol-water A3335 
extract o f whole plant showed 
in v i tro antivira l a ctivity & an 
effect on r espirati on i n v i vo . 

Narcotic , a na l gesic,diarrhoea , 
intestinal disorders. Codei ne 
used as a n anal gesic & ant i 
tussive; mor phine used mainly as 
an analgesic, with addictiv e 
potenti a l ; narcoti ne used as an 
a ntitussive, papaver ine u sed 
primari ly as an antispasmodic . 
A 50% ethanol- water extract of 

A2230 

A2230 

UNESCO 
A2230 
A3335 

seeds showed an in vitro antiame b ic 
& antispasmodic effect as well as 
i n vivo h ypotensive & antitumor 
effec t s. A 50% ethanol-water ex
tract o f whol e fruiting plant l owered 
blood pressure i n dogs & had in 
vit ro antispas modi c a c t i vity . 

Plantago amplexicaule Cav. a nnual he rb Algeria thr ou gh Mediter
r a nean reg i ons, deser t s of 
N. Af rica , Egypt & Arabia 

P. indica L. 
(P.~ria Waldst . & 
Kit. ; £_. ~ Gilib. ) 

annual herb Mediterranean : Greece , 
Egypt 

Seed hus ks contain hemicelluloses t hat Seed hus k h e rni cellulo se used 
are used medi c ina l l y . widely in U.S.A . as a bulk

p r oducing lax a tiv e . 

UNESCO 

,.., 
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FAMILY & NAME 

.!?_. aucheri Boies. 

Ferula a l liacea Boiss. 

!· assa- foetida L. 

F. foetida Regel 

!· galbaniflua Boiss. 
& Buhse 

!· narthex Boiss. 

!· rubricaulis Boiss. 

!· schair Borszcz. 

!.· sumbul Hook. f. 

Foeniculum vulgare Mill. 
(!.. capillaceum Gilib.) 
(F. officinale All.) 

LIFE FORM 

perennial 

perennial herb; 
1. 5- 2 m. 

perennal herb; 
1. 5- 2 m. 

1.5-2 m.; herb 

herb 

1.5-2.5 m.; herb 

perennial herb 

herb 

herb 

aromatic herb; 1. 5-
2 m. 

AREA 

Iran: Kurdistan & 
Louristan Mts.; desert 
areas . 

Persia 

Louristan; Turkestan 

Persia, Kandhar, 
Afghanistan 

Persia; humid areas 

Kashmir, Baltistan, 
Astore, W. Tibet, 
Afghanistan 

Turkestan, Khorassan 
deserts 

Turkestan, Khorassan 
deserts 

Dry regions 

S. Europe, Asia; rich, 
well-drained loam; 
black, sandy & sandy-clay 
soils with lime. 

CHEMICAL CONSTITUENTS USES ~· 

UNESCO Gum ammoniac: a gum resin. Antispasmodic; expectorant. 

Fruits contain t he furocoumarin 
byakagelicin; oleogum resins con
taining essential oils: asafoetida. 

A2124 
UNESCO 

Fr uits contain byakagelicin, luteolin Antispasmodic , emmenagogue. 
& luteolin-7- 0-beta-D-glucoside 

UNESCO 
J0081 
K0777 (flavonoids) & the essential oil 

contains 2-butyl-prop-c is-2-enyl 
disulfide & 2-butyl-prop-trans-2-
enyl disulfide. Oleogum resin 
containing essential oils: asafoetida. 

Oleogum resin containing essentia l oil s 
asafoetida. 

Oleogum resin containing essent ial oils: 
galbanum, also the sesquiterpene 10-
epijuneol. 9.5% volatile oil, 63.5% 
alcohol-soluble resin , 27% gum & 
impurities; galbarsenic acid yields 
umbelliferone. 

Oleogum resin containing essential oils: 
asafoetida. 

Oleogum resin containing: asafoetida, 
galbanum 

Galbanum 

Essential oils 

1-6% volatile oil; anethole (50-60%); 
d-alpha-pinene, camphene , d-alpha
phellandrene, dipentene, d-fenchone; 
source of useful essential oil (fruits) 
used in flavoring. Fennel oil . 

UNESCO 

UNESCO 
K0669 

UNESCO 

UNESCO 

UNESCO 

UNESCO 

Stimulant, carminative, chest UNESCO 
spleen, kidney disease, cooking MPEA 
spice; fruits have insecticidal A3466 
activity. Essential oil has A4837 
C'!S depressant activity in mice A5453 
as well as oestrogenic activity.A0007 

.... .... ... 



FAMILY & NAME 

P. quadrifida L. 

P. tuberosa Roxb . 

PUNICACEAE 

Punica granaturn L. 

RANUNCULACEAE 

LIFE FORM 

prostrate herb with 
fleshy leaves 

perennial, prostrate 
herb 

deciduous shrub or 
small tree 

Caltha polypetala Hochst. perennial herb 

Delphinium nudicaule 
Torr. & Gray 

RESEDACEAE 

Ochradenus baccatus L. 

RHAMNACEAE 

Rhamnus alaternus L. 

perennial herb 

shrub, 10-12 ft. 

spineless 

AREA 

waste places in 
warm climates 

Sind (W. Pakistan) 

Persia; Mediterranean, 
S. Europe, Algeria, 
California, Arizona, 
N. Mexico 

Bulgaria, Caucasia, N. 
& NW Iran 

W. Coast of N. America 

Sind, Baluchistan, w. 
Asia, NE Africa 

Mediterranean, Crimea 

CHEMICAL CONSTITUENTS 

Pelletierine, rnethylpelletierine. 
Oestrone & oestradiol isolated from 
seeds of var. nana. Seedcoat 
contains several cyanidin, pel
argonidin & delphinidin derivatives 
(coloring principles). 

USES REF. 

A 50% ethanol-water extract of A4819 
whole plant exhibited an in 
vitro antispasmodic effec~ as 
well as an in vivo diuretic 
effect. - --

Taeniafuge; ethanol extract of UNESCO 
epicarp killed 50% of a group MPEA 
of earthworms in 18 hours . A5603 
Flowers of the plant fed to ratsJ8048 
resulted in lowering of blood A3127 
sugar levels . The seed oil J8904 
shows uterine relaxant activity J7575 
& oestrogenic effects. Fruit A5606 
peel fed to male & female rats A5611 
showed antifertility activity, A6518 
although the experimental 
design was deficient in the study. 

Most Delphinium spp . contain mixtures Extracts employed topically to 
of toxic diterpene, alkaloids, ajacine, eradicate body lice. Highly toxic 
ajacinine, etc. to heart if ingested. 

Anthra-glucosides Purgative UNESCO 
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!'AMILY & NAMt: 

!· "" i:hutioa t.. 

!· franqulo. L. 

!· lanceolata Pursh 

R. libanotica Boiss. 

!· palaestina Boiss. 

LIFE FORM 

shrub or small tree 
2- 6 rn. 

shrub 

shrub 

shrub 

thronless shrub 

.!!:· paliurus L. shrub 
(Pa l i urus aculeatus Lam.) 

R· punctata Boiss. spineless evergreen 
shrub; . 75-3 rn. 

_!!;. purshianus DC. 
(~ sagrada) 

Zizyphus jujuba Lam. 
(~. sativa Gaertn.) 

z. lotus Lam. 

shrub 

tree; 5-10 m. 

shrub; 1-1. 5 rn. 

AREA 

Europe east to C. 
Asia, including Caucasia, 
N. & NW Iran, NW Africa 

Europe, Asia, N. 
Africa 

Americas; river banks 
humid declivities. 

Palestine 

Palestinian desert 

Mediterranean 

W. Syria, E. Mediter
ranean 

N. America 

Mongolia, Turkestan; 
Asia Minor, N. Africa; 
China 

CHEMICAL CONSTITUElNTS 

Fruits contain up to l\ ant hraquinone 
derivatives, i.e . emodin, emodin 
anthranol, chryaophanio acid , 
& their glycosida5. 

Bark contains anthraquinone dariva
ti ves: frangulin, glucotrangulin, & 
related compounds, franganine & 
frangufoline . 

Anthracene derivatives 

Contains anthra-glucosides 

Bark contains anthraquinone 
derivatives: barbaloin, deoxy
barbaloin, cascarosides , A,B,C, 
& D. 

USES ~-

Extracts of fruit are used as UNESCO 
a cathartic; purgative. Laxative. 

Bark widely us ed in extract A2230 
form as a cathartic, purgative UNESCO 
laxative. 

Diure tic 

Purgative; extract of bark 
wide ly employed as a popular 
cathartic in U.S.A. laxative 

UNESCO 

UNESCO 

UNESCO 

Kll54 
Ll788 
L2304 
A6192 
UNESCO 

Stern bark contains peptide alkaloids Emollient, tonic, a 50% ethanol-K0031 
jubanine A & B, nummularine A & B, water extract of aerial plant L2271 
mucronine D, amphibine H, mauritine A. parts l owered blood pressure EA73 
Leaf contains the isoquinoline alkaloidsin dogs. UNESCO 
(+) - colaurine, isoboldine, asimilobine, 
la:urelliptine, juzirine & ziziphine. 

N. Africa, Asia Minor 
China; semi-desert steppes . 

Emollient; tonic UNESCO 

~ 
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FAMILY & NAME 

z. mauritiana Link 

z. nUllllllularia Wight & 
Xrn. 

z. spina christi Willd. 

ROSACEAE 

Amygdalus CO!llll\Unis L. 

RUTACEAE 

Ruta graveolens L. 

LIFE FORM 

armed shrub or tree 
to 25 ft. 

thorny shrub 

spiny shrub or 
tree to 30 ft. 

unarmed tree to 
8 m. 

strong smelling herb 

AREA 

C. & S. Sudan 

Sahara & Indian 
deserts 

N. & c. Sudan 

Iran; semi-arid 

India west to 
Canaries 

CHEMICAL CONSTITUENTS 

Bark contains peptide alkaloids 
rnauritine A-F, amphibine B, D-F & 
frangufoline, as well as mauritine 
H. 

USES 

Indigestion. 

Rootbark contains the peptide alkaloids Indigestion. 
nurnmularine A-H & K, frangufoline, am-
phibine A & H, rnauritine F, mucronine 
D & integerrimine. 

The triterpenes betulinic acid & ceanothic 
acid have been isolated from the whole 
plant. 

Roots contain: daphorin, rutarin, 
scopoletin, marmesin, rutaretin, 
rutaverine, 2-(N-Udecyl)-quinol-4-
one , 2-{N-dodecyl)-quinol-4-one, 
2-(N-tidecyl)-quinol-4-one, 2-(N
tetradecyl)quinol-4-one, gravacri
dondiol glucoside, gravacridontriol 
glucoside, dictamnine, gama- fagarihe, 
skimrnianine, isogravidonchlorine, 
l-hydroxy-3-methoxy-N-methyl-
acridone, furacridone , rutacridone, 
gravelliferone , savinin, ribaliniurn, 
gravacrisonchlorine, garvacridonol
chlorine, gravacridondiol, grava
cridondiol rnonomethyl ether, ruta
cultin , ru·;:arr.a.tin alrohol, kokusaginine, 
psoralen, isoimperatorin, suberenone, 
marrnesinin, 2-(4 1 -(3",4"-methyl-enedioy
phenyl)-N-butyl-quinol-4-one, 
isorutarin, erythro-butane-2,3-diol, 
bergapten, xanthotoxin, isopimpinellin, 

Emulsifier. 

Ernmenagogue. 'l'he total alka
loids from the aerial parts 
of the plant show smooth muscle 
relaxant activity. An ethanol 
extract of the aerial parts 
shows anticonvulsant activity 
against metrazol shock. The 
essential oil from the plant 
has CNS depressant activity 
in goldfish. Leaf extracts 
have antimicrobial activity, 
& extracts of the aerial parts 
show both uterine stimulant 
activity & smooth muscle 
relaxant activity in vitro. 

REF 

UNESCO 
J4739 
Ll070 

J9262 
J9258 
L0133 
UNESCO 

K4073 

UNESCO 

UNESCO 
J4888 
J8201 
K0262 
A2230 
L0003 
A2219 
A6096 
A6091 
A6095 
A6085 
A6075 
A6077 
A6079 
A6081 
A6122 
A6139 
A2499 
A2515 
K3095 
A2678 
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FAMILY & NAME 

SALICACEAE 

Populus euphratica Oliv. 

f· nigra L. 

SALVADORACEAE 

LIFE FORM 

middle-sized tree 

tree with spreading 
branches 

Salvadora oleoides Decne. shrub or tree 

.§_. persica L. shrub, 2- 8 m. 

SAPINDACEAE 

Dodonaea viscosa Jacq. shrub under 2 m. 

SCROPHULARIACEAE 

AREA 

Sind 

India 

W. Pakist an, India 

Thar, Arabian, Somali
Chalbi, Sahara deserts 

N. American desert ; 
Australian desert; 
pe rmanent watercourse ; 
hills 

CHE~CAL CONSTI TUTENTS 

rutamine, & many other related 
coumari ns , furocoumarins & alkal oids . 
Compounds also found in leaves , 
seeds, fruits, shoots, sterns, 
callus cultures, etc. are s i milar. 

Large number s of flavonoid agylcones 
& glycosides isolated f rom buds of 
several varie.ties . 

Fruit contains dibenzylur ea, 
dibenzylthiourea & s tigmasterol. 

Leaves contain quercetin, rutin, 
isohamnetin & narcissi n (all 
flavonoids) . 

USES REF . 

A2681 
A2810 
A5541 
A4982 
A5453 
A3374 
A3426 
A4219 
A5300 
A6087 

J4957 
J 9941 

A 50% ethanol-water extract of A48 19 
aeria l plant parts showed hypo- M0259 
thermic activity & general CNS 
effects in mice. 

A 50% ethanol- water extract of 
s t em bark exhibited in vitr o 
antispasmodic acti vity . 
Gonorrhoea, spleen, boils, 
sores, t oothbrush, gum disease, 
stomach ache. 

UNESCO 
MPEA 
A4819 
McG 

Ethanol extracts administered J6264 
IV to anesthetized cats showed A5904 
weak hypotensive act i vity . Water 
& ethanol extrac ts were lethal 
fo r earthworms. 

..... 
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FAMILY & NAME 

Lindenbergia indica O. 
Kuntze 

Schweinfurthia sphaero
carpa A. Br. 

SOLANACEAE 

Atropa belladona L. 

Datura inoxia Mill. 

~· stramoniurn L. 

LIFE FORM 

tufted herb 

herb 

glabrous herb 

bushy annual; 90-
120 cm. 

annual; 1 m. 

Duboisia hopwoodii shrub to 3 m. 
F. Muell. 

D. leichhardtii F. Muell. shrub 

Q. myoporoides R. Br. shrub 

Hyoscyamus albus L . perennial 

H .. boveanus Ascher-Schw. herb 

H. desertorum Tackholm erect herb 

AREA 

India 

Baluchistan; Afghanistan 

Europe to Caucasus 
& N. Persia 

India 

Egypt, Asia 

Aus tralia; semi-arid 
sandy, open country 

Australia 

Australia 

Mediterranean 

Egy pt; _Libya, Sinai 

Egypt 

CHEMICAL CONSTITUENTS 

Atropine, scopolarnine & hyoscyamine 
are maj or tropane alkaloids in all 
parts of plant. Belladona extracts 

Scopolamine (1-hyoscine) . hyoscyamine 

.25-15% alkaloids; mostly 1-hyoscya
mine & 1-hyos cine (1-scopolamine) ; 
datugen, datugenin , daturic acid ; 
used as a source of a tropine . 

Nic otine , nornicotine; commer cial 
source of hyoscyamine. 

Hyoscyamine, scopolamine; tropane 
alkaloids . 

As for ~· ~woodii 

USES REF. 

A 50% ethanol -water extract of A4 741 
whole plant material showed 
analgesic activity in mice. 

Extracts of plant & indiv idual 
alkaloids are classical para
s ympatholy tic agents. A 50% 
ethanol-wate r extract o f 

UNESCO 
A5062 
A3335 

leaves showed an in vitro 
antiamebi c & antiviral effect, 
as well as a hypogl ycemic eff ec t 
i n vivo . 

Same as above plus cerebral de- A5062 
pr essant, motion sickness & UNESCO 
partial ana l ges i a . A3335 

Same as for Atropa bell adona . 
Plant is simila r to belladona 
in act i on & t oxic i ty . 

A5062 
UNESCO 
A3335 

UNESCO 

UNESCO 

UNESCO 

Hyoscyamine i s major alkalo i d; hyoscine; 
l eaves : . 2- .56% a lkaloids ; r oo t s : . 1-.14% 
a lka l oids . 

UNESCO 

Hyoscyamine 

Hyoscy ami n e 

.... 
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FAMILY & NAME 

.!!· falezl e& Cosson 

..!!· muticus L. 

..!!· niger L. 

Lycium barbarum L. 

k· ruthenicum Murr. 

Nicotiana glauca_ R. Br. 

Physochlainapraealta 
Miers 

Solanum albicaule 
Kotschy 

~· carolinense L. 

S. dulcamara L. 

~· gracilipes Decne. 

~· incanum L. 

LIFE FORM 

herbaceous perennial ; 
103 ft. 

erect herb 

shrub 

shrub 

shrub or smal l tree 

perennial glabrous 
herb; . 6-1. 3 M. 

under shrub 

perennial herb 

shrub 

small shrub 

spiny undershrub up 
to 6 ft. 

AREA 

Egypt , Middle East , 
Arabia, I r an, I ndia ; 
arid. 

Europe , W. & N. Aaia 

!ndia 

I ndia 

Ar gent i na throush Mexi co 
to w. USA1 Auatralia , 
Africa , Palestine , India , 

CHEMICAL CONSTITUENTS 

llyo scyamine 

Alkalo i ds: .6-1%; 90% of these alka
l oids present i s hyoscyamine. 

Alkaloids. Hyoscyamine 

Mlljor alkalo id is nicotine. 
Anabas ine. 

Ladakh; possi bly 
10-16,000 f t . 

Sinkiang; l.02% of lea f i s alkaloids; 80% of 
which wa s hyoscyamine; plus .01% 
hyoscine, KCl, KN03, K2 so4 ; roots, 
• 64% alkaloids. 

W. Africa, NE Africa 
Arabia, Pakistan 

C. & E. USA 

Mexico 

India 

N. trap. Africa, W. 
Africa to India 

Solanine 

Steroid alkaloids solasodine, 
soladulcidine, alpha-solamarine, 
beta-solamarine, gamrna-2-solamarine, 
& related alkaloids. 

N,N-dimethylnitrosamine in berries. 

Q!)ES REF 

Reaction similar to that of UNESCO 
belladona; spasmodic conditions McG 
nervous conditions. 

Nicotine is used primarily as 
an insecticide. 

UNESCO 

UNESCO 

Boils, roundworms, emetic. UNESCO 
Hyoscyamine used to manufacture 
atropine & related alkaloids • 

Antispasmodic, sedative; 
causes stupor & spinal convul
sions; epilepsy . 

Ethanol extracts of leaf & 
flower & fruit showed antitumor 
activity. Root extracts also 
showed antitumor activity. 
Plant is very toxic to animals 
Extracts induced oestrogenic 
effects in mice. 

UNESCO 

UNESCO 
J0605 
A6221 
A6223 
A6198 
A2194 
A5971 
K4707 

Berries responsible for A2081 
oesophageal cancer in humans. UNESCO 
Plant is known to be poisonous. MPEA 
Abdominal pain, dyspepsia, fever, 

.... 
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FAMILY & NAME 

~· xanthocarpum 
Schrad. & Wendl. 

Withania obtusifolia 
T. Tach. 

W. somnifera Dunal 

LIFE FORM 

annual diffuse herb 

shrub 

undershrub, 3- 7 f t. 

AREA 

India 

E. Africa 

E. Africa 

CHEMI CAL CONSTITUENTS 

Ster oidal alkaloids (solasodine) 
& steroidal sapogenins (d i osgenin ) ; 
carpesterol, 1. 3% solanacarpine, 
solanocarpidine ; alkaloids are 
toxic as saponins . 

A large number of steroidal l a c
t ones referred t o col lectively as 
withanol ides : withafer i n A, 27-
deoxywithaferin A, 14- hydroxy- 27-
deoxywithaferin A, withanolide D, 
G, H. I, J , K, L, M, N, 0 , P, 
R, & various derivatives of each 
of these . 

USES 

stomach ache, snake b i te , 
ear ache, ches t pain, ringwor m, 
syphilis , whitlow, ski n disease 
emetic. 

REF . 

Expectorant , f ever , chest pain , K3608 
sore throat, gonorrhoea , r heu- L0776 
matism ; a 50% e thanol - water A3335 
extract of whole plant showed UNES CO 
in vitro antiviral activity & A31 27 
in vivo ant itumor activit y . A 
similar ext r act of the fruits 
lower ed the dog blood pressure 
& had antit umor activ ity , as 
well as i n v i tro cyt o t oxicity 
& antispasmodic acti v ity . 

Narcotic; antiepileptic . 

Extracts of the plant have 
shown seda t i ve & antitumo r 
prope rties in animals . There 
is a great var iation in t he 
activity based on geographi c 
area, however , & thus the 
acti v ity also varies . I n 
c erta in geographic areas, t he 
plant pr oduces alkaloids ver y 
s imilar to Atropa belladona , & 
would have similar effects as 
described under that species . 
The major ant itumor pr inciple 

UNESCO 

UNESCO 
EA19 
M0098 
J 7199 
Ll050 
J8948 
A2733 
K4141 
A2716 
K0787 
A5900 
K3104 
A3472 
A3335 is known as withaferin A. 

Evidence exists that root 
extracts do not have anti
spermat ogenic & ant ifertility 
effects. A 50% ethanol- extr act 
of whole plant of Indian origin 
s howed in vitro antiviral & 
antiamebic activity. Narcot ic , 
anti- epilept i c, stomach ache, 
ulcers, colds, rashes, gonorrhoea . 

I-' 
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FAMILY & NAME 

TAMARICACEAE 

~ aphylla Karst. 

!· articulata 

I· dioica Roxb. 

!• gallica L. 

!· mannifera Ehrenb. 

THYMELAEACEAE 

Daphne oleoides Schreb. 
(D. mucronata) 

Corchorus aestuans L· 

.£. capsularis L. 

LIFE FORM 

t ree or h igh shr ub 

shrub, 2-8 m. 

dioec i ous tree, 
2-3 m. 

shrubby tree to 
8 m. 

small tree or shrub 

shrub to 2.5 m. 

annual or perennial 

annual to 3 m . 

MEA CHEMICAL CONSTITUENT~ USES Mr· 

N. Africa to Afghanistan 
& Pl;!kistan 

Several flavonoida & anthocy1nin1. K3263 
J6845 
J9098 

Thar , Iranian , Arabian 
Somali- Chalbi, Sahara 

Tannin McG 

& Kalahari-Namib deserts 
saline, sandy soil, 

Burma , India, Pakistan 
Afghanistan, I ran 

S. Europe: Mediterranean Same as for T. aphyl la . 
area 

Egypt, Israel, Jordan 

Afghanistan, W. Pakistan 
Iran, N. Africa, S. Europe 

widely distributed in 
tropics 

Pakistan, India, Sri 
Lanka, Burma 

Phytosterols in seed callus. Most 
probably contains cardiac glycosides 
in seeds. 

A SO~ ethanol- water extract of A4819 
roots showed ih vitro anti-
viral & antis'Pismodic activity, 
as well as in vivo hypotensive 
activity . - - -

When fed to mice, the plant J9098 
protected carbon tetrachloride A4119 
treated mice from liver toxicity. 

Gonorrhoea, pneumonia, stomach A4819 
ache, urethral discharge; a 50% MPWA 
ethanol-water extract of whole UNESCO 
plant showed hypotensive activity 
& in vitro cytotoxicity. 

A 50% ethanol-water extract of 
whole plant was devoid of 
hypoglycemic, hypotensive, 
analgesic, hypothermic, 
anticonvulsant, CNS, diuretic, 
antitumor, cytotoxic & anti
spasmodic effects. 

J0163 
EA72 

.... ..., 
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FAMILY & NAME 

_f. depressus Christensen 

~- fa§_~icularis Lam. 

~- trilocularis L. 

G. tenax Fiori 

_Ci_. villosa Willd. 

UMBELLIFERAE 

Ammi majus L. 

~- visnaga Lam. 

Dorema ammoniacum D. Don 

LIFE FORM 

branches prostrate 

annual, 4 ft. 

herbaceous or 1/2 
woody; 1-2 ft. 

shrub to 10 ft. 

shrub; 10-15 ft. 

annual herb 

erect annual or 
perennial, 15-100 cm . 

2-3·m.; perennial 

AREA 

Cape Verde Isl. & 
Teneriffe to N. Africa, 
Arabia, C. & NW India 

trap. Africa, Arabia, 
India, Australia 

Old World tropics; 
also Australia 

Mauritania through N. 
Africa, to Arabia, 
Persia, India 

Drier parts of trap. 
Africa, Arabia & India 

Sandy soils in 
Mediterranean; near 
rivers in Egypt & 
Morocco 

Sandy soils in 
Mediterranean; near 
rivers in Egypt & 
Morocco 

Iran: Kurdistan & 
Louristan Mts.; desert 
areas. 

CHEMICAL CONSTITUENTS 

Most probably contains cardiac glyco
sides in seeds. 

Most probably contains cardiac glyco
sides in seeds. 

USES REF. 

Seeds contain the cardiac glycosides J3954 
triocularin, 3,5-anhydroperiplogenin 
& corchoroside B. 

Ammoidin, ammidin, majudin; fruits 
are the major source of 8-methoxy
psoralen. 

Cournarin khellin, visnagin, khellol 
glucoside; fruits are the major source 
of khellin. 

Gum ammoniac: a gum resin. 

A 50% ethanol-water extract of EA73 
aerial parts showed hypothermic 
activity in mice. 

Stomach ache, eye ache, spleen EA72 
problems, lower abdominal pain; UNESCO 
a 50% ethanol-water extract of MPEA 
aerial parts was devoid of 
antibacterial, antifungal, anti 
viral, hypoglycemic, hypotensive, 
antispasmodic, CNS, hypothermic, 
analgesic, anticonvulsant, 
diuretic, antitumor & cytotoxic 
effects. 

Leucoderma; 8-Methoxypsoralen UNESCO 
is a pigmenting agent used in 
vitiligo & leucoderma, but has 
a high liver toxicity. 

Khellin is a selective coronary UNESCO 
vasodilator & bronchodilator. 
Antispasmodic in urethral spasm 
& kidney stones; many side reactions. 

Antispasmodic; expectorant. UNESCO 

,_. 
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l'AMIL!'_& NAME 

:!l• :l!,ycheri !lobs . 

Ferula alliecee Boiss. 

!• essa-foetida L. 

F. foetida Regel 

I· galbaniflua Boiss. 
& Buhse 

!_. narthex Boiss. 

F. rubricaulis Boiss. 

F. schair Borszcz. 

I· sumbul Hook. £. 

Foeniculum vulgare Mill. 
(!_. capillaceum Gilib.) 
(F. officinale All.) 

LIFE FORM 

perennial 

perennial herb; 
1.5-2 m. 

oerennal herb ; 
1. 5- 2 rn. 

l . 5-2 rn. ; herb 

herb 

1.5-2. 5 rn.; herb 

perennial herb 

herb 

herb 

a r omatic herb; 1.5-
2 m. 

AREA 

Iran: Kurdistan & 
Louris tan Mts . ; desert 
areas. 

Persia 

Louristan; Turkestan 

Persia, Kandhar , 
Afghanistan 

Persia; humid areas 

Kashmir, Baltistan , 
Astore, W. Tibet, 
Afghanistan 

Turkestan , Khorassan 
deserts 

·Turkestan, Khorassan 
deserts 

Dry r egions 

S. Europe , Asia; rich , 
well-drained loam; 
black, sandy & sandy-clay 
soils with lime. 

CHDIICAJ,, CON!ITIAU! ti'U !11!!! g_r. 

Gum ammoniac ! a gum r es:l.n. Ant :l.apallliiodic; expector ant. UNESCO 

Fruita eontdn i:h 1.1 :e1n:oeoumar:l.n 
byakagel:l.c:l.n ; ol aOf1Wll nt1:l.fiil con
tain ing tHiinHlll o:i.lii i asafoet:i.da .• 

A2124 
UNESCO 

Fruits contain byakagelicin, luteolin Antispasmodi c, emmenagogue. 
& luteolin•7• 0•beta-O-glucoside 

UNESCO 
J0081 
K0777 (flavonoide) & t he eeaential oil 

contains 2- butyl - prop-cb- 2-enyl 
disulf ide & 2-butyl - prop-trans-2-
enyl disul f ide. Oleogum resin 
containi ng essential oils: asaf oetida. 

Oleogum res i n containing essentia l oils 
as afoetida . 

Oleogum r esin containing essential oils: 
galbanum, also the sesquiterpene 10-
epijuneol . 9.5% volatile oil, 63 .5% 
a lcohol-sol ubl e resin, 27% gum & 
impurities; galbarsenic a cid yields 
umbelliferone. 

Oleogum r esin containing essential oils : 
asaf oetida. 

Oleogum resin containing: asafoet ida, 
galbanum 

Galbanum 

Essential oil s 

1-6% volat i le oil; anethole (50-60%); 
d-alpha-pinene, camphene, d-alpha
phellandrene, dipentene, d- fenchone ; 
source of useful essential oil (fruits) 
used in flavoring. Fennel oil . 

UNESCO 

UNESCO 
K0669 

UNESCO 

UNESCO 

UNESCO 

UNESCO 

Sti mulant, carminative , chest UNESCO 
spleen, kidney disease, cooking MPEA 
spice; f r uits have insecticidal A3466 
acti vity . Essential oil has A4837 
C'!S depressant activity in mice A5453 
as well as oestrogenic activi t y . A0007 
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FAMILY & NAME 

Pimpinella anisum L. 

Pithuranthos tortuosus 

Thapsia garganica L. 

Thapsia villosa L. 

URTICACEAE 

Urtica Urens L. 

VERBENACEAE 

LIFE FORM 

annual; 30 cm. 

AREA 

Egypt & the 
"Levant"; light well
drained loam; black, 
sandy & sandy-clay soils 
with lime. 

buds just on the sur- Arabian & Sahara 
face; perennial herb deserts; sandy plain. 

perennial shrub 

perennial shrub 

annual 

N. Africa, Libya, 
Morocco 

N. Africa, Libya 
Morocco 

Atacama-Peruvian 
& Arabian deserts; 
fog belt 

Clerodendron phlomoides L. shrub; 1.5-2 m. Pakistan, India, Sri 
Lanka, Burma 

ZYGOPHYLLACEAE 

Balanites aegyptiaca Del. small spiny tree, 
6 m. 

Arabia, Egypt, 
Eritrea, trop. Africa 
Burma, India 

CHEMICAL CONSTITUENTS USES 

A major source of essential oil with Carminative, stimulate peris-
a high concentration of anethole (80- talsis , flavoring; fruit 
90%), also methyl chavicol, anisketone. extracts have insecticide 

activity & anticonvulsant 
activity. Seed fixed oil has 
uterine relaxant effects 
& oestrogenic activity . A 

REF 

UNESCO 
A3466 
A4982 
A5606 
A6518 
A3335 

50% ethanol-water extract of the 
fruits lowered blood pressure 

Saponins; several steroidal 
sapogenins, primarily diosgenin. 

in the dog. 

Drastic purge 

Anthelmintic, purgative, boils, 
leucoderma, herpes, vermifuge, 
malaria, emetic, wounds, 
syphilis, colds, liver & 
spleen problems, aches, febri
fuge, Kernel extracts have 
low level activity against 
snail that harbors schistosomal 
worms. 

McG 

UNESCO 

McG 

MPWA 
UNESCO 
MPEA 
K3403 
A0186 
A0170 
A6568 
A0161 
A0164 
A0165 

.... ._, 
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FAMILY & NAME 

.!!_. glabra Mild. & 
Schltr. 

.!!_. orbicularis Sprague 

B. roxburghii Planch. 

B. tomentosa Mild. & 
Schltr. 

Fagonia cretica L. 

Flourensia ~ DC. 

Guaiacum officinale L. 

Larrea cuneifolia Cav. 

b· divaricata Cav. 

b· nitida Cav. 

LU! lOJ!M 

tree 

tree 

small t horny tre 

tree 

woody spiny annual 

many-branched shrub 

small tree; 6-10 m. 

shrub 

bush 

shrub 

~ 

Arid 11on&11 

Arid zones 

India, Pakistan 

Ari d zones 

W. Africa & warmer 
dry parts of the world 

S. USA, N. Mexico 

S. America, W. Indies 

Argentina 

. USA; Great Basin; 
desert 

Great Chaco desert; 
Argentina 

C~!!MICA# CONSTttUEN~S 

Diossenin. 

Plant contains the beta-carboline 
i ndole alkaloid harmine & three un
characterized t riterpenes. 

Q§M 

Used in manufacture of corti
sone & sex hormones. 

A 50% ethanol-water extract of 
aerial parts showed in vitro 
antiviral & antispasmod~ 
activity, as well as in vivo 
hypotensive & CNS stimulant 
activity. 

Guaiaretic acid; leaf contains gentisic Sudorific, diuretic, gout. 
acid & the heartwood contains the 
lignan furoguaiaoxidin. 

Amino acids identified in leaf; Nor
dihydroguaiaretic acid; acid resin. 

Nor-dihydroguaiaretic acid (NDGA); up 
to 12% (antioxidant for fats). 

Identification of leaf amino acids, 
Larrein, isolarrein, 2', 4'-dihydroxy 
flavone from aerial parts. 

Rheumatism, skin disease. NDGA 
used as antioxidant in lard 
& other rancidity-prone fats. 
One patient had marked re
gression of melanoma from 
drinking tea made from plant. 

REF. 

A0167 
M0208 
K3422 
A5571 
AOi58 

UNESCO 

UNESCO 

UNESCO 

UNESCO 

J8864 
A3335 

J2103 
A6190 
UNESCO 

J6776 
UNESCO 

UNESCO 
Jl981 
K3209 
A4200 

J6776 
J7954 
UNESCO 

.... 
-.J 
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FAMILY & NAME 

.!,_. tridenta Coult. 

Peganum harmala L. 

Tribulus alatus Del. 

T. terrestris L. 

Zygophyllum album L. 

~· coccineum L. 

Z. cornutum Casson 

LIFE FORM 

shrub 

bushy herb; 
30-90 cm. 

spreading herb 

trailing herb 

shrub under 2 m. 

glabrous shrub 

shrub 

AREA 

S. USA; N. Mexico 

Mediterranean, 
regions of Europe & 
Africa; Tibet, steppes 
of Iran & Turkestan, S. 
Russia, Hungary. 
Ephermeral watercourse 

N. Sudan 

Trop. & warm temperate 
zones 

Arabian & Sahara 
deserts; saline, sandy. 

N. Sudan 

Algeria, Tunisia, 
Sahara 

CHEMICAL CONSTITUENTS 

Several flavones & flavonoid 
methyl ethers isolated from leaf. 

Tannins; a large number of alkaloids 
including: deoxypeganine, peganine, 
vasicinone, deoxyvasicinone, peganol, 
harmine, harmaline, peganidine, 
pegamine (from aerial parts)), harmine, 
harmaline, harmalol, peganine (roots), 
harmine, harmaline, oxypeganine, 
oxydeoxypeganine, leptaflorine, 
peganine, deoxyvasicinone, harmalol, 
harmol (seeds ), harmine, vasicine 
(capsules), ruine (seedlings). 

Harman, harrnine, hannol from whole 
plant, as well as several steroidal 
sapogenins (dioscin, protodioscin, 
diosgenin, gitogenin, neogitogenin), 
& the flavonoids kaempferol & 
quercetin. 

Plant contains uncharac terized 
triterpene zygophyllin. 

Zygophyllin & quinovic acid from 
whole plant. 

USES 

Anthelmintic, narcotic, side 
effects: progressive paralysis 
& convulsions. Whole plant 
extracts show CNS stimulant 
activity & are convulsant. 
Seed extracts show weak CNS 
depressant activity, hyop
tensive & antiinf lammatory 
effects. 

A 50% ethanol-water extract of 
whole plant (including seeds) 
showed in vitro antispasmodic 
activitY-& lowered blood 
pressure in the dog. 

Ethanol extracts show anti
pyretic activity in rats, 
antihistaminic activity in 
guinea pigs, hypotensive 
activity in rats & diuretic 
activity in rabbits. 

Hypoglycaemic action noted. 

REF . 

J3952 
J5009 
K3209 
L0555 

UNESCO 
A0343 
A6708 
A6707 
A6648 
A6672 
A6 665 
A6660 
A6704 
A6754 
A6753 
A6650 
L2167 
A2970 
A0313 
K4636 
McG 

J6255 
M0159 
Jl600 
A2230 
J9484 
A3335 

Al968 
McG 

Al968 
A6366 

UNESCO 

f-' __, 
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FAMit.~ & NAME 

!· simpl ax t . 

LIFE .FORM 

undershrub , few 
inches in height 

AREA 

N. trop. Africa to 
Arabia & Baluchist an; 
W. & SW Africa 

CHEMICAL CONSTITUENTS USES 

Hypogl ycaemic act ion noted. 

•• References in t he right- hand margin of Appendix I are availabl e upon request . Please cite reference number and request reprints from: 

lnternational Center for Ar id and Semi- Arid Land Studies 

Texas Tech Univer sity 

Lubbock, Texas 79409 , U. S . A. 
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Medicinal Plants of the Southwestern United states 

MARSHALL C. JOHNSTON 
Department of Botany 

The University of Texas at Austin 
Austin, Texas 78712 

The title "Medicinal Plants of the southwestern United States" 
evokes a subject-matter far too vast to convey adequately here. 
The wild vascular flora of the southwestern united states, taking in 
Arizona, New Mexico and parts of Colorado, Utah and Texas, includes 
at least 7,000 species, of which probably a fifth are allegedly of 
some medicinal importance. Obviously in the scope of this paper I 
cannot present an adequate overview of 1,400 species. One viable 
option seems to be to present an overview of those species for which 
relatively good evidence is available as to their medicinal usefulness. 
The quality of such evidence is of course extremely varied, ranging 
from extensive traditional trials by ordinary inhabitants or former 
inhabitats of the region to somewhat more rigorous evidence gathered 
by professional workers. Using evidence of this varying quality, we 
can narrow the number of species to be considered here to a few hundred, 
perhaps 300, but that is still too many. Reducing the number arbitrarily 
to those species that are common and widespread and are widely acclaimed 
to be efficacious, I have arrived at about thirty. But if we were 
to limit our purview to those species for which hard evidence of 
medical usefulness has been adduced by modern clinical trails, we could 
count the candidates on the fingers of one hand. 

And that brings me to my principal thesis: the need for modern 
clinical evidence of the medicinal properties of our wild plants. In 
view of the rising professional fees and the decreasing average 
purchasing power, it must be clear that the so-called modern medical 
care is decreasingly available to the average person in our region, 
even though few affluent urban centers may not yet have experienced 
this trend to a serious degree, and even though some public programs 
may work slightly to counter these trends. By the same token, more 
people are turning to traditional or folk medicinal practices. Many, 
trapped by lack of information, have bought plants as panaceas. In 
one recent and perhaps ongoing incident, dried Rumex hymenosepalus 
has been sold as "Wild Red American Ginseng", though it is totally 
unrelated to ginseng. It seems that anything with the word "ginseng" 



180 

on it will be purchased by some gullible people. In this instance, 
the Run\ex may be nearly worthless for internal use and the high 
content of tannins contraindicates repeated internal use; Rumex 
hY!flenosepalus internally is probably even mildly carcinogenic. 
The government and the medical profession, including the Food and 
Drug Administration, have used this type of situation as an excuse 
to crack down on the entire herb-dealing industry, while at the 
same time the more reputable dealers are trying to police the 
industry int,ernally.. Tbe point is that with more people turning 
to herbs,, and with so little information available, it appears to 
be incumbent on a liberal and humane society, such as many people 
feel that ours s hould be, to develop and publish the information 
needed fo.r .informed deci sions. As matters now stand, the government, 
by its ina,c·tion, and. the medical profession, by its economic practices, 
are conspirin.q to force the public to use traditional folk-remedies 
whose l!:'eal physio.1ogical and psychological effects, if any, are 
unknown. Modern trials using experimental animals and possibly 
humans,. ~e,. as is well known, expensive by most standards. 

The pci vabe pharmacieutical companies cannot be expected to finance 
ties ,ting of chemical.ly- mixed extracts of wild plants,, extracts that 
they canrnot patent ,. and therefore cannot profit from; as we know too 

el1,, :fo.r years such companies have tested only patentable pure 
s:rutheti1c substances , while crude plant extracts have one by one 
·dropped. 1oet of the pharmacopeias for lack of information and interest. 
SUrely. i :f milJ!.ions of cit izens must by economic necessity rely on 
w:ild plants fo.r medicinal effects, the government can find support 
JSor cli:ni,cal tests of these plants. 

The foH.orwing comments emphasize some of the plants of the south
western. Uni ted States that are alleged to be of medicinal importance. 
I have assembled this information merely as an example of the kind 
of data brought together through compilation. We will start with a 
few less well known plants and build up to those plants for which 
good evidence is available on efficacy. This list will include the 
scientific name followed in parentheses by common names. For most 
of these species, reference will be made to the individual(s) most 
significantly responsible for the compiled information on plant use. 
These data have been assembled in the preparation of a book-length 
report on the edible, medicinal and otherwise useful plants(including 
cosmetics, dyes, fibers, perfumes, waxes, lubricants, etc.) of the 
region. 

1. Flourensia cernu~ (Tarbush, Hojasen) leaves are supposedly 
good for indigestion and stomach colic at low internal dosages; our 
experimentation with just a few leaves indicate that violent 
purgation results. Indeed the name hoja sen means laxative-leaf. 
Therefore it is interesting that the people near Muzquiz, Coahuila 
use the leaf-decoction to try to cure dysentery (LaTorre and LaTorre, 
1977). They also bathe in the decoction to relieve the effects o f 
hypothermia . The fruits are known to be highly toxic. 
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2. Pectis an?ustifolia (Limoncillo) is made into a tea said to be 
useful to relieve stomach pains and to tone up the stomach. 

3. Salvia reflexa (Chan-sage) is made into a leaf-decoction used 
against gastritis and also used, doubtless in desperation, against 
malarial fevers and rheumatic fevers. 

4. Chilopsis linearis (Desert Willow, Mimbre) bears lovely flowers 
that are decocted to make a remedy for coughs, also alleged to be 
a heart-stimulant. 

5. Euphorbia serpyllifolia (Hierba de la Golondrina): the foliage 
is crushed and made into a poultice against snake-bite, tonsilitis, 
rash and warts. A gargle is made from the leaves (Curtin, 1947). 
Also this is used against diarrhea, as an emetic, lactogogue and 
cathartic (Burlage, 1968). 

6. Gaura coccinea (Hierba de la Virgen) is used as a poultice 
against muscular rheumatism, burns and inflammations (Curtin, 1947; 
Burlage, 1968). 

7. Krameria lanceolata (Trailing Ratany) is used internally against 
diarrhea, pyorrhea and hopefully against cancer of the digestive 
tract and externally against sores and falling hair (Burlage, 1968; 
Fleming, 1975; LaTorre and LaTorre, 1977). 

8. Parthenium incanum (Mariela) is used internally against liver
ailments (Standley, 1920), stomach-distress, diarrhea and externally 
to promote healing of sores (LaTorre and LaTorre, 1977) . 

9. Ziziphus obtusifolia (Lote) furnishes roots used by the Pimas 
to treat sore eyes (Standley, 1920) and by the Seri to treat skin 
and scalp sores (Felger and Moser, 1974). 

10. Baccharis salicifolia (Yerba del Pasmo), incorrectly called 
B. glutinosa in most works, supplies l eaves decocted as a tea against 
colds, coughs (Pennington, 1969), and used externally to treat sore 
eyes (Standley, 1920); in a poultice they are said to be highly 
effective in combatting skin infections (Standley, 1920; Pennington, 
1969). 

11. Cerococarpus montanus (Mountain Mahogany) is used internally to 
relieve constipation or dysentery, stomach trouble, colds and post
partum problems, and externally to help heal sores (Burlage, 1968; 
Curtin, 1947; Moerman, 1977; Pennington, 1969; Standley, 1920). 

12. Guaiacum angustifolium (GuayacAn), called Porlieria in most works, 
is used internally as a sudorific, vascular stimulant, emmenogogue, 
and cough medicine and externally as a shampoo against dandruff 
(LaTorre and LaTorre, 1977; Martinez, 1959). 
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13. Rumex hymenosepalus (Canaigre), the infamous "Wild American 
Red Ginseng," has a variety of external applications against pyorrhea, 
rheumatic joint s, and sore lips. Internally it is taken against 
diarrhea and colds and used as a gargle for sore throat (Vogel, 1970; 
Burlage, 1968; CUrtin, 1947; LaTorre and LaTorre, 1977). 

14. Datura wrightii (Toloache, Thorn-apple) is one of the famous, 
dangerous Jimson weeds. Most of the suggested applications are 
external, to promote healing of skin wounds and sores as well as 
hemorrhoids and to treat rheumatic joints and kill headlice . However , 
it i s sai d that in cases of very serious injury or emergency surgery, 
the root has been used internally as an anaesthetic. The therapeutic 
and fatal doses are so similar that the danger becomes obvious. 

1 5. Agave (Century Plant, Magney) Various species of Agave have been 
used externally for skin disorders and internally as a laxative, 
menstrual regulator and treatment against venereal d i seases. 

16. Gutierrezia sarothrae (Perennial Broomweed) has been used internally 
against rattlesnake-bite, malaria, rheumatism, gastritis and to 
promote emesis and regular menstruation (Curtin, 1947; LaTorre and 
LaTorre, 1977). The f umes are i nhaled against respiratory ailments 
(Johnston, 1970) . Ext ernally it treat s rheumatism, rectal disorder s 
and sprains (Burlage, 1968) • 

17. Opuntia lindheimeri (Nepal, Prickly Pear) is taken internally to 
combat kidney ailments, gallstones and indigestion and used externally 
to help heal skin disorders and_ r heumatism (LaTorre and LaTorre, 1977; 
Curtin, 1947) • The conditions tha t can supposedly be relieved by use 
o.f various other species of Opuntia f or m a very long list. 

18. Mirabilis mu1tiflora (Maravilla) is supposed to be one of the 
.r ea lly .important medicinal plants. The root s are used against 
indi1g:estion,, dropsy, go.it-er, sore t hroat and worms (Curtin, 194 7) • 
Exter:nall_y they are us1ed agains t respi ratory disorde·rs, fevers, mumps, 
swell.ing, .rhelilJilat:i,c pain.,etc . (Curti n, 1947) • If one were to pick 
.out a f -ew plants .for clinical t esti ng this probably ought to be one 
of the '.f .ir.sit .. 

1'9 .• Eonv:aird:ia _terui:£olia (Mirto) is taken internally against coughs, 
colic, 'ex1cress:i~e bleeding and heart-problems (Standl ey, 1920; 
Pennington, 1969") and as a genera l tonic (Burlage, 1968) • 

20 .. 'l'helesperma megapotamicum (Cota) is used interna lly a s a laxat i ve, 
diuretic, febrifuge and vermifu ge; externa lly it i s a t reatment f or 
cha fed skin (Curtin, 1 947) . 

21. Sol an\nn eleagnifolium (Trompillo) is used internally in a recipe 
f or an enunenagogue and in another f or an abor tifacient (LaTor re and 
.La.Torre , 1977) • The berries have been used i nternally against 
tonsilitis , catarrh and headaches ; t he roots have been c hewed to 
allay t ootha che; and t he leaves have been used in an eye-wash (Curtin, 1947) . 
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22. Grindelia squarrosa (Tacky Gumweed) has been recommended or 
used for several ailments, both internally and externally. some 
of them are constipation; colds, colic, asthma, indigestion, kidney
problems, bladder-trouble, liver-trouble, smallpox, measles, venereal 
diseases, pneumonia, cough, blenorrhea, tuberculosis, gastritis, 
thro~t~pro~lems, .lung-diseases, dyspnoea, poison-ivy rash, swellings, 
surficial infections, saddle-sores. The plant is also said to be 
antispasmodic. 

23. Anemopsis californica_ (Yerba del Manso). The roots used internally 
are said to purify the blood, cure dysentery, stomach-problems, colds, 
influenza, and to tone up the body (Curtin, 1947; Burlage, 1968). 
Externally they are the best promoters of healing of the skin (sore, 
burn, cut, abrasion, etc.) and they staunch the loss of blood (Curtin, 
1947). They are also used on hemorrhoids, swellings and painful feet 
(Curtin, 1947; Burlage, 1968). 

24. Tecoma stans (Esperanza) has been used internally against indigestion, 
irritation of the digestive tract by alcohol or other substances, 
diabetes, colds, dysentery, stomach-pains, worms and to stimulate flow 
of urine; the flowers as a poultice were used upon the chest to allay 
heart-pains (Pennington, 1969; Martinez, 1959) while a decoction was 
used to treat sore eyes. 

25. Chrysactinia mexicana (Damiana Falsa, Dill Pickle Plant ) is 
alleged to perform medicinal super-feats including the effective 
treatment of male impotence (thus the name damiana falsa); not only 
that, it is said in some books to be an abortifacient (Smithers, 
undated) and in others to promote conception in women (LaTorre and 
LaTorre, 1977) but perhaps the latter effect is more a function of 
its effect in men. It is said to be antispasmodic, sudorific, 
diuretic, tonic, and febrifuge and to help in cases of painful 
menstruation, venereal diseases and leucorrhea (Standley, 1920; 
LaTorre and LaTorre, 1977). 

26. Ephedra torreyana (Torrey Joint-fir) is said to be used extensively 
against rheumatism and arthritis, and less extensively against 
blenorrhea, fever, kidney-pains, hematuria and anuria; related to 
the latter it is said to be diuretic (Curtin, 1947). Other species 
of Ephedra are said to have similar effects as well as some others. 

27. cucurbita foetidissima (Stinking Gourdvin, Buffalo Gourd) is said 
to have a great many effects including violent purgation, expelling 
of worms, stimulation of bowel-peristalsis, flow of urine, 
perspiration and vomiting and internal bleeding when u~ed as . 
abortifacient; it is considered an effective agent against build-up 
of narcotic substances in the system; it is used to treat venereal 
diseases, rheumatism and constipation (Curtin, 1947; Fleming, 1975; 
Uphof, 1968). 
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28. Larrea tridentata (Hediondilla, Gobernadora, Creosote bush) is 
another species with a very long catalog of supposed and/or 
documented medicinal properties. A few of the conditions that are 
treated with it are rheumatism, anuria, gallstones, kidney-ailments, 
head-sores, gastritis, diarrhea, wounds, venereal disease, chapped 
skin, chill, cough, melanoma, indigestion, tuberculosis, bowel-cramps, 
colds, dental caries, body-odor, liver-ailments, achy feet, swelling, 
headache, sore throat, dizziness; it is said to have analgesic and 
vasodepressant properties. We wonder whether such an attribution 
of medicinal propert~es can be wholly illusory; surely if so many 
people for so many centuries have relied on this plant for relief, 
it' must do a few of the things it is alleged to do. In fact, we 
have tested Larrea as a decoction against skin infections, festered 
sores and the like- and find it to be far more effective than 
antibiotic ointments widely available in supermarkets. 

29. Prosopis glandulosa (Mesquite) is another kind of plant with 
a long list of supposed medicinal accomplishments. We can mention 
for example treatment of pink-eye (inflamed conjunctiva), skin
eruptions, sore throat, diarrhea, chronic indigestion, umbilical 
hernia, measles-itching, constipation, boils, stomach-ache, etc. 
A leaf-decoction is said to be a good emetic. We might almost 
suppose that the list of ailments that a plant is alleged to treat 
effectively is proportional to its abundance. 

30. Artemisia ludoviciana (Estafiate) is still another near-panacea, 
if the reports are to be believed. This gall-bitter herb is said to 
be tonic, astringent, vermifuge, diuretic , abortifacient , emmenagogue. 
It can be used to treat difficult menstruation, post-partum 
difficulties, upset stomach, diarrhea, gallstones, kidney- stones, 
colds , bronchitis, influenza, fever, rheumatic joints, chest-pleurisy, 
wounds, poison-ivy rash, dysentery, intestinal obstructions, 
difficult teething in infants , headaches , etc. 

31. Chenopodium ambrosioides (Epazote) is perhaps the most famous 
herbal panacea of North America outside of ginseng, and its importance 
is not diminished by its weediness; it has invaded various warm parts 
of the world, being listed in the latest barefoot doctor's manuals 
issued in mainland China , for example . It is said to be anthelmintic, 
stomachic, carminative, analgesic,vermifuge or vermicide, menstrual 
regulator, abortifacient, antispasmodic, febrifuge, et c . and effective 
in treating fatigue, indigestion, palpitation, dyspnoea, asthma, 
postpartum difficulties, sores, bedwetting, tired blood, dysentery 
even the amoebic kind, burns, etc . 

The 31 plants mentioned here are merely representative of the hundreds 
of alleged medicinal plants in the southwestern United states; plants 
whose real effects are unknown to modern medical science; plants that 
contain dozens or hundreds of compounds worth testing individually 
and in combination for possible effects; and plants that are widespread 
and common and therefore available at low cost compared to the powerful 
synthetic drugs prescribed these days for even minor disorders. My 
plea is for more and better information. 
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The Distribution of Medicinal Plants in the 
Arid and Semi-Arid Regions of 

Rajasthan - Thar Desert 

M. N. TEWARI 
Laboratory of Plant Biochemistry 

Botany Department 
University of Jodhpur 

Jodhpur, India 

'.r'he Indian desert covers an area of about 28, 600 km2. The soil is 
sandy and at places it is saline, whereas some parts are rocky. 
Climatically, the arid zones are characterized by highly variable 
precipitation, extreme variation of diurnal temperature, and high 
evaporation. The hot Indian desert has a summer temperature of 
nearly 40°c. The area consists of sand dunes, and sandstone hills. 
As a result, vegetation cover is scanty. During the rainy season, 
the entire area is covered with herbaceous annuals but during the 
summer, perennial drought resisting plants are able to adjust. 

Although the vegetation is scanty, some plants of the area have great 
medicinal importance. This study deals with the distribution of 
some important medicinal plants in this area. The medicinal value 
of these plants is described in the ancient system of medicine 
(Ayurveda) • The Indian system of medicine has established the 
importance of these plants either as general restorative or as a 
curative medicine for a number of diseases. The methodology of 
collection of the plant parts, the period of collection, the method 
of isolating the active principle either in water, alcohol, or fat 
is described in detail in the ancient Indian literature (Charak 
Samhita, 1975). This literature also discusses the collection of 
plants from different suitable localities. Some plants are collected 
from the low temperature hilly areas, whereas others are collected 
from the arid areas. The climate influences to a great extent, the 
biosynthesis of different active components. The plants growing in 
arid areas have high contents of alkaloids and tannins in comparison 
to their ~ounterparts growing in non-arid conditions. The present 
study deals with the identification and distribution of some 
medicinally important plants of this area. 
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The flora of Raj asthan has been described by a number of workers 
(Blatter and Halle.berg, 1918-1921; Chaudhary, 1961; Ganguli and 
Kaul, 1965; Chopra et al., 1956; and Bhandari, 1978). 

The plants which have been collected and described by the author are 
trees, shrubs, herbs, vines and some annuals. The description of the 
plants is given by family and their medicinal importance is discussed 
in detail. Some of the parts are analyzed for total proteins and 
fr1ee amino a.cids by the method of Lowry et al. ( l 95i) and Tewari et al. 
(1976) . Tannins were determined by the method of Jain (1966). 

Family - Ascelpiadaceae 

P1ants: calotropis procera 

A sma11 shrlib with purple flowers, this plant commonly grows in sand. 
e 1eaves are broad and opposite. The bark is soft, corky and 

spcm.qy. The plant is known as "Ark" in Sanskrit. 

1eaves are used as a cure for worms and fever. The flowers are 
used in cough, asthma and as a digestive restorative. Roots are used 
as an expect:orant, in dysentery, and in the treatment of elephantiasis. 
'i'he white milky latex i s u sed to cure skin diseases. 

In the Indian system of medicine Punchang (five parts, namely, root, 
st:em, leaf, flowers a nd seeds) are used for the preparation of a 
rest:o:rative mixture. It is an important ingredient for a large 
number of complex mixtures to be used against different diseases. 

Cbarak (1975) bas described .its importance for the preparation of 
Shitjwareg:uvarditalum with other ingredients. The other important 
preparations in which this plant is an important ingredient (roots) 
are: 
Cbitrakadil·ep (used against leprosy) 
Kanaksbiritail (1ea ves and root bark) 
Plankmadyatail (root used against swelling) 
:"fuk'tadycburna (flowers are used with other ingredients) 
Krimighnadivarti (a preparation for worms in which the latex of the plant 
is used as one of the constituents) 

Calotropis gigantia 

The plants achieve more or less tree like habit. Medicinal value of 
the plant is similar to c. procera. 

Family ·- Capparidaceae 

Capparis decidua 

A small shrub with deciduous leaves. Shrub is spiny and profusely 
branched. It grows in sandy as well as rocky places. The plant is 
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very well distributed in Western Rajasthan. The flowers are brick 
red. 

The leaves are used in skin diseases. The whole plant (_Punchang) is 
used for rheumatism and inflammation. It is used as one of the 
constituents for the cure of leprosy. The Ashtangsangraha lists its 
importance in preparation of the medicine for leprosy (Charak, 1975). 
Fruits are used as a digestive and restorative. The leaves and tender 
branches are useful in toothache. The bark is a laxative and used 
against cough, asthma and inflammation (Gupta et al., 1966). 

Chemical Analysi~ 

Plant part % protein dry wt. basis Free amino acids 
·~----~-~-'--'-':.::...:.........:.:..::..=:..::.:::.._ 

Root Wood 28.13 Asp and Leu 

Root bark 32.46 Asp, Glu, and Leu 

Fruit 19.31 Val and Glu 

Family - Euphorbiaceae 

Euphorbia caducifolia 

It is a succulent shrub with joint 
the plant may be green, pale green 
thorns. The leaves are caduceus. 
rocky ground. 

cylindrical branches. The color of 
and golden yellow. It bears stipular 
The plant grows luxuriously on 

Leaves are chewed for cough and asthma. Roots are purgative and emetic. 
They have antiseptic values, also. The plant is a general restorative 
for liver and spleen. It is also used in jaundice. The milky white 
latex is used against skin diseases. Its roots are very important in 
a preparation for leprosy as described in Ashtangsangraha (Charak Samhita, 

1975). 

Chemical Analysis 

Plant part % protein on dryL..w.::.::t:..:·~b::;:a:.:S:::.:l::.. ;::s __ ~F~r:.:e:::.:e::_.::am=i::.n:.:o;__;a:;,.c:..1_· d __ 

Latex 1. 01 

Stem 7.93 Val, Ala and Ser 
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Famil y - Rhamnaceae 

Zizyphus nummulari a 

Small spiny sh rub; flowers are pale yellow in color. Plants grow 
i n sandy soil 1 richly distri buted in arid regions of western Rajasthan. 

The l eave s ,ar,e used aga inst skin diseases and are also useful for 
colds and cough. The f r uits have a cooling effect and are used as a 
restorative for the digestive tract. Decoction of the plant is a 
very important cons titue nt f or important Ayurved preparations, such 
a s Shitjwareguvard1t alam (Char ak, 1975). Its aqueous decoction is also 
used in Havusadya:9hrit (Charak , 1975). The fruits have been described 
as important constituent f or a general restorative prepared with other 
ingredients {Charak, 1975). 

Family - Burseraceae 

Commiphora I 

'l'he plant is a highly bra nched shrub, 1-2 m in height. The bark 
peels of'f flOCllllt t h e stem like paper. The branches end in spines. The 
plant gi:v:es ait11 aromatic s mell . Its gum resin, which is pale brown in 
color i s the main source of guggal which has great medicinal value. 

The t:e.ndl.er branches and l eaves are used as a general restorative. The 
bark powd.e,r is used against cough and colds. The aqueous decoction 
is used. a.gainst asthma . I ts important Ayurvedic preparations are 
Yogra j , ~abayograj, and Chandraprabhavati. It is an important 
cons tituent for Shi t jwareguvarditalam, Pradeh, and Vachadyaghrit. 
I n all t hese preparat ions, and Pradeh and Vachadyaghrit, the resin 
gum of t he p lant is used as an expectorant and antiseptic. 

Family - Mimosaceae 

Pr osopis cineraria 

A large, highly branched sma l l tree. It has scattered prickles. One 
of the mo.st common trees growing throughout the sandy soil forming 
patches. 

Flowers are used to strengthe n the pla~enta during pregnancy. The bark 
of the plant is used aga inst rheumatism. Fruits are astringent and 
used as a restorative for the gastrointestinal tract. It is used 
against diarrhea in a c omplex preparation described by Charak (1975). 
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Chemical Analysis 

Plant Part Protein Carbohydrate 
(% dry wt) (mg/ g dry wt) 

Root N.D. 23.1 

Root bark N.D. 24.2 

Bark N.D. 11.6 

Stem N.D. 8.4 

Leaf 8.6 19.3 

Pod (Fruit) N.D. 28.2 

Seeds 10.2 

Acacia senegal 

Free amino 
acid 

N.D . 

N.D. 

N.D. 

N.D. 

Val, Pro, Leu 
Ala, Glu, Asp 

N.D. 

Val, Pro, Leu 

Tannins 
(%) 

4.16 

1.46 

2.28 

3.68 

2.89 

1.86 

The plant is a small spiny tree very corrunon in the foothills and 
sand dunes. The bark is yellowish white. The gum of the plant is 
important from a medicinal point of view. 

Used as a general restorative for the blood system and gastro
intestinal tract. Flowers are used against infection of the eyes. 
Fruits are used as a restorative for urinogenital system. The gum 
is used for cough, blood purifier, and against female diseases. The 
important Ayurvedic preparations which contain this substance (gum) 
are the Arishta and Lavangadivati. Charak has described its importance 
in the preparation for diarrhea. 

Chemical Analysis 

Plant Part 

Gum 

Fruit seeds 

Protein 
(% dry wt) 

10.l 

14.21 

Free amino acid 

Val, Ser and Leu 

Val, Ser, Asp, Leu and 
Cysteine 
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Family - Salvadoraceae 

Salvadora oleoides 

A small tree with white flowers, and green leathery cover of leaves at 
the tip; common in sand:y soil. 

The leaves are a purgative and also are useful in rheumatism and 
against cough. The juice has been described to be effective in 
scurvy (Gupta et a.I., 1966). Fruits are used for rheumatism. 

Salvadora persica 

A small tree with white flowers, common in sandy soil. The medicinal 
properties are similar to,§_. oleoides. 

The aqueous decoction of stem bark is used as a stimulant, tonic and 
as a cure fo.r :fever.. The frui t is carminative and diuretic. The 
leaves have b een priescribed in Baladyayamak (Charak, 1975). This is 
a cnre against bile troubles and helps in the establishment of 
pregnancy. 

·Family - Cucurbitaceae 

Citrn1lus: ·colocynthis 

The plant is a per·ennial , prostrate, trailing herb. It has a long 
tap root s ystem. '!'he stem is cylindrical and branched. Leaves are 
deltoid in outline and deeply three-lobed. 

'fhe :fruit of the plant is purgative and its oil is used as a 
·g:a.stroiut1e:stinal r iestorative. It is also used in jaundice and diseases 
o.f t:he ;stomach and liv1er. The important Ayurvedic preparations in 
which this is ,an .important constituent are Narayanchurna, Abhaiyarishta 
and Tri.phladichnrna, in which its roots are used. Roots are used in 
pr1eparatian.s usefu1 for l·eprosy as given in Ashtangsangraha. It is 
also useful for Kanakbinduarishta. The roots are used in Mahatiktaghrit 
which is a Ayurvedic medicine as a blood purifier, cure for piles, 
liver diseases, fever, heart trouble and cancer. The seeds are used 
in Kustbagyatail and Tictekhshvakutail which is also a medicine for 
leprosy. 

Chemical ADa1ysis 

Plant parts 

Leaves 

Ripe seeds 

Fruit (pulp) 

Protein ( % dry wt. ) 

7.1-8.0 

26.31 

14.62 

Free amino acid 

Pro, Val, Ala, 
Cysteine and Asp 

Val, Ala and Cysteine 

Val, Ala and Cysteine 
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Family - Fabaceae 

Tephrosia purpurea 

A perennial, small under-shrub. The color of the flower is pinkish. 
It is common on sandy places, hills, and sand dunes. 

Leaves are used in leprosy. Roots are bitter in taste and are used in 
liver and spleen diseases, very effective in colic pain and stomach 
ache disorder. The plant is used as a tonic. An aqueous decoction is 
used in cough and colds. It is also used as a blood purifier and 
expectorant. 

Family - Nyctaginaceae 

Boerhavia diffusa 

Small herb with pink flowers. It grows profusely on sandy and rocky 
areas during the rainy season. The plant occupies a very important 
role in the ancient Indian medicinal system in the name of Punarnava. 

The roots are a laxative and expectorant used in asthma, anemia, 
jaundice, fever, and inflammations. Constituent of Brahama Rasayam. 
It is used in the preparation of: Balatibala ______ , 
Shitjwareguvarditalam, Indroct Rnsayanami, Indroct Rasyanarn, 
Vatacoughlap, !:!_tsadanyoga, Jeevantyadilape, Surpgudika. 

In hyperglycaemia, Charak has described its use in a preparation with 
other constituents. In cardiac diseases, Punarnavagyatail has been 
described. For sterility in females the plant is used in 
Mahamayurghrit. The plant is one of the Mahaaushadhi in the Indian 
Ayurveda system. 

Family - Zygophyllaceae 

Tribulus terrestris 

The plant is a prostrate annual herb. The habit is procumbent. Young 
branches are silky, villous. The plant grows profusely on loose sand 
and gravel. It is very important in the Indian system of medicine and 
used as a tonic in impotency. It is also useful in gout and kidney 
trouble. 

It is a major constituent of Chyavanprash, _Trikantkavyapay (effective 
medicine for fever, Brihanigudika (important stimulant for sexual 
activity), Shastakadigudika (the aqueous decotion of the whole plant 
is used in preparation of this medicine, useful in male impotency and 
promotes the formation of motile sperm), Brishpayasah (aqueous decotion 
of the plant is taken with cow milk and with other ingredients. It is 
a medicine f or e rection and enhance t he potency) , Jaevantyadighritarn 
(it destroys eleven types of different diseases r e lating to g~str~
intestinal and the blood vascular system), Mahapanchagavyaghrit (it is 
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useful in gastrointestinal diseases, jaundice and fever), 
Swadanshtraghrit (it is a gene~al restorative for both the male 
and female), Rasnaghritarn and Trushnaghritan, and Pashanbhedadighrit 
(an important tonic given to ladies in case of sterility). 

This plant is used in headache, cardiac diseases, spleen disease, 
and tuberculosis, weak nervous system, pain, urinogenital system, 
and other diseases. 

Family - Malvaceae 

Sida cordifolia 

This plant is a small under-shrub with yellow flowers; it grows 
luxuriously on sandy soiis. Root and root bark of the plant is the 
tonic and useful in nervous diseases which is also a cure for 
urinogenital disorders. The root bark is also used in paralysis and 
sciatica. 

Sida acuta (Bala} 

A much branched under-shrub, stern is glabrous, hairy and woody at the 
base. The plant is used in Indroct Rasayan, and as a restorat~ve. 
The root is a tonic, whicp has a cooling effect. It is a medicine 
for urinary, blood and bile disorders. It _is also used in treating 
ne rvous diseases. 

Sida orientalis (Atibala) 

It is an erect under-shrub. The leaves are oblong to lanceolate , 
rhomboid, cuneate. The plant is not very common in this area, but 
at places where enough moisture is maintained (reported by Dr. Bhandari, 
1978, from Jodhpur.) 

Leaves are used in inflammation. Roots are valuable in rheumati sm. 
Important constituent of Arnlaghrit, which i s a stimulating agent for 
sex organs in males. It cures all non-pathological disorders. 

Sida spinosa 

Erect under-shrub, densely stellate, common garden weed in open 
places. 

The decoction of root bark i s used in urinogenital disorders. Roots 
are used as a tonic and diaphoretic. This is also used against 
fevers. Leaves are useful for female genital diseases. The plant is 
used in Indroctrasayan as a general restorative and to promote memory. 
It is also used in Nagbala rasayan to keep a person young . 
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Guayule - A Potential Rubber Crop for 
Semi-Arid Lands 

GEORGE P. HANSON, HIMAYAT H. NAQVI; INDIRA MEHTA, 
NANCY ELDER, and COLETTE BEAUPRE 

Los Angeles State and County Arboretum 
Arcadia, California 91006 

Since at least the sixth century B. C. rubber has contributed an 
important part in American culture. Ancient ruins of the Maya 
reveal courtyards where ball games were p layed. These games were 
part of religious ceremonies and utilized a hard rubber ball that 
was maneuvered through rings by players who could hit it only with 
their padded hips or buttocks. Although the rubber used for these 
balls probably came from Castilla trees native to the area, similar 
games were also played in Northern Mexico where such trees are not 
native. When guayule (Parthenium argentatum) came to be employed 
as a source of rubber for these balls is not known, but the conquering 
Spaniards observed that the natives obtained rubber from the guayule 
by a communal chewing of the bark. 

Although ball games are now an even more important part of American 
culture than ever before, our dependence upon rubber is widespread 
throughout our lives. Rubber is an integra l part of most modes of 
modern transportation. A wide range of industrial products require 
rubber. It is present in carpets in our homes and businesses, 
and in the shoes on which we walk. 

Renewed I nterest in Guayule 

Recent political and economic events throughout the wor ld have led 
Americans to a renewed interest in the search for new sources of 
renewable raw materials so that the lives to which we have become 
accustomed would not be drastically changed by the political events 
of one or more countries. We are also beginning to realize that 
our energy s ources are finite and need to be conse rved. As much as 
possible, we are encouraged t o find alternate sources of energy and 
raw materia l s f or our economy . 
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As a r esult of these interests , two international meetings have been 
he ld to discuss the current state of knowledge about guayule and 
r eeval uate its promise for the f u ture. Funding for guayule research 
and development has been request ed from various governmental agencies 
of the United States and othe r countries. 

Substantial amounts of money have been forthcoming to initiate 
guayul1e rese~Ch programs as ,ev idenced by the extraction plant and 
rubber resea.vch facility set up i n Sal tillo, Mexic'o, and by the 
various resear,ch projects tha t have been funded in the United States. 
Currently two p .lant breeding pro j ects are underway in the United 
States,, one at the University of Arizona at Tucson, and the other at 
tlh:e :tios lmgel1es Arbar,etmn, Arcadi a, California. In addition, 
a.g;romomic ,p1:1oj,ects are underway at New Mexico State University at 
Las Cil'o:cces. ·,the Ne~ada Di vision of .Forestry at Carson City, and 
1'l'e11ta·s .A~ Oni:v.ersity at El Paso. A project is in progress at the 
U'l.1li1bed. Stia:bes D.eparibm:ent of Agriculture Fruit and Vegetable Chemistry 
LabD:r:;a:lbm.y. :in Pasadena, California, to investigate the effects of a 
bio::ve~J111.latior O:Iil 91J1ayule rubber production~ A number of other 
.:invest:ii!}at.0:1:1s are al:so working on projects such as tis sue culture, 
phohopel:"iodism, rubbe:r quality, wood characteristics, and 
chemotaxonomic studies .. 

In the private sector, much renewed guayule related activity is also 
in evidence.. Hugh Anderson, Pasadena-based Pacific Rubber Growers, 
who has perhaps the only source of large quantities of guayule seed, 
has begun planting small ac reages and is actively promoting the plant, 
both locally and abroad . The Goodyear Tire and Rubber Company has 
established a :small plot near Litchfield, Arizona, and Firestone 
Ti.r,e and Rubber Company is establishing a greenhouse and 2, 000 acre 
plot in Fort Stockton, Texas. Fi restone also plans to build a 
small extraction plant on the site to process native and cultivated 
guayule .• 

Anatomical Location of Rubber 

The commer cial process of obtaining rubber from guayule shrubs is 
similar to that formerly employed by the Mexican natives--mechanical 
crushing or pulping in an excess of aqueous liquid~ In brief, the 
shrubs are dipped in hot water to coagulate the rubber, wash off 
soil from roots, and remove the leaves. From this point the older 
processes employed equipment designed for ore crushing . More 
recently, pulping machinery similar to that employed in paper 
manufacture are used. The current processing plant in Saltillo, 
Coahuila, Mexico, uses a Bauer Mill developed by the paper industry 
for making pulp. Figure 1 illustrates a ball of this rubber and 
the approximate size of plant necessary to furnish this quantity 
of rubber. 

Physical maceration is employed to release the rubber from within 
the cells of the plant tissue because, unlike Hevea, the rubber is 
not located in latex ducts. The rubber in guayule accumulates in 
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A two year old nursery grown guayule plant would yi eld a 
ball of rubber of the approximate size shown. 
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living pare.nchymatous cells of the bark and wood. Most of the 
rubber accumulates in cells that form the vascular rays of the 
wood and bark. The bark contains much more parenchyma (thin cell 
walled tissue) than does the wood; i t also contains much more 
rubber on a percen:ta.qe basis. 

We are studying the anatomy of the various species of Parthenium 
and comparing cellular details among high and low rubber bearing 
plants of guayule. We are reinvest igating some of the studies 
performed by Artschwager {1943 , 1945) but looking at both native 
and cultivated material. Attempt s are being made to identify 
anatomical characteristics of high rubber-bearing plants which 
can later be employed as a criterion in our selection program. 

Sources of Germ Plasm 

In order to conduct a breeding program it is necessary to amass a 
wide diversity of ge.rm plasm. We have obtained seed from the USDA 
National Seed Storage Labor atory at Fort Collins, Colorado, from the 
Ben-Gurion University of the Negev in Israel, from Hugh Anderson of 
the Pacific Rubber Growers , and from recent seed collections made in 
Mexico by Reed Rollins, Char l es Mason, and by ourselves. 

During our trip .in the summer of 1977, we collected material for 
herbarium, anatomical studies, and rubber analyses from more than 
53 locations in Mexico. We have determined that a stem sample of 
5- 10 mm in diameter c an yie l d data which is reproducible and which 
bears a .direct relations hip t o what would be the average rubber 
percen tag.e of the ent i re plant . Part of these data have now been 
analyzed and yield conc lus i ons which should be of value to others 
planning collections tr i ps i nto native stands of guayule. 

Our studies on tbe l eaves of t he native material indicates a 
relationship between t r ichome (leaf hair) morphology and rubber 
content {Mehta et al. , 1978). Both of these characters are directly 
related to the deg.ree of i nt r ogression between guayule and the 
closely related mariola {Parthenium incanum). Mariola is much 
more abundant throughout the guayule range than is guayule and the 
two species hybridize free l y. Pure mariola contains little or no 
.rubber, but appears t o have a much greater range of adaptation 
than guayule . Among our samples of 53 collection sites we found 
guayule-mariol a hybrids to be much more frequent than pure guayule. 

By c omparing t he r ubber percentage data with a map of the collection 
sites we found certain areas in Mexico to be more likely to contain 
high r ubber bearing plants than others. We have identified six 
s uch sit es as follows: a) an area lacking improved roads 11.7-
36.7 km E of Cuencame, Durango; b) an area 18.3-35 km W of Mapimi, 
Durango along Highway 30; c) an area 15-25 km NE of Esta Marte 
(west of Saltillo) along Highway 40, Coahuila; d) along Highway 
54, 50 km S of Saltillo, Coahuila; e) along Highway 54 from the 
Tropic of Cancer in Zacatecas to the Coahuila state border (50 km NE 
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of the Tropic of Cancer and 40 km NE of Rancho Nuevo gave the 
highest percentages); and f) in southwest Nuevo Leon near the 
town of San Roberto. 

The native habitat of guayule can be classified as high desert. 
Stands can be found in the Big Bend area of Texas and in the 
northcentral states of Mexico including the states of Coahuila, 
Durango, Chihuahua, Zacatecas, San Luis Potosi, and Nuevo Leon. 
In the Mexican region that was visited, we found guayule growing 
on well drained slopes at 1,150-2,150 m. At its lower altitudinal 
range, it was mostly confined to the cooler north and east facing 
slopes, whereas at higher elevations, it grew mostly on the warmer 
south and west facing slopes. Limestone is the most common rock 
but outcroppings of shale, sandstone and certain igneous rocks also 
provide occasional substates upon which guayule was found. 

We found the natural distribution of guayule to be sporadic and patchy . 
Communities varied in size from less than one hectare to several hundred 
hectares. Within these communities, guayule was usually found 
intermingled with other species, but occasionally it formed nearly 
pure stands. Guayule plants are usually isolated from each other and 
from other species by 0.5-1 m, presumably in response to low 
availability of water. 

Perhaps the three most common p lants we found growing in association 
with guayule were mariola, Larre~, and members of the genus Agave. 
Other plant groups common throughout the area include spec ies of 
Opuntia, Ferocactus, Echinocactus, Echinocereus, Daslirion, Fouquieria, 
Euphorbia, and Yucca. On deeper soil near valley bottoms we also 
found various species of Acacia, Prosopis and others. 

Field Plot Establishment 

Before a breeding program can become fully operational or a commercial 
exploitation of a plant becomes a reality, we must have a dependable 
method of establishing plants in the field. Guayule was grown 
commercially in the first half of this century and breeding programs 
were in operation throughout this period; however, we mus t r eeva luate 
those procedures in light of current technologies and production costs. 

During the past two or three years, a number of groups have , for one 
reason or another, attempted growing guayule plants and e stablishing 
field plots. We have provided small quantities of seed to nearly 50 
such groups throughout the world and have sent out one pound packages 
of over one-half million seed each to three commercial and University 
research centers. A number of these groups have reported problems 
in germinating seeds or maintaining seedlings in greenhouse, nursery 
or field. 

Despite adherance to r ecommendations from the literature, we have also 
experienced problems growing the plant , thus we decided to deve lop a 
procedure by which we could routine ly produce high quality plants. 
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Because of early difficulties with direct seeding, we decided on the 
following procedure for field establishment: seed germination in the 
greenhouse, transfer to greenhouse containers for early growth and 
transplant of rooted plants to the field. 

Our seed cleaning and germination procedure involves removing as much 
as possible of seed germination inhibitor(s), treating with chemicals 
to break dormancy and stimulate germination (Naqvi and Hanson, 1978) 
and placing the seed in a suitable substrate. The procedure is 
adaptable to larg~ as well as small scale operation. 

Seed germination inhibitors are present in most of the floral parts. 
The unthreshed seed unit consists of an achene with dried floral 
parts, two attached staminate florets, and a subtending bract. The 
achene must be freed from the enclosing structures. For small seed 
lots, we abrade the seed units against a 10 mesh (1.70 mm opening) 
screen through which the free achene will pass. The abrader 
consists of a piece of "dancers rubber" fixed to an old automobile 
piston to provide a hand hold. Larger seed lots are threshed by 
passing them through a Forsberg #2 Huller equipped with rubber 
cylinder and liners. 

The seed and floral fragments are separated by a combination of 
sieves and a Sutton, Steele and Steele, Inc. V-80 (V-135) small 
test gravity table. Small seed lots are hand sieved, whereas large 
lots can best be handled with a Clipper office tester equipped with 
similar sieves. Better sizes of sieves may be available but we are 
currently using a "1/22 x 1/2" sieve to retain unthreshed floral 
parts and other debris and a "6 x 32" sieve to retain seed and 
allow passage of dust and small floral fragments. Intermediate 
size sieves are useful to further separate the seed into size 
categories or to suit specific varieties (tetraploid seed is 
larger than diploid seed). The seed and remaining floral fragments 
are then slowly fed onto the gravity table where light particles and 
some unfilled seed are blown away. The remaining seed is grouped 
into categories which differ in size and percent fill. 

Cleaned seed is next washed in water overnight and treated for two 
hours with a sodium hypochlorite solution. The water soak and wash 
removes a large amount of the water soluble inhibitors and allows 
the seed to inbibe water during this time providing for more uniform 
germination. The sodium hypochlorite (NaOCl) acts to remove 
additional blockages to germination. The optimal concentration of 
NaOCl to employ varies with the age of seed as shown in Table I. 
When both percent germination and radicle growth are considered, one 
year old seed germinates best with 0.25% NaOCl, whereas freshly 
harvested seed germinates best with a 1% NaOCl treatment. 

In addition to the aqueous soak and wash and to the NaOCl treatment, 
we also treat the seeds with 200 ppm gibberellic acid (GA). As 
shown in Table II this increases the germination percenta~e slightly 
and provides a more rapidly growing seedling. At least for our 
research purposes the added boost GA3 provides seems worth the added cost. 



TABLE I. Effects of different concentrations of sodium hypochlorite on germination and radicle 
growth of freshly harvested and old guayule seeds treated for two hours. 

NaOCl concentration by available chlorine 

Age of Seeds 0.25% 0.5% 1. 0% 2.0% 

Freshly harvested 70.6 76.1 82.4 79.5 

Germination Six months old 74.2 84.0 82.3 67.1 

(%) One year old 81.8 80.5 79.6 70.6 

Freshly harvested 5.5 6.4 6.4 2.5 

Radicle growth Six months old 4.9 6.7 3.4 2.0 

(m.m.) One year old 6.4 4.8 3.7 1.6 

I\.) 

0 
1--' 
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TABLE II. Relative effects of light and darkness on percent 
germination of freshly harvested and one year old 
guayule seeds. 

Freshly harvested seeds One year old seeds 

Treatment Light Dark Light Dark 

Dry seeds 39.3 2.7 54.7 26.4 

Soaked s eeds 69.8 8.8 65.0 43.8 

NaOCl treatment 8 0 . 2 48.4 78.8 71.1 

GA3 treatment 72 . 3 42.5 67.1 50.7 

NaOCl + GAJ 88.. 2 69.2 93.5 70.6 

Afte r the seed treatments described above, we place the seeds on a 
i s tened bed o f packed Jiffy Mix and covered with about 2 nun of the 

same mate rial. According to the manufacturer, Jiffy Products of 
America, it is essentia lly equal parts of peat moss and vermiculite 
plus a smal amount of fertilizer. The seeds depend on light for 
qe:cm.i.na.tion even after our s t andard pretreatment (see Table II), 
thus qe:i:minat:ion is best performed where light can reach the seed. 

lllext the tray of seed is misted and placed in a shaded portion of the 
greenboOse and covered with a sheet of glass. The glass serves to 
per.mit light penetrati on but retain the desired high humidity for 
optimal ge rmination. 

Wi thin 3- 5 days, the glass i s raised and subsequently removed from 
t he seed f l ats . Light int ensity is increased at this time to prevent 
etiol ation. At 7- 10 days the seedlings are ready to be transferred 
(pricked- of f ) into i ndividual containers. 

The optima l container type arid soil medium into which the young 
seedl i ngs are transplanted has yet to be determined and is certain 
to be dependent i n part upon watering regimen, fertilizer schedule, 
temperature, light,. and humidity conditions, nature of field 
transplanting equipment available, post-transplanting care available, 
and last but not least, the bias of the greenhouse maintenance personnel. 

After testing a number of different container types and a variety of 
media, we have tentatively selected a 5 cm square plastic pot filled 
with UCC II Mix as most suitable for our growing conditions. Various 
criteria evaluated included size of plant at transplanting time, 
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percent survival in the greenhouse and in the field after transplanting, 
greenhouse space requirements and ease of maintenance. The university 
of California mix C II consists of 1/2 peat moss and 1/2 sand to 
which appropriate fertilizer has been added. 

A balanced hydroponic type fertilizer irrigation regimen provides the 
healthiest and the most rapidly growing greenhouse plants. We employ 
a standard hydroponic solution and irrigate the plants solely with 
this mixture. This shortens the length of time necessary to obtain 
transplantable seedlings over that obtained with other techniques 
tried. 

Our greenhouse allows full sunlight to illuminate the growing guayule 
seedlings. Even partial shading results in some etiolation and 
greater sensitivity to diseases and pests. Our guayule seedlings 
have been attacked by such greenhouse pests as aphids, mites and the 
omniverous cabbage loopers. The guayule seedlings are not only 
sensitive to these pests but to the chemicals that are routinely 
employed to control them. We are screening a number of chemicals 
in order to select a less phytotoxic pesticide. 

Our seedlings are transplanted into the field with an Ellis transplanter 
mounted on a Hefty Hi-G tractor. The University of Arizona uses a 
Holland transplanter pulled behind a standard field tractor. The 
Ellis transplanter inserts the seedlings into a furrow and firms the 
soil around the seedlings, whereas the Holland transplanter inserts 
the seedling into a hole punched in the soil. 

Seedlings are irrigated within a few hours of transplanting. For the 
first two weeks, we apply about 2-3 cm of water twice a week, then 
once a week for 2-3 additional weeks. Eventually we water whenever 
the plants show signs of wilt (every 3-4 weeks during the warmer 

months.) 

Using the described procedures we are able to transplant into the 
field in Southern California during any month of the year. Best 
survival results from early spring planting with poorest survival 
occurring during the months of November and December (the cool, wet 

season). 

Weed Control 

weed control in the guayule field is a serious problem. As compared 
with other commercial crops, guayule is slow growing and is quickly 
overgrown and shaded by weeds. Weed growth severly stunts guayule 
and if shaded the plant dies. Since guayule must remain in the 
field over a ~eriod of three or more years prior to harve~t and be 
subjected to numerous periods of irrigation, the opportunity for 

weed growth is substantial. 

Initially we employed mechanical means to control weeds. Our Hefty 
Hi-G tractor has a 1 m clearance and can safely cultivate even mature 



204 

plants with minimal injury. The branches of guayule are quite 
brittle and easily broken by rough treatment. Although the tractor 
mounted cultivator kept the spaces between guayule rows free of 
weeds, it was necessary to employ hand labor to remove weeds within 
the rows. 

under the direction of Clyde Elmore of the University of California 
at Davis, we have r ec ently selected some preemergent her~icides which 
seem suitable for u se on guayule. Of a total of 13 chemicals tested 
in a preliminary way, we have sel ected one pre-plant and four 
post-pl ant preemergent herbicides for further study. The pre-plant 
herbicide, triflurali n, mus t be incorporated into the soil, whereas 
the selected post p l ant herbicides simazine, oryzalin, nitrofen, 
and oxyfl uorfen can be sprayed over the growing guayule. None of 
these five chemicals act on weeds once they have emerged from the 
soil. These chemicals did not severely affect the vigor of newly 
transplanted guayule seedlings and gave fair to excellent control 
of the various summer weeds present in the field (Table III). 
These weeds included Barnyard grass (Echniochloa crusgalli), green 
foxtail (Setaria viridis), crab grass (Digitaria sanguinalis), three 
species of pigweed (Amaranthus albas, ~· retroflexus, ~· blitoides), 
nettle-leaf goosefoot (Chenopodium murale), field blindweed (Convolvulus 
arvensis) , and purslane (Portulaca oleracea) . It must be noted that 
these chemicals are not yet approved by governmental agencies or 
chemical manufacturers for commercial application on guayule. 

All of the four post-emergent herbicides tested (bromoxynil, dalapon, 
2,4-D, and gl yphosate) caused serious injury to the guayule. 
Glyphosate appeared to be least injurious at the rates employed 
(Table III). These chemicals might be suitable if the guayule 
plants were properly shielded from the herbicide. 

Factors Determining Rubber Content 

The rubber percentage in the guayule stem at any one time depends 
upon temperature, light intensity, water availability, nutrition, and 
any other factors which influence the growth rate and metabolic 
activi ties of the plant. During the period of active growth, stem 
materi al is l aid down; however, this material is generally low in 
rubber. During the periods of stress, rubber appears to be actively 
dep osited i n ce l ls of the stems and roots. Thus rubber percentages 
wi ll t end t o be low during periods of active vegetative growth and 
hi gher dur ing periods when vegetative growth is minimal. Once rubber 
i s deposited in the plant, it is apparently not translocated elsewhere 
or metabol i zed . 

Henry Yokoyama at the USDA Fruit and Vegetable Chemistry Laboratory 
in Pasadena, California, has found that specific bioregulators when 
sprayed on guayule plants cause a dramatic increase in the rubber 
percentages of the stem and root tissues (Yokoyama et al., 1977). 
He showed that 2-(3,4-dichl orophenoxy)-triethylamine when applied to 
the growing plant in a 5000 ppm spray caused a 2.2 - 6-fold increase 



Table III. The effect of various herbicides upon the growth of guayule and specific weed speci es . 

Herbicide 

EPTC 

trifluralin 

napropamide 

Simazine 

Alachlor 

oryzalin 

nitrofen 

DCPA 

oxyflurof en 

bromoxynil 

dalapon 

2,4-D 

g lyphosate 

unweeded 
control 

Rate/ % active 
acre i ngredients 
(lb) 

3 

1 

8 

1 

8 

4 

8 

10 

4 

1 

10 

1 

1 

& formulation 

6 emuls ifiable 

4 emulsifiable 

2 emulsifiable 

4 liquid 

4 emulsif iable 

4 aqueous 
suspension 

50 wettable
powder 

75 wettable
powder 

2 granular 

2 emulsif iable 

74 

4 g ranular 

4 liquid 

Guayule 
v igor 

Field 
bindweed 

Control of Specified Weeds 

Barnyard 
grass Purslane Pigweed 

----------------~------------

good good good fair 

excellent e xcellent excellen t excelle nt excell ent 

good poor good fair f air 

excellent fair good e xcellent e xcellent 

good poor excel l ent excellent excell ent 

excellent fair good fair good 

excellent f air good excellent good 

good f air fair good good 

excelle n t good excellent e xcellent e xcellent 

good excellent excellent poor excellent 

fair f air excel l ent poor good 

dead e xcellent poor good e xcellent 

good fair good poor e xcellent 

fair fair poor poor fair 

[\.) 

0 
t.n 
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in the amount of rubber present. He has since tested a number of 
other r elated compounds. 

The total amount of rubber in a plant is dependent upon rubber 
perce nt age s in individual t issues and upon the total bulk of each 
t issue . Thus breeding programs such as ours and that of the University 
of Arizona is to increase both r ubber percentages in specific tissues 
of the plant, or of the plant as a whole, and to increase the total 
bul k of rubbe.r b earing tissue without seriously reducing the 
pe r c entag·e of rubber. 

Agronomi c Research 

Sel,ection proqrams are underway i n California , Arizona, Texas, New 
Mexico, and evada to identif y t hose guayule strains which yield the 
most rubber under local conditions. Judging from results with guayule 
by previous investigators , we will probably discover that each location 
with i.ts s ,eparate set of environmental conditions will favor different 
strains. It will certa inly be necessary to have breeding programs at 
severa1 s ites throughout the p roposed guayule growing area and to have 
a free ·exchange of germ pla sm between investigators at each site. 

In addition to selecting the most desirable guayule strains at each 
:Location, we ar:e also involved in a hybridization program to combine 
desirable traits- from high yie l ding guayule strains and to introduce 
desirab1e germ plasm from other species of Parthenium (Fig. 2) into 
guai.yole. Hariola (P. incanum) grows throughout a much greater range 
of bab.irats than do;s guayule and is being used as a gene source of 
a>ld banlimess,. rigor, and abili t y to grow in a wider range of 

• , ;aJ. extremes. ~- stramonium (a tree form) is a potential 
san:ce o:f viqoir and increased s i ze; R_. fruticosum, a large shrub, is 
al.so .:ll:lei.ug used as a source of i ncreased size. P. confertum may be 
desirable for it:s growth habi t; i t produces a rapid flush of growth 
Wi.ch fll.owers: and dies back f ollowed by repeated flushes of growth 
act.i.ng in the same anner. Should pollarding become the accepted 
method of harvest, t his growth habit of P. confertum could be 
desirabl.e. 

Pollarding refers. to a har vest procedure by which the entire plant is 
cut off somewhere above the soil line. This preserves the root 
system intact in the soil. Fr om this root system can develop a new 
plant which should grow r apidl y and reduce the cost of reestablishing 
the stand. Studies ar e being carried out at several locations including 
the wild stands of Mexico, to determine how well this procedure will 
work and under wha t conditions and by what procedures it must be 
performed . 

Another relati vely i nexpensive means of establishing a field of guayule 
is by direct seeding. This procedure was attempted during the 
Emergency Rubber Project of the 1940's but favorable results did not 
always occur. The seeds are small and of a shape that cannot be easily 
handled mechanicall y. In addition, the seeds possess dormancy mechanisms 
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Fig~ 2. Fifteen~month old Parthenium sp . p l ants. a ) ~· argen~~~um 
(guayule ), b) ~- i ncanum (rnariola), c ) ~· arge nt atum x 
~· incanurn hybrid, d) P . strarnonium, e) P. fruticosum, 
f) P. confe rtum. 
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and have a tendency not to germinate well if buried more than 4 mm 
deep in the soil. At this depth it is difficult to maintain an 
adequate moisture level for uniform germination. 

In cooperation with the California Farm Management Company of 
Bakersfiel d ., and Germain's Inc. of Los Angeles, California, we 
are working on means of pelleting the guayule seed. The seed pellet 
will consist of an inert substance which will decompose readily prior 
to or upon germination . Incorporated in this pellet can be various 
dormancy breaking chemical s, germination stimulants, moisture retentive 
compounds , etc . wf\ich wi ll provide for a rapidly emerging seedling. 
In addition11 the pellets will be of uniform size and shape to 
facilitate echanical processing. 

Quantities of seed necessary for many of our experiments have been 
hand collected; however, we. recently acquired a mechanical seed 
harvester on. the advice of Jimmy Tipton of Texas A&M University 
Agricultural .Research Center at El Paso. The unit is a Model lA 
D-Va.c~ vacmm insect net made by D-Vac Co. of Riverside, California 
(Fi91., 3 ) . This unit enables rapid seed harvest from a number of different 
sb:ai.ns without dan.ger of m.ixing or can be employed to collect several 
pounds of seed :from a given field. 

Conunercial Feasibility 

The qoali:ty of guayule rubber appears to be comparable to that of 
Bevea in most of its characteristics. The 1977 National Academy of 
Sciences publication entitled ;'Guayule: An Alternative Source of 
Natural Rubber .. notes that the major differences between guayule and 
Bevea rubber are a lower "green strength" and lower concentration of 
vulcanization accelerators in guayule rubber. This publication 
notes tha.t green strength is important only during fabrication of a 
tire and does not aff ect the quality of the fina'l manufactured product. 
The lack of VU;lcanization accelerators in guayule can presumably 
be remedied by adding them to the rubber prior to vulcanization. 
This is done with synthetic rubber which also lacks them. Mcintyre 
(1978) shows that guayule and Hevea rubber molecules are similar with 
similar molecular weights. Winkler et al. (1978) studied the effect 
of different formulations on vulcanization and mechanical properties 
of gua:yul.e and Hevea and concluded that with proper formulations 
guayule rubber can bec-ome a direct substitute for Hevea. 

Due to potential shortages of natural rubber expected in the near 
future (D' Ianni 'et al. , 1978) t he commercial rubber companies have 
shown considerable inber.est in guayule and projections have been made 
concern ing the economics of guayule rubber production. One such 
study by Nivert (1978) notes that the corrunercial feasibility of 
guayule depends upon four factors: a) rubber content of the shrub, 
b) the usefulness of the byproducts such as resins, wax, and pulp, 
c) the agricultural costs, and d) the processing costs. 

Considerable work must be done if this species is to take a place 
among plants of commercial importance. The plant breeder must 
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Fig. 3. Seed collection employing a Model lA D-Vac vacuum insect 
net. The guayule fruits and attached floral parts are 
sucked into a net which is emptied periodically. 
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i:mprov:e the yiel.d potential, the agronomist must improve cultural and 
harvest procedures., the agricultur al engineer must design and build 
better field equip :e:nt, the chemist must analyze the entire plant and 
identify other materials of conunerci al importance, the chemical and 
mechanical e ngineers must develop procedures and equipment by which 
the :rubber and other useful products can be extracted and purified, 
and qov:ernmental and business groups must provide the necessary 
funding.. With a concerted effort we may expect to see a viable 

1camme:t"cial 1enterprise develop around the guayule plant within 5-10 
years. 
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Runoff Farming for Jojoba 

DWAYNE H. FINK and WILLIAM L. EHRLER 
U.S. Water Conservation Laboratory 

4331 East Broadway 
Phoenix, Arizona 85040 

Jojoba (Sinunondsia chinensis (Link) Schneider) is becoming an ag
ronomically important crop. Its primary product, a liquid wax, 
can be utilized in the cosmetic, pharmaceutical, printing, machin
ery and many other industries (Daugherty et al., 1953; Sherbrooke 
and Haase, 1974; Wisniak, 1975). Futherrnore, the utility of the 
liquid wax can be extended by such standard chemical modif ica
tions as hydrogenation, sulfurization and polymerization (Wells, 
1948; Spadaro and Larnbou, 1973; Gisser et al., 1975). 

Jojoba could save sperm whales from extinction. Research has 
shown that the plant wax substitutes directly for sperm whale 
oil in a number of applications, including, most significantly, 
as a lubricant in high heat-pressure-oxidizing situations (Frankel, 
1976). 

The economics of cultivating the plant in conunercial plantations 
are promising (Stubblefield and Wright, 1977). Jojoba is new as 
a crop. Its elevation to cultivated crop status expands the 
narrow genetic plant base upon which civilization precariously 
clings. Jojoba can bring new land into cultivation; it can up
grade marginal land from extensive to intensive use. It is drought
tolerant, and reportedly can survive on only 125 mm of annual pre
cipitation and thrives with only 450 mm (Committee on Jojoba 
Utilization, 1975). Our studies, however, suggest that 450 mm may 
be low. Jojoba is no longer confined to the Sonoran Desert of the 
United States and Mexico. A number of countries with arid lands 
already have small experimental or observational plantings, others 
are strongly considering the plant, and still others are interested 
in the various market aspects of the wax products. This escalating 
interest in jojoba has caused a clamor for any bit of new informa
tion on the plant. While considerable information exists on such 
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things a s taxonomic, chemical, and product-development aspects of 
the plant, very little sound agronomic information is available to 
a prospective grower about s oil , fertilizer, and water requirements. 
Also , little is known about propagation, pruning, and pests, 
or about harv:esting and marketing. Presently, a grower must go a
head blindly, and many ar·e. 

we chose to study j.ojoba's water requirement and to evaluate the 
prospects of utili.zing runoff farming to supply the needed water. 
The s tudy was conducted on an established native stand because we 
believed this would signif icantly shorten the time needed to obtain 
meaningful .results, and because there is interest in increasing the 
yield of native stands until p l antations can become established and 
productive. 

Materia l s and Methods 

In cooperation with the U. S. Forest Service, we selected a mar
ginal native stand of jojoba in t he Usery Mountain area of the Tonto 
NatiJonal Forest near Me s a, Arizona . The one ha study site is at 
the low elevation limit (500 m) for the jojoba in this stand. 
Site climate (based on extrapolation from several nearby weather 
stations) is as follows: a ir temperatures range is -7 to 45°C; 
soil surface temperatures regula r ly exceed 65°C in summer; summer 
radiation loads connnonly r ea ch 650 ly/day; the growing season 
averages 325 days/yr; and t he 200-250 mm of annual precipitation 
is about equally divided between the distinct summer and winter 
rainy seasons. Rainfall seemed to be 'the limiting factor controlling 
the presence and growth of j ojoba at the site. 

The weathered granitic soil i s 50% gravel; the < 2 mm fraction con
trains 85, 10, and 5% sand, silt, and clay, respectively. The 
water-holding capacity of the soi l is low. Field capacity and 
"base dryness were estimat ed t o be 11 and 3.8% by volume, res
pectively (base dryness is the mi n i mum recurrent stable soil mois
ture value (similar to "wilt i ng point"), but undoubtedly having an 
even lower water content (Ehrler et al., 1978)). Both values were 
obtained from neutron moisture meter data (field capacity determined 
several days after heavy, low i ntensity rains, and base dryness 
after e;Ktended spring and summer drought s). The difference between 
the two values, 7. 2%, approximates t he available water, which was 
about 100 in 140 cm of the s oil prof ile--the depth of our 
neutron-probe access tubes. 

Field work began in November , 1973 . We selected 30 of the most 
stressed feDiale_plants within the one ha fenced area. All were 
located on t:he ridges and thus were s urviving on the direct 
precipitation without benefit from runoff collecting in the washes. 
Initial Plant: bd.gllts were small, o.5 - 1.5 m (x = o.9 m). Jojoba 
plants live a l.onq t• (conservative estimates say 50 - 100 years 
and it cotald well be hundreds of years) , so when selected for this 
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experiment, most were undoubtedly at their equilibrium size. One 
would expect some variation in size because of differing genetic 
makeup and differing Qmounts of available water due to competition 
with neighbors, subsurface flow, infiltration, soil water-holding 
capacity, etc. 

The plants were randomly divided into three runoff-farming treat
ments of ten plants each: T0 , undisturbed controls; T1 , cleared, 
smoothed, and rolled individual 2Q-m2 microcatchments that directed 
runoff to a 4-m2 runon area for each plant (Fig. 1); T2 , treatment 
T1 plus a water repellent applied to the catchment soil surface to 
increase the runoff efficiency (runoff precipitation). 

--------- 6 .6 m --- ------>! 

MICRO CATCHMENT ( 20 m 2 ) 

1<--- - 2 m _ _ ___,, 
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7m~~~01~~01~~W;;~~~~~~~ 
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Figure 1. The jojoba microcatchment and runon area used for 
treatments T1 and T2 . 
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The surface of the T catchments was made water repellent in December, 
1973 by spraying the 2compacted soil surface with dust-suppressant oil 
(Fink,. 1976) at l ttm2 , and was retreated in June, 1975 with granular 
paraff i n wax (Fink et al ., 1973) at 1 kg/m2. Heat from the sun melted 
the wax i nto the soil. The T1 catchments were modified in August, 1977 
to i mprove runoff efficiency. A montmorillonitic clay and NaCl salt 
as dispersant at 127 and 22.7 kg/ 20 m2 plot, respectively, were ro
totill·ed into the top five cm of soil, and then compacted with a 
vibratory 11'.1Gll·er aft er a heavy r ain. 

Rainfall and runoff werie measured after each storm. We estimated 
the r ainfall-runoff ·efficie ncy of the microcatchments using collected 
and ea;sured runoff (Ehrler et al. , 1978) from an extra catchment, 
which. was i dentical in s i ze and shape to the others but was split 
down the middle. witlh one 10-'m2 half treated identically as T1 and the 
other a~ Tl ... 'lhese data were used to estimate the water delivered 
t:ro the lll11dividua1 pla nts. 

:Soil. ,mo'isijtrure was d.etermin ed periodically with a neutron meter; three 
JPLamt.'s ::i!lil. •eacll trea tment had access tubes installed to a depth of 
I.40 We assessed plant response to available water by measuring 
tae pl.ant ·wa:ber potential {lfl stern) with the Scholander pressure 
cbal!lib:er ;(Soil Moisture Equipment Corp., Santa Barbara, California), 
the p.tant growth, a nd the seed yield. Pressure chamber readings 
(Ehrler and Fink, 1978) were taken only during the 1977-1978 season. 
Plant growth was determined by estimating plant volumes from simple 
width and height measurements each November before the onset of the 
winter rainy season and the subsequent flush of new plant growth. 

Seeds were hand picked, a ir dried , and threshed each year in late June. 
Yields were evaluated by i ndividual bush and by treatment in 1974, 
1977 11 and 1978. Frost destroyed the flower buds in 1975 and 1976. 

Results and Discussion 

Table 1 shows the rainfall plus runoff directed to the 4-m2 growing 
area of each plant by season and by year (July-June) . The T0 data 
are the precipitation only. The catchments significantly increased 
the amount of water available to the T1 and T2 plants. Each year 
the T1 plants received two to three times as much water as the 
controls, and the T2 plants about six times as much. Total yearly 
amount ranged from as little as 150 to almost 2,400 mm, a 16-fold 
variation. As expected , there were marked differences in plant 
response. 

Figure 2 shows volumetric plant growth for the three treatments. 
The data a re normalized; initial average volumes were 1. 2 , 1.2 and 
0.8 m3 for T0 , T1 , and T2 plants , respectively. The T2 plants have 
quadrupled in size i n five years, whereas the T0 plants have esse n
tially stagnated. 
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Table 1. Rainfall and runoff accumulated on 4-m2 plant growth 
areas for the th:ee catchment treatments by season (three 
mon~h~ summer rainfall season and nine months growth and 
fruiting season). 

July-September October-June Y 12-Month Total 

Period TO Tl T2 TO Tl T2 TO Tl T2 

mm 

1973-74 108 372 642 

1974-75 66 204 366 218 654 1236 284 857 1602 

1975-76 55 190 289 189 504 1068 243 694 1357 

1976-77 59 142 316 100 210 560 159 352 876 

1977-78 75 210 366 358 1328 2023 434 1535 2389 

Mean 
y 

4-yr 60 179 324 154 435 876 229 634 1276 

y 
5-yr 64 186 334 195 615 1106 280 860 1556 

y Experiment started in November, 1973; no rain was recorded for 

October, 1973 at a nearby weather station. 

y October, 1973 through June, 1977. 

y October, 1973 through June, 1978. 

This supports the original contention that plant size in this stand 
was limited mainly by available water. The T0 and Ti plants in
creased in size the first year, perhaps because grazing pressures 

were removed. 

The lack of growth in the plants that received the intermediate 
water treatment (T1) for the first four years of the study is both 
interesting and disappointing. These plants received t wo to three 
times more water each year than the controls, yet there was no 
growth response. It seems that the jojoba plant has a flat growth 
response to water until some threshold value is reached . 



217 

I I I I I 

4 .0 .... /-
0 

-

' 

~ 2.iO L 

I 
T/0 

/2 -

.... 
<{ _, 
l.tJ 
a:: 
;: __ g ___ ~:~:: 

1.0 '-------tl ____ +-1 __ ____,lt------t'----+-1_ 

1973 1974 1975 1976 1977 1978 

YEAR 
F'i gure'., 2. Relative canopy volumetric growth from November, 1973 

to June, 1978 by treatments. 

ID t:h.e stand we studied, this flat growth response ranged from a 
mi..nimum. o,f about 200 mm of average yearly precipitation to some 
1i11Jllmown threshold. value. I f one considers only the yearly rain
fa11- r.umoff value:s shown in Table 1, one would conclude that the 
threshold. value a t this site is about 850 mm, the amount the T1 
plants received in 1974- 1975. However, several factors suggest 
that the value i.n t ,en!'IS of usable water is much lower: 1) We 
noted that tile summer rai ns at our site were largely wasted; 
there was, essentially no plant growth from July through September 
and no carryove.r of soil moisture into the winter growth period 
(Ehrler et al., 1978)1

• 2 ) Some precipitation probably infiltrated 
below the root zone during heavy storms; two storms within five 
days in October of 1974-1975 contributed 200 mm to the T1 profile, 
and t:hr,ee stm::ms the last two weeks of February contributed 180 
mm, but the soil at the site can only hold 100 mm o f water in the 
bop 140 cm of soiL Although we don it know the depth limit of 
root growth, a reasonable a ssumption is that some water from these 
storms was lost. 
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3) Small storms are of questionable value t o the plant. Such storms 
produce little or no runoff, and the preci pitation wets only the top 
few millimeters of soil, where it quickly evaporates. I n 1974-1975 
nearly 40 mm of the total precipitation occurred as smal l storms. 
Normally, one must also consider the amount of precipitation lost 
to runoff, but we can ignore it here because our runon basins us
usally held all the water the catchments provided. Conceivably, 
as much as 350 mm of the 850 mm delivered in 1974-1975 was wasted. 
This gives an estimated threshold water value of about 500 mm. 
During the 9-month growing and fruiting season, the average amount 
of water available to the T1 plants the first four years of the 
experiment (435 mm) was below this threshold value. 

During the critical October-June period in 1976-1977, the T2 plants 
received only 560 mm of water, yet they increased their volumetric 
growth over the previous year by 26% (Fig. 2). This suggests 
either that the rainfall distribution was compatible with plant 
water requirements or the 500 mm estimate of the threshold is a 
bit too high. 

The extra water delivered to the T1 plants, as compared with the 
controls, did result in some seed yield increase (discussed later). 
However, if the plant canopy is not growing, the plant cannot attain 
a profitable level of production. 

Figure 2 shows that the T plants did put on a flush of new 
growth in the winter of 1977-1978. This was a direct response 
to the 1,300 mm of water (Table 1) they received. The generous 
precipitation that year (358 mm) also initiated a flush of new 
growth in the T plants, but most occurred within the existing 
canopy, primari2y as new shoots from the base, and overall canopy 
volume was smaller than in the previous year. It was hard to re
sist incorporating another variable into our experiment--that of 
pruning. 

The optimum water requirement of jojoba, based on the results of 
this study, appears to be at least 900 mm and could well be 1,300 
mm or more. The 900 mm value is about the average delivered to the 
T2 bushes from October to June, the first four years of the experi
ment. The plants grew well during that period, but they were, 
and still are, far from maximum size. What their water require
ment will be once they attain optimal size remains to be seen. 
If the plant also benefits from summer rains, the consumptive 
use requirement could well exceed the average amount that the T2 
plants received during the entire year (1,300 mm the first four 
years). We disregard the fifth year data in these considerations 
because the precipitation was so unusually high. 

Another consideration is that the amounts of water delivered 
(Table 1) were based on the 4m2 growing area. In a flood-irrigated 
plantation, the plants would draw water from a larger area, which 
might result in lower measu~ed . co~sum?tive-use values. Our values 
!ll_ight better relate to a drip-irrigation system. 
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A comparison of seed yield among treatments and years (Fig. 3) 
shows t he effect of increases both in available water and in plant 
canopy for the runoff plots . .Mean yield of the T2 plants the first 
year was 50 times that of the controls and 17 times that of the T1 
plants. These trem.endous differences among treatments were most 
encouraging, even though overall yields were low. The first year, 
t he differences in yield were caused mainly by the added water, 
since flowe ring normally occurs only on older wood. The extra 
water on the T and 'l'1 p l ants permitted a greater proportion of 
the flowers th~t bloomed to set and mature fruit than on the con
trols .. · Frost destroy,ed all flower buds the next two years. 
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Figure 3.. Seed yield by years as a f unction of treatment. 

In 1977 av·erage yields of the T1 and T2 bushes were t hree and 
eight times that of the control. The average yield of the T 
plants had increased ninefold since 1974, from 23 to 208 g/pfant. 
One T plant produced 514 g of seed. The increases in 1977 came 
despiEe an extremely dry year (only 100 mm of precipitation during 
the wi nter growth and frui ting season). The benefits of the 
rwroff-farming system a re clearly evident . The y i e ld increases 
in all treatments partially reflected the two previous years with 
no fruit (a resting peri od), and, no doubt, the generous amount 
o f water received during the resting period. 
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In 1978, average yields for all treatments were higher still--74, 
202, and 280 g/plant for the T0 , T1 and T2 treatments, respectively. 
The T4 plants yielded 12 times as much as they had the first year. 
The yield of the control plants probably increased in 1978 because 
of the large winter rains (358 mm) of 1978; canopy size was essen
tially the same both years. Probably a greater proportion of the 
flowers set and matured fruit. Jojoba normally compensates for 
depleted ground water supplies during fruit maturation mostly 
by aborting fruits, but also by reducing fruit size (Ehrler et 
al., 1978). 

Additional evidence that ground water supplies improved for all 
three treatments during the entire 1977-1978 nine-month growing 
season came from pressure chamber measurements (Ehrler and Fink, 
1978). In December, 1977, before the onset of the winter rainy 
season, plant water potentials (~ stem) of the control plants 
had sunk below -70 bars. At the end of the winter rainy season 
in March, ~ stem of all three treatments was only about -20 to 
-25 bars (-15 bars seems to represent full hydration for jojoba). 
After that, ~ stem gradually decreased as ground water supplies 
were depleted, until at harvest they were about -40 2:_ 2 bars for 
all three treatments. This, however, is a rather high value for 
jojoba and suggests that even though soil water in the top 140 cm 
of all treatments was near base dryness by mid-May, all the plants 
were still drawing some water from deep in the soil profile. A 
predawn pressure chamber determination on 9 June, 1978, shortly 
before harvest,also suggested that deep soil water supplies were 
available. All treatments had rehydrated overnight to -15 bars, 
essentially their completely hydrated state. 

We had hoped for better yields from the T2 plants in 1977-1978. 
Possibly, the plants had been excessively stressed by the previous 
year's drought. Possibly, too, the mild winter in 1977-1978 ad
versely affected fruit set. And contrary to claims that jojoba 
has no serious pests, many ovules were bored out by some micro
lepidoptera larvae (Gentry, 1958). This damage seemed to be 
particularly severe on the T2 plants. 

Runoff farming considerations 

Runoff farming is no new concept; it supported civilizations in 
the Mediterranean (Evenari et al., 1961), and southwest United 
States areas (Vivian, 1972) hundreds of years ago. Recently, 
the concept has been resurrected for a variety of crops and 
purposes (Evenari et al., 1965; Dutt and McCreary, 1974; Luebs 
and Laag, 1971) . 

Runoff farming is particularly promising for growing jojoba. This 
xerophyte can survive extended, severe drough~s, yet apparently 
it can exploit fairly large amounts of water if available. Desert 
climates where runoff farming is most practical suffer from extreme 
vagaries of precipitation amount, frequency and intensity. 
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Mos t conventional. crQps 1oould not survive using runoff farming 
without some suppl,emental irrigation system to supply water when 
the rains fail. 'This maltiplies the expense--the cost of the col
l ection system, plns that of a separat e water storage and delivery 
sys tem. On the oontrary, the bas ic runoff-farming system is kept 
simple: one uses the :soil surfa.oe of the catchment for water trans
port ,, the soil profile und!er the p lant for storage, and gravity for 
p ower,, 

The combination, jojoba and runoff farming, can bring new lands 
inibo production,, lands of previ ous little worth. Jojoba apparently 
can grow ion qoit ,e a range of soils , from highly permeable, infertile, 
gr.av,elly and droughty soils to soi ls contai ning more than 50% clay 
(Crosswhitie , 1973 .; Fe ldman., 1976) . In runoff farming, there are 
advantag:es and disadvantages to bot h soil extremes. Sandy soils 
store the water deep i:n the pr o f i le, safe from surface evaporation. 
This could be important if smal l s howers constitute a significant 
portion of the total precipitation , especially during the hot summer 
season. However. at least i n t he Phoenix area, summer rains seem 
to be of questionable value to j ojoba. Sandy soils have a low water
holding capacity and are s ubject t o deep percolation. Sandy catch
ments are the ·easiest to treat with water repellents. Runoff 
,efficiencies of repellent- treated soils are high, approaching 100% 
(Fink and Frasier, 1'977) • Thus, the water-contributing area can 
be kept minimal. making maximal use of both precipitation and land. 
Unfortunately, repelle nts a r e -cost ly, at the present probably pro
hibitively so for providing water for irrigating agronomic plants. 

Heavy clay soils can hold large amounts of water from the large 
s torms , ~hich in the Phoenix area contr ibute the greatest share 
of the total precipitation. But water from small showers that 
reach the runon area would be he ld near the surface where it would 
be subject to loss by evaporation.. Mulching could reduce this loss. 
Catchments on fine-t1extured soils probably would be best treated 
with sodium chloride salt to disperse the clay. There ar e reports 
of extriemely high runoff efficiencies wi th this treatment on cer
tain soils (Hillel, 1'967), but gener ally one should expect much 
lower efficiencies than with the r epellent. Dispersant-treated 
soils might normal ly be expected t o have high threshold values 
(amount of pr,ecipitation held by the soil before any runoff is 
initiate,d). Therefore, small storms would contribute little or no 
runoff. Runoff from small rains i n the dry months o f April thr ough 
June , the fruit-maturing months , could- be extremely i mportant. Of 
course, if runoff efficiencies are low, catchment size must be 
increased to compensat e bot h f or the lost water and for the in
creased risk of l osing the smal l storms. The main advant age of 
the sodium chloride treat ment is that it is r e lative ly ine xpensive . 
At t he presently r ecommended r ate of 11. 2 T/ha (Cluf f, 1974), the 
cos t would be about $170/ha f o r t h e salt . No information seems 
to be available on how long t he s odium- treatment r emains effective , 
however . 
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If one intends to use runoff-farming for growing jojoba in con
toured rows, then one can calculate the required length of catch
ment run (and row spacing) and the number of plants per unit area 
if the plant water requirement, the precipitation, and the runoff 
efficiency of the catchment, are known. 

Summary and Conclusions 

Jojoba may become an important agronomic crop; it has a usefu l 
product, it is economically promising, it can "save the whales," 
it is drought tolerant, and it can bring new land into production. 
Unfortunately, sound, reliable, agronomic information on jojoba 
is practically nonexistent; the farmer must venture out blindly. 

We studied jojoba's water requirements using runoff-farming on 
a water-stressed native stand. We concluded that in the Phoenix, 
Arizona, area, 200 mm of precipitation is the minimum water require
ment for plant survival. Wild plants may exist in washes in lower 
rainfall climates, but these plants survive only because of nature's 
runoff-farming scheme. Jojoba seems to have a sigmoidal response 
to available water, essentially no increased growth from the 200 
mm minimum to a threshold of 400 - 500 mm and then accelerated 
growth beyond this threshold amount. Water requirement, based 
on a 4-m2 growing area, was estimated to be in the range of 900 -
1300 mm during the nine-month growing season. Because we saw 
no benefit from the summer (July-September) rains, we essentially 
disregarded them in our water requirement considerations. 

Canopy size of the undisturbed control plants in the natural 
stand essentially stagnated during the five years of the study. 
They averaged 200 mm of precipitation during the nine-month (October
June) growing and fruiting season. Plants receiving an average of 
435 mm water (precipitation plus runoff) from smoothed and compacted 
20-m2 catchments showed no increased growth over the controls. 
Plants receiving about six times the water of the controls (approx
imately 900 mm average the first four years) quadrupled their 
canopy size in five years. Seed yield of bushes receiving the 
high water treatment averaged 280 g/plant in year five, 12 times 
that in 1974, the first year of the study. 

Runoff-farming should successfully supply the water requirements 
of jojoba. The method should be easily adaptable to plantation 
conditions . Considerably more related research is needed, however, 
to determine the actual consumptive water requirements of the 
plant, to determine the plant's seasonal requirements for that 
water, and to devise i nexpensive , highly efficient catchment 
treatments to supply the water. 
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Jojoba (Simmondsia chinensis) Link.) is a perennial shrub native to 
the Sonoran Desert. The seeds are produced annually and have a liquid 
wax content of approximately 44% by weight. The was has commercial 
importance as a replacement for sperm whale oil (National Academy of 
Sciences, 1977). 

Jojoba seed are harvested from natural stands and some p lantation 
work has begun on the San Carlos Apache Indian Reservation, Arizona. 
This paper considers the socio-cultural, legal and environmental 
factors that affect the feasibility of developing a jojoba-based 
industry on Indian reservations and the inter play between these 
factors. All illustrations for this paper are taken from the San 
Carlos Reservation. 

Physical and Social Environments 

On the San Carlos Reservation, jojoba is found growing on slopes 
from one degree t o sheer cliff faces with an average measured slope 
of 16.5 degrees, or 35% annual rainfall of 300-360 mm is characteristic 
for the area of the Reservation where natural stands occur. Temperatures 
s e ldom drop below 25 degrees Fahrenheit (-4 degrees Celsius). Temperatures 
below this level can cause serious damage to seedlings, new growth, or 
flowers. Soils in which jojoba will grow are variable ranging from 
sands to clays. This is borne out by a survey of jojoba soils on the 
Reservation. The common factor in soil consideration seems to be 
drainage. Jojoba always is found on well-drained aerated soils with 
abundant deep-level soil moisture and never on wet lowland or marshy 
sites. Seedling establishment is limited by all these environmental 
parameters; however, the plant produces abundant seed which is viable 
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over an extended period of time (Gentry, 1959; Sherbrooke, 1977). 

Jojoba is utilized as a food source by a number of wild and domestic 
animal speci ,es. At the present time on the San Carlos Reservation 
it i s being heavily grazed by cattle. 

In addition t o t hese environmental restrictions, thf'!re are social 
factors which impose limitations on the areas where jojoba plantations 
could be loca t ed . Among the most important is territoriality. While 
Reservation l and is owned by the Tribe {held in trust by the federal 
government for the benefit of the Tribe as a whole) , this does not mean 
t hat a ll people actually use all of the land. The San Carlos 
Reservation i s composed of several different groups, each of which 
occupies or uses its own particular areas. For example, most of the 
,area where jojoba grows na turally is in the territory of the old San 
carlos gr:oup. 'l'he fact that much picking occurs off the Reservation 
1might indicate that other groups do not wish to invade this region. 

In the ·traditional gather ing patterns, each family unit also would 
have a portion of l and or a group of plants which would be uniquely 
f:hei.rs to pick for a season . These plots would be respected by others 
for the durat ion of a harvest, but this arrangement would not carry 
over to the next year. 

Both the t r iba l l egal communal title to the land and the group 
a11.oca tion of the land pose problems in plantation location. It is 
f rowned upon for individuals to make large profits from tribally owned 
r esources, so it would be necessary to quarantee wide distribution of 
the industry benefits and returns. The decision to locate a plantation 
in a given group's area also would have political and social ramifications 
such as favoritism, relative obligations, worker recruitment, and 
expectations of payment. Compounding the problem is the fact that 
territories are not concretely defined and it is difficult for 
outsiders to determine where boundaries exist. 

It is very difficult to determine which areas might be off limits 
for religious reasons. It is suspected that several areas of the 
Reservation have particular spiritual or ancestral significance and 
should not be disturbed. Such areas might include locations such as 
Beaver Spring where ceremonial dances are held regularly. The actual 
planting .and harvesting of a jojoba crop apparently does not interfere 
with any known social or religious constraints. However, there is a 
strong feeling of respect for, and harmony with, the land. This is 
refl.ected in negative feel i ngs toward interference with nature, which 
could hamper plan tat ion operations such as irrigating, pruning, or 
roguing. 

Livestock associations provide the major source of income for the 
tribe and its individual members. As such, ranching represents a 
very powerful interest group on the Reservation. Raising cattle is 
seen as a much more worthy occupation than farming, for both financial 
and traditional reasons. There are five livestock association districts 
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which control virtually all s utiable Reservation l and. They no t only 
are able to dictate which area i s to be used. for a p lantation , but 
also can prohibit fencing. J o j'oba f ol i a ge is a graz ing resour ce .. In 
an area which had been recently grazed some plants were observed t o 
be cropped below the level of bud production a nd male plants could 
not be distinguished from female. Fencing could prove i mpor tant i n 
such an area. 

Social elements also might affec t work on the p lanta tion once a 
suitable site has been selected. Distaste for farming ,. d i s l ike for 
manipulating nature, and territorial problems a lready hav e been 
mentioned, and apply to plantati on work as well. Additiona l 
constraints could arise from a l ack o f mana gement a nd t echnical 
experience, a lack of time orientation, a l ack o f tra nsportation 
for workers, the inappropriateness o f i ncentives,. or a combinati on 
of any or all of these. Although t he nat ural- stand j:ojoba harvest 
is particularly well-suited to Reservat i on condi t ions , many o f the 
advantages of the essentially tradi t iona l operation are l os t i n t he 
structured plantation situation. I ndependent, sel f -suf f ic ient 
harvesters become subjected to supervisors and t ime schedules. The 
traditional, family-based harvest is r epla ced by hourly labor, thereby 
removing the direct production-reward system of i nce ntives. The small, 
familiar, labor-intensive industry might become dehumanized t oo 
rapidly. Profits would return to t he power s t r ucture. Ther e t hey are 
much less likely to be returned to the popul at i on, where they are most 
needed and most useful. 

Another aspect of the problem is legal constraints, particul arly 
funding. Any agricultural industry presents special fundi ng problems 
due to the fact that there is no absolute guarantee that t he crop will 
succeed. Farmers often use their land and hope o f a f uture crop to 
obtain the necessary funds to plant that crop. Jojoba, be i ng in 
such an experimental stage and requiring several years to come int o 
production, is doubly uncertain and therefore more diffi cult to fund 
than more established crops. 

There is a problem common to the establishment of any Indian business, 
the tribe's sovereign immunity. An Indian tribe cannot be sued 
directly and singly. The federal government must be j oined in the 
suit. The United States is the trustee for the tribe and has a 
fiduciary duty to protect the tribe's interests. Thus, for a bank to 
enforce a loan made to a tribe, it must sue the tribe and the federal 
government jointly. This procedure makes banks more reluctant to 
loan money to tribes. However, the Bureau of Indian Affairs does 
have a loan guarantee program whereby the federal government guara~tees 
a certain percentage (up to 90%) of a commercial loan made to a tribe. 

However some potential legal benefits exist as incentives for 
Indian ~ndustry development on the reservation. There is no state 
tax on tribal businesses, and federal funding may be available for 

job training. 
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Development Feasibility 

Land being developed agriculturally on the San Carlos Reservation 
is river bottom land where water drai nage from the soil probably is 
less than optimal for jojoba development. The hillsides, slopes and 
canyons which bonier this ,area ens ure that cold air drainage is a 
frequent component of this environment. The cooler air descending 
from the surrounding heights could mean that minimum temperature 
d1.fferences between valley and surrounding slopes could be from 
40-12oc (Shreve,. 1915) . These differences certainly were contributing 
factors in the exclusion of jojoba from the natural environment of the 
river bottom l and, and are difficul t t o mitigate by agricultural expertise. 

This aqricultural land, though pos s ibly not well suited to jojoba 
development , does conform to the restrictions and considerations imposed 
by the 'Tribe's social structure ,. I t also is desirable because it is 
easily worked by agricultural equipment. Financially, however, the 
problems a:re co !POunded,. Funding could become increasingly difficult 
to obtain for deve lopment of land which is only marginally productive 
due to envi.ro ental factors. 

It is the interaction of environme ntal, legal and social elements and 
all of their subtle and :seemingly inconsequential secondary effects 
which iloq>ose the real constraints to developmental feasibility. 
'Without consideration of these factors, development of a plantation 

iqht be possible but most probably would not possess long-term 
viabi1it:y. Umrever, the research by highly diverse groups into all 
:fie:td:s •O:f jojoba development ; the ethnographic studies being conducted 
on triha.l. indostcy development; the apparent willingness of legal and 
financial ozgani.zations to work with the tribes; and of course the 
IwJians• expanding pride in their cultural heritage and awareness that 
tlley can create their future without disrespect to their past; are all 
eocom:7a;ring :signs that a jojoba i ndustry can be successful on Indian 
reservations. 
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Guayule as a Commercial Source of I\1'atuaz:a1l . RWJfaer 
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Akron, Ohio 44301 

and 

J. J. NIVERT 
Research Laboratories, Firestone Tire & Rubber Company 

Akron, Ohio 44301 

Natural rubber is a vital raw material for the rubber industry 
and demand for it has steadily increased, especi ally since t he 
advent of the radial tire. The industry that supplies this raw 
material is very large, employing thousands of i ndividuals 
worldwide . The 1977 world consumption of natural rubber was 8.1 
billion pounds (Rubber Statistical Bulletin, 1978) (Fig. 1). If 
this amount of rubber in standard 75-pound bales were l aid end to 
end the band of rubber formed, 14 inches wide and seven i n ches 
deep, would extend around the world almost two t imes at the 
equator. This is a large amount of rubber and consumption i s 
expected to increase about 45% by 1985 . The United States con
sumed about 21% of the world total or over 1. 7 billion pounds i n 
1977. Since all of this rubber had to be imported from f ore ign 
producers, the negative effect on our balance of payments at 
current rubber prices amounted to about 860 million dollars. 

All of the above rubber is pr oduced from a single spec ies of 
tree, Hevea bras iliensis. This tree i s grown over large land 
areas in trop ical regi ons in both large estates and numerous small 
holdings of 100 acres or less. Today about 63% of the wor ld's 
natural rubber i s produced by the smallholders (Sekhar, 1978). 
Among the large estates, Firestone is one of the largest producers 
with 131,000 acres of Heve a plantations in five countries (Table 
1). Cur r ent acreage is being expanded to meet t he growing needs 
f or natural rubber. 
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Figure L World natural rubber consumption and projections in 
billions of pounds. 

Table L Firestone Hevea Estates 

Liberia 

Ghana. 

Brazil 

Philippines 

'!'otal. 

Total planned by 1992 

Acreage 
1978 

89,881 

25,180 

13,549 

2,277 

257 

131,144 

160,000 
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The present economic position of Hevea is healthy due to advance
ments such as the development of higher yielding clones, yield 
stimulation, and shortened maturity periods. Undoubtedly, the 
ultimate potential for yield increase has still not been r eached 
(Table 2) • However, Hevea rubber pr_oduction is very labor inten
sive. The cost of tapping the trees is about 50% of the production 
cost. Also, migration of rural workers to the cities has tended 
to create labor shortages in some developing countries where Hevea 
is grown. 

Table 2. Estates Yields of Hevea Rubber 

Overall yields - current 

Best Clones - current 
Mean Yield 
Peak Period 

Potential Future Clones 
Mean Yield 
Peak Period 

Guayule 

lbs/acre/yr 

1200-1400 

1800-2200 
2500-3000 

2500-3000 
3500-5000 

The oil shortage, rising labor costs, and fear that supplies of 
tree rubber may become short in the future have led to a resur
gence of interest in guayule (Parthenium argentatum), the onl y 
feasible source of natural rubber that can be grown within the 
United States . Because the production of guayule can be highly 
mechanized at all stages from initial planting through the final 
recovery of rubber from the shrub, it is less labor intensive 
than production of rubber from Hevea. This means that labor 
costs should become increasingly biased in favor of guayule the 
further in the future one projects. Also, the economic outlook 
for guayule can be greatly improved through plant breeding, the 
application of advanced agricultural technology, by-product 
utilization, and better rubber recovery methods including the 
recovery of better quality rubber. 

For the above reasons, Firestone has launched a two-phase research 
and development program to commercialize the rubber from the 
guayule shrub. One phase involves product and process develop-
ment studies using the wild Texas shrub. The other, an agricultural 
phase, involves the establishment of a nursery and s everal thousand 
acres of test planting at the Firestone Test Center in Fort Stockton, 
Texas. 
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The success of guayule as a commercial rubber source will depend 
in the final analysis on the quality of rubber produced and the 
economics of production. 

Rubber Properties 

Guayule rubber extracted by the old method had a high resin content. 
These resins have a harmful effect on the quality of the rubber. 
Although the benefits of removing the resins was shown as early as 
1927 (Spence and Boone, 1927) (Table 3) no satisfactory commercial 
method for removing them was then available. Consequently, all 
the rubber produced from that time up through the Emergency 
Rubber Project of World War II had a high resin content. This 
rubber contained about 70% rubber hydrocarbon, 22-24% resins and 
a farily large amount of dirt, bark and fibers. 

Table 3. Comparison of Hevea and Guayule with and Without Resins 

Tensile (psi) 

Guayule with Resins 1845 

Guayule - Resins Extracted 3450 

Hevea 3350 

Recipe: 100 rubber, 3.0 ZnO, 2.0 Sulfur, 0.34 TMTD, 0.50 Ethylidine 
Aniline, 20' cure. 

Limited studies by Firestone and several of the other rubber com
panies show that deresinated, stabilized guayule as currently 
produced by the pilot plant in Saltillo, Mexico is an acceptable 
replacement for Hevea and synthetic polyisoprene in most applica
tions (Riedl and Creasey, 1978; Gregg, 1978). The chemical structure 
features of the purified polymer are almost identical to those 
of Hevea (Campos Lopez and Palacios, 1976; Campos Lopez, 1976; 
Mcintyre, 1977). The guayule polymer contains much less gel than 
Hevea, is a somewhat softer polymer, and breaks down more readily 
on milling. Unlike Hevea it contains no naturally occurring anti
oxidants and the nonrubber components which are present are different 
than those found in Hevea. 

We have examined guayule rubber supplied to us by the Mexican pilot 
plant for properties as a raw polymer and also compounded in various 
tir e stocks. Rubber extracted from the wild Texas shrub by a direct 
e·xtraction process is also currently being examined. The raw 
rubber properties are generally quite acceptable (Table 4). 



234 

The Mexican rubber was tested in a truck tread and in several radial 
tire compounds in a side by side comparison with synthetic poly
isoprene and various grades of Hevea. Results in a truck tread 
stock are shown in Table 5. Cure rate, tensile, tear strength, 
adhesion, and dynamic properties were all approximately equal to 
TSR-5 Hevea in these tests. Flex values for the guayule stock 
were somewhat lower but these results have the limitations of all 
laboratory flex data. The only property in which the guayule 
stock was deficient was in "green strength". Green strength is 
the cohesive strength of unvulcanized rubber stocks - particularly 
important in radial tire body stocks for retention of designed 
shape during expansion in the uncured state. Even the guayule 
green strength, however, is equal to or better than any of the 
synthetics including synthetic polyisoprene. This deficiency 
would only limit the use of guayule in radial tire body stocks. 
In all other applications it should be a suitable replacement 
for Hevea and there is a good chance this deficiency can be over
come with more research in this area. 

The above results are encouraging and guayule rubber of this 
quality should find a ready market as a raw material for the 
rubber industry if prices are competitive with materials from 
other sources. 

Table 4. Comparison of Guayule and Hevea Rubber Properties 

Guayule Hevea (TSR-5) 

Dirt, % Max. .05 .05 

Ash, % 0.84 0.33 

Nitrogen, % 0.24 0.39 

Acetone Extract, % 4.20 2.86 

ML1+4 @ 10o0 c. 97 100 

FRI 49 79 

EV Cure, 20', 140°c. 

Tensile, psi 2850 2600 

600% Modulus, psi 810 760 

Growing Guayule 

As a native of desert regions, guayule has the potential to be 
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grown where rainfall is too sparse or unreliable for other crops. 
However the profitability of such f arming is still questionable 
and more research in the agricultural phase is necessary. Also, 
plant selection and breeding research must be coordinated with this 
agricultw::a1 development work. 

Selection and breedinq programs are already underway at the Los 
Angeles State and County Arboretum, the University of Arizona, 
Texas A & M University as well as ot her universities. The Four 
Corners Regional C ission plans a number of test plots to obtain 
needed data. Very soon, congress is expected to pass legislation 
authorizing a four-year,. $30 million R & D program for commer
cialization of guayule .. 

''lable 5. Goa.yule Rubbe r i n a Truck Tread Stock 

Po1ymer 60/ 40 

Our.e lBeba:vi•or., .Rheometer @ 150°c . 
Scorrch time ( i:s2) n. 
Qpti ' core ('tc90) min. 

ting el!!.s.il.e ,, C1riried 23' @ 150°c . 
300% mrduJ.us. psi 
Tensi:JJe (normal.) , psi 
"Fensi1e (4 days @ 100°c. ) , p s i 

'f1ear Strength @ ioo0 c. 
Hot ring tear, lbs/in. 
Modified tronser tear, lbs/in . 

Adhesion 1(HR/Diene Control = 100) 
Stock to itself, ioo0 c ,. 
Stock to undertread, 100°c. 

Monsanto Flex Fatigue (BR/Die ne 100) 

Firestone Flexometer 
Running t ,emp. 0 c . 
Blow-out time, min. 

British Portable Skid Resistance Testor 
#20 glass plate 
#44 glass plate 
#60 glass plate 

Loss Tangent , Tan ;>. = K" /K 

Gr een Stress St rain 
Initial, psi 
Peak, psi 
Break, psi 
Elongation, % 

GR/Diene HR/Diene 

11.8 10.3 
23.3 20.7 

970 1160 
2600 2710 
1820 1730 

484 529 
145 80 

98 100 
100 100 

74 100 

138 138 
18 16 

14 13 
37 36 
38 39 

.209 .193 

31 43 
38 62 

9 62 
710 1250 
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At Fort Stockton, Texas, Firestone is starting nursery operations 
which will be followed by test plantings. Our goal is to have 
several thousand acres planted within the next five years. This 
acreage will: (1) provide domesticated and easily accessible shrubs 
for pilot plant process development, (2) provide a plantation for 
agronomic studies such as water requirements, methods of stressing 
the plants to increase rubber accumulation, weed control, disease 
problems and the like, and (3) provide a suitable area for ade
quately developing and testing farm machinery for transplanting, 
cultivating and harvesting the shrub. Several of the better strains 
from the past selections are being used to plant these test plots. 
These will be replaced by improved varieties as the breeding pro
grams develop at the various universities. 

A greenhouse has been established at Fort Stockton for expanding 
the seed supply of the different strains now available and for 
experimental comparison of the merits of potted greenhouse nursery 
seedlings versus bare root seedlings produced in outside nurseries. 
Additional wild shrub is also being collected and will be tested 
to enlarge the plant germ plasm selection. We have developed a 
reflectance infrared method for rapid analysis of the rubber 
content of individual plants which looks encouraging and should 
be useful in our research. More work is required to refine this 
procedure. 

In our work, major emphasis will be directed towards integrating 
a fully automated system from the seeding of the nurseries to the 
final harvesting of the crop in order to minimize labor require
ments. 

Recovery of Rubber From Shrubs 

Much research must also be done to determine the best process 
for recovery of the rubber from the guayule shrub. Certainly the 
old commercial process can be improved upon. This process in
volved deleafing and shredding the shrub, grinding in a cracker 
mill, followed by further water slurry grinding in a series of 
large ball mills, two-stage flotation to separate crude rubber 
from fibers, pressurization to waterlog bark particles, secondary 
flotation to clean the rubber, recovering, drying and baling. 
The rubber was not deresinated. 

The process used in the pilot plant at the Centro de Investigacion 
en Quimica Aplicada (CIQA), Saltillo, Mexico is a much improved 
flotation process. Pulping machinery has replaced the ball mills 
in the grinding operation, the rubber is deresinated with acetone, 
dissolved in hexane, filtered, recovered by precipitation, dried 
and baled. A high quality rubber is produced and approximately 
0.3 pound of resin is recovered per pound of rubber. The Mexican 
government has announced that construction of a 5,000 ton/year 
rubber plant will begin late this year. Wild shrubs will be 
harvested for this operation. 
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At Firestone we ar,e investigating a direct solvent extraction 
me thod for both resins and rubber . The process schematic is shown 
in Fig .• 2. 

FHESH SHRUB 

l 
~P_A_R_e_o_1L __ ....... ~LEAVES 

MILLING 

~ 
SOLVENT DERESINATION ~RESINS 

A.O. 

SOLVENT 

SOLVENT 

PULP DRYING 

RUBBER 
, EXTRACTION ~PULP 

COAGULATION, 
STRIPPING 

!DRYING ~RUBBER 

Fi gure 2. Solvent extraction process schematic 

Incoming shrub is parboiled and trommeled to remove leaves. The 
shrub is dried, ground and then extracted with acetone to remove 
the resins . The deresinated shrub is desolventized and again 
extracted, this time with hexane to remove the rubber. The 
rubber is water coagulated, steam stripped, screened, dried and 
baled. The pulp is desolventized. A certain amount is burned 
for steam· and power generation, the remainder is sold as by
product . In this process 0. 7 pounds of resin is recovered per 
pound of rubber; considerably more than that recovered from the 
Mexican process. We feel that this approach is more adaptable 
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to production in the USA where large scale operations are required 
to reduce the effect of high construction and operating labor costs. 

Results so far are encouraging but considerable work is needed 
for proper extractor design. We have set up a processing labora
tory and have designed a simple extracting unit which is enabling 
us to generate engineering data for commercial extractor design 
and to operate under commercial conditions to determine rubber 
quality, resin content of the rubber and yield information. We 
are also beginning to analyze the resins and look for possible 
applications. 

Some recent data on the wild Texas shrub that we are using in 
our studies are given on Table 6. Resin and rubber contents are 
quite variable and in several cases promisingly high. These re
sults are on a moisture free, leaf free basis. The leaf content 
is generally about 15% of the total weight of the shrub. 

Table 6. Rubber and Resin in Wild Guayule Shrub from Texas 

Sample %Resin* %Rubber* 

1 9.14 15.84 

2 8.83 5.46 

3 9.63 7.09 

4 9.59 9.50 

5 11.31 9.91 

6 12.6 10.6 

7 8.88 13.96 

8 10.19 17.0 

9 10.99 19.38 

*Based on deleafed dry wt., 2 mm screen size, resin extracted with 
acetone, rubber with hexane. 

Production Economics 

Information does not now exist which will allow us to predict the 
economics of guayule production with much certainty. However, 
based on past information and work now being carried on in the USA 
and Mexico one can at least give a preliminary indication of the 
economics and draw some general conclusions. 

We, at Firestone, presented such a study at the Internat~onal 
Conference on Guayule (Nivert et al., 1977) las~ August in 
Saltillo Mexico and again a modification of this study was pre
sented a~ the International Rubber Study Group Meeting (Glymph 
and Nivert, 1978) in Washington, D.C. in June, 1978. A sUI!UTlary 
of the economic analysis is presented here. 
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We know that during World War II yields of 900 lbs/ac were usual 
after two years in the field. We also know from this past work 
that irrigated guayule can accumulate about 500 lbs/ac of rubber 
annually over a threie to five year period. We therefore assume 
a yield of 2,000 to 2,500 lbs/ac of rubber after four and five 
years of growth., re:specti vely. 

Based on this assumed yield ., on current land prices in the South
west and on recent growing cost estimates made by the University 
of Arizona which we .modified to some extent, we have arrived at 
growing co:sts in the r ange of 29 to 38 ¢/lb (cents per pound) of 
rubber (Table 7) . 

Table 7 . Agricultural Costs in 1980's 

Yield (#/Acr e ) 

Costs (¢/lb) 

Nursery 

Planting, Field Prep. 

Field Cost s 
(In c. I r rigation) 

Harvesti ng, 
Shipping 

Overheads 
(Land , Tax es) 

Guayule Growing Cycle 

4 Year 5 Year 

2000 2500 

4.6 - 6.1 3.6 - 4.9 

6.4 - 7.8 5.1 - 6.2 

9 .. 2 - 9.5 9. 2 - 9.5 

2.9 - 3.6 2.9 - 3.6 

8. 2 - 10.6 8.2 - 10.6 

31.3 - 37.6 29.0 - 34.8 

'.l'h.e 29 to 318 ¢/lb pr ice range i ncludes land purchase, nursery, 
planting,,, i:rr:iqatioin, cultivation and weed control, harvesting, 
and shi_ppi ng costs ·over the full growing cycle. Total irrigation 
was calculated at 105 to 1.35 cm/acre f or four and five ye ars growth, 
respectiv1e1y.. OUr estimates i ndicate that nearly 50% of the costs 
ar1e .i ncurred in tbe .firs t y ear and are mainly for growing 
nursery s itock, p1ant :ing the seedlings and caring for the young 
plants.. 'lfith the high cost of growi ng and planting nursery 
st:oek:, i~ is necessary to get a high accumulation of rubber 

pon harvesting pr1efe rrably h igher than 2 ,000 lbs/acre. As men
tioned past in:foi:martion indicates this requires at least four 
years gr owth. 
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We have estimated the costs of processing guayule: shr11lb based on 
the solvent extraction approach (Table 8}. The costs are base.d 
on a plant_rec~vering 50.0 million pounds of rubber annually 
and operating in 1985. For the calculati ons it is assumed that 
the shrub processed contains 15% rubber and 11% resins and that: 
90% of both resin and rubber are recoverable. The cost of the 
facility is estimated to be in the $30 - 40 million. range. Pro
duction costs are estimated to be in the range of 20.5 to 28.0 
¢/lb of rubber. The range of costs presented indicated. uncer
tainties in the process and in future economic conditions . 

Table 8. Guayule Processing Costs (198S) 

Capacity: 50 Million Lbs/Yr. Rubber 
Firestone Solvent Extraction Process 

Plant Investment: $30 - 4'0 Million 

Processing Costs: ¢/Lb. Rubber 

Solvent Loss, A.O. 's, etc. 2 •. 0 -3. s 

Labor 4 •. 0 - 5 ... 0 

Plt. Overhead 3'.0- 3 . 5 

Taxes & Insurance 1 . 5- 2.0 

Depreciation 6.. 0 - 8" .. 0 

AS&G Expense & Interest 4.0-6 .. 0 

Total Costs 20 .. 5 - 28.0 

The processing costs can be partially offset :by sale: of th.e re.
covered byproducts (Table 9) . Our process scheme as:smn:es th:at 
the pulp be used as fuel to generate steam and electricity for 
the operation; however, it is estimated that an, exce·ss of 15 
million pounds would be available for additi0<n.:d po.weJ? geJa.eration 
or low grade pulp or fiber board applica:tdons., JLn any case: the 
value would probably not exceed 2 ¢/lb. The: resin on tll.e other 
hand may be quite valuable. Crude resins recove•J?ed amount. to 
about 35 million pounds for this plant size. Possil:i1le uses for 
the crude resin are as an exterior grade plywood adhesive and use 
in varnishes. The resins contain many valuable: components: which 
could be economically separated. Approximately 50% of the re·sin 
is fatty acid triglycerides and the most pre.valent fatty a.cid 
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is linoleic acid (about 56% ). Important terpenes are also present 
in the resin . A value of 15 to 25 ¢/lb is assigned to the crude 
resin . Total byproduct credit is estimated to be in the range 
of 12 . 0 to 20 . 5 ¢/lb of r ubber . 

Table 9 . Byproduct Credit (1985) 

Re s ins (Crude) Value ¢/Lb. Rubber 

0. 70 #Resin/#Rubber 15-25¢/Lb . 10.5-17.5 

1 . 50 #Pulp/#Rubber 1- 2¢/Lb. 1.5-3.0 

Total 12.0-20 . 5 

The total cost piictllll"e is shown in Tabl e 10. Agricultural and 
processi:mg costs a:re added to give a t otal cost in the range of 
49.5 to 66.0 ¢/lb of rubber with the agricultural costs accounting 
for nearly 60% of ithis totaL Sale o f by-products, mainly resin, 
would l:'eduoe these costs g .iving a ne t cost of 29.0 to 54.0 ¢/lb 
as s hown. With pvoject1ed natural rubber price for the year 1985 
in the 54 to 63 ¢/lb range (a very conservative projection based 
on today's market price, already a t 53 ¢/lb) the profitability 
of this venture could range all t he way from break even up to a 
very good after tax return on investment of 25 percent. The 
factors most affecting thes e costs have for the most part been 
mentioned but again, they ar e: yield per acre, field costs, 
natural rubber price, by-pr oduct value, economic climate during 
the 1980' s and processing plant size. 

The figures presented, though very preli minary, do indicate the 
possibilit y of a viable guayule industry in the Southwestern 
Uni ted States. A more complete analysis must await more 
positive answers to the many assumptions that have been made 
in the projected economics. 

Summary 

We are very optimistic about the commercial potential of guayule 
as a source of natural rubber. Preliminary testing by the major 
rubber companies indicates that the deresinated, stabilized 
guayule polymer is an acceptable raw material which should find 
a ready market in the rubber industry. Industry, government and 
the universities must cooperate to expedite the development of 
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guayule. In addition to the technological advantages, there are 
enough socio-economic implications for development of this industry 
to warrant a reasonable research effort to answer the many questions 
which have been raised. 

Table 10. Overall Costs & Profitability (1985) 

Total Capital: 

Plant cost 

Working capital & 
Agric. Equip. 

Total: 

Production Costs: 

Agricultural cost 

Processing cost 

Total costs 

By-product credit 

Net costs 

Projected Rubber Price 
in 1985 

After Tax Return 
on Investment, % 

$30-40 Million 

5-10 Million 

35-50 Million 

¢/Lb. Rubber 

29.0-38.0 

20.5-28.0 

49.5-66.0 

20.5-12.0 

29.0-54.0 

54.0-63.0 

0-25.0 
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Economic Potentialities of Juncus Plants 

M.A. ZAHRAN, AMAL A. ABDEL WAHID and M.A. EL-DEMERDASH 
Botany Department, Faculty of Science 
Mansoura University, Mansoura, Egypt 

The global demands for food, forage and agro-industiral raw ma
terials, especially in arid and semi-arid countries, call for 
further studies for optimal utilization of soil and plant resources. 
The cultivation and utilization of non-conventional crop plants under 
salinity and/or drought stresses should be considered. 

In the present study the authors present and discuss the possible 
agro-industrial potentialities of two species of Juncus, namely 
~- rigidus C.A. May and ~- acutus L. 

A field experiment was set up on saline soil to show how far the 
growth of Juncus would desalinate the soil. The effects of various 
N-P fertilizers on the vegetative yield, on the fiber length and on 
the chemical parameters of Juncus culms relating to the paper in
dustry were determined. The economic potentialities of Juncus seed 
were also studied. 

Vegetative Yield Experiment 

The field transplantation experiment of Juncus on the saline soil 
of Manzala Lake of Egypt (Zahran et al., 1977) was e:{tended to obtain 
more clear results concerning the effect of the different mixtures 
of N-P fertilizers on (1) vertical extension of Juncus tussocks 
(2) fiber length and chemical properties of Juncus culms related 
to paper making. 

On March 29, 1976 and after the first harvest of Juncus culms 
(Zahran et al., 1977), the same N-P fertilization treatments were 
carried out. 
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Fertilization treatments of Juncus experiments at Manzala saline soil: 
A = control (no fertilization) , 
B = N1P1 (20 Kg N + 25 Kg P per feddan), 
C N2P1 (40 Kg N + 25 Kg P/feddan) , 
D = N3Pl (80 Kg N + 25 Kg P/feddan), 
E N1P2 (20 Kg N + 50 Kg P/feddan) I 

F N2P2 (40 Kg N + 50 Kg P/feddan), 
G = N3P2 (80 Kg N + 50 Kg P/feddan), 
H = N2P2 + microelements (i.e. F treatment + Arnon solution 

diluted to 1/5). N.B. Feddan = 4,200m2, 
N =Nitrogen fertilizer (ammonium sulphate, (NH4) 2so4). 
P Phosphorous fertilizer (superphosphate, P205). 

After 2 months growth, H treatment (N2P2 +microelements) was applied 
to the new culms of Juncus plants. Irrigation was regular every 
week. Irrigation water was taken from the most down-stream part 
of the River Nile containing relatively high proportions of sol
uble matters (E.C. = 529 mmhos/cm. On June 29, 1977 (after 15 
months growth) the area covered with Juncus tussocks was measured, 
culms were harvested, and their fresh weights were taken. Samples 
of Juncus culms and seeds were collected for various laboratory 
investigations. 

The individual estimation of area (m2) and fresh and dry weights 
(kg) of cTuncns tussocks and culms (Table 1) and the statistical 
analyses of these results (Snedocor, 1956; Table 2) show the following: 

a) The areas covered with ~· rigidus in plots treated with B 
and C fertilizers increased significantly while those of plots 
subjected to D, E, F, G and H treatments increased with high 
significance. 

b) The areas covered with ~· acutus treated with B, E and G failed 
to increase in area, whereas those of D and F treatments showed a 
significant increase. Highly significant increases were observed 
in plots treated with H fertilizer (having micro-nutrients). 

c) There was an insignificant increase in fresh weight of J. 
rigidus culms in plots treated with B and C fertilizers. A highly 
significant increase was recorded in plots of D, E, F, G and H 
fertilizers. 

d) The fresh weights of ~- acutus culms under B, c, D and E treatments 
increased significantly. Highly significant increases were de-
tected in plots of F, G and H treatments. 

e) The dry weights of J. rigidus culms with B and E treatments 
increased significantly-; whereas those of D fertilizer failed to res
pond. Highly significant increases were detected in the dry weights 
of J. rigidus culms under c, F, G and H treatments. 



Table 1. Vegetative y i e l ds of Juncu s experiments at Mansal a sal ine soil 
A - H =Fertilizat ion treatments, a = area of Tu ssock (m2) , W =weight (kg) , f fre sh wt . d d r y wt . t tota l wt. m = mean p = plot no. 

A B c D E F G H 

p a w p a w p a w p a w p a w p a w p a w p a w 
f---a f---a f d f d f d f d f d f d 

28 0.9 5 24 . 7 9 . 0 50.0 1. 1 32. 1 11 . 7 29 . 0 1. 2 27.5 10.0 26 . 0 1 .2 34 . 9 12.7 27 . 0 1. 6 31 . 6 1 1 .5 34.0 1. 6 31 . 9 11 . 6 31 .0 1.7 33.5 1 8.2 32 . 0 1 . 7 40. 7 14 B 

35 0 . 9 3 26.4 9.5 39.0 1.0 27.5 10 . 0 33.0 1.2 27.5 1 0 . 0 36.0 1 . 3 35.2 1 2 . 8 44.0 1. 4 30.5 1 1 . 1 42.0 1 .4 33 . 5 1 2 . 2 41 .0 1 . 5 34. 5 1 2 . 6 40.0 1 . 8 40 . 9 14.9 

4 5 0 . 94 25 . 0 9 .1 47.0 1.1 27.5 9.9 35.0 1. 1 30 . 2 11.8 43.0 1 . 2 34.6 1 2 . 6 48.0 1. 5 31. 6 11 .5 55 . 0 1.5 32. 1 11 .7 45 . 0 1 . 5 35 . 4 12.9 51.0 1. 8 40 . 9 1 4.9 

Ul 

,g 54 0.94 29.910.9 57.0 1.1 26 . 4 9.6 59.0 1.0 29.7 10 . 1 42.0 1.3 35 . 2 1 2 . 8 53.0 1.5 32.8 11 .9 57.0 1. 5 33.5 1 2.2 50 . 0 1. 5 34 . 6 12.6 60 . 0 1 . 8 40.9 14.9 
.... 
"' ·.: 68 0.92 26.9 9.8 56.0 1. 8 28 . 8 10.5 69.0 1. 2 27 . 5 1 0.0 55 . 0 1.2 34.9 1 2 . 7 58.0 1.5 33 . 5 1 2 . 2 62.0 1.5 31 . 0 11 .3 64 . 0 1 . 6 33 . 2 12.1 66 . 0 1. 7 41. 2 1 5.D 

.., 61 0 . 92 27. 1 10 . 171. 1 1. 1 31 .0 11 . 2 63.0 1.2 27 . 7 11.0 49.0 1 .2 35 .1 12 . 8 67.0 1. 5 34.9 12 . 7 37.0 1.6 32.3 11 . 4 70 . 0 1. 5 34 .5 12.6 25.0 1 . 7 40 8 14B 

T 9 . 58136.o 59. 4 - 6 . 6 173 . 0 63 . 0 - 6 . 9 170. 1 61.9 - 8 . 6 209 . 9 76 . 4 - 9 . 0 195.0 70.9 - 9 .1 194 . 3 70 . 4 - 9 . 3 205.7 75.0 - 10 . 5 225 .4 89. 3 

M (\ Q< 22 . 7 8.9 - 1. 1 28.9 10.5 - L 15 28.4 10 . 3 - L 45 34 . 9 1 2 . 7 - 1. 5 32 . 5 11 . 8 - 1.5 32.411. 7 - 1. 5 34. 8 1 2.5 - 1. 6 37.5 14.9 

5 1.12 22 .1 8.8 8.0 1. 8 20.4 8. 1 6 . 0 1. 5 26 . 9 9 . 5 4 1. 5 18.3 7.3 2 . 0 1.14 22 . 4 80 . 9 3 . 0 0 . 97 27 . 6 11 . 0 1.0 1.5 25 . 3 10.0 7 . 0 1. 7 32 . 4 12.9 

1 4 0 .7 2 16.6 6.6 23.0 0.8 20 . 6 8 . 2 10.0 2 . 5 23 . 9 9 . 8 1 2 2 . 0 20.9 8 . 3 16 . 0 0 . 72 18 . 6 7 . 4 18.0 1.05 26 . 1 10 . 4 11. 0 1 .6 22.5 9 . 0 9 . 0 2 . 3 30.9 12.3 

31 0.82 1 3.6 5 . 4 17 . 0 0 . 6 21. 6 8 . 6 79.0 0 . 68 24 . 6 8.4 22 1. 1 19 . 4 7 . 7 24 . 0 0.72 20 . 0 7.9 20 . 0 1 . 05 27. 1 10.8 19.0 0 . 95 25. 1 9 . 2 15.0 1.3 31. 7 1 2 .6 

~ 76 0. 11 2 . 0 0.8 77 . 0 0 . 53 21. 1 8.4 88 . 0 0 . 71 24 . 1 9 . 9 75 1. 1 20 . 1 8.0 84.0 0.89 20 . 0 7 . 9 89 . 0 0.78 27.4 10.9 78.0 1 . 10 23 . 6 9 .4 91.0 1. 2 29.2 11 .6 
.µ 
;:l 

~ 83 0 . 79 19 . 1 7 . 6 81 . 0 0.97 22 . 5 8.96 95.0 1.1 25.2 9 . 4 82 0.9522 .1 8.8 93 . 0 0.96 20.9 8 . 3 96 . 0 1 . 32 25 . 6 10.2 80 . 0 0 . 90 24 .1 9 . 6 94 . 9 1. 4 30.7122 

.., 92 0.77 1 6.6 6.6 86.0 0 . 92 21. 2 8 . 4 13.0 1.2 24 . 7 57. 1 90 0.65 2 2 .1 8.8 85 . 0 0.84 24.1 9 . 6 74 . 0 0.97 26.2 10 . 5 87.0 0 .70 23.9 9 . 5 73 . 0 1. 6 30 . 8 1 22 

T 4 . 33 90 . 0 35.8 - 5.62 1 27.4 50.6 - 7 . 7 149. 4 57. 1 - 7 29.1 22.9 58.9 - 5 . 27 1 26 . 0 50.1 - 6.14 160.0 63.8 - 6. 75 142 . 5 56 . 7 - 9 . 5 185 . 7 73B 

M 0 . 77 15.0 5.96 - 0.94 21. l 8 . 4 - 1. 3 24 . 9 95.0 - 1. 22 20.5 9.7 - 0 . 88 21. 0 8 .4 - 1. 02 26. 6 10 . 6 - 1. 12 23 . 8 9. 4 - 1. 6 30 . 9 1 23 

" ... 
"' 
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f) The dry wei9hts of J . acutus culms in plots treated with B and 
c fer tiliz·ers increased s i gnificant l y , whereas those of D, E, F, 
G and R treatments showed a h ighly s i gnificant increase . 

g) Gene.r ally,, the total yields of J uncus culms (fresh and dry 
weights ) were , r ,elati.ve ly, higher in plots treated with excess 
amounts of nitrogen in fertilizer added, i.e . , D and G treatment. 

I t is worth mentioning that J. acutus culms, unlike those of J. 
r i gidus , we r e infected with Puccini.a rhimosa disease. The 
highly infected C1.J1lms ere r ecorded in plots treated with E ferti
l izer. This may explain the r eduction in the total vegetative 
y ields of J .• acutus culms. Res i stance of Juncus culms against 
fungal infe ction needs further stud i es. 

Soil Biologica l Desalination 

The success of a Juncus pla ntation on saline soil was associated 
with another advantag•e that incr eases its economic potentialities. 
Juncus i s a cumula tive halophyte (Walter, 1961), i.e, they 
accumulat e excess salts absorbed from soil in the upper parts of 
their culms .. 'Each harvest is di minishing the salt content in 
soil and/ or ground wat e r " (Boyko, 1966). This was detected in 
the s a line soil of the Juncus experiment. 

Twe lve soil sampl e s (No . 1- 12 , prof iles A-F, Table 3) were collected 
at random from 6 plots o f t he experiment before transplanting 
Juncus rhizomes (on October 1 , 1974). A profile (0-30 cm) was 
dug in ea ch plot . Each profile was represented by two soil samples: 
s urface (0- 5 cm) and subsurface (5-30 cm). The soil samples were 
ana lyzed che mically (J ackson, 1962) and their total soluble salts, 
calcium car bonate and organic carbon contents as well as their 
pH value s were estimated. On October 1, 1976, another set of 
soil samples {No. 13-24, profile G-L, Table 3), were collected 
from the same plots, f rom the soil under Juncus tussocks and were 
anal yzed .. 

The r esults o f soil chemical analyses before and after two years 
of .J uncus growth (Tabl e 3) indicate that Juncus plants may have 
an important r ole i n diminishing the salt content of soil. Re
cognizable d ifferences were observed in the total soluble salts of 
the soil s amples col lected pre-and a·fter Juncus growth. Re
duc tions we r e, r e l atively , higher in the plots of J. rigidus than 
in thos e o f !!· acutus . This was associated with a-slight increase 
in the organic carbon contents and decrease in pH values of soil. 
Calcium carbonate contents did not show appreciable changes. 



Table 2 . Statis tical differences (t values ) between the me a n values of t h e a r ea covered by tussock s and the fresh a nd dry weights of 
J uncu s c ulms unde r d i fferent f e r til ization treatme nts . 

p = values o f p robabi lity , n = degr ee of freedo m 0. 1 =not signif i cant 0 . 05-0 . 01 = a lmost significant , 

0 . 01-0.005 = significant, 0 . 005-0 . 001 (and less ) = h ighly s ignific a n t . 

Junc us r i g i dus Juncus acutus 
Ar ea Fre s h we i ght Dry weight Area Fresh weight Dry weight 

Tre atment 
t n p t n t n p t n t n t n 

A - B 4.148 9 0 . 0 05 1.581 9 0 . 100 2 .474 8 0.05 0 . 838 9 0 . 1 2 . 171 9 0 . 0 5 1 . 6 50 9 0 . 1 

A - C 4. 458 9 0 . 005 1. 580 9 0. 100 3.857 8 0 . 005 1. 591 9 0 .1 3 . 043 9 0 . 05 1. 597 9 0 . 1 

A - D 7 . 681 9 0 . 001 9.005 8 0 . 001 1 . 800 9 0 . 1 2 . 071 10 0.05 1. 876 10 0 . 05 3 . 6 40 8 0 . 005 

A - E 7 .681 9 0 . 001 5 . 235 9 0.001 2 . 321 9 0.05 1. 038 9 0 .1 2 . 026 10 0 . 0 5 5.196 9 0 . 001 

A - F 1 2 . 085 8 0.001 5.566 8 0 . 001 6 . 288 8 . 001 1. 93 9 0.05 4.104 9 0 . 0 1 3.939 8 0 . 005 

"' A - G 12.638 9 0 .001 6 . 703 8 0 . 001 4 . 026 9 0 . 005 1 .536 10 0 . 10 3 . 033 10 0 . 02 7 . 812 9 0.001 "' CXl 

A - H 19.30 1 8 0.001 15 . 455 8 0.001 8 . 622 8 0 .00 1 3.485 9 0 . 005 5.501 9 0 . 0 01 13 . 619 8 0 . 001 



Table 3. Resu lts of chemical analyses of soil samples col l ected from the site of ~ experime nt at Manzala aaline soil. 
I-Before Juncus transplantation (October 1, 1974) II - After two years of~ growth (October 1, 1976 ) . 

I - Chemical anallses lI•Chemic:al analil!~ll 
~species Plot Profi l e Sample Depth TSS pH CaC03 Or9 . Profile Sample TSS pH Caco3 0%'%· 

carbon carbon 
No . No . No. (cm) (%) (%) l"' l No , No. (%) (%! (t) 

1 0-5 1.85 8. 3 4.26 1.2 13 0 . 77 S.18 4.24 1.22 
29 A G 

2 5-30 1. 32 8.4 4.32 l.16 14 0.92 S. 02 4.31 1.20 

3 0- 5 0.95 8.3 3.85 1.002 15 0 .32 8.01 3.97 l . 10 
J . rigidus 50 B H 

4 5-30 0 . 6 7 8.3 4.10 0.998 16 0 . 4 2 S.3 3.98 1.00 

5 0- 5 1. 02 7.9 3.92 l. 21 1 7 0.54 7.8 3.96 1.25 
"' 71 c I .... 
"' 6 5-30 0.87 7.8 3.88 1.06 18 0.52 7 .8 3.75 1.10 

7 0- 5 0 . 99 8.2 4 . 38 1.18 19 0.88 8.1 4.3 1. 20 
1 D J 

8 5- 30 0.86 8.3 4.31 1.02 20 0.82 8.0 4.26 1.10 

9 0-5 0.98 8.1 4 . 3 0 . 90 21 0 . 81 7.9 4.27 1.00 
J. acutus 24 E K 

10 5-30 O.B2 8 . 1 4.4 1.10 22 0. 72 B.O 4.29 1.12 

11 0-5 1. 35 B. 4 3.99 1.21 23 0.94 8.3 4 . B7 1. 25 
F L 

1.2 5- 30 0.97 8 . 3 4 .21 1.00 24 0.72 8.5 4 . 15 1.08 
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Fiber Length Measurements 

Samples of Juncus culms treated with various fertilizers were coll
ected, air dried and cut into 3-4 cm pieces. These pieces were 
treated with hot concentrated NaOH solution till complete macera
tion was achieved. Microscopic measurements on 200 fibers for each 
fertilization treatment were carried out for each Juncus species. 

The results of fiber length measurements (Table 4) show that the 
addition of N-P fertilizers had positive effects, as it reduced 
the total number of the short (500-1000 µ) and very short (<500 
µ) fibers; from 11% to 0.5% for~- rigidus and from 12% to 0 for 
~- acutus culms. Other than that, the percentages of fibers having 
lengths ranging 1500 iI->2000 µ increased from 18.5% to 36.5% for 
~- rigidus and from 15% to 36.5% for~· acutus culms. In the culms 
treated with macro-and microelements (H treatment), the percentage 
of fibers >2000 µ was the highest among the treatments. 

Under all treatments, the fiber lengths of J. rigidus and J. acutus 
culms were almost comparable. 

Chemical Investigations 

These investigations were carried out to determine the most 
suitable mixture of N-P fertilizer to produce Juncus culms having 
the best chemical qualities related to the paper industry. 

Samples of J. rigidus and J. acutus culms collected from the field 
experiment ;ere chemically- analyzed (TAPPI, 1960). Their ash, 
lignin, a-cellulose and pentosan contents, as well as their hot 
water and alcohol-benzene solubilities were determined. 

The results of the chemical analyses of Juncus culms (Table 5) 
elucidate the following: 

a) The ash contents of the control samples of~· rigidus (6.42%-
6.67%) were, relatively, higher than those of J. acutus (4.5%-
5.84%) culms. Addition of fertilizers showed no appreciable 
effect. 

b) Hot water and alcohol-benzene solubilities of the control 
and treated samples were almost comparable. ..I_. rigidus showed 
relatively higher proportions of material solubility in hot 
water than J. acutus. 

c) The lignin contents of the control culms of ~- rigidus 
(13.66%-13.94%) were relatively lower than those of ..I_. acutus 
(18.6%-20 .47%). Fertilization had no appreciable effect on this 
parameter. 



Tab le 4. Mean and percentage of fiber lengths of~. ±igigus and J. acutus cul ms at different 
fertilization treat ments. 
I = < 500 µ II = 500 ~ 1000 l.l III = 1000 - 1500 µ 
I V = 1500 - 2000 µ v = > 2000 l.l 

Juncus riiidus Juncus acut11 

Percenta2es of fiber lepith 
Treatment Mean Mean 

u I I I III IV v u I II III IV v 

A 849 .1 11.0 62 . 5 23 . S 2.0 1. 0 791.0 12.0 71.0 15.0 1.5 o.s 

B 887.8 5.0 72 . 0 22.5 s.o o.o 840 .6 9.5 67.S 20 . 5 2.0 0.5 "' 01 
"-' 

c 905.8 4.0 69 . 0 23 .0 4.0 o.o 844.8 6.5 65. 5 25.5 l.5 1. 5 

D 925 . 7 3.5 67 . 0 24.5 4. 5 0. 5 906.0 4.0 63.5 28 . 5 3 . 0 1.0 

E 937.6 1. 5 59.0 32.0 5 . 0 0. 5 914.0 2.0 58.5 32.5 3 . 5 1.5 

F 993.2 1. 5 58.0 35.0 5.0 0.5 977.0 0.5 58. 5 35 .5 4.0 1. 5 

G 995 . 2 0.5 56.5 36 . 0 5.0 1. 5 985 . 2 0.0 58.0 36 . 0_ 4.5 1. 5 

H 1451. 7 0.5 54.5 36.5 6.5 2.0 1592.6 0.0 56 .0 36.5 5.5 2 .0 



Table 5. Results of the chemical analyses of the culms of Juncus spp. treated with different fertilizers 
at Manzala 

Treatment Juncus spp. Plot No . Ash Hot-water Alcohol/Benzene Lignin aCellulose Pentosan 

~· rigidus 61 6.42 18.62 3.36 13.66 42.2 24. 77 
A 40 6.67 16.49 4.3 13.94 43.5 25.8 

J. acutus 92 4.92 16.65 3.67 18.6 47.9 23.72 
83 5.84 18.85 3.15 20.47 45.1 23.13 

~· rigidus 52 6.39 16.34 3.13 12.68 43.6 23.51 
B 71 6.01 16.3 2.37 12.85 49.2 29.7 

J. acutus 77 6.53 17.47 3.0 17.17 40.1 23.51 
81 5.86 17.08 3.35 21.85 43 22.53 

~- ri9idus 33 8 . 61 16.62 3.94 13.6 48.4 31.89 
c 29 8.41 16.92 3.16 12.88 45.9 24.02 

J. acutus 79 5.37 16.5 4.09 17.3 45.2 22.68 
95 4.97 17 .11 3.68 16.96 48.2 23.15 

~· rigidus 26 7.65 17.06 2.38 14.16 52 . 9 27 . 71 
D 72 7.69 18.25 3.74 13.61 56.7 26.43 

J. acutus 22 h. 71 16.75 3.01 20.18 52.6 27.53 ---
4 6.73 15.67 3.45 20.29 58.8 27 .. 65 

~- rigidus 27 6.59 19.38 2.68 12.57 52.3 25.06 
E 44 7.63 16.6 2.76 14.25 54.9 31.52 

J. acutus 2 5.5 16 . 78 3.19 14.75 53.3 28.51 
-

24 5.93 16. 72 3.4 18.93 55.3 27.84 
~- rigidus 62 6.36 22.92 2.79 14.74 55.7 29.79 

F 37 6.86 22.73 3.019 13. 9 53.6 35.21 
J. acutus 96 5 . 36 17.2 2. 77 18.79 69.9 27.97 

3 5.09 17.7 2.96 19.26 65.5 20.78 

(\.) 

LTl 
(\.) 



Table 5 . cont'd 

Treatment Juncus spp. Plot No . Ash Hot-Water Alcohol/Benzene Lignin a.Cellulose Pentosan 

~· rigidus 41 7.12 21.8 3.75 12.2 56.3 25.16 
G 50 6.42 21.04 3.04 14.3 54.2 29.58 

J. acutus 80 5.3 20.36 2.97 15.5 54.5 23.44 
1 6.23 19.11 4.18 17.4 56.4 26.23 

~· rigidus 25 5.4 20.33 3.6 13.5 58.3 26.24 
H 66 5.32 21.1 3.45 13. 7 56.2 28.3 

J. acutus 91 7.15 16.4 3.2 16.4 52.9 28.4 
94 6.19 16.6 3.19 16.6 53.3 28.3 N 

ll1 
w 
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d) The a-cellulose contents of the control J. rigidus culms (42.2%-
43.5%) were, relatively, lower than those of-J. acutus ( 45.1%-47.9%). 
The reverse was true for the pentosan contents of the two Juncus 
species. Addition of fertilizers showed appreciable effects on these 
two parameters. Increased amounts of phosphorous in the mixture of 
fertilizers were associated with increase in the percentage of pen
tosan and a-cellulose in the culms of both Juncus species. Phos
phorous plays the main role in the formation o~-;;arbohydrates of 
plants through the phosphorylation process . Accordingly, pen-
tosan and a-cellulose, which are the major constituents of carbohy
drates (polysaccharides) , were increased when the amount of 
phosphorous was increased. 

Seeds of Juncus have been reportedly employed in oriental medicine 
as a diuretic and a antidiarrhetic (Tackholm and Drar, 1954). This 
indicates that these seeds are rich in certain medicinal constituents, 
an advantage that increases the economic potentialities of Juncus 
plants. 

In Egypt, efforts are being made for the adaptation of seeds to serve 
as potential source of oils for both edible and industrial purposes. 
Studies are oriented to seeds produced by local wild and newly cul
tivated plants which are not yet investigated . 

The clean dry seeds of ~- rigidus and ~· acut~ collected from the 
Manzala experiment were ground separately, crushed in a Wiley Mill, 
and extracted in a Soxhlet apparatus by n-hexane for six hours. The 
hexane extract was dried over anhydrous sodium sulphate, filtered, 
and their oils were obtained by distillation under sodium sulphate. 
The fatty acids of the glycerides and phospholipids of these oils 
were investigated (Quinlin et al., 1958; Coleman, 1961; El-Nock
rashy et al., 1965; Osman et al . , 1976). 

The mole percentages of the fatty acids of the 2-monoglycerides, 
triglycerides and phospholipid fractions of the oils of ~· ri5Ii-du~ 
and J. acutus seeds shown in Table 6a, indicate the following: 

a) Linoleic acid was the major constituent of the 2-monoglycerides 
in both J. rigidus (71.9%) and~· acutus (51.4%) seeds. Oleic 
acid was-absent from J. rigidus seeds, but was found in reasonable 
amounts (5.9%) in the-seeds of J . acutus . Palmitic acid was re
corded i n considerable amounts In the 2-monoglyceride frac tions of 
the two oil s amples. 

b) The main constituents of the triglyceride fraction was formed 
from palmitic (23.4%, 20.7%), oleic (38.6%, 37.5%) and linoleic 
(32.1%, 29.2%) acids associated with minor amounts of lauric (l.4%, 
1.8%), myristic (0.5%, 4.9%), stearic (1.1%, 1.2%) and linolen~c 
(2.9%, 4.7%) acids for J. r igidus and~· acutus seeds, r espectively. 
It is cle a r that the pe;centages are almos t the s ame except in the 
case of myristic ac i d. 



Table Ga. Chemical investigation of Jun~ seeds 
Fatty acid composition of 2-monoglycerides (mg) , t r i g l ycerides (tg) and phospholipid (pl) 
of !!· rigidus and ..r_. acut us s eeds (mole %) . 

Fiatt}' AcJCis _ 

Laurie Myd .. st:i.c _ _ j?almii;Ac:;i ___ ~-- - -~t~::i,~-~<L- ~~-_Qle_;Q -~--- j:i_inoleic Lino_le?liC 
mg tg pl mg tg _ pl _ mg _ J:;g _ pl_ rng _ · tq · pl - mq tg pl tn9' tq pl mg tq pl 

J. rigidus 2.4 1.4 o.o 1.5 o.s o.o 16.2 23 . 4 5o . 9 3 . 3 1.1 6.7 o. o 38. 6 29.371.9 32.l 7.l 2. 9 2 . 9 0.0 

J. acutus 5.4 i.a o.o 14.7 4.9 o.o a . s 20 . 7 70 .9 o.o 1.2 2.0 5.9 37 . 5 18.251. 4 29. 4 a. 9 14. 1 4.7 o.o~ 
U1 
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c) The fatty acids of the phospholipid fraction of the two oils vary 
widely from those of the corresponding triglycerides. The percentages 
of palmitic and stearic acids in the phospholipid fraction were mul
tiples (or more) of their values in the triglycerides. The reverse 
was true for lauric , myristic, oleic, linoleic and linolenic acids. 

d) The percentages of palmitic (70.9%) and linoleic (8.9%) acids 
of the phospholipid fraction of ~· acutus oil seeds were, relatively, 
higher than those of~- rigidus oil seeds (56.9% and 7.16, respectively). 
Stearic and oleic acids were recorded in lower amounts (2% and 18%, 
respectively) in the seeds of J. acutus than in the seeds of J. rigidus 
(6.7% and 29.3%, respectively). 

Zahran et al. (1978) investigated the other chemical potentialities 
of Juncus seeds. The results revealed that the seeds of both Juncus 
species contain flavonoids, glycosides, tannins and unsaturated sterols. 
Saponins were present only in~· rigidus seeds, but alkaloids were 
absent from both seed . The protein constituent of ~- rigidus was 
slightly higher (11.12%) than that of~- acutus (10.54%) seeds. 

Thirteen amino-acids were determined in the seeds J. acutus (Table 
6b). The amounts of arginine, serine, aspartic acid, glutamic acid, 
praline, leucine and phenylalanine determined in J. rigidus seeds 
were higher than those of J . acutus. The reverse-was true for his
tidine, glycine, valine and isoleucine. Threonine and lysine were 
recorded only in ~- rigidus seeds. 

In both Juncus seeds, praline was the highest (5.37% and 4.94% for 
J. rigidus and J. acutus, respectively), followed by arginine (4.72%) 
~nd phenylalani;e (4.42%) in the case of~· rigidus and by glycine 
(4.68%), phenylalanine (4.12%) and histidine (3.51%) in the case of 
J. acutus. The other amino acids were present in minor ( 1. 03%-2. 7%) 
concentrations (Table 6b) . 

Four organic acids, namely oxalic, succinic, citric, and malic 
acids were determined in the seeds of J. rigidus. J. acutus seeds 
contained the first three acids only. 

The free sugars of J. rigidus seeds were sucrose, glucose, fructose, 
and galactose. In the seeds of ~· acutus galactose was absent. The 
combined sugars of the studied Juncus seeds were glucose, fructose, 
galactose and xylose. The presenc::e-of arabinose was recorded only 
in J. rigidus seeds. 

Conclusions 

The arid zone countries, e.g. Egypt, are facing three major pro
blems, namely: (i) very high rate of population increase, (ii) 
limited areas of cultivated and arable lands (iii) shortage of 
food, f orage and plant raw materials for fiber , drugs, oil, and 
industrials. studies aiming at solving these problems must take 
priority. 



Table 6b. Concentrations of amino acids and protein (mg %) in the seeds of J. rigidus and~· ~ 

Protein Hi stidine Arginine Serine Glycine Aspartic Glutamic Threonine Praline Valine 
acid acid 

J. rigi dus 11. 1 2 2.36 4 . 72 2 . 75 2. 10 5.24 1.96 2.19 5 . 37 1. 24 

il_. a c utus 10 . 54 3 .51 2 .14 1. 86 4. 68 1.87 1.03 0 . 00 4 . 94 3.09 

Lysine Phenylalanine 

2.75 4 . 42 

o.oo 4.12 

I soleucine 

1.74 

2.05 

Leucine 

2 . 80 

l.64 

"' "' .... 
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The results of the present and previous (Boyko, 1966; El-Bagouri 
et al., 1976; Zahran et al., 1972, 1977, 1978) works reveals the 
various agro-industrial potentialities of two rushes, namely ~
rigidus and ~· acutus. These rushes can be cultivated successfully 
on saline non-productive soils. Their growth rates were so fast 
that increased vegetational cover of the cultivated saline lands 
with non-conventional, economic crops may be expected. Addition 
of nitrogen-phosphorous fertilizers to Juncus plants was of prime 
importance from both an agricultural and ind~strial point of view. 
The best mixture of N-P fertilizers was that formulated from 80 kg 
nitrogen fertilizer (in the form of ammonium sulphate) + 50 kg 
phosphorous fertilizer (in the form of P2o5 superphosphate) + 
micronutrients. This fertilizer did not only act to increase the 
total vegetative yields, but also helped to increase the amounts 
of long fibers (1500 - >2000µ) and the amount of a-cellulose and 
pentosan in Juncus culms. This means that it develops the physical 
and chemical properties of Juncus culms that increases their potent
ialities as raw material in paper making. 

Achievement of soil desalination was proved by Juncus plants. With
in a few years, the saline soils cultivated with Juncus might become 
less saline and more productive. 

Juncus seeds were found to be rich in oils, proteins, amino-acids, 
carbohydrates, etc. This finding might suggest the possibility 
of their use as a raw material in various chemical industries; e.g., 
drug, oils, etc. Care must be taken in the case of human consump
tion; they might have toxic effects. 

Accordingly, one may conclude that both~- rigidus and J. acutus 
have agro-industrial economic potentialities. But, J. rigidus is 
preferable to ~· acutus for the following reasons. 

(1) J. rigidus seemed to be resistant against fungal infection, 
an ad-;antage that increased its vegetative yield. 

(2) The salt tolerance and desalination effects of J. rigidus were 
higher than those of J. acutus. 

(3) The seeds of J. rigidus were, relatively, richer in their 
chemical constituents than those of ~- acutus" 

Consequently, one may say that, a way for the economic use of 
the halophytes and saline lands to provide forage and raw materials 
for industries in Egypt, and other developing countries having the 
same conditions, may be found. 
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Plant Resources of Indian Arid Zones for Industrial Uses 

R.S. PARODA 
Division of Plant Studies 

central Arid Zone Research Institute, Jodhpur 342003, India 

The Indian desert, covering an area of 28,600 km2 , is representative 
of several specific characteristics. The arid zone includes the 
following states: southwestern Punjab; western Haryana and Rajasthan; 
and northwestern Gujarat. It is situated between 220 and 32° N lat
itude and 68° to 76°E longitude. The climatic and soil conditions 
are characterized by high temperature, low and erratic rainfall, 
evaporation far exceeding precipitation, low organic matter in 
the soil, and strong desiccating winds. It is also the most densely 

Pduopaulsl/aktme~ (8.84 million) of the desert areas of the world. Indivi-
varies from four in Jaisalmer to 157 in the Jhunjhunu 

district. Due to the obvious pressure on land, marginal lands 
have been cultivated, and available vegetation cover has been over
exploited leading gradually to desertification. It is in this 
context that there is an urgent need for rational utilization of 
available plant resources. Despite the hostile conditions pre
vailing in the Indian desert, fortunately there is plentiful native 
plant material that could be rationally utilized for industrial 
purpose~ which would benefit the people of the arid regions. Some 
exotic plants have also been found to b e of considerable use as 
they have shown remarkable adaptation to local environments and 
have specific industrial uses. An attempt has been made here to 
list the plants having industrial uses based largely on data from re
search carried out at the Central Arid Zone Research Institute, 
Jodhpur. 

Crops of Industrial Importance 

Guar for Gum 

Clusterbean (Cyamopsis tetragon~loba L. Taub . ), commonly known as 
guar, is a drought resistant, h a.rdy crop of the arid and semi 

arid regions of India. 
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The crop has assumed great industrial significance in recent years 
mainly due to gum in its endosperm which constitutes 35-40% of the 
seed and i s h i ghly mucilaginous. Guar gum has several diversified 
uses in the textile, food processing, cosmetic, mining, explosive, 
and oil industries {Hymowitz and Maltock, 1963). The gum is mechan
ically extracted from seed endosperm since it contains almost 80% 
galactomannan, a polysaccharide. Today, guar gum and its derivatives 
are in great demand in the world market . India earned a foreign 
exchange of Rs. 17 crores (approximately $19 million) during 19.74-75 
and export f igures are expected to have risen in recent years. 

Rajasthan accounts for almost 53% of total guar seed production in 
India. Other important guar growing states are Gujarat, Haryana 
and Punj.ab . Although it is grown in Pakistan, the United States 
and Australia, guar essentially is a crop of the Indian arid zones. 
Table 1 provides information concerning area and production of guar 
seed in major growing states, while export figures of gum are given 
in Table 2. These data reveal that the area under cultivation has 
invari ably increased in recent years as has export of guar gum. 
Production figures are, however, indicative of the fact that there 
are large s cale fluctuations in the per hectare yield (3...,9 q/ha) 
and hence the obvious need for stabilization in productivity is 
reflected. Also figures on guar gum export indicate that production 
of gum is much less than the total installed capacity of the or
ganized sector in the country. 

In addition to guar gum, guar meal, the by-product, is also of 
considerable value as it contains more than 42% protein compared 
to guar seed which has about 31 percent. It also contains, however, 
antitrypsin and hemolytic factors. 

Research on genetics, agronomy, and quality are in progress in 
India at the Central Arid Zone Research Institute, Jodhpur; Haryana 
Agricultural University, Hissar; Punjab Agricultural University, 
Ludhiana ; Gujarat Agricultural University, Baroda; University of 
Udaipur Research Station, Durgapura (Jaipur); and National Bureau 
of Plant Genetic Resources , New Delhi. While considerable informa
tion on different aspects of guar are being gathered, there is 
still an urgent need to intensify research efforts on the following 
aspects: breeding of high yielding stable and disease resistant 
varieties; development of plant types that are determinate/and 
early as well as photo-and thermo-insensitive; and agronomic prac
tices both for rainfed and irrigated condit ions including studies 
on plant goemetry , s owing time , fertilizer and bacterial response, 
etc. Research on quality characters like protein, gum and anti
trypsin factors also needs to be intensified in relation to the 
utilization of by-products of guar seed in industry. 

Recent reviews on guar breeding (Paroda and Saini' 1978) · · , , agronomy 
(Singh, 1978), diseases (Chand and Gandhi, 1978), chemistry (Das · 
and Aro~a , 1~78 ) and f eed and f odde r (Gupta et al . , 1978) p rovide 
exhaustive literature on these subjects. 



Table 1. Acreage and production of Guar in major Guar growing States. 

Year Area (Thousand hectares) Production (Thousand tonnes) 
Rajas than Punjab Gujrat Haryana Rajas than Punjab Gujrat Haryana 

1970-71 1,171.1 15.6 173.9 94.1 430.8 16.2 118.1 68.0 

1971-72 1,207.8 53.3 192.4 106.l 246.0 42.9 131.5 53.9 

1972-73 805.9 51. 6 155.8 141.2 94.8 60.9 101. 2 97.8 

1973-74 1,338.1 119.1 145.8 99.2 444 . 3 132. 7 93.7 75.9 
N 

1974-75 868.4 86.4 61.0 139.7 105.3 95.6 3.6 83.8 
(j\ 
w 

1975-76 2,294.0 81. 6 171. l 173.6 476.6 97.6 39.8 130.4 

Source Indian Agricultural Situations. 
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Table 2. Export of guar gum 

Year Quantity Export value 
(tonnes) (million) 

1971- 72 23,430 $ 6.0 

1972-73 16 I 397 4.4 

1973-74 19,280 8.3 

1974-75 36,703 19.9 

1975-76 26,891 12.8 

(Instal led capacity of organized sector - 41,500 tonnes) 

varieties have been identified that are capable of producing high 
yields {around 10-12 g/ha) under varying environmental conditions 
(Table 3). These are: HFG 182, Durgapura Safed, FS 277, B 19-1-55 
and AG 111. Some determinate and photo-insensitive mutants are also 
being developed that are early as well as high yielding both for 
seed and gum. Sources of resistance to prominent diseases like 
Bacterial Blight and Alternaria Leaf Spot are also being used in 
resistance breeding programs. Among agronomic practices, sowing 
time (1-15 July), seed rate (20 kg/ha), and spacing (45 cm between 
rows and 10 cm be tween plants) have been worked out for guar cul
tivation . Studies are presently in progress on aspects like res
ponse to fertilizers (especially phosphate) and irrigation for in
creasing productivity per unit of area. Work is also in p rogress 
on toasting of guar Meal so as to minimize the adverse effects of 
trypsin inhibitors. 

A coordina t ed program for guar research has been initiated since 
1977 by the Central Ariz Zone Research Institute, Jodhpur. Pro
ceedings of t he first workshop on guar (Anonymous, 1977) provide 
avai lable research information on this crop as well as details of 
the coordinated programs in progress. It is, therefore, evident 
that guar is one of the most i mportant industrial crops of the arid 
areas and its future appears to be promising s ince required resear ch 
support is now being given both by the ICAR and organized sectors 
to encourage rapid advances. 

Til for Oil 

Til (Ses~ indicum L.) , an oil seed crop of arid and semi -arid 
a reas , i s oft en gr own in northwestern, s outhern and centra l parts 
of India. Rajasthan, Haryana, Punjab and Gujarat are prominent 
til growing States in the North. 



Table 3. Parameters of stability and grain yield (g/ha) performance of some promising varieties at 
different locations. 

(Data of Kharif, 1977) 

Variety Source Hissar Bawal Bikaner Durgapura - Jodhpur Mean Rank b Sb+ -

HFG 182 Hissar 18.00 7.67 19.57 8.96 10.56 12.952 1 1. 34 3. 18 

HFG 75 Hissar 19.45 10.16 14.12 8.31 11.15 12 •· 638 2 1.18 1. 54 

D.P. Safed Durgapura 15.58 7.08 14 . 95 10 . 37 11.26 11 . 848 3 0.92 1. 52 

HFG 408 Hissar 17.61 8.92 12.95 7.89 9 . 69 11.412 4 1.08 1. 24 I'-) 

°' (Jl 

FS 277 Hissar 15.08 8.33 16.90 5. 74 10.59 11. 328 5 1.06 3.19 

D. 39-1 Delhi 16.25 7.33 15.32 8.52 9.12 11. 308 6 1.10 1. 76 

C.D. 2.93 - 4 .07 2.38 2.17 

c.v. 11. 23 28.60 21.62 17.10 14.00 
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Til seeds contain approximately 52% oil and the rest is used as til 
cake. Til i s mainly raised as a rainfed crop. Total area under 
til crop i s about 2,140,000 ha, while production averages 450,000 
tonnes (Table 4). From data in Table 4, it is evident that Rajasthan 
alone accounts for 20% of the entire area under til cultivation. 

Table 4. Area and production of Til (Sesamum indicum) in different 
years. 

Year 

1973-74 

1974-75 

1975-76 

1976-77 

Country/State 

Total 
Rajasthan 
Gujrat 

Total 
Rajas than 
Gujrat 

Total 
Rajas than 
Gujrat 

Total 
Rajasthan 
Gujrat 

Area 
(Thousand 
hectares) 

2230.8 
475.9 
102.6 

2117 .1 
391.8 
87.9 

2170.1 
415.8 
88.6 

2165.1 
383.1 
100.8 

Source Indian Agricultural Situations 

Production 
(Thousand 

tonnes) 

484.3 

408.0 

479.2 

403.9 

Unfortunately, not much attention has so far been paid to this 
crop by researchers in spite of its industrial importance and 
drought-hardy nature. Genetic improvement for increased producti
vity is possible since considerable genetic variability exists. 
Increased yields could also be obtained through adoption of suit
able practices, but not much has yet been done on this. Til oil 
is most commonly used in arid and semi-arid states for edible 
purposes. Much, therefore, needs to be done on this crop, since 
it also has considerable industrial importance. 

Isabgol for Medicine 

Isabgol (Plantago ovata Forsk.), known commercially as blond 
psyllium or Indian plantago seed or isabgo husk, is an annual, 
acaulescent herb native to the Indian sub-continent and is exten
sively cultivated in the northwestern states of India. 
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Isabgol is gaining considerable popularity in the semi-arid regions 
of Rajasthan and Gujarat, and its cultivation is spreading now to 
arid areas as well. This is mainly because isabgol seed have med
icinal value for stomach disorders and large quantities of it are 
exported annually. It is also used in the textile and cosmetic in
dustires. Isabgol husk worth Rs. 75 million ($8.8 million) was 
exported to different countries in the year 1974-75. In 1976-77, 
isabgol worth Rs. 86 million ($10.1 million) was exported weighing 
4,771 tonnes. The seed is used in medicine almost exclusively in 
the treatment of chronic constipation and dysenteric disorders . 
The efficiency of the drug is entirely due to the large quantities 
of mucliage contained in the seeds. 

Preliminary studies conducted in 1971 by the Ecology Section of 
the Institute revealed that, on an average, 6-7 q/ha of isabgol 
seed could be otbained at Jodhpur under irrigated conditions during 
the winter of 1971. Forty kg N/ha and four irrigations (at 25 day 
intervals) gave as high as 7.3 q/ha seed yield when the crop was 
sown on December 1, 1971, allowing 120 days to mature. 

India is the largest producer of isabgol having a near-monopoly 
in the export market. Considering the importance and its possible 
adaptation to arid and semi-arid conditions, more work needs to 
be done to increase its productivity. Suitable research technology, 
once evolved, will go a long way in increasing the productivity of 
this crop especially in the arid areas of Western Rajasthan (Sirohi, 
Pali and Jalore districts) and Gujarat (around Sidhpur). Presently, 
all 20 of the isabgol processing units are located around Sidhpur 
in Gujarat. 

Trees of Industrial Importance 

Hingot for Diosgenin 

Hingot (Balanites roxburghii Planch.) is a small spiny tree, about 
six m high, with bifoliate, ashy-green leaves. The tree is charac
teristic of drier parts of Arabia, Egypt, tropical Africa, Burma 
and India. In Western Rajasthan it grows wild and the concentration 
of trees is greatest in the districts of Pali, Sirohi, Jalore, Barmer, 
Jodhpur, Nagaur, Bikaner and Churu. 

The pulp of the fruit is used by the villagers for cleaning silk 
and cotton. The kernel of the seeds yield 43% of bland yellow 
tasteless oil, used by African Arabs as a remedy for sleeping 
sickness and in Spain as a purgative. The seed kernels have long 
been known to contain a water-soluable saponin which is toxic to 
cold-blooded animals (Anonymous, 1960). 

It has been reported that hingot is a source of diosgenin (Dhekne 
and Bhide, 1951; Varshney and Shamsuddin, 1962; Dawidar and Fayaz, 
1969; Puri, 1976). Diosgenin is an important raw material for the 
production of pharmaceutical steriods and for oral contraceptives. 
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Recently, chemical analysis, done at this Institute of both root 
and fruit samples (Fig. 1) collected from different districts of 
Rajasthan, has revealed (Table 5) the presence of high sapogenin 
content (0.81 - 1.47%). Data in Table 6 indicate that fruits in 
December produce a high yield of sapogenin (l.5%), whereas a poor 
yield (0.58%) was obtained in May (Ghanim and Jayaraman, 1978). 
Thus, with 1. 4, 1. 5 and 0. 58% sapogenin present in root, fruit wall 
and seed, respectively, Balanites roxburghii could provide industry 
with a new source of diosgenin in addition to the seed oil. Detailed 
investigations with regard to productivity of fruits, seeds, roots 
and diosgenin content are being carried out in the Organic Chemistry 
Section at this Institute. 

Kumut for Gum Arabic 

Kumut (Acacia senegal Willd) is a dominant tree species of the de
sert thorn forests in India with major distribution in the states 
of Rajasthan, Gujarat and Haryana. ~· senegal forests represent the 
edaphic and degraded type of thorn forest in flat and undulating 
sites with low hillocks of quartz (Jaipur), sandstone (Jodhpur) 
and limestone (Jaisalmer) or blown, unconsolidated (though station
ery) sand deposits. Under these conditions, A. senegal spreads na
turally and grows in abundance. 

The best grade of gum arabic is obtained from ~· senegal trees. Gum 
arabic has wide uses such as an emulsifying agent, demulsent and 
protecting agent in the manufacture of adhesives, textiles, leather, 
water paints, polishes, inks, ceramics, food products and pharmaceu
tical preparations . 

It is unfortunate that in spite of abundant growth of ~· senegal 
in the desert areas of Rajasthan, Gujarat and Haryana, India depends 
almost entirely on imports for her gum arabic requirements valued 
at approximately $290,000-$352,000/yr. Sudan alone accounts for 80-
85% of the total world gum production. Two other major countries 
are Nigeria and Senegal. 

Commercial tapping of gum arabic from A. senegal trees has so far 
not been possible, although small quantities of natural exudation 
of gum are collected. Research efforts are, therefore, needed to 
perfect a technique for collection of gum as related to time and the 
varying habitats in which ~· senegal trees grow. Preliminary studies 
on this subject, conducted by Kaul and Jain (1968), indicated that 
trees growing in sandy plains and semi-rocky sites give higher 
gum yields than those growing in rocky sites. The branches pro
vided the bulk of the gum when transverse blazes were used. Max
imum yields (about 250 g/tree) were obtained in the months of May
June. However, further investigations are necessary to determine 
the optimum age of the trees, optimum time for tapping, and tech
niques to be adopted for tapping the maximum quantity of gum so as 
to have rational utilization ·of the available A. senegal resource 
in the Indian Arid Zone. 
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Figure 1. Isolated diosgenin from fruits and roots of Balanites 
roxburghii. 

Indigenous Herbs and Shrubs of Economic Importance 

Thumba for Oil 

Thumba (Citrullus colocynthis Schard.) is native to the warmer 
parts of Asia and Africa. It grows wild in the Thar desert, under 
conditions of low rainfall and sandy soils as well as on sand dunes. 
Thumba is a perennial herb in the Cucurbitaceae having a prostrate 
habit and bearing smooth spherical fruits which are mottled green 
when young and somewhat yellow when ripe . The fruit contains soft, 
spongy pulp and seeds. It grows in abundance in most arid districts 
like Barmer, Jaisalmer and Bikaner and is also found growing wild 
in districts of Jodhpur, Nagaur, Churu, Jhunjhunu and Sikar . 

The dried pulp of the unripe but full-grown fruit, freed from the 
rind, constitutes the commercial drug colocynth. The pulp is an 
extremely violent purgative and hence has been excluded from British 
and Indian Pharmacopoeias. The seed has a brownish-yellow oil which 
contains an alkaloid, a glucoside, and a saponin (Anonymous, 1960) . 
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Table 5. Sapogenin content in Hingot root samples collected from 
different places. 

Locations Sapogertin content 
Total* % proportion 
(%) 25a. 256 

Jalore 

Jalore 1. 47 87 13 

Pali 

Pali 0.81 87 13 
Dhola 1. 23 86 14 
Bisalpur 1.04 85 15 

Jodhpur 

Borunda 0.95 87 13 
Bilara 0.83 86 14 
Jodhpur 0.82 87 13 
Kailana 1. 34 87 13 

Barmer 

Balotra 1.38 86 14 
Sarndari 0.94 86 14 

Bikaner 

Bikaner 0.44 87 13 

Churu 

Ke tsar 0.75 86 14 
Ratangarh 0.63 86 14 

* On dry weight basis. 

(From Ghanirn and Jayaraman, 1978) 
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Table 6. Seasonal variation in Hingot sapogenin content 

Location Sapogenin content (%) 
August December 

Jodhpur .52 .82 

Borunda .82 .95 

Kailana .88 1. 34 

(From Ghanim and Jayaraman, 1978) 

Oil extracted from its seeds (ca 14%) is used extensively for 
making soap and presently there are five oil mills in Jodhpur and 
two in Barmer engaged in Thumba oil extraction. 

Recently, detailed investigations on fruits and seeds (Fig. 2) 
collected from 53 sites in all the prominent thumba growing dis
tricts in Western Rajasthan (Fig. 3) revealed that a considerable 
amount of genetic variability exists with regard to fruit size, 
seed number per fruit, seed weight, and oil content (Pareek and 
Vashishtha, 1978a). The range for oil content varied from 8-33% 
and thus offers great promise for genetic inprovement . Studies 
on thumba cultivation, its management, and genetic improvement 
are in progress at this Institute and it is expected that scientific 
cultivation of thumba will be of considerable industrial significance 
in arid areas of Rajasthan in the near future. 

Matira for Oil 

Matira (Citrullus lanatus) is a most commonly cultivated crop on 
sand dunes in districts of Bikaner, Sikar and Churu. The fruit 
is edible and the seeds contain about 20-40% oil. The oil has a 
pleasant odor and taste and therefore is conunonly used for frying 
purposes. 

Cultivation of matira on sand dunes is a highly specialized skill 
and is an excellent example of dry farming. Fields to be culti
vated are kept entirely free of weeds during the monsoon season 
and all rain water is conserved through mulching. In February
March, three- four seeds are sown per hill and protected by effec
tive micro-wind barriers created by erecting local brush wood 
materials upside down. One litre of water is poured on each hill 
which is sufficient for proper germination and root growth to the 
extent that the latter reaches the moisture zone in the shortest 
possible time. 
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Figure 2 .. Fruits and seeds of Thumba (Citrullus coloc~nthis). 

Weeds are not allowed to grow and germinated seedlings remain 
rudimentary, but survive through the hottest months and desiccat
ing winds until the rains come during June-July. On first re
ceiving effective showers, plants grow very fast and a good crop 
of matira is harvest ed . On an average, 100 q/ha of fruit and 
5 q/ha of seed yield can be obtained. Efforts are also being 
made to collect and evaluate available germplasm so as to develop 
genotypes superior in fruit yield as well as seed oil content 
(Pareek and Vashishtha, 1978b). Considerable variation exists 
in s eed size and color (Fig. 4). Research efforts on this crop 
will have considerable significance in duney areas since it is 
already an integral component of existing farming systems in the 
ari d dis tricts of Western Rajasthan. 

cymbopogon Grass for Essential Oil 

Cymbopogon ma rtinii grass thrives well under both irrigated and 
rainfed condi tions in the arid zones of India although its pro
ductivit y of green foliage is much higher under irrigation. 
Cymbopogon martinii var . motia has yielded 0 . 7 - 0 . 8% o f e s sent i a l 
oil on fresh weight basis at Jodhpur (Table 7) . 



,- -~ 

28 -

i 
27- / 

( 

/ 

/ 
/ 

/ 

Figure 3. 

273 

" r:~:~~~;·- · · - i 

I " ' 
i 

I 
i 

VARIABILITY IN CITRULUJS COlDCYNTHUS 

1%0L CONTEMTl 

Sites showing fruits and seeds collections made 
Thumba (Cirtullus colocynthis) growing areas in 
Rajasthan. 

_,, 

·" 

The oil yield compares fairly well with the yield reported from 
elsewhere . Its refractive index and density have been found to 
conform to the specifications laid down by the Indian Standard 
Institute (ISI). India annually exports aromatic materials and 
essential oil worth $11 . 76 million. Of this, 90% is oil of 
Palmarosa (Cymbopogo~ martin~};_), sandal, lemon grass, and celery 
seed. Hence, detailed investigations on this grass are necessary 
before its large scale cultivation is attempted in the ari d zones. 

Munj and Aak for Fiber 

Munj (Saccharum munja) and aak (Calotropis procera) are good sources 
of fiber in the arid regions of the Thar de~ert. Both grow wild. 
Munj grows on sandy soils, whereas aak grows well in disturbed 
soils and in variable terrain. 
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Figure 4. Variation for seed size and color in Matira (Citrullus 
lanatus). 

Munj is a most popular grass raised often by the farmers along 
the edges of their fields. It is a good source of fiber and 
paper pulp. The stems are used for making various handloom pro
ducts. Farmers even permit the clumps to spread in the cultivated 
fields because of its economic utility. To date, not much research 
has been done on this important grass, even though it has many ec
onomic uses. 

Aak also has several important uses (Fig. 5). Its latex is used 
for removing hairs from leather and for medicinal purposes. The 
stem fibers are very strong and are used for making rope . Lint 
on the seed is very silky and used for making thread and pillows. 
Stems are used as a major source of material for hut making and 
can also be used for making matchsticks. A systematic research 
program at this Institute has provided some useful information on 
this plant. Aak is capable of reaching an average height of 105 cm 
in 10 months when raised from seed, and the stems produce about 
0.5 kg of dry weight yielding approximately 30 g (6%) of fiber per 
plant (Table 8). The plant flowers in two flushes, once in October
November and a second time in June-July. Aak plants have excellent 
regeneration capacity. 



Table 7. Important chemical constituents identified in different arid zone plants at CAZRI 

Species 

Balanites roxburghi~ 

Euphoriba antisyphili tic a _ 

Eucalyptus viridis 

Eucalyptus citriodora 

Datura innoxia 

Cymbopogon martinii 
var. Motia 

Economic Plant Part/s Compound 
Name 

Root I fruits Diosgenin 

Stem Candelilla wax 

Leaves and branches Essential oil 

Leaves and branches Essential oil 

Leaves Scopolamine 

% 

1.4 

2.5 

2.1 

1. 3 

0.3 

Uses 

Steroid hormones and 
oral contraceptives 

Explosives, insulator 
and mouls 

Medicine; to relieve 
congestion due to cold 

Perfumery, soap making 
etc. 

Medicine; best for sea 
and air sickness 

Leaves and inflorescence Essential oil 0.7-0.8 Perfumery 

(Source: Organic Chemistry Section, CAZRI) 

[\.) 

-..J 
LTl 
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Figure 5. Important uses of Aak (Calotropis procera). 

'When cut to ground level in June, it will reach a height of 100 cm 
in just 90 days with numerous tillers and better growth for higher 
fiber extraction in the second year. Data on latex content and 
floss yield from fruits per plant are being recorded. Single plant 
progenies have revealed the presence of considerable genetic var
iability for different characters studied and thus the potential 
for selection of better genotypes exists. 

Exotic Shrubs and Trees of Economic Importance 

To promote wider adaptation and improve performance of selected 
exotic shrubs and trees, research efforts have recently been in
tensified at this Institute so as to be able to utilize these plants 
for industrial purposes. The most encouraging results have so far 
been obtained with Euphorbia antisyphilitica, a desert shrub of Mexican 
origin which contains a high quality wax commercially known as candelilla 
wax. Wax content of 2.5% on dry weight basis has been extracted 
from plants raised at the Institute farm, Jodhpur. These wax samples 
have also met the required standards by the Cordite Factory at Nil
giris (Table 9). Presently, India's entire quantity of Candelilla 
wax requirement is imported. Stem cuttings raised in polyethylene 
tubes have shown almost 90% regeneration in our silviculture nursery. 



Table 8. Data on plant height, fresh and dry stem weight and fiber content in one year old best 
single plant progenies of Aak (Calotropis procera) 

Sl. Progeny Plant Fresh Dry Fiber 
No. No. height weight/plant weight/plant 

(cm) (kg) (kg) Yield % of dry 
(gm) weight 

1 10 107.5 0.850 0.270 20.60 7.629 

2 12 111.8 2.275 0.672 43 . 85 6.525 

3 9 105.6 2.390 0.736 40.60 5.516 

4 21 102.2 1. 390 0.464 24.84 5.353 

5 16 105.8 1.610 0.472 24. 72 5 . 237 

- ·-

Average 106.5 1. 703 0.522 30.92 6.052 

(Source : Genetics Section, C.A.Z.R.I. , Jodhpur) 

N 
-...] 
-...] 
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Table 9 .. Characteristics of wax samples obtained from Euphorbia 
anti syphilitica as against wax specifications required. 

Test 

1. Descripti on 

2. Volatile matter % 

3. Total acidity mg-KOH 
per g. of Wax 

4. Inorganic acidity mg KOH 

5. Matter insoluble in 
carbon tetrachloride % 

6. Saponification value mg 
KOH per g. of wax 

7. Setting point OC 

8. Ash. Total % 

9 . Ash retained on 63 micro
meter IS sieve % 

10. Ash retained on 250 
micrometer IS sieve % 

i·Tax specifications 
obtained 

Passes 

0.61 

15.51 

Nil 

0.021 

48. 71 

63 

0.11 

Nil 

Nil 

(Source Organic Chemistry Section) 

Wax specifications 
required 

Clear and free 
from impurities 

1. 5 max. 

22 max. 

Nil 

1. 0 max. 

43 to 65 

63 to 68 

0.5 max. 

0.01 max. 

Nil 
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Six month old regenerated stem cuttings were transplanted in the field 
during monsoon (July-August) at Jodhpur and their performance has 
shown almost 92% survival under rainfed conditions . The plant 
yields about 10 kg fresh weight in the first year and 10-14 year 
old plants at Jodhpur (Fig. 6) have yielded as high as 140 kg of 
green weight of which approximately 20-25% is dry matter . 

Figure 6. Full grown 14 year old plant of Euphorbia antisyphilitic a 
at C.A.Z.R.I. Farm, Jodhpur. 

Thus, there is considerable future for raising Eup horbia anti s yphili
tica in the arid climate of t he Thar desert . A l arge scale t esting 
program is presently in progress at different locations. Also, 
methods for rapid wax extracti on are being standardized in the Or
ganic Chemistry section. 

Agave americana and Agave s islana have also shown good adaptations 
and studies are in progress to evaluate fiber production potential 
under varying h abi t ats of the Indian arid zones . 

Eucalyptus viridis and Eucalyptus ~itriodor~ have been found to 
contain 2. 1 a nd 1.3% oil, respective ly (Table 7). Under Jodhpur 
conditions, however, their exploitation a ppears to be un-economical 
as plant growth is r elatively slow in arid environments (Anonymous, 
1976 ) . 
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Bursera de lpechiana has also shown adaptation to the Indian arid 
zones a nd propagation with cuttings is effective. At Jodhpur, it 
has been found to contain 4% linaloe oil which is rather low, there
f or e, detai l ed investigations are in progress to examine its economic 
utilit y under arid conditions. 

Effort s a r e also in progress to exploit jojoba (Simmondsia chinensis), 
a Mexican desert shrub used for wax extraction from its seeds which 
contain about 50% oil. Seven to eight year old plants have now pro
duced seed at Jodhpur. Flowering begins in November-December and 
seeds mature by April-May. Hand pollination has been found to be 
effective since t he plant is dioecious and only a few male and fe
male plant s are available . Efforts are being intensified to deve-
lop large scale plantations under the varying conditions of the arid 
and semi-arid regions of India . With research input, valuable infor
mation is likely to be obtained in the near future on the adaptation, 
evaluation and cultivation of jojoba which has already become an 
important industrial shrub in Mexican and North American deserts. 

Conclusions 

In nature, several plants of economic importance exist in the Indian 
arid and semi-arid zones. Putting these herbs, shrubs and trees to 
rational utilization for industrial purposes could significantly 
improve the economic condition of the inhabitants and generate ne
cessary employment through small scale industries. Studies on some 
of these plants conducted at this Institute have revealed good 
prospects for their industrial exploitation. However, research 
support in specific directions is necessary so as to develop ne
cessary scientific technology for their rational utilization with
out disturbing the existing ecosystems in the arid regions of India. 
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Creosote Bush (Larrea tridentata) Industrial Potential 
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Centro de Investigacion en Quimica Aplicada 
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Saltillo, Coahuila, Mexico 

The Mojave, Sonoran, & Chihuahuan deserts make up approximately 
54 million ha of arid land in the southwestern USA and northern 
Mexico. This vast territory, except for those small areas where 
irrigation is possible, cannot be used in agriculture and, at least 
in Mexico, no industrial uses of prominence are evident. 

With the rapid population expansion (and with more hitherto unused 
territories being employed for numerous purposes), it will soon be 
necessary to learn how to use the desert as cultivated land or else, 
find uses for its native vegetation as raw material sources for our 
food and chemical industries. 

The last alternative makes evident the need for information from 
several areas before we can contemplate the use of any plant material 
for industrial purposes. Among the most prominent needs are the 
botanical (classification and identification of the plant material) 
and phytochemical aspects. The latter is necessary since we have to 
know the type, quantity and chemistry of the primary (protein, starches, 
etc.) and secondary (terpenes, steroids, alkaloids, etc.) plant 
metabolites so that rational uses of these resources may be achieved. 
It is also important to obtain agronomical data (an assessment of 
the material abundance and life cycles) so that its renewability can 
be assured. Few of the several hundred plant species in the Chihuahuan 
desert alone have been sufficiently studied so that even some, let 
alone all, of that information is at hand. Creosote bush, Larrea 
tridentata, (Zygophyllaceae) is one of the better studied. 

Creosote bush is abundant in three of the North American deserts, 
where three different cytological populations exist, one common to 
each desert: diploid (n=l3) in the Chihuahuan, tetraploid (~=26) 
in the Sonoran, and hex~ploid (~=39) in the Mojave desert. It is 
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a very aggressive shrub considered by many to be a major pest 
since it invades grassland and soon becomes the dominant vegetation. 
Although there seems to be no agronomical studies conducted, its 
abundance and aggressiveness qualify it as a good candidate as an 
industrial raw material. 

The s hrub has been phytochemically studied by several groups and a 
large body of information on its chemistry is currently available. 
Most, if not all, of the studies have dealt only with the resin that 
covers the leaves. The resin contained nordihydroguariaretic acid 
.!_, a lignan of the arylbutane class, and several unidentified 
flavonoids (Waller and Gisvold, 1945). Later Gisvold reported the 
isolation of several other lignans of the aryltetralin class as well 
as some related to NDGA (Gisvold and Thaker, 1973). To date, hundreds 
of compounds have been isolated; flavonoids (Chirikdjian, 1973a, 
1973b ; Sakakibara et al., 1976), lignanes (S:akakibara el al,. , 1976), 
terpenes from the volatile oils (Mabry et al, 1977), and waxes 
(Siegler et al., 1974). Of these, the phenolic compounds, flavonoids, 
and primarily NDGA-related lignans are the most abundant. 

Creosote bush was used for some time as the source of NDGA, the 
phenol being first employed by Lundberg as an antioxidant of animal 
fats (Lundberg et al., 1944). Several other food-related uses have 
been mentioned, as well as several industrial applications (Oliveto, 
1972). Its use declined, however, when it was proven to be toxic, 
causing cancer in rats (Dacre, 1961; Grice et al., 1968). 

The antioxidant properties of NDGA were first surmised by Lundberg 
on the basis of its phenolic nature; many other properties and uses 
may be found on this basis. It would be more convenient, however, 
if the crude resin, without a prior separation of any of its com
ponents, could be employed in one or several applications. This 
possibility has been pursued at CIQA for some time now. 

Extraction 

The material used for most of our purposes (and the one from which 
NDGA can be isolated) is the resin that covers the leaves of Larrea. 
It can be obtained in a number of ways; the early literature describes 
several solvent extractions (Horn and Gisvold, 1945; Gisvold, 1946, 
1947, 1948). A solvent extraction with chloroform followed by further 
extraction of the plant material with ethanol has been used at CIQA 
(Belmares, 1976). Removal of the solvent allows for its recovery, 
leaving the resin; it also leaves a resin-free plant material that 
could be used as a feedstock. Resin-free creosote bush has been 
claimed to have excellent food value, containing approximately 15% 
protein and up to 13 mg/kg of carotenes thus making it comparable 
to alfalfa (Adams, 1970). 

Polymer Antioxidant 

All polymers are prone to oxidative degradation. To avoid it, 
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antioxidants (Aox) are usually incorporated in one or several stages 
of their handling. Two major stages can be differentiated, storage 
and end product. The oxidative conditions of each are understandably 
different. During storage, mild conditions such as oxidation at 
room temperature are usual; however, sometimes the storage periods 
can be fairly long (six to twelve months and even more) . During this 
time, the slow degradation can lead to substantial lowering of the 
material's mechanical properties. The end product oxidative conditions 
are as a rule more strenuous since the actual processing of the 
polymer is taking place. Generally the processing implies a formu
lation (mixing of the elastomer with other materials) and a vulcani
zation. These steps require temperatures of 110-180° c. Once processed, 

the mater~al is then subjected to weathering or even more drastic 
conditions during its normal use, all of which lower its properties. 
Storage and end product conditions can be simulated allowing us to 
measure the protective effect of the additives (Aox among them) 
utilized. 

For comparison purposes several natural and synthetic polymers 
containing different commercial Aox and creosote bush resin were 
subjected to simulated conditions and changes and some of their 
physicomechanical properties measured. Creosote bush resin was 
obtained by solvent extraction of small twigs and leaves as already 
mentioned. Several solvents were used for this purpose; the results 
obtained with the chloroformic resin are briefly discussed. 

Storage Antioxidant 

Purified elastomers 

Five elastomers, Guayule Rubber (GR), Natsyn, Hevea (SMR-5), 
Polybutadiene (S-200) and Styrene-Butadiene Rubbers SBR (S-1204) were 
solvent extracted to remove impurities and the antioxidants they 
usually contain. Measured quantities of commercial antioxidants 
were then added; BHT, Ageribe-Gertrol, CA0-14, and Creosote bush 
Resin (CR). Their initial temperature of thermooxidation (Ti) was 
determined by Differential Scanning Calorimetry employing the dynamic 
method (Ponce, 1974, 1975; Ponce and Lopez, 1979; Stephens, 1974); 
that is, the sample was subjected to a linear increase of temperature 
under an oxygen atmosphere determining the heat evolution when the 
sample oxidized. Fig. 1 gives an example of an exotherm usually 
observed. 

The addition of an Aox produces a displacement of the Ti to higher 
temperature. Fig. 2 shows the exotherms obtained by DSC thermo
oxidation of PB (S-200) with a 0.5% concentration of the antioxidants 
mentioned. Fig. 3 shows the change of Ti as a function of antioxidant 
concentration, the common asymptotic increase of Ti was observed as 
the concentration of Aox was increased. At 0.5% concentration, CR 
compares favorably as an Aox, being better than BHT and Agerite-Gertrol 
(Fig. 2); at higher concentrations its Aox properties compare to those 
of CA0-14, one of the best antioxidants currently on the market. 
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Figure 1. Typical polymer oxidation exotherm showing the 
determination of initial temperature of oxidation (Ti). 
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Figure 2. Oxidation exotherrns of Polybutadiene (S-200) 
containing 0.5% of antioxidants. 
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Figure 3. Variation of Ti of Styrene-Butadiene (S-1204) rubber 
as a function of the concentration of added antioxidant. 

Similar results were obtained when non-purified elastomers (known 
to contain 0.5-0.75% BHT), were subjected to thermooxidation with 
added (0.5 and 1%) antioxidants. With these materials CR was 5-15% 
better than CA0-14, and substantially better than BHT and Agerite
Gertrol. The overall superior performance of CR under these conditions 
may be due to a synergestic effect with the BHT present. 

Non-purified elastomers 

Determination of the plastic retention index (PRI), is an accepted 
technique (ASTM D-3194) to measure oxidation resistance for natural 
rubbers under storage conditions. It was used to compare CR with 
the other Aox already mentioned using both natural and synthetic 
rubbers. It measures primarily the deformation of the rubber 
material by a constant pressure before and after an oxidation period, 
measuring the detriment of the mechanical properties of the material. 
The results shown in Table 1 are similar to those obtained by DSC 
showing CR to be better than CA0-14 and superior to BHT. 

End Product Antioxidant 

The Aox effect was evaluated on two end-product formulations; gum 
formulation and black loaded formulation measuring the change in 
physicomechanical properties as a consequence of accelerated aging 
(!Oo 0 c in an air atmosphere). The properties measured were tensile 
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strength, 300 modulus, elongation, and hardness. The techniques 
used in their evaluation conformed to the standard ASTM methods 
(D-3184; D-3183; D-412; D-573 and D-4112). 

Table 1. Plastic retention index (PRI) of natural and synthetic 
polymers containing different commercial antioxidants 
and creosote bush resin. 

Antioxidant Aox Rubber SMR-5 Guayule Natsyn PB(S-200) 
added Cone. 

SBR(S-1204) 

A 42.19 6.98 10.88 31.13 99.32 None 
41.50 6.25 B 10.32 28.87 96. 35 

B H T 0.5 46.67 6.76 13. 99 43. 77 101. 21 
1.0 41.88 7.79 13.51 29.89 97.18 
0.5 47.71 20 50.44 60.87 94.97 

C A 0 1.0 50.72 24.36 61.45 78.45 97.36 

Agerite 
0.5 59.49 16. 71 32.46 89.40 77 .86 

Gertrol 1. 0 63 .01 34.72 37.5 74.20 84.18 
Creosote 0.5 58.6 30.67 65.92 87.80 80.51 
Bush resin 1.0 61.00 35.06 77.98 103.18 77. 70 

Gum formulations 

Only natural (Hevea and Guayule rubber) and synthetic (NATSYN) 
polyisoprenic elastomers were used to test the Aox. Their tensile 
strength was determined with different Aox concentrations after six 
hrs of accelerated aging (l00° c in air). With Hevea rubber it was 
found (Fig . 4) that CR compares very well with CA0-14 and S-naphtyl amine 
(¢ S), being superior to BHT. With Natsyn, however , CR gave a poor 
Aox protection, just slightly better to that of ¢S and BHT; similar 
results were obtained with Guayule rubber. 

Black loaded formulations 

Five synthe tic and natural e lastomers were used (Hevea, Guayule , 
Polybutadie n e , Styrene -But adiene Rubbers and Natsyn ) containing 40% 
charcoal black (HAF) and different concentrations (0-2%) of Aox. 
As in the gum formulations they were subjected to accelerated aging 
for six, 12 and 24 hrs (l00° c i n air). In Fig. 5 the tensile 
strength of a mixtur e of PB-200 and Natsyn (80: 20 ) is shown 
after six hrs accelerate d aging; c reosote bush resin is vastly 
superior to t he other Aox. Good r e sults we re obt ained f or He v e a 
rubbe r (SMR- 5 ) a nd sty rene-butadiene rubber (SBR- 1 500); with these 
elastomers CR compare favorably with ¢8 and CA0-14. As in the gum 
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formulations, CR gave poor results when Natsyn was the elastomer 
utilized. As can be seen from these examples, creosote bush resin 
shows substantial promise in the field of polymer antioxidants . 

Fungitoxic Action 

Numerous examples of phenols having fungitoxic action can be cited. 
Many of them are natural products such as flavonoids (Dixit et al., 
1975); isocoumarins (McGraw and Hemingway, 1977), and lignanes (Chen 
et al., 1976). Of these, some can be classified as phytoalexins, a 
chemical response of the plant to protect itself against extraneous 
factors, such as light, external injury, fungal infection or others 
(Cruickshank, 1963; Kuc, 1972). It is also claimed that the resistance 
of wood to fungal rot can be traced to its phenolic or quinone content, 
the latter possibly biosynthe tically arising from the former (Scheffer 
and Cowling, 1966). 

Based on this information, extracts of creosote bush with different 
solvents were tested against Rhizopus nigricans, Fusarium oxysporum, 
Rhizoctonia solani, Pythium and several species of Verticillium. 
With exception of the very common Rhizopus, these can cause damping
off in seedlings and, therefore, can be economically important. 
Table 2 shows the results obtained by testing aqueous methanolic, 
chloroformic and ethanolic (after a first chloroform extraction) 
extracts on these fungi. Most of· the extracts wre proven to be 
fungicidal at 500 to 1,000 ppm, and to have considerable fungistatic 
action at lower concentrations. 

Figure 4 . 
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Natsyn Rubbers (gum formulation) , containing 0 t o 2% 
of antioxidants. (x)BHT, (•) CR, (o)CA0-14 and ( fl. ) cp s. 
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Table 2. Fungitoxicity of creosote bush extracts tested on conunon 
fungi. 

Type of Extract 
Chloroform Ethanol after 
Extract Chloroform extract 

Fun:-
~M 1000 500 100 50 1000 500 100 

R. Solani 100 96 76 61 100 91 67 

F . Oxysporum 93 89 . 65 57 90 77 70 

Pythium spp. 97 96 80 74 99 97 81 

R. Nigricans 100 100 81 56 100 100 76 

PS(S - 200)+ 20% HATSYN SB R-15 00 

100 100 .----· 
90 90 

'-/i ~ 0 

"o 80 

a~t. 
0 

70 70 

{Aox} ph' { Aox } ph' 

Figure 5. Retention percentage (tensile strength) of PB (S-200) + 
20% Natsyn and SBR-1500 Rubbers (black formulation) 
containing 0 to 2% of antioxidants (x) BHT, (•)CR, 
(o)CA0-14 and (~)¢S. 
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These first successful tests led us to attempt the isolation and 
characterization of the fungistatic compounds and to study the 
dependence of the toxicity with the time of collection of the plant 
material. Every two weeks plant material from the same site (35 km 
from Saltillo on Road 54 to Zacatecas) was collected and extracted 
(chloroform and ethanol) , and the crude extracts tested as before 
for toxicity. Toxicity varies substantially although it remains 
high throughout the year; Fig. 6 shows some of the results obtained. 
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Figure 6. Toxicity variation of L. tridentata chloroformic 
extract throughout the year. 

At the same time, isolation of the most abundant chemicals was 
undertaken by conventional chromatographic techniques. The study 
has not yet been completed; however, several compounds have been 
isolated and characterized. Unfortunately, most have not been 
isolated in sufficient amounts to allow testing separately as 
fungicides. Expectedly, they are lignanes and flavonoids, several 
not previously reported in creosote bush. In Fig. 7 several of the 
isolated compounds are shown; of these, the de-methylated 3'-des
methoxy-norisoguaiacin deserves special mention. When isolated 
together with NDGA, it was always present in higher quantities than 
NDGA, likely accounting for a substantial amount of the resin's 
activity. The other compounds also have fungistatic activity against 
the test fungi although not as pronounced. 

Crude extracts have been field-tested against some common agricultural 
fungal diseases. Among others, researchers at the Centro de Investi
gaciones Agricolas del Noreste, have found the resin to be useful 
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against Puccinia cacabata, which affects cotton under conditions of 
high humidity. Several other preliminary tests show the resin to 
have substantial potential in the field of agricultural fungicides. 

Clearly a great deal of work remains to be done both in isolation 
and characterization as well as in field testing to realize the 
resin's full scope of fungitoxic action. We hope, however, to have 
proven that there are numerous potential uses for it and that these, 
together with the use of the resin as a polymer antioxidant, may 
help to t urn creosote bush from a pest to an important desert crop. 

OH 

HO 

HO CH 3 
NORD IHYDROGUAIARET IC ACID 

OH 
QUERCETI N 7,3 ' ,4 '-TR IMETHYL ETHER 

3 

OH 

3'-DEMETHOXYNOR ISOG UAIACIN 

5 

HO 

OH 

2 

OH 

OH 
HER BACETI N 3,7,4'-TRIMETHY LETHER 

4 

OH 

NOR I SOG UA !AC IN 

6 

Figure 7. Common phenolic compounds isolated from L. tridentata 
resin. 



292 

Literature Cited 

Adams, D.W. 1970. 
bush with NaOh 
Sul Ross State 

A study of the possibilities 
to make good livestock feed. 
University, Alpine, Texas 

of treating creosote 
M.Sc. Thesis. 

Belmares, H. 1976. Gobernadora (Larrea tridentata). 
CIQA internal report. 

Chen, C.L., H.M. Chang, E.B. Cowling, C.Y . Huang-Hsu and R.P. Gates. 
1976. Aporphine alkaloids and lignans formed in response to 
injury of sapwood in Liriodendron tulipifera. Phytochemistry 
15: 1161. 

Chirikdjian, J.J. 1973a. Flavonoids of Larrea t r identat a. 
z. Naturforsch, Teil C 28: 32. 

Chirikdjian, J.J. 1973b. Isolation of Quercetin-3-methyl Ether and 
Nicotiflorin from Larrea tridentata. Sci. Pharm. 41: 206. 

Cruickshank, J. 1963 . Phytoalex i ns. Ann. Rev. Phytopathol. 1: 351 . 

Dacre, J.C. 1961. Metabolism of 3,5-d i - t e r t -butyl -4-hydr oxy tolue ne 
and 3,4-di-tert-butyl-4-hydroxy benzoic acid in the rabbit. 
Biochem. J. 78: 758. 

Dixit, S.N., S.C. Tripathi a nd R. Up adhyay . 
substa nce o f rose f lowers (Rosa i ndi ca) . 

1 975. The antifungal 
Econ . Bot . 30: 371. 

Gisvold, o. 1946. Plant extracts . U. S . Pat ent 2408924. 

Gisvold, o. 1947. The produc tion of plant extracts, U. S . Patent 
2421117 . 

Gisvold, o. 1948. Pre l i mina ry sur v ey o f the oc c urr ence o f 
nordihydroguaia r e tic acid i n Larrea divaric a ta . J . Arne r. 
Pharmac. Assn. 35: 1 94. 

Gisvold, o., and E . Thaker . 1973. Lignans f r om Larre a d ivar icata. 
J. Phar m. Sc i . 63 : 1905 . 

G · H G B k ' d T Goodman 1968 . Tox i c properties rice, . ,. · e e i ngan . . 
of nordihydrouguaiare tic a cid . Food Cos me t . Toxi col. 6 : 155. 

H G M d 0 G · old 1 945 Phytochemical study o f Lar rea orn, • . an . r isv . . 
divaricat a Ca v . wit h spec i al emphasis on its yellow p igments. 
J. Arner . Phar mac. Assn. 34: 82 . 

Kuc , J . 1 97 2 . Phytoalex ins . Ann. Rev. Phyt opathol . 10: 291. 



293 

Lundberg, w.o., H.O. Halvorson and G.O. Burr. 
properties of nordihydroguaiaretic acid. 

1944. The antioxidant 
Oil and Soap: 21: 33. 

Mabry , T.J., D. Difeo, M. Sakakibara, C.F. Bohnstedt and D. Seigler. 
1977. The natural products chemistry of Larrea. In: The Creosote 
bush : The Biology and Chemistry of Larrea in the New World Deserts. 
Mabry, Hunziker and Difeo (eds.), Doweren, Hutchinson & Ross, Inc. 
Str oudsburg, Pa. p. 115. 

McGraw, G.W. and R.W. Hemingway. 
methy lisocoumarin and other 
minor. Phy tochemistry 16: 

1977. 6,8-dihydroxy-3-hydroxy
phenolic metabolites of ~eratocystic 
1315. 

Oliveto, E.P. 1972. Nordihydroguaiaretic acid. A naturally occurring 
antioxidant. Chem. Ind. 17: 677. 

Ponce, M.A. 1974 and 1975. Actividad antioxidante de las resinas de 
gobernadora en hules naturales y sinteticos par media de 
calorimetria diferencial de barrido. CIQA internal reports. 

Ponce, M.A. and E. Campos-Lopez. The thermal oxidation of Guayule and 
H~~~~ rubbers by dynamic differential scanning calorimetry. 
J. Appl. Polymer Sci. In press. 

Sakakibara, M., D. Difeo, N. Nakatani, B. Timmerman and T.J. Mabry. 1976. 
FJavonoid methyl ethers on the external leaf surface of Larrea 
tridentata and Larrea divaricata. Phytochemistry 15: 727 . 

Scheffer, T.C. and E.B. Cowling. 1966. Natural resistance of wood to 
microbial deterioration . Ann. Rev. Phytopathol. 4: 147. 

Seigler, D.S., J. Jakupack, and T.J. Mabry. 1974. Wax esters from 
Larrea divaricata. Phytochemistry 13: 983. 

Stephens, H. 1974. Calorimetric studies of rubber oxidation. 105th 
Meeting of the Rubber Division. Am. Chem. Soc. Toronto. 

Waller, C.W . , and O. Gisvold. 1945. Phytochemical investigation of 
Larrea divaricata Cav. J. Amer. Pharm. Assn., Sci . Ed. 34: 78. 
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The concept of the energy plantation (Szego and Kemp, 1973; Alich 
and Inman, 1975) generated great interest in the fuels from biomass 
as a means of alleviating impending fossil fuel shortages. In the 
United States, research and development emphasis has been placed 
on: 

1) Trees that can be converted thermochemically into methanol 
for motor fuel applications or burned for generation of 
electricity (Inman et al., 1977). 

2) Starch crops (Scheller, 1977) or sugar crops (Lipinsky, 
1977) that can be converted microbiologically into ethanol 
for motor fuel applications. 

3) Aquatic biomass (e.g., the giant kelp) that can be con
verted microbiologically into a substitute for fossil 
natural gas. 

Most of the United States Department of Energy's funding has been 
concentrated in research and development on production and con
version of these biomass resources (U.S. Department of Energy 
Program Summary, 1978). Thus, arid land plant resources have not 
been in the mainstream of the official Fuels from Biomass Program. 

The use of arid lands for energy crops has had champions who pre
sented the case for using this environment for energy production. 
Two especially prominent advocates are Calvin (1977, 1978) and 
Bassham (1977). Their concepts and yield estimates have stimulated 
considerable thought on the part of those who agree and those who 

do not. 

The United States Department of Agriculture has had a New Crops 
program for many years, with fiber and oil seeds the major goals. 
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Quite recently, the program has been reoriented to emphasize mul
tiple uses for hydrocarbon plants (Buchanan and Otey, 1978 and 
othe r publications in press). The United States Department of 
Agriculture program is screening hundreds of plants that grow in 
many environments (including arid areas) for hydrocarbon content. 
The intent is to find sources of high value hydrocarbons (especially 
natural rubber) that justify establishment of new crops. The co
products consist frequently of hydrocarbons that exceed gasoline 
in energy content and which could be converted to fuels . 

Integrated fuels from biomass systems that might function 
environments are discussed and illustrated in this paper. 
emphasis is on principles and strategic guidelines for use 
who are initiating arid land fuels from biomass studies. 

Systems Consideration 

in arid 
The 
by those 

Arid land biomass systems have much in common with conventional 
crop production systems. As illustrated in Fig. 1, every crop 
p roduction system can be expressed as a biomass system (Lipinsky, 
1978), with the ultimate resource being standing vegetation. 
The amount of capital and technology expended on achieving this 
stand of vegetation may be negligible or considerable, depending 
on the intensity of crop management. Harvesting, collection, 
storage, and transportation activities are employed to obtain a 
supply of raw materials at a factory. The remaining biomass is 
left at the agricultural site where it can contribute to the 
maintenance of soil quality. The raw material at the factory is 
then fractionated into usable biomass constituents, such as latex 
or decorticated oilseeds. These inputs are subjected to conversion 
processes to manufacture salable products. These products in turn 
are processed or formulated into end-use products such as chemicals, 
f uels, fibers, etc. 

How does an arid land biomass system differ from a conventional 
crop production system? The factors of production in arid land 
situations usually involve plentiful, cheap land. The quality 
of such land for agriculture usually is highly variable, due to 
t he presence or absence of usuable water supplies, soil charac
teristics, e tc. Solar j nsolation levels are high. Al thouqh water 
and nutrient availability are readily identified as limiting 
factors in the production of crops in arid land situations, labor 
(especially trained labor) also is in acutely short supply. Tech
nology to deal effectively with the complex problems associated 
with arid land agriculture is as scarce as is the water . A well
meaning government can pour money into arid land agriculture, but 
it is unlike l y to succeed. If technology and labor are not in 
abundant s upply, one cannot expect the capital and credit that are 
so abundant i n the corn be lt to be available . 
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There is a major conflict between biomass systems alternatives in 
which the goal is the production of the maximum quantity of energy 
and those systems in which the goal is the profitable production 
of energy. The maximization alternative implies total dedication 
of the biomass output to fuels. The United States Department of 
Energy's Fuels from Biomass Systems Branch espouses this viewpoint 
because its mission is to develop technology to obtain vast 
quantities of energy . The profit-oriented alternative implies 
that an output is sold in energy markets only if energy markets 
will pay more than other markets (Sheppard and Lipinsky, 1977). 
The private sector espouses this viewpoint. 
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Arid land biomass s ystems appear to be more suited to profit-oriented 
s ystems than t o maximization systems, at least in the United States. 
The selection of s pecies that contain constituents that are salable 
a t hi gh prices can lead t o the need to allocate little cost to the 
energy-rich co-products. Examples of high-value products are: 
natural rubber, hard vegetable waxes, edible vegetable oils and 
textile fibers. These high-value products sell for five, ten, or 
more t imes as much as the present price of fossil fuel. By shrewd 
selection of plant s pecies and processing method, considerable hy
drocarbon co-products can be obtained at low cost. Sale of these 
co-products as fuel products or fuel raw materials can be a source 
of rising profit as fuels increase in value. 

Although this approach makes sense to the private sector, it does 
not contribute dramatically to solution of a United States-type 
energy crisis. For example, if all United States rubber were de
r i ved from domestic guayule, the energy content of the co-product 
resins would be approximately 0.1 quadrillion Btu, which is less 
than 0.2 percent of 1978 United States energy demand. On the other 
hand , the co-product fuel would be valued at hundreds of millions 
of dollars, a s um that is not negligible. 

Time wil l reso l ve this conflict by raising the prices of fuels to 
levels t hat will justify energy crop systems. 

Energy Considerations 

A chemical's energy content is determined by its chemical composi
tion. Of the plentiful biomass constituents found in trees and 
conventional agricultural crops, only lignin is relatively high 
in energy content, about equal to coal (Table 1). The other common 
plant biomass constituents are simple sugars (e.g., glucose, xylose) 
and their polymers (e.g., cellulose, starch, and hemicellulose). 
The energy contents of these products are relatively low, compared 
with fossil fuels (Table 1). Conversion to high-energy products 
t hat begin to approach the energy content of fossil fuels usually 
entails loss of about half of the weight of the starting material. 

Alternatives to obtain energy from biomass can be described using 
objectives trees (Fig. 2). Especially in remote arid land areas, 
ligno-cellulosic residues would be used to make the steam and 
electricity needed for the processing facility. Some plants that 
grow in arid lands have high contents of lipids, terpenoids, and 
steroids. These products equal or exceed fossil fuels in energy 
content. They still require processing to make fuels with the 
appropriate volatility, flash point, resistance to gum formation, 
etc., but the prospects are much brighter than for most other 
biomass resources. 



Table 1. Comparison of Heats of Combustion of Biomass Constituents, Fuels From Biomass, and Fossil 
Fuels. Values for Heat of Combustion are Approximate. 
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Figure 2. Alternatives to obtain energy from biomass. 
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In the development of arid land plants for fuels, it should be re
cognized that a product that has 35 million Btu's per pound is a 
valuable product, even though it is a mixture of many constituents. 
After all, gasoline is a mixture of scores of aliphatic and aroma
tic chemicals. Thus a fuel is not damaged if it is a mixture of 
many products. However, the isolation of specific chemicals is 
very strongly dependent on the mixture's composition . Those ex
ploring arid-land plants frequently discover that a given plant 
has a valuable steroid in it perhaps to the extent of 1 0% in some 
plant tissue. However, the other 90% of the mixture may resemble 
the highly prized steroid so closely that i t would cost a fortune 
to separate it. Under those circumstances, the highest use of 
this mixture may be simply to crack it and burn it. 

Agricultural Conside rations 

In the development of any arid land system f or energy production, 
a great deal of modification of conventional agricultural practices 
will be necessary. 

Phil~sophy 

Any program designed to make use of arid lands as production areas 
of renewable resources must be organized with long-term expectations. 
That is, the time required to develop a system which i ntegrates 
the production, processing, and conversion of a feedstock with the 
market development of it is s ubstantial. 

Recent proposals to make use of arid l ands as areas for renewab l e 
resource produ ction e nvisage e fforts which include exotic me thods 
of construction of controlled environments, the use of carbon dio
xide enrichment, the use of irrigation, and the r ecycling of as 
many resources as economically possible (Bassham, 1977) . For a 
country with plentiful energy and arid land, control l ed e nvironment 
agricultural systems for food production are excellent . I t is 
worthwhile to lose ener gy to gain food . Our misgivings concern 
energy-intensive systems that make energy . With these methods , 
enormous amounts of energy are required. 

Cal vin (1 9 78 ) has experimented with species of the genus Euphorbia 
in systems that exceed Iowa corn agriculture in intensity by 
a wide margin. The requirements for water and fertili zer would 
b e so extreme that only a minute fract ion of really arid land 
could be devoted to such a system. 

These approaches are attempts to transplant conventional agri
cultural crops and practices into a nonconventional environme nt. 
Methods of maximi z ing produc tion of biomass materi a l are based on 
the principle of eliminat ing the limiting f actors of production 
s uch as water , f e rtilizer , or t e mperature. 
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However methods which attempt to alter the physical or chemical 
environments of plants are inherently energy intensive and, in 
essence, what is accomplished is the transformation of one form 
of energy f or another (i.. e., natural gas used to power irrigation 
pumps is exchanged for energy in the form of carbohydrates in the 
b i omass ). Unless this method is the only possible way of obtaining 
a given product i n an area, it should be avoided. Rather than 
a t tempting to alt er the environment, an effort to work within the 
framework of t he existing environment appears promising. 

Ar i d lands a r e t he habi tat of many unique species of plants which 
can be sources of food, feed, fiber, chemicals, or energy. It 
appear s worthwhi le to select species of plants within a given 
ar i d land s i tuation and to exploit their potential in a less-than
optimum e nvir onment. Whereas it is logical to assume that these 
plants under these conditions will not supply the quantity of ma
teri a l s needed to supply the energy needs of major industry, it 
also f ollows that these methods could be successful on a regional 
basis, and t hese efforts would tend to be more energy efficient 
and less environmentally disturbing than conventional arid land 
agricultur e. 

I nventory o f Species 

One must first determine which species of plant grow naturally in 
t he given or similar environment, and then attempt to exploit them 
rather t han i ntroducing a plant with different environmental adap
tat ions and attempting to alter the environment to the plant. Thus, 
the initial step in developing an arid lands production system is 
to take inventory of the material which grows naturally in the 
system. This effort must be accomplished on a regional basis in 
order to be effective. From these regional efforts, candidates can 
be pooled to determine which species will perform best in a given 
set of environmental conditions. 

One recent effort in this direction was sponsored by the National 
Academy of Sciences in 1975. A group of researchers had been or
ganized to identify underexploited tropical plants with promising 
economic value. The objectives of the group were: 

* To identify neglected but seemingly useful tropical plants, 
both wild and domesticated, that have economic potential; 

* to select the plants that showed the most promise for wider 
exploitation throughout the tropics; and 

* to indicate requirements and avenues for research to ensure 
that selected plants reach their fullest potential. 

Plants chosen for inclusion had to satisfy several criteria, the 
most important of which were: 

* Can it be grown in the tropics? 
* Does it have significant potential as a source of food, 

forage or industrial raw material? 
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* Can it help make developing countries (or areas within them) 
more productive? 

The United Stated Department of Agriculture's program (Buchanan et 
al., 1976) on new industrial raw materials has an inventory phase 
in which wild plants are collected and evaluated on four major 
criteria: 

1) Botanical considerations which include biomass yield and 
adaptability to mechanical planting, cultivation, and 
harvesting 

2) Fiber quantity and quality. 
3) Protein quantity and quality 
4) Hydrocarbon quantity and quality. 

The rating system is intended for intensive agriculture but could 
be adapted to extensive arid-land crop production. Major differences 
may arise in systems in which harvesting does not occur annually . 

Breeding and Selection 

Once an inventory of species has been accomplished, the next step 
is likely to be the deve lopment of a systematic program o f exploration, 
collection, preservation, evaluation, distribution, and use of plant 
germ plasm. Plant breeding and plant selection have contributed to 
a steady increase in the size of harvest from the land since man 
first stopped relying solely on the harvest that nature provided 
(Climate and Food, National Academy of Sciences Report, 1976). 
However, certain myths have been created by conventional breeding 
programs. For example, the term "high yiel ding varieties" is some
thing of a misnomer. Rather, the new varieties have a greatly 
improved capacity to respond to environment improvement (Sprague, 
1977). Without environmental improvement, the increase in yield 
potential is not sufficiently obvious to be persuasive in a less
than-optimal environment. The physical parameters of radiation, 
temperature, water, and nutrient availability s hould be determined 
in a given arid land region and then mimicked in the breeding and 
selection programs. 

One must not only be concerned with the amount of biomass produced, 
but also with the quality of biomass produced. In general, plants 
which produce oil fix carbon l ess efficiently than plants which pro
duce carbohydrates (Penning de Vr ies et al., 1974 ); thus these 
plants need a longer period for the production of amounts o f ma
terial which will make harvesting operations feasible. One must 
realize that the limitation in material production is not only one i.'t 

f th · t but also of end-product composition. However, o e envi.ronmen , 
appears that the most effective research in breeding and selection 
requires that the plants be exposed to the influence of weather, 
soil, and other environmental conditions peculiar to wherever they 
may be grown. 
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Develo:ement 

The development of an arid-land energy production system is highly 
dependent on the type of feedstock to be produced and the type 
of end-product desired. 

cultural practices and their consequent production costs affect the 
feasibility of utilizing ari d-land plants for ene:tgy purposes. 
Examples of cost items which need to be analyzed are: 

* Land acquisition 
* Land development 
* Annual production costs (fertilizers, pesticides, water 

equipment costs) 
* Transportation (i.e., effects of length-of-haul, bulk density, 

moisture, etc. upon biomass transportation costs to conversion 
plant) 

* Storage (i.e. requirements as affected by biomass moisture 
content, humidity, etc. ) 

* Effects of seasonality of raw material supplies on direct 
energy conversion costs 

* Production costs relative to farm size (i.e., economies of 
scale) 

* Minimum biomass producti on within a specifieq geographical 
region necessary for efficient conversion----\e-. g. , conversion 

----~ plant throughout requirements) ~-·- - -- ·· 
*Locational factors (i.e., biomass supplies relative to energy 

demand) - is distance from energy markets a significant 
factor? 

Recently, energy has joined the ranks of the ultimate resources. 
Because agriculture involves open systems in which irreversible 
reactions are carried out, the term "energy balance" is a mis
nomer. What is really meant by energy balance is the relationship 
between the energy inputs to the outputs of some more or l ess arbi
trarily selected system. The methodology of energy input/output 
analysis is in a state of turmoil, in part because both the energy 
outputs and inputs vary in quality and scarcity. In the selection 
of an arid land plant species in a given region for energy pro
duction, one must consider potential energy input requirements 
in the form of fuels required for planting, cultivation, harvesting, 
and transporting the material. Also, inves t ed energy inputs a .ssoc
iated with fertilizer and herbicide production consume major 
amounts of energy and exert a significant impact upon the energy 
balance associated with energy production from arid land plants. 
Future research should investigate the relative amounts of energy 
required for selected crop production systems designed for use 
in arid environments. 
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Ecosystems 

During the last few decades, we have simply been exchanging finite 
reserves of fossil fuels for our food and fiber (Merrill, 1976). 
To develop truly renewable energy sources from arid-land production 
systems, efforts must be made to break these systems away from two 
conventional techniques of arid-land aqriculture, 1) irrigation and 
2) high levels of synthetic fertilizer use. Both of these common 
practices are highly dependent on petroleum products in their 
application. Thus if energy curtailments are necessary, both a 
reduction of irrigation and nitrogen fertilizer use may occur 
(Dvoskin and Heady, 1977). However, no matter how drastic a blow 
to production levels, these actions may be more ecologically sound 
in the long run. 

Many arid land crop production systems might advantageously be mo
deled after conventional silviculture in which only a fraction of 
the forest is harvested each year. This system is to be contrasted 
with conventional corn/soybean agriculture in which the crop planted 
each May is harvested each October. This natural arid land situa
tion would be more stable than the agricultural environment created 
by irrigation in that yield may be much less than under irrigated 
conditions, but a sudden loss of a water supply would less greatly 
affect the natural arid land production system. 

In general, pest and disease problems are less frequent and severe 
in arid-land agriculture; thus the need for control probably would 
be less in the arid land production system when compared to the more 
humid environments' production systems. 

Conclusions 

Arid-land crop production systems could become significant sources 
of energy and related products in the future. However, economically 
successful energy-production systems will require departures from 
conventional agriculture. Specifically, 

* Use multiproduct systems to obtain cheap energy. 
*Select valuable end-products (e.g., natural rubber) that are 

difficult to obtain on rich, temperate lands to cover most 

of the production costs. . 
* Exploit the plentiful land, solar insol~tion, and r~latively 

mild climate of arid lands to grow multiyear crops in ex
tensive forest-type production systems. 

* As a corollary, avoid intensive corn-soybean style agriculture 
involving irriqation and intensive fertilization in arid 

land conditions. 
* Exploit the extended life of the crop and the high solar 

insolation to obtain high yields of hydrocarbons, thus 
overcoming inefficiencies in hydrocarbon biogenesis.. . 

* Initiate or redouble efforts to find plants that thriv~ in 
arid lands and then breed and screen them under real-life 

conditions. 



305 

These suggestions take only a moment to say but 20 years to implement. 
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Woody Plants, A Renewable Fermentation Substrate 

D. W. THAYER 
Department of Biological Sciences 

Texas Tech University 
Lubbock, Texas 79409 

The concept of using cellulose as a fermentation substrate dates 
from Omeliansky's research in 1906. The first large-scale studies 
of cellulose fermentation were conducted by Langwell (1932) using 
a 60,000 gallon fermenter for the production of acetic and butyric 
acids from beet pulp. Langwell claimed a 50% yield for the process. 
However, this process used a readily fermentable form of cellulose, 
not ligno-cellulose. Veldhuis et a}. (1936) used a mixed cellulolytic 
thermophilic culture of bacteria to produce ethanol and acetic 
acid from pulped filter paper. Yields of 26% and 24% were obtained 
respectively on the basis of the cellulose added. 

The conversion of wood cellulose to sugars by acid hydrolysis was 
first commercialized in 1913 at Georgetown, South Carolina (Stamm, 
1951) . Southern pine mill waste was hydrolyzed in a rotary steam
heated digester using 2% sulfuric acid at 175°c. The resulting 
sugar solution was then fermented to produce 5,000 gallons of 
ethanol per day. This plant and another plant at Fullerton, 
Louisiana, operated successfully until 1923, when the price of 
blackstrap molasses decreased and continued use of wood was un
profitable; the basic process was well-established, nevertheless. 
The German Scholler process (1936, 1939) operated commercially for 
the hydrolysis of wood to sugar during World War II. Hydrochloric 
acid was used in the Bergius (1937) process for wood hydrolysis 
and produced a higher quality sugar solution but required recovery 
of the HCl and special acid resistant steel. Both of these pro
cesses were used for production of ethanol and 9,000 tons per year 
of food yeast during the war. A process was developed at the 
Forest Products Laboratory in Madison, Wisconsin in which dilute 
(0.4% to 0.6%) sulfuric acid was percolated through wood waste as 
the temperature and pressure were gradually increased (Harris, 
1949) and it allowed recovery of the sugars from the hemicelluloses 
in contrast to other processes. This process was scaled to pilot 
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plant leve l at Madi son and by the Tennessee Valley Authority.at 
Wilson Dam, Alabama (Gilbert et al. , 1952) . A large production 
plant was built at Springfield, Oregon which processed 220 tons of 
Dougl as f i r sawmill waste into 11,500 gallons of 95% ethanol per 
day. The price of wood molasses produced by these techniques was 
unabl e to compete sucessfully with the extreme fluctuations in the 
price of blackstrap molasses. 

During the Masonite process, wood is subjected to steam pressure 
whi ch is r e l eased suddenly to produce wood fibers. A by-product 
of 50,000 gallons per day of wood molasses are produced (Turner, 
1964). This molasses is competitive with blackstrap molasses for 
use i n cattle feed. It should be noted that the wood chips used 
for the process usually are green, mixed hardwoods. 

Stranks (1961) used aspen wood as a fermentation substrate after 
pretreati ng it wi th sodium chlorite and sodium hydroxide . Rumino
coccus flavefaciens converted 36.4% of the wood to butyric, pro
pionic, acetic, formic and succinic acids. Weimer and Zeikus (1977) 
demonstrated t he production of methane and acetic acid from cellu
lose by the coculture of S:lostrudium thermocellum and Methanobacterium 
t hermoautotrophicum. The presence of ~- thermoautotrophicum in
fluenced both the rate of fermentation and the types of products. 

The studies described above used anaerobic fermentations to pro
duce ethanol and/or organic acids from cellulose. Ligno-cellulose 
was found to markedly inhibit the reaction rates. Other approaches 
make use of the ligno-cellulose degrading abilities of either 
aerobic bacteria or f ungi. 

Mesquite brush (genus Prosopi~) infests over 50 million acres in 
the State of Texas. The density of the brush cover, its ability 
to compete successfully for water, and its very large tho rns, 
greatly reduce the value of land for grazing cattle. The only 
edible portion of the plant i s the seed pod, but that actually 
accentuate s t he problem becaus e cattle eat and the n spread the 
seeds in their excrement ove r ever increasing areas o f rangeland. 
Though the wood is extremely hard, it i s generally not suitable 
for use as lumber. Mesquite has been acid hydrolyzed for the 
production of ethanol by fermentation yiel ding 28 gallons o f 
ethanol per ton of wood (Marshall, 1947 , 1953). Southern ye llow 
pine can be used to produce at least 49 gallons of e t hanol per 
t on of wood . The Springfie ld, Oregon plant produced 5 2 gallons 
of ethanol per ton of wood waste. 

Mesquite wood is a suitable carbon and energy source for t he 
gr owth of selected aerobic bacteria to produce a feed supplement 
or a compl ete cattle feed (Thayer e t al., 1975; Chang and Thaye r, 
19 75). The process was deve loped and i ncreased in volume t o 3 750 
liters us ing unt r eat ed mesqui t e wood milled t o the size of saw~ust 
(T~ayer , 1976). A feed was produced which had 1 2 . 9 % crude pro
tein and 4.62 kcal/g which should serve as a complete fattening 
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ration in a beef cattle feedlot. The limiting factor would be 
dige~tibil~ty of the residual cellulose. In vitro digestibility 
studi~s failed to adequately answer this question. The single-cell 
protein produced from the mesquite wood contained more lysine and 
methionine than the FAO/WHO amino acid pattern . 

The biological value of the protein of intact bacterial cells was 
inferior to casein in tests of net protein utilization by rats. 
Both net protein utilization and nitrogen digestibility were 
significantly improved when the cells were mechanically homogenized 
(Yang et al., 1977). 

One of the major questions about a mesquite wood fermentation pro
cess was its adaptibility to continuous culture. Fu and Thayer 
(1975) used a semicontinuous culture process for Brevibacterium 
JM98A cultivated on mesquite wood in a 14 liter glass ferrnentor 
with automatic pH, temperature, and foam control . Batch and semi
continuous processes were compared in duplicate studies. The semi
continuous process yielded 2.97 times as much protein over a 72 
hour period as the batch process. The results indicated that the 
process was adaptable to continuous fermentation technology. 

Wilson and Thayer (1978) treated mesquite wood with sulfuric acid 
and cultivated Candida utilis on it. f· ~tilis growth was used 
to evaluate the effectiveness of the pretreatment as the con
centration of the acid, temperature, and type of treatment were 
varied. The greatest growth occurred when the wood was treated 
with dilute acid and steamed at l00°c for 30 minutes. C. utilis 
used 45% to 50% of the hydrolysate sugar, yielding two times the 
protein of cells grown in 1% glucose. Subsequent mixed culture 
studies using f· utilis and Pseudomona~ JM127 produced a feed 
with 88% in vitro digestibility . 

The microbial digestibility of mesquite wood after sodium hydrox
ide treatment was studied and compared to the study by Wilson and 
Thayer (1978). Sodium hydroxide solutions of 0.0, 0.125 N, 0.25 N, 
1. 25 N, and 2. 50 N were used to treat mesquite wood at 35°C. 'rhe 
results of this treatment and the effects of the growth of a nine
membered cellulolytic bacterial culture are presented in Fig. 1. 

Dormant mesquite wood was collected in March of 1971 and hammer 
milled to 30 to 40 mesh for this study. 'fhe wood was treated with 
varying concentrations of NaOH at an alkali to wood ratio of ten 
to one (vol/wt) for one hour at 35°C unless indicated otherwise. 
The samples (10 g) were agitated at regular intervals after addition 
of the alkali. The alkali was removed from the wood by filtration 
on a 9-cm Reeve Angel 934 AH glass fiber filter disc. The sample 
was then washed in place with 1.0 liter of distilled water. The 

0 1 . sample was brought to constant weight at 105 C and the .oss in 
sample weight determined. All analytical methods for viable cell 
count, crude protein, lignin, optical density of cultures, ex
tractives, and ash were as described previously (Thayer et al . , 
1978) . All studies were duplicated. 
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Figure 1. Results of treating mesquite wood with NaOH for one hour 
and effect of microbial growth on substrate residue. 
Hydrolysis of mesquite wood by NaOH • - • ; hydrolysis 
of substrate by culture 0 - 0 ; colony forming units at 
harvest o---n. 

Increasing the alkali concentration increased tl:le wood hydrolysis. 
The amount of untreated wood hydrolyzed by the alkali did not 
correspond to the amount of alkali treated wood hydrolyzed by the 
cellulolytic bacterial culture. The amount of alkali treated 
wood hydrolyzed by the culture was less than the amount of un
treated wood hydrolyzed by the same culture. The amount of wood 
hydrolyzed by the culture did increase as the alkali treatment was 
made more severe . The firs t decrease in hydrolysis occurred when 
the normal hot water soluble materials were leached from the wood. 
The final viable cell count at ha rvest (five days) was related 
to the severity of the treatment (Fig. 1). In contrast to re
sults obt ained with rice hulls treated with alkali (Thayer et al., 
1978), neither the l i gnin nor the ash content of the wood before 
or after growth of the culture changed significantly. These re
sults indicate that the lignin component o f this wood is solu
bili zed at approximately the same rate as the other components 
by both the alkali and the culture . Otherwise there should have 
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been an increase in lignin in the residual wood corresponding to 
~he amo~nt hydrolyzed. The bacterial population increased during 
incubation from 0.00136 to 22.9 X 109 cells/ml in the culture 
grown on mesquite wood treated with 2.5 N NaOH. The alkali treat
ment increased the maximum viable cell number from 8.96 to 22.9 x 
109 cells/ ml. This comparison is somewhat distorted because the 
materials solubilized by the alkali were removed by extensive 
washing and the increased cell growth is a reflection only of the 
increased susceptibility of the residual wood to microbial attack. 
It is obvious that the components solubilized by the alkali should 
also support microbial growth. 

The amount of wood hydrolyzed by the alkali treatment was related 
to the length of treatment with 2.5 N NaOH (Fig. 2) . Similar re
sults with lesser slopes were obtained at concentrations of 0.125, 
0.25, and 1.25 N NaOH. The lignin content of the residue was not 
altered significantly by the treatment. 'l'he crude protein content 
of the residual wood was lowered by the treatment process. There 
was little correlation between the length of treatment and the 
hydrolysis of the treated wood by the mixed culture (Fig. 2). There 
was an increase in hydrolysis by the culture when the treatment 
time was increased from one hour to 24 hours, a decrease as the 
treatment time was increased to 36 hours and then an increase as 
the treatment was increased to 96 hours. The maximum viable cell 
number of the culture was related to the length of treatment. 
The final pH values of the cultures were inversely related to the 
length of the alkali substrate pretreatment. 

The effect of increased treatment temperature was assayed with 
wood samples treated for one hour with 2.5 N NaOH. An increase 
in temperature from 5 to 20°c did not significantly increase the 
amount of wood solubilized by the alkali, but there was a signi
ficant increase in the growth of the culture on the wood treated 
at 20°c (Fig. 3). Above 20° c the amount of wood hydrolyzed by 
the alkali was directly related to the temperature of treatment. 
The final viable cell count was not totally related to treatment 
temperature. There was very little change in viable cell number 
when the treatment temperature increased from 65 to 95°c and it 
decreased when the treatment temperature was increased to 121°C . 
The percentage of lignin in the residual wood was not altered sig
nificantly by the treatments . The ash content of the residual 
wood decreased 25.4 percent. The microbial digestibility of the 
residual wood was not greatly affected. 

It can be concluded from the studies above that treatments of mes
quite wood with sodium hydroxide did not significantly increase 
the amount of residual wood hydrolyzed by this culture. There was 
an increase in the number of colony forming units which correspond 
to the severity of the treatment. 

These results were tested in 10 liter fermentations of untreated 
and NaOH treated mesquite wood. 
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Figure 2. Results of increasing the length of alkali treatment 
(2-SN NaOH at + Js0 c) on mesquite wood and the effects 
on the growth of the microbial culture. Hydrolysis of 
mesquite wood by NaOH •-• ; hydrolysis of substrate 
by culture 0-0; colony forming units at harvest 0-0. 

The fermentations and analyses were carried out as described by 
Thayer et al. (1978). The results (Table 1) clearly demonstrate 
that washed alkali treated mesquite wood is an inferior substrate 
compared to the untreated wood. 'I'he in vitro digestibilities of 
any of the four samples were much too low to be of value as a 
complete ruminant feed . These results disagree with the con
clusions of Keith and Daniels (1976) and Pamment et al. (1978) who 
found that hardwood sawdust treated with 1% NaOH at 121°c had 
improved in vitro rumen digestibility. Both studies -concluded 
that NaOH lowered the lignin content of the wood; however, neither 
study used extensive washing to remove all products solubilized by 
the alkali. In the present study, the residual insoluble wood 
was studied after treatment with alkali. 
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Figure 3. Effect of temperature on the hydrolysis of mesquite 
wood by 2.5 N NaOH for one hour. Hydrolysis of mesquite 
wood by NaOH •-• ; hydrolysis of substrate by culture 
0-0 ; colony forming units at harvest 0-0 ; ash content 
of NaOH treated mesquite wood !:::.-!:::. • 

Because the NaOH solubilized up to 40% of the wood, many wood 
components capable of supporting bacterial growth were lost 
in the alkali and wash water. Current studies are optimizing 
the conditions necessary for the use of the alkali soluble com
ponents as a fermentation substrate. 



Table l . Proportions of va rious wood components i n mesquite wood bef ore and after NaOH pretreatment 
and/or ferment ation by a mixed cultur ea 

Sample Untreated Fermented Untreated Treated Fermented 

Sawdust 

-----------------------
Sawdust Wood Feed Sawdustd Treated 

Residue Productc Sawdust 

and Cells b Feed Product 

Dry Matter, % 94.6 98.8 98 . 4 97 .8 98.7 

Composition, % DM 

Organic matter 96.4 94.4 84 .0 95 . 2 86.4 

Ash 3.6 5.6 15 .9 4.8 13.6 

Cell wallse 70.9 82 .8 67.4 90.4 81.8 

Acid detergent fiber 56.7 66.7 52.4 74 .4 65.0 

Cellulose 37.9 42.2 32.9 52.0 44.6 

Lignin 18.8 24.5 19.0 22 . 4 20.4 

w ..... 
it>. 



Table 1. Continued 

Sample Untreated Fermented Untreated Treated Fermented 

Sawdust 

-----------------------
Sawdust Wood Feed Sawdustd Treated 

Residue Productc Sawdust 

and Cells 
b 

Feed Product 
w 
f-' 
Ul 

Hemicellulose 14.2 16.2 15.0 16.0 16.8 

Cell solubles 27.8 15.6 31. 2 6.8 16.4 

Crude protein 7.2 8.8 10.7 

ESCf 18.3 2 . 8 5.9 ---

Gross energy, kcal/g DM 4.66 4.18 4.12 3.93 

In vitro digestibility, % 

Dry matterg 29.7 17.4 24.6 17.3 19.4 

Organic matter 28.2 15.6 22.8 15.2 17.6 



Table 1 . Continued 

Sample Untreat ed Fermented Untreated Treated Fermented 

sawdust 

Sawdust Wood Feed sawdustd Treated 

Res idue Pr oduct0 Sawdust 

and Cel lsb Feed Product 

Viable cell number, maximum/ml NA L 39xl010 NA 

Substrate hydrolysis, % NA 33.6 NA 9. 9 

a. The composition and in vitro digestibility analyses were prepared by the Department of Animal Science, 
Texas Tech University. 

b. The residual wood and bacterial cells were collected by centrifugation and then lyophilized. 
c. The feed product consists of both the fermentation solids and solubles. 
d. Mesquite sawdust was treated with 215 N NaOH for a period of four days at 35°c, washed with 100 

volumes of distilled water, and dried at l00°c. 
e. All fiber values are expressed on an ash free basis. 
f. Estimated soluble carbohydrates. 
g. ~·reated samples were corrected for ash to correspond to untreated sawdust. 
NA: Not applicable. 

Not determined. 

w 

""" (!'\ 
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Towards the Integral Use of Yucca filifera 

V. RIDAURA-SANZ 
Centro de Investigacion en Quimica Aplicada 

Saltillo, Coahuila, Mexico 

Between the curve of the Mississippi River and Central America 47 
different species of Yucca (Agavaceae) are found. Characteristically 
these woody or herbaceous, perennial plants have straight stems (not 
always present), and upward-pointing, rigid, flat or convex leaves 
of 30cm-lm in length, generally grouped towards the ends of the 
branches. The flowers, generally white or cream colored, form 
clusters and are pollinated by a moth (Tegeticula), resulting in 
a capsular or berry fruit which contains large amounts of black seeds. 

Traditionally these plants have been used by the native indians of 
Mexico and the United States principally as a source of food and 
fibers (used in weaving and roofing material). 

Source of Fibers 

Strong, long, good quality fibers are obtained from the leaves and 
are used in manufacturing ropes, sacks, and brushes. In 1916 (Shartel, 
1916) a patent appeared which claimed the use of pliable sheets for 
electric insulation and wall covering prepared with the fibers 
obtained from the trunk, stems or roots of the Joshua tree <!· brevi
folia) . In the semi-arid zones of Northern Mexico the fibers from the 
leaves of Y. carnerosana are an important source of income for the 

inhabitants of the region. 

Fodder 

During the 1916-19 U.S. drought Yucca plants were used as cattle 
fodder. In 1919 the USDA reported (Forsling, 1919) that !· elata 
(soapweed) is a valuable food source for cattle, comparing favorably 
with fresh green alfalfa, immature corn silage and fresh green 
timothy. The use of 15-20 lbs/day together with a complementary 
ration of 1 lb/day of cotton seed meal is practical as a means of 
maintaining range cattle in times of drought. No accumulative ill 
effects on the digestive tracts were found in such cattle. 
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Cellulose 

The use of pulp f or paper production has been studied in various 
species of Yucca (Y. valida, Y. fili f era, Y. decipiens and Y. 
brevifolia). The length of fibers obtained from these plants is 
between that o f hard and soft woods. The pulp obtained is bleached 
as readily as are wood and bagasse pulp, except for Y. carnerosana 
which gives a non-bleachable kraft pulp. The pulps obtained are well 
suited for t he manufacture of writing, printing, and magazine paper 
(Vigna, 1965). The main drawback of using this natural resource 
for paper production is t he generally slow growth of these plants. 

Medicinal Use 

Medicinal uses of the Yucca species are limited. Isolated studies 
established t hat the powdered leaves of ~· shidegera are effective 
against arthritis (Bingham et al., 1975). An oncolytic antibiotic 
called aloifoli ne has been isolated from the flowers of Y. aloifolia 
and in doses of 50 mg/kg weight per day per mouse it inhibits the 
growth of sarcoma 180 and Ehrlich carcinoma by almost 100% (Sokoloff 
et al., 1964; Sokoloff et al., 1968). The compound's structure is 
not reported. 

Steroid Production 

The isolation of diosgenin and its later transformation to different 
steroidal hormones started the search for new sources of this 
sapogenin and others that could be incorporated in the production 
line of these hormones. Studies reporting the presence of steroidal 
saponines show that Yuccas have a maximum 1-2% sapogenin content 
(dry weight) and that this is generally a mixture of various 
steroidal sapogenins. However, the seeds contain sarsasapogenin or 
tigogenin as the only steroidal component in yields of 1-12% (Wall 
et al., 1961). These two sapogenins can be employed in the production 
of steroidal hormones, but they have not been widely used. 

Extracts of these steroidal saponins have had such diverse uses as 
cleansing and clarifying agents in swimming pools, in agriculture, 
and in sewage disposal plants. It has also been shown that ~· 
recurvifolia extracts inhibit the germination of certain seeds (pea, 
oat) (Shcherbanovskii et al., 1970). Saponins from Y. Aloifolia and 
~· filamentosa suppress the growth of Sacharomyces vini and S. 
oviformis (Shcherbanovskii et al., 1967). 

Yucca f ilifera 

In Mexico there are 25 species of Yucca of which one of the most 
abundant is Yucca filifera. This particular species is found in 
northern Mexico in an area of 10 million hectares, between the 23rd 
and 28th parallel north and the 99th and 104th meridian west, with a 
density of 55 to 550 "heads" per hectare (each flowering stem of the 
plant is known as a "head" and plant density is always counted in 



321 

this way). This is an arid area, 1800 meters above sea level, w.ith 
an average annual temperature of 16.5 - 21° c (min. -8°c, max. 420 c) 

and an annual rainfall of 350 mm. The plant grows in alkaline, 
sandy-clay type soil. 

Yucca filifera has numerous branches, cream colored hanging flowers, 
a fleshy fruit that contains large quantities of black seeds, and 
a height up to lOm. The plants do not begin to flower until they 
are at least 30 years old. Growth is extremely slow (3-4 cm per year) 
althoughthe plant is quite resistant to disease and insects. 

Phytochemical analysis of the different parts of Y. filifera shows 
sarsasapogenin as practically the only steroidal component (Romo et 
al., 1974). The ripe fruit contains 63% pulp and 31% seeds. The 
pulp contains a small amount of proteins and fats and 86% 
carbohydrates (glucose, fructose and a mixture o f polysaccharides 
formed by arabinose, galactose and glucose) (Garc ia, 1 977) . The 
seeds contain 23% oil, 16% of a mixture of two sarsasaponins and a 
meal that has 10% proteins and 50% fiber and carbohydrates. The 
oil is made up of a small amount of stearic and palmitic acid, 
26% oleic acid and 70% linoleic acid . It has an iodine number of 
135.4 and is edible. The two saponins obta ined are named filiferin 
A and B, and their structures have been determined by Lemieux (1977) . 
Acid hydrolysis of this mixture gives approximately 50% sarsasapogenin 
and a mixture of glucose, galactose and xylose. 

Studies undertaken at the Applied Chemistry Research Center (CIQA) 
on the influence of the fruit's ripening period (November - January ) 
on the sarsasapogenin content show that the sapogenin concentration 
is approximately 9% a t the beginning of this period and that with 
time this decreases to 8 %. 

Potential Uses 

To date the only use f or the leaves of Y. f ilifera is as r oofi ng 
material f or housing . The l eaves are fibrous but extremely hard 
and possibly for this reason have not yet been used in traditional 
fiber industries. 

The traditional use of t he f l ower is for food (fried and eaten in 
tacos, although the nutritive value is probably limite~ ) · This 
use had caused the disappearance of the Tegiticula mexi cana moth 
which normally p ollinates the f lower and t her e are now large 
regions whe re the Yucca f i lifera plants produce f l owers but not fruit . 

The whole plant has been studied by the Mexican National 
Laboratories f or Indus tria l Promotion (LANFI ) as a source of 
cellulose for the paper industry . Results were quite good wi t h 
only negative factor being t he plant ' s slow growt h'. however, ~5 
year-old plants were found to have a high enough y i e ld for this 
purpose . Repl a c ement planting can be done f rom s eeds (started 
in greenhouses), or cuttings with the latter being the most 
succ~ssful. 

the 
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The Department of Chemistry of the Nationa l University of Mexico 
(UNAM) has done e.xbensive studi es on the uses of the pulp and found 
that it can be succ,essfully used as fodder, for candy making and, 
when soaked in water, the s yrup produced can be utilized in such 
fermentation processes as the production of biomass, alcohol or 
vinegar . 

As previously mentioned the oil i s edible; however, although 
percentage yield is high the gross quantity producible is relatively 
small and thus the oil should be considered only as Cl. secondary 
product which can be used for the manufacture of several industrially 
important products, s uch as flame r etardants (when the oil is 
halogenated) ,, plastic izers (when epoxidized) , vulcanized oils, etc. 
A plasticizer i s a plastics addi t ive used to facilitate molding at 
low t emperatures .. Two important parameters in the evaluation of a 
plasticizer are the decrease i n the glass transition temperature 
a nd the concentration u sed . Work has been done at CIQA on the 
epoxydation of Yucca oil for use as a plasticizer and PVC stabilizer. 
The behavior as a plasticizer o f the Yucca oil derivatives obtained, 
with different grades of epoxydation is shown in Fig. 1. As can be 
seen, behavior is very s imilar to that of Epoxol, a commercially 
ava ilable product. Other oil derivatives are being studied. 
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Economically speaking the most important compound obtained from 
Y. filifera seeds is sarsasapogenin. This compound was used by 
Marker in 1936 in research undertaken to eliminate the spiro system 
to form a 16-dehydro-S S-pregnanolone (16-DHP) system (Fig. 2). He 
used this compound as starting material for the preparation of 
progesterone. Wall utilized 16-DHP to form the 16a -17a -epoxy-5 S
pregnandione and with microbial methods hydroxylated it in the 11 
position (Kenney et al., 1958). This reaction is very important 
as it allows the production of corticoids as well as showing that 
the 5 orientation of the steroidal system does not present problems 
in the enzymatic reaction. In 1969 a Syntex patent (Halpern, 1970) 
claimed the production of progesterone, androgens and corticoids 
from 16-DHP. To the author's knowledge no production has been 
done using this route. 
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Figure 2. Preparation of steroidal Hormones from Sarsasapogenin. 
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Given that the majority of steroids possess an a-S unsaturated 
system in the A r i ng, sarsasapogenin has not been considered as 
an appropriate raw material for steroid production, prefering the 
use of diosgenin which, because of a double bond in the 5 position, 
has an oxidation state more appropriate for the transformations 
required. In many cases this double bond presents problems when 
certain reactions are performed and has to be protected. If this 
is the case sarsasapogenin could be a more appropriate raw material 
as the configuration a t position 5 facilitates the formation of 
4 

6 -3-keto systems. 

CIQA has been studying the most economical way to form this type of 
system, using progesterone as the target compound. We are also 
looking into the production of cortico-steroids from 16-DHP (Fig. 2). 
At the International Steroid Symposium organized by PROQUIVEMEX in 
Mexico this year, Dr. Herzog of Sheering reported the production of 
betamethasone from the 16-DHP obtained from sarasasapogenin (Fig.2). 

Because of growth trends in the steroid market sarsasapogenin has 
once again become a commercially interesting prospect. In 1971 the 
Mexican National Commission for Arid Lands Studies (CONAZA) and the 
Mexican National Council for Science and Technology (CONACYT) started 
a program to study the use of Y. filifera, particularly emphasizing 
steroid production. To this end a pilot plant for the utilization 
of y_. f ilfera seeds has been established in Mexico by CONAZA-CONACYT 
with the collaboration of UNAM, using wild stands of this resource. 
They are presently extracting sarsasapogenin with a yield of 7.6% 
and oil with a yield of 28.8%. They are also performing the 
conversion of sarsasapogenin to 16-DHP in 50% overall yield (3.3% 
with respect to amount of seeds used). 

Conclusions 

As can be seen from this brief description, the whole Yucca 
filifera plant can be utilized. However, the fruit provides 
the greatest number of possibilities for commercialization and 
has the double advantage of providing employment in an economically 
sub-developed region and does not upset the ecological balance of the 
semi-arid zones by removing whole plants, while still making use of a 
natural renewable resource. 
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In the arid l a nds of the world living organisms encounter extreme 
stresses -- extremes of temperature, water balance, and light intensity . 
In the higher plants, because o f the forlorn immobility of their 
repr oductive life, the stresses of the arid environment have led to 
sophisticated and complex adaptatio n s . The plasticity of any given 
species must b e of such a broad nature that the spec i es can survive 
all of the extremes that a stressful environment can impose : temperature 
differences o f 50°c i n 24 hours ; winds of 1 50 kph ; wate r potential s 
(~w)in the soil of -6000 to -1 0000 kPa; very h igh incident r a d iation 
(including potentially damaging ultra-violet rays); and the myr iad of 
diseases and herbivores that make exist ence in the ar i d lands a c hancy 
thing at b e st. 

Peoples of the parts of the world in which arid lands occ ur have 
turned to those l ands and seen the potential in the fertil e , unleache d 
soils for productive agriculture . In the histories of many nations one 
finds that as agriculture has c laimed , degraded , and att empted to 
reclaim t he mo s t desirable l ands (lands of adequate rainfall and 
temperate climates , of great productivity with relativel y little input ) , 
the settlement and expl oitation of arid and semi-arid regions became 
inevit abl e. William E . Smythe , writing at the turn of the century , 
stated that his book , The Conqu est of Arid America , " ... i s for a ll 
optimistic Amer i can s ... for the homeseekers who , unde r the l eadership 
of the paternal Nation , are to grappl e with the desert, translate its 
gray barrenness i n to green f i e lds and gardens ... " (Smythe , 1 905). 
Srnythe' s book was , thoug h interlaced with the somewhat florid prose of 
promise and hope , a fairly straightf o r ward assessment of the irrigation 
potent ial (a nd ev e n some o f t h e problems ) o f the a r id a nd s emi-arid 
lands of the united St a tes west of the 98th mer i dian. Smythe wrote 
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his book after observing the agricultural success of irrigated lands 
in Southern California and elsewhere in the western United States; 
others had anticipated that success, but tempered their enthusiasm 
with cogent warnings of the limitations of irrigation agriculture based 
on two observations: the scarcity of water in the western United States, 
and t h e presence of salt-affected soils and salty water. 

Major .John Wesley Powell, the notable explorer and Director of the 
United States Geographical and Geological Survey of the Rocky Mountain 
Region during the 1870's and 1880's, prepared and delivered a report to 
the Secretary of the Interior, Carl Schurz, detailing his extensive 
observations during his explorations of the arid West and outlining a 
scheme for the settlemen t and organization of the irrigable lands of the 
ar id regions (Powell, 1878). The manuscript, entitled, "Report on the 
Lands of the Arid Regi ons of the United States," was transmitted to 
Schurz on April 1, 1878, one hundred years ago - a timely coincidence 
with the convening of this conference. As Wallace Stegner, who edited 
a republication of the report, observed in his introduction, the 
predictions of potential and the warnings of limitation of irrigation 
agriculture made by Powell in that document have proven accurate and 
prescient, with only minor exceptions (Stegner, 1962). It is of 
interest here that Powell included in the report a chapter by Captain 
C. E .. Dutton in which Dutton discussed the " ... peculiar conditions 
of agriculture in the West. .. " namely, the extent, origins, and 
distribution of alkaline salts in the soils of arid regions. Both 
Powell and Dutton concluded that alkaline materials in the soils 
" .•. can in time be 'washed out' ... ,"and the soil claimed for 
agricultural purposes. While these statements were correct (saline 
soils ~ be reclaimed), the complications of irrigation agriculture 
using water carrying appreciable loads of salts were not anticipated. 

It is in this context that the problems of irrigation agriculture 
can be placed: arid lands the world over with high evapotranspiration 
rates and low productivity because of the scarcity of water of good 
quality have been and are being looked upon as frontiers of arability. 
The often fertii.e soils can be managed to produce excellent crops up 
to t he point that management of the soil and water environment alone can 
do no more. Our premise is that an important approach to irrigation 
agriculture where salinity of soils and waters is a problem has been 
for too long ignored: the fundamental compatibility of many higher 
plants and saline substrates can be tapped through selection and 
breeding of salt tolerant lines of important crop plants. By recognizing 
and identifying the characteristics . of crop plants which are best 
suited to coping with saline substrates, the genetic diversity of the 
plants can be used along with sound, appropriate techniques of soil 
and water management to increase productivity of salt-affected soils 
and, perhaps, to open to agriculture lands previously unarable because 
of saline water supplies. 

In the present report we wish to examine a feasibility study we have 
made in the selection and breeding of salt tolerant crops for 
agriculture under extreme conditions of salinity: irrigation with 
seawater in the coastal sands of Northern California. we cannot 
adequately answer the questions of physiological tolerance of saline 
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water by higher plants and we cannot promise that our methods or 
lines of plants s~ far generated, can be immediately adapted ~o all 
or most of the arid lands of the world which happen to be beset with 
saline w~ter supplies, but we hope to establish that this approach 
has promise. 

The Problem and the Potential 

One of the most pertinent questions we can ask when considering 
the problems and potentials of using saline water for irrigation of 
crops is, "What is the extent of the problem?" A review of the 
literature available on this topic reveals few statistically valid 
assessments of the effects of salinity on crop productivity. We have 
found economic analyses of crop yield decrements promoted by saline 
water in studies limited to specific (and relatively small) agricultural 
regions. We know, though, that the problem is common and extensive. 
In the records of the agricultural history of societies and, indeed, 
civilizations, it has been found that cropping patterns have changed 
markedly as years of irrigation agriculture have changed the lands. 
Cropping patterns (the extent, productivity, and incidence of specific 
crops grown in one region over a period of time) are apparently more 
easily documented than changes in the salt content of soils or waters. 

Jacobsen and Adams (1958) determined that the demise of the 
Sumerian civilization in southern Mesopotamia (in what is now the 
country of Iraq) was tied to and can perhaps be partially blamed on 
the increasing salinization of the fertile but poorly drained soils of 
the agricultural land of that region. Their argument is that as the 
soil became increasingly affected with salts from the irrigation waters 
of the Tigris and Euphrates Rivers, the Sumerians found that the more 
salt-tolerant barley grew better and had higher yields than the more 
salt-sensitive wheat. Over the course of 2000 years or so, barley 
entirely replaced wheat as the grain crop of choice. Furthermore, the 
yields of barley (one of our most salt-tolerant modern crops) dropped 
by as much as two-thirds in the last 700 years of the Sumerian culture. 
This saga occurred from 5000 to 3000 years ago; to this day, 
agriculture on the fertile plains of the Tigris-Euphrates Delta is 
plagued by salt-laden soils (van Aart, 1974). 

In a survey of the extent of saline and sodic soils of California, 
Weir (1963) found that over 1.8 million hectares (approximately 4.5 
million acres) of California soils were salt-affected. Of these salt
affected soils, over 500,000 hectares (1.2 million acres) were strongly 
salt-affected and therefore of little use to agriculture. These 
statistics from one of the most agriculturally important and productive 
regions of, the world, support the argument for means of coping with 
salinity in cropping systems. The Imperial Valley of Southern 
California depends primarily on the Colorado River for irrigation 
water. In 1976, the valley produced 500 million dollars worth of 
crops (Sibley, 1977). Imported with the water from the Colorado 
River drainage was a large portion of the 9 million tons of salt 
applied to California soils each year in irrigation water (Jim Walsh, 
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1977). Because of the saltiness of the water, most of the irrigable 
lands of the Imperial valley have been underlain with drainage tiles 
and pipes so that the saltier leachates of the effluent irrigation 
water can be drained into the Salton Sea. The salinity of the 
Colorado River is increasing and agricultural productivity is 
threatened (Moore, Snyder, and Sun, 1974). A long-standing agreement 
between the united States and Mexico requires the delivery of 180,000 
hectare-meters (1.5 million acre-feet) of water per year via the 
Colorado River; the United States has recently agreed to build a 
100 million dollar desalinization plant at the border which will 
deliver 20,600 hectare-meters (167,000 acre-feet) of desalinized 
water to Mexico yearly in an attempt to improve the quality of water 
from the overcomitted Colorado River drainage basin (Sibley, 1977). 

These are not unique cases of agricultural problems with soil 
salinity. Wherever irrigation agriculture is practiced today one can 
find instances of salt problems. Salinity is the most important 
problem of irrigation agriculture in the world and the technology for 
combatting it is among the most costly of management practices. 
Salinization of soils is a direct cause of desertification in many arid 
regions (Dregne, 1977), and contributes to the decreasing productivity 
of once fertile and now degraded farmlands the world over at an alarming 
rate. Chapman (1975) estimated that 40,000 hectares on the Indian 
sub-continent are being removed from production annually because of 
increasing soil salinity. Up to two percent of the total agricultural 
land in Western Australia has been lost to crop production because of 
salinity in recent years (Marshall, 1977). Estimates of the extent of 
saline soils in arid and semi-arid lands of the world vary - 381 million 
hectares (many of which may not be suitable for agriculture because of 
reasons other than salinity) are salt-affected now according to a 
recent estimate (Ponnamperurna, 1977). One-third of the irrigated lands 
of the world (47 million hectares) is salt-affected (Maas and Hoffman, 
1977). There can be no doubt that the development of salt-tolerant 
crops and the institution of appropriate irrigation technology for the 
management of salt-affected lands are imperatives now and will remain 
important in the future. 

An estimation of the value of increasing the yield of certain crops 
on salt-affected soils is difficult to make. But if the Imperial Valley 
can be used as an example, and if we assume that saline water does limit 
the productivity of the region, then it is evident that a modest increase 
in yield (even two to five percent) could result in an increase of 
millions of dollars worth of agricultural produce yearly. We cannot 
say that all important crop species contain the genetic variability 
which allows a selection for salt-tolerant lines. Those crops with 
which we have worked - barley, tomatoes, and wheat - have proven to have 
the appropriate genetic diversity, as will be shown in this report. 
There is another question to be asked, however: "What is the potential 
for the development of agriculture on lands previously unsuited for 
crops?" Specifically, "What arid lands are proximal to saline water 
supplies and could therefore be rendered productive if suitable salt
tolerant crops could be developed?" In this case, we are not arguing 
an increase of a few percent of the value of produce, but an initiation 
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of agriculture in lands previously unproductive or nearly so. 

The first areas that come to mind are the large and numerous coastal 
deserts bordering the seas. Seawater, frequently the only available 
water in these areas, averages 35,000 parts per million (ppm) dissolved 
solids. Included in these solids are high concentrations of sodium, 
chloride, magnesium, boron, sulfur, calcium, and potassium. The 
predominant ions are sodium (Na+) and chloride (Cl-) (the concentration 
of NaCl alone is about 0.5 M). Neither sodium nor chloride is required 
in large quantities by higher plants. Because of adequate concentrations 
of potassium, sulfur, magnesium, and calcium, seawater can be considered 
a nutrient solution low in nitrogen and phosphorus, but providing many 
of the essential elements for plant life. These are not unrecognized 
facts; Somers (1978) has provided a summary and review of the last 
twenty years of literature on the development of seawater as an 
irrigation source. What is new is the success we have had in our 
attempts to select from crop genotypes plants capable of tolerating 
irrigation with seawater or dilutions of it. 

The geography of coastal deserts has been discussed by Meigs 
(1966; 1973), who limited his definition of coastal deserts to the 
littoral zone or coastal strip of land parallel to the coast and with 
pronounced coastal affinities. Of the 32,000 km of coastline in the 
world where deserts crowd the sea, only a fraction might be suitable 
for agriculture because of topography or rocky soils. The scarcity 
of fresh water supplies has limited agriculture and inhabitation of 
many of these lands even more severely than the topography or the 
soils. Even so, the areas of qeficient rainfall where the potential 
for agriculture based on seawater irrigation exists are extensive -
for example, Baja California, the northern coast of Africa on the 
Mediterranean, the 14,000 km northern coast of the Indian Ocean, and 
others. Similarly, the potential for seawater irrigation of the 
semi-arid coastlines of the Earth is even greater. 

In addition to seawater, there are other saline water supplies 
previously unusable for irrigation. The frequently saline irrigation 
water of arid lands, as already described, contributes to soil 
salinity problems. Most drainage basins with no outlets to the seas 
have saline surface and subsurface water. Certain underground 
aquifers, because of the history of their d eposition from inland seas, 
are contaminated with salts. There are many other instances of 
saline water supplies which, with the appropriate technology and 
crops, could be used for crop production. 

current Investigations and Results 

our approach to the development of salt-tolerant crops has been 
multi-pronged. we will present evidence here that there exists within 
certain crop species the genetic variability that when properly 
identified and expressed can allow strains of that crop to tolerate 
highly saline growth media. Because the simple ~urviva~ of a plant 
under stressful conditions does not necessarily imply vigorous 
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reproduction (and therefore, in the case of a grain crop species, 
yield), we also present data from three years of field trials using 
seawater irrigation showing that crops specifically selected for 
salt tolerance provide appreciable yields under this very saline 
condition. The genotypic complexities of the species with which 
we have worked have made us aware that selection from a single 
species may not result in a salt-tolerant line and that the 
introduction of genes from a closely related but non-domestic 
spec i es may transfer appreciable salt tolerance to the economically 
useful but salt-sensitive domestic species. The importance of wild 
halophytes has not escaped us; we feel that as sources of germplasm 
and as potential crops the wild halophytes are invaluable (Harlan, 1976). 

our work with the select i on of salt-tolerant lines of crops began 
with barley, Hordeum vulgare L., several years ago. Barley's relatively 
high salt tolerance is well known. The availability of large collections 
of seeds from the U.S. Department of Agriculture promised an enormous 
gene pool for selection, and the physiology and mineral nutrition of 
the species have been studied extensively and are documented by a large 
body of literature (Epstein, 1972). These factors and the importance 
of barley as a food crop led to the choice of barley as a crop with 
great potential for salt tolerance. 

The selection procedure we used has been adequately described elsewhere 
(Epstein and .Norlyn, 1977 ; Epstein, et al., in press) . Screening of 
genotypes was done using solution cultures salinized with a synthetic 
sea salt mix to obtain genotypes suitable for seawater culture. The 
advantages of using nutrient solutions are obvious -- the maintenance 
of specific salt concentrations, pH, and aeration is more easily 
monitored than in sand or soil. Large tanks (700 liters) covered with 
plastic grids and cheesecloth were used for large scale germination 
tests and seedling establishment. Smaller containers using germination 
paper and culture solutions were used for smaller scale tests (Epstein, 
1977; Epstein, et al., in press). 

A highly variable composite cross of barley (Composite Cross XXI) 
synthesized by Suneson and Wiebe (1962) was the source of germplasm 
used in our original screening attempts. Composite Cross XXI, derived 
from 6,200 barley genotypes, yielded 22 surviving entries from a total 
of 7,200 screened at 75 to 90 percent seawater concentrations. This was 
a survival rate (germination through seed set) of 0.31 percent - a very 
low figure and evidence for the severity of the selection pressure. 
Seed of the survivors was increased and seven selections were eventually 
used in the field trials at Bodega Bay, California. In addition to 
those selections, four cultivars showing potential variability with 
respect to salt tolerance were used in the field trials. 

The University of California Bodega Marine Laboratory lies on the 
Pacific Coast north of San Francisco. We selected a site in the lee of 
a ridge of dunes for our field trials for two reasons: the proximity of 
seawater for irrigation and·the deep, permeable, sandy soil of the area. 

Two successive years of seawater irrigation and low rainfall at this 
site have resulted in no appreciable change in the concentration of salt 
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in the top two meters of soil. Frequent furrow irrigations with seawater 
were made from polyethylene-lined irrigation ditches. Slow-release 
nitrogen and phosphorus fertilizers were band applied before planting 
the barley (and later wheat) selections. 

After thre~ ye~rs.of barl~y field trials the results are gratifying. 
One selection irrigated with undiluted seawater has yielded approximately 
1500 kg/ha. The three best entries averaged 1082 kg/ha - approximately 
half the world average for barley (U.S. Department of Agriculture, 
1977). We are now screening the world collection of barley (22,000 entries) 
in the manner described. 

We have recently extended the project to wheat, Triticum aestivum. 
Wheat is the most important grain crop in t he world. Wheat isconsidered 
to be relatively salt sensitive, but the availability of 33,000 entries 
from the world collection maintained by the U. S. Department of Agriculture 
made it a logical choice. We have screened 5,000 entries s o far. Forty 
lines appear to possess promising salt tolerance; 1 2 of these can b e 
considered very promising at 50% seawater salinity. 

The results of the 1978 harvest, the second year of wheat trials, are not 
yet in. Studies of the physiology of salt-tolerant wheat and barley 
lines are progressing. 

Our work with the third of our chosen spec i es , tomato, has utilized a 
different approach. Selection studies, such as those described for 
barley and wheat, did not yield suitable lines. We began to investigate 
the possibility of using wild, salt tolerant species of the tomato in a 
breeding program with the hope of introducing genes for salt tolerance 
from a wild species into a domestic line. Dr. Charles Rick at U.C. 
Davis provided us with seed of Lycopersi con cheesmanii, a halophytic 
species found growing on the beach and in other sites in the Galapagos 
Islands. The plants are very salt-tolerant - they can grow (bu;t not 
well) in 100% seawater. The fruit of this species is unusable as food -
it is small and bitter and attains no appreciable yield . It is 
interfertile with the commercial Lycope rsicon escule ntum, and crosses 
have been obtained. The s e crosses yield l arger fruit i n the F2 and 
subse quent generations . We ha v e obtained unifor m (and delicious) 
fruit from back crosses even at 70% seawater, indicating that considerable 
salt tolerance has been retained by the progeny. 

conclusions 

Perhaps the most i mp or t a n t by-product o f our research t o date has been 
the generation of plants with contrasting salt tol~ran~e . The.p~ysiology 
of each line so far investigated can be compared with its sensitive or 
tolerant counterpart. we are currently investigating ion uptake and 
transport, photosynthetic and t ran s pirat ional responses, and.the many. 
structural differences found i n t he sen s itive and tolerant lines. This 
approach promises to b e invaluable i n t h e search for explanations o f 

how plants can tole r a t e salinity stress . 
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We have shown that genes for salt tolerance can be found within 
certain species, and that where they cannot, they can be transferred 
b etween species. We have shown that seawater irrigation is possible, 
given suitabl e conditions. We feel that the ramifications of our 
research are of widespread potential extending to rangelands and 
forage crops as well as human food. We add our plea to those of 
Dr. Viet meyer and others presenting papers at this conference for 
wise and innovative approaches to the conservation and investigation 
of under-exploited p lant resources. 
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Sahara Farming - Wheat Production 
in the Sarir Region 

KHAIRI SGAIER 
University of Al-Fateh 

Libya 

Sahara farming in its modern form in Libya is an attempt to bring 
together the far too long unknown fossil water, poor sandy soils, 
unfavorable climate, and man, with his inputs and management, to 
produce food and feed for man and his animals. Wheat is the 
principal cereal crop in Libyan agriculture. All wheat is seeded 
in the fall, and both common and durum cultivars are grown. The 
majority of wheat acreage is fully dependent on rainfall which is 
below the optimum level in most years. A small acreage of wheat 
is grown under full or supplemental irrigation. Because of the 
recent discoveries of large quantities of underground water of good 
quality for an arid country, in the Sarir region (Ahmad et al., 
1977; Ahmad, 1978; Jones, 1971), and because of the growing demand 
on wheat, wheat has been introduced to the Sarir region for the first 
time as a new crop, to help approach the target of self-sufficiency 
in grain production. Wheat production in Sarir is one of many new 
wheat projects in Libya. It is unique in many ways and different 
from the others. 

Materials and Methods 

The study area in the Sarir region is located in Mid-East Libya, 
between latitude 26 ° 30' and 27 ° 30'N, and Longitude 21°30' and 22° 
30' E; 650 km to the south east of Benghazi and 400 km to the north 

of Kufra (Abdelgawad et al., 1978; Ahmad et al., 1977; Ahmad, 1978). 
Soils of the area are predominantly sandy with a small fraction of 
silt and clay, and lacking profile development. They are almost 
free of organic matter and in general non-saline, and alkaline as 
indicated by their pH values (7.3 - 8.7). There are in some areas, 
isolated hard layers resulting from the cementation of sand particles 
together with lime, gypsum, or iron oxides. Total nitrogen, available 
phosphorus, and micronutrients are generally low (Abdelgawad et al., 
1977, Ahmad et al., 1977). The climate is extremely arid, with mean 
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annua l temperature of 21 °c . Mean maximum and minimum temperatures 
were 38°c and -3 °c respectively. Windstorms with blowing sand are 
common feature s during the months of February through April. April 
has the highest frequency of high winds and November the lowest, and 
no measurable precipitation (Ahmad et al., 1977). 

Wheat production i n this region was first introduced in the 1974/75 
cropping season for experimentation on a rather large scale (100 ha). 
Due to the promising performance and results of the first season, 
it was decided to expand wheat acreage with the ultimate goal of 
20,000 ha by 1980. The source of water was the Sarir aquifer. Water 
was of good qua lity with TDS (total dissolved solids) ranging from 
450 - 1800 ppm (Ahmad et al., 1977; Ahmad, 1978; Wright and Edmunds, 
1971). Deep wells (300 m) in each strip were 2.5 km apart unless 
soil was unsuitable; strips were 10 km apart. Each well was provided 
with a submersible pump to deliver water through a 560 m radius 
center pivot moving in a circular path to irrigate with sprinkler 
nozzles a field o f a maximum 100 ha. Power was supplied by 3 units 
of 15 megawatt turbines. Where power transmission lines were 
incomplete, mobile generators were used (Ahmad et al., 1977). Prior 
to plowing under Sahara conditions, fields were irrigated to prevent 
dus t formation by moving farm machinery and to facilitate movement 
of the machinery. Then fields were disc-plowed to a depth of 
approximately 20 cm f or seed bed preparation. Fields were irrigated 
again for the second time. Then chemical fertilizers at the rate of 
60, 120 a nd 60 kg/ha of N, P, and K, respectively, were applied 
(Ahmad et al., 1977). 

Bread wheat (Triticum aestivum L.) mainly Sidi Mesri 1, a semi-dwarf 
local cul tivar, and Gamenya, an Australian cultivar, were planted 
at the rate of 100 kg/ha. Irrigation water was applied as needed 
throughout the growing season. Plants were top dressed with 
nitrogenous fertilizer (urea) at the rate of 50 kg/ha of N at 
ti l lering and heading. At maturity, wheat was combine-harvested, 
weighed, a nd delivered to silos for later use. More or less the 
s ame operations were performed every growing season, unless the 
situation in the field called for change. 

Results and Discussions 

It is a known fact that farming in the Sahara is a very difficult 
job, especially the growing of wheat. Weather conditions in general 
are unfavorable, namely very low night temperature in winter and 
spring , and very high or high day and night temperature in late 
spring and early summer. In addition, hot and dry winds, and 
shifting sand at the critical periods of wheat plant growth and 

development, are common features. With this in mind, the first 
100 ha tLeld of wheat in the Sarir was planted and managed with 
little difficulty. The mean grain yield was 2.5 t/ha, and quality 



337 

was rather low, with many shrunken and small kernels. Though yield 
was low by world standards of irrigated wheat (Leonard and Martin 
1963; Reitz, 1967), it was not far below the yield obtained at ' 
Kufra, with more or less similar conditions and management (El-Sharka 
and Sgaier, 1975a; 1975b). wy 

Based on the performance and results of the f irst 100 ha, 40 fields 
with 4,000 ha were planted to wheat the following season (Table 1) 
with the same cultural practices as the first season (Ahmad et al., 
1977). 

Table 1. Development of Wheat Production in the Sarir Region, Libya 

Cropping No. of We lls Total area Av. Yield 
Season Wells Line (ha) (T/ ha) ---

1974/75 1 D 100 2 .5 

1975/76 40 DGEF 4000 2 .5 

1976/77 55 DGEF 5500 2.1 

1977/78 87 DGEFJK 7000 1. 7 

Mean grain yiel d was 2 .5 t/ha, and the quality was good and superior 
to that of the f i rst season . It is noticeable that with much bigger 
acreage, yield per hectare was mainta ined, despite a series of 
unfavorable weather conditions throughout t he growing season. Spring 
frost seemed to have occurred in some f i elds in February of 1976. 
The frost effe ct remained unnoticed until l ate in the season. 

Affected ears were partially or fully blasted . Damage to ears was 
similar to that reported in the literature (Lamb, 1967). Frost 
damage was limited to ears, with no effect to stems and l eaves. 
Effect on grain y i eld was not de termined. Faced with this situation 
and the probability of its repetition, spring frost in the Sarir 
Sahara could be considered a s a climatic factor contributing to 
lower yields of susceptible cultiva r s . It might be suggested here 
that f r ost damage, once p roven t o be o f higher frequency , and 
damaging e ffect to wheat , migh t be lessened or avoide d t o some 
extent in the future by determining the critical period for a set 
of wheat cultivars, during which damaging frost may occur , and then 
setting s eeding date. This may result in the occurrence of heading 
and filling of grains in a fros t-free peri od. The possibility of 
avoiding frost damage in the Sarir Sahara i s much great er than that 
o f avoiding the de trime ntal effect of hot and dry winds because of 
their much highe r freque ncy , longer duration , and more damaging effect . 
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Wheat acreage was increased in the third and fourth cropping seasons 
of 1976/77 and 1977/78 (Table 1). Weather conditions in general 
throughout the seasons were not better than the two previous ones. 
Some periods had very low temperature of -3°c in early spring of 
1978, a nd others witnessed periods of very high temperature of 42°C 
i n late spring of 1978 (El Sha:wesh, 1978) . Occasional power failure 
occurred too.. Moreover, shifting sand blown by strong winds covered 
a sizeable portion on the periphery of wheat fields, amounting on 
the ave.rage to approxima.be ly ten pe.r cent of the planted area. It 
is o f interest to report here, t hat yield per hectare was calculated 
on the basis of total planted area of 100 ha/well, and not on the 
basis of harvest ed area of afiproximately 90 ha/well. The prevailing 
hot and dry winds have contributed to lower irrigation efficiency. 

To sum up the adverse effects of weather conditions on wheat grown 
in the Sarir area, one would say that they were manifested by 
shrivelled gra ins , and ultimately lower test weight, and yield. 
The damaging effects of ma jor climatic factors, namely low and high 
temperature, hot a nd dry winds , in addition to shifting sand, have 
to be investigated t horoughly from all aspects. 

From the data collected so far on the volume of water applied to 
wheat in the Sarir, a n average of 7,000 m3/ha were used in the last 
season (El Shawesh, 1978) . This amount of water included the water 
applied to the fields prior to seeding. It is believed that the 
amount of water u sed was rather high. It exceeded ordinary wheat 
requirements of water a nd wheat is not a big water user (Lamb, 1967). 
The nature of soils in the r egion wi th thei r low water holding 
capacity and prevailing weather conditions, as described earlier, 
played an important r ole in the loss of much water through evaporation 
and dispersal of water by winds of varying speeds (Ahmad et al., 1977). 
I n other words a great deal of irrigation water did not reach the 
soil and can be cons idered a loss. 

From the water economy point of view, regardless of many causes of 
water losses, too much water was used in the Sarir for wheat production. 
The overall average of grain yield in the past f our years was 2 . 4 t/ha 
and the estimated straw yield was 3.6 t/ha, giving a total of 6.0 t/ha 
of dry matter (grain + straw, excluding roots). This means that for 
t he production of 1 kg of dry matter of wheat in the Sarir, the amount 
of water required was 7, 000,000 6,000 = 1,166 kg of water. This 
quantity of water amounts to approximately twice the amount of water 
required for irrigation along the coast (600 kg of water/kg of dry 
matter of wheat) (Vivoli, 1941 ). 

To improve the economic p icture of wheat production in the Sarir, 
it has been decided to grow wheat mainly as certified seed. This 
d i v,ersion guarantees some s eed f or the rain- fed wheat areas in the 
r est of the country, and increases the per hectare income , because 
of the high priced certified seed . 

The region can be considered as weed-free , because of the weed-free 
seed used, and the absence of farm livestock and their manure. No 
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major wheat diseases have been reported. 

Fields have been observed closely to detect deficiency of micro
nutrients. There were strong indications so far of degrees of 
deficiency of copper, zinc, and manganese . Arrangements for the 
correction of these deficiencies in the future are under way. It 
is believed that the deficiency of one or more of the micronutrients 
in the Sarir as in the Kufra may be responsible at least partially 
for low yields of wheat (Ahmad et al., 1977; El-Sharkawy and Sgaier, 
1975b) . 

Other major problems connected with wheat production in the Sarir 
that are worthy of reporting here are transportation of all inputs 
and outputs to and from the Sarir, and the movement of personnel 
and machinery from the main camp to the fields, and from one field 
to the other (fields are at least 2.5 km apart). A second problem 
was the maintenance of farm machinery under Sahara conditions (heat 
and sand). Moreover, working conditions were hard which made it 
difficult for the management to keep some of the trained and skilled 
people for very long. 
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A recent report from the National Research Council states that food 
production in developing countries will have to be doubled by the 
end of the present century (World Food and Nutrition Study, 1978). 
Higher yields and better means of preservation will have to be deve
loped because very little of this increase can come from bringing 
new lands under cultivation. At the same time, 50 million of the 
world's population face the loss of their homelands and present 
sources of livelihood due to environmental degradation, the abuse of 
rangeland and cropland which causes manmade deserts (Eckholm and 
Lester, 1978) and the pressures of urbanization and population ex
plosion. Although most of the world's food production today is in 
regions of adequate rainfall, it seems inevitable that we will have 
to adopt more food production techniques which are economic under 
present circumstances and also are in long-term, self-sustaining 
harmony with arid and semi-arid lands--that is, dryland farming with
out benefit of irrigation or chemical fertilizers. 

The mongongo tree (Ricinodendron rautanenii) can withstand years of 
drought. It is indigenous to the Kalahari Desert which has an average 
of 200 mm of rain each year. It is highly adapted to sandy soil and 
produces a nutritious and tasty nut which contains a high concentration 
of protein, oil, and carbohydrates. Its development can best be studied 
in its native habitat by learning from the people in Africa who 
have been eating it for thousands of years. Here we present the 
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first findings from our trials on germinating the seed under laboratory 
conditions, and we review the role that this food plays in the nutrition 
of the people who eat it. 

Habitat 

Rigorous and systematic descriptions of Ricinodendron rautaneii have 
not yet been printed in U.S.A. botanical publications; the account 
which follows is taken from brief summaries found in South African 
studies (Palmer and Pitman, 1972), and from ethnographic and ecological 
reports (Shostak, 1976; Wehmeyer et al., 1969; Lee, 1973), which were 
made principally in the Dobe area of the northern Kalahari Desert of 
Botswana. This isolated region, a part of the northward extension of 
the Kalahari sand system of southern Africa, is located i n the Botswana 
Plateau, at about 20° S latitude, and 1,100 m above sea level. The 
Dobe area, though sandy, is not severely arid, for it receives an 
annual rainfall of from 150 to 600 mm per year between October and 
M~y. During this long summer the temperatures reach daytime highs of 
35 c 0 to 45°c. Night time temperatures during the winter reach lows 
of soc for at least two months and several nights have below freezing 
temperatures in some areas (Simpson, 1978). Open woodland alternates 
with low bush and thickets; the open grassy plains typical of the 
Kalahari proper are rare. The topography of the region where mongongos 
are found is dominated by low parallel dunes, apparently fixed by 
vegetation, and running approximately east-west. In between lie the 
dry watercourses called malapo. Many of the larger fauna of the Central 
Kalahari Game Reserve are present in the Dobe area in. smaller numbers; 
elephants, wildebeest, kudu and gemsbok are most prominent, and giraffe , 
eland, and hartebeest are also found. Over 80 species of birds have 
been recorded, including ostrich, which provides eggshe lls for water 
containers and beads, and eight species of game birds. 

The mongongo trees grow in small clusters which are irregularly spaced 
along the tops of some of the dunes, but not of all. · The trees seem 
to be single-aged, stand about 10 m high, and are deciduous. Their 
trunks and l i mbs are contor ted, irregular, and some of the trunks have 
hollows whi ch hold water aft e r rainfall. The trees pr ovide cool l ea f y 
shade against the hot summer sun; they are easily climbed, and make 
good playgrounds for children. Most reports say that seedlings are 
never seen around these groves; others report saplings under their 
shade (Lee, 1973). Seedlings are found on the trails back to the 
village, but they do not grow t o maturity . 

The Fruit 

The fresh fruit is a drupe structured like an almond or a p lum 
(Figs. 1 and 2). The dr ied fruit is plum-shaped, 30 - 40 mm long, 
25 - 35 mm diamet er. The free end of ten has a smal l point , the 
s t a lk end has an abs c ission scar . When dry t he surfac e is light l y 
wrinkled , in several shades of brown; some speci mens have a character
istic darker area, oval, raised above the general surface, 5 - 10 mm 
across. 
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Figure 1. The intact dry, single-nutted, Mongongo fruit. 

Figure 2. A young radicle, growing in damp peat. The tip of the 
shell has been ground off before germinating. 

In section the fruit has many layers: from without inwards those are 

i The skin, thin but sturdy. 
ii The pulp, 2 - 5 mm thick. 

iii The shell, 3 - 7 mm thick, hard, dense, woody. It is coursed 
by irregular canals; one especially well-formed one runs from 
a deep gutter at the scar end to the germule region at the 
point end: it seems to offer a mechanism to help germination, 
but does not form an evident cleavage plane. A strand of 
tissue lies free in it, possibly acting as a wick for rain
water; the outside of this shell is roughened and finely 
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pitted; the inside is smooth walled, and forms a rounded 
chamber. 

iv The mature "nut" lies free in this space, but fits tightly 
enough that it does not rattle. This nut is an ovoid, 10 - 15 
nun long, 6 - 10 nun broad, flatter on one side than the other, 
with characteristic protuberances and depressions which are 
roughly symmetrical on the two halves. This relief is in odd 
contrast to the smoothness of the shell wall in which the nut 
lies. 

v The seedcoat is black, dense, hard, uniformly thick over the 
entire surface, 1 : 2 mm thick. There is no evident cleavage 
plane or entry-point for water to start germination. It is 
strongly bonded to the underlying endosperm. 

vi The endosperm is white, and can with difficulty be separated 
into two mirror-image halves; the cleavage plane is formed by 
the two cotyledons; they run the full length of the embryo: 
they are paper-thin. 

vii The germule lies at the point of union of their two compressed 
stalks, at the end farthest from the abscission scar. 

About one in fourteen of the fruits contain two nuts. This must be 
the perfect fruit, whereas the majority have one of the pair aborted. 
The canal for that missing twin is ragged and may be incomplete. It 
surfaces as a pinhole. Almost every fruit is parasitized by a larva 
of the inch-bug type, 5 - 7 mm long. By the time it has made an 
emergence hole before pupating it has consumed almost all the dried 
pulp, leaving the skin loosely supported by a matrix plugged with 
frass. The nymph is a dark-brown moth 3 - 5 nun long. 

Food Value 

The outer skin turns from pale green to rich red in the first few 
months after falling on the ground. It covers the edible, fleshy 
mesocarp; this is something like a date in texture and taste; it 
constitutes 27 percent of the weight of the fruit, and provides 3.1 
calories per gram. The hard woody shell, which protects the seed for 
years as it lies buried in the Kalahari sand, has until now been a 
major barrier to commercial exploitation. Once this shell is broken·, 
the edible kernel falls out; but even that is covered by the hard 
adherent seedcoat. The edible kernel can be pried off with a finger
nail, though not perfectly; we are familiar with this problem in the 
Brazil nut. After roasting the kernel tastes like roasted cashews or 
almonds; this nutmeat provides 6.4 usable calories per gram, and is 
28.8 percent protein by weight. 

Germination 

We have found the seeds difficult to germinate. 
fruit has not worked. Sawing through the woody 
free nut has not worked. The only success . that 
been by grinding the pointed end off the entire 

Soaking the entire 
shell and soaking the 
we have had so far has 
fruit until the white 
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embryo is just exposed. Moisture now causes the endosperm to swell 
out of the imprisoning seedcoat and shell, and after a few weeks the 
radicle starts to emerge. We have achieved this when the nut was in 
moist peat, but not when it was on moist filter-paper in a closed 
observation jar. We have had best germination when the temperature 
reached 27 - 30°c by day, but we have done no systematic temperature 
trials. Germination is uncertain. We have had most success after 
washing the entire fruit repeatedly after grinding the end off: this 
was done by hanging it under the spray head of a greenhouse misting 
installation. We do not know whether this washing removes a germina
tion inhibitor, or whether it releases a germination catalyst. We 
do not even know whether it is a necessary process; we just report 
that that is how we have obtained germination best in our limited 
trials. Shortly after apparent germination the seedlings usually 
died; we do not know whether the apparent fungal infection caused 
death, or followed death (Temple, 1978). 

The emerging radicle is obviously unusual (Fig. 2). It grows very 
slowly. It has no root hairs. It does not taper: it is the same 
cross-section along its entire length, smoothly oval. The tip is 
rounded, blunt. It does not grow straight down (geotropic): it 
wanders in curves of variable radius; these curves, once formed, 
are fixed. And then, when it is 50 - 100 mm long, 5 - 12 true roots 
sprout in a ring from immediately behind the tip, forming a Medusa's 
head. These roots look normal: they taper, they have root hairs, 
they branch. When these true roots are 20 - 50 mm long, the plumule 
starts to emerge. The cotyledons remain, unseen, within the seedcoat 
(hypogeal). Here they presumably act placentally, absorbing nutrients 
from the endosperm and transferring it to the growing seedling. We 
have only one seedling beyond this stage: it formed its first two 
true leaves, began to elongate at the plumule, and then succumbed to 
rot. 

Discussion 

This plant has several intriguing features. Why, and how, does it 
flourish on sand dunes, but not in surrounding land? What triggers 
germination? How does the infant seedling survive the first few 
years? Why is it found in apparently even-aged stands? How does it 
produce so much annual biomass from so little rainfall? We are going 
to offer a sequence of facts, strung together with surmises, which 
together provide one coherent sequence and thus a satisfying answe~ 
to all these questions . But this sequence is rather more an exercise 
in detective work than a scientific account. More information, and 
more studies, may reveal a quite different story. 

Seif Dunes 

Wind-formed sand dunes are of two main types. As the wind blows, it 
pushes some of the grains along the land surface and carries others 
of them into the air and then drops them again; stratification by 
weight results. This is the accretion dune. When this stratification 
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is horizonatl, rain falling on this dune will spread out laterally, 
for it cannot penetrate through the strata; it runs off or evaporates 
quickly.. When the grains avalanche from a leading edge to form an 
encroachme nt dune , the stratification is at a sharp angle to the 
horizon . Wind- carried sand lodges at the foot of the avalanche, and 
stabilizes it; this forms the plinth. 

Accretion stratification can also occur at a sharp angle to the horizon. 
Then, with further growth, encroachment avalanching will occur on the 
lee side. This program, often repeated, produces a seif type of 
dune which directs all rainfall downwards into its base (Figs. 3 and 4). 

ACCRETION ENCROACHMENT 

WIND 
~ 

Figure 3. Seif dune with gleyed base and plinth (from Bagnold, 1971). 

Figure 4 . Compound seif dune; some dunes grow in this way. 

This compound build- up may explain why some parts of a dune support 
mongongos, wher,eas others do not. 

Dry sand is a very good insulator. A layer only 200 mm thick is 
enough to maintain the underlying sand at the same temperature year
around through all the extremes of day-night changes. Any water that 
is held in those top 200 mm will be lost by evaporation as the layer 
heats and cools, and a ir is sucked in or out. But beneath that depth 
the air between the grains is motionless. Any water there will saturate 
it, and further evaporation will be impossible. Thus, once the base 
of this dune has f illed with rainwater, it could act as a surface tank 
-- a perched water-table (Bagnold, 1971). But that water would slowly 
leak to the ground below , and so drain away sooner or later by 
percolation. 
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When aluminum and silica soils are intimately mixed with moist 
organic material a~d ~eld anaerobic, a new material forms gradually 
called "gley". Th bl k 1 is is a ac c ay, very fine, and extremely water-
tight (Hem and Lind, 1974). Open-air ponds were man-made in this 
way several thousand years ago in England; those dew ponds still 
hold water. The "buffalo-wallows" of west Texas are bottomed with 
the same material which has formed naturally. 

The Seif Tank 

We suggest that the base of those sand dunes has gleyed, using the 
organic matter that was growing on the soil surface before the dune 
moved over it, and the annual detritus that is blown against the foot 
of the dune, into the plinth. The tank is now completely water-tight 
-- gley below, seif plinth for walls, sand for insulation above. 

Every century or so there may be an epic rainfall. The seif tank 
will fill, maybe to overflowing, or maybe only a substantial 
recharge. But during the long period of steady drying-out of the 
top 200 mm the air spaces in the sand will be at 100% humidity. And 
the downpour will have thoroughly washed the nut and released the 
germination catalyst (or removed the inhibitor). Germination can 
now start. This might explain why the stands are even-aged. 

Some Questions 

We can ask whether the intact fruit can germinate, or whether it must 
first have been eaten by an elephant and partially digested, or by 
an ostrich or kudu and the shell severely abraded or cracked in its 
gizzard before voiding by vomiting or defecatinq. Such a mechanism 
has been suggested to account for the ancient single-aged stand of 
calvaria found on Mauritius (Temple, 1977). We can ask whether the 
high nitrogen content of the exreta or the acids of the vomit are 
essential, or whether some other factor is also provided. We can 
ask whether the seed can germinate from the soil surface, or whether 
it must first be pushed under by a passing deer or elephant's foot. 
In any event, the emerging radicle must travel some 2 m or maybe 
much more before it can reach the watertable. Only then is it 
economic for it to grow water-absorbing roots. Until the tip reaches 
water it would be wise for the radicle to be hose-like, and covered 
with a cuticle which prevents water loss through its walls. Does this 
explain the strap-like radicle with its terminal crown of roots? This 
structure should be sensitive to a humidity gradient (hydrotropic); 
it should also be relatively insensitive to gravity since the greater 
concentration of water may not always be directly beneath it (non
geotropic). If it is indeed hydrotropic and non-geotropic, then 
it would likely be "confused" when germinating in damp peat which 
is at 100%· humidity throughout. This might explain the contorted 
growth pattern of our specimens. 
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We have no definite answers yet to those questions, but there remains 
one more: why,. and how, under those conditions of limited rainfall, 
does the tree divert so much of its annual production into fruit? 
What is the water balance involved? Fortunately, we have an approxi
mate answer to this one. Lee (1973) has estimated that the produc
tivity o f the trees is about 95,000 nuts/km of dune. The average 
dry we.ight of each f ruit that we measured is 9. 25 gm. If we assume 
that t he width of the dune that collects water averages 500 m, and 
if we fur ther assume that, in that dry climate, it requires l,OOOg 
o f water to synthesize one g of dry fruit, then the water needs of 
that crop would be supplied by 57 nun annually. Since the annual 
rainfall is 3 - 10 times as much, there is plenty of room for error 
in this calculation (e.g., a narrower dune, additional water require
ments for l eaf-shoot-root-flower biomass, leakage from the tank, evap
orative l osses, etc.). 

A New Crop Plant? 

Our suggestion for anyone who might wish to exploit the mongongo is 
that they take a lesson from the San survival techniques. One of 
these has been not to overspecialize or depend on any single source 
of subsistence. As a result, droughts do not cause the devastating 
die-offs so corrnnon among agricultural peoples. Agriculturalists 
e l sewhere who have access to the appropriate soil conditions could 
plant mongongos as insurance against drought years. For example, 
much of Texas is exactly as far north of the equator as the Kalahari 
is south (Arbingast et al., 1973). Within Texas, the area that 
corresponds to the mongongo's native altitude (1,100 m above sea 
level) i s the Texas High Plains (Fig. 5). Light-colored, sandy 
soil is found t here also. The rainfall range of the Kalahari 
(150 - 600 mm) delimits the High Plains and Trans-Pecos region, 
as far east as a line that goes through Wichita Falls. Although 
in the northern High Plains, frosts may be expected before November 
7 and until April 15, mongongo and morama may be adaptable to some 
part of t h is region, and the first crop could arrive just when the 
Ogalall a is finally dry and the era of irrigated grain farming comes 
to an end. 

Ethnology 

Because of the inhospitality of the climate and the distance from 
civilization, the northern Kalahari has until recent years been 
inhabited onl y by hunter-gatherer peoples known as the San. They 
are perhaps better known as "Bushmen" (Lee, 1969); and have also 
been called "The Harmless People" (Thomas, 1959). The term Kung 
is occasionally seen; this is the name of the subgroup of the San 
who live in the Dobe region. Through their vast knowledge of 
plant and animal species, and their ability to interpret and 
remember the smallest cues from the environment, the San are able 
to derive a dependable living from the arid Kalahari. In the Dobe-/ 
Du/da area i t has been found that San identify over 100 plant species 
and 54 animals as edible (Appendix A). Spreading their reliance 
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over a wide variety of species makes secure the satisfaction of 
their nutritional needs, despite seasonal variation in availability 
and occasional years of no rainfall. 

Water Supply 

The severest limiting factor in traditional San adaptation is water. 
In2the Dobe and adjoining /Du/da areas, which together cover 15,000 
km ,there are only 10 waterholes which have water year-round. Most 
of these waterholes are in the deeper river valleys far from the 
mongongo groves. In other parts of the Kalahari there are San who 
have no permanent waterholes at all; and during parts of the year 
these people obtain all their water from living things: a watery 
melon, tsama (Citrullus lanatus), tubers, and the stomach liquid 
and blood of killed game (Biesele, 1977). 

Consumption 

The San of the Dobe area are unique among Kalahari peoples in that 
nearly half their annual caloric requirements are satisfied by a 
single staple -- the mongongo -- out of their menu of 85 calories 
(Lee, 1973; We hmeyer et al., 1969). They eat the mongongo year-
round, but especially in the fall, when some groups camp inside the 
groves and make mongongos about 90 percent of their diet (Lee, 1973). 
The per capita monthly consumption, in kilos, of wild vegetable foods 
is shown in Fig. 6. The peak of consumption of mongongos falls in 
June and July, and drops off severely from November through March. 
The seasonality of San exploitation of the mongongo is an adaptation 
to the annual weather cycle as much as t o the productive cycle of the 
tree. In the early fall, beginning perhaps in April (depending on 
the end of the rains), small groups of Kung begin visiting the groves 
closest to their major water sources, to check whether the nuts have 
fallen. From April till September, harvesting mongongos is the major 
subsistence activity of adult Kung men and women. Beginning with the 
groves closest to home, they collect on a dail y basi s to satisfy their 
household consumption needs . Much of the pulp of the fruit is eaten 
in the grove, since this makes the load lighter for the trip home. 
It is also likely, if the camp is some distance away, that a fire 
will be started in the grove to roas t some nuts for consumption on 
the spot (Shostak, 1976 ) . By August the outer flesh or fruit has 
dried to a powdery texture and the insects have begun to take their 
toll, but the strong woody s hell protects the kernel. By September, 
the pulp of about half the fruits one finds on the ground are destroyed 
by insects, but the rest can be cleaned and boiled and the reconstituted 
pulp is still good to eat. From November to March there is no more 
flesh on the nuts, but the more distant groves a r e now accessible 
thanks to the rain filling seasonal waterhol es , and the surviving 
nuts can be gathered. By t he time a new crop has fal l en , the remains 
of the prev ious year ' s c rop have become buried in the soft sand. 
Most of them stay good even in this position: the conditi ons under 
which they sprout is one of their curious f eatures which we have already 
discussed. 
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Figure 5 . Map of Texas , showing Ogallala aquifer and isohyets. 
Reprinted from Arbingast, S ., et al. , Atlas of Texas 
(1973) by permission of the Bureau of Business Research , 
The University of Texas at Austin . 
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Figure 6. Average monthly per capita consumption of wild vegetable 
foods consumed by San at /ai/ai during each month in 
1975 (children calculated as one-half adult). Reprinted 
from Wilmsen, Edwin M. (1977), by permission of the 
author. 



352 

Preparation 

The ways in which mongongos may be eaten are various, as we might 
expect of traditional foods. Before the advent of metal pots, the 
pulp was necessarily eaten whole and raw; now it is usually boiled. 
A pot full of frui ts and a little water is heated on the fire to 
steam the outer skin loose. After skinning, the pulp is reboiled 
with fresh water, stirring as it cooks so that the pulp is mashed 
and separated from the nuts. The result is a maroon-colored sauce, 
like applesa uce in consistency. It is served to anyone who happens 
to be present, or t he pot is passed around among those gathered 
around the fire. A special eating etiquette is observed, which 
incl udes s ucking the nu ts clean and spitting them in a pile on the 
gr ound. The nu t s the n revert to the giver so they can be roasted. 

Preparing t he nuts i s a mor e difficult process. The cook begins 
wi t h a pile of clean, dry nuts. Hot coals are taken from the fire 
a nd mi xed wi th sand and s tirred into a heap . About a hundred nuts 
a re then s tir red i nto t his heap i n s uch a way as not to put any of 
the nuts in direct contact wit h t he. coals . The nuts are stirred again 
a t least once during t he 4-6 minute cooking process; then they are 
quickly s cooped out wit h a wooden spat ula . The trick to doing this 
right is to get uniform r oasting a t the p roper temper ature. After 
the nu t s are cooled , two appropri a t e stones are used to serve as 
anvil. and hammer. One nu t at a t i me i s placed on the anvil and 
we l l - place d! blows, aimed exact l y at t he groove, which is the 
weakest spot, bre.ak it ope n . Abou t 5 0 % of the nuts open easily; 
the rest have t:o be pried a p art . An experienced cook can open 
about: 3\ nuts per minute {Lee , 1973) . 

After tl:J:.e meat has been pried off the seedcoat, the morsels are 
usually eat:en. immediat:ely , but they may also be prepared in other 
ways. P'ocumdi:ng t::b.e~ nuts wit h sa roo t (Vigna dinteri) ~esul ts in 
a com.coct:ii.c)!n 'tba.t fua.s b een compa r ed to c reamed cottage cheese. 
Mixed wit::b leafy greens the y provide a tasty and nutri t i ous salad. 
Some:times: roa.ste.d. animal hide i s pounded into the nut s, resulting in 
a mixture like bacon and chees e spread. The nuts a r e also pounded 
t o a pulp t o r e l ea.se t h.eir oil for use as a body rub to protect 
the San from. windburn .. 

Although more research is needed on t he nutritional va lue of mongongo 
i t appears that it contributes to a healthy, ba l anced diet f or the 
San . In the past cent ury , Hobbe s descri be d the c ommon ly he l d view 
o f s a vage life : t ha t it was " solitary , poor, nasty, brutish , a nd 
short. " Perhaps this characterization is actually appli cable to 
some ind i genous societies in the l ast stages o f breakdown unde r the 
impa c t o f wes tern c ivi l i zation. However , numerous r esearche r s ha ve 
shown that the San, like o t her hunter~gatherers , are not living at 
t he margin of surv i val , nor a r e t hey sickly . The working adults ha ve 
only to put i n an average of t wo hour s a nd ni ne mi nutes work per day 
to sati sfy the needs of their fami lies (Lee , 1969). 
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Diet 

A study of the health of San hunter-gatherers found them free of many 
diseases that plague Westerners: there was no obesity, no high blood 
pressure or coronary heart disease. Their sanitation system is effective: 
the San make their camp a mile or so from their water source, and 
defecate in the dry sand away from camp. The feces dry quickly and 
are carried away by dung beatles. No alcoholism is found in the wild, 
and no cirrhosis. No varicose veins, hemorrhoids or hernias, other 
than traumatic, were found. From blood serum tests at two different 
times of year, they found no evidence of malnutrition, even in small 
children, who are usually nursed up to three years. Suicide is unknown 
to the San, and injury from interpersonal violence is rare. 

Considering the variety of foods that is available to them even when 
the available mongongos are eaten up, Lee argues that an adequate diet 
is always available to the San, although during the dry months they 
"must resort to increasingly arduous tactics ... or, alternatively, 
they must content themselves with foods of less abundance, ease of 
collecting, or nutritional value" (Yellen and Lee, 1976). This 
observation prompts a question as to why the San haven't domesticated 
their most desirable food . . They have noticed the small saplings that 
spring up on the trails, sprouted from the nuts that have fallen from 
someone's bag on the way back to camp. They have also noted that 
these saplings do not grow to maturity away from the dunes where the 
major groves are. With domestication, perhaps the mongongo could be 
raised closer to the water holes. When asked about this possibility, 
an elderly San replied "Yes, you could do that, but by the time the 
trees bore fruit, you would be dead. Besides," he added, "why should 
we plant when there are so many mongongos in the world?" 

The mongongos may be more than sufficient, but the survival of the San 
in their traditional way of life is threatened today by their neighbors. 
Bantu pastoralists have for decades steadily encroached on the San's 
traditional hunting and gathering grounds. Of the 50,000 surviving 
San in Botswana, Namibia and Angola, fewer than 5% live as hunter
gatherers today. The great majority work on European and African 
cattle and farming operations, while others are taking up agriculture 
or pastoralism in a small way for themselves. As pastoralists bring 
in cattle, the wild game of the Kalahari is frightened off, many wild 
plants are eaten away, and the mongongo groves are degraded by over
grazing. 

Conclusions 

Our studies suggest that the mongongo provides many valuable features 
which deserve consideration. Economically, here is a plant which 
produces high quality food, in great quantity, with an average rainfall 
of 200 mm per year: clearly it has economic possibilities in a~id 
lands . It gives good shade in t he s ummer , and its l eaves fall in t he 
autumn; it appears to live to a great age. It is a good summer shade 
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tre,e and is fun for children to climb in. It grows in wind-blown 
sand; it may be a good shelter belt and windbreak tree. The mongongo 
would s ·eem to be worth studying as an arid zone crop plant with the 
same inbfasity of joj.oba and guayule are presently being studied. 
These studies should be conducted with and through the San people, 
so that they can synthesize their hereditary knowledge with our 
scientific insights, and so remain responsible guardians of this 
resource which has played so intimate a part in their survival for 
so long. 

The Kalahari Peoples Fund 

In 1973, after serious discussion, commercial exploitation of 
mongongos in situ was ruled out by the Kalahari Peoples Fund (KPF) 
as not being in t~e present best interests of the hunting-gathering 
San. One of the problems foreseen was the destabilizing of the 
traditional subsistence economy if it were tied in to the vagaries 
of the world market. In addition the KPF decided that commercialization 
would lead to exploitation of all mongongos, beginning with the ones 
the San depend on as a food source, with the profit going mostly to 
non-San. 

The KPF is presently involved in research on planting mongongos and 
other Kalahari plant s in other environments, in the expectation that 
they will flourish far from their native habitat and feed many other 
peoples. 

The KPF is seeking research funding from sources around the world, 
and encourages other scientists to join it in its worthwhile 
endeavors. 
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Appendix A 

Edible Parts Underground 

Bauhinea esculenta Burch. 
Brachystelma sp. 
Cerooegia sp. near ~· lugardae 

N.E. Br. 
Ceropegia pygmaea Schinz 
Coccini a rehamannii Cogn. 
Coccinia sessifoli a (Sond .. ) 

Cogn. 
Corallocarpus bainesii 

(Hook, f .,) A Meeuse 
Corallocarpus welwitschii 

(Naud.) Hook. f. 
Cucumis sp. 
Cyperus sp. near ~- fulgens 
Dipcadi sp. 
Eulophia sp. nearest E. 

Pillansii Bol. 
Fockea sp. 
Hydnora sp. 
Lapeyrousia cyanescens Bak. 
Lapeyrousia odoratissima Bak. 
Mariscus congestus C.B.Cl. 
Trochomeria debilis (Sond.) 

Hook. f. 
Vigna dinteri Harms 
Walleria nutans Kirk 

Seeds and Nuts 

Bauhinea esculenta Burch. (again) 
Bauhinea macrantha Oliv. 
Ricinodendron rautanenii Schinz 
Sclerocarya caffra Sond. 
Adansonia digitata L. 
Annona Stenophylla Engl. 
Coccinea rehmannii Cogn. 
Corallocarpus sessifolia (Sond.) 

Cogn. 
Corallocarpus welwitschii 

(Naud.) Hook. f. 
Dichapetalum symosum (Hook.) 

Engl. 
Diospyros chamaethamnus Mildbr. 
Hyphaene ventricosa Kirk 
Parinari capensis Harv. 
Pentarrhinum insipidum E. Mey. 
Salacia luebbertii Loea. ex. 

descr. 
Sclerocarya caffra Sond. 

Strychnos cocculoidos Bak. 
Typha latifolia L. subsp. 

capensis Rohrb. 
Ximenia caf fra Sond. 

Melons 

Citrullus naudinianus (Sond). 
Hookf. 

Citrullus vulgaris Schrad. 
Corallocarpus sphaerocarnus 

Cogn. 
Dipcadi glaucum (Burch.) 

Baker 
Pentarrhinum insipidum E. Mey. 
Talinum arnotii Hook. f. 

Edible Gum 

Acacia detinens Burch. 
Acacia dulcis Marl. and Engl. 
Acacia fleckii Schinz 
Acacia giraffae Burch. 
Acacia heteracantha Burch. 
Acacia uncinata Engl. 
Burkea africana Hook. 
Combretum apiculatum Sand. 
Combretum coriaceum Schinz 
Combretum imberbe Wawra 
Terminalia sericea Burch. 

Leguminous Pods 

Dialium englerianum Henriques 
Guibourtia coleosperma 

(Benth.) 

Sources of Water 

Ipomoea verbascoidea Choisy 
Raphionacme burkei N.E.Br . 
Sansevieria scabrifolia 

Dinter 
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Indian hot deserts occupy a total area of 317,090 km2 of a r id and 
956,750 km2 of semi-arid tracts. It i s perhaps not generally 
realized that the state of Rajasthan, which has the main I ndian 
desert, occupies 317,170 km2 which is 11% of the total area of India . 
Western Rajasthan is devoid of any river system and the only important 
river which makes its appearance felt during the rainy season, is. 
the Luni. Sub-soil water is not received from the plains of adjacent 
regions. Since the pr ecipitation i.s low the sub-soil water supply 
is poor. In addition, the influence of ma n has brought about pro
found modifications of the local climate by cutting down trees which 
accentuates insolation, increases evaporation and creates conditions 
for wind erosion (Sen, 1978). 

About 90% of the rainfall occurs during the monsoon period from June 
to September. The economy of this region is dependent on this rain
fall. Man is the most i mportant agent for influencing the ecology 
of Indian a r id zones. The populat ion i s pas tor al, raising herds of 
sheep and goats, which is considered to be the most destructive of 
all livestock. Due to droughts in western Rajasthan, year after year, 
man has to depend upon many indigenous plant species for his food 
resources. With the increasing popula tion there is great demand for 
more food and f odder for man and animal, r espective l y . This is 
mor e a cute in the ex t r eme western Indi an desert where plants and 
plant parts have t o be preserved f or time s of scarc i t y. 

Food Resources 

The food p lant resour ces of t he Indian desert can be 'Classified 
as f ollows: 
Grains and Seeds 
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There are a number of seeds which substitute for cereals. The most 
common staple food plant is Pennisetum typhoideum. Cenchrus is 
represented by four species in this region; s:_. biflorus, s:_. ciliaris, 
c. prieurii and c. setigerus (Fig. 1), which are widely distributed. 

• B • c 

I 

• D. 

N 

Figure 1. Inflorescence and seeds of Cenchrus biflorus (A), s:_. 
ciliaris (B), C. prieurii (C) ands:_. setigerus (D). 

s:_. setigerus has both annual and perennial plants, but annual forms 
occur only under the extreme, dry, hot conditions prevailing in the 
Bikaner, Barmer and Jaisalmer regions. The perennial forms mainly 
occur in the eastern Rajasthan. It has been estimated that a 
revenue of about 1,188,000 rupees ($140,000) can be obtained from 
this grass. The seeds of this grass especially C. setigerus are 
used as famine food; they are ground and after baking, eaten. 

Panicum antidotale and P. turgidum also provide edible grains in 
times of famine. The former is a very drought resistant species 
and reproduces by its hardy rhizomes and through self-sown seeds. 
This grass is relished by livestock when it is in succulent growth. 
The seeds of both the species are ground and the flour made into 
bread. · Sometimes the seeds are also boiled and eaten. 



Indigofera cordifolia locally 
This species grows abundantly 
aspect of the vegetation. In 
provides fodder for animals. 
during the famine period the 
for making bread (Fig. 2). 
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known as "bakrio" is a wild legume. 
during monsoons and forms a distinct 
the absence of grass, the whole plant 
The fruit contains 1-2 seeds, and 

seeds are floured and mixed with cereals 

Figure 2. Indigofera cordifolia plant with fruits (A) and seeds (B). 

Vegetables 

A number of plants or their parts are used as vegetables. Capparis 
decidua locally known as "ker", is a leafless, diffused, much branched, 
spiny shrub, which grows into a small tree when protected. It flowers 
and fruits mainly in March-June. The berries are green when raw but 
turn pinkish-red when mature (Fig. 3). 

Figure 3. Fruits and seeds of Capparis decidua. 

The flower buds are cooked as a potherb and the nectar is sucked 
from the flowers by children. The unripe fruits are kept in saline 
water for a few weeks, then washed thoroughly and made in~o pickles 
after mixing with the fruits of Mangifera indica and Cordia myxa. 
seeas are boiled, dried and then perserved to be used later as 
vegetable along with the seeds of Acacia senegal and raw young 
fruits of Prosopis cineraria. 
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Acacia senegal locally known as "Kurnbhtia" occurs as a tree in hilly 
tracts. It flowers and fruits in July-November. Fresh fruits are 
collected, dried, preserved and used later as vegetables (Fig. 4). 

Figure 4. Bolled and dried seeds (A), and the same soaked in water 
(B) of Acacia senegal. 

Prosopis cineraria known as "Khejri" is one of those few typical 
desert inhabiting plant species which exhibit excellent survival 
potential in dry and barren areas of the Rajasthan desert. The fresh 
and dry leaves are eaten by camels, goats and other animals. It 
flowers and fruits in March-May. The young, green pods called 
·"sangri" are cooked as vegetables (Fig. 5). They are used fresh or 
dry and preserved to be used later. The mature, dry, yellow-colored 

The above mentioned seeds and fruits of the plants are boiled again 
if preserved, for preparing vegetables, especially for long journeys 
as they do not spoil even if kept under high temperatures typical 
of desert environments. 

Momordica dioica (Fig. 6) and M. balsamina are two bitter-gourds 
which are used as vegetables. They are green when immature and turn 
yellow or scarlet-red when ripe. 

Cucumis callosus known as "Kachri" grows abundantly in the rainy 
season as a cr~eper. There are variable sizes of fruits produced 
(Bansal and Sen, 1978a). The plants bear fruits August-October. 
The immature fruits (Fig. 7) are peeled and dried to impart a sour 
taste to many vegetables and they are also eaten raw. Flowers of 
Calligonum polygonoides are also used as vegetables. Euphorbia 
caducifolia is the only cactus-like, succulent plant in the Indian 
desert which bears leaves at the approach of the summer season. 
The fleshy leaves of this species are extremely sour and are cooked 
as vegetables or boiled and mixed with curd and eaten (Fig. 8). 
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Figure 5. Boiled and dried young fruits (A), and the same soaked 
in water (B) of Prosopis cineraria. 

Figure 6. Fruits on a branch of Momordica dioica. 

Figure 7. Fruits; large sized (A), small 
callosus. 

(B), of Cucumis 
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Figure 8. Eleven dif f e r ent sizes and shapes of succulent leaves of 
Euphorhia caducifolia. 

Leaves of Celosia argentea of both forms (Ashraf et al., 1977) are 
used a s vege t able s (Fig. 9}. 

Fi<JUre 9. Leaves of t.wo forms A and B of Celosi a argentea. 

The ot:he.r species c.ommonly used as vegetables are Portulaca oleracea 
{F'ig. U)!) and S:uaeda. fruticos a (Fig. 11) 

Figure 10. Plant of 
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Figure 11. Plant of Suaeda fruticosa with fleshy, cylindrical leaves. 

Cyamopsis tetragonoloba has a wild form which is very resistant to 
drought (Bansal and Sen, 1978b). The soft, raw fruits are cooked 
as vegetables. They are also dried and preserved to be used later 
in time of scarcity (Fig. 12) . 

Figure 12. Cyamopsis tetragonoloba with fruits and seeds of wild 
form (A), and cultivated form (B). 

Fruits 

A number of wild plants are good sources of nutrition. Citrullus 
lanatus (Fig . 13) is found as a self-sown plant in the rainy season 
which bears large fruits September-October (autumn form). There is 
also a cultivated form which is grown in the summer season (summer 
form). The pulp of the fruit is either white or slightly pink and 
it is a good source for quenching thirst in the hot desert. A 
comparison of the two forms of C. lanatus is given in Table 1. 
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Table 1. Differences in the summer and autumn forms of C. 1anatus 
(after Bhandari, 1972). 

Characters 

Habitat 

Seed 

Seed coat 

Fruit 

Pulp 

Sugar content 

Summer form 

Only cultivated in 
summers 

Large, black or white 
with black margin 

Rough and thick 

Large and spherical 

Red colored 

Low 

Autumn form 

Cultivated and 
occasionally grows wild 

Small, yellow and white, 
rarely red 

Smooth and thin 

Small, cylindrical and 
spherical 

More commonly white, 
light pink or pale yellow, 
rarely of red color 

High 

Pulp of C. colocynthis i s washed to make it free from its bitter 
components and. cooked with pearl-millet, and eaten in times of 
famine (Figr . 14) . 

Figure 13. Cylindrical fruits of self sown autumn form of 
Citrullus lanatus. 



365 

Figure 14. Citrullus 

Salvadora persica has a wide range of distribution in sandy plains, 
whereas .§_. oleoides is commonly found growing on sandstone, mostly 
in arid regions of the Indian desert. The fruits of the two trees 
are interesting (Sen and Chawan, 1969) in that: (a) one and the same 
plant produces fruits which are seedless as well as with seeds; (b) 
most of the seedless fruits are reddish-purple in color whereas the 
seeded ones are either green or light purple (Fig. 15). 

Figure 15. seeded and seedless fruits ot saivaoora persica (A), 
and s. oleoides (B). 

The pulp 
eaten in 
fruits. 

in the fruits of both species is sweet , and is commonly 
the winter season when the trees are laden with small 
Sugar content in the fruits is given in Table 2 . 

The tubers of Scirpus bulbosus are used as stor ed starch, which are 
boiled and eaten. Other common fruits used as food are: Cordia 
myxa (Fig. 16), Grewi a tenax, Physalis minima, Capparis decidua and 
ZlZYphus nummularia (Fig. 17). 
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Figure 16. Fruits of Cordia myxa. 

Figure 17. Fruits on a branch of Zizyphus nummularia. 

Gums and Oils 

People of the Indian desert, however poor they may be, consider gum 
as a very strength givi ng part of their diet (Fig. 18). A number of 
plants yield gum in different seasons of the year. Gum obtained 
from Acacia senegal is supposed to be of high quality followed by 
that of A. nilotica. Gum obtained from these trees is dried, made 
into small pieces and fried in fat to make puffs, which are supposed 
to be very nutritive food. Ground gum mixed with fried wheat flour 
and sugar is given to women after child del ivery. 

Cyamopsis tetragonoloba (cluster beans) ~rom which the Guar Gum is 
obtained, grows mostly on drylands. In India the largest area in 
cultivation with t his crop is in Rajasthan (2.3 million ha) followed 
by Gujarat, Punjab, Harayana and Uttar Pradesh with an approximate 
total annual pr oduction of 0.8 million tonnes. The seed weight 
varies from 25-45 g/1,000 s eeds , and t he color is found to vary f r om 
p i nk to gray , to blackish-gray. The gum content varies widely in 
differ ent varieties from 28.2 to 41.1% (Anonymous, 1977). 
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Table 2. Reducing, non-reducing and total sugars in fruits of 
S. persica ands. oleoides (adapted after Sen and Chawan, 1969). 

Fruits s. persica s. oleoides 

Re du- Non-re- Total Re du- Non-re- Total 
cing ducing cing ducing 

Seedless unripe 1.120 0.475 1.595 

Seedless ripe 1.350 0.513 1.863 

Seeded unripe 0.450 0.450 1.350 0.641 1.991 

Seeded ripe 1.170 1.170 2.050 0.677 2.727 

Figure 18. Gum from Acacia senegal better quality (A), inferior 
quality (B), and from Anogeissus latifolia (C). 

Sesamum indicum (Til) is an important oil-yielding crop, grown in 
large scale in the dry tract of Rajasthan. There are quite a few 
varieties of Til having black, white or brownish seed coats. For 
oil, the white variety is preferred because it yields pale-creamy 
colored oil. Besides this, a wild variety Sesamurn mulayanum has 
been reported from this region (Nair, 1963). According to local people 
this is wild, self-sown year after year and has originated from 
cultivated Til after it has gone astray. This wild variety is now 
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known as "Adak Til". This wild variety of Til has adapted itself 
beautifully to dry and hot climates. Four types of wild Til 
(Fig. 19) have been collected by Daiya (1977). The percentage of 
oil content in the cultivated and wild Sesamum is given in Table 3. 

Figure 19. Sesamum mulayanum - wild variety of Til with four forms 
(A-D). 

Another important oil yielding plant is Citrullus vulgaris, of 
which the oil containing embryo, with cotyledons, is eaten. 

Table 3. Percentage of oil content in the seeds of cultivated 
and wild Til. 

Variety Oil percentage 

Cultivated 48.2 

Wild - I Not extracted 

Wild - II 21.0 

Wild - III 23.1 

Wild - IV 24.2 
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Discussion 

The Indian desert passes through a year of scarcity approximately 
every three years due to drought which makes the resources of 
this region very limited. In those years when the rainfall is 
plentiful, the whole desert becomes green with numerous ephemeral 
plants, almost each of them used in some form or another primarily 
as food or fodder. 

There has been absolutely no work done on the nutritive quality of 
plant resources from the Indian desert, some of which have great 
potential as food or fodder. This desert abounds in Citrullus spp. 
which have a large number of uses yet no research has been done and 
thus little scientific information is available. Each and every 
part of Prosopis cineraria is used in some way or the other by 
natives. Leaves of Euphorbia caducifolia contain a very high quantity 
of organic acids which can be used and exploited on a commercial 
basis. The seeds and fruits of Prosopis cineraria, Acacia senegal 
and Capparis decidua are especially noteworthy as they do not rot 
when made into a vegetable and keep for many days without any 
refrigeration. 

There is a great scope of studies on the food plant resources of 
the Indian desert but the desert envirorunent is very uncongenial 
for survey and study. 
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Domestication Studies with the Feral Buffalo Gourd 

W.P. BEMIS, J.W. BERRY, and C.W. WEBER 
University of Arizona, Tucson, Arizona 85721 

The feral xerophytic Buffalo Gourd, Cucurbita foetidissima HBK, 
has evolved in the semi-arid regions of western North America and 
is well adapted to desert environments. During evolution from its 
Cucurbita progenitors the Buffalo Gourd has developed several 
unique aspects, presumably without much influence of man, which 
give it potential as a cultivated crop. This plant is capable 
of producing a high quality vegetable oil and an acceptable 
protein in the seed, a high yield of starch in its extremely 
large storage· roots, and prodigious vine growth with forage 
potential. Thus this wild perennial has the potential of becoming 
a crop adapted to arid and semi-arid lands, producing additional 
food critically needed to feed the world population. 

It is known by many common names such as Missouri Gourd, Calabazilla 
Loca, Chili Coyote and Fetid Gourd, the vines often emitting a 
pungent odor, hence the name foetidissima. However, the common 
name most widely used is Buffalo Gourd. 

Plant Morphology 

The Buffalo Gourd is perennial by virtue of its exceedingly large 
fleshy storage roots. A single root may reach fresh weights of 
over 40 kg in three or four seasons of growth. The frost-sensi
tive vines are killed by temperatures below o0c, but the roots 
may survive winter air temperatures as low as -2s0 c, particularly 
when the soil has the insulation of snow cover. The plants' pri
mary mode of reproduction is asexual by the development of adven
titious roots produced at the nodes of the vines. Large homo
geneous colonies of plants are produced in this manner. The 
annual vine growth is extensive. A single plant in New Mexico, 
age unknown, produced a total linear vine length of 220 m in a 
five month growing season (Dittmer & Talley, 1964). 

The large unisexual flowers are borne singly at most nodes of the vine. 
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The predominate sex expression of the plant is monoecious; how
ever, a dominant mutant gene causing abortion of the male flower 
buds resulting in gynoecious (all female) plants was found to be 
widespread in some native populations. The fruit (pepos) are 
usually round with diameters of 5-7 cm. The number of seed per 
fruit ranges from 200-300, with an average weight of 4 g/100 seed. 
A single plant is capab.le of producing up to 200 fruits in a single 
growing season (Fig. 1). The seed contains 30-40% edible oil 
and 30 - 35% protein .. 

Fig. L Fruit of the Buffalo Gourd attached 
to the dense v i ne growth. 

'.l'be vine growth is extremely prolific (Fig . 2). A single root in 
its second season of growth will produce 6-20 vine initials capable 
of producing vines of 6 m or mor e in length. The se initi al vines 
also branch at many o f the nodes resulting in a dense mat of vine 
growth. The vines are groundcover vines, not climbing vines. The 
ha r sh , s andpaper-like l eaves are usually entire , ovate to sagittate, 
with a base width of 10-13 cm and a mid-rib length of 20-25 cm. 
The single native plant (Dittmer & Talley , 1964) has a total vine 
l ength of 220 m and was ca lculated to have about 15,000 leaves. 
The phot os ynthetic capability of these plants must be tremendous. 
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Fig. 2. Extensive vine growth of a two year 
Buffalo Gourd planting. 
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Curtis (1946) first described the potential of this species. 
Based on native stands of this species he made four points: 
(a) the plants are perennial; (b) they grow on wastelands in 
regions of low rainfall; (c) they can produce an abundant crop 
of fruit which contain. seed rich in oil and protein; and (d) 
the fruit lends itself to mechanical harvesting. Curtis con
cluded his report with the statement that it seems ironic that 
the answer to some of the problems of our under-nourished 
human populations may be growing in wide areas in their immed
iate vicinity as a · neglected weed. 

University of Arizona Program 

Can the Buffalo Gourd be converted (domesticated) from the weedy 
species or agrestal (an agricultural weed used by man) into a 
crop species adapted to modern agriculture? To answer this 
question a research project was conceived as covering a broad 
spectrum including breeding, domestication, and utilization. 
Such a broad based program called for an interdisciplinary 
approach to these problems. The initial major disciplines in
volved were 1) genetics and plant breeding, 2) biochemistry and 
3) nutrition and toxicology (Bemis et al., 1978a). 

In order to study the agronomics of the Buffalo Gourd as a new 
field crop, the first major objective was the creation of a 
relatively homogeneous seed source from which cultural plots 
could be established. The seed originally collected from wild 
colonies was extremely heterogeneous. In addition to a seed 
source that is relatively homogeneous, it should also be repre
sentative of the best available germplasm for crop production. 

Plant Collections 

The current native range of the Buffalo Gourd extends over nearly 
three million km2 in North America . The north-south axis of its 
range extends from Guanajuato in central Mexico to near the border 
of South Dakota in the United States, a distance of about 2,700 
km (Bemis et al., 1978b). 

The mature gourds are attractive and were most likely carried 
by persons along their travels which greatly extended the current 
native range of the Buffalo Gourd. Regardless of how its current 
range was developed, it represents the genetic variation that may 
exist in this species. An effort was made to bring a cross-section 
of this genetic diversity into one location through plant coll
ection trips and the establishment of germplasm nurseries. 

Table 1 shows the number of accessions collected from three 
trips made in 1975, 1976 and 1977 and the three germplasm nur
series (GPN) established from the c9llected accessions. Some of 
the accessions shown in Table 1 were not from the collection trips 
per se, but were sent in by interested cooperators. 
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Table 1. Accessions used in seeding the three germplasm nurseries 
(GPN) tabulated by collection site. 

Collection 
site 

Arizona 

New Mexico 

Texas 

California 

Mexico 

Nebraska 

Kansas 

Oklahoma 

Colorado 

Utah 

Illinoisz 

TOTAL 

GPN-76 

43 

2 

6 

3 

54 

No. of 
GPN-77 

1 

17 

10 

1 

10 

9 

6 

6 

6 

1 

67 

accessions 
GPN-78 Total 

3 47 

4 23 

5 21 

10 11 

10 

9 

6 

6 

6 

2 5 

1 

24 145 

zFive adventitious roots sent from Illinois have been established 

in GPN-77. 

The degree of variation found in some of the original collections 
is shown in Table 2 (Scheerens et al., 1978). The data are from 
fruit representing 85 accessions or collection sites; 29 in Arizona, 
19 in New Mexico, 12 in Texas, seven in Nebraska and six each in 
Colorado, Kansas and Oklahoma. 

The GPN were established at the Agricultural Experiment Station 
of the University of Arizona, Tucson. Seed for each accession 
was hand planted in 15 hills, one m apart on rows two m apart 
and subsequently thinned to one plant per hill. A total of 145 
accessions were seeded in this manner. These GPN now serve as a 
source of material to initiate breeding programs. 

Seed Production 

Since a major objective of the domestication program was the 
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creation of a relatively homogeneous seed supply, it was decided 
to produce "hybrid seed". This was made feasible by the dis
covery that about 50% of the wild populations seeded in the GPN 
segregated gynoecious or "all female" plants. Seed .collected 
from frui t on the gynoecious plants in turn produced populations 
segregating gynoecious p l ants in numbers about equal to mono
ecious p l a nts. 

Tabl e 2 . Means , ranges and coefficients of variations of seven 
fruit and seed characters of 85 Buffalo Gourd accessions. 

Characteristic Mean Range CV 

Fruit diameter 6 .. 5 cm 5.2 - 7 . 7 9.1 

Seed wt/100 seeds 3. 8 g 1.1 - 5.5 20.0 

Seed wt/ fruit 8 .4 g 2.7 -18.8 36.9 

Seed number/ f ruit 225 87 - 386 28.3 

% Embryo i n s ee.a 67.3 42.1 -76.3 9.7 

~ 
0 Crude fat in seed 32.9 21.1 -43.1 14.3 

% Crude protein in seed 30.7 19.5 -35.4 8.7 

After one generation of selection, the two most promising lines 
derived from gynoecious plants were selected on the basis of 
fruit and seed yield and crude fat percentage in the seed. 
Seed of these lines coded as 158-2 and 142-1 were selected from 
gynoecious plants and were expected to segregate 1:1 for mono
ecious and gynoecious plants. In the isolation seed production 
plot the female or seed parent would be rogued so that only 
gynoecious plants would be left. The male or pollen parent would 
be rogued so that only monoecious plants would be left. The male 
flowers would be the source of pollen to fertilize the flowers 
on the gynoecious line. The seed then extracted from fruit on 
the gynoecious plants would be of hybrid origin. Both selections 
segregated as expected and the seed production plot (158-2 x 142-1) 
contained 114 gynoecious plants which during the first season 
yielded about 3,500 fruit and 23 kg of cleaned seed. This seed 
designated Arizona Hybrid #1 is now available for distribution to 
interested persons, as well as being used to establish the pre
liminary cultural plots for the research project. 
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Current Status of Field Plot Research 

The field plot research on the Buffalo Gourd is centered at the 
Arizona Agricultural Experiment Station in Tucson, and Mesa, 
Arizona. At the Tucson station there are three germplasm nur
series established, a breeding plot designed primarily to 
study the inheritance of sex-expression, three isolated seed 
production plots which will produce seed of seven experimental 
hybrids, and a 1/3 ha preliminary cultural plot seeded to 
Arizona Hybrid No. 1. 

A field plot seeded in 1977 at the Mesa Station contains 32 
selections of superior plants from the germplasm nursery. A 
plot has also been seeded to Arizona Hybrid No. 1 at the Mesa 
Station to study the consumptive use of water by the Buffalo 
Gourd. 

It is planned to establish a five ha plot in 1979 primarily for 
cultural studies seeded mainly to Arizona Hybrid No. 1, but will 
also include trial plantings of the six other experiment al hybrids 
as well as the three monoecious pollen parent lines. 

Seed Studies 

Seed account for one-third of the dried pepo weight and are com
posed of one-third seed coat and two-thirds embryo. The proxi
mate analysis of the seeds and seed component s is shown in 
Table 3 . The seeds would have value as a component of r uminant 
feeds. They could be incorporated in limited amounts into the 
diets of monogastric animals such as poultry and swine , allowing 
direct and inexpensive utilization. 

Table 3. Proximate Analysis of Buffalo Gourd Seed . 

Acid 
Crude Crude Detergent 

Material Moisture Protein Fat Fiber Ash 
Analyzed % % % % % 

Whole seed 4 . 9 32.9 33 .0 35.1 3.1 

Seed coat 7.0 20. 5 1.3 82.5 1.0 

Embryo 4.5 37 .5 48 .0 6.9 4 .2 

Embryo (defatted) 4.1 75.0 1.0 11.8 7.6 
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Protein quality was assessed by determining protein score, 
protein efficiency ratio (PER), net protein retention (NPR), 
and essential amino acid index (EAAI). A protein score of 
28 and an EAAI of 62 were found for whole Buffalo Gourd seed. 
The first limiting amino acid was calculated to be methionine. 
The amino acid patterns of Buffalo Gourd and whole egg are shown 
in Table 4, and values for PER and NPR are given in Table 5. 
An NPR value greater than 2.00 indicates reasonably good pro
tein quality. The oil in the seed can be isolated readily by 
solvent extraction or by mechanical pressing. Scheerens et al. 
(1978) assayed 85 accessions of Buffalo Gourd for phenotypic 
variation and found that crude fat in the seed had a mean value 
of 32.9% with a range of 21.1 - 43.1% (Table 2). 

Table 4. Essential amino acid composition as percent of protein. 

Ami.no Acid Whole Egg C. foetidissima 

Lysine 6.3 4.5 

Histidine 2.2 2.2 

Arginine 6.7 13.0 

Thre onine 4.8 2.0 

Va1ine 7.6 3.8 

He1:hi.oni.ne + cyst ine 7.6 1. 7 

Iso1encine 8.7 3.3 

I.eucin.e 9.5 5.7 

Pbenyla1anine + 'Jyrosine 10.4 7.4 

'!'he fatty acid distributions in selected edible oils are pre
sented in Table 6. There is close similarity between corn, 
soybean,. and Buffalo Gourd oils, suggesting the potential of 
the latter for food purposes. 

Current investigation in our laboratory indicates that the crude 
oil can be purified by existing refining methods. Degumming, 
caustic refining, bleaching, and deodorization steps are being 
studied to select conditions which will produce the best edible 
oil in terms of quality and process efficiency. 
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Table 5. Feeding experiments measuring protein quality of 
Buffalo Gourd seed and its components. 

Gain in Body 
Material Fed Weight (g) PER NPR 

Whole egg 13.6 2.50 4.00 

Buffalo Gourd 

Whole seed 3.1 1.50 2.20 

Embryo (defatted) 8.8 1.74 3.20 

Hulls -2.2 -0.93 0.86 

Oil 11.1 

Root Studies 

Starch is the major component in the roots, and it is present in 
a potentially commercial amount. Domestication would provide a 
source of starch from a xerophytic plant. Current sources of 
starch are tropical or mesophytic plants. 

Starch is readily isolated from the roots in the laboratory (Berry 
et al., 1975). Washed roots are ground in water to a slurry 
which is filtered through a 150 mesh screen and subsequently 
through fine muslin. The starch is allowed to settle from the 
slurry and centrifuged to separate fiber. It is collected and 
air-dried. The yield varies but amounts representing 50-56% 
of the root dry weight can be obtained. Isolation in this manner 
provides a product which is free of cucurbitacins, the extremely 
bitter glycosides which are present in the roots, leaves and 
fruit of this plant. 

Certain physical and chemical properties of Buffalo Gourd and 
other starches are shown in Table 7. 

A study of the structural features of Buffalo Gourd starch is 
being made. Fractionation to provide amylase and amylopectin has 
been successful and the properties of the linear and branched 
polymers are being determined. An investigation of the rheological 
properties of the starch is also being made. 

Foliage Studies 

One of the striking features of the Buffalo Gourd is its ability 



Table 6. Fatty acids of various vegetable oils . 

14:0a 16:0 18:0 18: 1 18: 2 18 :3 S:M:Pb 
Oil Myristic Palmistic Stearic Ole i c Li nolei c Li noelic Ratio 

Buffalo Gourd c 9.7 4.5 27 . 0 58 .5 c 1:1.9 : 4.l 

Corn c 13.0 4.0 29 . 0 54.0 c 1 : 1. 7:3. 2 

Cotton 1.0 29.0 4.0 24 . 0 40 .0 c 1 :0 . 7 :1. 2 

Peanut c 6.0 5.0 61.0 22 .0 c 1 :5.5: 2 .0 

Safflower c 8.0 3.0 13 .0 75.0 1.0 1:1.2: 6 . 8 

Soybean c 11. 0 4.0 25.0 51.0 9 . 0 1:1. 7 :3. 4 w 
00 
0 

a Ratio of total carbon atoms to number of carbon-carbon double bonds 

b Ratio of saturated to monunsaturated to polyunsaturated fatty acids 

c Less than 1% 



Table 7. Properties of Buffalo Gourd and other starches. 

Analysis Buffalo Gourd Potato Tapioca Corn 

Protein, % 0.85 0.05 0.19 0.83 

Lipid, % 0.57 0 . 50 0.99 0.61 

Ash, % 0.10 0.35 0.18 0.07 

Phosphorus, % 0.02 2 0.075 0.01 0.018 

Granule diam., mean, µm 6 50 17 18 

" II , range, µm 2-17 15-100 5-35 10-25 w 
OJ 
...... 

Gelatinization temp., OC 57.0-60.5 58.0-66.8 58 . 5-70.0 62.0-70.8 

Amylose by blue value, % 26.0 24.0 20.0 20.3 

Iodine affinity 5.06 4.61 4.43 4.02 
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to produce l arge amounts of foliage. The prodigious vine growth 
represents a potential source of feed for ruminants. Harvesting 
t he vegetation prior to frost exposure gives a material which is 
nearly 60% digestibl e with a crude protein level in the range 
10-13% (dry weight basis). Experimental diets based on such 
material have a digestible energy estimated at two kcal/kg dry 
matter (Waymack et al., 1976). Conversion to silage offers 
another unexplored method of utilizing this material. 

In summary, t he. Buff alo Gourd has the potential of becoming 
a cultivat,ed food and feed crop. It is one of the few xerophytic 
plants which are under,gbing significant genetic selection and 
impr ovement for arid land agriculture (Felger & Nabhan, 1976). 
It has been recognized as one of 36 plants which show "promise 
for improving t h e life in tropical areas" (National Academy of 
Sciences, 1975). The Buffalo Gourd is unusual in producing 
edible oil, protei n, and starch, all in amounts sufficient to 
give it promise as a new food and feed crop for arid lands. 
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Many local populations of fodder species have been used for several 
decades in large scale fodder crop production and pasture reseeding 
in the area under consideration, as well as in other regions, often 
after genetic manipulation in the latter case (Australia, California). 

Other local species have been tested in many local experiments, 
and are the subject of semi-large scale demonstrations. 

Some species have been successfully tested in experimental work, 
whereas other promising species still await such testing; they 
may be of interest in other areas having a similar Mediterranean 
climate such as Central Chile, Western Australia and California. 
These may also be used in hybridization research programs. 

Local Fodder Species used in Current Agricultural Practice 

Festuca elatior L. Subsp. arundinacea (Shreb.) Hack. 

Local strains of tall fescue have been used since the 1950's in 
agricultural practice as fodder crop and for ley pastures mainly 
in Tunisia and to a lesser extent in Morocco and Algeria. 

Some of these have been the subject of genetic manipulation through 
mass selection. Some have been used in hybridization programs 
in Europe in order to obtain cold resistant and non winter dormant 
cul ti vars. 
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The local populatirons tried in multilocal tests have always shown 
to be equal or superior to i mp.roved cultivars introduced from 
Europe or USA both in terms of total production and forage quality 
and were there fore multiplied for agricultural practice both in 
rainfe d a:nd irrigated conditions (Corriols 1957; Thiault 1963; Le 
Houerou 1962,, 1965, 1967, 1969; Theriez 1965). 

Ecology 

Tall fescue is found in natural populations in depressions with a 
high wat,er tabl1e, often somewhat saline, in the arid and semi-arid 
1zone of Northern Africa .and in the Mediterranean in general. Soils 
are heavy to medium-t·extured vertisols. Climates are of the arid 
to humid Medit,erranean type; i n the arid zone tall fescue popula
tions are restricted to water channels and marshes. 

Very vari ,ablre: warm bo cold winters. Elevation: sea level to 
.2i000 m a nd <:lbGvie. Oontinentality: sea-side to several hundred 
kil:omeb~:rs .inLand. 

Germination: ·good; 60% and above seed viability over a two to three 
ye.ar peri:od. 

Dormancy 

Tall fescue is a summer dormant species and would not grow from 
June to September, even under irrigated conditions (probably due 
to the combined effect of photoperiodism and high summer temperature. 

Hater Stress 

Tall fescue is extremely resistant to water stress and can survive 
many months in dry soils. 

Salinity and Alkalinity 

Tall fescue is quite resistant to salinity and can withstand 
soils and waters having an electric conductivity of 10 to 15 mmhos/ 
cm. Under irrigation (700-800 mm), with water containing 4,000 
to 5,000 ppm salts, yields are still of the order of 8,000 - 10,000 
kg DM/ha/yr. (Le Houerou 1965, 1974). 

Water Requirements 

Under climates having a potential evapotranspiration o f 1300-1500 
mm/yr., i.e. 1 mm/day in January to 6 mm/day in July, the minimum 
requirement to produce a decent crop of 10,000 kg DM/ha is approx
imately 350 to 400 mm, which gives a very good transpiration 
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coefficient of 300 to 700 kg of water per kg of DM; this is linked 
to summer dormancy and to the fact that highest seasonal yields are 
obtained in the winter time when daily potential evapotranspiration 
is of the order of 1 to 2 mm/day. 

Such yields of 8,000 to 10,000 kg DM/ha/yr have been obtained in 
rainfed conditions under rainfall totaling 400 to 450 mm from 
October to April. 

Soil Requirements 

Growth is always poor on light or sandy soils even with good fertiliza
tion and irrigation. Best soils are deep medium textured to clayey. 
Vertisols are ideal but often need, for reason of accessibility, 
light surface drainage. The pH requirements depend on the populations 
concerned; some populations originating from high rainfall areas 
with acidic soil would grow poorly on alkaline soils and vice-versa, 
as shown by pot experiments carried out by the writer in 1967-68 on 
some 20 populations from Tunisia (Le Houerou, unpublished). 

Potential Yields 

Yields of 20,000 kg of DM over eight months of growing season 
(October-May) have been obtained under irrigation. This seems 
close to maximum potential. Under current agricultural rainfed 
conditions yields from 6,000 to 15,000 kg DM/ha/yr are attained 
under rainfalls from 400 to 1200 mm. 

Seed Production 

Quite easy and yields vary from 500 up to 1,000 kg/ha/yr . 

Use 

Tall fescue is used either as a fodder crop or as a pasture, 
often in mixture with strawberry clover in the latter case. 

Phalaris truncata Guss (Canary grass) 

various populations of this species have been tried in Tunisia 
from 1955 to 1967. Some have been used in fodder production in 
a mixture with Sulla (Hedysarum coronarium L.). 

Ecology 

Phalaris truncata is found in fallows on clayed hillsides with 
calcic cambisols (semi-arid zone) or on clayey alluvial depress
ions benefitting from run-off (arid zone). It is a short lived 
(2-3 years) self-reseeding tufted perennial wh~c~ is als~ a 

weed in cereal fields cultivated with the traditional swing 
plow (it cannot withstand mechani cal plowi ng). 
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Climate varies from the arid to humid Mediterranean type (350 to 
1000 mm). Temperatures vary from warm to cool winters. Elevation 
from sea level to 1500 m. Continentality: from sea shore to 
three hundred km inland. 

Physiology 

The germination rate is good (above ~0%), seed viability is fair 
(2-3 years), but harvesting is difficult due to the progressive 
ripening of seeds from the top to the bottom of the spike. Thus, 
hardly more 50% of the seed produced can be harvested. Dormancy 
occurs from May to September-October. 

Water Stress 

Canary grass is extremely resistant to water stress and could 
survive for many months in completely dry soils. 

Salinity 

Salt tolerance is good up to 10 mmhos/cm of electric conductivity 
of the saturated paste in the soil. 

Water Requirements 

Under dryland conditions the minimum rainfall is 300 to 350 mm . 
under such conditions production is of the order of 4,000 to 6,000 
kg of OM/ha/yr; i.e., a transpiration rate of 600 to 800 kg of 
water per kg of OM. 

Soil Requirements 

Phalaris truncata grows very poorly on light or sandy soils, but 
is satisfactory on medium textured to clayey soils, usually highly 
calcareous. 

Potential Yields 

Potential Yields reach 10,000 to 15,000 kg of OM/ha/yr under the 
best possible conditions. This species has not been used under 
irrigation to my knowledge, because of its relatively low pro
duction potential as compared to fescue. 

Use 

Canary grasS' is usually used in mixture with Hedysarum coronarium, 
which has a similar ecology, either as a fodder crop or as a 
pasture. Persistence is two to three years in a crop rotation 
with. wheat or barley; first year hard wheat-second year soft wheat
third and forth years Phalaris/Hedysarum mixture. Usual agricultural 
yields of this mixture is of the order of 8,000 to 10,000 kg OM/ 
ha/yr under 350-500 mm rainfall and standard modern farming practice. 
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Oryzopsis miliacea - Smile grass 

Smile is found in various parts of North Africa under various cli
matic and soil conditions, especially in degraded forests, garrigue 
or maquis, under Eucalyptus plantations, along wadis and road
sides, etc. Soils are often shallow and highly calcareous, but 
not necessarily so. 

Smile may be found native in extremely dry conditions under aver
age rainfalls as low as 100-150 mm. Temperatures range from warm 
to cold winters in sites having an elevation from sea level to 
1,500 m. Continentality varies from sea shore to several hundred 
km inland. Under cultivation smile may be grown on various types 
of soils from clay to sand and from deep to shallow; it does not 
grow well on acidic soils, contrary to its close relative Oryzopsis 
thomasii (Asch. et Graebn.) Le Houerou. 

Physiology 

Germination is irregular and varies with season. Germination 
rate is not fully developed until six months after harvest and 
lasts two to three years. Minimum germination temperature re
quirements are rather high (15°c). Emergence and establishment 
are slow but competitiveness is extremely high once the plant is 
established. There is no summer dormancy as long as water is 
available in the soil; winter growth is strongly reduced when 
daily minimum temperatures reach 3-5°c or less. 

Water Stress 

Smile is incredibly resistant to water stress and can probably 
survive for several years practically without water. 

Salt Resistance 

Salt resistance is moderate (around 5 mmhos/cm of electric con
ductivity). 

Water Requirement 

Smile can grow normally under average rainfalls of 200-300 mm 
and above. Yields may reach 12,000 kg DM/ha/yr under rainfall 

of 450-500 mm. 

Forage Value 

Forage value good, when used at the proper time, with a very 
high protein content (12-15%) and a digestive utilization rate 
of 65%, comparable to tall fescue and Phalaris . 
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Use 

Smile is used for pasture reseeding especially on shallow and sandy 
soils where tall fescue and Phalaris would be much less productive . 
It is used in mixture with Creta trefoil; Lotus creticus L. subsp. 
collinus (Boiss) Brig. whose ecology is closely similar to Smile. 

Permanence 

Permanence is good; sown pastures of smile have been observed to 
last 10 to 15 years and perhaps more, owing to self reseeding. 
Smile is very resistant to overgrazing because of its highly 
lignified stems. 

Seed production is of the order of 500-1,000 kg/ha/yr. 

Lolium rigidum Gaud, annual ryegrass 

Lolium rigidum occurs in wheat fields, fallows and native pastures 
all over North Africa from the desert margin (100 mm) to the humid 
zone (1,200 mm) . It is a very agressive species and is considered 
a serious weed in cereal farming. Forage quality of natural pop
ulations is rather poor as the leaf/stem ratio is very low. 
However, leafy strains have been isolated and multiplied in Aus
tralia (Wimmera Ryegrass) which have a higher productivity and a 
good forage quality. Under conditions of 300-450 mm rainfall, 
production is of the order of 4,000-6,000 kg DM/ha/yr; under irri
gation yields may reach more than twice these figures in 3 to 4 
cuts from October to April. 

Lolium rigidum is used in a mixture either with subclover or 
medics which have a similar cycle and ecology. Successful range 
reseeding has been achieved in areas receiving more than 250 mm 
precipitation per year. 

Trifolium subterraneum L. Subclover 

Subclover is marginal in arid and the semi-arid zones of North 
Africa. It is usually found in natural conditions in natural 
pastures of the sub-humid to humid zones with average rainfalls 
above 600 mm/yr. However, some strains selected in Australia 
have shown a good potential for ley-farming in the semi-arid zone 
of North Africa with average annual precipitation above 400 mm. 
Such is the case for the Australian cultivar "clare" (subsp. 
brachycalycinum) adapted to alkaline soils and the c.v. "Yarloop" 
(Subsp. yanninicum) adapted to wet conditions. 

Annual medics: Medicago truncatula Gaertn . , M. litoralis Rhode, 
~· hispida Gaertn., ~· rugosa Desr., .!'.!· scutellata (L.) All. 

There are some 30 species of native medics in North Africa but 
only a few of them are native in the arid zone; e.g., M. truncatula, 
M. litoralis, M. minima, M. laciniata, M. scutellata. 
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Improved cultivars of these species imported from Australia are 
being used for ley-farming in the semi-arid zone under rainfalls 
of 300-600 mm/yr in rotation with cereals in a mixed sheep grazing/ 
wheat farming rotation. 

Research carried out in Algeria and Tu.nisia tend to show that some 
local populations of these species are equal to or better than im
ported varieties in terms of ecological adaptation and productivity. 

Hedysarurn coronariurn L.-Sulla 

This is a biennaul species which has been cultivated as a fodder 
crop for decades both in North Africa and Southern Italy. It is 
found in fallows and natural pastures on well drained calcareous 
clayey soils on the hillsides of the semi-arid zone. 

Ecology 

Rainfall requirements are 400 to 1200 mm. Temperature requirements 
are rather narrow and the species cannot withstand cold winters 
when average daily minimum temperature of the coldest month drops 
below +2°c. However, there are differences between populations 
in this respect. 

Hedysarurn coronarium is found in elevations ranging from sea 
level to 1000 m. 

Soil Requirements 

Sulla requires deep, fine textured, calcareous soils. 

Germination 

Native populations have always a certain proportion of hard seeds 
(30-70%); genetic manipulation has made it possible to select strains 
having a low proportion of hard seeds (10-30%). 

Water Stress 

Sulla is fairly resistant to water stress but responds strongly 
to the occurrence of early rains in September-October and there
fore its production is closely related to this factor of rainfall 
distribution. Sulla is very sensitive to water logging. In na
tural conditions, years with early rains wittness an explosion 
of sulla, whereas its presence is very scanty when rains come 
late. It is much less so under cultivation. 

Salt Resistance 

Salt resistance is mild to fair, up to 5 mmhos of electric con
ductivity of the saturated paste in the soil. 
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Water Requirements 

The minimum average rainfall for productive farming is 350 mm; 
in high rainfall areas cultivation is limited to very well drained 
sites as the species is very sensitive to radicular asphyxia. 

Soil Requirements 

Sulll.a . will not. <p::ow properly on shallow soils, in sandy soils, or 
on ai::dLdi.c soils 0 it i s strictly linked to well drained clayey, 
cal.c:arecn1·s: soils. 

Yi..eJ.d.s up t:o 20 1,00:0 kg/DM/ha/yr have been reported. However, 
W!lde1r curremr.t st.and.a.rd agricultural practice yields are of the 
ru:'d!e·r o:f' 5,,000 to 10,000 kg/DM/ha/yr over a two year period under 
4.00-800 mm rainfa.11. 

Use 

Sulla may be used either as fodder crop for hay, green feeding, 
silage, or as pasture, usually in mixture with Phalaris truncata 
or P. buibosa. As a fodder crop a limiting factor is that it 
produces a high yield in a short time and forage value decreases 
very fast after flowering time. There are prostrate populations 
adapted to grazing and erect strains adapted to mowing . The leaf/ 
stem ratio, and therefore forage quality, varies widely from one 
population to the next. Forage value is good or normal as com
pared to other fodder legume; it is accepted by all ruminants and 
equines and does not provoke bloat. Seed production is abundant, 
up to 1,500 kg of pods or 500 kg of hulled seeds/ha/year. The 
amount of nitrogen left in the soil after a sulla crop has been 
measured in Sicily (Pantanelli, 1950) at 100 kg N/ha after two 
years, or 20,000 kg of roots (DM). 

Trifolium fraqiferum L. Strawberry clover 

Ecology 

Strawberry clover is found all over North Africa in the semi-arid 
to humid zones with rainfall in excess of 300 mm. It is linked 
to poorly drained soils where it grows in association with tall 
fescue Agropyrum elongatum, brushes, sedges, etc. It is a 
creeping stoloniferous perennial adapted to heavy, poorly drained 
soils (vertisols) often fairly saline and alkaline. Strawberry 
clover does not seem to be influenced by winter temperatures in 
its geographical distribution since it is found from sea level 
to 1~500 m of elevation and above; its distribution is not in
fluenced by continentality, since it occurs from sea shore to 
several hundred km inland. 
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Germination is rather poor with 40-60% hard seeds which can be 
overcome by scarifying. 

Dormancy 

As many mediterranean species, strawberry clover is summer dormant. 

Water Stress 

Although strawberry clover is adapted to wet soils, it is also 
extremely resistant to summer water stress and can survive long 
periods of total drought. However, its resistance is less great 
than its associate, tall fescue. 

Salinity, Alkalinity 

Strawberry clover can tolerate saline soils up to 10-15 mmhos of 
electric conducticity; its behaviour in this respect is simi
lar to that of tall fescue. 

Water Requirements 

These have not been measured; however, from its geographical 
distribution and from agricultural practice one may deduce that 
350-400 mm is the minimum rainfall necessary to obtain a fairly 
good yield. 

Potential Yields 

Yields are 5,000 to 6,000 kg/DM/ha/yr, but strawberry clover is 
not usually used in pure stands but in association with tall 
fescue for grazing in order to improve forage quality and reduce 
nitrogen inputs in tall fescue meadows. Although it is adapted 
to grazing, mass selection makes it possible to single out erect 
types which can be used as a fodder crop for mowing (Le Houerou, 
unpublished). 

Sanguisoba minor Seep. - Burnet 

This Rosaceae is native in forests, degraded forests and garrigue, 
usually on shallow calcareous soils or on shales. Minimum annual 
rainfall in the natural habitat is 300 to 350 mm. Burnet is ex
tremely resistant to cold, to water stress, and is an ext reme ly 
agressive reseeder. Seedlings are also agressive which makes 
establishment easy. Permanence is good since artificially es
tablished stands have been reported to last over ten years, even 
on shallow soils with rainfall not exceeding 300 mm. 

Production is not very high, maximum 4000 to 6000 kg/DM/ha/yr 
under 300-400 mm of rainfall, but it is one of the rare species 
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which is adapted to shallow soils and is therefore very useful for 
pasture reseeding as pastureland is usually related to soils which 
are too poor for crop production. 

Ligneous species 

Some native or naturalized ligneous species are used as standing 
fodder reserve for summer or drought periods. Such species are 
Atriplex halimus L., Opuntia ficus-indica L., Medicago arborea L. 

Atriplex is a native Chenopodiaceae shrub which occurs on saline 
and alkaline soils all over the region and is multiplied for 
pasture improvements in the arid and semi-arid zones (with rain
fall between 150 mm and 500 mm). 

Drought resistance is extremely high since artificial stands have, 
on several occasions, been observed to survive in spite of rain
less periods of one year or more (Francelet and Le Houerou, 1971). 
Production is of the order of 4,000-5,000 kg of DM of browse per 
ha/yr. Saltbush is mainly consumed by sheep, goats and camels but 
cattle may also use it especially in summer time when other sources 
of green forage are missing. 

Opuntia ficus-indica L. var. ~:r;!!!is_ , Spineless Cactus, probably 
introduced from Mexico through Spain during the 16th century, 
has become naturalized and propagates itself in natural conditions 
although not a part of the native flora or vegetation. Over 
200,000 ha of Spineless Cactus are cultivated as standing fodder 
reserve in the arid and semi-arid zone of North Africa. Yields 
vary from 20,000 to 80,000 kg of fresh matter/ha/yr (i.e., 3,000 to 
12,000 kg Dm) according to soil and annual precipitation (150 to 
600 _mm/yr.). 

Medicago arborea L. (tree medic) was introduced from Greece some 
70 years ago and is used as a forage hedge in farm fields, sown 
pasture and ranges on various soils including shallow ones which 
cannot be sown because of stoniness, presence of rock outcrops, 
steep slopes, etc. Production on shallow soils under 350-400 mm 
of rainfall is of the order of 10,000 to 15,000 kg fresh matter/ 
ha/yr. or 2,500 to 3,600 kg DM of highly nutritious forage, si
milar to alfalfa (Sarson and Hamrouni, 1974). Tree medic can 
thus usefully complement spineless cacti which is a much higher 
yielder, but with a low protein content. 

Species which have been Experimentally Tested and Subject to 
Semi-large Scale Demonstration 

Cenchus ciliaris L. - Buffle qrass 

Buffle grass is native in various parts of the arid zone of 
North Africa having mild winters (e.g., Central and Southern 
Tunisia, Southern Morocco, Libya, Northern Egypt). 
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It grows on various substrates usually more or less sandy and often 
shallow, in areas having an annual precipitation of 100-150 mm and 
up to 450-500 mm. Local populations of buffle grass are frost 
sensitive and do not occur above 600 m of elevation, nor further 
than 200-300 km from the seashore. Resistance to water stress is 
extremely high since rather dense natural stands are found in areas 
receiving not more than 150 mm of annual precipitation with high 
variability in seasonal and annual distribution. Forage quality 
is high both in protein and energy and the species is sought 
by all livestock. 

Germination is poor due to a water soluble inhibitor in the perianth; 
bare seeds germinate readily. High germination strains have been 
developed in various parts of the world. 

Digitaria communtata Shult. subsp. nodosa (Parl.) Maire 

This species occurs in ecological conditions similar to Buffle 
grass in terms of its drought tolerance, frost sensitivity, and 
soil requirements. It is often associated with Buffle grass in 
native stands under rainfall of 150 to 350 mm. It is a tall 
bunchgrass of high nutritive value searched by all livestock 
and therefore has become rare . Seed production is good and ger
mination rates are of the order of 60% or more. Digitaria 
nodosa has been used in genetic research programs in Hawaii. Tests 
and demonstrations in Tunisia have shown that its production po
tential is superior to that of Buffle grass (Le Houerou, unpub
lished). 

Lotus creticus S. subsp. collinus (Boiss.) Briq. 

Creta trefoil is a creeping perennial legume occurring in most 
parts of the arid and semi-arid zones of North Africa on various 
light, sandy or shallow soils; it is very sensitive to water 
logging. It occurs under rainfall as low as 100-150 mm and up 
to 450-500 mm. Under farming conditions yields are excellent 
and comparable to alfalfa (i.e., 6,000 to 8,000 Kg DM/ha/yr 
under 350-450 mm of rainfall). Forage quality is standard for 
a fodder legume. Due to its creeping habit, Lotus creticus may 
only be used for grazing, preferably in mixture with grasses 
such as Smilo or Veldt grass (Ehrharta calycina) on sandy or 
shallow soils. 

Onobrychis arqentea Boiss subsp. africana (Sirj.) Maire 

Sainfoin is native in the Aleppo pine forests, garrigues and 
ranges of the continental mountains and hills of North Africa 
above an elevation of 800 m. It is a frost resistant perennial 
legume of high palatability. 

Testing irt experiment station and small scale demonstrations 
shows that this species has a good agronomic potential and a 
fairly good germination rate of 40-60%. (Le Houerou, unpublished) 
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Hedrysarum carnosum Desf. 

Fleshy Sulla is a biennal legume which occurs in the arid zone of 
Libya, Tunisia and Algeria under annual rainfalls ranging from 100 
to 350 mm. It is always found on medium to fine textured saline 
and alkaline soils on hillslopes, depressions, gypsiferous marls 
and gypsum crusts. 

Palatability is high for all kinds of livestock, and nutritive 
value, although not tested yet, seems to be of a normal standard 
for a fodder legume. Feeding experiments with dairy cows under-
taken in 1964 at Kairouan were satisfactory (Le Houerou, unpublished). 
Dense native stands may produce up to 25,000 kg fresh matter/ 
ha/yr under 250 mm rainfall (3,000 kg DM). Trials and demonstration 
with runoff water spreading techniques or irrigation show that the 
potential yeild may be more than twice this figure. 

Salt tolerance is high (20 mmhos) and trials with drainage waters 
from oases have demonstrated that it is possible to obtain fair 
yields with waters having a salt concentration up to 8,000 to 10,000 
ppm. Therefore, this species is of great interest for the re
clamation of land, or the use of waters, which are too saline 
for conventional agriculture. 

Germination, unfortunately, is very irregular although laboratory 
experiments show that after hulling and scarifying, the germination 
rate would approximate 90% (Hadar, 1965). 

Other Species of Interest 

Many species seem to be interesting for pasture reseeding in the 
arid zone. Some of them have been tested in small scale exper
imental work, whereas some others are still awaiting such tests. 

Perennial grasses 

Agropyrum elongaturn (Host.) P. Beauv. has been tested in various 
arid zones of North Africa under an average rainfall of 250 mm and 
above. Drought resistance is high, production potential is good 
(10,000 kg DM/ha/yr under ideal conditions). Salt tolerance is 
high but persistence is rather poor on the long term as self re
seeding is poor, probably because of weak competitivity of the 
seedlings. 

Bothriochloa ischaemum {_L.) Mansf. Bothriochloa is a rare species 
in arid ranges sought by all livestock, never tested in North 
Africa as yet, to my knowledge. 

Brachypodium phoenicoides (L.) R. et Sch. and B. pinnaturn (L.) 
P. Beauv. Tested by Corriols (1957) in semi-a'l;id conditions. 
Good production potential adapted to clay or shallow soil. 
Good persistence. 
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Cynodon dactylon (L.) Pers. Bermuda grass is common in the arid 
zone of North Africa where rainfall averages 100 mm or more, and 
where winters are warm to mild, or areas having summer precipita
tion. It rarely occurs in sites above 1000 m of elevation. It 
is an agressive weed on light cultivated soils and one of the 
major forage species on cereal fallows where it may persist for 
many years. Growing seasons are spring and autumn; productivity 
is enchanced by late spring or early autumn rains to which bermuda 
grass responds in a very few days. Production may reach 5,000 
kg DM/ha/yr, especially in run-in areas and under water spreading 
conditions. Cynodon stands are strengthened by periodical plowing 
with a disc plow, which by cutting the rhizomes, rejuvenates the 
stand. One plowing in 3-5 years is enough to keep a good vigorous 
stand. Without periodic plowing,the species disappears in the long 
run over a period of 5-10 years according to local conditions; it 
never occurs in the pristine steppe conditions or in natural range
lands which have not been subject to past cultivation. There are 
many populations with different habits (prostrate, erect, glabrous 
or hairy etc.) and adapted to a range of habitats. Some popula
tions are fairly salt tolerant, some are tolerant to radicular 
asphyxia, whereas others are not, etc. 

Dactylis glomerata L. Subsp. hispanica (Roth. Koch.). Orchard 
grass, in its hispanica subspecies, occurs in many places of the 
arid zone under average rainfalls as low as 150 mm. It is native 
in degraded forests, garrique and arid steppes. It has been used 
for pasture reseeding in NW Egypt under rainfalls of 150-200 mm; 
from field observations it would seem that production potential 
is moderate. 

Dichanthium annulatum (Forsk.) Stapf. Dichanthium is a very rare 
species occurring on shallow soils in areas having warm to mild 
winters. It has never been tested in North Africa, to my know-
ledge. 

Festuca scaberrima Lange. This fescue occurs in the steppic ve
getation of the high plains of Eastern Morocco and Western Algeria, 
where elevation is usually above 1000 m and rainfall averages 200 
to 400 mm. It is a strong bunch grass whose forage value and 
potentials have not been tested as yet. 

Melica ciliata L. and !i· Cupani Guss. These bunch-grasses are 
rather rare in natural rangelands and degraded forests in the 
300-600 mm rainfall r ange. They are a lways found under the 
natural protection of shrubs preventing their grazing by live
stock. Their forage value has not been tested. 

Sporobolus marginatus Hochst. Sporobolus occurs.in ~rid ranges 
under climates having warm to mild winters. It is highly re
sistant to overgrazing, and therefore usually has a.cush~on~like 
s hape . I t is found on sandy, shallow and clayey soi l s ; it is 
quite tolerant to salinity. Its f odder value has not ~een tested 
but judging from its high palatability one may expect it to be good. 
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Stipa barbata Desf., §_. lagascae R. et Sch. and §_. parV"iflcra Desf. 
'These Stipas occur in the native steppe vegetation over all the 
arid zone of North Africa from the Red Sea to the Atlantic Ocean. 
They are highly palatable and tend to disappear under heavy grazing 
pressure . 

s . lagascae i s found on sandy and shallow soils. 
s. barbata occurs at higher elevation and higher rainfall. 
S . parviflora occurs mostly on shallow soils at all elevations, 

a:s 1.ong as average rainfall is in excess of 100-150 mm. These species 
nave ~not been tested as yet as to their agronomic value and as 
potential fodder cr,ops ,, or for range reseeding. 

Perennial Legumes 

.Arqyrolcbi . uniflorum (Dec. ) Jaub et Spach. is an undershrub highly 
palatable occurring in all t he sandy steppes of North Africa. It 
could perhaps be us'ed for range reseeding. 

Medicago tunetana. Mu:r'b .. (= M. gaetula Pomel). This rhizomatous and 
s toloniferous speciies occurs in forest ranges, garrigue and fallows 
of central western Tunisia and central eastern Algeria under rain
falls rangi:ng from 250 to 500 mm on various substrates from shallow 
limecrusts to shales. 

It is a prostrat e, yellow flowering, strongly stoloniferous and 
rhizomatous species extremely resistant to grazing. Unlike al
falfa it is well adapted to heavy soils and seems quite per
s ist·ent . It has been tested by the writer in medium scale ex
pe riments ; its agronomic value is good for range reseeding in the 
300-400 mm rainfall belt with elevation above 500 m and cool to cold 
winters. 

Hippocrepis scabra D.C. is a small half-ligneous species, highly 
palatabl e, occurring on shallow soils in the steppic zone with 
over 200 mm of average rainfall. Its agronomic value has not been 
tested as yet. 

Hedysarum naudinianum Cross., H. perralderianum Cross., H. humile 
L. are strong perennial forage-species growing on marls and shales 
in fores t s and maquis between the 300-500 mm isohyets. 

Their adaptation to heavy and highly calcareous. soils may be an 
asset for range reseeding in specific conditions. Their agronomic 
value has not been tested so far. 

Ebenus pinnata L. occurs between the 250-500 mm isohyets mainly 
on shallow soils and lime crusts in steppes, forests and maquis. 
Its agronomic value is limited by capricious germination. 
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Ligneous Species 

Coronilla valentina L. is a forest legume species of high pala
tability which occurs between the 300-600 mm isohyets. It has 
been pla~ted in a few places, especially as forage hedge for 
~ast~re.improvement on shallow or rocky soils, where reseeding 
is difficult. Ecology, productivity and agronomic value is 
similar to that of tree medic. 

Coronilla seems to be slightly more drought resistant than tree 
medic. 

Olea europaea L. Although not cultivated as a forage species, 
the olive contributes largely to the feeding of livestock in 
the arid zone through two ways: 

Twigs and leaves from pruning some 8 million ha of olive 
in the world today. An average yield of pruning is 10-20 
kg/tree/year; the net global result is equivalent to the 
dietary needs of 5 million sheep. 

Native olive in forest, garrique and maquis are heavily 
browsed by goats, sheep and cattle. Wild olive could well 
be planted as browse hedge in order to improve pasture 
production and control runoff and erosion. 

Artemisia herba-alba Assa. The white sage occupies huge areas 
from Southern Russia through the Near Middle East to Morocco and 
SE Spain. The total area where white sage is the dominant species 
in probably in excess of 200,000 km2 . Those steppes are often 
depleted by overgrazing, cultivation, fuel gathering, etc. 
due to high population and livestock pressure. White sage is an 
aggressive species having a fair to good forage value; it could and 
should be used in range reseeding, especially on silty soils in 
the drier parts where conventional species are doomed to fail. 

Calligonum comosum L. Her. This desert shrub (Polygonaceae) 
grows on dunes in the driest part of the Northern African arid 
zone between the 50 and 150 mm isohyets. The plant is highly 
palatable to sheep, goats and camels. Germination is good and 
establishment through direct sowing is possible. Calligonum has 
been used by foresters in sand dune fixation programs. Its agrono
mic forage value has not been tested as yet, to my knowledge. 

Other Species 

Many shrubs and a few perennial herbs in the N. African arid zone 
are highly palatable and have a good forage value. Most of those 
are still "wild" species. Their interest resides in their ex
cellent adaptation to local ecological conditions, especially 
on marginal land (shallow soils, limecrusts, shales, saline 
soils, etc.). They may also be used to combat wind erosion and 
desertization. 
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Biol. SPECIES FAMILY SOIL Rainfall mm yr. 

type 

ch. Polxgonum Polygonaceae sandy/shallow 100-300 

equisetiforme 

ch. Atriplex glauca Chenopodiaceae variable, saline 100-500 

ch. Atriplex mollis Chenopodiaceae variable, very saline 50-150 

ch. A triplex Chenopodiaceae variable, very saline 50-200 

coriacea 

ch. Anabasis Chenopodiaceae Loam/Shallow 100-400 

oropediorum 

ch. Gymnocarpos Caryophllaceae Loam/Shallow 50-250 

decander 

ch. Helianthemum Cistaceae Shallow 100-300 

hi rt um 

ch. Helianthemum Cistaceae Sandy 100-500 

lippii 

ch. Helianthemum Cistaceae Shallow 50-200 

kahiricum 

p Argania spinosa Sapotaceae various 100-400 

ch. Echiochilon Borginaceae Sandy 100-400 
fruticosum 

ch. Witnania Solanaceae Sandy/shallow 200-500 
frutescens 

He Planta9:0 Plantaginaceae Sandy 100-500 
albicans 

The last species (a per ennial herb) is of particular interest as 
it is the first forage species to grow, after the summer drought, 
t hrough December (the time of lambing) ·. Production is moderate 
to fair h ut forage quality and time of production makes it an 
essential range speci,es in the sandy steppes of North Africa. 
Farmers have successfully used it for range reseeding in Central 
Tuni sia i n the l950 's. 
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Conclusion 

This paper is an attempt to show that the local flora of the North 
African arid zone is rich in good forage species which could be -
and sometimes are ~ used for either fodder production or range re
seeding. 

Some of these species are not yet well known as to their biology 
and their agronomic potentials; therefore, more research needs to 
be carried out before such species may come into agricultural 
routine, but the potential is there. 

There are many examples of such successful research (Subclovers 
and Medics in Australia selected from genetic material collected 
in the mediterranean basin; North African populations of Tall fescue). 
However, such research could hardly be applied in real life situa
tions until the technical level of agriculture and range manage-
ment has improved in the region. There is, for instance, no need 
in range reseeding as long as the present generalized overgrazing 
and over-stocking remains. 

Let us hope that when the time comes, the genetic stock will not be 
irreversibly reduced and that most of these useful species will 
still be available. 
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It is common knowledge that aridity is frequently associated with 
salinity--saline water sources and saline soils. There is not 
sufficient precipitation to leach away the soluble salts and to 
keep them in dilute solution until they are washed into the 
oceans or other collecting basins. Water is, of course, essential 
for crop production and an excess of soluble salts is inimical to 
successful agriculture. Two basic approaches might be used to 
minimize salt damage. One is to manage water usage and the soil 
in such a way that any damage to crops is tolerable. Another 
approach is to select plants which will tolerate relatively high 
salinity. Actually the latter approach, without concern for soil 
and water management, is not likely to be successful for more than 
short periods of time. The tolerance of even the most rugged 
halophytes can be exceeded if salts are allowed to accumulate in 
the soil or if the water becomes too saline as a result of evapora
tion. 

Largely as a result of the low salt tolerance of the commonly 
grown varieties (Richards, 1954; Bernstein, 1964; Bernstein, 1975; 
Maas and Hoffman, 1977) the emphasis in crop production in the past 
has been upon soil and water management. Some consideration has 
been given, however, to a search for salt tolerant plants which 
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could be grown using very saline water (Boyko, 1966, 1968; Epstein 
and Jeffries, 1964; Rains, 1972; Mudie et al., 1972; Epstein, 1972; 
Kelley et al., 1979). Some recent evaluations of the relative salt 
tolerance of a number of wild species have been published (Mudie, 
1974; Chapman, 1975; Waisel, 1972; Ranwell, 1972). There has, how
ever, been little effort expended exploring the possibility that 
plants suitable for crop use which will also grow in the presence of 
highly saline water, can be developed by selection and/or breeding. 
To the contrary, the view has been expressed that there is little 
prospect of increasing the salt tolerance of conventional crops by 
selection and breeding (Bernstein, 1975; O'Leary, 1975). Recent 
work by Epstein and his colleagues show that this is not the case 
(Epstein, 1977; .Epstein and Norlyn, 1977; Rush and Epstein, 1976; 
Kelley et al., 1979). 

It is the purpose of this paper to report some efforts being made 
to select commercially useful plants which are highly salt tolerant, 
some of which might have potential as crops for arid lands. Two 
approaches are being used for this purpose: i) Selection for 
tolerance among conventional crops, and 2) selection for potentially 
useful crops among populations which grow naturally in highly saline 
habitats. ' 

; 
i 

Epstein and his colleagues (Epstein, 1977; Epstein and Norlyn, 1977; 
Rush and Epstein, 1976) have chosen to attempt to select and/or 
breed new varieties of conventional crops. They have had marked 
success with barley, a genus which includes a species (Hordeum 
brachyantherum) which grows naturally in salt marshes . By using 
as o~e parent Lycopersicon cheesmanii, native to the shores of the 
Galapogas Islands, they have also made substantial progress in 
developing a salt-tolerant tomato (Epstein, 1977). They are striving 
for a level of salt-tolerance which will permit irrigation with water 
of oceanic salinity. Earlier workers have concluded that conventional 
crops, ·while they differ substantially in salt tolerance, fall far 
short of being capable of tolerating, let alone growing in water of 
oceanic salinity (Richards, 1954; Bernstein, · 1964; Nieman and Shannon, 
1977). 

Our research is directed toward the search for potentially useful 
crops among natural halophytes. For example, tidemarshes of 
eastern United States are flooded regularly with water approaching 
the ocean in salinity and are very productive of dry matter (Cooper, 
1974; Gallagher, 1974; Kruczynski et al., 1978; Squiers and Good, 
1974; Reimold and Linthurst, 1977). Some reported dry matter yields 
(g/ m2/ year) of marshes inhabited large ly by Spartina alterniflora are : 
1,600, 640 , 361, and 325 for Georgia, North Carolina, Delaware, and 
New Jersey marshes, respectively (Cooper, 1974). Higher productivity 
has been reported in some cases (Kirby and Gosselink, 1976; Odum, 
1974). This plant commonly occurs in tall and short forms. These 
yields are averages for all growth forms . The tall form gives sub
stantially greater yields. Similar yields have been reported for 
other marshes in which other plants predominate (Cooper, 1974; 
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Gallagher, 1975; Kruczynski et al., 1978). Such data establishes 
~hat high s~linity per se is compatible with substantial plant growth 
in terrestrial systems. These observations lead to the question: 
Can plants which have evolved such a high degree of salt tolerance 
be used, or be developed to be used, as useful crops? 

We have collected seed and/or other propagules from two quite 
different types of coastal salt marshes and efforts are being 
made to grow them for evaluation as potential crops. Seed from 
other saline areas are also being evaluated. 

Methods 

The source of seeds and plants for testing has been mostly tide
marshes of estuaries of eastern United States (Maine to Georgia) 
and of the northern Gulf of California (Sonora and Baja California 
Norte, Mexico). The estuaries in these two areas differ markedly. 
In the eastern United States there is a substantial input of fresh 
water from the adjacent uplands. Annual precipitation in this area 
is about 1,100 mm (U.S. Dept. Agr., 1941). As a consequence the 
water which floods the marshes at high tides ranges from brackish 
to nearly oceanic salinity, depending upon the tide cycles, recent 
precipitation, and location. The range is mostly 1 - 2 m from 
highest to lowest tides, with an occasional greater range associated 
with storms. On the other hand, there is essentially no fresh 
water input into the estuaries of the Gulf of California. The 
surrounding uplands are desert. Annual rainfall at Puerto Penasco, 
Sonora, averages 74 mm and the tidal range greatly exceeds that of 
eastern United States. Spring tides at Puerto Pefiasco regularly 
range about 6.7 m from high to low tide; neap tides about 0.9 m. 
As a result, plants growing in the upper portions of these tide
marshes are flooded twice daily by spring tides and then remain 
exposed during neap tides until the cycle is repeated. During 
this time they can be exposed to very great salt stress. Despite 
this, portions of these tidal flats are covered by a more or less 
dense growth of plants, many of which are succulents such as 
Salicornia ~., Batis maritima, Allenrolfea occidentalis, and 
Suaeda ~ Also growing in such areas are grasses such as 
Distichlis palmeri, and .Q.. stricta. 

seed were stored dry, mostly at about 4°c, except that the seed of 
Spartina alterniflora were stored in diluted sea water. Germination 
tests were conducted using germination blotters in petri dishes, 
concurrently with temperature cycling, except that~· alterniflora 
seed was suspended in H O or in more or less diluted artificial sea 
water (Pihl et al., 197§). Plants were grown in growth chambers 
or in an illuminated room with periodic flooding with saline H2o. 
In the field they were grown in plots which were periodically 
flooded with saline water (Somers et al., 1978). Two test sites 
are being used for growing the plants. One at Lewes, Delaware, 
near the mouth of Delaware Bay, using estuarine water; and the 
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other at Puerto Peiiasco, Sonora, Mexico, using effl uent from a shrimp 
research and production facili t y .. In Delaware the salinity ranges 
from about 1.0 - 3.2% (mostly 2 . 5 - 3.0%). In Sonora the salinity 
is more constant , about 3 .. 6 .per cent. Test plots at the latter loca
tion have been established in dune sand for less than a year. Hence , 
conclusions based upon them are , at best, preliminary. 

Criteria used in evaluating plants include (Somers, 1975): 
1. Vigor of growth in s aline habitats. 
2. Yield of fruit or other edible portion. 
3. General characteristics of edible portion, e.g., dry or 

fleshy, size, etc. 
4. Quality of fruit or other edible portion. 
5. Potential for adapting to commercial production. 

Crude protein values were calculated from total nitrogen determined . 
by the micro Kjeldahl method (A.O.A.C., 1970). 

Results 

Scr eening of more than 350 sel ections of more than 60 species has 
r esulted in a preliminary selection of a limited number of species 
which appear to merit fur ther evaluation. Some of these might 
prove useful for production in ari d areas supplied with limited 
amounts of saline water if used with proper soil and water manage
ment. There are many deta ils t o be learned about their biology 
before such applications can be r ecommended with confidence, 
however.. They are grouped into f amilies in the discussion which 
fo l lows. 

Poaceae 

Speci.es common in tidemarshes o f eastern United States: . Spartina 
alterniflora, §_. patens and Dis t ichlis spicata. Those found in or 
near tidemarshes of Sonora or of Baja Cal ifornia: §_. foliosa, D. 
palmeri ., .and D. stricta (sometimes classed as D. spicata, var . 
st.ricta, Mason, 1969'). 

Spartina alterniflora is the dominant grass of many marshes of 
t he east.em United States. It has a c4 photosynthetic pathway 
(Smith and Epst e in, 1971). When in flower it ranges in height 
from 1 - 2 dm to 2 - 3 m. The yiel ds reported for natural stands 
are equivalent to about 3 , 400 t o more than 16,000 kg/ha/year (see 
above). The growth in stature is associated with habitat charac
teristics (Valiela et aL, 1978) but is also genetically determined 
(see he Jl.ow and Tabl,e 1) . On h i gher portions of the marshes which 
are f .looded l ,ess deeply by high tides it is shorter than in lower 
areas~ ·Th:is may be partly the result of salinity, although 
Parromdo et: :al .. (1978) conclude that t hi s is not a major factor. 
G.rowth is retarded, however, by high salinities (Mooring et al., 
1971:; Ha ines and Dunn,, 1976~ Parrondo et al., 1978). 
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Table 1. Mean height of plants of Spartina alterniflora at the end 
of July of the second growing season. Flowering was 
occuring in plants from all seed sources, but was much 
further advanced in those from Maine than in those from 
Virginia. Height was measured to the tip of the uppermost 
leaf, after it was extended upward, of the three tallest 
culms. The soil was Rumford loamy sand, irrigated with 
estuarine water. Salinity (see legend for Table 2) 

Seed source 

Brunswick, Maine 

Great Island, Conn. 

South Cove, Conn. 

Point Lookout, N.Y. 

Clinton Harbor, Conn. 

Pawson Marsh, Conn. 

Assateague, Va. 

Quinby, Va. 

Caumsett State Park, N.Y. 

Stony Brook, N.Y. 

Ave. heighta 
cm 

49.6 

86.4 

89.1 

93.2 

94.9 

96.3 

105.4 

114.0 

116.9 

123.9 

aAnalysis of variance shows these values to differ 
significantly (P < 0.001) with respect to seed source. 

Better growth is obtained in plots on which water stands from day 
to day than on those which drain dry in a few hours (Somers, 1978). 
Germination has been obtained by direct seeding in plots flooded 
three times weekly with water of 3.0 - 3.2% salinity and by 
suspending the seed in full strength sea water (Somers et al., 
1978; Pihl et al., 1978). 

Plants grown in plots in Delaware for three seasons from seeds 
collected in Maine flower much earlier and are of considerablv 
shorter stature than plants from Virginia seed (Table 1). Plants 
from Connecticut and New York seed are intermediate in flowering 
characteristics. There is also a considerable difference in 
total dry matter produced (Table 2). 
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Table 2. Total dry weight of culms produced at the end of the 
second growing season. Mean of three plots grown on 
Rumford loamy sand soil irrigated with estuarine water. 
Salinity 1 . 5 - 2.0% during March, April, and May; 2.5 -
3.0% during remainder of growing season. 

Seed source 

Brunswick, Maine 

Great Island, Conn. 

South Cove, Conn. 

Pawson Marsh, Conn. 

Point Lookout, N.Y. 

Clinton Harbor, Conn. 

Stony Brook, N.Y. 

Caumsett State Park, N.Y. 

Assateague, Va . 

Quinby, Va. 

Dry weighta 
g/m2 

195 

231 

252 

255 

313 

359 

350 

413 

538 

aAnalysis of variance shows these values to differ 
significantly (P < 0.001) with respect to seed source. 

bTwo plots only. 

That these responses have persisted for three seasons shows that 
they are genetically determined . The seed also vary considerabl y 
in size from location to location (Garbi sch, 1976). Seed f r om 
Delaware plants weigh about 3 mg each and contain about 15% protein 
(Table 3) with an amino acid distributi on (Table 4) comparable to 
gluten. The crude prote in content of the plants r ange s from 5 . 7 
to 13.2% (Mudie, 1974). 

Selection might produce strains with s uff iciently high gra in pro
duction to be of commercial value , but this has not been evalua t ed 
as yet. · The vigorous vegetative growt h suggests use as a forage, 
a us e not exploited in the past , possibly because of t he natur e o f 
the subst rate on which the plant grows naturally. As is t ypical of 
most grasses, stems grow once more after be ing cut. 
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Table 3. Crude protein values for seeds of some salt tolerant 
species from coastal areas. (Total Kjeldahl nitrogen x 
6. 25). 

g/100 g seed 

Atriplex patula var hastata 15 

Chenopodium album 17 

Distichlis spicata 14 

Kosteletzkya virginica 34 

Spartina alterniflora 15 

In this condition they appear to be tender, but palatability 
studies have not been conducted. Hubbard and Ranwell (1966) report 
the cropping of a Spartin~ townsendii marsh for silage. 

It appears that this species might grow suitably i n Sonora using 
water of about 3.6% total salinity. How well it will grow and 
flower in this area which differs so drastically from the eastern 
United States in climate and in daylength remains to be seen, but 
preliminary results are promising. Selections from more southern 
areas might provide better suited strains. 

Spartina patens is also abundant in some tide marshes of the eastern 
United States. It has been pastured and harvested for hay. A 
crude protein content of from 5.4 to 12.7% has been reported 
(Mudie, 1974). It is a somewhat smaller plant than_§_. alterniflora, 
seldom e xceeding about 0.5 min height, but it grows in dense 
stands and has fine culms and leaves and dry weight yields of 
9,000 kg/ha have been reported (Mudie, 1974). There is considerable 
genetically determined variability as demonstrated by persistent 
growth differences in comparable plots for three seasons. The 
plant grows well on well-drained soils watered at least three 
times weekly with water of 2.5 - 3.0% salinity. The seed are too 
small to be of interest as a grain. At present t his plant does not 
appear to be as adaptable to the extreme conditions at Puerto 
Penasco as S . alterniflora. Possibly f urther select ion could 
yield more s uitabl e strains. 

Spartina foliosa is a native of estuaries of southern California 
and Baja California. The selection under test at Puerto Penasco 
is from the latter area. It appears that it might adapt to the 
plots at that site . In many respects this species resembles ~· 
alterniflora . Tests have been under way for too b r ief a time to 
warrant further comments. 
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Table 4. Amino acid cont·ent of seeds of some salt-tolerant species from 
coastal areas of eastern United States. 

Alanine 

Arginine 

Aspartic acid 

Cystine 

Glutamic _acid 

Glycine 

Histidine 

IsoleucineR 

LeucineR 

. R Lysine 

MethionineR 

Methionine so2 

PhenylalanineR 

Praline 

Serine 

h . R 
T reonine 

Tyrosine 

1 . R 
Va ine 

g/100 g protein 

Kosteletzkya Atriplex Chenopodium Spartina Distichlis 

virginica patula album alterniflora spicata 

6.2 2.5 2.7 3.9 4.6 

1 7 .. 9 5.4 6.9 4.2 2.5 

13.9 5.2 6.0 5.7 3.6 

27.5 8.4 11.8 22.3 21. 3 

7.1 3.1 4.6 2.7 l. 9 

4.2 1.5 2.0 1.4 1.6 

5.4 2.4 2.7 2.7 3.1 

9.8 3.6 4.2 5.3 6.0 

5.9 2 .9 3.3 2.4 l. 4 

2.1 0.9 l. 3 

7.7 2.6 2.9 3.0 3 . 5 

5.2 2.1 2.6 2.9 3.6 

6.9 2.6 2.9 2.7 2.9 

4.9 2.1 2.3 2.1 2.5 

2.0 2.2 2.5 2.6 

7.4 2.9 3.4 3.9 4.1 

aCysteic acid by performic acid analysis. Computed as cystine. 

bMethionine so2 by performic acid analysis. Computed as methionine . 

~equired by man. 
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One might anticipate, however, that its flower i ng pat tern wou l d b e 
better adjusted to the Sonoran site than some of t he se l ect ions f r om 
the eastern United States. Hybrids of s . alterniflora a nd s. foliosa 
might be useful. 

Distichlis spicata and the closely related D. stri c t a are both r ela
tively small plants, mostly less than about - 3 dm i n height . A 
yield of dry matter of 6,600 kg/ha has been repo r ted for t he f o rmer 
(Mudie, 1974). Natural stands show cons i der abl e variabilit y i n 
growth, but to what extent this is determined by the habi tat h as 
not been established. This grass is gr azed by hor ses and c attle 
along the shores of the Gulf of Cal i forni a {Me xico} near t h e 
Colorado River Delta. The seed o f this plant contain about 14% p ro
tein and are small (average about 0.8 mg each ) ~ butt: are fre quen tly 
produced in abundance. The p l a n t i s dioecious # which could pose 
a problem for seed production,. but may prove to fue a n ad.vantage 
in a breeding program. These s pe cies tole rate very bigh s a linit y 
and at least D. spicata germinates and. g1rows satis fa:ctoJr:Hy on a 
sandy soil when flooded thre e t i mes: weekly with wrarlter o:f 2. 5 -
3.2 percent. 

Distichlis palmeri resembles ~· spicata .in fue·:ing moec·.ious. :rt: . .is , 
however, a somewhat larger plant a n.de tfue seed.is a:rre colillsideEably 
larger (average about 10 mg eacfu.). I .n fac:t.. 11 the¥' ap]p.ear attrac
tive as a possible cereal. It fua s: been rep0rted\ tfua:t se:etll o:f 
this plant was used as a f ood. by C0eopa Irtdiams: «ccfuiase,, l!971ll)) . 
Some selections of this specie·s: a:ppea:E 1to1 lDe adap,timg to <gEowt:fut 
in the plots of Puerto Penas co. Wl!ri.le. a1t. lieas;lt. one Iila:tt:ive standl 
was avoided by grazing animals 11 ap.pare11I.1t.liy as: a re-su.11'.:tt: 0>f ttfue very 
stiff, pointed leaves, 0th.e r s:e][ections· sce:eltl\ 1teniil'eir eliI©J1rgfut 1to he' 
useful as a forage. Only f m :the:rr e.v;a.J!ma:tdi©m cam es;U:all»1.i shi. t:fue 
validity of these prel i mina ry coi:1illc.]usi.©ns., 

All of these grasses are· rhizomat0us pe:rrenrr:iia]s· 'Plr±s: f?l7©'fuafu>]_w 
would be advantageous . ':F.'lil!e• s.©Jill s• mm wfu.1:h<1;k\ trhey;r S,!IZ©WI aoce fuze<qu.enit]."P 
water-logged, particula rly aft:eJ? fue·lllit<!Jf :iui:ll'..ir.<3Jiit.e.ciL. W!itJh, s.ailine. w:ater, 
A perennial habit would min:ii.miz:e 1tfue ne.erii'. t.oJ t iJill Ute: s:o;:iiL,, 1tfuouqihi 
with minimum tillage invasion b~ ©,1th.er fua::]opnai:tte.s: e.:0J.Tldl p_©.:Se> ai 

problem. Seed carried in tfue: i:in:cjjcg;at:ii011I wa>ttel!f u.se_cifl. ±in: m.u.iJT Ille-Jlaw:ailZe 
plots have germinated in tlh:e• test ]l?>ll.©Jtr.s ; an<ill,, fue:mc,e;,., p .Gse. a1 we_edl 
problem. If the plants a:rre gl1'.owra. ©n G:_Qas~t.aCI.l san.d_s;,, a :eer.e.nnia] ,, 
rhizomatous habit would als,o he;Ip sJ~:al::l_'li:Jli.z-e tile- "S:.c:tiiJ] . "' 

crude protein values f o r s eed a:i:r:e~ rg;div;e;ni iin1 '!labile 

profiles in Table 4. 

Chenopodiaceae 

an.· amimoJ adidl 

Species of this fami ly are· c0mm:©R1 i a1 aa..J.:....tr:i.~ l):aht.tta_t. Qo.:,t:h' :E_m 
coastal marshes, strand ]i:ne.s,IJ and lin: v..:aoc,::tQU.Si l!nl'andl a;i:;:~a:S:;., 
Species which are curr ently he.ioqr ev~]luait.eQ:i il_, Oll'l't F..lLOtr$l a.JI'.~ 
Atriplex patula, Chenapad.lum a]bl!lI!l, a n:dl S~JI:ii~Ji>Jti'l'l,di& S1Pfl~ .. 
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At r i plex patula i s a polymorphic annual species which has been 
var iously separated into varieties (Fernald, 1950; Gleason, 1952), 
subspecies (Nabs e t a.1., 1972), or separate species (Taschereau, 
1972). The taxon given most attention in our studies is~- patula 
var. hastata (sensu Fernald , 1950 and Gleason, 1952), which pro
bably is t he s ame as ~- triangularis (Taschereau, 1972) and ~
hastata (Bl ack, 1956, 1958; Sheriff and Kaye, 1976). Most workers 
who have used this species have not gi ven detailed descriptions 
which would permi t unequivocal identification of the taxon they 
used. In a n.y case this species, defined in the broad sense, occurs 
widely in sal ine habitats in temperate zones. 

In loamy-sand soil plots which were flooded three times weekly 
until t he water reached a depth of 5 cm, this species grew very 
well with water of 2.5 - 3.0% salinity as long as the soil drained 
to no standing water i n. about 15 hours or less. Standing crop by 
mid-Augus t was 7,800 kg/ha and the total yield of dry matter when 
t.he plots were harvested in October was equivalent to 12,000 and 
15,000 kg/ ha, r espectively, for two plots. The corresponding 
yield of seed was 1,240 and 1,165 kg/ha. On plots of similar soil 
on which the wat er stood continuously between irrigations most of 
t he p l ant s di ed. Draining away the excess water after a few hours 
r esul t ed i n good plant growth. Possibly bed shaping would be 
advantageous. The natural habitat of this plant is the highe r 
port ions of tide marshes. 

The seed of t h is species are dimorphic. Harvests from natur al 
popula tions average from about 0.5 - 3.0 mg per seed. Natural 
popul ations appear t o differ in the proportions of large and 
sma l l seeds. The seeds contain about 15% protein with a spectrum 
of essential amino acids (.Table 4) comparable to that of casein, 
except that they are slightly lower in relative amounts of 
methioni ne. Ge rmination and subsequent good growth, have been 
obtained by d irect seed i ng in the .field followed by flooding 
t hree times weekly wit h water of 3. 2% sali nity . · 

Young plants o f t his species have been eaten frequently as s alad 
gr eens or as a potherb by those who choose natural foods. There 
is .a considerable variati on in growth characteristics and flowering 
pattern among plant s grown f r om s eed collected in different loca
t ions . Similar resul t s were repor ted earlier by Nabs et al. (1972 ) 
for subspecies o f ~· hast at a . 

These properties suggest that t his species has a considerable r a nge 
i n genetic pote nt i al and mer its serious attention as a potential 
crop plant.. One dr awback might be its rather high content of 
oxalic acid (Albert and Popp, 1977), an at tribute it s hare s with 
other species of Atriplex and ot he r genera of Chenopodiaceae. 
Experience with Kochia scoparia, another member o f this f amily 
also reported to have a high cont ent of oxalic acid , s ugge s t s t hat , 
with cattle at any rate , feeding a s upplement h igh in Ca might 
ameliorate the presence of oxalic acid (R. Durham, personal commun
ication). 
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Chenopodium album is a common annual weed which has been reported to 
be a good quality forage (Marten and Andersen, 1975). It has been 
eaten rather commonly as a potherb when young. It is not native 
to coastal salt marshes, but we found a strain inhabiting an old 
dredge spoil in Delaware which grows satisfactorily when flooded 
three times weekly with water of 2.5 - 3.0% salinity. We have 
included it in our tests because of its salt tolerance. Like 
Atriplex patula it prefers soil on which the water does not stand 
for prolonged periods. Apparently the plants have to be germinated 
and established with fresh or, at most, brackish water. 

The seeds are small (about 1 - 1.5 mm in dia.), but in one test 
they amounted to 30% of the total dry weight of the plants at har
vest. They contain about 17% protein with a good spectrum of 
essential amino acids (Table 4). This plant might have value 
as a forage or as a potherb, following selection and further 
development. 

Salicornia europaea and §_. bigelovii are succulent annuals which 
grow readily in very saline habitats. They have been used for 
pickles. Whether they might have other uses remains to be seen. 
The seeds are so small that they do not appear attractive as a 
seed crop. 

A, limited number of species of Malvaceae grow ·in brackish areas 
of tidemarshes of the eastern United States. One of these is 
Kosteletzkya virginica, a perennial which produces relatively 
large seeds (average about 20 mg each) which do not shatter as 
badly as most wild plants. The seeds germinate readily either 
in the field or the laboratory in fresh water following treat-
ment with H2so4 . Seedlings grow to flowering and seed produc-
tion in one season in the presence of 2.0% salinity once they 
have been established with fresh HfO. Unlike the plants above, 
this species will not tolerate sprinkling with the saline water in 
which it will grow if the water is applied to the roots only. The 
seeds contain about 34% protein with a good spectrum of essential 
amino acids (Table 4) and contain an abundance of a gum or mucilage. 
Further selection among the strains now growing in our tests plots 
in Delaware may lead to lines with greater salt tolerance. This 
species is primarily a native of warmer regions of the United 
States. It does not survive well in winters which are unusually 
cold, such as have been experienced in Delaware in the past two 
years. 

Despite its limited salt tolerance, which by comparison with most 
present crops is really very good, this species merits serious 
attention as a possible crop plant. 

Batidaceae 

Batis maritima is a succulent perennial common to the tidemarshes 
of the northern Gulf of California. It grows vigorously in plots 
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flooded regularly with wa ter o f 3 .6% salinity at Puerto Penasco. 
What merits it might have as a crop r ,emains to be seen. 

The search for additional species which are highly salt tolerant 
and have potentially useful attribut es continues. 

These findings, preliminary as they are, are presented for one 
reason only. We wish to call attention to a group of plants, native 
to coastal saltmarshes and nearby habitats where they have evolved 
a capacity to grow in the presence of h ighly saline water. They 
appear to have some potential for meeting the need for crops in 
areas plagued by saline water and soi ls. Whether this potential 
is real or not; whether it can be realized or not, only time and 
much more research can determine. 
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The Forage Potential of Atriplex canescens 

J. R. GOODIN 
Department of Biological Sciences 

Texas Tech University 
Lubbock, Texas 79409 

The cosmopolitan plant family Chenopodiaceae has many genera adapted 
to the world's arid and saline regions. Among those with forage 
potential are the genera Salsola, Kochia, and Atriplex. The latter 
genus has hundreds of species distributed throughout the arid world, 
and many of the "saltbushes" have been recognized for more than a 
century as having forage potential. A great deal of the rangeland 
management in Australia has centered around the important species 
Atriplex nummularia and Atriplex vesicaria (Jones, 1970). There is 
excellent documentation that the University of California Agricultural 
Experiment Station brought saltbushes from various parts of the world 
at the turn of this century, and seeds were distributed widely in an 
attempt to establish new forage species for the arid and saline regions 
of North America (Nord, 1971). There are many species of Atriplex 
indemic to North America, including shadscale (Atriplex confertifoli~) 
which provides winter browse for livestock and wildlife in the Great 
Basin, and the Four-Wing saltbush (Atriplex canescens). Atriplex 
halimus from the Mediterranean region has also been introduced into 
the United States and is currently being grown on an experimental 
basis, particularly in the warmer regions (Mozafar and Goodin, 1970). 

Physiologists have long known that natural distribution of the 
saltbushes (thus the name) suggests an exceptional salt tolerance. 
Unlike many other halophytes, the mechanism for t olerance appears to 
lie in the vesiculated hairs on the surface of the leaves (Mozafar 
and Goodin, 1970). In some species, these balloon cells reach an 
enormous size. They are attached to a stalk cell, which arises from 
the epidermis. Apparently the slightly elevated solute concentration 
is pumped through the vascular system, accumulated and pumped via the 
stalk cell, and finally accumulated in the large vacuole of the bladder 
cell. We have measured enormous concentrations of salts in these 
cells, even though the remainder of the plant is relatively salt-f r ee 
(Mozaf ar et al., 1970a, 1970b). After a period of time, and after 
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the salt concentration reaches some critical level, the cell bursts, 
scattering salt crystals and cell wall debris over the surface. This 
debris eventually builds up a litter which may be important in reducing 
transpirational losses (Miller, 1971). When precipitation eventually 
comes, the salts are washed back to the soil surface and recycled 
through the plant (Goodin and Mozafar, 1972). 

It has been well-recognized that saltbushes accumulate large concentrations 
of protein, hence the excellent winter browse that may sustain grazing 
animals when no other source of forage is available (Imperial Agric. 
Bur., 1947). 

Our interest in determining the feasibility of growing Atriplex in 
arid and semi-arid/saline regions as a forage crop spans more than a 
decade (Goodin and McKell, 1970). We were convinced that very brackish 
or saline water could be used for irrigation, and laboratory experiments 
had convinced us that biomass production could be maintained with 
relatively high concentrations of salts. Furthermore, since the salt 
accumulation occurred on the surface of the leaves, we theorized that 
it might be possible to reclaim marginal agricultural land by planting 
Atriplex, harvesting the crop, and thereby removing the salt. 

In the past ten years, we have had experience with forage production of 
several perennial species of Atriplex grown as forage under agronomic 
conditions. Some of these experiments were conducted in Southern 
California, and the remainder in West Texas. We have had experience 
with both direct seeding and transplanting to the field; both methods 
are satisfactory, although the direct seeding method is complicated by 
the need for precise seeding depth, careful irrigation during the 
germination and early seedling stage, and weed control. One area of 
research which has had no study whatsoever is chemical weed control. 

Our most recent experiments were performed near Lubbock, Texas on 
land owned by a local electrical power generating company. This 
facility uses natural gas and fuel oil as a source of energy, and the 
turbines are cooled by domestic, recycled water which is then run 
over cooling towers before being exhausted into a settling pond. In 
the process of evaporation, the salt content of the water is concentrated 
from approximately 1,500 ppm to more than 6,000 ppm and sulfuric acid 
is added to reduce the pH. Consequently, the water is very high in 
sodium, chlorides, and sulfates (Table 1). We have had access to both 
sources of water and Atriplex canescens, a species endemic to the local 
area, was transplanted as 10 cm seedlings grown in a greenhouse until 
April. Under both irrigation regimes, growth was rapid and without 
problems. We have encountered no serious insect or disease problems. 
Harvesting was performed in June and August during the first year. 
Yields and crude protein contents have been comparable to or better 
than alfalfa (Krieg et al., 1977; Table 2, Table 3). We had decided 
to irrigate when the leaf water potential reached approximately -30 
bars (-3 MPa) as determined with the Scholander pressure bomb. Under 
our soil and climatic conditions, that level of stress is seldom . 
reached. Therefore, the salinization treatment has not been as 
effective as we would have liked simply because very little irrigation 
water has been applied. In tests comparing Atriplex with alfalfa, 
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the performance under dryland or low irrigation regimes was superior 
for the Atriplex (Krieg et al., 1977). Considering all tests over the 
past several years, it would appear that sustained yields of 10,000 kg/ 
ha/yr are possible for various saltbushes, including A. canescens 
(Goodin and McKell, 1970; Goodin and McKell, 1971). 

We have also had some difficulty in harvesting Atriplex simply 
because the mechanical equipment for harvest has not been developed. 
Standard sickle mowers cut the perennial saltbushes too low and 
therefore remove too much of the top for reasonable rates of recovery 
(Goodin, 1979). Under natural conditions, one may find mature Atriplex 
canescens growing one to three m in height. We have determined that 
removal of more than one-third of the above-ground biomass will 
reduce the rate of recovery, and therefore the cutting height under 
agronomic conditions should probably be between 20 and 30 cm (field 
grown plants tend to be more compact than those found in nature, 
particularly after severe pruning). This leads to the production of 
a very woody crown, but does not seem to present any difficulty with 
harvest provided the woody material is left intact. 

There can be no doubt that Atriplex is an efficient water consumer 
(Table 4). In 1975, this region received approximately 250 mm 
precipitation and water use efficiency was approximately 275 kg dry 
matter/cm H2o applied (total water). This value fell to approximately 
150 kg dry matter/cm H20 in 1976 when precipitation totaled 425 mm. 
Although Four-Wing saltbush does respond to irrigation in this range, 
harvesting too close to the ground delayed recovery in early 1976. 
Under conditions of restricted rainfall, water use efficiency in 
Atriplex far exceeds any of the traditional agricultural crops 
that we have studied. 

One of the real concerns of using Atriplex as forage concerns the 
accumulation of oxalic acid in sufficient quantity to cause mammalian 
toxicity. Osmond (1967) has reported that some species of Atriplex 
cope with ionic balance by accumulation of Na+ at the exclusion of 
c1- or other anions, and the charge is balanced by the synthesis of 
organic anions within the plant, usually in the form of oxalic acid. 
After several years of study, we have not found oxalate levels to 
increase dramatically with increasing levels of salinity, especially 
in ~· canescens. Instead, the charge balance is maintained by 
accumulation of chloride. 

Our field observations of habitat and morphology, as well as published 
reports (Stutz, 1972) led us to believe that the genetic resource must 
be tremendous in this species. Stutz has described a diploid gigas 
strain of ~· canescens which grows on dunes in central Utah, has a 
much higher growth rate; and grows larger than the more common 
tetraploid types. Thus, we have set about to select ecotypes from 
various climatic and edaphic stock plants from highly saline to 
non-saline sites and transplant those in a greenhouse. After 
establishment, cuttings were made and reciprocal transplants were 
made into culture solutions of varying degrees of salinization. The 
results have been encouraging, although sometimes populations from a 
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non-saline site perform perfectly well under highly saline conditions. 
We believe that the opportunities for selection are very great. No 
doubt some ecotypes will outproduce others under the same conditions, 
and we now have the opportunity to select from a number of species for 
productivity, palatability, and nutrition. 

Reports from many parts of the world classify perennial Atriplex spp. 
all the way from unpalatable to highly palatable, even within the same 
species. A plant relatively unpalatable to cattle may be very 
palatable to sheep, and vice-versa. Much needs to be done in feeding 
trials, and the more palatable ecotypes must be selected. 

Since Atriplex grows well in desert saline and sodic soils not usually 
considered to be agricultural, the possibility exists that growing 
saltbushes on marginal agricultural land lost to production due to 
increasingly salty soil and water could be used to "harvest" salt with 
the crop and thereby reclaim the land for traditional agriculture. 
This hypothesis has not yet been tested. 

An overpopulated and hungry world demands that we seek every opportunity 
to increase production. We believe that cropping arid and semi-arid 
regions offers one approach to that increase. By taking advantage of 
technology and innovation, we can develop new crops and new uses for 
old crops. Our goal must include reclamation of saline and alkali 
regions, and thoughtful utilization of our delicate arid ecosystems 
never before cropped. Through better understanding of the natural 
history, ecology, and physiology of the vegetation of these regions, 
shrubs like Atriplex may make a real contribution to productivity. 
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Table 1. Irrigation Water Quality Used in the Forage Production of 
Atri12lex (mg/l) • 

Ion "Normal" Water Brackish Water 

ca++ 140 835 
Mg++ 125 115 
Na+ 305 1190 
K+ 200 800 
c1- 460 1500 so4-- 280 1625 
N03- 8 20 

Total 1518 6085 



Table 2. Atriplex Yield and Protein Levels as Affected by Irrigation Water Quantity and Quality. 

Irrigation Yield Protein 
Treatment 

1975 1976 x 1975 1976 x 

(kg/ha) (% dry wt) 

"Normal" Water 

High 7538 4688 6113 17.9 18.6 18.3 

Med 6350 4174 5262 17.9 21.4 19.7 

Low 6724 5945 6335 18.8 19.3 19.1 
~ 

x 6871 4936 5903 x 18.2 18.8 19.0 
N 
N 

Brackish Water 

High 7617 4524 6071 17.7 20.6 19.2 

Med 7610 3829 5720 21. 9 19.3 20.6 

Low 7269 3831 5550 15.1 20.2 17.7 

x 7499 4061 5780 x 18.2 20.0 19.2 

Reprinted from Krieg et al., 1977 



Table 3. Comparison of Alfalfa and Atriplex canescens Yield. 

Irrigation Alfalfa Yi eld Atriplex Yield 
Treatment kg/ha kg/ha 

"Normal" Water 
High 6660 6113 
Medium 5539 5262 
Low 5051 6335 -x 5753 5903 

Brackish Water 
High 6283 6071 
Medium 5857 5720 
Low 5525 5550 -x 5892 5780 

Table 4. Water Use and Water Use Efficiency of Atriplex as Affected by Water Quantity a nd Quality. 
Reprinted from Krieg et al., 1977. 

Irrigation Total Irrigation Total Wate r Irrigation Wat er 
Treatment Water Water Use Efficiency Use Ef f iciency 

1975 1976 1975 1976 1975 1976 1975 1976 
cm/ha kg produced/cm H20 

"Normal" Water 
High 28.6 46. 4 5.0 15.0 264 101 1508 313 
Med 23.6 38.9 --- 7.5 269 107 NA 557 
Low 23.6 31.4 --- ---- 285 189 NA NA 

Brackish Water 
High 28.6 46.4 5.0 15.0 266 98 1523 302 
Med 23.6 38.9 --- 7.5 323 98 NA 511 
Low 23 . 6 31.4 --- ---- 308 122 NA NA 

""' ~ w 
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The selection of any "new" or previously unexploited plant as a 
candidate for commerical utilization (development) in arid regions 
is dependent upon the establishment of general criteria and how 
well the plant in question meets those criteria. We will enumerate 
herein those characters we feel a successful forage plant should 
possess. We will also evaluate Atriplex canescens (Pursh) Nutt. 
(Four-Wing saltbush) against these standards and discuss the 
rationale of initiating its introduction into Egypt. 

Criteria 

There are two basic approaches to the problems of increasing plant 
resources from arid regions. (1) Adapt currently successful "crop" 
plants from non-arid regions to the environmental parameters of 
the deserts, or (2) search for previously unexploited uses from the 
species of plants already adapted to desert environments. 

Both approaches have merit. The former bypasses the time and money 
consuming search for "new" resources but the total number of cul
tivated forage species is exceptionally small, especially when 
compared with the total number of plant species in the world. 
Some of the most promising results are with food crops (Epstein 
and Norlyn, 1977). 
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The second approach removes the need for artifically producing 
genetic adaptation to a desert environment, which is no small task. 
Natural selection has produced drought and salinity tolerances in 
desert plants only after many thousands, even millions of years. 
The number of such species from which to search for applied uses 
is vast, however, and the surface has just been scratched. 

For the above reasons, we feel that the greatest progress can be 
achieved by searching from among these "wild" species for applied 
potential whether it be forage, food, fiber, medicinal, energy or 
industrial uses. The criteria that we feel must be considered in 
the search for potential new forage crops include the following: 

1. Nutrition - protein and/or carbohydrates 
2. Palatability - may differ for different animals 
3. Toxicity - real, not rumored effects 
4. Production - annual biomass yield 
5. Recovery - from grazing pressure or harvest 
6. Degree of drought and salt tolerance 
7. Temperature - tolerance range 

Once selected as a potential candidate in light of these criteria, 
several additional considerations must be evaluated before any 
attempts of implementation are made. If the species in question 
is to be developed classically as a "crop" plant rather than to be 
used in its native densities, some degree of "intensification" will 
undoubtedly be attempted. This step must be approached with mo
deration; a desert ecosystem is not going to be as amenable to 
manipulation as those areas in which such crop intensification 
techniques were developed. We must work within the ecological 
parameters that are found in arid regions, not try to change them. 
In addition, the plant must be evaluated by another set of criteria 
prior to attempting its development on a crop scale. 

1. Establishment 
- seed germination % 
- vegetative propagation 
- seedling vigor and root establishment 
- need for supplemental water and nutrition 

2. Hardiness under crop production densities 
- insect and disease resistance 
- intra and interspecific competition 

3. Introduction 
- ecotypic variability from which to select stock for 

introduction 
- total genetic plasticity to different ecosystems 

Thus, even a plant that satisfies the first list of criteria as a 
potential new native forage resource may well not be one that has 
great potential as a commercially developed crop plant. 



427 

Atriplex canescens 

We will first evaluate Four-Wing saltbush against the first seven 
criteria listed above to determine its potential as a native forage 
resource. 

1. Nutrition. ~· canescens is 18-20% protein (Goodin, 1979) 
which is comparable to alfalfa (Medicago _sativa). 

2. Palatability. Reported by native ranchers in the western 
United States to be good for sheep and cattle, as well as 
several species of wild game. Preliminary in vitro digesti
bility tests also indicate good digestibility, 63.5% (Goodin, 
unpublished) . 

3. Toxicity. Although some Atriplex species have reported 
high oxalate levels, especially with increasing soil 
salinity (Osmond, 1967); ~· canescens oxalates actually 
become lower with increasing salinity (Goodin, unpublished). 

4. Production. Annual biomass is good, equal to alfalfa. 
5. Recovery. Recovery from grazing pressure is excellent. 

A woody shrub, two-thirds of the shoots can be removed 
without affecting recovery. 

6. Degree of drought ~nd salt tolerance. Recovery from pro
longed drought is excellent and salt tolerance is exceptional 
without reduced productivity (Northington and Goodin, 1975). 

7. Temperature. A. canescens is common from Mexico to Canada 
surviving temperatures of well over 40° C in summer and 
-10° C in winter in different regions of this range. 

The potential of Atriplex canescens, then, is very high and, in fact, 
it is utilized in native stands in the western U.S. as a winter feed 
by many ranchers in the drier areas. It would be especially desir
able in areas of increasing soil salinity ~ in areas where supplemen
tal watering for either seedling establishment or density intensifi
cation (crop production) would require use of "brackish" or saline 
water. 

We will next examine Atriplex canescens as a potential forage crop. 
1. Establishment. As with many plant species from desert 

areas, supplemental watering is necessary for successful 
seedling establishment. In addition, seed germination is 
low (ca 10%) due partially to low seed fill. Since there 
are diploid, tetraploid and hexaploid races of~· canescens, 
low seed fill could be partially due to polyploidy. Insect 
damage and pollination failure must also be considered, 
as the plant is dioecious with very inconspicuous (wind 
pollinated?) flowers. Since there is little natural 
vegetative propagation, and since germination is low, 
establishment of A. canescens is currently best achieved 
by greenhouse germination and hand planting the seedlings; 
this is a very time consuming and expensive (labor) pro
cess for many areas of the world. 

2. Hardiness. Once established, Atriplex canescens has de
monstrated excellent resistance to insect and weed invasion 
in native stands. 
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3. Introduction. Because of the variability available in 
native populations from three ploidy levels, and from 
different soil, climate, elevation, latitude, temperature 
and moisture ranges, A. canescens would appear to be an 
exceptional candidate-With which to attempt introductions. 

Discussion 

Because of the combination of positive traits possessed by Atriplex 
canescens, we feel that it would make an excellent candidate for an 
introduction program. With cooperators at the University of Cairo 
and Monsoura Univeristy, we have initiated such a program at Wadi 
El-Natrun, Egypt. Due to reasonable ' labor costs, the establishment 
problems can be overcome in this attempt; however, improvements in 
establishment must be made for Four-Wing saltbush to be a universally 
successful forage introduction. 

Seedling establishment will be supported by a supplemental watering 
program using differing amounts of both fresh and brackish water. 
Water quality, soil chemistry and microbiology, growth rates and 
yields, leaf protein, chloride and oxalate levels and resistance to 
insects and weed competition will all be monitored. 

If introduction proves successful, the next step will be a grazing 
study to determine carrying capaqity, browse recovery and rotation 
intervals with a high carbohydrate source such as Opuntia ficus
indica. We feel that all too often, we as scientists remain se
curely in the protective world of our highly specific disciplines 
and that, therefore, our data indicating the great potential for a 
given organism fails to produce applied results. The "Transfer 
of Knowledge" from the laboratory to implementation fails to take 
place. 

Who but those of us who have worked in the laboratory with an 
organism know more about how implementation should be achieved? 
Yet, how o f ten is the potential actually achieved r a ther than 
existing in the literature for years awaiting the work that will 
establish its true worth to mankind. 

We challenge funding agencies to be more receptive to multi
disciplinary programs that attempt to transfer the potential 
into applied reality. 
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Russian-Thistle, A Potential Forage For Arid Lands 
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Las Cruces, New Mexico 

Russian-thistle --- Salsola iberica Sessen and Pau, ~- paulsenii 
Litv., and hybrids of these species --- is a problem weed of the 
arid and semi-arid regions of the western United States (Beatley, 
1973). Salsola species first appeared in Bon Homme County, South 
Dakota, in 1873, and is presumed to have been brought from Russia 
in flax seed (Stevens, 1894). Since its introduction it has be
come one of the most widely occurring alien annuals in western 
North America and is characteristically found on overgrazed 
rangeland, abandoned cropland, and other disturbed areas. These 
species have a wide range of adaptation, growing from sea level 
up to 2 ,590 m doing best on high dry land but also flourishing in 
rich moist soils (Dayton, 1960). Russian-thistle is also reported 
to be salt tolerant, growing well in alkali soils (Coburn, 1902; 
Dayton, 1960). 

Russian-thistle is very drought resistant requiring one-half to 
one-third as much water per unit of dry matter produced as alfalfa, 
flax, and bromegrass (Bri ggs and Shantz, 1914). Dillman (1931), 
in a study of water r equirements of certain crops and weeds of 
the northern Great Plains, found the lowest water requirement 
among the species tested was that for Russian-thistle. Systematic 
studies of the water requirements for the germination and growth 
of s. iberica (S. kali L.) by Dwyer and Wolde-Yohannis (1972) have 
shown that s. iber~germinates at a level of 85% with as little 
water as that equivalent to 1.3 c m of rainfall. At field capacity, 
only 181 g of water were requi red by Russian-thistle to produce 
one gram of dry matter (shoot plus root). Furthermore, the 
e fficiency of water use doubled as the water application level was 
reduced by ten-fold. 

Russian-thistle is thought to be a c4 plant, primarily because of 
the presence o f Kranz l eaf anatomy (Syvertsen et al., 1976) and 
a co2 compen sation point of zero (Tregunna and Dounton, 1967). 
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c4 plants are characteristically more efficient in utilizing co2 
than typical c3 plants and have a maximum net photosynthetic rate 
of 40 to 80 mg co2;am2 leaf surface per hour as compared to 15 to 
40 mg co2/dm2 leaf surface per hour for c3 plants (Black, 1973). 
The transpiration ratio (grams H20 per gram dry weight) for c4 
plants is typically one-half to one-third that of c3 plants. This 
would partially explain the high water use efficiency reported for 
Russian-thistle. 

Although Russian-thistle is best known in its role as everybody's 
weed, it is usually considered to be a desirable feed for cattle 
in its early growth stage (Coburn, 1902; Dwyer and Wolde-Yohannis, 
1972). Cattle have also been observed to graze it in the months 
of November through February when it was very mature (Nelson et al., 
1970). Russian-thistle has been successfully used as hay as 
evidenced by the early reports of its utilization in western 
Kansas and other midwestern states around the turn of the century 
(Coburn, 1902) and the 400,000 tons of thistle hay and silage 
utilized in Kansas in 1934 when little or no cultivated hay was 
available (Cave et al., 1936) . 

There is no evidence in the literature that Russian-thistle has 
been cultivated as a forage crop. The fear of Russian-thistle as 
an aggressive weed has limited its utilization to emergencies 
during times of drought and when it is grazed on invaded rangelands 
and pastures. However, its nutritional value and digestibility 
have been studied sporadically. I would like to review some of 
these past published reports as well as some recent work from 
New Mexico on the influence of cultural management on yield, 
water use efficiency, and nutritive value of Russian-thistle. 

Previous Work 

Some of the earliest work done on the chemical analysis of Russian
thistle was reported by Bailey and Gustafson (1902) (Table 1). 
They found the protein content in the young, green thistle to be 
almost 20%, but only 11% in the more mature hay. The young and 
growing plants contained a much greater percentage of ash than 
the older more mature plants, and crude fiber content was re
latively low in both. In general, the chemical analysis of the 
thistle compared very favorably with that of other fodder analyzed. 

Cave et al. (1936) compared the digestibility and feeding value of 
Russian-thistle hay with that of alfalfa in feeding trials with 
dairy cattle. The Russian-thistle hay used in these trials contained 
only 9% protein, but had 62.1% as much total protein 55.2% as much . . , 
digestible protein, and 80.5% as much total digestible nutrients as 
did the alfalfa hay used. No appreciable off-flavors or odors in 
the milk produced were noted, nor was a laxative action observed 
either when the diet consisted wholly of thistle or where thistle 
furnished only the roughage portion of the ration. . 
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Table 1. Analyses of Russian-thistle samples. Data of Bailey and 
Gustafson, 1902. 

State of maturity at harvest 
Constituent Young Mature 

- % dry weight -

Ether extract 1.69 1. 58 

Protein 19.89 11. 22 

Nitrogen-free extract 36.16 47.40 

Crude fiber 12.57 20.56 

Ash 29.70 19.57 

In another study, Donaldson and Goering (1940) evaluated several 
methods of ensiling Russian-thistle. Chemical analysis of the 
thistle prior to ensiling showed the Russian-thistle plants to be 
equivalent to alfalfa in protein and fat content and superior in 
their carbohydrate: crude fiber ratio (Table 2). Chemical analysis 
of the silage indicated that good silage could be prepared with the 
addition of either sugar or phosphoric acid, but poor si lage would 
probably result from the use of untreated thistle. 

Table 2. Chemical analyses of Russian-thistle and alfalfa hay, 
dry basis. Data of Donaldson and Goering, 1940. 

Constituent Russian-thistle Alfalfa 
% - - - - -

Crude protein 16.2 16.5 

Ether extract 1. 7 1. 5 

Crude fiber 20 .7 33.4 

Ash 19.5 8 .7 

Nitrogen-free extract 41. 9 33.9 
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Chemical analyses of thistle found on arid New Mexico rangeland 
revealed protein contents ranging from 17.2% in young plants to 
9.8% in overripe mature plants (Nelson et al., 1970) (Table 3). 
The protein content was higher than in grasses from the same range 
in nearly all samples. Both the lignin and fiber contents were 
low in the samples from the young plants and even at maturity, the 
lignin content was similar to that in the grasses and the fiber 
content was lower. Ash content of the thistle was high. Generally, 
the more mature samples contained less ash. The calcium content 
was very high, 1.9 to 3.9%, and the phosphorus was adequate at all 
stages. 

Coxworth et al. (1969) evaluated Russian~thistle, kochia, and garden 
atriplex as potential high protein content seed crops for semi-
arid areas. Seed and seed protein yields of 1,640 and 699 ka/ha, 
respectively, were observed for Russian-thistle, while seed protei n 
exceeded 42 percent. In feeding trials with weanling mice, the 
Russian-thistle seed meal (hexane-extracted) gave weight gains 
comparable to the control diet at all levels tested. From these 
results, the authors concluded that Russian-thistle warrants 
further study as a potential seed crop for semi-arid areas. 

Cultivation of Russian-thistle Forage 

Yield and Water use Efficiency 

There is little evidence in the literature that Russian-thistle 
has been cultivated to optimize its desirable qualities as a forage 
resource. Therefore, in 1975 and 1976 we grew Russian-thistle in 
i r rigated field plots to determine the effect of nitrogen fertili
zation and irrigation management on its dry matter yield and water 
use efficiency (Fowler and Hageman, 1978). 

The 1975 study was trickle irrigated using five levels of nitrogen 
fertilization (0, 28, 56, 112, and 224 kg nitrogen/ha as urea) 
and two har vest maturity stages, prebloom and 3/4 bloom. Only 
two cuttings were possible under these conditions. Yield and water 
use efficiency generally improved as nitrogen application rates 
increased (Table 4). The plant material harvested at the 3/4 bloom 
stage of maturity produced 3600 kg/ha more dry matter and 27% more 
shoot dry weight/ha-cm of water applied than the thistle cut at 
prebloom. 

In 1976, the effects of four nitrogen levels (0, 28, 56, and 112 kg 
nitrogen/ha) and four irrigation levels (24, 35, 40, and 60 cm) 
on dry matter yield and water use efficiency were compared. Appli
cation of nitrogen generally improved both yield and water use 
efficiency (Table 5). Quantity of water applied did not signifi
cantly affect yield but the highest application reduced water use 
efficiency. Forage yields ranged from 6,090 to 11,0iO kg/ha and 
water use efficiency from 102 to 414 kg of shoot dry weight/ha-cm 
of water applied. 



Table 3. Chemical composition of Russian-thistle grazed by cattle on an arid New Mexico range. 
Data of Nelson et al., 1970. 

Composition of dry matter 

Acid Acid 

Gr~wth Ether deter~ent detergent 
s a5!e Protein extract fi er lignin Ash Calcium Phosphorus 

- - - - - - - - - - - - - - - - - % - - - - - - - - - - - - - - - - - - - - - - - -

Early 
bloom 12.9 1.1 27.6 4.5 28.l 3.36 0.14 

Full 
bloom 17.2 1.6 21.6 3.8 20.4 

Late ~ 

bloom 14.4 l. 3 31.8 5.6 16.7 
(;.) -- -- ~ 

Mature 16.2 1.1 31.5 8.2 22.8 2 .53 0.20 

Dormant 11.8 3.2 31.0 6.8 14.2 2.26 0.16 

Overripe, 
Dec. 11.0 3.4 32.6 6.7 16.0 3.90 0.13 

Overripe, 
Jan. 9 . 8 2.0 40.6 8.7 8.6 l. 90 0 .12 

Overripe, 
Feb. 11. 2 2.1 40.8 9.1 11. 7 2 .66 0.14 
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Table 4. Dry forage, yield and water use efficienGiy of Russian
thistle as affected by nitrogen application rate and 
harvest maturity stage. 1975. 

Ni trogen Dry forage Xield Water use ef f iciencyt 
applied Prebloom 3/4 bloom Prebloom 3/4 bloom 
---- ·- - - kg/ha - - - - - - kg shoot dry wt/ha-cm H2o applied 

0 5480 8810 244 311 

28 5650 8610 251 304 

56 6070 9580 270 339 

112 6280 10140 279 358 

224 6490 10690 289 378 

F values 

Nitrogen 5.01* 3.91* 

Maturity 226.29** 43.45** 

N X M n.s. n.s. 

t Total water applied (irrigation+ rainfall): prebloom -22.5 cm; 

3/4 bloom - 28.3 cm. 

n.s. - nonsignificant 

* ** -, significant at 5% and 1%, respectively. 
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Table 5. Dry forage yield and water use efficiency of Russian
thistle as affected by nitrogen and water application 
rates. 1976. 

Total H20 
applied 

cm 

24 

35 

40 

60 

Mean 

F value st 

Irrigation 

Nitrogen 

I X N 

Nitrogen 
applied 
- - - - -

0 
28 
56 

112 
Mean 

0 
28 
56 

112 
Mean 

0 
28 
56 

112 
Mean 

0 
28 
56 

112 
Mean 

0 
28 
56 

112 
Mean 

t n.s. - nonsignificant, 

kg/ha -

Dry forage Water use 
yield efficiency 

- - - - kg shoot dry wt/ 
ha-cm H20 applied 

6230 260 
8190 341 
8080 337 
9930 414 
8110 338 

9020 258 
8840 252 
8980 256 

10600 303 
9360 267 

7930 198 
9890 247 
9560 239 

11010 275 
9600 240 

6090 102 
7250 121 
8380 140 
8340 139 
7510 125 

7320 205 
8540 240 
8750 243 
9970 283 
8460 243 

n.s. 20.67** 

8.27** 9.36** 

n.s. n.s. 

*, ** - significant at 5% and 1%, respectively. 
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Nutritional Analyses 

Samples from the plant material harvested in 1975 were analyzed to 
det ermine crude protein, amino acid composition, nitrate, acid 
detergent fiber (ADF), and acid detergent lignin (ADL) as in
fluenced by ni trogen fertilization and stage of maturity (Hageman 
et a l., 1978) . Protein content of the Russian-thistle increased 
slightly wit h increased application of nitrogen (Table 6) . At the 
3/4 b l oom maturity stage, the protein levels of samples taken at 
f irst harvest were not affected by nitrogen levels above 28 kg/ha 
but at second harvest, crude protein content increased with rate of 
nitrogen applied. The amino acid composition of the protein was 
well bal anced and similar to that of alfalfa (Table 7). As high 
ni trat e content is sometimes associated with plants which are 
high in protein, nitrate content as influenced by nitrogen application 
was determined . Nitrate content was extremely variable but little 
i ncrease in the nitrat e level of the samples tested occurred after 
nit r ogen applicati on rates exceeded 56 kg/ha (Table 8). The maturity 
of the plants when harvested also affected the amount of nitrate 
observed as the more mature forage contained considerably less 
nitra t e . 

Applied nitrogen had very lit tle effect on crude fiber content 
(Table 9) . At t he 3/4 bloom stage of maturity, second harvest, 
incre ased nitrog en appli cation resulted in a significant reduc
t i on of both ADF and ADL. ADF levels i ncreased as plants matured. 

Crude protein , ADF, and ADL were a ll greatl y affected by stage 
o f maturity as well as harves t numbe r (Table 10). Protein l eve ls 
decr eased from prebl oorn t o 3/4 b l oom and f r om firs t harvest to 
s e cond harvest . ADF and ADL were affected in an inverse manner 
to that of crude protein . 

Summary and Conclusions 

There is much work to be done bef ore t he full potential o f Rus sian
this tle as a forage cr op ca n be confirmed. Palatability and di
gestibility studies mus t be carr ied out and t he few reports of 
the pres,ence of toxic sllbstances s uch a s nitr ates , oxalat e s , and 
alkaloids in Russian-thistle under certain condit ions should be 
investigabed. The widespread utilizati on of Russian- thistle f orage , 
especially duri ng dry year s when other f or ages were scar ce , with 
ve ry few reports of apparent ill e f fects, is encouraging . 

The superior drought resistance and water use effici ency of Russian
thistle is well documented . Chemical analys es have shown i t to be 
comparable to many cultivated forages and cul tural studies have 
proven that modif ication of its nutritive properties are possi ble 
througih cultural, management. The spiny nature of the dried material 
is discouraging , but opportunities f or improved p lant t ype s with 
r ,educed .spininess appear ibo be good . Beatley (1973) reported the 
presence ,in some p arits of the western Uni ted States o f anothe r 
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Table 6. Effect of nitrogen levels and plant maturity o n crude 
protein levels of Russian-thistle forage . 

Nitrogen Crude protein t 
applied 1st harvest 2nd harvest 
kg/ha % dry wt - - - - - -

Prebloom 

0 20.2 13.1 

28 21.6 13. 9 

56 22.0 12.8 

112 22.1 14.4 

224 23.l 14.6 

3/4 bloom 

0 13.2 8.4 

28 15.0 8.6 

56 15.2 9.0 

112 14.7 10.4 

224 15.2 11. 3 

F values 

Nitrogen 7.21** 4.30* 

Maturity 384.85** 145.72** 

N X M n.s. n.s. 

t Kjeldahl nitrogen multiplied by 6 . 25 

n.s. - nonsignificant 

*, ** - s ignificant a t 5 and 1%, respectively. 
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Table 7. Amino acid composition of Russian-thistle forage compared 
to that of alfalfa. 

Weight percent of recovered 

Amino acid 

Lysine 

Histidine 

Arginine 

Aspartic acid + 
asparagine 

Threonine 

Serine 

Glutamatic acid + 
glutamine 

Pro line 

Glycine 

Alanine 

Valine 

Methionine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Field samples 
1975 

7.3 ± 1.1 

2.8 ± 0.6 

8.7 ± 2.6 

12.4 ± 2.6 

4.2 ± 0.4 

4.3 ± 0.6 

15.6 ± 2.8 

6.1 ± 1.4 

5.4 ± 0.6 

6.2 ± 0.9 

5.1 ± 1.0 

1.4 ± 0.5§ 

4.9 ± 1.8 

8.6 ± 2.3 

2.0 ± 0.5 

5.2 ± 0.6 

Tryptophan 1.5 ± 0.4# 
t Averages of 11 determinations 

tt Byers (1971) 

Medic ago 
sativaf 

- - - - - % -

6.8 

2.3 

6.4 

10.6 

5.1 

4.7 

11. 4 

4.8 

5.7 

6.3 

6.4 

2.0 

5.3 

9.6 

4.5 

6.1 

2.1 

§ No precaution was taken to prevent acid hydrolysis 

# Average of 7 determinations 

amino acids 
FAO/WHO 

recommendedtt 

4.2 

2.8 

4.2 

2.2 

4.2 

4.8 

2.8 

2.8 

1. 4 
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Table 8. Effect of nitrogen fertilization and stage of maturity 
on nitrate content of Russian-thistle forage. 

Nitrogen Nitrate+ 
applied Prebloom 3/4 bloom 
kg/ha - - - - - % dry wt 

0 0.67 0.27 

28 0.93 0.29 

56 1.02 0.46 

112 1. 04 0.46 

224 1. 22 0.65 

t Values determined on mixtures of equal weights of not less than 
12 samples. 

species of Salsola, S. collina, which is scarcely prickly at 
maturity. In addition, there is considerable variability among 
intergrades of ~· iberica and ~· paulsenii. 

The history of Russian-thistle as an aggressive invader and colonizer 
of disturbed lands will hamper its introduction as a new crop species. 
However, some of the same characteristics that make Russian-thistle 
such a troublesome weed in the semi-arid western United States can 
be used to advantage if these species are proven to be a valuable 
resource as a crop. 
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Table 9. Effect of nitrogen levels on acid detergent fiber (ADF) 
and acid detergent lignin (ADL) content of Russian
thistle forage at two harvest maturity stages. 

Nitrogen 1st harvest 2nd harvest 
a.12.elied ADF ADL ADF ADL 
kg/ha - - - - - % dry wt - - - - - ------

Prebloom 

0 20.8 4.4 32.6 7.9 

28 19 . 5 3.6 30.6 6.3 

56 19.0 3.5 32.5 7.5 

112 19.3 3.4 30.8 8 . 6 

224 19.l 3.9 32.6 7.6 

3/4 bloom 

0 29.l 6.2 35.1 7.5 

28 28.0 4.9 35.0 7.1 

56 28.4 4.9 34.2 6.2 

112 29.4 5.4 31.8 7 .0 

224 30.3 4.7 30. 7 · 5.2 

F values 

Nitrogen n.s. n.s. 4.70* 5.49** 

Maturity 118.64** 14.25** 7 .13* 14.01** 

N X M n.s. n.s. 3.27* 4.39* 

n.s. - nonsignificant; 

* , ** - significant at 5 and 1%, respectively . 
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Table 10. Effect of stage of maturity on the crude protein, acid 
detergent fiber (ADF), and acid detergent lignin (ADL) 
content of Russian-thistle forage. 

Maturity Crude 
Harvest sta9:e Eroteint ADFt ADLt 

- - - - - % dry wt - - -

1st harvest Prebloom 21. 8 a 19.6 b 3.7 b 

3/4 bloom 14.6 b 29 . 0 a 5. 2 a 

2nd harvest Prebloom 13.8 a 31.8 b 7. 6 a 

3/4 bloom 9.5 b 33.3 a 6.6 b 

t Me ans a r e average s of all nitrogen leve ls. 

t t Means within a c olumn at the same h arvest date fo l lowed by the 
same letter are not significantly different at the 5% level. 
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Kochia: Its Potential for Forage Production 

RALPH M. DURHAM and JOHN W. DURHAM 
P.O. Box 302 

Durham Farms, Smyer, Texas 79367 

Kochia (Kochia scoparia (L) Schrad) is an annual plant originating 
in Eurasia. It has apparently been in America since the early 
1900's. It was recognized in South Dakota, Iowa, and Kansas at 
least as far back as the 1930's. It was growing in Colorado in 
the late 1930's and early 1940's, and in the late 1940's it 
apparently came into the Texas Panhandle in carloads of grain, 
as it was first observed growing along the railroad tracks. 
It is commonly called railroad weed, ironweed (because it is 
so hard to cut with a hoe) burning bush, fireweed, and belvedere. 
Today the plant grows in a wide area, but it has not been observed 
south of San Angelo, Texas. It is generally considered to be an 
escaped ornamental; a Texas A&M popular bulletin in 1947 lists 
kochia as an annual ornamental. The junior author has observed 
it growing profusely in the Grand Canyon area. It is generally 
considered a weed by farmers and by weed specialists, and it has 
been especially troublesome in sugar beets which are planted 
early. Since its seeds start germinating in February, it pre
sents special problems not found with other annuals. There have 
been occasional reports in the popular press of farmers who 
have made kochia hay from the growth after wheat. Durham Farms 
is growing it as a crop, but with the emphasis on grazing, 
rather than on hay production. 

Literature Review 

Although kochia has been studied extensively for over 40 years, 
very little of the research has involved grazing. The purpose 
of the research reported here is to examine the grazing potential 
of the plant. However, since there has been no recent extensive 
literature review, the literature on all phases will be examined. 
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Pammel (1911) listed kochia as a poisonous plant containing saponin, 
as did Hurst (1942). Chepil (1946) analyzed the ability of seeds 
from more than 50 different weeds to retain dormancy. He concluded 
that kochia seeds did not live two years in the soil. Only five 
other plants of the group which he studied exhibited this character
istic. This point has important implications if kochia is to be 
used as a crop in normal farming operations. If it does not live 
the second year, it can easily be eliminated from the field by 
the simple technique of plowing it up before it produces seed. 
Erickson and Maxon (1947) reported results of extensive tests on 
the culture and production of kochia, its chemical analysis, and 
its use as a feed. They did no grazing trials. Their research can 
be briefly summarized as follows: 1) Kochia was found to be high 
in protein and low in fiber. 2) Digestibility of the protein frac
tion was slightly less for kochia than for alfalfa. However, the 
fat, fiber, and NFE fractions were more digestible for kochia than 
for alfalfa. 3) Kochia hay was more palatable than brome hay, 
but slightly less palatable than alfalfa hay. 4) The leaves did 
not fall from the stems in the bales of kochia. 5) The seed yields 
from dryland plots were relatively high, exceeding 1,650 kg/ha. 
Baker and Baker (1952) studied the grazing aspects of kochia and 
concluded that it was a satisfactory grazing crop. However, 
under the conditions of their experiments, it was not as good as 
alfalfa. In their studies the cattle were all fed grain, and the 
kochia used was residue growth in an old alfalfa field where the 
alfalfa had died. They indicated that productivity was less from 
this field than they had previously observed. Bell et al. (1952) 
found kochia to be high in protein (17.9% when the plants were 
under 122 cm tall) and low in crude fiber content, with the ash 
content relatively high. They also found that kochia, alfalfa, 
and sweet clover all ranked well above the grasses in digestible 
crude protein. They labeled their results with kochia as "promising". 
Bell et al. (1953) found that the protein level in kochia was 
higher than that of the native grasses and comparable to the best 
of the cultivated grasses. Sherrod (1971), Finley and Sherrod 
(1971), and Sherrod (1973) reported on the productivity, chemical 
analysis, and digestibility of alfalfa and kochia hays. A sununary 
of these studies follows: 1) Kochia protein level was comparable 
to that of alfalfa. 2) Kochia digestibilities were highest in 
prebloom and lowest in fullbloom. 3) Digestibilities of energy 
and protein in kochia hay were comparable to those in alfalfa hay, 
but nitrogen retention was less for the kochia. 4) Kochia forage 
yield was high, being 11,327 kg/ha dry matter when harvested on 
July 15. Coxworth et al. (1969) studied seed production and feeding 
value of seeds from kochia, Russian thistle(Salsola kali), and 
garden artiplex (Atriplex hortensis). They found kochia seed 
production to be the highest, averaging 2,170 kg/ha dry basis. 
The. chemical analysis was 29% protein and 13.8% oil. Russian 
thistle, although yielding less seed (1,640 kg/ha) had slightly 
more protein yield per hectare, due to its high (42%) protein 
content. Because of low yields of atriplex, no feeding trials 
were done with atriplex seed. Since high levels of saponin had 
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been found in kochia, as first reported by Pammel (1911), and 
since saponin was known to be a potential feeding hazard, measures 
were taken to remove some of the saponin before feeding the seed. 
In their first trial the saponin was extracted with ethanol for 
one treatment, and the seed was washed and soaked in hot water 
for the other. When weanling mice were fed the treated seed at 
low levels, their performance was acceptable as compared to that 
of the mice on the control and Russian thistle diets. When the 
kochia seed meal level in the diet was increased from 14% to 21%, 
consumption declined and gains were lower. Coxworth (1970) re
ported another study on the feeding of mice, wherein high mortality 
was observed when untreated kochia meal was fed. Coxworth and 
Salmon (1972) found that feeding untreated kochia seeds caused 
high mortality and poor performance in turkey poults. When the 
seed was treated by washing in one% sodium hydroxide solution, 
the controls performed only slightly better in one experiment, 
and no better in another experiment, than did the poults on a 
diet containing 15% kochia seeds. 

Phillips and Launchbaugh (1958) observed that kochia was extremely 
drouth tolerant. In their root studies they found a single plant 
which had roots reaching a soil diameter of 2.5 m and a depth 
of 5 m. 

Van Etten et al. (1962) analyzed kochia and other plants for 
amino acid composition. Their findings indicated that kochia 
seed was deficient in isoleucine and methionine. Coxworth (1970) 
confirmed these deficiencies and indicated that kochia may also 
be lower in cystine content than the requirement for early 
growth of chicks. Stovall (1970) showed that kochia protein 
squeezed from green plants exceeded soybean meal protein in content 
of lysine, phenylalanine, methionine, threonine, leucine and 
valine, but contained less isoleucine. 

Materials and Methods 

For the past five years cattle have been grazed on kochia at 
Durham Farms, located near Smyer, Texas. This is a dryland farming 
area. The stand of kochia has been volunteer each year, and has 
gradually spread around the farm. In the 1978 season approximately 
half of the area comprising 52.63 hectares was planted to wheat, 
and the other half was left in kochia. The wheat was planted 
in late August , 1977, but because of severe drouth conditions 
during the fall, produced very little growth. It was grazed 
briefly during the winter, and then tended to die out. A snow 
in February sprouted the kochia seeds which had blown in, and 
that was the basis for half of the kochia which was grazed. The 
other land was not planted to wheat, but was fertilized with 
90 kg of 18-46-0/ha, and was chiseled on December 16. Nothing 
further was done to the land. The snow in February germinated 
some of the seeds, and rain in late May germinated some more. 
No other moisture fell until late August, when 1.52 cm was recorded. 
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Total rainfall from the time the wheat was planted to the end of 
August, 1978, was 17.78 cm, which is less than half the average 
annual rainfall. Y.leingrass (Panicum coloratum) was planted on 
4.86 ha in 1977, in an effort to develop a control pasture for 
grazing studies involving kochia. Since the rainfall in 1978 
was so low, the kleingrass made only a brief growth and then 
went dormant. Thus there was no grass on which to graze con
trol animals. A large field of native grass across the road 
likewise made essentially no forage production during the season. 

The: kochia did make considerable growth, and large numbers of 
cattle were grazed, using the strip grazing technique. In a 
C~nadian study, Logan and Miles (1958) found that high intensity 
strip grazing sharply increased productivity in grass meadows. 
In the current studies 140 or more cattle were grazed at one time, 
using .electric fences to create the strips. The cattle were put 
on a strip of 1.62 ha for two days and then moved to another strip 
of the same size. This procedure continued until all of the area 
had been grazed, at which time a new cycle began. Because of the 
severe drouth, regrowth began to be slow in early August, and 116 
of the cattle were moved to a 4.85 ha area in an abandoned feedlot. 
They were weighed off truck after a 40 km haul. Fourteen cattle 
were purchased and placed with the 116 cattle, and the whole group 
was weighed after 29 days of grazing time. The strip grazing 
technique was employed here also. Average weight of the total 
herd grazing the abandoned feedlot was 300 kg. Since the dry 
weather prevented growth of other plants on the dryland areas, a 
control was not possible. The significance of the results is, to 
some extent, the reflection of the ability of the kochia to survive 
and produce during drouth when nothing else would qrow. 

Results 

There were 52.63 ha of kochia available at Durham Farms for grazing 
during the season. Through September 22, 1978, a total of 16,604 
cow days had been grazed, and more than 200 cattle were still on 
the fields without supplemental feed. This is equal to a daily 
number of 45 head for 365 days, or one animal/1.17 ha. When it 
is considered that the accepted stocking rate for the native 
grass in this area is one animal for 10.12 ha, the significance 
of the kochia forage production is apparent. Kochia forage allowed 
more than eight times the stocking rate provided by grass. There 
is added significance in the fact that the rainfall was so low 
that the range grass provided essentially no grazing during this 
period. These cattle were not weighed, but they were carefully 
observed, and their condition remained good. 

The cattle which were moved to the old feedlot were stocked at 
the daily rate of 26.8 cows/ha. They were moved at five or six 
day intervals, depending on the state of the forage. The 4.85 ha 
were grazed as three pastures. At any one time there would have 
been 130 cattle grazing 1.62 ha. Kochia plants over three meters 
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in height were measured before grazing started. Since the fertility 
level was very high, and the rainfall nearly normal in this area, 
there was more production from the kochia. With the resting period 
rather short (about 12 days), and the rainfall during the period 
less than one cm, regrowth still occurred and the cattle were grazed 
for two full cycles. At the end of 29 days the cattle were weighed 
and gains averaged 0.4 kg/day. The herd gained 335 kg/ha in less 
than one month. 

Discussion 

Although it is unfortunate that the kleingrass did not grow enough 
to provide a control for the kochia, the fact that the kochia grew 
and the grass did not is in itself a significant research finding, 
and one which scientists from arid lands should find important. 
Kochia would appear to be the most productive plant in this area 
for drouth conditions. 

If kochia is to be used as a grazing crop, some form of winter 
feeding must be developed for the period when there is no kochia 
growth. There has been some lay experience in grazing the dry 
plants, but there are few data available at this time on the re
sults. 

Considering the high nutrient content of the seeds, it seems likely 
that cattle would have adequate nutritional intake if they were 
grazed on dry kochia. The grazing system would need to be set 
up so that some areas could be preserved for winter grazing. This 
would mean that fewer cattle could be grazed during the "green" 
period. The system used currently at Durham Farms is to run the 
maximum number of cattle possible during the "green" period and 
then put the cattle on byproducts of the cotton industry during 
the winter. As long as these byproducts are available at low 
prices, this is a practical technique. One of the advantages 
of using annuals for grazing is that nothing need be saved for the 
benefit of the plant. All of the plant can be eaten, which means 
that the grazing yield is considerably more than it would be for 
a perennial where it would be disastrous to graze the total plant. 
Even if some of the kochia forage were saved for winter grazing, 
it could still all be utilized before the next season. 

An interesting observation has been made concerning seed produc
tion. It would appear that the grazed plants produce more seed 
than the ungrazed ones, provided there is enough plant left at 
seeding time to provide seed shoots. This observation, if con
firmed by future research, would be significant to developing 
nations. The plant could be heavily grazed and still produce 
seed for human food. This is not true of crops such as soy
beans. Neither is it completely true of small grains. 

To date there have been no poison problems from grazing the 
kochia. It is probable that some of the problems noted by others 
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were really problems from other plants such as from the Amaranthus 
family, which has been clearly shown to cause toxicity problems. 
If Amaranthus grows in the kochia stand, some problems could be 
encountered since it is more palatable than kochia, and therefore 
would be eaten first. 

Acknowledgements: Appreciation is expressed to Stephen Kenton and 
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Voight (1975) stated in the Improved Range Plants Symposium, 
"Species that are aggressive, productive, and persistent are the 
ones most likely to benefit from increased forage quality and 
possibly from increased palatability." We believe that few range 
plants are more aggressive, productive, and persistent than big 
sagebrush (Artemisia tridentata). On the other hand, we cannot 
think of any range plant that needs more forage quality and 
palatability improvement than big sagebrush. 

The aggressive and persistent nature of big sagebrush is apparent 
even to the casual observer. It has been estimated that big sage
brush is the dominant species of over 109 million hectares in the 
western United States (Beetle, 1960; McArthur and Plummer, 1978). 
Even during severe drought when the growth of grasses and forbs 
is almost nonexistent, big sagebrush still yields substantial 
amounts of forage (McArthur and Welch, unpublished data). Big 
sagebrush has been the object of widespread eradication efforts 
because of its aggressiveness and lack of palatability to domestic 
livestock (Gifford et al., 1979). We believe that improve-
ment of forage quality is possible because big sagebrush has a 
richly variable germ plasm. 

In this paper, we report our findings on the variation of major 
characteristics among various subspecies and accessions of big 
sagebrush grown in a uniform garden, results of hybridization trials, 
and plans for improvement by selection. The major characteristics 
discussed are: (1) midwinter crude protein; (2) midwinter mono
terpenoid content ; (3) palatability; (4) growth rate; (5) stump 
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sprouting; and (6) resistance to drought, insects, and disease. 

Material and Methods 

From a uniform shrub garden at the Snow Field Station in Ephraim, 
Utah, 21 accessions (Table 1) of big sagebrush were selected for 
study of the variation of midwinter crude protein content, midwinter 
monoterpenoid content, and annual leader growth rate. Of these 
accessions, ten were A. tridentata ssp. vaseyana, seven were A. 
tridentata ssp. tride;tata, and four were A. tridentata ssp. -
wyomingensis. Subspecies were identified by morphological criteria 
(Beetle and Young, 1965; Winward and Tisdale, 1977; McArthur et al. , 

1979) and chemical criteria (Stevens and McArthur, 1974). 

Table 1. Locations of 21 accessions of big sagebrush (Artemisia 
tridentata) used to determine variation in midwinter crude 
protein, monoterpenoid content, and growth rates (Snow 
Field Station) 

Subspecies 

vaseyana 

tridentata 

wyomingensis 

Accession 

Alton 
Colton 
Sardine Canyon 
Benmore 
Petty Bishop's Log 
Durkee Springs 
Salina Canyon 
Clear Creek Canyon 
Pinto Canyon 
Indian Peak 

Clear Creek Canyon 
Big Brush Creek 
Loa 
Dove Creek 
Evanston 
Wingate Mesa 
Dog Valley 

Evanston 
Kaib ab 
Trough Springs 
Milford 

County and State 

Kane, Utah 
Utah, Utah 
Cache, Utah 
Tooele, Utah 
Sanpete, Utah 
Sevier, Utah 
Sevier, Utah 
Sevier, Utah 
Washington, Utah 
Beaver, Utah 

Sevier, Utah 
Uintah , Utah 
Wayne, Utah 
Dolores, Colorado 
Uinta, Wyoming 
San Juan, Utah 
Juab, Utah 

Uinta, Wyoming 
Coconino , Arizona 
Humboldt, Nevada 
Beaver, Utah 

For midwinter crude p r otein and monoterpenoid content and for 
annual l eader growth rate , five plants were s e lected at random 
for each accession. For the protein and monoterpenoid studies, 
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that portion of vegetation (current year leaves and stems) that 
would be eaten by wintering mule deer was sampled during mid
January of 1976 and 1977. 

Growth rates were measured in 1977, before material was sampled 
for chemical analysis. Growth rates were determined by measuring 
the current year's growth of ten randomly selected leaders on 
each plant. Data were analyzed by using a completely nested 
analysis of variance (Snedecor and Cochran, 1967)--samples, plants, 
accessions, and subspecies. Height and crown measurements of 
five randomly selected plants of the same 21 accessions were made 
in the summer of 1975 (McArthur et al., 1978) .. 

Studies to determine differences in palatability among accessions 
were conducted on the uniform shrub garden at the Gordon Creek 
Wildlife Management Area near Helper, Utah . Here about 50 accessions 
of big sagebrush are maintained. Wild deer can freely choose among 
the accessions. Ten accessions (Table 2) were selected for this 
study. Within each accession, ten plants were randomly selected 
and tagged. The average current-year leader growth was determined 
as was growth-rate, except that 20 measurements were taken per 
plant instead of ten. These plants were selected, tagged, and 
measured in October, 1977. On April 4, 1978, all plants were 
remeasured to determine the amount of forage removed by the wintering 
deer. Mule deer preference was then expressed as percent difference 
between the October measurement (before browsing) and the April 
measurement (after browsing) . Statistical procedures were used to 
detect differences (Snedecor and Cochran, 1967). 

Table 2. Locations of 10 accessions of big sagebrush (Artemisia 
tridentata) used to determine differences in palatability 
(Gordon Creek Wildlife Management Area near Helper, Utah) 

Subspecies 

vaseyana 

tridentata 

wyomingensis 

Accession 

Hobble Creek 
Spanish Valley 
Monticello 
Indian Peak 
Milford 

Indianola 
Loa 
Dove Creek 
Marysvale 

Trough Springs 

County and State 

Utah, Utah 
Grand, Utah 
San Juan, Utah 
Beaver , Utah 
Beaver, Utah 

Sanpete, Utah 
Wayne , Utah 
Dolores, Colorado 
Piute, Utah 

Humboldt, Nevada 
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Hybridization experiments were conducted at the Snow Field 
Station. Double thick, white bakery bags with their seams 
reinforced by filament tape were placed on branches of ~· 
tridentata subspecies tridentata, vaseyana, and wyomingensis 
over three sununers (1974-1976). Some woven terylene cloth 
sacks wer,e also used. Treatments included: a branch tagged, 
but not bagged, for open pollination (control); pollination by 
another plant of the same accession; pollination by another plant 
from another subspecies7 and pollination by plants from another 
accession of the sa1ne subspecies. A fuller account is given in 
McArthur et al. (1979). Both kinds of pollination bags sift 
a small amount of pollen (McArthur et al., 1979). The bags 
were shaken periodically for the first few days and removed from 
the branches after about two weeks. The seed was collected for 
counting when it ripened in November or December. 

Results 

Our study of the midwinter crude protein content of 21 accessions 
of big sagebrush (Artemisia tridentata) showed that some accessions 
contained significantly higher levels of crude protein than others 
(Table 3). The mean midwinter crude protein content for the 105 
plants was 12. 4% and t _he_. range for these individual plants was 
8. 8% (17 .1-8. 3%). ·· Accession range was 6% (16-10%). Our results 
are in agreement with those of Sheehy (1975). 

For midwinter monoterpenoid content, some big sagebrush accessions 
contained significantly higher levels than others (Welch et al., 
1978) (Table 4). The mean midwinter monoterpenoid content for 
the 105 plants was 1.9 percent. The range for these individual 
plants was 3.7% (3.9-0.2%). Accession range was 2.2% (3.2-1.0%). 

It is apparent that wintering mule deer consumed some accessions 
of big sagebrush with more relish than others (Table 5) . Two 
accessions of subspecies vaseyana, (Hobble Creek, 84% utilization 
and Spanish Valley, 73% utilization) were preferred by free-roaming 
wild mule deer over the other eight accessions of our study. The 
Marysvale accession, subspecies tridentata, was the least 
preferred (25% utilization). 

Sagebrush accessions transplanted as young wildings to the Snow 
Field Station had significantly different annual leader-growth 
rates for the 1976 growing season (measured in January, 1977) 
(Table 5). In general, subspecies tridentata was the most pro
ductive; however, there was quite a bit of variation. Analysis 
o~ v~r~ance techniques. (Table 6) showed that there were highly 
significant (p<0.01) differences in growth rate at the individual 
plant, the accession, and the subspecies level. In a related 
study (McArthur et al., 1978), we have shown that the growth 
parameters, crown, height, and annual leader growth are all 
highly correlated Cr2=0.64-0.84). Some of our unpublished results 
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indicate that the effect of moving accessions to the Snow Field 
Station did not negatively affect plant growth characteristics. 
For those accessions for which we have comparative data, the 
Snow Field Station plants either had larger growth parameter 
values or were not significantly different than the native 
population plants. 

Table 3. Midwinter crude protein (percent dry matter basis) 
content of 21 accessions of big sagebrush (Artemisia 
tridentata) grown in a uniform environment -~--~-

* 

Accessions 

Benmore (v)* 
Durkee Spring (v) 
Sardine Canyon(v) 
Pinto Canyon (v) 
Trough Springs (w) 
Indian Peak (v) 
Petty Bishop's Log (v) 
Milford (w) 

Al ton (v) 
Salina Canyon (v) 
Clear Creek Canyon (v) 
Kaibab (w) 
Colton (v) 
Wingate Mesa (t) 
Evanston (w) 
Big Brush Creek (t) 
Loa (t) 
Dog Valley (t) 
Evanston (t) 
Clear Creek Canyon (t) 
Dove Creek (t) 

w subspecies wyomingensis 
v = subspecies vaseyana 
t - subspecies tridentata 

% Crude Protein 

10.0** 
10.0 
10.5 
11.0 
11.0 
11.2 
11. 2 
11.2 
11. 3 
11. 7 
11.7 
11.9 
12.0 
12.8 
12.9 
13.l 
14.5 
14.5 
15.2 
15.3 
16.0 

** Any two means not connected by the same line are significantl y 
different at the 95% level. 

More seed was set when pollen was added to pollination bags than 
when only resident pollen was available (Table 7). However, the 
differences in hybridization between control and treatments were 
not significant . This was due to (1) t he large var iation in the 
number of seed produced in various treatments and r eplicati ons, 
and (2) the apparent se l f -fer t i lity of sagebrush plants (Tabl e 7; 
Table 2 in McArthur et al . , 1979). 
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Table 4. Midwinter monoterpenoid (percent dry weight basis) 
content of 21 accessions of big sagebrush (Artemisia 
tridentata) grown in a uniform environment 

Accession 

Trough Springs (w)* 
Sardine Canyon (v) 
Colton (v) 
Kaibab (w) 
Clear Creek Canyon (t) 
Milford (w) 
Alton (v) 
Big Brush Creek (t) 
Indian Peak (v) 
Dog Valley (t) 
Pinto Canyon (v) 
Dove Creek (t) 
Durkee Springs (v) 
Petty Bishop's Log (v) 
Salina Canyon (v) 
Wingate Mesa (t) 
Clear Creek Canyon (v) 
Loa (t) 
Evanston (t) 
Benmore (v) 
Evanston (w) 

* w subspecies wyomingensis 
v = subspecies vaseyana 
t subspecies tridentata 

% Monoterpenoids 

1. 02** 
1.04 
1. 08 
1.14 
1.18 
1.20 
1.20 
1. 70 
1. 72 
1.80 
1.92 
1.92 
1.96 
2.28 
2.36 
2.38 
2.40 
2.62 
2.88 
3.10 
3.20 

** Any two means not connected by the same line are significantly 
different at the 95% level. 

Sagebrushes are adapted for wind pollination, but some self
pollination takes place. To obtain desired hybrid combinations 
for selection the best hope appears to lie in mass pollination 
and in screening for genuine hybrids. The black light technique 
developed by Stevens and McArthur (1974) is one way of identifying 
some hybrid combinations. We are working on other methods to 
confirm hydridization. Some of our chromosome analyses have shown 
that natural interploidy plants (triploids and pentaploids) occur 
at the Snow Field Station where mature plants of different ploidy 
levels grow proximately. 
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Table 5. Variation of palatability among 10 accessions of big 
sagebrush (.Artemisia tridentata) grown in a uniform 
environment as determined by browsing wild mule deer 
(% utilization) 

* w 
v 
t 

Accession 

Hobble Creek (v)* 
Spanish Valley (v) 
Monticello (v) 
Indian Peak (v) 
Milford (t) 
Indianola (t) 
Dove Creek (t) 
Loa (t) 

Trough Springs (w) 
Marysvale (t) 

subspecies wyomingensis 
subspecies vaseyana 
subspecies tridentata 

% Utilized 

84** 
73 
63 
59 
58 
47 
46 
33 
29 
25 

** Any two means not connected by the same line are significantly 
different at the 95% level. 1 

Discussion 

Protein 

The midwinter protein content of sagebrush (12 .4%) is above those 
levels reported for other shrubs such as chokecherry (9.1%), 
cliffrose (8.4%), bitterbrush (8. 3% ), true mountain-mahogany 
(7. 7%), juniper (6. 2%), and Gambel oak (5. 4%) (Bissell et al., 
1951; Smith, 1952; Dietz e t al., 1962). For dormant range grasses, 
the crude protein level is 3 .7% (National Academy of Sciences , 
1964). 

Crude protein requirements f or wintering mule deer have been 
estimated by several workers. Einarsen (1946) es~imated that 
5% crude protein would meet the maintenance requirements of 
wintering mule deer. However , Dietz (1965) reported that when 
crude protein levels fall below 6-7%, rumen function becomes 
severely impaired. French et al. (1955), using white-tailed 
deer, suggested that a diet containing 16% crude protein is 
necessary for optimum growth .. Poor growth for white-tailed deer 
was obtained in an experiment reported by French et al. (1956) 
when dietary crude p r otein fell below 9 . 5 percent. Ullrey et al. 
(1967) agreed with t he findings of French 's group . The Nationa l 
Research Council has established a crude protein requirement for 
sheep of 8-11% based on 55% digestibility (National Academy of 



458 

Sciences, 1964). Based upon these literature reports, we agree 
with Thompson et al. (1973) that a 9, 5% crude protein at 55% 
digestibility will maintain most wintering mule deer. 

Table 6. Growth rate of 21 accessions of big sagebrush (Artemisia 
tridentata) grown in a uniform environment 

* w 

v 

t 

Accession 

Dove Creek (t)* 
Loa (t) 
Clear Creek Canyon (t) 
Evanston (t) 
Dog Valley (t) 
Milford (w) 
Durkee Springs (v) 
Wingate Mesa (t) 
Clear Creek Canyon (v) 
Pinto Canyon (v) 
Indian Peak (v) 
Salina Canyon (v) 
Petty Bishop's Log (v) 
Big Brush Creek (t) 
Benmore (v) 
Evanston (w) 
Kaibab (w) 
Sardine Pass (v) 
Alton (v) 
Trough Springs (w) 
Colton (v) 

subspecies wyomingensis 
subspecies vaseyana 
subspecies tridentata 

Mean Annual Leader Growth Rate 

21. 4** 
21.1 
18.0 
17.4 
15.7 
12.8 
12.3 
12.3 
11.6 
11. 3 
11. 3 
10.5 
10.1 
9.5 
9.0 
9.0 
8.1 
7.5 
7.5 
7.3 
5.8 

** Any two means not connected by the same line are significantly 
different at the 95% level. 

Many previous investigations have not taken into account the 
digestibility of crude protein. Shrub species may be equal in 
amount of crude protein, but differ in the amount of protein 
that is available for physiological use. This important principle 
is illustrated in Table 8. Here a comparison is made between the 
actual crude protein content of various shrubs and the amount of 
crude protein needed to meet the needs of wintering mule deer. We 
used the midvalue of 9.5% crude protein at 55% digestibility as 
the protein requirement for wintering mule deer (National Academy 
of Sciences, 1964). This means that the wintering mule deer need 
to extract 2.6 kg of protein out of each 50 kg of dry matter eaten. 

(cm) 



Table 7. Hybridization experiments on big sagebrush (Artemisia tridentata) at the Snow Field 
Station (1974-1976) 

'l'ype of Pollination 

ssp. tridentata x ssp. tridentata (same accession) 

ssp. tridentata x ssp. tridentata (different accession) 

ssp. tridentata x ssp. vaseyana 

ssp. tridentata x ssp. wyomingensis 

ssp. vaseyana x ssp. vaseyana (same accession) 

ssp. vaseyana x spp. vaseyana (different accession) 

ssp. vasexana x spp. wyomingensis 

ssp . wyomingensis x ssp. ?!Yomingensis (same accession) 

ssp. triderttat~, open pollination 

ssp. tridentata, control 

ssp. vaseyana, open pollination 

ssp. vaseyana, control 

ssp. ~in~e_nsi~, open pollination 

ssp. ~mingensis, control 

* N = number of bags 
** mean number of seeds per bag 

N* 

Standard 
Error of 

Mean** the Mean 

14 107.8 37.6 

10 30.6 16.3 

32 50.3 12.8 

16 41.6 19.8 

29 87.8 24.7 

6 181.0 73.0 

17 34.0 14.5 

14 46.4 35.4 

20 3885.4 1353.6 

19 31. 7 9.7 

30 2299.3 372.7 

28 25.4 7.6 

15 1342. 0 342.5 

12 21. 0 17.6 

Range 

0-500 

0-170 

1-300 

0-300 

0-500 

21-500 

0-236 

0-500 

5-20,000 

0-175 

80-7000 

0-200 

2-4000 

0-214 

""" U1 
\.0 



460 

Table 8. The ability of shrubs to meet the protein requirements 
of wintering mule deer 

Actual* Coefficient* Meets or 
Crude of Protein Exceeds 

Shrub Protein Digestion Requirement** Requirement 
% % 

Big sagebrush 12.4g 0.533a,b,c 9.7 Exceeds 

Curlleaf mahogany l0.6d .543d 9.6 Exceeds 

Chokecherry 9.le .484e 10.7 Deficient 

Mountain mahogany 7.7a,e .457a,e 11.4 Deficient 

Bitterbrush 8 _3a,b,d .473a,b,d 11.0 Deficient 

Cliffrose 8.4e .398e 13.1 Deficient 

Dormant grass 3.7f .316f 16.5 Deficient 

Juniper 6.2d .102d 50.9 Deficient 

Gamble oak 5 .4e . 107e 48.6 Deficient 

* Actual content of crude protein and coefficient of digestion re
present the mean of several studies or a value from a single 
study. 

** The winter mule deer requirement for crude protein may be taken 
as 9.5% at 55% digestibility. This means that the animal needs 
to digest 2.6 kg of protein out of every 50.0 kg of dry matter 
(d.m.). The amount of crude protein needed t o meet this re
quirement is calculated by dividing 2.6 kg/50.0 kg d.m. (.052) by the 
coefficient of digestion. A comparison between the amount of 
crude protein, needed and actual, determines whether the shrub 
meets or exceeds the protein requirement or is protein deficient. 

a. Dietz et al., 1962 e. Smith , 1957 
b. Bissell et al ., 1951 f. National Academy of 
c. Smith, 1950 Sciences, 1964 
d. Smith, 1952 g. This Study 

The amount of crude protein needed in the shrub forage to meet 
the protein needs of wintering mule deer is calculated by dividing 
.052 by the coefficient of digestion, times 100. A close inspection 
of Table 8 shows that only big sagebrush and curlleaf mahogany meet o:r 
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exceed the protein needs of wintering mule deer. Other shrubs 
tested were found to yield insufficient amounts of crude protein. 
Low protein content in shrubs is a major nutritional problem 
for mule deer on winter range (French et al . , 1956; Halls, 1970; 
Nagy et al., 1971; Robinette et al., 1973; Smith el al., 1975). 
With a 12.4% midwinter crude protein content and a 0.53 coefficient 
of digestion, big sagebrush will help raise the dietary crude 
protein level for wintering mule deer. High crude protein
yielding big sagebrush accessions, such as those from Dove Creek 
and Clear Creek Canyons, may serve as the basis in developing high
yielding protein strains for use on mule deer winter ranges. 

Monoterpenoids 

Our mean monoterpenoid content of 1.9% is in line with the reports 
of other workers: Kinney and Sugihara (1943), 2.2%; Nagy et al. 
(1964), 1-2%; Nagy and Tengerdy (1968), 1-5%; Sheehy (1975), 0.94%; 
Dietz and Nagy (1976), 2.5%; and Adams and Billinghurst (1927), 
0.92%. Bissell et al. (1951) reported an essential oil (monoter
penoids) content of 12%. Powell (1970) noted marked variation 
in monoterpenoid content among big sagebrush plants from different 
sites. We believe that at least part of this variation is due to 
genetic differences rather than to site differences, as proposed 
by Powell (1970). We base our belief on our findings that some 
accessions of big sagebrush, when grown in a uniform environment, 
were significantly higher in monoterpenoids than others. Sheehy 
(1975) reported similar results and conclusions. 

Our interest in the monoterpenoid content stems from the report 
of Nagy et al. (1964) that, in high concentration, these compounds 
may affect digestion in mule deer. Oh et al. (1967,1968) found 
that monoterpenoid hydrocarbons (the monoterpenes) of Douglas-fir 
needles (a-pinene, B-pinene, limonene, myrcene, camphene, ~ 3-
carene, and terpinolene) actually enhanced in vitro microbial 
fermentation of sheep and deer rumen micro-organisms. Sesqui
terpenes were also found to be stimulatory. However, for oxygenated 
monoterpenoids (alcohols, esters, aldehydes) microbial fermentation 
was inhibited (Oh et al., 1967, 1968; Longhurst et al., 1969). 

Nagy et al. (1964) calculated that big sagebrush could constitute 
from 15 to 30% of mule deer diet without impairing digestion. 
They also suggested that rumen micro-organisms may be able to 
adapt to big sagebrush monoterpenoids. The idea that rumen 
micro-organisms can adapt to monoterpenoids (especially oxygenated 
monoterpenoids) is supported by observations (Oh et al., 1967). 
They found that citonellal, an oxygenated monoterpenoid (aldehyde), 
inhibited rumen micro-organisms from sheep and deer having no 
access to Douglas-fir (a monoterpenoid source) , but produced no 
effect upon rumen micro-organisms from deer having access to 
Douglas-fir. 
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In a later report, the Nagy group (Nagy and Tengerdy, 1968) 
noted: "The gross reactions of rumen bacteria obtained from wild, 
as well as captive., deer to the volatile oils seemed to be the same 
maqnitude ; thus no adaptation by the bacteria to the oils was 
apparent. " 

We find that statement confusing, particularly when the data re
ported i n that study do not support the contention that mule deer 
rumen bacteri a cannot adapt to the volatile oils (monoterpenoids) 
of big sagebrush. For instance, at an oil (monoterpenoid) concen
tration of 18 µl per 10 ml of culture medium, Nagy and Tengerdy 
(1968) reported inoculum of the wild deer contained 6.76 x 108 
bact erial survivors per ml of culture medium compared to 5.77 x 104 
for the tame deer inoculum. In other words, the deer consuming 
big sagebrush (wild deer) had 11,715 times more bacterial survivors 
per ml of cul ture medium than did tame deer that were not consuming 
big sagebrush . At 16 µl of oil, inoculum from the wild deer had 
39 t i mes more bacterial survivors. This is good evidence of 
adaptation. This may explain why Smith (1950), Bissell et al. (1951), 
and Dietz et al. (1962) experienced problems with some tame deer 
fed a straight big sagebrush diet . At 20 µ1/10 ml, the adaptive 
advantage of the wild deer i noculum was lost (Nagy and Tengerdy, 
1968). This is in vitro evidence that, above a certain level, 
monoterpenoids could cause digestive problems. 

Another statement in the Nagy and Tengerdy (1968) report that 
we f i nd confusing is, "The oils had a marked antibacterial effect 
on the rumen bacteria when the concentrati on reached approximately 
16 µl of oil/ 10 ml of rumen fluid nutrient broth." A comparison 
o f the number of bacteri al survivors/IO ml of culture medium be tween 
16 µl of oil/10 ml of culture mediwn and 18 µl for wild deer shows 
only a slight reduction, 8.56 x 10 versus 6.76 x 108. This re
duction is probably statistically nonsignificant. It should be 
not ed that a conflict exists between the data given in Table 1 
and Figure 1 of the Nagy and Tengerdy document. , The data point ~n 
question is for wild deer inoculum at 18 µl of oil (Nagy and 
Tengerdy, 1968, and in Dietz and Nagy, 1976). 

Again in this report, Nagy and Tenger dy (1968) calculated that 
some populations of big sagebr ush with low oil content (1%) 
could compr ise 100% of the mule deer diet without causing di
gestive problems. High oil-containing b i g sagebr ush (5%) 
could compri se 50% of t he mule deer diet. In an ea r ly r epor t, 
the Nagy group s et this f igure between 15 and 30% (Nagy et al . , 
1964). Wallmo et . (1977) state that the diet of mule deer 
should include no more than 20% big sagebr ush . 

Ne ither in vitro nor in vivo di gestibility trials of big sage 
b: ush supp?rted.the contention t hat monoterpenoids a re i nterfering 
with t he d i gestion of mul e deer (Smith , 1950 ; Bis s e l l et a l. , 
1951 ; Smith, 1952 ; Smith , 1957 ; Dietz et al., 1962 ; Regel i n , 
1974; Sheehy, 1975; and Urness e t al. , 1977). In vitro dry matter 
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digestibility of big sagebrush was the highest of all shrub species 
tested (Table 9). Even after correcting for essential oils, big 
sagebrush was second only to aspen in amount of dry matter digested; 
however, caution must be used in drawing inference from the data 
presented in Table 9. Wallmo et al. (1977) and Sheehy (1975) used 
preparatory techniques that could have resulted in large losses 
of essential oils from their sagebrush samples, thus introducing 
bias. 

In vivo digestibility trials of big sagebrush showed that for 
mule deer big sagebrush ranked second only to curlleaf mahogany 
in total digestible nutrients (Table 10). Even after correcting 
for essential oils, big sagebrush still ranked second (Table 10). 
Probably smaller amounts of monoterpenoids were lost from the big 
sagebrush tissues fed to deer than were lost during in vitro trials. 
Smith (1950) and Bissell et al. (1951) provided freshly cut big 
sagebrush, with unground sterns and leaves, to their deer on a daily 
basis. This would tend to minimize the loss of rnonoterpenoids. 
Dietz et al. (1962) collected a big sagebrush sample in one large 
bundle. The sample was rough ground in a combination harnmermill 
and forage chopper and then placed in cold storage. Although this 
technique would result in a greater loss of monoterpenoids than 
the technique used by Smith (1950) and Bissell et al. (1951), it 
is less severe than the preparation of big sagebrush samples for 
in vitro digestibility trials. None of these in vivo trials 
support the hypothesis that monoterpenoids interfere with digestion. 

In summary, we are not sure that the monoterpenoids in big sagebrush 
are causing digestive problems in mule deer. Evidence in the lit
erature we have cited can be used to argue both sides of the question. 
We believe that Wallrno et al. (1977) and Dietz and Nagy (1976) are 
premature in claiming that the monoterpenoids in big sagebrush 
are toxic to mule deer, but more research is needed. We are 
beginning a two-phase research program concerned with monoterpenoids 
of sagebrush. The first part of our program will deal with the in 
vitro digestibility of the 21 accessions of big sagebrush grown 
in a uniform environment. Samples will be prepared without loss 
of rnonoterpenoids. The second part of our program will be an in
depth study of the rnonoterpenoid content of the 21 accessions of 
big sagebrush. From these studies, we should be able to decide 
the necessity of selecting for low total monoterpenoid content or 
for certain rnonoterpenoids as a means of developing superior strains 
of big sagebrush for mule deer use on winter ranges. 

Palatability 

During digestibility trials, Smith (1950) noted that deer showed 
definite aversion to individual big sagebrush plants. This diff
erential preference of mule deer for certain accessions and indivi
dual plants of big sagebrush has been observed in the field by a 
number of researchers (Plummer et al., 1968; Winward, 1970; Brunner, 
1972; Hanks et al., 1973; Stevens and McArthur, 1974; Sheehy, 1975; 
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Scholl et al., 1977; McArthur et al., 1979). 

Tabl e 9. In vitro digestibility of shrub dry matter by mule deer 
inoculum 

Dry Matter 
Digestibility 

Shrub % Reference* 

Big sagebr ush 58.4 56.4** 3,4,5 

Aspen 57.4 1 

Rose 54 . 5 1 

Serviceberry 54.4 1 

Curl leaf mahogany 53.5 4 

Chokecherry 51. 3 1 

Russet buffaloberry 49 . 6 2 

Willow 46.5 2 

Snowberry 41.0 1 

Blueberry 33.3 2 

Bitterbrush 30.0 4 

Mountain mahogany 28.5 4 

* Reference 
1. Dietz, 1972 
2. Regelin et al., 1974 
3. Sheehy, 1975 
4. Urness et al., 1977 
5. Wallmo et al . , 1977 

** Corrected value for essential oil. This value was calculated 
by substracting out the essential oil content of 2.0 percent. 
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Table 10. In vivo digestibility of shrubs by mule deer 

Shrub TDN* (%) Reference ** 

Curlleaf mahogany 64 . 8 3,4,6 

Big sagebrush 63.4 58.9*** 1,2,4,5,6 

Mountain mahogany 48.4 4,5,6 

Cliff rose 47.2 4 

Bitterbrush 46.0 2,3,4,5,6 

Chokecherry 38 . 9 4 

Oak 36.2 4 

* TDN = Total digestible nutrients 

** Reference: 

1. Smith, 1950 4. Smith, 1957 
2. Bissell et al., 1951 5. Dietz e t al . , 1962 
3. Smith, 1952 6. Urness et al., 1977 

***Corrected TDN value for essential oils. This value was 
calculated by taking the content of essential oils (2.0%) and 
multiplying this value by the fat energy factor (2 .25). The 
resultant (4 . 5) is subtracted from the TDN value . 

Recently two attempts have been made to relate monoterpenoid 
content to palatability. Sheehy (1975) and Scholl et al. (1977) 
reported a nonsignif icant correlation between total volatile 
oil content (monoterpenoids) and big sagebrush palatability. 
These findings directly oppose the hypothesis by Nagy and 
Tengerdy (1968) and Dietz and Nagy (1976) that mule deer prefer 
black sagebrush (Artemisia nova) to big sagebrush because of 
the lower volatile oil content in black sagebrush. Reports by 
Smith (1950) and Sheehy (1975) state that deer did not prefer 
black sagebrush to big sagebrush. As with big sagebrush, some 
black sagebrush populations or individuals are more palatable 
to mule deer than others (Stevens and McArthur, 1974; and Scholl 
et al., 1977). Likewi se antelope prefer big sagebrush over black 
sagebrush (Smith et al. , 1965) . 
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Some work.,e:rs believe that big sagebrush is consumed by wintering 
mule deer in the late winter or "very'' early spring when more 
palatable browse has been eaten '(Smith, 1950; Nagy et al., 1964; 
Nagy and Tengerdy, 1968; Dietz and Nagy, 1976). These :reports 
are in dir,ect contrast to the observations made by Welch and 
Andrus (1977). They found that two days after mule deer had 
arrived on a winter range near Richmond, Utah, the only shrubs 
showing signs of being heavily browsed were vasey big sagebrush 
(A. tridentat a ssp. vaseyana) and the hips of woods rose (Rosa 

woodsii) and sweetbrier rose (R. eglanteria). Black chokecherry 
(Prunus virginiana melanocarpa) and antelope bitterbrush (Purshia 
tridentata) would not show signs of being heavily browsed for 
another month. At another location on the range (1.7 km to the 
north), big sagebrush was not browsed the entire winter although 
deer were in the area. 

Recently, on a uniform shrub garden at the Gordon Creek Wildlife 
Management Area near Helper, Utah, free-roaming mule deer consumed 
58.7% of the current-year's growth of a big sagebrush accession 
from Hobble Creek (near Springville, Utah) before December 19, 
1977 (Welch et al., unpublished data). This same herd of mule deer 
had not consumed any current growth from an accession of big 
sagebrush from Loa, Utah, and only 6 . 6% of the current growth of 
a Marysvale accession . The point we are attempting to make is 
twofold: first, palatability varies widely among accessions of 
big sagebrush; and second, it is foolhardy to make any general 
statement about big sagebrush palatability without taking this 
variation into consideration. 

Currently, big sagebrush population from Hobble Creek near 
Springville, Utah, seems to be the most palatable. We are ex
panding our palatability studies to include 21 accessions of big 
sagebrush. From these studies, we should be able to identify 
superior accessions to be used in our selection and breeding 
program. 

Growth Rates 

Sagebrush growth-rate differences have a genetic component be
cause the differences are maintained, in part, at least when 
accessions are grown on several different sites. A faster growth 
rate increases the value of a forage plant, provided that nutritive 
quality and palatability are maintained or enhanced. Ideally a 
selection program should join these qualities--rapid growth rate, 
nutritive quality, and palatability. If hybrids were developed 
that grew faster, they would furnish more nutrients for the browsing 
mule deer. . 

Other Characteristics 

Other characteristics that should be considered in producing 
superior sagebrush strains include resistance to diseases, 
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insect pests, and drought; and tolerance to fire by means of 
stump sprouting. Insect and disease problems in sagebrush 
populations are known (Krebill, 1972; McArthur et al. , 1979); 
however, differential resistance among populations has not been 
critically studied yet. When such information becomes available, 
it should be built into the selection program. The same may 
be said for drought resistance and seedling v igor; when these 
traits are studied and if exploitable variation is found, they 
should be considered in a selection program. Stump sprouting is 
a characteristic often found in three-tip sagebrush (A. tripartita) 
and silver sagebrush (A. cana), but rarely in big sagebrush (Beetle, 
1960). Perhaps this char~ristic could be incorporated into 
selected big sagebrush strains because hybridization between silver 
sagebrush and big sagebrush and between three-tip sagebrush and 
big sagebrush has been observed (McArthur et al., 1979). 

Hybridization and Selection 

Big sagebrush and its relatives make up section Tridentatae of 
Artemisia (Beetle, 1960; McArthur, 1979). This group of 
woody shrubs is endemic to western North America . The Tridentatae 
forms a polyploid complex based on the chromosome number x = 9. 
The subspecies of big sagebrush are diploid (2n = 18) (tridentata 
and vaseyana) and tetraploid ( 2~ = 36) (tridentata, vas~na:-and 
wyomingensis) (McArthur and Plummer, 1978) . 

Within each ploidy level and even between ploidy levels hybridization 
is possible (Table 7) (Ward , 1953; Beetle , 1960; McArthur et al., 
1979). Plants at odd ploidy levels, for example , triploids 
may be sterile. It should be possible to combine desired traits 
by means of hybridization; however, because big sagebrush is 
apparently self-fertile (Table 7), the seedlings from putative 
hybrid combinations need careful scrutiny before selection proceeds. 

Selection can be used to improve sagebrush characteristics with or 
without prior hybridization. Seeds or ramets from superior indivi
duals, representi ng a few accessions with a suite of desirabl e 
traits, can be grown in a seed orchard to endow the progeny with 
genetic gain. This process is known as mass selection because the 
chosen individuals mate en masse (Roberds, 1969). If the process 
is repeated over several generations, it i s known as recurrent 
mass selection. If controlled hybridization is used in conjunc
tion with mass selection, character improvement can be made more 
rapidly and can include more characters . 

For improving palatability, a method called indirect selection 
(Weissenberg , 1976) appears to be useful for big sagebrush. 
Palatability seems to be associated with some easily detectable 
coumarin glycosides in big sagebrush (Stevens and McArthur , 1974). 
The coumarins are not volatile and do not smell, but their abun
dance is associated with milder smelling big sagebrush. Selection 
for these coumarin compounds should bring along with it the 
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palatability trait. The fortuitous relationship between cournarins 
and palatability should make selection for palatability much easier. 

In beginning a selection program for big sagebrush, we are breaking 
some new ground, but we are following established principles in 
other respects. The final product is to go into a minimally managed 
wildland situation; thus it must keep its aggressive natural tendencies 
along with the selected traits. We are in the process of establishing 
base line trait variation and learning the plant's breeding system, 
but we are optimistic that substantial improvement in nutritive 
quality and palatability can be made. Forest trees, berry-producing 
shrubs, and agronomic crops including forage herbs have all been 
improved for man and his animals (Wright, 1962; Simmonds, 1976). 
Our efforts, if successful, can greatly improve the value of a wide
spread and underused plant resource. 
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Deserts impose difficult conditions on livi ng organisms including 
temperature extremes, drought, saline soils, poor soil development, 
etc. Adaptations of organisms to l ife under t hese d i fficult con
ditions can tell us much about t he l imitations and thus t he nature 
and history of life on earth. Pl ants form the basis for the food 
web in deserts as elsewhere. Their success will largely determine 

' the potential for o t her organisms in any locality. Plants confront 
the non-living world; they must obta in wate r and mineral e l ements 
from the soil, CO 2 and 0 2 from the atmosphere , . and energy from the 
sun. Then they must turn t hese raw materials into the substances 
of life. Once this has been done other organisms can often sur
vive in even hostile environments. 

Desert plants have many morphological, behavioral, and physiological 
adaptations to life in arid regions . Table 1 ~ives a par tial listing 
of such adaptations. A t hick .covering of wax impermeable to water 
on leaves and stems is characteristic of many plants adapted to 
arid environments (Duddington, 1974). Reduced numbers of stomates, 
restriction of stomates to the l ower surf ace of l e aves and s unken 
stomates greatly reduce transpirati onal water l oss by reducing 
the effects of laminar air flow on sweeping water molecules out 
of the leaves. Many desert shrubs of modest size have extensive 
root growth which serve to absorb water from a l arge catchment 
basin . Succulence itse lf serves as a f orm of water s·torage and 
greatly decreases the surface to volume ratio and thus the po
tential for evaporative water loss. Reduced leaves (often spines 
or very small structures) a lso reduce the possibility of water 
loss but force the s t em to assume more of the burden for photo
synthesis . Hairs on the leaf and stem have two effects . One is 
t o reduce laminar air flow at t he leaf surface .. A second effect 
is to increase reflection and effectively reduce leaf temperature 
(Ehleringer and Bj orkman, 1978). 
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Table 1. Adaptations of Desert Plants 

Morphological adaptations 

thick cuticle 
sunken stomates 
extensive root growth 
succulence 
reduced leaves 
hairs 

Behavioral adaptations 

hanging gardens 
high ground water areas 
winter growth 
ephemeral habit 
sun-tracking or sun
avoidance 

Physiological adaptations 

allelopathy 
thermal acclimation 
drought tolerance 
salt tolerance 
dormancy and germination control 
c4 photosynthesis 
crassulacean acid metabolism (CAM) 

Many desert plants survive in the desert by avoiding heat and 
drought. They do so by growing in restricted areas with mesic 
environments such as hanging gardens. These are often associated 
with seeps or springs on shaded or overhanging cliff walls. While 
streams which flow all year are rare in desert areas, a large per
centage of the total vegetation is associated with those stream 
courses. Even streambeds and lakebeds that are dry much of the 
year often have rather high water tables associated with them that 
can support plant growth. Some plants are dormant during the hot, 
dry period of the year and undergo growth and reproduction during 
the more moderate winter, spring or fall months. Some desert 
annuals have become still more restricted and will germinate, 
grow, and reproduce only after a significant rainfall. While some 
plants track the sun with leaves deployed at 90° to the angle of 
incidence of the sun's rays to trap light more completely, other 
desert plants respond by orienting their leaves parallel to (rather 
than perpendicular to) the sun's rays. This serves to reduce heat 
buildup in those leaves (Colinvaux, 1973). 

Several physiological adaptations to desert existence have been 
described. Allelopathy is the control of competition by chemical 
inhibition of germination. This conserves scarce resources for 
the established individual plant. Acclimation to drought and heat 
confers survival value under extreme conditions. As desert soils 
often have . high salt concentrations, salt tolerance enables many 
plantsto grow where less tolerant plants cannot survive. The 
mechanisms for salt tolerance vary from salt excretion to pumping 
salt into special tissues and thus leaving critical enzymatic 
machinery at normal low salt concentrations (Weber et al., 1977). 
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Dormancy during dry or cold periods may be under hormonal control. 
Although several physiological adaptations to arid environments 
could be discussed, our concern has been with photosynthetic strate
gies of desert plants. 

Solar energy is trapped and transformed into chemical energy by 
green plants in the form of adenosine triphosphate (ATP) and re
ducing power (NADPH) . This chemical energy (ATP and NADPH) is then 
used to reduce carbon dioxide to the level of carbohydrate . All 
photosynthetic organisms on earth use similar mechanisms to trap 
light energy and transform it to chemical energy. However, some 
striking differences exist in higher plants as to the mechanism for 
using light-generated chemical energy to fix co2 . 

The overall reaction for photosynthesis can be written: co2 + 

light 
chloropla_s_t_s~~> (CH20) + 02 + H2°· Calvin and his co-workers 

(1962) have elucidated very elegantly the mechanism by which in
organic carbon is synthesized into complex organic molecules. The 
initial fixation step involves the enzyme ribulose bisphosphate 
carboxylase (RuBP carboxylase) which can make up as much as half 
of the soluble protein in some leaves. The reaction requires CO 
and a 5-carbon sugar (ribulose-1,5-bisphosphate) and the product2 
is two molecules of a 3-carbon acid (3-phosphoglyceric acid). The 
three carbon acid is then reduced with the aid of ATP and NADPH 
to the level of a sugar. Some of this sugar then goes to make 
starch while some goes to regenerate the reactant ribulose-1,5-
bisphosphate. This mechanism for carbon fixation is found in 
virtually all green tissues. It is thought to be the only mode 
of carbon fixation used by algae, mosses, and lycopods. It is 
also by far the most common type of photosynthesis in ferns, 
gymnosperms and flowering plants. 

RuBP carboxylase not only combines co2 and RuBP to produce PGA; 
it also reacts with oxygen (Bowes and Ogren, 1972). The products 
with oxygen are phosphoglyceric acid and phosphoglycolate. 
Oxygen and carbon dioxide thus compete for the same active site 
on the enzyme. That is, oxygen competes with carbon dioxide in 
photosynthesis. The phosphoglycolate is degraded eventually to 
co2 which is then released into the atmosphere. Thus the oxygenase 
reaction results in a loss of carbon through photorespiration that 
in essence greatly decreases the efficiency of photosynthesis. 

An impressive body of evidence now exists for other modes of 
carbon fixation in a relatively small number of land plant species. 
One mechanism, C photosynthesis, includes a syndrome of disting
uishing anatomic~l and physiological characters all associated with 
photosynthetic fixation of carbon (Hatch and Osmond, 1976). Ana
tomical features include a chlorenchymatous sheath of large, thick
walled cells (Kranz cells) surrounding vascular bundles of leaves. 
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Bundle sheath (Kranz) cells have an ultrastructural specialization 
which includes extensive cytoplasm and in some groups, reduced 
grana (Johnson and Brown, 1973). In addition, mesophyll cells 
surrounding the bundle sheath cells are often radially arranged. 
Functional aspects of the syndrome include initial carbon fixation 
into four-carbon acids -- oxaloacetic acid, then malic or aspartic 
acid in the mesophyll cells. The four-carbon acids pass into the 
bundle sheath cells where they are decarboxylated and the co2 re
leased is then fixed into PGA (Hatch and Osmond, 1976). The syn
drome is also characterized by having a much higher temperature 
optimum and light saturation than other plants (Table 2). 

Table 2. Some distinguishing characteristics of three types of 
photosynthetic plants. 

Characteristics 

Initial co2-fixing 
enzyme 

Kranz anatomy 

Succulence 

co2 cone. required 
for fixation 

Light saturation 

Optimum temperature 
for co2 fixation 

Photosynthetic rate 
(mg co2 dm- 2 hr-1) 

Photorespiration 

13c;12c ratio 
(ol3c o/oo 

PEP carboxylase 

present 

no 

<10 ppm 

full sunlight 

30-3SOC 

40-80 

very low 

-9 to -18 

Plants 

CAM 

RuDP carboxylase both 

absent absent 

yes and no yes 

30-150 ppm ? 

<40 Klux rvlO Klux 

15-20°c rv35 c 

15-35 .5-.7 

active very low 

-23 to -36 -9 to -36 

Thi~ phenomenon is now called c 4 photosynthesis, and plants poss
essing the syndrome are termed c 4 plants. Other plants are called 
c3.plants as the first product of photosynthesis is a three carbon 
acid -- phosphoglyceric acid. 
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In c4 plants, atmospheric carbon dioxide diffuses into the leaf 
through open stomates and enters the mesophyll cell. Once in the 
mesophyll, the co2 react~ with phosphoenol pyruvate (PEP) to yield 
oxaloacetic acid (OAA). The enzyme which catalyzes the reaction 
is PEP carboxylase. PEP carboxylase has a high affinity for co 
and a low affinity for 02 -- i . e. 1 there is no competition betw~en 
oxygen and carbon dioxide on this enzyme. All of the carbon fixed 
by c4 plants is fixed via PEP carboxylase in the mesophyll cells. 
Oxaloacetic acid is rapidly transformed into malic acid (in some 
species into aspartic acid) for transport into the bundle sheath 
cells where the malic acid is decarboxylated. The co2 liberated 
in the bundle sheath cells is in turn fixed into PGA by the ub
iquitous RuBP carboxylase (Hatch and Osmond, 1976). The PGA can 
then go into starch or other organic substances for storage or 
transport. 

Table 2 lists a number of distinguishing characteristics between 
c4 and c3 plants. As a consequence of more efficient co2 fixation, 
c4 plants make less of a distinction between the naturally-occurring 
stable isotopes of carbon than does RuBP carboxylase in C~ plants 
(Whelan et al., 1973). c4 photosynthesis does not occur in algae, 
bryophytes, pteridophytes, gymnosperms, and the great majority of 
the families of the angiosperms. Only eighteen families of the 
approximately 300 families of flowering plants contain c4 plants 
(Table 3). Within none of the families do c4 plants constitute 
a majority. c4 photosynthesis appears to be a re l ative l y recent 
adaptation to warm, arid, semi-tropical to tropical conditions. 
The oldest c4 fossil known is from the Pliocene (Nambudiri et al., 
1978). 

Succulent desert plants often exhibit a mode of carbon fixation 
called Crassulacean Acid Metabolism (CAM). CAM plants under 
conditions of drought, hot days, and cool nights will fix co 2 at 
night via PEP carboxylase and store it as malic acid in the vacuole. 
During the day, the malic acid is decarboxylated and the co2 fixed 
into the PGA via RuBP carboxylase. Although many desert plants must 
fix their carbon in this way ("obligate" CAM plants), other desert 
succulents apparently use the CAM mode only when under stress due 
to drought or salt. These plants ("facultative" CAM ;:ilants} in unstressed, 
mesic conditions may fix all of their carbon in the daytime through 
normal c3 mechanisms (Osmond et al., 1973). Although certain 
superficial similarities do exist between c4 photosynthesis and 
CAM, the differences (Table 2) are fundamental enough that C4 
plants and CAM plants probably had a separate origin. 

CAM metabolism has now been reported from a fern, a gymnosperm and 
from 23 families of flowering plants (Table 4). Drymoglossum is 
a succulent, epiphytic fern which probably occupies a xeric micro
habitat (Hew and Wong, 1974). The desert gymnosperm, Welwitchia 
mirabilis has also been reported to be a CAM plant (Smith, 1976). 
CAM metabolism thus exists in a diverse groups of plants united 
more by adaptation to xeric environments than by phylogeny based 
on morphological considerations. 
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Table 3. Families in which c4 photosynthesis is known to occur. 

Monocotyledonae 

Cyperaceae Liliaceae 

Poaceae 

Dicotyledonae 

Acanthaceae Euphorbiaceae 

Aizoaceae Molluginaceae 

Amaranthaceae Nyctaginaceae 

Boraginaceae Polygonaceae 

Capparadaceae Portulacaceae 

Caryophyllaceae Scrophulariaceae 

Chenopodiaceae Zygophyllaceae 

It may have evolved more than once. Since CAM plants keep their 
stomates closed in the daytime, water loss as well as gas exchange 
i s greatly restricted. Under these conditions rates of photosynthesis 
are very low, but the strategy of CAM plants seems to be survival 
i n extreme aridity rather than rapid growth. 

Thus c4 phot osynthesis is an adaptation to rapid, highly efficient 
carbon fixation under conditions of high light and high temperatures. 
CAM metabolism has evolved as an adaptation to conserve water by 
fixing co2 at night even though this process results in very low 
rates of carbon fixation and very slow growth. The first adaptations 
were for t he CAM mode to be used only under conditions of salt or 
water stress while retaining the ability to do c3 photosynthesis 
under more favorable conditions. Some families have apparently 
become so closely associated with desert conditions as to be largely 
obliged to do CAM metabolism--even when watered. Thus all succulent 
members o f the Agavaceae and Cactaceae are obligate CAM plants. 
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Table 4. Families in which Crassulacean Acid Metabolism (CAM) 
is known to occur. 

Filicinae 

Polypodiaceae 

Gymnospermae 

Welwitschiaceae 

Angiospermae 

Monocotyledonae 

Agavaceae Liliaceae 

Bromeliaceae Orchidaceae 

Dicotyledonae 

Aizoa ceae Cucurbitaceae 

Asclepiadaceae Didiereaceae 

Asteraceae Euphorbiaceae 

Bataceae Geraniaceae 

Cactaceae Labiatae 

Caryophyllaceae Oxalidaceae 

Chenopodiaceae Piperaceae 

Convolvulaceae Plantaginaceae 

Crassulaceae Portulacaceae 

Vitaceae 
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The use of the Compartmented 
Reservoir in Water Harvesting Agrisystems 
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One of the promising ways of increasing both the quantity and 
dependability of water in arid and semi-arid l ands is t hrouqh water 
harvesting. For the purposes of this research project it is de
fined as the artificial treatment of soil to increase the water 
yield. The water thus produced is captured as surface runoff 
and stored or put to beneficial use before it evaporates. The 
combination of a water harvesting catchment and reservoir is 
called a water harvesting system (Cluff et al., 1972). 

Water Harvesting 

A summary of the current methods used in water harvesting is 
given in the Proceedings of the Water Harvesting Symposium 
held in Phoenix, Arizona, in March of 1974. A summary is also 
given in a National Academy of Science report (1974). That re
port and an article by Cluff and Dutt (1975) gives the leading 
methods as follows: 

1. Land alteration (clearing, shaping and compaction ) . 
2. Chemical treatment (sodium salts, silicones). 
3. Soil cementation (wax, soil cement, plastic and 

fibergl ass, reinforced asphalt, i n situ membranes). 
4. Soil covers (gravel-covered plastic sheets, butyl rubber 

and sheet metal). 

An updated list of the more promising_ of these methods, l isted i n 
order of their increasing cost, are: (1 ) Shaped compacted-earth 
(or roaded catchments); (2) shaped compacted earth , sodium
treated; (3) compacted-earth, wax-treated; (4 ) gravel-covered 
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plastic ; (5) fiberglass-asphalt-chipcoated (FAC); (6) asphalt
plastic-asphalt-chipcoated (APAC); and (7) rubberized-asphalt
chipcoated (RAC ) , (National Academy of Sciences, 1974; Frasier, 
1975; Frobel et al., 1978). 

These methods of treatment greatly reduce costs and increase the 
efficiency and life of the catchment system. The first two of 
the above listed methods are inexpensive enough that they are 
used in conj uncti on with growing agricultural crops. This is 
particularly advantageous· in marginal dryland areas that need only 
a small amount of additional water to optimize production. An 
analogy might be made to the use of fallowing by the wheat 
farmer in the Great Plains. The author estimates that the wheat 
farmer spends an equivalent of $5 to 6/ha-cm of water disking 
hi s land to provide a mulch. This mulch is needed to store 
50 to 75 nun of one-year's precipitation to supplement the preci
pitation of the next year, in order to produce a crop. This pro
cess, in which a farmer plants every other year, is called fallowing. 
It does not work south of the Texas High Plains because of the 
excessive evapotranspiration potential. However, concentration 
of precipitation through water harvesting has the potential of 
accomplishing the same purpose for approximately the same price with 
no sacrifice in the net amount of land cropped per year. Furthermore, 
the system will work in areas where fallowing is impractical. 

Hall and Dracup (1970), in reference to Lewis et al. (1969), indi
cate that far more product per unit of water is possible through 
the use of concentrated rainwater than through the "relatively 
inefficient process of streamflow, reservoir, diversion, aqueduct, 
farm ditch, and irrigation with excess leaching followed by an 
additional system to dispose of the accumulated salt and drainage 
water." 

The practice of treating watersheds to increase water yield so 
that crops can be raised is an old one as evidenced by ancient 
systems in the Negev Desert in Israel (Evenari et al . , 1971; 
National Academy of Sciences, 1974). The ancient dwellers of the 
Negev utilized the soil profile to store the somewhat erratic 
runoff. Due to favorable soil conditions this system seems to 
work most of the time. 

In other semi-arid lands with similar rainfall the system does 
not work as well, with crop failures occurring too frequently for 
effective commercial agriculture (Fangmeier, 1975; Morin and 
Matlock, 1975). Morin and Matlock report on the use of a model 
that does not include surface storage. The use of the model in
dicates that the distribution of rainfall is more significant 
than total .rainfall after a set minimum amount occurs. This 
finding supports the hypothesis that for water harvesting to be 
successful in most semi-arid regions it must be combined with 
efficient surface storage. 
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Cluff et al. (1972) and Dutt and McCreary (1975) report on a 
one-acre system installed at Page Ranch north of Tucson, Arizona, 
in which rain water is concentrated into planted strips by shaping, 
compacting and treating the contributing catchment to prevent 
weed growth. Erosion is controlled by shaping and utilizing a thin, 
naturally created sand mulch. The excess water is captured and 
stored in a covered reservoir and pumped back during dry periods 
to water the grapes and ~eciduous fruit trees planted in the 
drainage ways on the catchment. The system has had ample water 
since it was installed in 1970. The resulting runoff water from 
the salt-treated catchment is of high quality with the sodium 
being trapped by the clay in the soil on the catchment (Dutt and 
McCreary, 1975) . The above type of system, or one in which 
the treated catchment is separate from the planted area as des
cribed by Morin and Matlock (1975), when combined with surface 
water storage is referred to as a water harvesting agrisystem. 
The operation of the system shows that efficient surf ace storage 
of water is essential to maximize production. 

Efficient storage of surface water in small reservoirs requires 
both evaporation and seepage control. Many of the same methods 
used above can be adapted to seepage control and other methods 
are available. Evaporation control which is essential i n storage 
of water is more expensive. It will be discussed in more detail 
in the next section. 

Evaporation Control 

The concept of concentrating water to reduce evaporation loss 
is not new, and the literature contains some references concerning 
this method . The process of evaporation requires both a source of 
energy to vaporize the water and a transfer mechanism, a gr eater 
vapor pressure at the water surface compared to that of t he air 
above. This transfer mechanism, and consequent l y evaporati on , i s 
accelerated by wind . 

The various methods of evaporation control reported by Veihmeyer 
(1964) are: 

1. Surface-area reduction. 
a. Constructing reservoirs with a mi nimum ratio of area 

to storage volume. 
b. Storing water "in one large reservoir i nstead of 

several small ones." 
c. Proper selection of reser voir s i tes 

2. Mechanical covers. {Roofs, floating rafts and windbreaks· ) 
3. Surface films. {Oil and long-chain f atty a l cohols. ) 

On f i rst reading, i t em lb could be interpreted as 
oppos i te of the compartmented reservoi r concept . 
Veihmeyer bases his summary in part on an articl e 

the direct 
However , 
by Beadle and 
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cruse (1957} in which "concentration of water into single re
servoirs" is said to be a method for retarding evaporation. 
Another method listed by Beadle and Cruse is the "elimination 
of shallow water areas." The compartmented reservoir concept 
provides a systematic method of concentrating water, thus 
eliminating shallow water areas. The other reference used by 
Veihmeyer is Freese (1956) who also stresses concentration of 
water and indicates that this might be done by selecting a good 
site. Freese gives an example of the operation of three reservoirs 
in Abilene, Texas, where the water was concentrated in a lower lake. 
In essence, this is a gravity-fed separated-compartmented reservoir 
system (Cluff, 1977a). Freese also gave an example of the savings 
that could result in filling in the shallow areas of a lake near 
Fort Worth, Texas. He determined that saving water worth $0.19/m3 
would justify filling in the shallow_ areas in the lake up to a 
depth of 0.98 m even though the fill would cost $0.33/m3 per year. 
Fort Worth is in a 1,220 mm net annual evaporation area. 

Garstka (1962) indicated that elimination of the shallow areas 
by diking may result in greater evaporation savings than that 
indicated by comparison of the ratio of the water surface due to 
temperature reduction of the water. 

To the above list by Veihmeyer should be added a fourth category 
of energy-reducing treatments such as coloring the water, shading 
by suspended materials and floating reflective barriers such as 
perlite, that may or may not be a vapor barrier. Cooley (1970, 
1975) did considerable research in this area. In a joint research 
program, Cooley and Cluff (1972) determined that while lighter 
than water initially, floating perlite does become saturated over 
a period of time and loses its buoyancy, rendering the method 
impractical. 

· surface films formed by long-chain alcohols received considerable 
attention during the late 1950s and early 1960s. The research 
was sponsored and coordinated by the U.S. Bureau of Reclamation 
(Garstka, 1962). Several land grant universities were involved: 
Colorado State (Hayes, 1959), Arizona (Cluff, 1966), Utah State 
(Israelson and Hansen, 1963), Oklahoma State (Crow, 1961) and 
Texas Tech (Meinke and Waldrip, 1964). The U.S. Geological 
Survey also conducted experiments (Cruse and Harbeck, 1960). 
During these studies, the use of alcohol to prevent evaporation 
was perfected to the point where it could be used in several 
physical formulations in conjunction with various methods of app
lication including use of airplanes. However, due to wind pro
blems, the unit cost of achieving evaporation control greatly 
increases as the residual time on the reservoir decreases. The 
system is much more economical on large reservoirs than on small 
ones. Generally the value of water is much greater in small re
servoirs than larger ones so at the present time no commercial 
applications are being made. 
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For smaller reservoirs inexpensive floating covers appear to have 
more potential (Cluff, 1966). Many floating-cover methods such 
as polyethylene sheets {Drew, 1972), concrete slabs made with 
lightweight aggregate (Eng. News Record, 1966) and floating edged
sheets of expanded polystyrene (Cluff, 1967) have been tried and 
abandoned. A test by the author consists of placing crushed ex
panded polystyrene as a reflective barrier. Evaporation savings 
were about 50% for one month, but a heavy wind completely over
turned the film and caused it to become wetted. This caused 
evaporation savings to drop to 10%, making the approach impractical 
(Cluff, 1977a) . 

Among the leading floating-cover methods are the use of wax blocks 
(Cooley, 1975), foamed butyl rubber (Dedrick et aL, 1973) and 
weatherized sheets of expanded polystyrene together to form a 
continuous raft (Cluff, 1972). More recently the expanded polys
tyrene sheets have been impregnated with wax to prevent water
logging and to "weatherize" the sheets (Cluff, 1977b). This pa
tented process has worked well for waterproofing, and appears to 
resist oxidation. No problems were encountered during the first 
summer. However, in the second summer of testing a windstorm 
occurred during air temperatures in excess of 45°c in which the 
melted wax on the surface trapped darker soil than had been en
countered before. This darker soil appears to have accelerated 
deterioration. The various remedies that are being considered are: 
(1) Add a layer of light colored sand to surface immediately following 
wax impregnation; (2) Remove excess wax from the surface after 
impregnation; (3) Use a wax with a higher temperature melting 
point; or (4) Use a surface treatment on top of the waxed foam. 

These leading methods of evaporation control are all too expensive 
to use for conventional agriculture (Cooley et al., 1973). How
ever, as will be described later, their use in conjunction with a 
compartmented reservoir appears to be very cost effective. 

The Compartmented Reservoir 

As shown above, the principle of reducing the surface area of 
reservoirs to control evaporation appears to be documented in the 
literature. The author has failed to ' find any writings by other 
researchers, however, concerned with the division of a conventional 
reservoir into compartments and the systematic pumping or transfer 
or water between compartments to achieve evaporation control through 
reduction of surface area. The author first discovered the re
latively large savings that can be achieved from such a system 
while serving as a consultant in the Sahel in Mali, Africa. 

The Sahel contains hundreds, perhaps thousands, of small, shallow, 
natural depressions called "mares" that are filled each year during 
the rainy season. As long as the water is there it is heavily used 
by the many surrounding villages. However, due primarily to high 
evaporation loss, only a relatively small amount of the water is 
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beneficially consumed and the mares soon dry up. 

A determination was made of the savings of dividing the mare into 
two compartments , a receiving compartment and a deeper one. This 
concept had been proposed earlier by Gordon Dutt and co-workers at 
the University of Arizona . The extension of this idea to three 
or more compartments of equal or close-to-equal depth was a re
sult of the African consulting trip. At that time, it was found 
that significant savings could be achieved by compartmentalization 
even without deepening . 

A schematic of the compartmented reservoir is outlined in Fig. 1. 
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Figure 1. Schematic cross-sectional diagram of a three-compartment 
~eservoir showing water levels (W.L.) of various stages 
in the annual cycle of operation. 
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The reservoir consists of a receiving compartment {A) which 
is located below the stream grade and therefore is usually shallow. 
Compartments B and C are shown as being smaller in surf ace area 
but of greater depth. This reservoir is operated as follows: As 
runoff occurs during the rainy season, water is pumped from comp
artment A until the evaporation and seepage losses from B and c 
are equal to the remaining water in A. At this time, the pump is 
used to move the remaining water in A to fill the unused capacity 
of B and C. This eliminates further evaporation and seepage losses 
from A. Water is then withdrawn as needed for comsumptive use from 
B until the water remaining in B is equal to the unused capacity in 
C. At this time, the pump is used again to move the remaining water 
from B into C. This eliminates further evaporation and seepage losses 
from B. At this point, C is filled and A and B are empty. A spill
way would be needed from compartment A to protect the safety of the 
system. All inner dikes would have to be built higher than the 
maximum water level determined by the elevation of the spillway. 

The potential of the compartmented reservoir is demonstrated in 
Figs. 2 and 3 under idealized conditions. 

Fig. 2 illustrates the use of compartments of equal size in a 
reservoir of depth equal to the evaporation loss. The reservoir 
is assumed to be filled by runoff only once a year, with no add
itional input. In both figures an annual evaporation depth (LE) 
of 1.81 m is used. This is the average pond evaporation measured 
at the Water Resources Research Center Field Laboratory (1972-1977) 
at Tucson, Arizona. It is less, however, than the evaporation in 
many other parts of the state. A constant consumptive use that 
would be withdrawn each month is selected so that there is no 
water remaining in the reservoir at the end of the year. This value 
is determined by trial and error. It is called the maximum con
stant consumptive use. For the single compartment (the typical 
reservoir) this consumptive use value is zero. When the depth of 
the reservoir is equivalent to the annual evaporation loss it is 
impossible to withdraw any water on a continuous basis since all 
the water would be consumed by evaporation . 

Fig. 3 illustrates the added advantage of having both the effect 
of deepening and compartmentalization. Efficiency of water use 
goes up to as high as 84% when two of the compartments are deepened 
four times the evaporation loss. This increase in depth in a 
compartmented system when pumping is used can be achieved by 
diking rather than the excavation required in a conventional 
reservoir. This deepening however may increase seepage so that 
the most cost effective design would be the single depth compart
mented reservoir system. 
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Reservoirs with a Constant Volume and Area, a Maximum 
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The compartmented reservoir concept can be applied to existing 
reservoirs or new ones . Since a pump will be used in flat terrain, 
all compartments other than the receiving compartment can be made 
deeper by building the embankments above the stream grade, thus 
greatly reducing costs. 

Recent development of portable, low-lift, high-capacity, pumps makes 
the compartmented reservoir system economically attractive.. These 
pumps can be powered by the power-take-off (pto) from a tractor 
or have their own motor . They are available in capacities of up to 
25,000 gpm (5,000 m3/hr) . One pump can service s everal small re
servoirs. If tractors are not available a suitable vehicle could 
be equipped with a pto and used to both transport and power the 
portable pump . In Arizona, this type of pump can be rented which 
may be preferred since it is only needed three or four times a 
year . For smaller systems, a 3 . 5 horsepower, 600 gpm (120 m3/ hr) 
floating pump costing less than $800 (U . S.) is available . 

If the general slope of the topography is greater than 3-4% the con
cept of a gravity-fed compartmented reservoir can be used. The 
compartments of this reservoir are separated by a sufficient dis
tance to develop enough hydraulic head so that one compar tment 
can be completely drained by a gravity pipeline or a canal into 
the second and succeeding compartments . This r eservoir system 
could be operated as before but without a pump. 

In Mali, Africa, ten different sites were surveyed and recommended 
designs were made using a small programmable calculator (Cluff, 
1975) . After retur ning f r om Africa, the author spent s i x months 
in Mexico working for the Food and Agricultural Or ganization (FAO) 
of the United Nations (Cluff, 1976) in support of the Fundo 
Candelillero, an action agency of the Mexican Government. Eleven 
compartmented reservoirs were built by the above agencies in the 
state of Coahuila, Mexico, during the six-month period the author 
served as a consultant. More have been buil t since that time . 
These reservoirs range in s ize f rom a 8,100 m3 two-compa r tmented 
livestock reservoir dug by mules, to a 200 ,000 m3 four -compart
mented r e servoir constructed using Cat e r pillar D-7 dozers . The 
larger reservoir was used for agricultural purposes. One small 
gravity-fed separated compartmented reservoir was also constructed. 

Five small, two or three-compartmented systems have been built on 
or near the Papago Rese rvation, near Tucs on. In additi on, an 
approximate 10 ha water harvesting agrisystem with a three-compart
mented r eservoir system is nearing completion at Black Mesa on the 
Navajo Reservation in Northern Arizona. It is being constructed on 
coal mine spoils in cooperation with the Navajo Tribe, the School 
of Renewable Natural Resources , University of Arizona, the U. S. 
Bureau of Mines, and Peabody Coa l . The Black Mesa des ign was based 
on use of a c omputer mode l descr ibed be low. 
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The use of the compartmented reservoirs introduces additional 
design parameters for effectively using and storing water from 
any given watershed or catchment area. The number of compartments 
and their depth and size relative to each other must be considered 
in order to maximize production of water from any given watershed. 
These parameters are a function of the seepage and evaporation 
losses. If needed, a floating cover can be used on the last com
partments. These are the compartments that contain water the 
longest period of time. 

Compartmented Reservoir Optimization Program (CROP-76) 

A computer model has been developed to study the parameters in
volved in the compartmented system and their relationship to each 
other using historical data. This model is briefly described in 
this section, with examples of its use. A more complete descrip
tion can be found in Cluff (1977a). 

The computer model converts daily historical rainfall data into 
runoff data from either a natural and/or a treated watershed. 
Runoff data is summarized and stored in a weekly array. The 
compartmented reservoir is subjected to a domestic and/or agricul
tural demand as well as evaporation losses. The design parameters 
of the compartmented reservoir can be adjusted so that the "optimum" 
reservoir system would be selected. The definition of an optimum 
reservoir is "the system that would have the highest storage effi
ciency under the comstraints imposed." The definition of the 
storage efficiency is the percent of water that passes into the 
storage system that is available for a desired beneficial use on 
a constant demand basis. 

In the operation of the model the design parameters are usually 
adjusted so that the amount of overflow plus excess water is kept 
below a specified amount, usually 4-5 percent. An additional con
straint is that the reservoir system provide water for the desired 
beneficial use for a specified minimum, usually 95 or 96% of the 
time. The consumptive demand is reduced if necessary in order to 
fit the above constraints. 

A water harvesting agrisystem option has been built into CROP-76. 
Under this option a soil moisture-accounting routine is used to 
account for storing water in the soil in addition to storing 
excess water in the compartmented r e s ervoir system. 

There are too many design parameters to obtain a satisfactory 
design in a single run of the computer, within a reasonable 
processing time. The des ign, however, can be obtained by re
peated computer runs by a skilled operator who helps the com
puter in its selecti on of t he paramet ers that will meet the 
constraints . 
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Additional improvements have been made since the model was deve
loped in the fall of 1976. The model has been used to design 
compartmented reservoir systems using a minimum amount of data. 
The model has been used on several reservoir systems in Arizona; 
Coahuila, Mexico; and Mali, West Africa . These systems ranged 
in size from a 6,000 m3 stock tank to a 90,000,000 m3 reservoir 
system in Arizona designed to store excess floodwater in the Santa 
Cruz River near Tucson for proposed agricultural use. 

CROP-76 was used to verify the design of a 20 ha water harvesting 
agrisystem which has been constructed at the San Francisco Ejido 
near Parrus, Coahuila, Mexico. The surface soil of the 20 ha 
area has been shaped and compacted. Plantings of grapes and 
pistachios have been made in an artificially depressed drainage 
area {Gavande et al., 1976; Cluff, 1977a). Excess water from 
both the artificial catchment and a natural watershed will be 
stored in a three-compartmented system for use in the dry season. 
Ten years of daily precipitation data was used in CROP-76. This 
simulation indicated that the reservoir system would be dry only 
three weeks during the ten year period. There was, however, 
ample soil moisture during this period to maintain full production 
{Fig. 4). 

Jojoba Water Harvesting Agrisystems 

CROP-76 was also used to design a 16 ha jojoba water harvesting 
agrisystem for use on a piece of retired farmland (Cluff and Foster, 
1978). The design used was a shaped compacted earth salt treated 
catchment feeding water into drainage ways in which jojoba is 
planted. The excess water is store d in a three -compartmented 
reservoir. This design was based on a one -acre jojoba wa ter 
harvesting agrisystem that was established at Sells on the 
Papago Reservation in 1974 (Cluff, 1978). This design wa s simi-
lar to the one-acre system at the Page Expe rimental Ranch installed 
in 1970 {Fig. 5). In the Sells jojoba s y stem, three tre atme nts 
were tested, sodium, APAC and wax. The growth of jojoba on the 
sodium treated plot was as good or b e tter tha n the other two mo r e 
expensive treatments. 

The 16 ha design was for a parcel of retired farmland owned by 
the City of Tucson and is located in the Avra Valley 32 km we st o f 
Tucson. The city has b e en purchasing and retiring the f armland 
to obtain a water s upply. The land has s ince bec ome an e cological 
disaste r with dust and windblown tumbleweeds c aus ing p r oblems f o r 
adjoining neighbors. The salt treated jojoba water harvesting 
system offers an economic, viable method o f land management to 
correct the above conditions without using groundwater. 

The simulation using CROP- 78 (the improved CROP-76 ) indic ated that 
a three-compartmente d r e s ervoir with a c ombine d s urfac e are a o f 
0.4 h a a n d holdi ng 14,100 m3 would assure s u ffici e nt water to 
achieve maximum jojoba growth and production . 
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Water Harvesting Agrisystem in Mexico. 

Above: 
Below: 

A Compartmented Reservoir 
Pistachio (left and grape (right) 
plantings in catchment areas. 
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Figure 5. Water Harvesting Agrisystems in Arizona 

Above: Page Experimental Ranch. Note sale treatment 
for grapes in background versus untreated 
grassy area around fruit trees in foreground. 

Below: Papago Indian Reservation planting of jojoba 
at Sells soon after planting. APAC treatment 
in foreground, salt treatment on right. 
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The simulation was done for a 31-year period, 1945-1975. The 
average rainfall was 300 mm. A 6.7 m row spacing was used in 
the design with a jojoba plant every 1.5 m for a plant population 
of 2,310/ha, about one half the number generally planted in 
a conventional irrigated field . The cost of the water harvesting 
agrisystem including the compartmented reservoirs was estimated 
to be $886/ha. This would be $1,772 per equivalent ha of irrigated 
farmland. This cost is less than one half the value of a typical 
irrigated acre in Avra Valley. These costs are based on use of 
rented equipment, roadgrader, roller and dozer at construction rates 
with a unionized driver. 

Farmers have historically been able to keep the cost of repetitive 
tasks much below those unionized contractors. It is felt that 
an efficient farmer could install the system for much less thus 
making the process suitable for use with many crops. 

This low cost can be achieved by using the efficient compartmented 
reservoir in combination with a salt-treated catchment. The salt
treated catchment provides a sodium dispersed clay liner which 
eliminates the need for seepage control in most soil types. The 
runoff from the salt treated catchment is of excellent quality 
(less than 200 ppm dissolved solids). The water, however, will 
be higher in sodium content than calcium plus magnesium. This 
assures a long life for the sodium-dispersed clay reservoir liner. 

Based on the eight year old system at the Page Experimental Ranch, 
the salt treatment should last at least ten years or longer. The 
cost of retreatment should be approximately 25% of the initial 
process. 

Summary and Discussion 

The use of a compartmented reservoir system in areas of flat terrain 
provides a relatively low-cost efficient method of storage as compared 
with conventional methods. The system can be used to store flood
waters for use in conventional irrigated agriculture. Where suffi
cient naturally occurring flood waters are not available, runoff 
can be created using treated catchments. The coupling of this 
artificial collected rainwater with agriculture and a surface 
storage system is called a water harvesting agrisystem. The use 
of a compartmented reservoir in conjunction with the agrisystem 
appears to be very cost effective. Efficiencies in excess of 
50-60% are easily obtained with the compartmented reservoir, where-
as a conventional reservoir of the same depth covering the same 
area would not even be able to sustain its own evaporation loss. 
Even higher savings are possible at no significant increase in 
cost if an evaporation cover is placed on the "last" compartment. 

The amount of pumping required in a compartmented reservoir is 
relatively low compared to the water savings effected. For in
stance, the three-compartmented reservoir, with all compartments 
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equal in depth to the evaporation loss, illustrated in Figs. 2 
and 3, requires the pumping of 25% of the initial storage to obtain 
a 45% efficiency when the water is used on a constant basis. This 
amounts to pumping 56% of the water beneficially utilized, assuming 
that the water can be withdrawn by gravity flow for use from all 
compartments. The cost of pumping would be generally much less 
than pumping groundwater due to the low pumping lift. 

The design can ,be adapted using CROP-78 to fit most conditions 
encountered around the world . For instance, the simplest approach 
in the "mares" of the Sahel where equipment and capital is scarce 
is merely to divide up the mare using low dikes constructed with 
hand or animal power. Pumping could be done using appropriate 
hand, animal, wind or solar operated pumps. The floating pumps 
described in this paper might be the appropriate technology to 
use . 

Although the floating pump requires fossil fuel, the amount of fuel 
needed is very low. A 20-year supply could be purchased and stored 
on site or a trust fund set aside for fuel purchases to assure 
the success of the project. 

If more equipment and capital are available, the systems can be 
made deeper, thus increasing the efficiency but not necessarily 
the cost-effectiveness. 

The use of the compartmented reservoir should be investigated in 
conjunction with appropriate plant resource development in arid 
lands. Its use in conjunction with water harvesting systems in 
marginal dry farming areas around the world (including the Texas 
High Plains) should be studied. 

A demonstration project in Africa somewhere in the Sahel should 
be undertaken as soon as possible by an appropriate funding agency 
and host country since the potential in that part of the world 
looks particularly intriguing. 
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Drought resistance of plants may .be considered the result of specific 
anatomical, morphological, and physiological qualities and of bio
chemical events. Such resistance is conveniently classified into 
drought avoidance and drought tolerance (Levitt, 1972). In higher 
plants, drought resistance is based mostly on drought avoidance. 
Drought tolerance as the major mechanism for drought resistance is 
found in many lower plants (Walter, 1955) . Most vegetative organs 
in higher plants, however, possess or can develop some degree of 
tolerance (Stadelmann, 1971; Hoefler, 1942). 

The fundamental role of the protoplasm in drought tolerance was 
recognized by Maximov (1926, 1929b: Iljin, 1935; Levitt, 1972) and 
drought tolerance was first reported by Sorauer (1873). It can be 
defined as the ability of the protoplasm to withstand the adverse 
conditions of an appreciable suboptimal water supply. 

Drought avoiders (e .g., many desert plants) can develop xeromorpho
logical and xerophysiological characteristics such as reduction of 
cuticular transpiration, faster stomatal closure, leaf modifications 
resulting in a smaller leaf surface, or sunken s tomata (Levitt, 1958 ; 
Kramer, 1969). These xeromorphic characteristics, however , are not 
exclusively developed under water shortage (Kramer , 1969). Very 
little is known about how morphological modi fications are related 
to protoplasmic drought tolerance in mesophytes or if such a 
relationship exists at all. 

Most work on drought resistance with mesophytes has been concerned 
only with unfavorable effects of water stress; e .g., decrease of 
plant productivity (Kramer, 1969; Slatyer, 1969). Drought effects 
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were generally studied in the field or with plants growing in an 
insufficiently controlled environment. The effect of water stress, 
however, can be reliably evaluated only in controlled environments 
and under conditions of reproducible water stress (Slatyer, 1969). 

A great diversity in the response of plants to water deficit has been 
found, even within a species, depending upon internal factors (e.g., 
plant age) and experimental conditions (Kramer, 1969; Gates, 1964). 
Favorable effects of mild stress on herbaceous plants (e.g., increase 
i n the number of flowers) have frequently been observed (Kramer, 1969; 
Slatyer, 1969; Repp-Nowosad, 1941). However, the physiological basis 
for these effects is not understood very well. Often it is difficult 
to compare stress effects because only qualitative terms such as 
"brief" or "mild" stress have been used to describe the type of water 
deficiency tested. 

A beneficial effect of drought at early stages of plant development 
which is often observed is drought hardening; it is also called 
drought adaptation (Maximov, 1929b; Levitt, 1972). The adaptation 
process which is frequently used in horticulture results in increased 
drought resistance (avoidance or drought tolerance). Induction of 
drought tolerance was investigated in detached leaves (Gaff and 
Churchill, 1976), but drought hardening in whole herbaceous plants 
has rarely been analyzed in detail. 

This paper is based on parts of an extensive study of the cellular 
effects of drought in Pisum sativum L. as the representative for a 
mesophytic higher plant and on additional data which was available 
(Lee, 1975). Experimental evidence about the development of drought 
tolerance, the relationship between plant and cell morphological 
changes, and protoplasmic factors is presented. The contribution of 
other factors such as sugars and plant hormones is discussed and the 
possible role of these factors in the development of drought 
tolerance in Pisum sativum L. is hypothesized. 

Materials and Methods 

Materials and Growth Conditions: 

Seeds from Pisum sativum (var. Alaska) were selected for uniform 
size and shape. The seeds were washed for 10-30 minutes in running 
tap water after they had been presoaked in distilled water for six 
hours. Seeds which exhibited the same degree of imbibition were 
germinated on wet filter paper in petri dishes for 24 hours in the 
dark at room temperature. Only uniformly germinated seeds with 
about 0.5 cm radicles were planted in plastic pots in "Terralite 
Vermiculite", grade 2, which had previously been saturated with 
tap water. Equal amounts (70 ml) of fertilizer solution (3.3% 
"Rapidgro 23-19-17") were applied to each pot once after planting. 
Plants were grown in growth chambers under a 15 hour photoperiod 
with light intensity of 21-26 kilolux (klx ; fluorescent light 
supplemented with six 15 watt incandescent light bulbs), at 18°c day/ 



503 

15°c night temperature. The humidity inside the chamber 
50-70%. Under these conditions, plants reached anthesis 
approximately four weeks. 

varied between 
in 

Water Stress Regime: 

Each pot was watered daily with 40 ml of tap water until six days 
after planting. From the seventh day on (when the seedlings were 
about five cm in height), the plants of the control group were watered 
daily with 40 ml/ pot for the next two weeks. The amount of water for 
the control plants was increased to 60 ml/ pot after the twenty-first 
day. 

For the stress group, unless otherwise specified, watering was with
held completely from the seventh day after planting. (Withholding 
of water after the eighth or ninth day produced the same stress effect.) 
This condition (early stress) yields a water stress which increases 
very gradually and, during the first two weeks of stress, r esults 
in a soil water potential which is still higher than the osmotic 
potential of the tissue investigated (subepidermal stem cells). 

Soil Water Content and Water Potential: 

The water content of the vermiculite was measured and e xpressed on an 
oven dry weight basis at one week intervals for five weeks (Fig.l). 
The water potential of vermiculite was measured by the conventional 
pressure plate method (Richards, 1965). The $Oil water content 
measurements were highly reproducible from experiment to e xperiment 
with only very small variations. 

Preparation of Tissue Strips: 

The subepidermal cells of the first above-ground internodes were 
selected as the experimental material for two reasons: 1) the cells 
were uniform and of ideal size and shape for the quantitative 
measurement o f protoplasmic f actors , and 2 ) the first stem cells 
were morphologically unaffecte d by the stress s ince the str ess 
r e gime was started after the se cells we r e ful l y de v e l oped and 
differentiated. This is of major import ance becau se cell size , a n 
important avoidance factor, was the same as in the control. 

Four tissue strips, each containing t hree layers of cells (epide rmal, 
subepidermal, and pare nchymal) were carefully separated from the 
tissue by f orceps without damaging the c e lls . The tissue strips 
we re then floated on spr ing water in petri dishes for one to three 
hours until used for testing (p retreatment period ). 

Tests for Protoplasmic Tolerance 

Desiccation: Tissue strips were p laced in small 
which had bee n built by gluing a glass cylinder, 
on a glass slid e (Iljin, 1932). The chambe r was 
end of the cylinder by a removable cover glass . 

humidity c hambe rs 
a bout 7 mm high , 
closed on t h e uppe r 
Three tissue strips 
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Figure 1. Water content of "Terralite Vermiculite" Grade 2 in 
the pots of well-watered and early stress plants. 
The minimum water content was reached at about 4 weeks. 
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were mounted parallel to each other on the lower side of the cover 
slip using minute amounts of petroleum jelly applied to the longitudinal 
ends, with the cuticle side towards the cover glass surface. The cover 
glass with the tissue strips was sealed with petroleum jelly on the 
upper edge of the glass cylinder. Prior to this, the humidity chamber 
had been filled about 5 mm high with a NaCl solution with a partial 
vapor pressure corresponding to the intended humidity (Walter,1931). 
A series of humidity chambers for 99.7, 98.4, 97.9, 96.8 and 93 % 
relative humidity were used. The humidity chambers were kept at room 
temperature. 

Viability: Cell survival was tested by plasmolysis, protoplasmic 
streaming, and/or visual appearance of chloroplasts and cytoplasm. 
Sometimes it was necessary to test with more than one method but 
generally, damaged cells or protoplasm were quite easily recognizable 
to the experienced eye by direct microscopic observation. Protoplasmic 
granulation and damage to chloroplasts (discoloration and/or bursting) 
were distinguished without difficulty. A frequency of at least 60% 
intact cells was taken as a criterion for viability. 

Osmotic Dehvdration: The tissues of nonstressed and stressed plants 
(rour weeks old) were transferred to gradually increasing osmotic 
concentrations of CaC12 (from 0 .1, 0. 2, and 0. 3 to 1. 2 M). At each 
hypertonic concentration where plasmolysis was observed (e.g., 0. 2N), 
the number of intact cells was estimated after about two hours when 
the protoplasts had rounded off. The concentration of Cacl2was 
increased until most of the protoplasts were damaged. 

Mechanical Stress: Alternation of plasmolysis and deplasmolysis by 
application of external solutions of appropriate osmotic strength 
(0.8-1.2 osmol for plasmolysis; 0.3-0.5 osmol for deplasmolysis) 
induced consecutive decreases and increases of the protoplastic 
volume. Each cycle required about 60 minutes. The percentage of 
intact cells was evaluated until the fifth plasmolysis cycle. Cells 
were counted as intact when they were able to undergo five subsequent 
plasmolysis cycles, had chloroplasts of normal appearance, and had 
a cytoplasm with little or no granulation. 

Damage by Hypertonic KCl Concentrations: 
significantly influenced KCl-caused cell 
experiments. Therefore, three different 
testing KCl resistance. 

External light condit ions 
damage in preliminary 
light regimes were used in 

1) Low intensity light regime: Tissue strips were removed 
from the stems of 25-28 day old plants. During the pretreatment 
period (three hours, room temperature) the tissue p i eces were f l oated 
on spring water for three hours unde r a cool white fluorescent 
laboratory ceiling light (750 lx). Next, they were placed in a . 
Perfusion chamber on the microscope stage and exposed for four-five 

2+ d' d hours to a hypertonic KC! solution (without Ca ) under standar ize 
intensity of a microscope light. The percentage of intact cells. 
was evaluated four-five hours after application of the KCl solution 
for their ability to plasmolyze and to recover in a hypotonic sugar 
solution. 
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2) Hi gh i ntensity light regime: The tissue pieces were exposed 
during t he p retreatment period to high light intensity (incandescent 
light , 5.38 klx) . The subsequent procedures were the same as described 
for t he l ow light intensity regime. 

3) Dark regime: Pretreatment was the same as under the low light 
int ensity regime . After mounting in the perfusion chamber, the tissue 
was kept i n the dark and all of the procedures and evaluation of intact 
cells wer e done i n the dark room with a green safelight filter for 
observation under the microscope. 

Damage by dist i l led water and diethyl ether. After pretreatment the 
tissue pieces were placed in dishes with either distilled water or 
ether solutions (2 or 3%) for about one hour and were microscopically 
eval uat ed on a slide in the respective medium. 

Measurement of Passive Permeability for KCl 

After pretreat ment the tissues were transferred to a hypertonic KCl 
solut ion as indicated above. When the plasmolyzed protoplasts were 
rounded, their lengths in the KCl solution were recorded at certain 
time intervals and the protoplast lenght vs. time diagram was plotted 
for each individual cell measured. The dilatation was recorded up 
to 10 hours depending uponthe material. The permeability constant 
for KCl was calculated from the dilatation during the first one to 
four hours (Stadelmann, 1966) . 

The procedures for measurement of KCl permeability in the dark and 
under high light intensity were modified with regard to the light 
conditi ons as described in the "Tests for Protoplasmic Tolerance" 
s ec t ion of this paper. 

Results 

Soil Water Potential and Drought Resistance of Whole Plants 

After the first week of water stress the water content of the 
vermiculite was considerably different in watered and nonwatered 
pots (Fig. 1). Three weeks later, the water content in the non
watered pots decreased to 40 % (dry weight basis, corresponding to 
a water potential of below -50 bars). Later on, only slightly 
lower values were obtained. The graph for the water release 
tension vs. vermiculite water content is shown in Fig. 2. 

Due to water loss from evaporation, the water content in control pots 
also decreased but only gradually. After about four to five weeks, 
when the plants were in the flowering or pod stage, the water content 
was 100% (dry weight basis), corresponding to a water potential of 
about -4 bars. Maximum saturation was reached at 400% (Fig. 1). 

All leaves of the stressed plants remained turgid up to four weeks 
of stress (Fig.3). Thereafter, all leaves wilted simultaneously. 
Under unfavorable drought conditions (e.g.,late stress, see "Plant 
Drought Adaptation" section of the discussion) wilting begins at 
the lowermost leaves and progresses gradually upwards. The control 
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Figure 2. Water Release curve of "Terralite Vermiculite" Grade 2. 

plants, of course, remained fully turgid but after two weeks the 
lowest leaves yellowed. This may be related to the mild stress 
developing around four to five weeks when the water potential has 
dropped to -4 bars. Yellowing of the lowermost leaves was also 
the first visible effect of the late stress regime (when watering 
of plants was stopped as late as three weeks or later after planting). 
Generally, in contrast to those experiencing drought during the 
earlier stages, more than half of the lower leaves of these plants 
became permanently injured when the soil water potential decreased to 
-15 bars (Lee-Stadelmann et al., 1979). Stressed plants which were 
cut at soil level and air-dried at room temperature remained turgid 
much longer than cut control plants. 
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Figure 3 . Effect of early stress on growth and morphology of 
Pisum sativum. C: Control (well-watered); S : stressed 
(no watering after 7th day after planting); (top left): 
14 days of stress; (top right): 21 days of stress; (bottom 
left): 28 days of stress; (bottom right): stress adapted 
(stress hardened) plant rewatered during reproductive stage. 
More vigorous vegetative and reproductive growth and no 
aging (yellowing) of lower leaves. Leaves of lower half 
of control plant were yellowed. 
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Plant and Cell Morphology 

Plant growth was noticeably reduced already after the first week of 
stress when the stress was still extremely mi ld. The stressed plants 
nearly stopped growth after two weeks of stress , about three weeks 
after planting. Control plants continued to grow up t o five weeks 
after planting (Fig. 3). Stressed plants deve l oped some xeromophic 
characters such as smaller and darker leaves as compar ed t o control 
plants. 

Although the total root mass of the stressed p l ants was sma ller than 
that of control plants, the root-to-shoot rat i o for stressed plants 
was greater . The roots were finer and more br anched than in control 
plants. Cell size and shape of the first i nternode subepidermis were 
little affected by water stress because the s t r ess began after the 
first internode fully developed and differentiated .. Nevertheless, 
the subepidermal ce l ls from stressed plants (stress ce lls ) wer e more 
uniform in shape with more parallel cell walls, and t he ti s sues were 
more compact with much smaller intercellular spaces than in the control 
plants. Furthermore, the anatomy of the leaves which were developed 
under water stress was significantly modified. 

The number of chloroplasts per cell was about the same in both control 
and stress cells although the stressed cells appeared deeper green 
in color. 

The most striking cellular morphological difference concerned the 
position of chloroplasts; the chloroplasts in stressed cells we re 
predominantly positioned in parastrophy (chloroplasts were located 
only at the transversal cell walls). In the control cells,antistrophy or 
diost roph'l prevai led (chloroplasts were located only at the outer 
cell wall parallel to the epidermis surface or also on the inner cell 
wall (Hoefler, 1963). Parastrophy was consistently assoc i ated with all r e sistance. 

On rewatering (not later than after four weeks of stress), the 
vegetative growth was accelerated and the plants reached the size of 
the control plants within a few weeks. The lowermost leaves remained 
persistently green as the rewatered stressed plants aged (Fig . 30) · 
Probably some of the hardening characteristics which were developed 
under the drought regime were retained in organs which were initiated 
under drought. 

The number of pods in the rewatered plants was not affected by the 
stress but the development of pods to the full size was slightly 
delayed. There is little doubt that the rewatered plants reproduce 
as well as, if not better than, the controls under appropriate 
growth conditions . 

Protoplasmic Tolerance 

Conventionally, desiccation of a tissue section or a whole org~n in 
a controlled humidity chamber has been used to test protoplasmic 
drought tolerance. In order to recognize other components of the 
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total protoplastmic tolerance, the resistance to other stresses such 
as osmotic dehydration by plasmolysis, mechanical stress by repeated 
plasmolysis and deplasmolysis cycles, and stress by damaging agents 
(ether and hypertonic KCl solutions) was assessed. Diethyl ether 
and alcohol are assumed to act directly on the living protoplasm because 
these substances are known to permeate through the cell membrane. 
The extent of the cell damage, therefore, should largely depend upon 
the resist.ance of the mesoplasm and the permeability of the cell 
membranes. The latter was measured for KCl to test for a possible 
correlation of the permeability with protoplasmic tolerance. 

Desiccation: Subepidermal stem cells of stressed plants (24-34 days 
old) generally survived better than cells of control plants at all 
applied relative humidities (Lee, 1975). Desiccation resistance 
slightly increased with plant age (i.e., with increased and longer 
duration of water stress). A typical example for a desiccation test 
with plants at the flowering stage is shown in Fig. 4. After 24 
hours of desiccation, cells of 27 day old control plants survived 
only at relative humidities above 98.4% (-20.9 bars), whereas cells 
from stressed plants survived 96.8% relative humidity (-43.2 bars). 
Although equilibration time was not directly determined for the small 
tissue strips used in the experiment, a 24 hour period seemed sufficient 
to reach equilibrium. For a whole leaf, equilibrium can be reached 
after 32 hours (Weatherly and Slatyer, 1957; Gaff and Churchill, 1976). 

The greatest difference in desiccation tolerance between stressed and 
control cells was found in three to four week old plants; during the 
first two weeks of stress the difference between control and stress 
cells was insignificant . This suggests that the tolerance increase 
from -20.9 to 43.2 bars is not based on morpholoqical factors but 
rather, is of protoplasmic origin. The protoplasm adapted to the 
stress during the increasing water deficit. 

It is noteworthy that stressed cells are not only more resistant to 
low humidities than control cells but also to high humidities. Stressed 
cells were completely intact at 100% relative humidity after 48 hours, 
whereas only 80% of the control cells survived. At 99% relative 
humidity, all stressed cells were intact after 36 hours while only 
90% of the control cells survived. In general, the control cells 
were healthier at 99% rather than 100% relative humidity for at 
least up to 36 hours. 

The maximum survival at 99% relative humidity (-12.4 bars) in control 
cells suggests that the metabolic aging of the cells, which is known 
to be enhanced in isolated tissue, is reduced to the humidity value 
closely corresponding to the osmotic potential of the original cell 
environment. 

These observations are consistent with the extended viability of 
cells from sections placed in isotonic solutions as compared to 
sections transferred into spring water. 
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When t he desiccation resistance test was performed in complete 
darkness , t he s t ressed cells lost some of their higher tolerance and 
s ur vived at near l y t he same humidity levels as did the control cells. 

Osmoti c Stress: Comparison of cell resistance to dehydration by 
p l asmolys i s and by desiccation is shown in Table 1. The equivalent 
rel ative humidi t y , where about 50% of the control cells were killed, 
was approxi mat e l y 95% (2.37 osmol= 0.8 M CaC12). A.11 stressed cells 
survived an equivalent relative humidity as low as 93% (4.01 osmol= 
l. 2M CaCl 2}. This is considerably lower than the relative humidity 
whi ch kills t he cells in the Iljin chamber (98.4% for control, 96.8% 
f or stress}. Therefore, dehydration damage by air humidity is much 
greater t han dehydration damage by plasmolysis. This reconfirms 
Iljin 's observation(l927) that plasmolysis causes much less strain to 
t he p rotoplasm than does desiccation stress where the protoplast does 
not separate f r om the cell wall. The strength of the wall attachment 
of the protop lasm (Le., the intimacy of the contact between protoplasm 
and cel l wal l ) and the rigidity of the cell wall may be the cause for 
thi s difference in protoplasmic resistance when desiccation stress 
and osmotic dehydration stress were of the same strength. 

Mechani cal Stress: The ability of the protoplasm to withstand the 
mechanical stress induced by repeated plasmolysis and deplasmolysis 
cycles is used here as an indicator for protoplasmic resistance to 
mechanical s t ress. In these experiments the effect of osmotic 
dehydration op protoplasmic resistance was negligible; at the 
concentrations applied (between 0.8 and 1.2 osmol), the plasmolyzed 
cel l s can survive for several days without any injury when cells are 
pl asmolyzed only once without subsequent repeated plasmolysis cycles. 
Furthermore, any residual effect would have been the same in control 
and stress cells because the osmotic concentrations were adjusted so 
that the driving force for both cells .was similar and an equal degree 
uf plasmolysis was obtained. 

Injury of the protoplasm was determined after the fifth plasmolysis
deplasmolysis cycle. Samples were taken for the entire growth period 
(Fig. 5). The resistance of control cells decreased with plant age, 
and reached the minimum value of 50% when plants were fully mature 
(flowering stage). Stressed cells, however, remained fully intact 
until maturity (about three weeks of stress}. Only after four weeks 
of stress did the resistance decrease considerably. The slight 
increase of cell resistance for control cells of about five week old 
plants may be due to the sugar increase in the cell under some internal 
water deficit caused by the physiological activity during the pod 
setting stage. 

The impact of repeated plasmolysis on cytomorphology was drastically 
different i n control and stress cells. More than three cycles 
frequently caused aggregation of chloroplasts around the nucleus 
in mature control cells; systrophy or more specifically, caryostrophy; 
(Stade l mann, 1966). Stressed cells, however, almost never underwent 
systrophy. The chloroplasts remained in parastrophic position even 
after t he fifth cycle. 
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Table 1 . Cell resistance to water stress by desiccation and by 
plasmolysis (osmotic dehydration). Water stress was 
required for 50 % cell survival after 24-30 hours. 

Stress Control 

concentration concentration 

mol osmol p r.h. mol osmol p 

Desiccation over 

r.h. 

NaCl solution 1.0 1.9 43.0 96.8 0.5 0.92 20.9 98.4 

Plasmolysis in 

Cac12 solution 1.2 4.1 91 . 5 93.0 0.8 2.37 53.0 96.0 

P (equivalent) osmotic pressure in atm. 
r.h. (equivalent) relative humidity in percent. 

In general, parastrophied cells and difficulty in developing of systrophy 
were good indicators for high protoplasmic resistance. Only antistrophied 
or diastrophied cells were able to develop systrophy when stimulated by 
repeated plasmolysis . Systrophy, however, does not indicate cell damage 
(Germ, 1933; Url, 1960). The higher protoplasmic resistance of stress 
cells disappeared when the plasmolysis resistance tests (which usually 
required six to eight hours) were made in complete darkness with green 
safelight filters used for microscopic observation. 

Cell Resistance in Hypertonic KCl Solutions: Considering the special 
functions of K+ in the plant cell and its peculiar damaging effect, it 
seemed promising to compare the reaction of the living protoplasm of 
stress and control cells to an external hypertonic KCl solution in the 
hopes of obtaining some additional information about the basis for 
protoplasmic resistance to stress . 

Cellular injury by KCl can be easily recognized by swelling of the 
hyaloplasm, the chloroplasts, and other organelles. When the cell 
damage was severe, chloroplasts were damaged and/or small fractional 
protoplasts or protoplasm droplets appeared instead of caps of swollen 
plasma as described by Houska (1941) for Allium cepa. 

The damaging effect of the KCl solution was tested in three ways: 
1) tissues were directly exposed to KCl solutions only, 2) tissues 
were first preplasmolysed in a hypertonic glucose solution and then 
transferred to a nearly equiosmolar KCl solution, or 3) tissues were 
transferred to a hypertonic mixture of glucose and KCl solutions . In 
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all treatments the cell injury was estimated after four to five hour 
exposure to these solutions. In general, only control cells were 
heavily damaged by KCl (Table 2) . 

Table 2. Cell resistance to hypertonic KCl solution. Intact cells 
in percent of total cells (after 4-5 hours in KCl) . 

Low light intensity High light intensity 
(750 lx.) (5.4 klx.) Complete darkness 

Treatment Control Stress Control Stress Control Stress 

KC::l alone a 
. d 
60-40% 100% 30-40% 100% 100% 40 % 

Glucose 

pretreatment 

+ KClb 100% 100% 50-60%e 100 % not tested not tested 

Glucose + 

KClc 100% 100% 90% 100% not tested not tested 

a 
Directly transferred to hypertonic KCl solution (0.6 to o. 7 MJ. 

b Preplasmolyzed for 60 min in glucose (l.0-1.2 M) and transferred 

to KCl solution (0.6-0.7M). 

c Directly transferred to a hypertonic mixture of glucose and KCl 
(partial concentrations, e.g., 0.3 M glucose plus 0.4 M KCl). 

d -5 
Permeability constant for KCl: 12.4 + 5.96 x 10 µ/sec (average 
of about 15 cells from 4 experiments)~ 

e -5 
Permeability constant for KCl: 17.8 + 10.0 x 10 µ/sec (average 

of about 15 cells from 4 experiments). 

Stressed cells survived the same treatments and remained completely 
intact even after an extended stay of up to 10 hours or longer in 

the KCl solutions. 

Two findings are of special interest with regard to cell damage by 
KCl: 1) Light enhanced the cell damage by KCl on control cells. Under 
low light intensity, 60-70% of the cells remained intact, while under 
high light intensity only 30-40% of the cells were undamaged. The 
protoplasts from tissues pre-illuminated with high light intensity 



516 

often became so fluid that protoplasm droplets or small partial 
protoplasts were formed. 2) Glucose as a preplasmolyticum or as a 
component of the plasmolyzing solution had a preventative and reparative 
effect (Kaho, 1956a) when the injury was mild (60-70% intact cells); 
heavy injury was not reversible by subsequent transfer of the tissue 
into glucose solutions. 

Resistance to Damage by Distilled Water and Diethyl Ether: The 
damaging ·effect of distilled water (De Haan, 1933; Kaczmarek, 1929) 
was significantly greater in cells from control plants than in those 
from stressed plants. Ether, dissolved in distilled water at a 
concentration of two % or lower damaged control cells but to a lesser 
degree than distilled water. Stressed cells were damaged only in 
concentrations at three % or greater (Table 3). Ether treatment 
seemed to prevent leakage caused by prolonged contact of the tissue 
with distilled water. The ether molecules probably entered into the 
phospholipid bilayer and prevented exosmosis. 

Table 3. Damaging effects of distilled water and ether for control 
and stressed cells (3-5 experiments). Material: subepidermal 
stem cells. Plant age: 25-27 days after planting (stressed 
for 18-20 days). Tested under low light intensity (750 lx) 
at room temperature . 

Percent cell survival 

Exposure 

time Control Stress 

Distilled water 60 min 50% 80% 

Ether (2%) 60 min 80% 100% 

Ether (3%) 15 min 80% 100% 

40 min 0% 50% 

Relation of Protoplasmic Tolerance to KCl Permeability: The 
sensitivity of the cells to damage by hypertonic KCl solutions was 
related to their passive KCl permeability. The permeability 
constants for KCl derived from still intact control cells which 
showed damage after an extended period in KCl solution were 12.4 + 
5.96 x 10- 5 ~m/sec and 17.8 + 10 x lO~~m/sec, respective ly (Table-2). 
Control cells preplasmolyzed- with glucose and transferred into the 
glucose-KC! mixture were completely impermeable to KCl after exposure 
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to low light intensity or nearly impermeable when measured after 
high light intensity treatment. 

Stressed cells were completely impermeable to KCl when the plants 
were exposed to not more than about four weeks of stress. Although 
the resistance of stressed cells to KCl during the first two weeks 
of stress was also high, the greatest resistance was observed in 
stressed cells from plants which had received two to three weeks 
of stress. Stressed cells were damaged by high KCl solutions only 
after severe stress (after four weeks} and these cells consequentl y 
were permeable to KCl. This pattern of KCl resistance is strikingly 
similar to the one found for plasmolysis resistance (Fig. 5). 

Discussion 

Plant Drought Adaptation 

Two factors of a specific water stress regime provided Pisurn sativum 
with the capacity to withstand severe drought: 1) stoppage of watering 
from the seedling stage and 2) a very gradual decrease of the soil 
water potential (early stress). Under this stress regime the plants 
were able to develop some xeromorphic characters and withstand soil 
water potentials far below -50 bars (almost no s oil moisture available) 
without visible wilting or drought injury. Vermiculite was an 
excellent medium for slow decrease of water potential. Jones and 
Turner (1978) also obtained an adaptation of sorghum leaves by a 
similar method of slow drying of the soil. 

Other timing of the stress regime did not induce drought adaptation. 
Fully developed plants s ubjected to water stress by stoppage of 
watering after plant maturation (21 days of growth or older, late 
stress) responded to a water deficit by the usual drought effect 
symptoms such as premature senescing of the lower l eaves and wilting 
and drying of the upper leaves . The plants wilted and perished under 
this stress regime alr eady at -15 bars while soi l moisture was still 
available. Furthermore, water stress beginning immediately after 
germination resulted in poorl y developed plants whic h soon started 
to loose leaves (Repp-Nowosad, 1 941}. 

Also, the rate of the water potential decrease seems to be critical; 
reduced , but continued, watering from the seedling stage onward 
resulted only in smaller plants and premature senescing of the 
lowe r leaves . Culture in standard soil (without watering} as well 
as hydroponic culture of sev e n day old s eedlings unde r mild water 
stress (nutrient solution with 0.2 M mannitol, equivalent to -5 
bars) resulted in poor growth. The plants failed to develop 
xeromorphic characters and the leaves wilted and yellowed in less 

than seven days. 
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Cell Drought Tolerance and Other Protoplasmic Qualities 

The subepidermal cells of the first internode were found to be an 
ideal material for the investigation of cell drought resistance 
because structural or anatomical factors (such as cell wall thickness 
and cell size) do not interfere. To induce protoplasmic tolerance, 
a sufficient water deficit with a gradual increase in water stress 
is required. Nevertheless, the increased protoplasmic resistance 
of these cells was most prominent at the time when the xeromorphic 
characteristics in the younger parts of the stressed plants were 
developed. 

Cells of drought adapted plants were more tolerant than control cells 
not only to dessication but also to a mechanical stress (protoplast 
contraction by plasmolysis), chemical stresses (e.g., KCl, distilled 
water, diethyl ether), and the damaging effects of light. 

Other protoplasmic qualities were also found to be considerably 
different from the ones of control cells, such as permeability for 
KCl, non-electrolytes, and water (Lee-Stadelmann and Stadelmann, 1976), 
osmotic values (Lee-Stadelmann, 1979a), and protoplasmic viscosity 
(Lee-Stadelmann, 1979b). A parallelism in the increase of resistance 
of leaf parenchyma c ell s of Brassica sp. was observed between drought 
and freezing stress (Samygin and Matveeva, 1961/1962) and b e tween 
the latter and stress by hypertonic NaCl solutions (Samygin and 
Matveeva, 1968; Levitt, 1972). This relationship was also confirmed 
in preliminary studies where Pisum leaves of drought hardened plants 
and the p lants themselves showed much greater freezing resistance 
than the l eaves or plants of the contr ol. 

The simultaneous changes in permeability with the development of 
cell tolerance to drought and other stresses strongly suggest 
participation of cell membranes in the hardening process (Lee 
Stadelmann and Stadelmann, 1 976). Changes in themembrane composition 
are often considered to be involved in the process of stress adaptation. 

Effects o f External KCl and Sugar 

Although the potassium ion is the most abundant free cation in many 
plant cells and plays an important role in cell functions, K+ is 
known to have damaging effects on cells above certain concentration 
1 . . . f . . d b 2+ imits i it is not counteracte y Ca or other bivalent ions 
(De Hann, 1933 ; Hoe fler, 1 9 39; Stadelmann, 1956; Wa l ter and Stade lmann, 
1974). The de gree of c e ll dama ge , howe v er , was not proportional 
to the K+ concentration; hypertonic concentrations of K+ are less 
harmful than lower, hypotonic concentrations. Cells t ransferred under 
a low light intensity regime into 40 M~ KCl were injured within 6 0 
minutes, whereas the hypertonic KCl solutions did not cause d a mage 
e v e n a fter several hours (Url , 1955). 
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The cause for the damaging action of KCl is not clearly understood. 
It is unlikely that KCl at this concentration had a direct effect 
on the phospholipid molecules of the cell membranes. The damage by 
KCl may be brought about by replacing ca2+ by K+ in the membranes 
(Palta et al., 1977) resulting in some loosening of the membrane 
struct~re and therefore increasing passive permeability by opening 
the Ca + bridges between membrane phospholipid molecules (Stadelmann 
and Lee, 1974). To some extent, the intrinsic membrane proteins 
may also be damaged by KCl. 

Sugars are gen~rally known to shield plant cells against a variety 
of stress damages when applied as external milieu; e . g. , by water 
deficit and freezing, by heavy metals, (Url, 1957) and by KCl, (Kaho, 
1956a) . . For a review see Maximov (1929a) and Parker (1972) . High 
concentrations (0.6M or higher) are found to be the most effective 
in protecting cells (Iljin, 1927; Levitt, 1972) . Part of this 
protective effect may be derived from the osmotic dehydration by 
such external solutions but association of the sugar molecules with 
the membrane structures may also be involved. It is also possible 
that sugars may be taken up slowly into the cytoplasm, and may serve 
as an energy source in extending cell viability or may protect the 
proteins in the protoplasm. Sugars, however, permeate passively at 
a very slow rate through the tonop last into the vacuole. The virtual 
impermeability of at least the tonoplast for externally applied 
sugars is well established from plasmolytic experiments; the maximum 
degree of protoplast contraction reached after equilibrium in a sugar 
solution as plasmolyticum does not change at all or only after 
considerable time (Hoefler, 1926) . A protective action of the sugars 
present in the cytoplasm (see section on sugars) applied externally 
could well explain why the membranes and the protoplast in stress 
hardy cells were resistant to the externally applied damaging agents 
and water stress. 

Effects of Light and Dark 

When stress adapted cells were exposed to darkness, protoplasmic 
resistance to damaging agents (e.g., high concentration of KCl) 
decreased. These cells survived longer when the tissue section was 
kept in light as compared to dark. The opposite was true of control 
cells which survived better under dark conditions. The osmotic 
value of these cells also decreased in the dark (Lee-Stadelmann, 
1979a) . The requirement .of light for maintaining prot oplasmic 
resistance of the stress adapted subepidermal stem cells may indicate 
involvement of phytochrome or metabo lic changes. Adaptation such as 
CAM or c -like pathways for carbohydrate synthesis could be involved 
(Huber a~d Sankhla, 1976). The parastrophy of the chloroplasts in 
stress cells may indicate a higher light capturing efficiency than 
in control cells. The relatively rapid loss of.protoplasmic 
resistance in stressed cells after exposure to darkness is further 
evidence that the resistance is based on protoplasmic rather than 
structural factors, since changes in the cell structure do not take 
place in such a short time. 
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Osmotic vs Desiccation Stress 

The better cell survival under dehydration by plasmolysis, as 
opposed to dehydration by desiccation (Iljin, 1927), more than likely 
indicates that drought injury is not merely dehydration injury. 

Under mild to moderate drought conditions the protoplast does not 
separate from the cell wall. The whole cell shrinks or collapses. 
Extreme desiccation may result in partial separation of the protoplasm 
from the cell wall. In this case the space between the cell wall and 
protoplasm is filled with air (Iljin, 1927); plasmolysis never occurs 
(Maximov, 1929b). The degree of damage depends not only on the 
internal protoplasmic qualities but to some extent also on wall 
attachment. Osmotic dehydration, therefore, does not completely 
s i mulate drought although such simulation is attempted frequently 
under laboratory conditions (Greenway, 1970; Williams and Williams, 
1976). Unless the cell wall is impermeable to the osmoticum applied, 
the osmotic dehydration is insufficient to fully study drought effects. 

For this reason, effects of osmotic stress applied to a whole plant 
in hydroponic culture also need cautious interpretation because the 
most frequently used osmotica (e.g., mannitol) are taken up by the 
root and enter the transpiration stream. The osmotic agents will 
be accumulated in the apoplast causing severe local tissue 
dehydration in places of high transpiration or near hydathodes 
(Strugger, 1939) to a much greater extent than expected from the 
osmotic strength applied in the medium. Rather drastic effects from 
a small osmotic concentration in hydroponic culture have been reported 
{Kozina and Klenovska, 1965) . So far, no ideal osmoticum is known 
to produce sufficient osmotic action and does not permeate through 
the cell walls and the root system. 

Primary Factors for Drought Tolerance 

A multitude of f actors and reactions is thought to be involved in 
the development of drought resistance in a higher plant (Hsiao and 
Acevedo, 1974). Two factors, sugars and probably cytokinins, seem 
to play a speci~l role in the drought tolerance of Pisum sativum. 

Sugars: The mode of action of sugar in stress resistance of the cell 
is still controversial (Levitt, 1972). There is a high correlation 
between the increase in osmotic value of the cell sap and increase 
in drought tolerance (Levitt , 1972). The osmotic effect of a high 
sugar content alone, however, does not seem to be sufficient to 
explain the increase in cell drought resistance; cells from plants 
submitted to "late stress" also increased their cell sap concentration, 
probably by sugars, although the cells became drought damaged (Lee
Stadelmann, 1979a). Furthermore, the osmotic ground values of drought 
t olerant cells were only a few bars above the values o f control 
cells {Lee , 1975); therefore, the vacuole could have taken up only 
small amounts of sugars. 
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Sugars may be directly involved in the development of drought 
resistance by their association with the membranes or by their 
incorporation into the groundplasm rather than merely through 
increase of the osmotic activity of the cell sap. The sugar molecules 
associated with the membrane phospholipids and prote ins may r e place 
water removed by dehydration. In this way d e leterious changes in the 
membrane and in the cytoplasmic proteins could be p revented when cells 
are under drought stress (Parker, 1972; Webb, 196 5 ; Sugiyama and 
Simura, 1967). Sugars are known to protect s ome proteins against 
denaturation (Klotz, 1958). The protective act ion o n membranes may 
concern intrinsic proteins involved in a c t ive transp ort . These 
proteins probably are also the pathway f or l eakage (e. g . ,K+ ) whe n 

they are altered by damaging agents (Deuticke, 1 97 7) . s ugars may 
also interact with membrane phosphol i p ids as i ndica ted by thei r 
effects on passive permeability (Kaho, 1956b;: Cass and Finkels t e i n, 
1967). 

As long as the membrane structure remain s u na ltered (e.g . , in young 
control plants) sugars produced from pho t osynthes is or from starch 
hydrolysis can be transported actively from the cytoplas m into the 
phloem. When plant growth is reduced under wa ter s tress ,. s ugars 
may accumulate in the cytoplasm (Levitt, 1972 ) a nd exer t t heir 
beneficial effects for membranes and cytoplasmic p ro t e ins . 

Hormones: Livne and Vaadia (1972) and Vaadia (1976) reviewed the 
relationship of plant hormones to water deficit and drought; however, 
very little is known about involvement of plant hormones in drought 
tolerance. Cytokinins are known to r etard senescence by arres ting 
degradation of proteins and chlorophylls (Sacher, 1973) Absence of 
yellowing of the lowermost leaves and a longer life span of the 
tissue strips from stress adapted plants than from control p lants 
suggest that cytokinins may be involved in the development of drought 
tolerance. The considerable changes in membrane permeability in 
drought tolerant cells (Lee-Stadelmann and Stadelmann, 1976) favor 
the concept that hormonal regulation i s involved in membrane 
permeability and cell water potential (Livne and Vaadia, 197 2; Itai 
and Bienzioni, 1976). 

Because abscisic acid is known to increase drastically with water 
stress and aging (Borohov et al., 1976) and because it was shown 
above that aging leaves failed to drought harden, ABA may be of 
little significance in drought tolerant plants. Interactions of 
other plant hormones, of course, should also be considered. 

An increased cytokinin level in the stress adapted cells may result 
from an enhanced metabolic activity at the beginning of the stress . 
regime. Later, lower transport rates and a generally lower rnet~bolic 
activity may lead to a high cytokinin content in the lower.portion 
of the plant (i.e., the subepidermal cells of the stern basi~) · In 
contrast, control plants may have a low cytokinin level; ~ging 
processes take place in the subepidermal cells resulting in membrane 
and protein alterations. When such fully grown control plants are 
later exposed to water stress (late stress), the higher sugar level 
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in the cytoplasm will result in higher cell sap concentration; 
membranes and proteins, however, may not be able to associate 
further with sugars because of their alteration by aging. Thus, the 
ce l ls will suf.fer from drought damages. These concepts about the 
involvement of hormones in stress adaptation are, of course, 
incomplete; the total hormonal balance must be considered and more 
attention has to be given to the ratio between abscisic acid and 
cytokinins and i t s relation to the root/shoot ratio. The principal 
lines of thought are in agreement with the findings of Itai and 
Vaadia (1965, 1971) in that the cytokinin activity decreased both 
in stressed plants and in the wilting detached leaves. Furthermore, 
morphological and physiological similarities between plant aging and 
unfavorable drought effects are well known. 

Summary and Conclusions 

A Proposed Mechanism for the Induction of Drought Tolerance 

Because the first alterations caused by drought conditions still are 
not well understood, any proposal of a mechanism must be based on 
several assumptions. The factors which may be involved in the 
development of drought tolerance in Pisum sativum and their time 
sequence are summarized in Fig. 6. 

The step essential to inducing drought tolerance seems to be mild 
stress at the beginning of the stress regime (approximately two 
weeks of stress). Under mild stress, soil aeration is improved and 
therefore root growth is enhanced. Metabolic activity (e.g., synthesis 
of cytokinins) and nutrient uptake are therefore increased. Under 
moderate stress (two to three weeks of stress), xeromorphisms (e.g., 
in the leaf structure) develop. During this stage of stress, plant 
growth is reduced and sugar levels in the cytoplasm may increase; 
cytokinins are assumed to play an important role in the development 
of the protective action of sugars against drought damage of 
membranes and proteins. 

Cell drought tolerance reaches its maximum at three to four weeks 
of (severe) stress. Plant growth stops at this stage. 

The maximum drought tolerance is assumed to be obtained by retaining 
the intact membrane and cytoplasmic structures by cooperation of 
cytokinins qnd sugars. The time sequence of the action of cytokinins 
and sugars seems to be important for inducing drought tolerance. 
Only when water stress began at the seedling stage and was allowed 
to progress slowly and gradually, was the induction of drought 
tolerance possible. 

Obviously, this hypothetical model for the development of drought 
tolerance and drought damage needs further elaboration and investi
gation. It was developed as a tool to integrate the findings of this 
work and the results of earlier work and hopefully will also serve 
as a means to stimulate renewed interest in the cellular basis of 
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SUGGESTED CELLULAR MECHANISM FOR INDUCING DROUGHT TOLERANCE 

OBSERVED 
PROPOSED FACTORS INVOLVED 

In the DEVELOPMENT DI OBSERVED 

PLANT RESPONSE PROTOPLASMIC TOLERANCE PROTOPLASMIC RESPONSE 

Active root Increased soil aeration 
growth 

Increased synthetic activity 

Reduced growth High CYTOKININ level 

increased other 
synthetic activity Light requirement of 

Xeromorphism or retard aging protoplasmic tolerance 
and or other 

metabolic alterations 
Cl) I) iii 
(.) SUGAR formation and High osmotic values Ill 

l 
Cl) accumulation 2) E ... protect membrane High viscosity 

structure from 
en Cessation of growth drought injury en 
LU 
et: 
I-en MEMBRANE alterations Low water permeability 
et: 

High permeability for LU 3) I-cc lipophilic nonelectrolytes 
3:: 
(.!' Low passive K permeability z 

uptake 1) fii High active K cc [apparent) LU 
et: 
(.) 

MEMBRANE RESISTANCE Resistance to damaging ~ 

! agents { KCI, ether, and 
light) 

PROTOPLASMIC TOLERANCE Resistance to desiccation 
stress, osmotic stress, 

No aging of lower mechanical stress 
leaves 

Fully turgid 

I) Lee·Stadelmann, O. Y. 1979a. Osmotic characteristics of drought adapted cells in Pisum sativum. !In preparation I 

2) Lee·Stadelmann, o. Y. 1979b. Protoplasmic viscosity in drought adaptation in Pisum sativum. !In preparation! 

3) Lee·Stadelmann, O.Y., and Stadelmann, E.J. l1976J. Cell permeability and water stress. In: Water and Plant Life: 

Problems and Modern Approaches [Ed. O.L. Lange, L. Kappen and E.D. SchulzeJ. Berlin and Heidelberg: Springer. 

Figure 6. 
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drought tolerance and drought damage in the membrane changes 
i nvolve d and in the hormonal control factors for plant water 
relations and for stress tolerance. 

Acknowledgments 

This work was supported by the Agricultural Experiment Station 
University of Minnesota; Scientific Journal Series Paper No. 10,026. 
The authors thank Ors. J.Levitt and C. Itai for reviewing this paper. 
Paul Chen is acknowledged for photographs A-C in Figure 3. 

Literature Cited 

Borohov, A., T . Tirosh, and A.H. Halevy. 1976. Abscisic acid 
content of senescing petals on cut rose flowers as affected by 
sucrose and water stress. Plant Physiol. 58: 175-178. 

Cass, A., and A. F i nkelstein. 1967. Water permeability of thin 
lipid membranes. J. Gen. Physiol. 50: 1765-1784. 

De Haan, I. 1933. Protoplasmaquellung und Wasserpermeabilitaet. 
Rec. Trav. Bot. Neerl. 30: 234-235. 

Deuticke, B. 1.977. Structural basis of simple diffusion pathways 
in the erythrocyte membrane. Rev. Physiol. Biochem. and Pharmacol. 
78: 1-97. 

Gaff, D.F., and D_M. Churchill. 1976. Borya nitida Labill.--an 
Australian species in the Liliaceae with desiccation-tolerant 
leaves. Austral. J. Bot. 24: 209-224. 

Gates, C.T. 1964. The effect of water stress on plant growth. 
J. Austral. Inst. Agric. Sci. 30: 3-22. 

Germ, H. 1933. Untersuchungen ueber die systrophische Inhaltsver
lagerung in Pflanzenzellen nach Plasmolyse. III. Protoplasma 
18: 260-280. 

Greenway, H. 1970. Effects of slowly permeating osmotica on 
metabolism of vacuolated and nonvacuolated tissues. Plant 
Physiol. 46: 254-258. 

Hoefler, K. 1926. Ueber die Zuckerpermeabilitaet plasmolysierter 
Protoplaste. Planta 2: 454-475. 

Hoefler, K. 1939. 
Protoplasma 33: 

Hoefler, K. 1942. 
Protoplasmas. 

Kappenplasmolyse und Ionenantagonismus. 
545-578. 

Ueber die Austrockungsfaehigkeit des 
Ber. Deutsch. Botan. Ges. 60: 94-107. 



Hoefler, K. 1963. 
Protoplasma 56: 

525 

Zellstudien an ~iddulphia titiana Grunow. 
1-53. 

Houska, H. 1941. Beitraege zur Kenntnis der Kappenplasmolyse . 
Zur Aetiologia und protoplasmatischen Anatomie der Kappenplasmolyse 
bei Allium cepa. Protoplasma 36: 11-51. 

Hsiao, T.C., and E. Acevedo. 1974. Plant responses to water deficits, 
water use efficiency, and drought resistance. Agr. Meteorol. 
14: 59-84. 

Huber, W., and N. Sankhla. 1976. c4 pathway and regulation of the 
balance between c4 and c3 metabolism. Ecol. Studies 19: 335-363. 

Iljin, W.S. 1927. Ueber die Austrocknungsfaehigkeit des lebenden 
Protoplasmas der vegetativen Pflanzenzellen. Jahrb. Wiss. Bot. 
66: 947-964. 

Iljin, W.S. 1932. 
der Pflanzen. 

Ueber Oeffnen der stomata bei starkem Welken 
Jahrb. Wiss. Bot. 77: 230-251. 

Iljin, W.S. 
Zustand. 

1935. Lebensfaehigkeit der Pflanzenzellen in trockenem 
Planta 24: 742-754. 

Itai, C. and A. Benzioni. 1976. Water stress and hormonal response. 
Ecol. Studies 19: 225-242. 

Itai, C. and Y. Vaadia. 1965. Kinetin-like activity in root exudate 
of water stressed sunflower plants. Physiol. Plant. 18: 941-944. 

Itai, C. and Y. Vaadia. 1971. 
shoots. Plant Physiol. 47: 

Cytokinin activity in water-stressed 
87-90. 

Jones, M.M. and N.L. Turner. 1978. Osmotic adjustment in leaves 
of Sorghum in response to water deficits. Plant Physiol. 61: 
122-126. 

Kaczmarek, A. 1929. Untersuchungen ueber Plasmolyse und 
Deplasmolyse in Abhaengigkeit van der Wasserstoffionenkonzentration. 
Protoplasma 6: 209-301. 

Kaho, H. 1956a. Untersuchungen ueber die antagonistische Wirkung 
van Mono- und Disacchariden und chemisch nahestehenden Staffen 
bei der Wirkung eininger Elektrolyte auf das Pflanzenplasma. 
I. Mitteilung. Protoplasma 45: 560-592. 

Kaho, H. 1956b. Untersuchungen ueber die Wirkung van Alkalien 
auf das Pflanzenplasma. III. Mitteilung. Protoplasma 47: 242-258. 

Klotz, I.M. 1958. Protein hydration and behavior. Science 128: 

815-822. 



526 

Kozinka, v. and s. Klenovska. 1965. The uptake of mannitol by 
higher plants. Biologia Plant. (Praha) 7: 285-292. 

Kramer, P.J. 
synthesis. 

1969. Plant and soil water relationship: a modern 
McGraw-Hill Book Co., New York. p 361. 

Lee, O.Y. 1975. 
protoplasm of 
University of 

Studies on the effects of water stress on the 
Pisum sativum subepidermal stem cells. Ph.D. Thesis. 
Minnesota, Saint Paul. 

Lee-Stadelmann, O.Y. 1979a. Osmotic characteristics of drought 
adapted cells in Pisum sativum. (In preparation). 

Lee-Stadelmann, O.Y. 1979b. Protoplasmic viscosity in drought 
adaptation in Pisum sativum. (In preparation). 

Lee-Stadelmann, O.Y. and E.J. Stadelmann. 1976. 
and water stress. I n: Water and plant life. 
approaches, Lange, Kappen and Schultze (eds.) 
268-280. 

Cell permeability 
Problems and modern 
Ecol. Studies 19: 

Lee-Stadelmann, O.Y., I-S. Wang, and E.J. Stadelmann. 1979. 
water potential in drought stressed Pisum sativum plants. 
preparation). 

Levitt, J. 1958. Frost, drought, and heat resistance. 
Protoplasmatologia, vol. VIII/6, Heilbrunn and Weber 
Springer, Wien . 

In: 
(eds.) 

Leaf 
(In 

Levitt, J. 1972. Responses of plants to environmental stresses. 
Academic Press, New York. 

Livne, A. and Y. Vaadia. 1972. Water deficits and hormone relation. 
In: Water deficits and plant growth, vol. 3, Kozlowski (ed.) 
Academic Press, New York: 255-275 . 

Maximov, N.A. 1926. Fiziologicheskie osnov'i zasuhoustojunvosti 
rastenij. The p hysiological basis of drought resistance. Trudy 
po prikladnoi botanike, genetike i seleksii. Prilozhenie 26. 

Maximov, N.A. 1929a. Internal factors of frost and drought 
resistance in plants. Protoplasma 7: 259-291. 

Maximov, N.A. 1929b. The plant i n rela tion to water . A study of 
the physiological basis of drought r e sistance. Alle n and Unwin, 
London. 

Palta, J.P., J. Levitt, and E.J. Stadelmann. 1977. Freezing injury 
in onion bulb cells. II . Post thawing injury or recovery. Plant 
Physiol. 60: 398-401. 

Parker , J . 1972. Protoplasmic resistance to water deficits. In : 
Water deficits and plant growth, vol. 3, Kozlowski (ed.) Academic 
Press, New York: 125-176. 



527 

Repp-Nowosad, G. 1941. Ein Kulturversuch mit Erbsen bei 
abgestuftem Bodenwassergehalt. Forschungsdienst 12: 154-159. 

Richards, L.A. 1965. Physical condition of water in soil. In: 
Methods of soil analysis, Black, Evans, White, Ensminger and 
Clark (eds.) No. 9 in the series Agronomy, part I. Amer. soc. 
Agron. Inc., Madison: 128-152. 

Sacher, J.A. 1973. 
Plant Physiol. 

Senescence and postharvest physiology. 
24: 197-224. 

Ann. Rev. 

Samygin, G.A. and N.M. Matveeva. 1961/ 1962. Sravni tel'na j a 
ustojcivost' kletok k zamorazivaniju vysusivaniju, plazmolizu i 
izmenenie ee pri zakalivanii. Fiziol. Rast. 8: 482-489. 
(Comparative resistance of cells to freezing, desiccation and 
plasmolysis, and its variation during hardening. Sov. Plant 
Physiol. 8: 381-386.) 

Samygin, G.A. and N.M. Matveeva. 1968. O zastitom dejstvii 
rastvorov solej pri zamorazivanii rastitel'nyh kletok. Fiziol. 
rast. 15: 552-560. (Protective effect of salt solutions during 
freezing of plant cells. Sov. Plant Physiol. 15: 462-468.) 

Slatyer, R.O. 1969. Physiological significance of internal wate r 
relations to crop yield. In: Physiological aspects of crop 
yield, Easton, Haskins, Sullivan, and van Bavel (eds.) Amer. 
Soc . Agron. and Crop Sci. Soc. Amer., Madison: 53-88. 

Sorauer, H. 1873 . 
Gerstempflanze. 

Einf luss der Wasserzufuhr auf die Ausbildung der 
Botan. Ztg. 31: 145-149. 

Stadelmann, E.J. 1956. Plasmolyse und Deplasmolyse . In: 
Encyclopedia of plant physiology, vol. 2, Ruhland (ed.) Springer, 
Berlin: 71-115. 

Stadelmann, E.J. 1966 . Evaluation of turgidity , plasmolysis, and 
deplasmolysi s of plant cells. In: Methods in cell physiol ogy , 
vol. 2, Prescott (ed. ). Academic Pre ss, New York: 143-216. 

Stadelmann, E.J. 1971. The protoplasmic basis for drought
resistance. A quantitative approach for measuring protoplasmic 
properties. In: Food, fiber and the arid lands, McGinnies, 
Goldman and Paylore (eds .) University of Arizona Press , Tucson : 
337-352. 

Stad l E J d 0 Y Lee 1974 . Inverse c ha nges of wate r a nd e mann, . . an . . . 
non-electrolyte permeability. In: Comparative biochemistry and 
physiology of transport, Bolis, Block, Luria and Lynen (eds .) 
North-Holland Publ. Co., Amsterdam: 434-441. 

Strugger , s. 1939. Die lumineszenzmikroskopische Analyse des 
Transpirationsstromes in Pare nchyme n. 3. Unters uchunge n an 
Helexine soleirolii Req. Biol. Zbl. 59: 409-442 . 



528 

Sugiyama, N. and T. Simura. 1967. Studies on the varietal 
differentiation of frost resistance of the tea plant. IV. 
The effects of sugar level combined with protein in chloroplasts 
on the frost resistance. Japan. J. Breeding 17: 292-296. 

Url, w. 1955. Resistenz von Desmidiaceen gegen Schwermetallsalze. 
Sitzungsber. Oesterr. Akad. Wiss. Mathem.-naturwiss. Kl. Abt. 
I. 164: 207-230. 

Url, w. 1957. zur Kenntnis der Todeszonen im konzentrationsgestuften 
Resistenzversuch. Physiol. Plant. 10: 318-327. 

Url, w. 1960. Rosettensystrophe in Thioharnstoff-Zucker-Mischloe
sungen. Protoplasma 52: 260-273. 

Vaadia, Y. 1976. Plant hormones and water stress. Phil. Transact. 
Roy. Soc. London B 273: 513-522. 

Walter, H. 1931. Die Hydratur der Pflanze und ihre physiologisch
oeko-logische Bedeutung (Untersuchungen ueber den osmotischen 
Wert). G. Fischer, Jena. 

Walter, H. 1955. The water economy and the hydrature of plants. 
Ann. Rev. Plant Physiol. 6: 239-252. 

Walter, H. and E.J. Stadelmann. 1974. A new approach to the water 
relations of desert plants. In: Desert biology, vol. 2, 
Brown (ed.) Academic Press, New York: 213-310. 

Weatherly, P.E. and R.O. Slatyer. 1957. Relationship between 
relative turgidity and diffusion pressure deficit in leaves. 
Nature 179: 1085-1086. 

Webb, S.J. 1965. Bound water in biological integrity. Ch. Thomas, 
Springfield, Illinois. 

Williams, J.M. and R.J. Williams. 1976. Osmotic factors of 
dehardening in Cornus florida L. Plant Physiol. 58: 243-247. 



The Effects of Water Stress on Phenology and 
Carbohydrate Storage in the Shortgrass Prairie 

JERRY R. COX 
Arid Lands Ecosystem Improvement, USDA-SEA 

2000 E. Allen Road 
Tucson, Arizona 85719 

and 

H.G. FISSER 
Department of Plant Sciences 

University of Wyoming 
Laramie, Wyoming 82070 

Western wheatgrass (Agropyron smithii Rvdb . ) and blue grarna 
(Bouteloua gracilis (H.B.K.) Steud.) are important range forage 
species of the short-grass prairie region. Moisture is a crucial 
environmental factor on these semi-arid grasslands. An insight 
into soil moisture availability differences among soil textural 
groups and related effects on plant phenology and carbohydrate 
reserves may be useful for determination of plant survival limits 
on soils to be surface mined. 

Seasonal t r ends of carbohydrates and phenology (Runyon, 1943; 
Benedict and Brown, 1944; Donart, 1969; Trlica and Cook, 1971; 
Trlica and Cook, 1972; Fisser et al., 1976), water stress and 
carbohydrate reserves (Plaut and Reinhold, 1965; Sosebee and Wiebe, 
1971; Trlica and Singh, 1974) and water stress and phenology 
(Slatyer, 1957; Love and West, 1972; DePuit and Caldwell, 1973) 
have been studied but little attenti on has been collectively 
focused on wate r use as it influences the dynamics of plant growth 
and nutrient storage in relation to soil textural classificatiOn. 

Materials and Methods 

Nine study areas were located on an area to be s urface mined near 
Gillette , Wyoming. Three study areas were located on clayey soils, 
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three on sandy loam soils and three on fine textured loamy soils. 
Individual plants of western wheatgrass and blue grama were selected 
biweekley throughout the growing season based on four criteria: 
(1) all plants, of each species, were in the same phenological stage, 
(2) the basal diameter of all plants were similar, (3) the heights of 
all plants were approximately the same, and (4) the general ap
pearance of each plant was similar (fullness of leaves and numbers 
of seed stalks). 

Plants were marked with florescent flags 8-12 hours prior to data 
collection for leaf water potential, and the phenological stage re
corded. A numerical phenological scale was used to characterize 
plant growth at each collection period (Table 1). 

Table 1. Phenological growth stages and numeral score codes for 
grasses. 

1. Early vegetative growth -- initiation of new leaves 

2. 3rd leaf -- leaves elongating 

3. Full vegetative growth -- leaves are fully developed 

4. Floral bud stage -- first buds developing to initiation of bloom 

5. Early bloom -- includes the initiation of bloom to 10% blossom 

6. Mid-bloom -- includes 10% bloom to 75% bloom 

7. Full bloom 

8. Late bloom 
to form 

includes 75% bloom to 100% bloom 

the flowers are dying and seeds are beginning 

9. Milk state -- the seeds are soft and immature (not well formed) 

10. Dough stage -- seeds are well formed but soft 

11. Ripe seed seeds are mature and hard 

12. Past ripe seeds are ripe but not shattering and reproductive 
parts are mature, and beginning to weather 

13. Mature growth -- vegetative parts are browning and reproductive 
parts are curing (seed shattering) 

Leaf water potential (LWP) estimates were made with a hydraulic 
press, after midnight, to allow for the re-equilibration of soil 
moisture in the root zone after transpiration had ceased. 
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Three leaf samples from each plant were placed in the press in less 
than 40 seconds after excision from the plant. Pressure was applied 
at a rate of 5 to 6 pounds per square inch per second until water 
appeared at the cut edge of the leaf. Data were later converted to 
bars. 

The following morning, roots of each sampled plant were removed 
to a depth of 35 centimeters, washed and placed in dry ice to re
duce enzymatic activity. Samples were oven-dried at so0 c for 24 
hours, and ground in a Willy Mill to pass through a 40-mesh screen. 
Total nonstructural carbohydrates (TNC) were obtained by combining 
the enzyme extraction (Weinman, 1947) and the anthrone assay method 
(Yemm and Wills, 1954). Data were expressed in milligrams (TNC) 
per gram of dry root material weight. 

Results and Discussion 

Western Wheatgrass 

Western wheatgrass shows a seasonal variation in LWP of -6 to 
-32 bars, -6 to -30 bars and -4 to -41 bars, respectively, for 
each textural class (Fig. 1). The lowest LWP values were re
corded on June 15 corresponding with a low in TNC and an increase 
in photosynthetic area. TNC and LWP increased and both corresponded 
with the initiation of flowering on July 1. During the next 
sampling period (July 15) LWP increased and TNC decreased and were 
related to seed formation on all soil types. Seed development and 
plant maturity were earlier on sandy soils although LWP values were 
somewhat lower than those recorded on the heavier soils. The 
difference was attributed to lower nutrient availability on coarse 
soils (Schalaterar and Hironaka, 1972), particularly nitrogen and 
phosphorus (Singleton and Cline, 1974); and the use of surface 
moisture from periodic thunderstorms which moistened the soil pro
file to a depth of 10 cm in coarse textured soils while only 2 to 
3 cm on the finer textured soils. 

There were no statistically significant differences (P< 0.05) for 
LWP, phenology or TNC among soil types for western wheatgrass. 
However, correlation coefficients (r) for LWP and TNC used to 
measure the degree of association between variables, were 0.87, 
0.82 and 0.53, respectively, for each soil type (Table 2). The 
lower value for the loam textural group was possibly due to 
rainfall distribution. The three loamy study areas, varied from 
l to 3 km south of the remaining sites, received 15% less preci
pitation and were 2°c warmer during the month of July, Correlation 
coefficients for LWP and phenology were 0.97, 0.92 and 0.92 indi
cating a strong relationship between these factors on all soil 
textural groups. 
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Table 2. Correlation Coefficients Through Twelve Time Periods 
of Leaf Water Potential (LWP), Total Non:struct ural 
Carbohydrates (TNC) and Phenology by Soil 'l'extu:rral Cla sses 
For Western Wheatgrass and Blue Grama. 

Western Wheatgrass Blue Grama 
Correlation 
Components Clay Sand Loam Clay Sand Loam 

LWP - TNC 0.87 0.82 0.83 0. 72 0.88 0.98 

LWP - Phenology 0.97 0.92 0.92 0.86 0.88 0.95 

Blue Grama 

Leaf water potential measurements varied from -5 to -47 bars, -6 
to -50 bars and -4 to -62 bars for the soil types (Fig. 2). Vege
tative phenology did not change during the 1st and 2nd sampling 
periods, whereas LWP decreased and TNC levels increased. Statis
tical evaluation indicated no difference in storage levels for the 
three soil types, but TNC levels were consistantly 4 to 7% higher 
on the coarse soils, where initial green-up was 2 to 3 weeks 
earlier than on the finer textured soil. 

Total nonstructural carbohydr ates increased slightly whereas LWP 
nearly doubled on all soil types after the 1st sampling period in 
July. Plants on clayey soils developed faster even though LWP 
was higher. The difference was attributed to a reduction in 
moisture penetration in the soil profile, the affinity of clay 
particles for water, and possibly genetic variability among plants. 

There were no significant differences in LWP, phenology or TNC 
among soil types. Correlation coefficients for LWP and TNC were 
0.72, 0.88 and 0.98, respectively, for the soil types (Table 2). 
These values seem to indicate a selectivity of the species for 
texture (Tomanek, 1964; Noller, 1968) when compared with above 
ground biomass estimates of 82, 89, 116 kg/ha for the r espective 
soil types. Correlation coefficients f or LWP and phenology 
were 0.86, 0.88 and 0.95 following a similar trend. 

Leaf water potential was significantly different (P< 0.05) between 
the two species on the last sampling date, storage of reserves was 
different on the 2nd sampling date, whereas phenological develop
ment was similar throughout the sampling period. Differences in 
LWP and TNC were related t o the differ ent photosynthe t i c processes 
by which each species fixed carbon dioxide. 
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Carbon fixation in western wheatgrass was by the Calvin-Bensen 
cycle (RuDP carboxylation) where the formation of a 3-carbon chain 
was the first photosynthetic product. Carbon fixation in blue grama 
involves a combination of the Calvin-Bensen cycle and the Hatch
Slack pathway (8-carboxylation) where the first photosynthetic pro
ducts were 4-carbon compounds (primarily malic and aspartic acids). 
Although the phenological progression was similar for both species, 
during the sampling period, blue grama matured three to four weeks 
later than western wheatgrass on all soil textural types. 

Summary and Conclusions 

A study was conducted in 1976 in northeastern Wyoming to determine 
seasonal variation in leaf water potential, phenological develop
ment and total nonstructural carbohydrates and how various soil 
textural groups affected plant water use, morphology and stora9e 
of nutrients in western wheatgrass and blue grama. Leaf water 
potential, phenological development and total nonstructural 
carbohydrates were similar on all soil textural types for both 
grasses. Root reserves were lowest on June 15 for western wheat
grass with the elongation of leaves . (3rd leaf) whereas LWP was 
highest. Reserves were rapidly accumulated in early July and 
maximum levels occurred with the initiation of flowering. During 
the following sampling period LWP increased (more negative) where
as the level of reserves increased. Plants on loamy soils matured 
somewhat earlier during the latter ·portion of July, but individuals 
on sandy soils matured more rapidly in late August. Reserves in 
blue grama gradually increased as LWP increased in all soil types. 
Seed formation was generally constant on soil types, with matura
tion dates slightly earlier on clayey soils. 

The study was designed to provide baseline data which can be used 
as a guide to determine plant stability after reseeding on sur-
face mined areas. Currently a bond of $4000 to $8000 per acre is 
required of mining operators by the state of Wyoming to insure plant 
stability after 5 years, but stability is based solely on production 
and adequacy of sampling before and after mining. With additional 
information on leaf water potential, plant phenology, total non
structural carbohydrates and statistical methodology in correlation 
one parameter could be measured and others predicted to more 
accurately determine species adaptability. 

Acknowledgements 

This report is published with the approval and cooperation of 
the Directors of the Agricultural Experiment Station No. 900. 



536 

Literature Cited 

Benedict, H. M. a nd C.B. Brown. 1944. The growth and carbohydrate 
responses of Agropyron smithii and Bouteloua gracilis to changes 
in nitrogen supply. Plant Physiol. 19: 481-494. 

Depuit, E. J . and M.M. Caldwell. 1973. Seasonal patterns of net 
photosynthesis of Artemisa tridentata. Amer. J. Bot. 60: 426-435. 

Donart, G.B. 1969. Carbohydrate reserves of six mountain plants 
as related to regrowth . J. Range Manage. 22: 411-415. 

Fisser, H .. G., J.R. Cox a nd F. Taha. 1976. Herbage structure, 
production and phenology on Black Thunder. Wyo. Agr. Exp. Stat. 
Scientific Report 779 . 

Love , L.D . and N.E. West. 1972. Plant moisture patterns in Eurotia 
lanata and Atriplex confertifolia. Northwest Sci. 46: 44-51. 

Noller, G.L. 1968. The relationships of forage production to preci
pitating cover and soils in North Central Wyoming. Ph.D. Dissertation. 
Univ. of Wyoming, Laramie, Wyo. 

Plaut, Z. and L. Reinhold. 1965. The effect of water stress on 
sucrose transport in bean plants. Aust. J. Bio. Sci. 18: 1143-
1155. 

Runyon, N.R. 1943 . The effect of season of growth and clipping on 
the chemical composition of blue grama (Bouteloua gracilis). 
Trans . Kans. Acad. Sci. 46: 116-121. 

Schalalterar, E.F. and M. Hironaka. 1972. Some factors influencing 
tolerance to moisture stress of three range grasses. J. Range 
Manage. 25: 364-367. 

Singleton, P.C. and A. J . Cline. 1974. The Black Thunder Project 
soils supplement to environmental progress report. In Univ. 
Wyo. Black Thunder Project, Bergman and Marcus (eds.) Preliminary 
report to Atlantic-Richfield Company. 

Slatyer, R.O. 1957. The influence of progressive increase in 
total soil moisture stress on transpiration, growth and in
ternal water relations of plants. Aust. J. Bio. Sci. 10: 320-
335. 

Sosebee, R.E. and H.H. Wiebe. 1971. Effect of water stress and 
clipping on photosynthesis translocation in two grasses. Agron. 
J. 63: 14-17. 



537 

Tomanek, G.W. 
Kansas. In 
ASA Special 
Wis. 

1964. Some soil vegetation reiationships in western 
Forage Plant Physiology and Soil-Range Relationshios. 
publication No. 5. Amer. Society of Agron. Madison, 

Trlica, M.J. and C.W. Cook. 1971. Defoliation effects on carbohy
drate reserves of desert species. J. Range Manage. 24: 418-425. 

Trlica, M.J. and C.W. Cook. 1972. 
wheatgrass and Russian wildrye 
defoliation. J. Range Manage. 

Carbohydrate reserves of crested 
as affected by development and 

25: 430-435. 

Trlica, M.J. and J.S. Singh. 1974. Translocation of assimilates 
and creation, distribution and utilization of reserves. IBP 
Arid-Lands Synthesis, Cambridge University Press, Cambridge. 

Weinman, H. 1947. Total available carbohydrates in grasses and 
legumes. Herb. Abstracts. 31: 255-261. 

Yeman, E.Q. and J.A. Willis. 1954. The estimation of carbohydrates 
in plant extracts by anthrone. J. Biochem. 57: 508-514. 





Seasohal Changes in Nutritional Quality of Agropyron desertorum 
Compared with Six Other Semi-Arid Grasses 

R. B. MURRAY 
U.S~ Sheep Experiment Station, 

Dubois, Idaho 83423 

H. F. MAYLAND 
USDA, SEA-AR, Snake River Conservation Research Center, 

Kimberly, Idaho 83341 

and 

P. J. VAN SOEST 
Animal Science Department 

Cornell University 
lthaca, New York 14850 

Desert wheatgrass, (Agropyron desertorum (Fisch.) Schult . ) an in
troduced perennial grass, is widely used to improve the forage re
sources in semi-arid regions of the western United States and 
Canada. The use of this species is based on trials that have shown 
that it provides early forage, is drought tolerant, often produces 
greater yields and animal gains, and is able to withstand heavier 
use than many native species. The nutritional attributes of this 
species are compared to those of certain other grass species in 
this paper. 

In southern Idaho, where this study was conducted, the native 
sagebrush-grass range was converted to a nearly pure stand of 
cheatgrass (Bromus tectorum L. ) by repeated burning and heavy 
grazing. Desert wheatgrass was planted in the fall of 1959 on a 
portion of this cheatgrass range following a wildfire that summer. 
This afforded us an opportunity to compare the nutritional quality 
of desert wheatgrass with an introduced annual and five native 
perennial grasses on a common site. 

Our objectives were to compare the trends (over the April - November 
grazing season) in nutrient content and digestibility for seven 
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species {desert wheatgrass, s t reambank wheatgrass (Agropyron 
riparium Scribn. & Smith.), cheatgrass, Great Basin wildrye 
(Ely.mus cine r eus Scribn. & Merr.), Sandberg's bluegrass (Poa 
sandhergii Vasey), bottl,ebrush squirreltail (Sitanion hystrlx 
(Nutt.) Smith) , a:nd needle-and-thread grass (Stipa coma ta Trin. & 

Rupr. )}, and to develop equations which describe these trends and 
enable prediction of dates of probable mineral deficiencies. 

The above species were selected for comparison because they are the 
principal grass species found in the study area. Their abundance 
on the range, except for desert wheatgrass, is dependent upon the 
degree of grazing abuse . 

Experimental Area 

All data were collected at the Saylor Creek Experimental Range lo
cated 15 km southwest of Glenns Ferry, Idaho. The range lies at 
an elevation of 957 m. This area is characterized by winter and 
spring precipitation periods and dry or low rainfall during the 
summer and fall.. It receives less than 10% of annual precipitation 
during July, August, and September. Annual precipitation varies 
from 125 mm to 480 mm and averages 240 mm based on long-term re
cords from Glenns Ferry . Winter temperatures may reach -32°c and 
summer t emperatures frequently exceed 39°c. 

Remnants of the original vegetation still present on some of the 
experimental range indicate that the former vegetation for the 
area was a Wyoming big sagebrush-needlegrass (Artemisia tridentata 
spp. wyomingensis-Stipa thurberiana) type. On sandier soils, 
needle-and-th read grass probably replaced Thurber's needlegrass in 
the climax. Natural invasion of cheatgrass, fire, and subsequent 
heavy grazing of native species have altered th.e type drastically, 
leaving a range dominated by cheatgrass-bluegrass with varying 
amounts o f other species. 

Soils of the experimental r ange were developed on gently undulating 
topography from Black Mesa gravels and aeolian sources (Malde and 
Powers, 1962) . These soils are considered to be in the Minidoka 
s ilt loam series, a member of the course silty , mixed, mesic Xerollic 
Durorthid family and are calcareous throughout the profile. 

Procedures 

Plant material for forage quality characterization was harvested 
periodically at a 2 cm stubble height from random clones in the 
same nongrazed pasture between mid March and November during the 
1962 through 1968 period . Plant material was oven .dried 24 to 48 
hours at 7o0 c and ground to pass a 40-mesh screen. Forage mois
ture content was determined on some samples. 
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Total nitrogen (N) , with the salicylic acid modification for N-N 
and N-0 linkages, was determined by semi-microKjeldahl procedures. 
Nitric-perchloric acid (3:1) digestion of forage samples preceeded 
analysis for phosphorus (P) , sulfur (S) , calcium (Ca) , magnesium 
("Tg), potassium (K), sodium (Na), zinc (Zn), manganese (mn), copper 
(Cu) , and iron (Fe) . Phosphorus was estimated colorimetrically 
following the ammonium molybdate-ammonium metavanadate procedure. 
Sulfur content was determined by the modification of the turbidi
metric procedure. All other elements were estimated by atomic 
absorption spectrophotometry. 

Forage samples were also analyzed for neutral detergent fiber (NDF), 
and true dry matter digestibility (TDDM) following the procedures 
specified by Goering and Van Soest (1970). Rumen fluid inoculum 
was obtained from a donor cow maintained on a timothy grass (~hleum 

pratense L.) hay diet. 

Linear and curvilinear regression techniques were used to summarize 
forage water, forage mineral concentrations, and forage quality 
data. All forage mineral and nutritive data were fit to each 
of the following curve forms: a +bx, axb, a + b/x, aebx, x/ (a+bx), 
l/(a+bx) and a+ bx+ cx2 , where x =Julian date. The curve form 
selected was the one yielding the largest sum of the r2 values for 
the seven species tested. Data are presented to illustrate the 
probable dates of mineral deficiency for the seven species. More 
specific data are given in Murray et al. (1978). 

Results and Discussion 

Forage moisture, certain mineral components, and certain ratios 
exhibited trends with advancing pl_ant maturity. Forage moisture, 
N, P, S, K, Zn, Cu, N:S, and K/(Ca+Mg) declined. The Ca-P ratio 
increased, even though Ca contents were not related to forage 
maturity. 

In most species Ca, Mg, Na, Mn, and Fe contents were not related 
to date of maturity . Iron concentration of the field collected 
plant tissue was m~ch higher than can be attributed to iron 
absorption, and high levels are attributed to dust contamination. 

Forage Moisture 

Cattle grazing cheatgrass and desert wheatqrass pastures early 
in the spring generally gain less than in the late spring. The 
difference in gains may be attributed to the relatively high 
forage moisture content that restricts the animal's ability to 
ingest sufficient dry matter. Table 1 shows that five of the 
seven species had moisture contents in excess of 200% ~33% dr~ 
matter) on April 15. Basin wildrye maintained a relatively high 
moisture content through July 15, whereas cheatgrass was c?mpletely 
dry by that date. Desert wheatgrass, in contrast, had a high 
moisture content early in the season, but dried slowly and reached 

83% (55% dry matter) on July 15. 
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Table 1. Predicted forage moisture contents on a dry weight basis 
for the seven grass species. Species were collected on 
periodic dates for five years of a seven year period. 

Prediction Date 

Species 4/15 5/15 6/15 7/15 

- - -Per cent-

Desert wheatgrass 220 175 128 83 

Strearnbank wheatgrass 187 150 112 75 

Cheatgrass 296 190 81 0 

Basin wildrye 298 234 168 104 

Sandberg's bluegrass 168 117 64 13 

Bottlebrush squirreltail 238 176 113 51 

Needle-and-thread grass 154 122 90 58 

In one out of four years, adequate precipitation and moderate 
temperatures p ermit regrowth of perennial grasses and germination 
of cheatgrass in the fall. When this occurs, forage moisture 
contents and mineral contents increase to levels similar to those 
found in the spring·. 

Nitrogen 

In all species, the total N content exceeded 3% (18.8% protein) 
in April, then declined exponentially to less than 1% (6.2% pro
tein) by the end of the grazing season. According to NAS-NRC 
(1976), lactating cows require 1.47% N (9.2% protein) in the 
forage. 

Nitrogen levels in desert wheatgrass fell below the maintenance 
level by early July; strearnbank wheatgrass reached that level 
in late July (Table 2). All species provided insufficient pro
tein by August, indicating that protein supplements might be 
used to advantage after that date on desert wheatgrass pastures 
or on native rangelands. 

Fiq. 1 shows the trend of N content in desert wheatqrass and 
illustrates the variability in N content over time. 
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Phosphorus 

The pattern of declining phosphorus levels in plant tissue was 
similar to that of N, but P levels were lower by a factor of 10. 
Cows with calves require forage containing 0.28% p (NAS-NRC, 1976). 
In most species and years the P level was below that recommended 
before the end of June. Table 2 shows the predicted dates when p 
would be expected to reach 0.28%, indicating that P levels reach 
the maintenance level before the first of May in all species. 

Calcium and Ca:P Ratio 

A better measure of the P requirement is the Ca:P (%/%) ratio. 
The ratios should be 2:1 under normal circumstances, but can be as 
wide as 7:1 when sufficient vitamin Dis present (NAS-NRC, 1976). 

Calcium concentrations were extremely erratic with time, but the 
Ca:P ratios tended to be less erratic and increased with plant 
maturity. Generally, the Ca:P ratio of 7:1 was exceeded by mid
August in all species, except for cheatgrass and desert wheatqrass 
(Table 2). The latter two species maintained satisfactory levels 
throughout the grazing season. Trends are shown for desert wheat
grass and needle-and-thread grass in Fig. 2. 

Yearling cattle given added P did not show an increase in weight 
(Olsen, 1971), but P supplements may be helpful for lactating 
cows grazing on native ranges. 

Surfur and N:S Ratio 

Sulfur contents varied from 0.25% to 0.05%, declining most rapidly 
between April and June. NAS-NRC (1976) requirements are listed 
as 0.1% in the forage. Table 2 shows that dates of probable S 
deficiencies may occur as early as late May in cheatgrass. The 
S levels may remain above the minimum level through September 
in needle-and-thread grass. The trend of S in desert wheatgrass 
is compared to that of annual cheatgrass in Fig. 3. 

Allaway (1969) believed that the S requirement for ruminant animals 
was best expressed as the ratio of N:S in forage, with the optimum 
range between 10:1 and 15:1. When the ratio is wider or narrower 
than 10 - 15:1 the animal may have a reduced protein conversion 
efficiency. The data indicate that for some species (desert 
wheatgrass, needle-and-thread grass, and bottlebrush squirreltail) 
the N:S ratios are narrower than those presumed to be adequate 
before the end of the grazing season. The trends are shown for 
N:S ratios in desert wheatgrass and cheatgrass (Fig. 4). 

Potassium 

The K concentration in early spring varied considerably among 
species. 



Table 2. Probable date when forage mineral content or ratio falls out of range of the require
ment for lactating cows (based on prediction equations and NAS-NRC (1976) requirement 
levels). Desert wheatgrass (Agde), Streambank wheatgrass (Agri), Cheatgrass (Brte), 
Great Basin wildrye (Elci), Sandberg's bluegrass (Posa), bottlebrush squirreltail 
(Sihy) , and needle-and-thread grass (Stco) . 

SPECIES 

Mineral Requirement Ag de Agri Brte Elci Posa Sihy St co 
- - - - - - - - - - Date - - - - - - - - - - - - - - - - - - -

N 1.47 % Jun 08 Jul 25 May 31 May 27 June 03 Jun 1 5 Jun 09 

p 0.28 % Apr 12 Mar 25 Apr 28 Apr 26 Apr 04 Apr 10 Mar 26 

s 0.10 % Jul 04 Jul 12 May 25 Jun 21 Jun 13 Jul 17 Sep 29 

K 0.60 % Oct 05 All yr Jul 20 Aug 13 Jul 04 Sep 12 Oct 05 

Zn 20 ppm Mar 30 Mar 23 Apr 20 May 02 Mar 09 Apr 03 Apr 20 

CA:P > 7:1 Never > 7:1 Aug 01 Oct 27 Aug 16 Jul 27 Aug 07 Aug 06 

N:S >15:1 Jun 02 May 19 May 28 Jun 16 y May 23 Mar 30 

N:S <10:1 Jul 19 Aug 24 Sep 21 Sep 15 y Jul 25 Jun 18 

TDDM <65%y Aug 21 Sep 03 Nov 29 Aug 02 Nov 17 Aug 02 Sep 13 

y 
Correlation of N:S with Juli an date was not significant. 

y 
This i s equivalent to 50-52% TDN. Fifty-two % TDN is required by lactating beef cows. 

U'1 
.i::. 
w 
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Figure 1 . Nitrogen content of de s e rt wheatgrass. 
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Basin wildrye had values in excess of 4%, whereas needle-and-thread 
grass contained less than 2% K. The decrease in the K level was 
rapid and by late July, most species had values of less than 1 percent. 
Table 2 compares the dates when the K level would be expected to 
reach the 0.6% requirement level. With the exception of Sandberg's 
bluegrass and cheatgrass, most species contained adequate K through 
most of the grazing season . 

Magnesium & K/(Ca+Mg) Ratio 

Levels of magnesium in plant tissue varied between 0.1 and 0.2 % 
and most samples were below the NAS-NRC (1976) requirement of 
0.18% for lactating cows. Trends were erratic in all species except 
cheatgrass which showed an exponential decrease in Mg content with 
plant maturity. 

When the ratio of K/(Ca+Mg) on an equivalent basis is wide and Mg 
is less than 0.2 %, grass tetany may become a problem (Allaway, 
1969). There are few incidences of tetany when the ratio is less 
than 2.2:1 according to Kemp and 't Hart (1957). 

Both desert wheatgrass and basin wildrye have ratios of K/(Ca+Mg) 
wider than 2.2:1 during the early spring. Grass tetany problems 
have been experienced when cattle graze desert wheatgrass pasture s 
in the spring, but few problems have arisen on cheatgrass or native 
range. 

Other Minerals 

Sodium, Mn and Fe concentrations in forage were erratic with res
pect to maturity, but were above the recommended l evels (500 ppm 
Na, 20 ppm Mn, and 80 ppm Fe) in most samples. 

Copper exhibited downward trends in all species except cheatgrass 
and streambank wheatgrass. Nearly all samples contained great er 
than the recommended 4 ppm (NAS-NRC, 1976) forage tissue level s . 
When molybdenum (Mo) is in excess of 6 ppm in the tissue, the Cu 
requirement is increased two to three times . However , a few 
samples analyzed for Mo were found to cont ain l e ss than 3 ppm; 
therefore, it is not likely to be a problem with these species 
at this location. 

NAS-NRC (19 76) suggests that forage Zn be at least 20 ppm to be 
adequate. Only in the v e ry early spring (Table 2 ) we r e Zn values 
in excess of 20 ppm , and by May all s pecie s we r e b e l ow that l e v e l. 
Supplementing Zn on cheatgrass range results in incre ased calf_ 
gains (May land, 1975 unpublished) . The trend in Zn concentration 
between d~sert wheatgra.ss and cheatgrass i s compared in Fig· 5 · 

Digestibility Components 

The methods of Va n Soe st (1966 ) l ead t o a me a s ure of digestible 

dry matter. 
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We present da ta for neutral detergent fiber (NDF) and total di
ges t ible dry matter (TDDM). The NDF is a measure of total fiber 
content, whereas TDDM is a measure of the digestible cell wall 
contents and digestible lignified cell wall corrected for silica 
content. 

The NDF % in al l species increased with plant maturity. The rate 
of increase among species is similar, and by mid-June reaches 
approximately 60 percent. However, Great Basin wildrye reaches 
this level 15 days earlier, whereas desert wheatgrass does not 
reach the 60% level until early July. This indicates that for 
this fraction, desert wheatgrass maintains its quality for a 
longer period than do other species. On the other hand, TDDM 
decreases linearly with plant maturity and by September is gen
erally less than 65 percent. This is equivalent to about 50-52% 
TDN (total digestible nutrients.) 

The levels of NDF and TDDM probably differ among species because 
of changes in the proportion of heads and stems compared to 
leaves. For example, cheatgrass and Sandberg's bluegrass are 
both fine leaved and stermned compared to the other species which 
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could account for the fact that they maintained hiqher TDDM levels 
throughout the grazinq season (Table 2) . 

Conclusions and Recommendations 

Plants growing in regions receiving winter and spring precipitation, 
but having dry summers, cure as soil moisture content declines in 
the summer. Under these conditions, the nutritive quality of de
sert wheatgrass and other native species declines as the season 
progresses. In the Northern Great Plains where summer moisture 
is prevalent, desert wheatgrass provides more nutritious forage 
during the summer grazing season. 

Desert wheatgrass in many areas of southern Idaho provides the 
only forage for livestock. In such situations, desert wheatgrass 
was generally planted to displace cheatqrass. The latter species 
invades burned and abused ranges. The yield of cheatqrass fluctuate s 
widely from year-to-year depending on available moisture, is a 
fire hazard, and reaches maturity earlier than desert wheatgrass. 
Desert wheatgrass is more dependable in that its yields fluctuate 
less widely than cheatgrass. 

In this study the nutritional quality of desert wheatgrass 
paralleled that of cheatgrass and the native perennial grasses. 
For most species, mineral contents were below the requirement 
for lactating cows before the end of the grazing season. The 
data suggest that mineral supplements should be a part of the 
grazing management program on desert wheatgrass pastures and on 
native ranges in this climate to maximize animal performance. 
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Effect of NPK Fertilizers on the Kinetics of 
Nutrient Influx, Cation Composition, Stem Rot 

Infection, and Drought Resistance of Tomato Plants 

S. E-D. A. FAIZY 
Department of Soil Science 

Faculty of Agriculture 
University of Tanta 

Kafr El Sheikh, Egypt 

Soils of the Nile Valley have been considered for a long time to 
be rich in potassium. Therefore, K fertilizer has not been used 
in Egypt. This may have been justified prior to the building of 
the Aswan High Dam, which has deprived the soil from the high 
rate of K-replenishment in the form of deposition of suspended 
K-bearing minerals during the annual flooding of the Nile River. 
After the building of the Aswan High Dam a depletion in the ex
changeable K of the Egyptian soil may have occurred, as a result 
of the intensive cropping system (2 to 3 crops per year). This 
effect may be accentuated by the use of N0 3 (Nemeth, 1972) and 
NH4 (Grimme and Nemeth, 1975) fertilizer. The non-exchangeable 
K may not have been exhausted to the same extent; however, 
Grimme (1974) indicated that even when a soil reserve of non-ex
changeable K is high, the rate of release from these reserves was 
found to be too low to insure an adequate flux rate towards the 
root, especially of fast growing crops. The rate of diffusion of 
soluble K rather than the total K of a soil was found to be the 
limiting factor in K nutrition (Nye, 1966). 

The objective of the present study was to investigate the influence 
of the application of different grades of NPK fertilizers on soil
grown tomato plants with respect to a) the kinetics of ion uptake, 
b) relation between the cation composition of the plant and soil, 
c) the incidence of stem rot disease and, d) the transpiration rate . 

Method and Materials 

Tomato plants (Lycopersicum esculentum) were germinated in the 
field and left for one month to grow, then were transplanted on 
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January 10 to pots, which wer,e p laced in the field. On February 1, 
10 g of the fert i lizer was mixed with surface soil of the pot, and 
the first harvest was taken. Five days after the first application 
symptoms o f stem-rot diseases were observed on some plants which 
were counted and t he per centage of disease incidence was obtained. 
On March 1 , the s econd application (lOg/pot) of the fertilizer was 
added. On March 19, t he second harvest was carried out on those 
pl ants tha t s ur vived t he disease or were not infected and soil samples 
wer e t a ken. I n ,each harvest four replicates were taken from every 
treatment, divi ded into d i fferent parts, dried, weighed and prepared 
for chemical ana lysis. 'The roots were weighed and the surface area 
was estimated (Faizy , 1978 ) and found to be 60 cm2/g fr wt. No 
variation in specific surface area was detected with different 
treatments •. 

Different grades of NPK we r e prepared by mixing the straight fertilizers 
NH4No3 , superphosphate a nd K2so4 so that the percentage of N, P2o5 
and K20 were as follows: a ) 6-2 . 4-30, b) 11-2.0-25, c) 14-1.8-22, 
d ) 16-1.6- 19, e ) 18-1.4- 17, and f ) 0-11.1-13, respectively. Mirco
nutrients were not added t o t he soil. The pots were, however, irri
q.ated by irrigation (Nile } water every other day. In order to si
illlll1ate field condition, ho l es were placed in the bottom of the pots 
so that excess salts coul d be leached out. The pots contained 3.5 kg 
of a Ka.fr E1 Sheikh soil obtained from the faculty farm. This soil 
contained 54% clay, 32% si l t and 13.5% sand. The clay minerals 
were expanded illite and semictite (Ali, 1978). The soluble K, 
Na, Mg, and Ca were 0 . 27, 22.3, 4.4 and 6.0 me/lOOg soil, respectively, 
and the pH was 8.3 (air dry in 0.1 ~ cac12 solution). 

In order to e s timate t he concentration at the root surf ace the sa
turation extract was made using irrigation water. 

Chemical analyse s were carried out in duplicates: cations were ex
tracted from plant materials by dry ashing. The K and Na were es
timated by EEL flame phot ometer and Ca and Mg were estimated by 
the versinate method (Jackson, 1956). Total N was estimated 
by the Kj e ldahl method (Vogel, 1961). The flux (F) of ions 
ac r os s plant root s was estimated by (Brewster and Tinker, 1972), 

F ~ [cN2 - Nil in R2/RV[ct2 - t1 > cs2 s1 >] 

wher~ N1 a nd N2 are the total uptake of a given element at 
time t 1 and t 2 respectively (me/plant) 
R1 and R2 are the fresh weight of roots at 
t 1 and t2 respectively (g fr wt/plant) 
and , s1 and s2 are the surface area of roots at 
t 1 and t 2 , respectively (cm2/g fr wt) 

The transpiration rate was estimated by excised leaves according 
to the method of Sutcliffe (1975). 
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Results and Discussions 

Kinetics of ion uptake by plants from soils 

The kinetics of ion uptake by excised roots have been intensively 
investigated (Epstein, 1972; Glass, 1976; Glass, 1978) whereas 
very little information seems to have been available on the kinetics 
of uptake by growing plants, especially soil grown plants. It was 
therefore of interest to describe this process in the present in
vestigation. 

In order to investigate the kinetics of ion uptake by plants growing 
in soil, the following boundary conditions were assumed: 1. The 
ions are being actively transported through the plasmalemma of the 
epidermal and cortical cells by an energy-mediated carrier system. 
The carrier system has two mechanisms operating in parallel across 
the membrane (Epstein, 1972). The first operates at low and the 
second at high external concentration (Epstein, 1966). 
2. At high transpiration rates the effective concentration of 
ions inside the intercellular spaces or at the surface of the 
plasmalemma are increased by mass flow. At low transpiration rate, 
the transport process of ions to the surf ace of the plasmalemma is 
primarily maintained by ion diffusion (Nye, 1966; Nye, 1977). What
ever the transport process may be, ions by and large are actively 
taken up by plants (Pitman, 1977). 
3. The rate of uptake is directly related to the concentration of 
ions in soil solution and not to the exchangeable fraction (Grimme 
and Braunscheig, 1974; Grimme, 1974; Nye, 1977), especially in soils 
with a high content of expanded clay minerals (Nye, 1966; Nemeth, 
1975). 

The relation between the flux across the root surface (F) and the 
concentration of the soil solution may be described by the following 
form of the Michaelis-Menten equation (Faizy, 1978; Thornley, 1976). 

F = 
Fm Cn 

where F is the maximal theoretical flux that can be attained when m . 
all the carriers are participating in the transport process, C is 
the concentration in soil solution, K is the affinity of the carrier 
for binding with a given ion at half filaximurn flux (F ) and, n repre-

m ( . sents the number of active site(s) per carrier molecule Epstein, 
1960) and is given a value of two. Accordingly two ions are being 
transported across the membrane by each carrier molecule at a time 
(Table 1) . 

The soils used in the present investigation have a high content 
of expanded clay minerals (illites and semictite). Therefore, this 
soil has a high selectivity for K fixation. Accordingly, large app
lications of K fertilizer produce only a small increment in K con
centration (Table 2) of the soil solution (Nemeth, 1975). 
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Table L Kinetic: constants of cation uptake by 69 day old soil
grown tomato pla.nts. 

2 
Fm 1 K lll 1 

:x:104 me/cm2/ day (me/100g) 2 

K 4.4 .ll 
Na 7.5 .12 
Ca n.d. n.d .. 
Mg n.d. n.d. 
N n.d. n.d. 

n.d. == not debected 

F 
m 2 

x104 2 me/cm /day 

n.d. 
16.3 
9.0 
8.0 

25.1 

K2 
m 2 

(me/100g) 2 

n.d. 
0.36 

12.90 
1. 33 
1.85 

Table 2. Relation between total dry weight of tomato plants, pH 
(0.1 N cacl } and , cation concentration in soil extract 
as influenc~d by different NPK fertilizers at the end of 
the 68 day growth period. 

NPK treatment a b c d e f 

Dry wt g/10 plants 45.82 18.23 16.16 14.72 22.19 24.75 

pH 7.59 7.62 7.59 7.59 7.48 8.05 
N1me/100g 1.00 1.20 1. 30 1. 50 1.80 0.80 
K me/lOOg 0.90 0.79 0.50 0.38 0.28 0.90 
Na me/lOOg 1.42 0.75 0.60 0.51 0.45 0.84 
ca me/lOOg 1.65 2.64 3.30 2.20 3.85 2.20 
Mg me/lOOg 1.21 0.88 2.20 1. 21 2.53 1. 32 

1 nitrogen was found to be in the NH4 form. 

Moreover, leaching from the soil solution strikingly reduces the 
concentration of soluble Na (Table 2). Any possible accumulation 
of K in soil solution might have been impaired by the leaching 
process. The combined effect of these factors may lead plant 
roots to increase the number of active sites, as a strategy, 
to meet the continuous reduction in K and possibly other essential 
ions, too. Accordingly, the response curve (Fig. 1) assumed a 
sigmoidal rather than a hyperbolic nature. 

The relation between the flux of Mg and its concentration in soil 
solution was very poor (Fig. 1), probably due to the very high 
content of Mg in this soil {Table 2). 
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Figure 1. Relationship between the flux (F) in me/cm /day of different ions and c {Concentration) in 

soil extract in me/100 g soil. 
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The kinetic constant {Table 2) was obtained by the Hofstee plot 
of F against F/ c2 (Fig. 2) according to the following equation: 

F = F 
m 

F 

c2 

When F was plotted agains t F/ C the relation was poor and did not 
a llow the proper e s timation of the kinetic constants. However, 
Mg showe d a very poor relation with the concentration in both 
cases. 

The distinct inflection point in the plot of Na indicated that 
ther,e wer e ~wo mechanisms for Na flux, one operating at low (high 
affinity, K ) and the othe r at high concentration (low affinity, 
K2 ) . Thematfinity of t he carrier for binding K is similar to 
tW'af of Na a t low concentration (Epstein, 1960). This and other 
uptiblished r iesult:s suggested t hat in saline alkali soils, K was 
non- specifically inhibit ed at low concentration. No information 
concerning the s e cond mechanism of K uptake (Epstein, 1966) at 
high concentration could be obtained. This might be due to the 
hi9h affinity of the s o i l K fixation. 

In orde r to imres tigat e the i nteraction of different cations on 
the kinetics of uptake by soil grown plants, undoubtedly, more 
work needs t o be carried out with different soils and plants. 

lnfl uenc·e of NPK f ertilizer on plant and soil cation composition 

I n spite of the f act that N was added in the form of NH4No3 in 
order to avoid the i nhibit ion effect of NH4 (Kirkby and Mengel, 
1967), ve ry little or no N03 was detected in the soil extract at 
t he end of the experi ment. Nitrate may have been either leached 
or reduced t o NH4 by microbial activity. Therefore, the dry 
we i ght yield , i n gener al, decreased with increasing the percent 
of nitrogen in fertilizer. 

As t he concentration of N in plant tissues was increased (Fig. 3) 
t he concent r ation of all the cations with the exception of Ca 
was decreased. In order to attain ionic balance in plant tissues, 
the large flux of cationic nitrogen may have depressed the flux 
of other cations (Kirkby and Mengel, 1975; Kirkby, 1969). This 
eff ect was more pronounced on the Mg flux (see Fig . 1). 

The low K concentration in plant tissues (Fig. 3) may have been 
compensated for by an increase in the concentration of Na, Mg 
and especially Ca. Those . amounts of cations serve to maintain 
the cation-anion balance of plant tissues but they are not able 
to fulfi l l the physiological role of K (De Wit et al., 1963; 
Grimme et al., 1974). 
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N-K interaction and the incidence of stem rot infection 

Symptoms of stem rot infection appeared on the crown 5 days after 
the first fertilizer application. The percentage of infected plants 
increased with increasing the equivalent N/K ratio in whole plant 
tissues (Fig. 4) . 

inf. % 

80 

40 

0 2 4 6 

(N/K)p 

8 10 

Figure 4. Relationship between the percentage of infected plants 
(inf.,) and the equivalent N/K ratio in plant (N/K) p. 

Similarly, stem lesion infection was observed {Maynard et al., 1968) 
when tomato plants were grown at a high NH4 and low K level. The 
straight line relationship between the N/K in plant tissues and N/K 
ratio in soil solution (Fig. 5), which is supported by the results 
of (Talibudeen et al., 1976), suggested that the incidence of 
this disease was related both to the N/K ratio in the plant and 
in soil. Plants fertilized with NH4-N were found to be more 
susceptible to stem lesion infection when grown in clay than in 
sand culture (Barker et al., 1967). 
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Figure 5. Relationship between the equivalent N/K ratio in plants 
(N/K)p and soil extract (N/K)s. 

It may , therefore, be concluded that the incidence of this disease 
may have been encouraged in the present and also in a previous 
investigation (Faizy, 1977) by the high K fixation capacity of 
the soil, together with the high concentration of NH4-nitrogen . 
The combined effect , resulted in a high N/K ratio in the soil sol
ution. 

N-K interaction and its relation to the transpiration rate 

The relation between the N/K ratio in whole plant tissues and 
the rate of transpiration from excised leaves (Fig. 6) suggested 
that the transpiration rate was effectivel y reduced when the 
N/K equivalent ratio in whole plants was decreased below the value 
of five . In agreement with the present results, increased K nu
trition has been found to reduce the rate of transpiration of 
sugar beet plants (Mengel and Forster, 1973). 

It is of interest to note that when .. the N/K ratio decreased below 
the value of five , a reduction in both the rate of transpiration 
and the percentage of disease incidence occurred . 
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Figure 6. Relationship between the transpiration rate (Tr.) by 
excised leaves in mg/g fr wt and the equivalent N/K 
ratio in whole plants (N/K)p. 

Although this point must be investigated further, the result suggests 
that the two processes may be a function of the soluble amino nit
rogen which was found to decrease with increasing K nutrition 
of tomato (Maynard et al., 1968) and tobacco (Koch and Mengel, 
1972) plants. Thus, the fungus that caused the infection might 
be feeding on the soluble amino acid. On the other hand, the 
rate of transpiration may increase with increasing soluble 
proteins in the tissue. 

In poorly aerated clay soils where reduction of N03 to NH4 oc?u~s, 
the equivalent N/K ratio in soil solution must be Rept at a m1n1-
mun (<2) so that more disease-resistant and drought-resistant plants 
are produced. This conclusion may be of importance in saline and 
alkaline clay soils of the arid and semi-arid regions. 
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In the Southern Great Plains soil water is normally the limiting 
factor for plant growth. Competition for soil water during periods 
of drought creates plant stress and limits production (Dahl, 1963). 
During years of adequate soil water, the supply of soil nutrients, 
especially nitrogen (N), becomes a limiting factor for production 
on sandy rangelands (Mcilvain, 1958). Fertilization sometimes 
increases only undesirable species and creates additional stress 
on desirable species (Pettit and Deering, 1974). 

Several herbicides have been used in the attempt to increase 
herbage yield, crude protein content, and digestibility (Sneva, 
1967; Kay and Torell, 1970; Houston and van der Sluijs, 1975). 

Atrazine {2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine}, 
a growth regulating herbicide, controls many rangeland forbs and 
annual grasses, and may increase herbage yields indirectly by de
creasing competition from undesirable species (Christensen et al., 
1974; Houston, 1977) or directly through favorable physiological 
changes within desirable plants (Durnford and Ebert, 1976). Nitrogen 
fertilizer in combination with atrazine increased Bouteloua gracilis 
(blue grama) production more than did atrazine alone (Houston and 
van der Sluijs, 1975). Atrazine may also increase drought tolerance 
by increasing plant resistance to tissue desiccation (Hyder et al., 

1976). Because of these responses, this study was conducted to 



565 

compare the effects of atra zine with 2 , 4-D {(2,4-dichlorophenoxy) 
a cetic acid} and fertilizer on t he herbage and protein production of 
western Oklahoma sandhill r angeland. 

Study Area 

The study area is 4 ha of s andhill rangeland, 3 km north of Fort 
Supply, Oklahoma, on the Sout hern Great Plains Experimental Range, 
latitude 36° 35 1 north, longit ude 99° 31' west, at 610 m elevation. 
Annual precipitation averages 570 rrun with a seasonal distribution of 
140 mm in .April and May, 210 rrun from June through August, 100 rrun in 
September and October, and 120 nun from November through March. 

The study area is on roll i ng stabilized sand dunes which originated 
from a river 1 km to the s out h. The soils are mixed, thermic, Typic 
Ustips amments on the dunes and generally are mixed, thermic, Psarrunen
tic Haplustalfs in the swales. The range site is good to excellent 
condition sandy pra irie which was continuously grazed at a moderate 
stocking rate for six years p r i or to the study. The herbicide 2, 
4- D was routinely applied at .14 kg/ha each spring to reduce Artemisia 
fili.folia (sand sagebrush) competi tion. 

Major plant species in the study area included Andropogon hallii 
(sand hluestem), Schi zachyrium scoparium (little bluestem), Sporobolus 
cryptandrus (sand dropseed ), Panicum virgatum (switchgrass), 
Calamovil:fa gigantea (big sandreed), Bouteloua gracilis, Ambrosia 
psilostachya {western r agweed), Eriogonum annuum (annual erigonum), 
and Arbeausia filifolia. 

Me t hods 

A randomized block exper imental design was used in 1975 with four 
replications of e i ght t r eatments. Ammonium nitrate fertilizer was 
applied on June 19, a nd herbicide treatments were applied June 24. 
The eight t r e a tments i ncluded 1) untreated, 2) 1.1 kg atrazine/ha 
(Al), 3) 3.4 kg a trazinejha (A3), 4) 0.3 kg 2,4-D/ha (D), 5) 45 kg 

N/ha ~N), 6) 2, 4- D + N (ND), 7) 3.4 kg atrazine + N (A3N), and 8) 3.4 kg 
atrazine + 2 , 4- D + N (A3DN). 

Herbage y ie l d was estimated for each species in July, August, and 
November , 1975. Species weights in 12, 0.2m2 samples were estimated 
in e ach treatment plot, and three of the 12 were clipped at a 5-cm 
stubble hei ght. Ambrosia psilostachya, Artemisia filifolia, Andro
pogon halli i , and Schizachyrium scoparium were separated at clipping 
t o determine dry matter content and production (Shoop and Mcilvain, 
1963) . On l y t he current year's growth was considered for Artemisia 
f i l ifol ia . Herbage was dried at 6o 0 c to determine the estim9.tion 
cor rection factor and dry matter content. Soil samples were taken 
a t 0-30 cm and 30-60 cm depths at each clipped sample site to deter
mine soil water content using the gravimetric method (National 
Academy of Science, 1962). 
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Cattle were allowed to graze freely over the study area a nd adjoining 
range from January to April, 1976. Treatments in 1976 were applied 
as in 1975. Fertilizer was applied on May 28 and herbicides on June 
8. Sampling procedures were unchanged from 1975, and the attempt 
was made to sample at similar phenological growth stages in 1975 and 
1976. Forage samples were ground with a Wiley Mill and analyzed for 
Kjeldahl nitrogen content (AOAC, 1970). Data were analyzed using 
an IBM 370/158 computer and the ANOVA and GLM procedures of the 
Statistical Analysis System (Barr and Goodnight, 1972; Barr et al., 
1976). Discussion is based on differences at the 95% level of pro
bability unless otherwise indicated. 

Results and Discussions 

Drought conditions prevailed throughout the two years of this study 
(Fig. 1). Five months of limited rainfall resulted in the second 
driest period in 91 years from June through October, 1975 (Southern 
Great Plains Field Station records). The drought continued t h rough 
the winter and spring although precipitation was above normal in 
November, April, and May. The summer of 1976 (June, July, and 
August) was the driest in 92 years. 

Soil water content was relatively low during the growing season of 
both years, and plants were apparently under plant water stress for 
most of the growing season (Fig. 2). Differences in soil water in 
the top 60 cm of soil from different treatments were small and not 
significant. 

Herbage Production 

In 1975 the average herbage production on untreated areas for July, 
August, and November was about 1800 kg/ha (Fig . 3). This comprised 
of 43% grasses, 45% forbs, and 12% Artemisia filifolia. Grass pro
duction comprised 43% tallgrasse s (Andropogon hallii, Panicurn virgaturn, 
and Calamovilfa gigantea), 27% Schizachyrium scoparium, 18% Sporobolus 
cryptandrus, 8 % Bouteloua gracilis, and 4 % other grasses. Forb species 
were variable in presence and abundance, but the most consi stent 
species were Ambrosia psilostachya and Eriogonurn annuum. 

Compared to that on untreated areas, herbage production was slightly 
greater on areas treated only with nitrogen ferti lizer, about equal 
on areas treated with 3 .4 kg atrazine plus nitrogen, and 15 to 35% 
less on all other treatments (Fig . 3) . Forbs and Artemisia filifolia 
were reduce d from 55 to 80% by treatments including either 2 , 4-D or 

atrazine. 

Nitrogen fertilization increased Artemisia filifolia producti on by 
50%, but did not increase forbs. Grass production was as great 
or greater on all treated a reas as on untreated areas and almost 
two times greater on areas treated with 3. 4 kg atrazine p lus nitrogen 
(A3N). Farb production was lowest on t he three trea tments . including 
3 .4 kg atrazine (A3, A3N, A3DN). In general , 3.4 kg a t razine was 
more effective in reducing forbs than was 0.3 kg 2 ,4-D, but 
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Fig. 3. Average herbage production (kg/ha, oven-dry) for species 
and species classes in 1975. 

Artemisia filifolia was reduced as much by 2,4-D as by either rate 
of atrazine. 

The response of Andropogon hallii to treatments was similar to that 
of total grass production with the greatest Andropogon hallii pro
duction occurring on A3N areas. The response of Panicum virgatum 
on most treatments was similar to that on untreated areas. However, 
Panicum virgatum production was five times greater on A3N areas 
than on untreated areas. This large increase of Panicum virgatum 
in response to atrazine and fertilizer on sandy soil in western 
Oklahoma was very similar to the response of Panicum virgatum on 
a loamy prairie range site in northcentral Oklahoma (Baker, 1978). 

Sporobolus cryptandrus increased on all treatments except the lower 
rate of atrazine (Al) and the two treatments including the combina
tion of nitrogen and 2,4-D (ND). The treatments of only nitrogen 
(N) or only 2,4-D (D) doubled Sporobolus cryptandrus production, 
but Sporobolus cryptandrus production was no greater on areas treated 
with both nitrogen and 2,4-D (ND) than on untreated areas. This 
lack of response on ND areas was not due to increased competition 
from other grass species, forbs, or Artemisia filifolia since forbs 
and Artemisia filifolia were reduced, and production of no grass 
species was significantly greater on ND areas than on untreated 
areas. Bouteloua gracilis was the most abundant grass of those 
shown in this figure as "other grasses". One general response was 
evident in both years and may warrant additional research; Bouteloua 
gracilis production appeared to be increased by nitrogen, with or 
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without only one herbicide, and decreased by either 3.4 kg atrazine 
or 2,4- D used alone or in c ombination. 

In 1976 the total herbage production on untreated areas was about 
30% less than in 1975, and generally reflected the drier conditions 
dur ing the summer months (Fig. 4). Production in 1976 was about 
40% less for forbs, 20% l e ss for Artemisia filifolia, and 13% less 
for qrasses than in 1975. Sch izachyrium scopariuµi production was 
43% l ess on untreated areas in 1976. 

Grass production on trea t ed areas was generally greater in 1976 on 
all treated ar<eas except nitrogen treatments than on the same areas 
in 1975. The gre atest incr e ase, 47%, in grass production occurred 
on nitrogen plus 2,4- D (ND) treatments. This increase was pro
duced by relatively consistent i ncreases for all major grasses. 
The most apparent explana t ion for the increased grass production 
was a large reduction, 46% , i n forbs and the reduction of Ambrosia 
psilostachya to a relative ly negligible amount. This may have 
resulted from the earlier application of 2,4-D in 1976 as well as 
from itwQ successive years of application. 

Most grasses responded to retreatment in 1976 with increased 
product.ion sim:i1ar to that ob tained from the initial treatment 
in 1'975 ~ The major exceptions were Andropogon hallii and Sporobolus 
cryptandru.s. Although Andr opogon hallii production was greatest 
on AJN areas in 1976 (as in 1975), the increase was much greater 
a:fter ~treatment . A:ndropogon hallii production in 1975 and 1976, 
respectively, was 550 and 710 kg/ha on A3N areas, 160 and 150 kg/ha 
on untreated areas, and 470 and 330 kg/ha on areas treated with 
only 2.4-D. Production of forbs and Artemisia filifolia was very 
low on A3N areas in 1976 , but relatively high on 2,4-D areas. 
Production by Ambrosia ps i lostachya was less than 10 kg/ha on both 
areas (A3N, D) in 1976. 

Sporobolus cryptandrus increased in 1976 on all areas treated with 
3 .. 4 kg atraz.ine; however , the increase was much greater on these 
areas in 1976 than in 1975. These areas produced less forbs and 
Artemis i a fi lifolia in 1976 than in 1975. Apparently during 
drought conditions, forbs and Artemisia filifolia are significant 
competitor s for soil water even at relatively low levels of pro
duction. Additional research is needed in this area to determine 
the interrelationships between soil water stress, competition bet
ween species, and effects of treatments on production by different 
species. 

Crude Protein 

In 1975 the average protein contents for Andropogon hallii, 
Schizachyrium scopari um, and Ambrosia psilostachya were greater 
on a ll treated areas receiving either 1.1 or 3. 4 kg atrazine 
than on untreated are as or areas treated with 2,4-D (Fig. 5). 
Protein content in plants treated with 2,4-D was generally lower 
than that in untreated p l ants. The highest protein content occurred 
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most frequently in those plants treated with both nitrogen and atrazine 
(A3N ) . No treatment increased protein content in Artemisia filifolia 
i n 1975. Those treatments causing the greatest increase in protein 
content in selected grasses and forbs produced the greatest decrease 
i n Artemisia fil i folia protein content. Protein content in most 
s peci es decr eased sli ghtly between July and August. However, in 
Ambros i a p silostachya, protein content increased between July and 
August on areas t reated with 2,4-D (D) or 2,4-D plus nitrogen (ND) 
and decreased greatly on areas treated with 3 . 4 kg atrazine (A3) 
or a trazine p l us ni t r ogen (A3N). Apparently the nitrogen metabolism 
responses to atrazine and 2,4-D are very different in Ambrosia 
p s ilostachya p l ants. 

In 1976 the average prote i n content in grasses and forbs was 5 to 
10% less than. in 1 975 (Fig. 6) • The difference was generally greater 
on untrea'bed areas than on areas treated with atrazine. The increase 
in grass prote in cont ent due to retreatment with atrazine was simi
l a r to that in 1975 ; howe ver, increases in protein content in 
Ambrosia p s ilostachya and Artemisia filifolia due to retreatment with 
atrazine were much greater in 1976 than in 1975. The average pro
t e in content for b oth spe cies decreased from 17% in July to about 
13% in August o n areas tre ated with 3.4 kg atrazine (A3) or 3.4 kg 
atrazine plus nitrogen (A3N) . 

Herbicides were applie d about t wo weeks earlier in 1976 than in 1975, 
hut this was appar ently not a significant factor. Plants were 
collected at similar phenological stages, based on dominant grass 
species in 1975 and 1976 . All plants analyzed from untreated areas 
bad lower protein conte nt in 1 976 than in 1975, and the difference 
was greater in July than i n August. The extremely dry early summer 
conditions in 19176 may have i n teracted with an atrazine effect on 
nitrogen tabolism t o cause t he high protein content in Artemisia 
fi1ifolia and Ambr osia psilostachya in July, 1976. If greater pro
tein. content increases palat ability in nonpoisonous, undesirable 
plants, livestock grazing after atrazine application could improve 
range condition. Th is practice should be studied to determine its 
effectivene s s and a ny de l eter ious effects of atrazine treated plants 
consumed by animals. 

The increased p rote i n cont ent due to treatments dissipated by 
Nove mber , and the smal l diff erences in protein content in dormant 
p l a nts were not s i gnificant. 

Summary 

Tal lgrasses a~d Sporobolus cryptandrus responded more favorably 
t o nitrogen i n combination with atrazine than when nitrogen was 
combined wi th 2,4-D or with both 2,4-D and atrazine. Most, but 
not all, of the differential response in grass production was in
directly related to the effects of treatments on forbs and Artemisia 
filifolia. The differential response of protein content in grasses, 
forbs, and Artemisia filifolia, however, appeared to be directly 
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related to the chemicals applied, especially atrazine, and the in
teractions between atrazine, nitrogen, weather conditions, and 
plant production. The application of atrazine and nitrogen in 
combination apparently increased nitrogen and soil water use 
efficiency. In most of our other studies with herbicides or other 
grass production treatments, increased grass production was usually 
associated with decreased protein content. Our work with atrazine, 
however, indicated this chemical can improve production, protein 
content, and range condition. 
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Yield Potential of Halophytes and Xerophytes 

JAMES W. O'LEARY 
University of Arizona 
Tucson, Arizona 85721 

The rapidly growing demand for increased plant production of food, 
fiber, and fuel in the face of rapidly declining sources of fresh 
water makes it imperative that cost effective crop production with 
lower consumptive use of water or with brackish and saline water 
be significantly increased. It is not inconceivable that within 
this century the water situation may indeed become critical. In 
spite of efforts in the past to reduce consumptive use of fresh 
water by crops, the results have not been spectacular. Since 
spectacular results really are what we need, it is clear that 
new and imaginative approaches to the problem must be not only 
attempted, but strongly encouraged and supported. 

To a plant, an environment that is low in fresh water availability 
or has a high availability of brackish or saline water is a stress 
environment. In a stress environment there are two basic re
quirements for a plant to survive and grow: 

(1) It must have the capability to withstand the stress. 
(2) It must have the energy available to do it. 

For the xerophyte, that means reducing water loss to a minimum 
while still being able to assimilate enough carbon dioxide. Since 
the means of minimizing water loss also minimizes carbon dioxide 
assimilation by the plant, the t r ue xerophyte rarely has more 
energy available than that required for survival, and since much 
of the available energy is partitioned into root development for 
water uptake (Harper and Ogden, 1970; Evans, 1975; Hsiao et al., 
1976; Monteith, 1977; Silvius, et al., 1977), above ground 
productivity typically is low (Noy-Meir , 1973). The tight 
coupling of carbon dioxide and water vapor diffusion at the leaf 
surface make s it very unlikely that we ever can expect high pro
ductivity from plants without substantial consumptive use of 
water. Numerous attempts have been made in the past to find ways 
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of allowing high rates of ca.rbon dioxide entry into leaves without 
having similar rates of water loss from leaves, and they have not 
been highly successful (Polj akoff-Mayber and Gale, 1972). So it 
seems worthwhile to consider the potential use of halophytes as crop 
plants since water availability is not a problem. Halophytes are 
already us,ed to a limited extend as forages in some areas, but the 
real impact on crop production would be in development of halophytic 
grain crops . and that is where major interest is focused (e.g., 
Somers, 1975). The rest of my comments will deal only with this 
possibility--can true halophytes make highly productive grain crops? 

In order to answer that question, it is necessary to consider what 
is involved in domest ication of plants. Most evidence suggests that 
plants have their photosynthetic capacity and storage capacity fairly 
closely balanced in the environments to which they are adapted (Evans, 
1975) . When breeding for increased yield early in domestication 
occurred, it usually was for increased capacity for storage (increased 
number and siz.e of grains, e.g.). Since increased storage capacity 
without t he increased assimilate to fill it would only result in 
shriveled seeds and/or fruits, it was necessary to divert more 
assimilate to the seeds and fruits. This has been accomplished in 
cultivated agriculture by delivering water and nutrients in near 
optimal amounts to the roots and by reducing or eliminating pests 
and weed competition. The amount of energy that the plant would 

' have spent in its native environment in developing extensive root 
systems, taller stems, and other characteristics associated with 
survival can now be partitioned to grain and fruit filling (Berry, 
1975; Evans, 1975; Pimental et al., 1973; Steinhart and Steinhart, 
1974). In other words, high yields in crop plants are due to the 
energy subsidies provided by man. For example, the application of 
nitrogen fertilizer alone is responsible for a five-fold increase in 
crop yields (Gutschick, 1978). Furthermore, the farther we get from 
characteristics of the original plant, the more energy subsidy re
quired (Steinhart and Steinhart, 1974). The magnitude of the effects 
of such energy subsidies can be appreciated by comparing the productivity 
of agricultural ecosystems with natural ecosystems (Table 1). 

In considering domestication of halophytes the pertinent question is 
whether an increased storage capacity (which presumably could be 
developed in a breeding program similar to that used heretofore) 
could be filled. That is, can a substantial part of the available 
energy in a halophyte be subsidized by man? In domesticating many 
of our present crops, the increased yield of grains and fruits has 
been largely at the expense of roots (Evans, 1975). That is because 
a substantial part of the energy in such plants was allocated to root 
development in their native environments to cope with the major stresses 
of water and nutrient limitations. That energy was easily subsidized 
by irrigation and fertilizer applications. If we plan to irrigate 
halophytes with water as saline as that in their native environments, 
we will not subsidize the energy associated with resisting the saline 
environment. How much of the total energy expenditure in a halophyte 
is associated with with-standing the stress of its environment? 
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Is it a large enough fraction that th · . 
in halophytes due to energy subsidy :hr~~ent~~l for yield increase 
"stresses" in the native environmen~ is lor~ iev~s some ~f t he other 
been considered heretofore so the a' .w. This question h as not 

, nswer is not readi l 'labl 
However, we can attempt to determ· th . Y ava1 . e. 
fraction associated with stress r~:~sta~cma?n1~u~e of the energy 
the techniques of Atkinson (1977) and P e.in a op~ytes by us ing 

. . enning de Vries (1975 ) t 
=~sign metabolic co~ts to those activities involved and calcula~ing 

e energy consumption under stress and non-stress conditions. 

Table 1. Productivity (above ground) of natural 
and cultivated ecosystems 

ECOSYSTEM PRODUCTIVITY 

(gDW m-2yr-l) 

Arid-desert (average 30-200 

Semi-arid (average) 100-600 

Grasslands (Russia) 400-1,400 

Temperate forests (average) 700-1,400 

Tropical rainforest (Africa) 3,250 

Halophytic - several 10-400 

SOURCE 

Noy-Meir, 1973 

Noy-Meir, 1973 

Loomis et al., 

Loomis et al., 

Loomis et al., 

Waisel, 1972 

1971 

1971 

1971 

Cultivated agricultural 2,000-4,000 Loomis and Gerakis, 
ecosystems 1975 

Since the enzymes from halophytes are not more salt tolerant than 
those from glycophytes (Flowers et al., 1977), the salt concentra
tion in the cytoplasm probably is no higher in halophytes than it 
is in glycophytes. Thus, the high salt concentrations found in 
cells of many halophytes must reflect vacuolar concentrations, and 
the cells must spend a large amount of energy keeping the cytoplasmic 
salt content low. Every adaptive strategy used by plants has a 
cost associated with it (Harper, 1967), and the cost of maintaining 
a low ion concentration in the cytoplasm apparently is extremely 
high (Hochachka and Somero, 1973; Penning de Vries, 1975). 
According to Penning de Vries (1975) the cost of maintaining ion 
gradients in the cell (ca. 8 mg glucose per g DW per day) is about 
20% of the total maintenance respiration under normal conditions. 
This is energy consumed in pumping ions across the plasmalemma 
and tonoplast and is similar to the estimates for resting frog 
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muscle cells (Kerpies and Maisel , 1954). Penning de Vries {1975) 
did not give any values f or the added cost of ion pumping under 
saline conditions, but he did state that the cost increases markedly 
under such conditions. Comparative measurements are difficult with 
higher plants. but Watson (1970) has made such measurements with 
Saccharornyc.es.. The mainte nance costs were 0.52 µ moles of ATP 
per mg DW per hour with no NaCl added to the medium and 2.2 µ moles 
per mg per hour witll. 1.0 M NaCl added, an increased metabolic cost 
of four-f.old in ".r .esisting" the higher salinity. It would not be 
unreal i s tic then to assume that the metabolic cost of "resisting" 
the high salinity in the environment of a halophytic higher plant 
is at l ·east double the cost under non-saline conditions. That is, 
it might take another 8 mg glucose per g DW per day to maintain the 
same ionic content in t he cytoplasm as in non-saline conditions. 

Unfortunately, for the plant, keeping the ion content of the 
cytoplasm low under conditions of high external salinity imposes 
an additional energy drain on the plant. Since water potential 
equilibrium exists between the vacuole and cytoplasm, the osmotic 
pressur e in the cytoplasm must be close to that of the vacuole, 
which is as high as, or higher than, that of the external en
vironment due to high ion content. Therefore, the cytoplasmic 
osmotic pressure must be maintained high through synthesis of 
compatible. organic solutes. There is abundant evidence that 
halophytes have a high content of free praline, betaine or other 
organic solutes (Flowers et al., 1977; Storey et al., 1977), as 
much as 100 times higher than in similar plants under non-
saline conditions. These compounds may be serving as osmotic 
solutes (Hellebust, 1976), although not everyone agrees with this 
{Hanson and Nelson, 1978). Thus, there is added to the metabolic 
cost of "resisting" the salinity the additional cost associated 
with synthesis of these compounds. For example, praline syn-
thesis requires the diversion of a molecule of alpha-keto-glutaric 
acid from the Krebs cycle, which has a metabolic value of 25 ATP 
equivalents. This is converted through a series of about a half 
dozen steps to praline at a cost of 14 ATP equivalents. Thus, 
the total cost of synthesizing a praline molecule is 39 ATP equi
valents. Since glucose has a metabolic value of 38 ATP equivalents, 
every praline molecule synthesized for osmotic purposes would re
present a drain of one glucose that could have been used for 
something else. 

The magnitude of this energy cost in resisting the high salinity 
in the environment can be appreciated if we make some calculations 
of how much carbohydrate (starch, e.g., which might be available 
to fill grains or fruits) this high metabolic cost represents. 
If it takes around 8 mg glucose per g dry weight per day to main
tain favorable ion environment in the cytoplasm (see above) , this 
represents about 8 to 32 kg carbohydrate per ha per day (using 
the conversion of Penning de Vries), depending on plant spacing 
and density. Let us assume an average, then, of 20 kg carbohydrate 
per ha per day. Most of the carbohydrate that ends up in the grain 
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comes from photosynthesis during the grain filling period (Evans, 
1975), and a reasonable grain filling period might be about 40 days. 
So, if we consider only that energy drain during those 40 days, it 
represents 800 kg carbohydrate per ha. If this carbohydrate were 
simple sugers (such as glucose), and if it were converted to starch, 
there would be a 10% loss of weight as water during the synthetic 
process, so the actual potential yield as starch would be 720 kg 
per ha or 0.7 metric tons per ha. If we further consider the 
amount of glucose diverted to organic solutes that presumably 
are functioning as compatible solutes in the cytoplasm, there is an 
additional increment of carbohydrate drain. Since we don't know 
whether there is substantial turnover of those solutes or whether 
the concentration is the same in all cells, let us simply convert 
the amount of that solute in the standing crop to an equivalent 
amount of starch. It looks like an average concentration of 
solutes like proline or betaine in various halophytes is about 
300 micromoles per g dry weight (Storey et al., 1977). A con
servative estimate of the biomass in a mature Spartina stand 
is about 2400 g dry weight per square meter. Values greatly 
in excess of this have been reported (e.g., Odum, 1974). Thus, 
there would be 0.72 moles of proline or betaine per square meter. 
Since we know that each proline molecule represents a drain 
of one glucose molecule, we can easily calculate that this is 
an equivalent of 0.72 moles of glucose per square meter. At a 
weight of 180 g per mole for glucose, this means there is the 
equivalent of 130 g glucose per square meter represented by the 
compatible osmotic solute present in high concentration, if it 
were praline. At a conversion ratio of 0.9 for glucose to 
starch (see above), this is equivalent to 1.2 million g starch 
per ha, of 1.2 metric tons per ha, a substantial amount. 

In other words, the price paid for coping with high salinity 
in the environment is equivalent to about two m~tric tons of 
carbohydrate per ha. When we consider that this is within 
the range of grain yield from cultivated crops in many areas, the 
significance is apparent. 

How much of this potential can be realized under cultivation? 
A substantial amount, if the energy subsidy is directed toward 
removing the stress from the environment or reducing it. There 
are several examples in the literature demonstrating that halophytes 
are much more productive when salinity in the environment is 
reduced (e.g., Flowers, 1975; Gale et al., 1970; Mudie, 1974). 
Even in natural environments, when an energy subsidy in the form 
of tidal action reduces the salinity in the root environment, 
the productivity is enhanced considerably (Table 2). It is 
clear that a major cost of survival in a halophyte is represented 
by activities associated with maintaining low cytoplasmic ionic 
content while at the same time maintaining high osmotic pressure, 
and that cost is proportional to the ionic concentration in the 
environment. Thus, the potential gain in productivity from a 
halopyte is proportional to the amount of energy provided to 
reduce that outside concentration. 
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Table 2. Product ivity of three Spartina zones in a 
Georgia marsh (Sapelo Island) (Odum, 1974). 

TIDAL IRRIGATION 

I nfrequent (short. grass ,, h i gh marsh) 

Gentle 1(medium grass) 

Frequent and vigorous (tall gr ass, low marsh) 

PRODUCTIVITY 

(gDW m- 2yr-1 ) 

750 

2,300 

4,000 

By this time ,, I am sure the reader has decided that I have neg
.1ecbed ·to consider the possi bili ty that the total energy pool in 
th.e pla:nt ·, i 1ght be increased by increasing photosynthetic rate. 
Howe v,er ~ tb.e.rie is :no 1evide nce i n grains for any increase in 
photosynt!be·tic rate in the course of either their early domes
tic.ation or t'heir r iecent improvement in yield ability (Evans 
and Ward1aw, 1'976) . In f act , in some cases it has even de
creased (Evans and :Oun.stone , 1970}. Furthermore, it is unlikely 
that any amount of .research i s likely to improve the efficiency 
of the photosynthetic process itself {Steinhart and Steinhart, 
19 74) .• In t his regar d, it is i nteresting to note that several 
cautions ha:v«e b een sounded recently about necessarily linking 
increased photosynt h etic c apaci ty with increased yields (Bassham, 
1977; Evans, .1975; Radmer a nd Kok, 1977; Tanaka, 1977). Thus, 
I think we must limit our expectation of developing reasonable 
agricultura l yie l ds from halophytes to that which can be accom
plished through the use of energy subsidies to relieve environ
mental s tress a nd allow mor.e of the plant assimilates to be 
par titioned into grain. Since it seems like a substantial 
amount of energy is expended by the plant in coping with the 
high salinity level in the available water, that is where the 
energy subsidy should be direct ed. This would involve reducing 
the l e vel of s a linity in the root environment, either by re-
mova l of some of the salt .i n t he water before irrigation or 
f r equent flushing of water t hrough the root zone to prevent 
bu i ldup of s alt concentrati on over that of the already presumed 
hi gh content in the i r rigat ion water. If man wants to utilize 
ha l ophyte s for his own interests and change the plants' charac
t eristics (increased grain yield, etc.), he should be aware of the 
price he will have t o pay. The potential gain admittedly is high, 
but so i s the p r i ce . 
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Ecological Studies of the Microflora of Saline Egyptian Soils 
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Several investigations have been made on the microflora of Egyptian 
soils: Sabet (1935), Ragab (1956), Moubasher and Moustafa (1970), 
Moubasher and El-Dohlob (1970), Moubasher et al. (1971), Ali et al. 
(1975), Mouchacca and Patrick (1974), and El-Abyad and Ismail 
(1976, 1978). 

However, apart from the investigation made by Abo Elleil (1977) 
on the fungal population of the salt marshes of Egypt, little has 
been done in this field. A general survey of halophytic fungi of 
Egypt and its distribution within soils of different salinity 
levels will be of special scientific and economic value. As world 
population increases, the less desirable lands, many of them salt
laden, can be expected to produce crops for economic benefit. 
Zahran (1977) studied the possibility of cultivating certain areas 
of saline lands of Egypt with salt-tolerant plants of non-conventional 
crops (Juncus spp.). These are not farm lands and salt sensitive 
crops cannot be harvested from them. Accordingly, the study of 
the fungal population of these saline areas may e lucidate how far 
the soil is suitable for the growth of non-conventional crop plants . 
Furthermore, attempts are now being carried out in cooperation 
with Texas Tech University to establish one of these non-conventional 
crops (Atriplex canescens) in saline Egyptian soils. This will 
hopefully contribute to the forage productivity of saline soils. 

Materials and Methods 

Twelve soil profiles were dug through various saline areas in 
Egypt. Soil samples were collected from each profile at three 
depths: O, 0-10 and 10-25 cm. Part of the sample was collected 
in sterile vials for mic robiological studies, and the res ~ was 
preserved in polyet hylene bags for ana lyses . The soil sampl es were 
analyzed for moisture content, total water-soluble salts, chlorides, 
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sulphates, total carbonates, water-soluble carbonates and bicarbonates, 
loss-on-ignition organic carbon, and pH. Each analysis was made in 
three repl icates and the means were recorded. 

The soil di lution plate method (Waksman, 1922) was used for the 
estimation o f the numbers of fungi and bacteria. The dilutions 
used in the majority of cases were 1/10,000 for fungi and 1/100,000 
for bacteria. Fungi were allowed to develop on Czapek-Dox+yeast 
extract agar ; bacteria dev,eloped on nutrient agar which consisted 
of beef extract, 3 g; peptone, 5 g; distilled water, 1 liter. The 
medium was adjusted to pH 6.6-7 by NaOH. The plates were incubated 
at 2a0 c for one week; five plates were counted for either fungi or 
bacteria and the means were compared. In addition, the developed 
fungal species werie identified and numbers per g of air dry soil were 
recorded. Warcup's soil plate method (Warcup, 1950) was also used. 
Ten plates were prepared for each soil and incubated at 2s0 c for a 
week after which the developed fungal species were identified. The 
percentage of occurrence {presence) of each species within the soil 
sampl es w.as calculated. 

Results 

These inv,estigations were made in different soils collected from 
various saline areas (Table 1). Analyses of soil samples shows 
that the soils were generally dry except for some clayey and peaty 
soils where the moisture content might reach 96.15% (Table 2). The 
tot al water-soluble salts (TSS ) were generally high in the majority 
of samPles and reached 86.5% in one sample. Salinity as determined 
by the percentage total water-soluble salts can be classified as: 
low, less than 1%; moderate, from 1.1 to 2%; high, from 2.1 to 3%; 
very high when the TSS exceed 3 percent. The sulphates and total 
carbonates were relatively high; the sulphates ranged from 0.329 to 
4.025% and the total carbonates from 4.5 to 47.7 percent. The 
organic matter content, as determined by loss-on-ignition, was low 
in sandy soils, moderate in clayey soils and high in peaty soils. 

The organic matter content of the soils, determined as percentage 
loss-on-ignition, could fall into one of the following four categories: 
low, from 0 to 10%; moderate, from 11 to 20%; high, from 21 to 30% .i 

and very high when it exceeds 30 percent. 

All the soil samples were alkaline. However, Dregne (1976) reported 
that highly saline soils have pH values around neutrality because 
that is the pH of the neutral salts constituting most of the solutes 
in the soil solution. The presence of sodium carbonate may cause 
the pH to be as high as 9.5 or 10. The presence of high contents 
of total carbonates in the studied soils explains the high pH values 
recorded. 



Table 1. Details of description of localities in which profiles were made. 

Profile No. 

1 

2 - 4 

5 - 6 

7 - 8 

9 - 12 

Date of sampling 

31 July 1977 

31 July 1977 

31 July 1977 

31 July 1977 

29 April 1978 

Locality 

2km from Hamoul; annual 
rainfall 190 mm 

4km north of plot (l); 
annual rainfall 190 mm 

19km from Baltim; annual 
rainfall 190 mm 

2km from Baltim; annual 
rainfall 190 mm 

Wadi El-Natrun, 75krn 
northwest of Cairo; 
annual rainfall 86 mm 

Description 

This plot was a rice field that was regularly cultivated 
long ago. The field was surrounded by Cyperus alopecuroides, 
Spergularia marina and Panicum turgidum. 

Plot (2) was a water logged ground covered with salt crusts 
adjacent to cotton field (Profile 3); the cotton was in bloom. 
Plant cover around the ground was Salicornia fruticosa, Suaeda 
monoica. The water was covered with blue green algae. ~~~ 
Plot (4) was a rice field reclaimed 2 years ago; same locality 
as profiles 2 and 3. 

Plot (5) reclaimed 10 years ago and now left fallow because 
of bad drainage, covered with Panicum (dry), Polypogon 
rnonspeliensis, Salicornia fruticosa and Spergularia marina. 

Plot (7); 20 m from lake Borollos, plant cover was Suaeda 
monoica, Salicornia fruticosa, Atriplex halimus, Re~ 
~a, Limoniastrum rnonopetalum and Alhagi maurorum . 
Plot (8); at the shore of the lake itself, plant cover was 
Salicornia fruticosa, Halocnemon strobilasium. 

Plot (9); Rest-house of the Entomology Research Station. 
Plant cover was Farsetia aegyptiaca, Zilla spinosa and 
Salsola sp. Plot (10) was near lake Um-Risha. Plant cover 
was co-dominated by Cyperus laevigatus and Juncus acutus . 
Plot (11); Sarne locality as plot 10, the soils were collected 
from a spot around Juncus tussocks. Plot (12) was adjacent 
to lake Beni Salarna~nt cover wad dominated by Typha 
australis and surrounded by Cyperus laevigatus. ~~-

"' 00 

" 



Table 2. Description and chemical analyses of soil samples, 

Profile 
No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Soil 
No. 

1 
2 
3 

4 
5 
6 

7 
8 

~ 
10 
11 
13_ 
13 
1 4 
12__ 
16 
17 

~ 
19 
20 
l.L 
22 
23 
li._ 
25 
26 

rJ...... 
28 
29 
2Q_ 
31 
32 
]l_ 
34 
35 
J..Q_ 

Description 

Clay + salt crust 
Clayey 
Peaty 

Peat + salt crusts 
Peaty 
Peaty 

Clay + salt crus ts 
Clayey 
Clayey 

Clay + salt crusts 
Clayey 
Clayey 
Clayey 
Clayey 
Cl ayey 
Clayey 
Cl ayey 
Clayey 
Silty 
Silty 
Si lty 
Si lty 
Silty 
Silty 
Sandy 
Sandy 
Sandy 

Peat + sal t crusts 
Peaty 
Peaty 
Peaty 
Peaty 
Peaty 
Peaty 
Peaty 
Peaty 

Mois t. 
Cont. 
( %) 

8 . 84 
37 . 54 
46.36 
28.67 
34.41 
32 .85 
6.31 

24 . 58 
20.42 
18.32 
16 . 93 
31. 58 

9 . 71 
11.81 
33 .11 
27 . 72 
59.93 
76 . 78 
1.61 

18.45 
16 . 91 
22 . 72 . 
14 . 79 
1 7.4 
0.76 
6 . 09 
9.05 
3 . 45 

21. 74 
4 2 . 80 
23 . 83 
25.13 
29 . 59 
65.07 
78 . 92 
96.15 

TSS 
( \ ) 

2.3 
0. 7 
0.8 

10.3 
7.7 
4 . 8 

13 .9 
2 . 9 
3 . 1 
5 . 7 
3 . 6 
2.5 
3 . 9 
3 . 9 
5 . 7 
4.2 
0 . 9 
0.8 
5 . 2 
0 . 9 
0.5 
2 . 6 
0 . 6 
0.4 
1.1 
1. 3 
1. 3 

86.5 
0.8 
0 . 5 

12 . 7 
5.3 
1.6 

15 . 2 
5 . 4 
4.1 

Chloridaa 
(%) 

0.302 
0 .044 
0 . 043 
1.15 
0. 767 
0.323 
2. 00 
0 . 136 
0.174 
0 . 607 
0.241 
0.073 
0 . 625 
0.593 
1. 773 
1.454 
0.080 
0 . 064 
1. 821 
0 . 295 
0 . 202 
1.198 
0 . 226 
0 . 240 
0 . 23 1 
0 . 057 
0.391 

34 . 613 
0 . 496 
0 . 242 
0 . 994 
0 . 923 
0 . 426 
2 . 41 4 
0 . 682 
0.587 

50 -, , ~ 
0.741 
0.412 
0 . 494 
2 . 387 
2.551 
2. 140 
2 .140 
1. 810 
1.482 
1.646 
1.975 
1.482 
0.494 
0.741 
1.400 
1.460 
0.412 
0.329 
1.399 
0 . 658 
0.161 
0.576 
0 .164 
0. 1 72 
0.675 
0.839 
0.856 
4 . 025 
0.206 
0 . 159 
3.292 
1. 704 
0 . 634 
3 . 489 
1.521 
1.152 

Total 
cui:lonatH 

('i) 

16. 2 
1 5 .6 
16 . 5 
14.1 
15.0 
1 5.3 
15.3 
15 .3 
15.0 
1 5 .0 
15 . 0 
14 . 4 
16.8 
18 . 6 
18 . 0 
1 5 . 6 
15.0 
1 5.0 
14 . 4 
18 . 0 
1 2 . 6 
22 . 2 
13.2 
15. 6 
14.4 
1 4 .1 
14.4 
15.6 

4 . 5 
47 . 7 
25 . 8 
36 . 6 
36.3 
29.4 
23 . 4 
21.0 

co3-
C'l 

0 
0 . 030 
0 . 030 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0.030 
0 

0.030 
0.030 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 . 060 
0 
0 

0 . 030 
0 . 01 5 
0 . 01 5 

0 
0 

0 . 038 

Hco3-
( \ ) 

0 .061 
0 . 183 
0.214 
0.092 
0.092 
0.061 
0.061 
0 . 061 
0.061 
0 . 061 
0 . 061 
0.092 
0 . 061 
0.061 
0.031 
0.061 
0.061 
0 . 275 
0.061 
0 . 092 
0 . 061 
0 . 092 
0 . 061 
0.061 
0 . 01 5 
0.01 5 
0 . 01 5 
0 . 031 
0 . 015 
0 . 0 15 
0 . 061 
0 . 061 
0 . 003 
0 . 610 
0 . 366 
0.078 

Loss on 
i gnition 

(%) 

16.0 
11. 1 
10.7 
14.2 
17.0 
11. 0 
14.2 
31.0 
22.6 
7.2 
7 . 6 
7.0 

15.0 
19 . 2 
13 . 6 
21. 8 
10 . 0 
18 . 2 

3.6 
4 . 8 
0.8 
2 .4 
0 . 6 
1.6 

14 . 4 
1 0.0 
11.4 

8 . 8 
1 3 . 8 
13 . 8 
37 . 2 
25 . 2 
18 . 6 
30 . 6 
47 . 5 
50.8 

Org. 
Carbon 

(%) 

0.118 
0 .046 
0 .130 
0.134 
0.092 
0 . 038 
0.176 
0.092 
0 . 025 
0.038 
0.017 
0.008 
0.122 
0 . 134 
0. 118 
0.076 
0.046 
0 . 008 
0.071 
0 . 071 
0 . 071 
0 . 260 
0.029 
0 . 017 
0 . 034 
0 . 008 
0 . 017 
1. 974 
0 . 143 
0 . 147 
9. 240 
8 . 510 
4 . 662 

10 . 920 
7 . 455 
5.460 

pH 

8.0 
9 . 0 
8.6 
7 .8 
8. 0 
8.0 
7. 7 
8.2 
8.0 
7.8 
7 . 6 
8 . 3 
8 . 0 
8.2 
8 . 2 
8.0 
9 . 0 
8.8 
8 . 8 
8 . 5 
8 . 7 
8. 4 
8.7 
9 . 0 
7 . 8 
7 . 7 
7 . 7 
9.0 
9 . 5 
8.8 
8 . 2 
7.9 
8 . 2 
8 . 9 
8.5 
7 . 8 

l1' 
ro 
l1' 
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Numbers of micro-organisms (Microbial biomass) 

The results presented in Table 3 indicate that the increase in 
salinity is associated with a decrease in the total counts of fungi 
and bacteria. However, the presence of high contents of organic 
matter appeared to mitigate the effect of salinity. This can be 
exemplified by soil samples No. 1 - 3 ~profile 1) where the count 
of filamentous fungi was low (283 X 10 ) in sample No. 1 where the 
salinity was high (2.3%) and the counts increased substantially in 
the other two samples (414 X 102 and 592 X 102 , respectively) where 
the salinity was reduced and the organic matter content was moderate. 
Profile 2 (samples No. 4, 5 and 6) made in an area that was water
logged and now dried, also showed that the count of filamentous fungi 
was low in the topsoil (240 X 102) where the salinity was high 
(10.3%) and the organic matter content was moderate (14.2%). In 
sample 5, salinity was relatively decreased (7.7%), organic matter 
content increased (17%), and the count of fungi was nearly tripled 
(656 X 102). Further decrease in both salinity (4.8%) and organic 
matter (11%) in sample No. 6 was associated with a significant de
crease in fungal count (189 X 102). This might indicate that the 
biomass of filamentous fungi in saline soils depend fundamentally 
on the amount of organic matter present rather than on the degree 
of salinity. This applies to all the studied soil samples except 
those of profile 8 (samples No. 22, 23 and 24). This profile was 
made at the shore of Lake Borollos where the soil was subjected to 
recurrent water-logging. Such condition might cause dramatic change 
in the microbial counts. 

Generally the counts of bacteria exceeded those of fungi because 
of the alkaline nature of Egyptian soils, and the highest records 
were obtained from peaty soils in particular. It is also of in
terest to notice that yeasts were completely absent in the soil 
samples collected from the Natrun area. 

In conclusion, it appears that salinity is not the only factor that 
affects the microbial biomass in saline soils and that the organic 
matter content is probably the more effective factor in this respect. 
The degree of salinity delimits the microbial biomass but the pre
sence of a reasonable amount of organic matter appears to reduce 
this effect. 

Fungal spectrum of saline soils 

The total number of species isolated was sixty-five of which 
Aspergillus niger and A. flavus were abundant (P= 77.78 and 61.11 % 
respectively); A. flavipes was of moderate occurrence (P= 52.78%); 
A.carbonarius, A. furnigatus, A. ochraceus, ~- terreus, Fusariurn sp. 
I and Spicaria silvatica were-of low occurrence (P= 30.56, 38.89, 
30.56, 27.78% for the last three species respectively). The 
remainder of species (56) were of low occurrence (P= 0~20%~, the 
most important species of which was Achlya racemosa which is an 
aquatic fungus isolated from the Baltim district from a ~ultivated 
land that was left fallow because of bad drainage. Pythium ~
spermurn was also isolated from the same locality. 



Table 3. 

Profile 
No. 

1 

.2 

3 

.5 

6 

7 

8 

9 

10 

11 

12 
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Microbial biomas s esti mated as numbers per g of air dry 
s ·oil:; F = .Filametous fungi (x l02), Y = Yeasts (xl02 ), 
B = Bacteria (xl04) . 

Soil Ho. Fungi B c.x104) 
F (x102) y (xl02) 

l 283 24 679 
2 414 85 108 
3 592 75 125 
4 240 1 865 
5 656 5 667 
6 189 40 6 09 
7 26 15 462 
.a 217 3 989 
9 16 7 3 895 

10 67 9 346 
.11 103 2 493 
12 152 1 370 
13 82 11 533 
14 82 1 186 
15 60 1 186 
16 144 797 
17 192 3 1730 
18 246 1145 
19 2 2 27 
20 40 293 
21 19 55 
22 22 17 10 
23 232 339 
24 161 1 36 
25 167 815 
26 132 48 
27 226 38 
28 3 0 59 
29· 125 103 
30 110 490 
31 167 383 
32 1 20 665 
33 ' 487 2706 
34 431 1126 
35 540 1900 
~ 682 19400 
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It is interesting that the genus Aspergillus was represented by 
eighteen species which represents 27.6% of the total number of 
species isolated. Penicillium was represented by four species 
which is equivalent to 6.1% of the total. 

The Mucorales were represented by eight species which is equiva
lent to 12.2% of the total number of species; these species are: 
Circinella simplex, Cunninghamella echinulata, Mucor jansseni, M. 
plumbeus, !i· spinescens, Rhizopus nigricans, R. oryzae, and 
Syncephalastrum racemosum. 

The Ascomycetes, apart from the ascosporic forms of Aspergillus and 
Penicillium, were only represented by two species: Chaetomium 
homopilatum and £· magnum. 

The other species (31) excluding those of Aspergillus and Penicillium 
belong to the Fungi Imperfecti; these are: Alternaria geophila, 
~· humicola, Botryodiplodia sp., Botryophialophora sp., Cephalosporium 
curtipes, Cladosporium epiphyllum, ~-· herbarum, Curvularia geniculata, 
£· maculans, £· subulata, Fusarium spp. (five), Geotrichum albidum, 
~· candidum, Helminthosporium sativum, Hormiscium stilbosporum, 
Humicola brevis, Mycelia sterilia, Nigrospora sphaerica, Spicaria 
griseola, §_. silvatica, §_. sim2licissima, Stachybotrys atra, 
Stemphylium botryosum, S. piriforme, Trichoderma glaucum, T. koningi, 
and '.!'._. lignorum. 

Table 4 gives the total count of each species isolated from the 36 
soil samples and from which it appears that the total count of one 
species in all the samples is not always correlated with the number 
of cases of isolation (presence). For instance Aspergillus terreus 
gives the highest counts (95.9 X 1022 per g of air dry soil) of all 
the species isolated although it was found in only 10 samples 
(P = 27.78%). Again, Aspergillus flavus (5.44 X 102) and Trichoderma 
glaucum (45.78 X 102 ) were isolated in 22 cases and in one case, 
respectively. This seems to suggest that in studies dealing with 
the distribution of fungal species in different soils, it is more 
adequate to rely on the number of cases of isolation rather than 
on the total count, as the latter is a fluctuating value and it 
quickly changes in response to variation in the physical or chemical 
factors of the soil. These findings are in accordance with those 
of Moubasher and Moustafa (1970). 

Salinity tolerance of fungal species 

The highest numbers of species were isolated from soil samples 
25, 26 and 27 of profile 9, where 17, 13 and 12 species were re
corded, respectively. This profile was dug in a sandy soil at 
the Entomology Research Station, Faculty of Science, at Wadi El
Natrum. The soil samples, although of moderate salinity, conta~ned 
moderate amounts of organic matter. Also, soil samples of profile 
1 (No. 1, 2 and 3) supported 11, 11, and 10 species respectively. 



Table 4. counts of fungal species isolated by the dilution plat 
.. .. - 2 

mGthod per q of air dry soil (XlO }. 

Fungal species No. per 9 -- ~ Fun9al species No. per g 
cx102> ... cx10?> 

1. Achlya racernosa 
2. Alternaria geophila 
3 . A. hurnicola 
4. Aspergil lus candidus 
5 . A. carbonarius 
6 . ~· flavipes 
7. A. flavus 
8. A. fumigatus 
9. ~· giganteus 

10. A. humicola 
11. A. luchuensis 
12. ~- niger 
13. A. ochraceus 
14. A. terreus 
15. A. variecolor 
16. A. versicolor 
17. A. violaceo-fuscus 
18. Botryophialophora sp. 
19. Cephalosporium curtipes 
20. Chaetomium flavum Omvik 
21. £· homopilatum 
22. £· magnum 
23. Cladosporium epiphyllum 
24. C. herbarum 
25. Curvularia geniculata 
26. C. maculans 
27. C. subulata 
28.. Fusarium sp. I 

0.14 
1. 50 
0.50 
0.39 

14 .40 
41. 75 

5 .44 
40.90 
2.10 

18.60 
0.86 

25.50 
22.10 
95.90 
30.00 
0.06 
0.19 
3.53 
0.31 
0.03 
0.64 
0.31 
0.06 
0.31 
2.90 
0.17 
0.19 

10.17 

29. t• sp. II 
30. !.• mp. III 
31. !.• sp. IV 
32. F. sp. V 
33. Geotrichum a.lbid'Ulfi 
34. Helminthos12orium fi!!'l:ivum 
35. Hormiscium sp. 
36. Humicola brevis 
37. Macrosporium cladosporioides 

Desmaz. 
38. Mucor plumbeus 
39. ~· spinescens 
40. Penicillium frequentans 
41. P. humuli 
42. P. islandicum 
43. P. lanosum 
44. Pythium monospermum 
45. Rhizopus nigricans 
46. Spicaria griseola 
47. S. silvatica 
48. ~- simpilicissima 
49. Stachybotrys atra 
50. Stemphylium betrYosum 
51. ~· piriforme 
52. Syncephalastrum racemosum 
53. Trichoderma glaucum 
54. T. koningi 

0.11 
l.39 
0.19 

27.03 
0.06 
0.60 
0. 72 
0.58 

0 .03 
1. 39 
0.28 
0.33 
0.50 
1.03 

18.03 
0.17 
0.19 
0.14 
0.11 
1.42 
5.03 
0.89 
1.14 
0.28 
0.19 

45.78 

VI 
ro 
l,J) 
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This profile was made in a cultivated rice field where the soil was 
clayey, also with relatively high salinity but rich with organic 
matter. Least numbers of species were isolated from soil samples 
No. 22, 23 and 24 of profile 8 (2, 3 and 3 species, respectively). 
These samples were collected from silty soil at the shore of Lake 
Borollos where the salinity was high in the top sample and low in 
the other two samples; organic matter content was low in all the 
samples. However, as already mentioned, soils of this profile 
were subjected to considerable changes as a result of the recurrent 
inundation by lake waters. 

This might indicate that both salinity and organic-matter content 
control the number of species in any one sample. Further evidence 
in this connection could be presented by examining the number of 
species isolated from soil samples No. 28, 29 and 30 (profile 10). 
Thus although the total salinity of sample No. 28 was the highest 
recorded in all the soils studies (86.5%), it supported five species. 
This might be due to the presence of a reasonable amount of organic 
matter (loss-on-ignition, 8.8% and organic carbon, 1.974%). In 
sample 29, the decrease in salinity coupled with the increase in or
ganic matter was associated with an increase in the number of species 
isolated (10). 

Thus it may be concluded that when discussing the salinity tolerance 
of fungal species, organic matter content whould be taken into con
sideration. Accordingly, the following groups of fungi may be 
recognized: 
1) Fungi that thrive at low salinity levels and low content of 

organic matter. 
This habitat is represented by soil samples No. 3, 17, 20, 21, 23 
and 24. The highest number of species (10) was present in sample 
No. 3 and the least number (3) was present in both soils No. 23 
and 24. This group of species include: Aspergillus flavipes, !2.· 
flavus, A. fumigatus, A. giganteus, A. niger, A. ochraceus, ~· 
terreus,-A. variecolor-; Fusarium sp.-I, Helminthosporium sativum, 
Hormiscium stilbosporum, Mucor plumbeus, Mycelia sterilia, Nigrospora 
sphaerica, Penicillium frequentans, !:_. lanosum, Rhizopus nigricans, 
Spicaria griseola, ~· silvatica, S. simplicissima, Stachybotrys 
atra and Trichoderma lignorum. 

2) Fungi that thrive at low salinity levels and moderate content 
or organic matter. 

This habitat is represented by soil samples No. 2, 18, 29 and 30. 
The first three samples supported the greatest numbers of species 
(11, 11, and 10) while samples No. 30 contained the least number 
(5). Species in this group include: Alternaria geophila, ~· 
humicola, Aspergillus flavipes, A. flavus, ~· f umigatus, ~· funiculosus, 
A. niger, A. ochraceus, A. sydowli, ~· terreus, !2_. variecolor, 
Chaetomiurn-magnum, Circi;ella simplex, Cladosporium herbar~, 
Fusarium sp. III, F. sp. IV, Humicola brevis, ~ j~n~se~i, ~· . 
plumbeus, Mycelia ster ilia , Nigrospora sphaerica, Pen1c1ll1um 1sland1cum, 
Spicaria silvatica, Stachybotrys a tra , Stemphylium botryos um, 
Trichoderma glaucum, and T. lignorum. 



591 

3) Fungi that thrive at low salinity levels and high content of 
organic matter. 

None of the soils examined fall within this category. 

4) Fungi that thrive at low salinity levels and very high content 
of organic matter. 

None of the soils examined fall within this category . 

5) Fungi that thrive at-moderate salinity levels and low content 
of organic matter. 

Fungi belonging to ·this category are those recorded in one soil 
sample (No. 26) and it contains thirteen species: Aspergillus 
carbonarius, !· flavipes, !· flavus, !· furnigatus, ~· terreus, 
Botryodiplodia sp., Cladosporiurn herbarurn, Fusariurn sp. IV, 
Hurnicola brevis, Penicilliurn sp., Rhizopus nigricans, Spicaria 
silvatica, and Trichoderrna lignorurn. 

6) Fungi that thrive at moderate salinity levels and moderate 
content of organic matter. 

These group of fungi are those recorded in soil samples No. 25, 27 
and 33 of which the first sample supported the greatest number of 
species (17) in all the studied soils; these fungi are: Alternaria 
geophila, Aspergillus candidus, ~· hurnicola, ~· flavipes, ~· flavus, 
~· furnigatus, ~· giganteus, ~· niger, ~· ochraceus, ~· phoenicis, 
Botryophialophora sp., Cephalosporiurn curtipes, Chaetornium homopilaturn, 
Cladosporiurn herbarurn, Cunninghamella echinulata, Curvularia maculans, 
Fusarium sp . IV, Hormisciurn stilbosporurn, Hurnicola brevis, Penicillium 
hurnuli, ~· islandicurn, Rhizopus oryzae, Spicaria silvatica, Stachy
botrys ~, Stemphyliurn piriforrne, and Trichoderma lignorurn. 

7) Fungi that thrive at moderate salinity levels and high content 
of organic matter. 

None of the soil samples examined contained fungi that fall within 
this category. 

8) Fungi that thrive at moderate salinity levels and very high 
content of organic matter. 

None of the soil samples examined contained fungi that fall within 
this category. 

9) Fungi that thrive at high salinity levels and low content of 
organic matter. 

This group comprises the fungi recorded in soil samples No . 12 
(5 species) and 22 (2 species). This group includes: Aspergillus 
carbonarius, ~· flavipes, ~- flavus, ~· niger, and Fusariurn sp. II. 

10) Fungi that thrive at high salinity levels and moderate content 
of organic matter. 

These are the fungi recorded in one soil sample (No . 1) and include 
eleven species: Aspergillus niger, ~· ochraceus, A. terreus, ~· 
variecolor, Cladosporium epiphyllurn, Fusariurn sp . I, Mucor plurnbeus, 
Mycelia sterilia, Nigrospora sphaerica, Stachybotrys ~, and 
Trichoderrna lignorum. 
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11) Fungi that thrive at high salinity levels and high content of 
organic matter. 

None of the examined soil samples contained fungi that fall within 
this category. 

12) Fungi that thrive at high salinity levels and very high content 
of organic matter. 

These fungi are represented by six species recorded in soil sample 
No. 8: Aspergillus carbonarius, A. flavipes, A. flavus, A. terreus, 
Fusarium sp. I, and Spicaria silvatica . 

13) Fungi that thrive at very high salinity levels and low content 
of organic matter. 

These group of fungi comprises those that are recorded in soil 
samples No. 10, 11 (9 species), 19 and 28: Aspergillus carbonarius, 
~· flavipes, ~· flavus, ~- fumigatus, ~· luchuensis, A. niger, A. 
ochraceus, ~· terreus, !!_. variecolor, Chaetomium magnum,-ciadosporium 
herbarum, Fusarium sp. I, !'._. sp. II, Mucor spinescens, Spicaria 
silvatica, and Syncephalastrum racemosum. 

14) Fungi that thrive at very high salinity levels and moderate 
content of organic matter. 

Fungi belonging to this category are those recorded in soil samples 
No. 4, 5, 6, 7, 13 (11 species) 14 and 15 . These are: Achlya 
racemosa, Aspergillus candidus, ~· carbonarius, ~· flavipes, ~· flavus, 
~· fumigatus, ~- luchuensis, ~· niger, ~· ochraceus, ~· terreus, ~· 
variecolor, ~- violaceo-fuscus, Cephalosporium curtipes, Curvularia 
subulata, Fusarium sp. I, Geotrichum albidum, G. candidum, Mucor 
plumbeus, Mycelia sterilia, Pythium monospermum, Spicaria s~ica, 
and ~· simplicissima. 

15) Fungi that thrive at very high salinity levels and high content 
of organic matter. 

These group of fungi comprises those recorded in soil samples No. 
9, 16 and 32 supporting 4, 7 and 8 species respectively, these are: 
Aspergillus carbonarius, !!_. flavipes, ~· flavus, ~- fumigatus, A. 
humicola, A. niger, A. ochraceus, A. terreus, Fusarium sp. V, 
Penicillium frequentans, .!'..· humuli-; and Rhizopus oryzae . 

16) Fungi that thrive at very high salinity levels and very high 
content of organic matter. 

Fungi belonging to this group are those recorded in soil samples 
No. 31, 34, 35, and 36 supporting 10, 8, 3 and 4 species respectively. 
The fungi recorded are: Aspergillus carbonarius, ~· flavipes, ~· 
flavus, A. fumigatus, A. funiculosus, !!_. granulosis, ~- luchuensis, 
A. niger-; A. ochraceus:- A. terreus, ~· versicolor, Curvularia 
geniculata-; Fusarium sp.-V, Humicola brevis, Penicillium lanosum, 
Rhizopus oryzae, and Trichoderma koningi. 

These results are summarized in Fig. 1 from which it appears that 
the presence of a moderate content of organic matter supports the 
greatest numbe r of species under all degrees of salinity. Howe~e: , 
the greatest number of species (28) were recorded under low salinity. 
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V- VIII IX - XII XIII - XVI 

SALINITY ( 0/o) 
Fi gu.r e 1. Number of fungal species as influenced by salinity 

and organic matter. 



594 

Under moderate salinity, the number of species recorded was de
creased (25) and it was further decreased (11) when the salinity 
was high. When moderate organic matter is present and very high 
salinity prevailed, the number of species isolated rose to 22. 
This might indicate that under the condition of low salinity, the 
greatest numbe.r of species are recorded even though the organic 
matter content is low. However, under conditions of high salinities 
(categories 9-16) , the organic matter content seems to be a moderating 
factor. In this connection it may be concluded that salinity is 
the more important factor when the content of organic matter is low, 
whereas the organic matte r content is the more effective factor 
when the salinity is very high. 

Ecological range of halophytic fungal species 

The foregoing results suggest that fungal inhabitants of saline 
soils attain different ecological ranges. It appears that some 
fungi have very limited amplitude as they occur only i n one habitat: 
Achlya racemosa, Alternaria humicola, Aspergillus granulosis, ~
phoenicis, A. sydowii, A. versicolor, A. violaceo-fuscus, Botryodiplodia 
sp., Botryophialophora sp., Chaetomium-homopilatum, Circinella simplex, 
Cladosporium epiphyllum, Cunninghamella echinulata, Curvularia genic
ulata, s::_. maculans, s::_. subulata, Fusarium sp. III, Geotrichum albidum, 
~- candidum, Helminthosporium sativum, Mucor jansseni, !i· spinescens, 
Pythium monospermum, Spicaria griseola, Stemphylium botryosum, S. 
piriforme, Syncephalastrum racemosum, Trichoderma glaucum, and T. 
koningi. 

Some other fungi have a narrow ecological range as they occur in 
two to three habitats: Alternaria geophila, Aspergillus candidus, 
A. funiculosus, A. giganteus, A. humicola, A. luchuensis, Cephalos
porium curtipes,-Chaetomium magnum, Fusariurn sp. II, !_. sp. V, 
Hormiscium stilbosporum, Nigrospora sphaerica, Penicillium frequentans, 
P. humuli, P. islandicum, P. lanosum, Rhizopus nigricans, R. oryzae, - - - -
and Spicaria simplicissima. 

Some other spec ies have a moderate ecological -range as they occur 
in from four to seven habitats: Aspergillus carbonarius, ~- varie
color, Cladosporium herbarum, Fusarium sp. I, Hurnicola brevis, Mucor 
plumbeu~, Mycelia sterilia, Spicaria silvatica, Stachybotrys atra, 
and Trichoderma lignorum. 

The rest of the species (6 ) have a wide ecological range as t hey 
occur in more than s even habitats: Aspergillus flavipes, A. flavus , 
A. fumigatus , A. niger , A. ochraceus, and~· t erreus. Thus it 
appears that the majority of species (49) have e ither v~ry li~ited 
or narrow ecological ranges which may indicate that saline soils 
tend to have its characteristics fungal flora. However, it must 
be noticed that these scales are within the range of soi l habitats 
surveyed in the present study. 
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Discussion 

The aim of this work was to study and investigate the distribution 
of halophytic fungi in some Egyptian saline soils as these fungi 
must have important roles in the fertility of these soils and hence 
on it·s vegetative output. We hope that salt-marsh areas will even
tually be cultivated by some economic plants such as Atriplex spp . , 
Juncus spp., etc. that can be used as range plants and as raw material 
for the paper industry. 

The results obtained from studying the microbial biomass in these 
soils showed that microbial counts decreased steadily with increasing 
salinity. However, the presence of high .contents of organic matter 
appeared to mitigate the effect of salinity. Tolba et al. (1960) 
showed that the number of fungal colonies per g dry soil revealed 
a mark~d decrease with the increase in depth of the profile. They 
attributed such reduction in count to be partly attributed to the 
reduced content of organic matter in the deep soil. 

In this investigation, sixty-five species representing twenty-seven 
genera of filamentous fungi were isolated. The genus Aspergillus 
was represented by eighteen species of which ~· niger and ~· flavus 
havethe highest presence values (P = 77.78 and 61.11% respectively). 
The genus Penicillium was represented by four species: ~· frequentans, 
P. humuli, P. islandicum and P. lanosum. Moubasher and Moustafa 
(1970) showE;d that AspergilluS" in the majority of cases predominated 
over Penicillium in their Egyptian soils. They showed that in a few 
samples where there was a combination of moderate organic matter 
content and salinity, the counts of Penicillium exceeded those of 
Aspergillus. 

Among the interesting species recorded were the two aquatic fungi : 
Achlya racemosa and Pythium monospermum that were isolated from a 
cultivated land that was left fallow because of bad drainage. 
Sparrow (1937) proved the presence of saprophytic fungi in marine mud. 

However, it was found that the degree of presence of these fungi 
did not coincide with their density in soil as some of the less-common 
species contributed, where recorded, higher counts than the common ones. 

Moubasher et al. (1971, 1972) noted that the behavior of fungi in 
soil is influenced by a combination of factors which act simultaneously 
but with variable efficiency. Abo Ellei (1977) classified the fungal 
population of the salt marshes of Egypt according to their tolerance 
to climatic aridity and soil salinity into three types: a) species that 
thrive in the salt marshes of three climatic belts (semi-arid, arid 
and extremely arid), b) species that are present only in the salt 
marshes of the semi-arid belt where mild climate and low soil salinity 
are prevailing, and c) species of high tolerance to both soil salinity 
and climatic aridity and live in the salt marshes of the extreme arid 
and/or arid belts and absent in the semi-arid marshes. 
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In the present investigation, however, it was found that the 
distribution of halophytic fungi is governed by two highly correlated 
environmental factors: salinity and organic matter content. The 
studied soils were classified into sixteen habitats including 
all possible combinations between various degrees of salinity and 
different contents of organic matter. The results obtained suggest 
that the presence of moderate content of organic matter supports 
the greatest number of species in all the sixteen habitats studied. 
However, the greatest record of fungal species (28) was reported 
under conditions of low salinity, whatever the content of organic 
matter. In highly saline habitats, the number of species isolated 
increased steadily with the increase in the organic matter content. 
Thus it seems likely that salinity is the more effective factor when 
the organic matter content is low, whereas the organic matter content 
appears to be the moderating factor under conditions of high salinity. 
This probably could be attributed to the possibility that in highly 
saline soils, the presence of high contents of organic matter provide 
sufficient carbon source for halophytic fungi to increase its inoculum 
potential to a degree high enough to overcome the adverse conditions 
of high salinity. Also it is likely that the presence of organic 
matter at various degrees of decomposition may include humic acid 
that tends to mitigate the effect of salinity. This calls for 
further studies. 
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Effect of Using Sewage Effluent on 
Calcareous Soils 

B. D. MCCASLIN and v. LEE-RODRIQUEZ 
Department of Agronomy 

New Mexico State University 
Las Cruces, New Mexico 88003 

The utilization of treated municipal waste-water (sewage effluent) 
or sewage sludge has recently received increased research atten
tion in agriculture for soil improvement and crop production. 
Beneficial effects of the use of treated municipal waste-water 
or sludges have been known and accepted for a long time, and their 
content of nitrogen (N) , phosphorus (P) , potassium (K) , and organic 
matter are well documented. However, an important factor to be 
considered before use is that the application rate should be re
stricted to levels that will prevent ground water pollution and 
build-up of toxic materials in the environment (C.A.S.T., 1976.; 
Jacobs, 1977; Elliot and Stevenson, 1977; Sanks and Asano, 1976). 

The possibility of pathogen infections in humans exists from un
restricted use of sewage materials. Details of the life spans of 
sewage-carried pathogens applied to soils is unknown . However, 
methods to reduce potential problems are being investigated 
(Reynolds et al., 1974; Rosopalo et al., 1975; Sivinski,. 1975). 

In arid and semi-arid areas where availability of irrigation water 
is a limiting factor in crop production, treated municipal waste
water (sewage effluent) is an important potential source of irriga
tion water and plant nutrients. In greenhouse experiments, Mccaslin 
and Titman (1977) demonstrated that plant available nutrients and 
the heavy metals Cr, Cd and Pb, were essentially unaffected by 
gamma radiation treatment to reduce pathogens in Albuquerque, 
New Mexico sewage sludge. Also, crop dry matter yields on New 
Mexico calcareous soil (in greenhouse pots) were consistently in
creased by 10-100% by sewage applications when compared to re
commended commercial chemical fertilizer treatments. The greatest 
yield increases came from soils known to be deficient in trace 
elements, especially iron. 
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It is wel l known that many soils in the southwestern United States 
a r e calcareous and ha ve a high pH. As a result, these soils fre
quently are deficient i n various micronutrients and heavy metals, 
when applied, tend to remai n at low levels of availability as 
compar ,ed to acid soils . Sewage effluent could represent an additional 
s ource of metals as well as a source of water. 

''l'he research r ,eported her e i s part of a larger ongoing program, in 
ooo,per«;rt:ion with Sandia Labor atories, Albuquerque, New Mexico, 
under 'contract wiil:h. the United States Department of Energy, to 
,exa,min1e potential use of both sewage sludge and effluent on cal
c~ms :s:oil . The objectives of this study were to examine the 
effects of lonq term applications of secondary sewage effluent on: 
;u it.he i:r:on and heavy metal concentrations in a calcareous soil, 
,and 2) on. p.lant:s qrown in t his soil. 

Methods 

Site Description 

Fie1ds were located tha t had been irrigated for 40 years with 
second.ary sewage effluent f rom the City of Clovis, New Mexico 
(population approximately 29,000). The sewage effluent was the 
only source of irrigation water and metered application rates were 
not recorded over the years. However, at least a minimum of three 
acre feet/year of water is required for full crop production. 
Adjacent fields which had never been irrigated with effluent were 
selected for compari son. 

Soil 

Si tes we r e selected which had never been irrigated with sewage 
eff luent and which had been irrigated with secondary sewage effluent 
for approximately 40 years. ~he soils were similar and the two 
sites were s epa r ated by only a field road. From each site, five 
(5 cm diameter) columnar s o i l samples were selected at random and 
sampled to a maxi mum depth of 2 m. Ea ch column sample of soil 
was subs ampled by dividing at the following depths: 0-20 cm 
(plow l ayer), from 20-50 cm at increments of 5 cm; 50-100 cm at 
increments of 10 cm, and 100-200 cm at increments of 20 cm (Fig. 1). 
In sroe probes it was not possible to go deeper than 100 cm due to 
the hardness of the lower l ayers. The problem occurre d ma inly 
in the site t hat had been i rrigated with s ewage effluent. · Each 
soil s ampl1e was air dried , sieved (2 nun) and we ll mixed. A we ll 
mixied subsample was ground in an agate mortar and sieved (60 mesh). 

In each o:ne of the 2 mm s ieved samples the following physical and 
;"hemic.al analyses were p erformed: 1) texture by hydrometer method 
(Day, 1965); in some samples (not all, due to lack o f samples), 
after destru,ction of carbonates, text ure was de t e rmined again; 
2) pH by electrode on a saturated paste; and 3) electrical con
ductivity {EC) by r esistivity bridge on a saturated extract. 
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Figure 1. Diagram of Probes and Soil Samples in the Field 

In each one of the 60 mesh sieved samples the following estimated 
iron analyses were performed in duplicate: 1) total free-iron 
oxides using Nadithionite-Na-Citrate with NaHco3 buffer, (Mehra 
and Jackson, 1960); 2j amorphous-iron oxides following the ammonium 
oxalate procedure (Mckeague and Day, 1966); 3) organic-complexed
iron following the Na-Pyrophosphate 0.1 M procedure (McKeague, 1967). 
The dispersed ammonium oxalate and pyrophosphate soil suspensions 
were separated using superfloc-123 (given by American Cyanamid 
Company, Lindon, N.J. 07036) (solution 0.4%) and centrifuged at 
2,600 rpm; iron concentrations were determined by atomic absorp
tion spectrophotometry, based onfue procedure described by Webber 
et al. (1974). 

Composite soil samples were made from equal amounts of 60 mesh 
sieved soil at each depth up to 100 cm from the five probes of each 
site. 
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s amples were well mixed and the following chemical analyses performed 
in duplicate: 1) DTPA extractable Fe, Zn, and Mn (Lindsay and Norvell, 
1969) a nalyzed .by atomic absorption spectrophotometry; 2) cation 
exchange capacity by sodium saturation (Chapman, 1965); 3) organic 
ca rbon determined by the Walk ley-Black procedure (Allison, 1965); 
4) calcium carbonate determined by rapid-titration procedure (Allison 
and Moodie, 1965) ~ using the Fisher Titralyzer II; and 5) exchange
able nitrate using 2.0 N KCL (Bremner, 1965) and the Technicon Auto 
.Analyzer II. 

Total free-iron oxides, amorphous-iron oxides, organic-complexed 
izon. pH, electrical conductivity, and percent clay data, were 
statistical1y analyzed as a complete randomized block design having 
two trea ents (well- water and secondary sewage effluent as irri
qation waters), twelve blocks (depths from 0 to 100 cm), and five 
rep ications (pn>bes) . In each site the simple correlation coe
fficients between tota l free iron oxide contents and percent clay 
were calcu1ated. 

Effluent 

Secondary sewage effluent from one of the irrigation lateral canals 
was sampled ni ne times during a 24-hour cycle. Two collections 
were taken at each time, giving a total of 18 samples. In the 
laboratory one-ha lf of each sample was treated with sulfuric acid 
(H2s0 4) and the other half with nitric acid (HN03) to keep the pH 
between 2 and 3. The effluent samples treated with nitric acid 
were s haken by hand and filtered through Whatman-42 ashless paper, 
using a total filtrate volume of 130 ml. The filtrate was analyzed 
directly and the residuals (including the filter paper) were di
gested using the wet ash method of Piper (1944) (predigestion with 
nitri c acid overnight, followed by three or four hours perchloric 
acid digestion). 

The concentrations of Na, K, Ca, Mg, Fe, Mn, Zn, Cu, Cd, Ni, Pb, 
and Cr in the filtrate and digested residual diluted to 25 ml were 
determined by atomic absorpt ion spectrophotometry. 

The effluent samples treated with sulphuric acid were analyzed for: 
total .II, N03 (Bremner, 1965) , total P, and ortho-phosphates (U. S. 
Environmental Protection .Agency, 1971). Electrical conductivity 
(E.C. ) and pH were taken directly in the field. 

Plant Material 

Plant tissue samples were collected at each site where the soil 
was sampled.. In the f all of 1976, six representative corn samples 
consisting of three randomly selected corn plants were collected. 
Th,e ent.ir1e above ground portion of the plant at approximate 
JPhysiol1oqical maturity was sampled. The next season, wheat tissue 
:samples ,consisting of f ive composite and randomly-selected samples 
taken at the early boot stage of growth were taken from the same 
s ites. 
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Each plant sample was washed gently with mild detergent and rinsed 
with glass-distilled, deionized water. Corn samples were separated 
into leaf and stem. All plant material samples were dried at 65oc 
for 48 hours in a forced-air oven and ground in a stainless steel 
Willey Mill to pass a 40 mesh screen.. After mixing, triplicated one
gram subsamples of plant material were digested, using t he wet ash 
method of Piper (1944). The concentrations of Fe, Zn, Mn, cu, Cd, 
Cr, Ni, and Pb in the diluted (50 ml) digest were determined by 
atomic absorption spectrophotometry. Differences between subsamples 
and chemical reproducibility were analyzed statistically and found 
to be non-significant. 

The mean of each element, for each crop, and for each site were 
calculated and compared by "t" test (Snedecor and Cochran, 1967). 

Results and Discussion 

Effluent 

The range and mean of the chemical composition and salinity quality 
of secondary sewage effluent used in these experiments are g iven 
in Table 1. In the table they are compared with the recommended 
maximum heavy metals concentration for irrigation waters t hat are 
to be used continuously. The effluent salinity quality as a source 
of irrigation water, is classified as C2-Sl (U. S. Salinity Lab-
oratory, 1954), which indicates that the secondary sewage effluent 
does not pose serious salt or sodium hazards. Considerable quanti-
ties N, P, Ca and Mg were added to the soil- p lant system during irriga
tion and no additional fertilization was made to effluent irrigated fields . 
Micro-nutrients and heavy metal concentrations in t his e ff luent 
were considerably less than the limit levels recommended for 
irrigation waters (Water Quality Criteria, 1972). In general, the 
secondary sewage effluent can be considered as domestic muni cipal 
effluent with very low or no discharge of industrial waste into 
the sewage system. 

Soil 

In general, it was observed that the concentrations of ions and 
metals decreased with depth except for caco3 (Table.2) . . T~e in
c reased concentrations of caco3 with depth at the site irrigated 
with effluent is not fully understood. 

All parame t ers in Table 2 were greater at the site irrigated with 
effluent, except for Mn-DTPA and N0 3-N cont~nt. However, at both 
sites and in all depths, Mn-DTPA concentrations were above the 
sufficiency level of 1 ppm, (Lindsay and Nove ll, 1969). Normally 
low concentrations o f NO -N were r eported in the literature (Clapp 

3 7) . et al., 1977; King and Morri s , 1974; Thomas and Law , 197 agreeing 
with results presented herein. This may be due to most o f t he 
nitrogen being originally present i n organic form. 
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Table 1. Chemical Composition of the Secondary Sewage Effluent Used 
in the Long-Term Application Studya 

Element Range 

Total N 2.90-3.50 

Total p 9. 60-11. 20 

Na 108. 71-121. 08 

K 31. 53-34. 90 

Ca 2 .14-25 .. 29 

Mg 33 .. 42-38.15 

Fe 0 .44- 0 .83 

Mn 0 .. 07-0. 09 

Zn 0 .06-0.09 

ere 

Cde 

eu.e 

Pbe 

Nie 

EC 710 . 00-780 .. 00 

pH 7.50-7.90 

SAR 4.80-5.85 

Mean 

3.04 

10.39 

115.78 

33.91 

12.24 

36.66 

0.59 

0.08 

0.07 

742.20 

7. 71 

5.30 

Irrigation b 
water stds. 

---d 

---d 

---d 

---d 

---d 

---d 

5.00 

0.20 

2.00 

0.10 

0.10 

0.20 

5.00 

0.20 

---d 

---d 

---d 

lb/acre ft.c 

8.26 

28.24 

314.72 

92.17 

33.28 

99.65 

1.61 

0.22 

0.18 

avalues 
-~~~~~~~~~~~~~~~~~~~~~~~~ 

in mg/l except EC (µmhos/cm) and pH 

bTaken from Water Quality Criteria (1972) 

cBased on mean value of composition 

dNo irrigation standards given, Water Quality Criteria (1972) 

econcentrations in filtrate and residual were consistently below 
the detection limit for the procedure used. 



Table 2. Soil Ch emical Properties for Each Depth and Each Site Irrigated With a nd Without Secondary Sewage Effluent. 
Long Term Application. 

Depth Zn-DTPA ppm Mn-DTPA ppm Fe-DTPA ppm Organic Carbon o/o NO - N ppm CEC meg/100 grs Ca C03 o /o 
ems Effluent TRT . Effluent TRT. Effluent TRT. Effluent TRT. Eftluent TRT . Effl uent TRT. Effluent TRT. 

Without With Without With Without With Without With Without With Without With Without With 

* 0 - 20 15 . 84 24 . 1 2 35 . 25 26.88 7.04 22 .31 0 .53 0 . 9 0 36 11 20 . 81 24.79 0 .38 1. 94 

20- 25 5 . 28 7 . 46 32 . 25 21. 80 5.87 19.12 0 .45 0 . 68 10 6 21. 0 3 28.78 0 . 9 3 1. 76 

25- 30 3.33 5 . 51 28 . 38 21. 35 5 .90 12 . 58 0. 51 0 . 64 11 5 20 . 37 28.34 1.23 1. 52 

30- 35 3.90 3. 79 26 . 58 19.41 5.87 9. 7 3 0. 54 0 .54 1 2 4 22.14 27.89 1.63 1. 51 

"' 0 

35- 4 0 3.39 4 .18 21. 52 16 . 58 6 . 15 8 . 72 0 .43 0 . 39 7 4 24 . 79 30.55 1. 82 2.47 "" 

40 - 4 5 2. 75 2 . 88 17 . 92 13 . 88 6 . 12 8.16 0. 41 0.45 6 4 21.92 28 . 34 1.98 3 . 03 

4 5-50 2 . 98 2 . 24 1 6 . 27 11. 94 6.43 7.66 0 .28 0 . 17 6 4 20 . 81 30.11 2 . 1 7 4. 72 

50-60 2 . 35 2 . 81 1 2 . 98 10 . 45 5.95 6 .71 0 . 28 0 . 28 4 4 19 .48 29 . 22 2 . 0 3 7.45 

60- 70 3 . 26 2.47 12. 2 5 8 . 96 5.45 6 . 57 0 . 2 3 0 .17 7 4 18 . 59 28.34 2 . 18 13 . 21 

70- 80 3.51 3.45 8 . 96 8.35 5 . 03 6.63 0 .13 0.26 5 4 19.37 23 . 46 2 . 40 26 .46 

80- 90 3.35 4. 24 6 .57 5 . 65 4.81 7.46 0 .09 0.29 5 4 19 . 92 20 .39 2 . 19 39.33 

90-100 3 .55 4 . 75 5 .67 5 . 02 4.27 6 . 93 0 . 11 0.17 5 4 19 . 04 21. 03 2 . 00 44. 03 

* CaC0 3 content f o r the depth 120- 140 , 140-160, and 160-180 , were 8.35 , 19. 68, and 37 . 15 percent respectively. 
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The main effluent effect on most chemical properties was at the 
first t hree or four depths, and thereafter the concentrations were 
simil ar. F·e-DTPA and CEC were exceptions which were higher in all 
depths of t he effluent treated soil. Increases in Fe-DTPA indicates 
increased p lant available Fe. 

The mean clay content was significantly greater at the site irri
gated with secondary sewage effluent. However, at both sites the 
caco .. content increased at the same depths as did the clay content 
wh:iLd~ may be an indication that clay-sized (<2µ) Caco 3 particles 
were includred in t h e clay content determination. The effect of 
destroying caco3 on c l ay content was checked at three depths in 
two probes (due to the lack of enough samples) at the site irrigated 
with sewage effluent. The reduction in clay content was obvious 
('I'abLe .3) .• Cla:y c ontent measurements appear to be confounded by 
the presence of c aco3 . 

'Table 3 . Clay content before and after destruction of CaC03 on 
three depths and two probes at the site irrigated with 
secondary sewage effluent, Clovis, New Mexico. 

Depth Probe Without CaC0 3 a With CaC0 3 

cm -------------------%------------------
70-80 I 18.6 40.6 

80- 90 I 15.2 43.4 

90-100 I 12.4 44.4 

70- 80 v 16.9 46.2 

80- 90 v 13.6 51. 2 

90-100 v 11. 3 55.2 

aProcedure described in Soil Conservation Service, U.S.D.A. (24) 

The mean pH values were significantly lower at the site irrigated 
with sewage effluent, mainly at the soil surface (0-25 cm) . Both 
sites had alkaline pH values and had a tendency to increase in pH 
with soil depth. The ph values increased with depth from 7.30 to 
7.64 and f rom 7.58 to 8.13 at the site irrigated with effluent and 
well-water , respectively. Kardos and Sapper (1973), and Beek et 
al. (1977) reported an increase in pH by the use of sewage effluent 
over a six-year period on acid forest soils. 
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The reduction in pH in calcareous soil is not well understood and 
may be a result of many interacting factors. 

The mean E.C. values in relation to salt content in each site ranged 
from approximately 1.3 at the surface to 0.9 at 100 cm. No signi
ficant differences were found between sites. 

The content of the three forms of extractable iron measured: 1) 
total free-iron oxides, 2) amorphous iron oxides, and 3) complex
organic iron for each depth and probe on each site was variable. 
Analysis of variance for each of the three forms of extractable 
iron indicated a significance for all the effects, blocks (depths), 
treatments (sites) and the interaction (depth X sites) . The statis
tical significance for the interaction makes it difficult to 
explain (statistically) the single effects (depths and sites), since 
effects were not always the same at all depths on the same site 
(Figures 2, 3, 4). 

The mean contents of total free-iron oxides for each site (Fig. 2), 
show that at the site irrigated with secondary sewage effluent, 
the total free-iron oxide content was highest at the soil surface 
(0-25 cm). The content at the deeper depths was approximately 
constant (40 ppm) until the 70 cm depth. From 70 to 100 cm, free
iron oxides increased as much as double. At both sites the content 
increased with depth until approximately 30-35 cm, and thereafter 
decreased as depth increased. 

The mean contents of amorphous-iron oxides and complex-organic 
iron (Fig. 3,4), indicate that the effluent effect was mainly 
at the soil surface (0-25 cm). The distribution in the soil, in 
general, followed the same trend with depth, described previously 
for total free-iron oxides. 

Generally, it has been well demonstrated that the amount of iron 
oxides are highly and positively correlated with the clay content 
in the soil (Juo et al., 1974; Mcintyre, 1956; Nandra, 1974). The 
relationship was in agreement with the result found at the site 
irrigated with well water, with a significant positive correlation 
(r = + 0.74). However, at the site irrigated with secondary sewage 
effluent, it was found to have the opposite relationship, a sig
nificant negative correlation (r = 0.76). This effect can be ex
plained on the basis of the high percentage of calcium carbonate 
included in the clay sized particles (Table 3) mentioned previously. 

The low concentrations of the three forms of iron at depths deeper 
than 30 cm found at the site irrigated with secondary sewage 
effluent (Figures 2, 3, 4) were unexpected since considerably more 
iron was applied in each volume of effluent (Table 1) than at the 
site irrigated with well water. It was hypothesized that the 
initial iron content of the soil, plus the iron applied in the 
effluent may have been fixed by clays and/or precipitated to the 
relatively more active crystalline forms and therefore did not 
show up in the Fe analyses used. 
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Figure 2. Mean a nd Range Distribution of Free-Iron Oxides 
at the Sites Irrigated with Well Water and Secondary 
Sewage Effluent, Long-Term Application 
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Figure 3. Mean and Range Distribution of Amorphous-Iron Oxides 

at the Sites Irrigated with Well Water and Secondary 
Sewage Effluent, Long-Term Application 
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COMPLEX- ORGANIC 
o.~ 1.0 1.~ 

c>----o Well water 

-- Effluent 

Figure 4. Mean and Range Distribution of Complex-Organic 
Iron at the Sites Irrigated with Well Water and 
Secondary Sewage Effluent, Long-Term Application 

Juo et al. (1974) indicated that decreased values of "active Fe 
ratio" with depth in the profile, is a clear indication that higher 
proportions of iron oxides are present in crystallized forms . 

The "active Fe ratio" values for each site at each depth (Table 4) 
show that the first two depths at the site irrigated with secondary 
sewage effluent had higher active iron ratio values than at the 
site irrigated with well water. On the other hand, at depths below 
30 cm, the opposite was true. These data indicate that the lower 
depths at the site irrigated with secondary sewage effluent, higher 
proportions of the iron present were probably in crystallized forms. 

Plant Material 

Corn and wheat crops grown at both the sites irrigated with well 
water and with secondary sewage effluent for 40 years showed un
iform and normal development, deep green color, and healthy-looking 
plants, without visual phytotoxicity symptoms. 

Cr, Cd, Ni, and Pb were not detectable in plant tissue digests. 
Concentrations of Fe, Zn and Cu metals in corn-leaf were signifi
cantly higher and Mn lower at the site irrigated with secondary 
sewage effluent (Table 5). 
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Table 4. Distribution of Amorphous-Iron Oxides to Total Free-Iron 
Oxides (Active Iron Ratio) for each Depth on each Site 
Irrigated with Secondary Sewage Effluent and Well Water. 

Depth 
cm 

0 - 20 

20- 25 

25- 30 

30-35 

35-40 

40-45 

45-50 

50- 60 

60-70 

70- 80 

80- 90 

90-100 

a(499) Active Fe ratio = 

Active iron ratioa x 1000 

Eff luentb Well waterb 

70.0 42 .2 

55.6 38.1 

52.1 51.0 

42.4 49.4 

32 .5 58.2 

31.6 54.7 

30.1 56.5 

22.9 54.7 

18.3 56.0 

16.6 46.1 

16.3 44.1 

15.3 37.0 

Amorphous-Ir~~ Oxi~~J9xalate-Fe) 
Total free- iron oxides (dithionite-Fe 

b 
The mean values of amorphous and total free-iron oxides were 
used in calculations . 

In wheat tissue, iron was the only metal with concentrations sig
nificantly higher at the site irrigated with secondary sewage 
,effluent.. Concentrations of all metal elements in plant tissues 
were well below the tolerance levels f or agronomic crops suggested 
by Melsted (1973}. 

Summary and Conclusions 

Results of long term applications (40 year ) o f secondary sewage 
,effluent on calcareous soi l indicate a beneficial increase in 
plant available micronutrients iron and zinc. 



Table 5. Corn (leaf and stern) and Wheat Tissue Mean Concentration (pprn)of Fe, Zn, Mn and Cu 
After Zero (well water) and Forty Years of Irrigation With Secondary Sewage Effluent. 

Crops -- -- -·- -- ·---
Corn Leaf Corn Stern Wheat 

Sewage Effluent Treatment 
Element 0 Yrs 40 Yrs 0 Yrs 40 Yrs 0 Yrs 40 Yrs 

Fe 130. 64 222.85a 28.74 38.74 115. 71 282.68a 

S.D. 5.21 6.43 2.62 5.94 5.98 8.40 

Zn 24.82 69.9la 8.36 13. 95b 32.64 39.88 

S.D. 3.03 l. 33 0. 77 0.75 3.67 1.60 

Mn 130.11 101. 56 35.2lb 13.69 56.72 65.01 

S.D. 8.92 5.22 7.81 l. 05 1.86 3.20 

Cu 26.98 36.69b 7.83 6.51 22.85 23.56 

S.D. 2.26 2.28 0.13 0.84 2.45 l. 34 

a 
"t" level, two tails test = 1 % 

b 
"t" test = 5 % level, two tails 

S.D. = Standard deviation 

(j\ 

I-' 
0 
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Plant tissue analyses showed normal concentrations of the micro
nutrients Fe, Zn, Mn, and cu, and no detectable Cd, Ni, Cr and Pb 
due to the 40 years of effluent application. Soil samples showed 
that build-ups of free iron oxide, amorphous iron oxide and organic 
iron in the soil profile were only in the plow layer (0-25 cm) . 
Most of the iron below the 0-25 cm depth may have been fixed by 
clays and/or precipitated to more active crystalline forms. Soil 
analysis also indicated no salt accumulation . 

Effluent data indicated no salts or sodium hazard problems and the 
effluent used can be considered a domestic sewage effluent with 
little or no industrial discharge to the sewage system and better 
quality than many commonly used irrigated waters. No Cd, Cr, Ni, 
or Pb accumulations would be expected from the use of such water. 

In general, the data collected to date indicate that sewage 
effluent is a potential source of irrigation water and plant nu
trients, particularly for southwestern agricultural calcareous 
soils and could be used to increase the irrigated crop growing 
area and to reduce fertilizer inputs. 

Potential risks such as pathogens from use of sewage effluent can 
be reduced by radiation. Risks from heavy metals or toxins acci
dentally entering the food chain can be further reduced if the 
effluent is used on plant types or production systems from which 
crops do not enter the human food chain. An additional million 
acres of land in New Mexico alone could potentially be available 
for production if water such as sewage effluent were available. 
Also, few risks to the environment and human food chain would 
occur if the production were geared, for example, to biomass 
growth for ultimate use in fuel production. 
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The Role of Polyploidy 
in the Evolution of Atriplex canescens 

HOWARD C. STUTZ and STEWART C. SANDERSON 
Brigham Young University 

Provo, Utah 84602 

Atriplex canescens (Pursh) Nuttall (fourwing saltbush) is the most 
widespread species of perennial Atriplex in North America. Distributed 
from central Mexico to southern Canada and from Colorado and Nebraska 
to the Pacific coast, it is a highly variable species occupying a 
variety of sites and enduring a variety of climates. Although it is 
apparently somewhat plastic, showing phenotypic response to 
environmental variables, most of the variation appears to be heritable. 
Hybridization with other Atriplex species and polyploidy appear to 
provide most of this heritable variation. 

Most populations of Atriplex canescens are tetraploid (Fig. 1) but 
some are diploid, some hexaploid and one form is twelve-ploid. 

Diploids 

The first diploid population to be reported was described as a 
"relic" population (Stutz et al., 1975). It resembles, in many 
respects the widespread common tetraploid forms growing nearby, but 
differing distinctively in its gigas features which appear to make 
it superbly adapted to a sanddune habitat. A large-statured tetraploid 
form growing on sanddunes fifty miles to the north of the diploid 
population may be a direct tetraploid derivative of the gigas diploid, 
but the other tetraploids, common throughout Utah and neighboring 
states apparently came from diploids which differed genetically from 
the contemporary gigas form. 

Another rather extensive diploid population grows on sandy soils 
south and east of Tucson, Arizona. It is a delicate, fine-textured 
form with narrow leaves but the well-developed wings on the fruits 
clearly di·stinguish it from other narrow-leafed forms such as 
A. linearis Watson and A. linifolia Humbolt and Bonpland. It is 
;emarkably drought resistant, often growing with, and apparently 
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favorably competing with, creosote bush (Larrea ~ivaricat~ cav.). 

Dunford (1979) has found diploid populations in southern New Mexico 
which appear to be eastward extensions of the southern Arizona 
populations. Other diploids have been found sporadically at several 
other sites, but since no other extensive populations have been 
found they may have originated as polyhaploids from tetraploid 
plants. A root tip of a seed from a plant growing five miles north 
of Cameron, Arizona proved to be a haploid but eight other plants 
in this same area all proved to be tetraploid . Similarly, a single 
haploid seed was collected from a plant near Boron, California in a 
population which proved to be otherwise tetraploid. These may, 
therefore, represent sporadic polyhaploid derivatives, but a 
polyhaploid origin for the more abundant populations is quite 
unlikely, particularly since all of the plants, which have been 
examined thus far, are dioecious. Apparently then, diploid 
populations are primarily relic rather than derived, whereas 
sporadic diploids are likely of polyhaploid origin. 

Tetraploids 

Although it is difficult to completely rule out the possibility of 
allopolyploidy or segmental allopolyploidy in the origin of polyploids 
such as Atriplex canescens, all available evidence suggests that the 
common widespread tetraploid form of this species arose via 
autopolyploidy. Multivalents at meiosis (Stutz et al., 1975) and the 
absence of other pbssible contributing parents are the principal 
supporting arguments. In other, unpublished studies, evidence has 
accumulated which suggests that autopolyploid product s may be 
commonly p roduced in Atriplex from unreduced gametes. For instance, 
a female pentaploid hybrid between tetraploid !2-_. canescens and 
hexaploid A. tridentata Kuntze produced two octoploid plants among 
its nine p'l?ogeny. Such products apparently could result only upon 
fertilization of an unreduced gamete of the female hybrid parent 
(45 chromosomes) by a normal male gamete ( 27 chromosomes) of 
A. tridentata. 

Most of the variation found within tetraploid A. canescens is apparently 
introduced from other species with which it associates throughout 
its distribution. To the north, 4N A. canescens meets and hybridizes 
with !2-_. gardneri (Moq) Dietrich which i;-~iso t etraploid. The hybrids 
are fertile and hybrid products are common. 

The most s uccessful hybrid product which appears t o have come from 
this pare ntage is A. aptera Nelson which is now common on clay soils 
along the numerous-tributaries of the Missouri River in Montana, Alberta, 
Saskatchewan, North Dakota, South Dakota, Nebraska and southeastern 
Wyoming. This low growing, vigorously rootsp routing form accumula~es 
very little wood and has reduced wings on the fruiting bracts. It is 
this form collected in 1804 by Lewis and Clark on the Missouri River 
near Ch~erlain, South Dakota , whic h is the type collection for ~ · 
canescens (Pursh, 1814). 
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In southern Idaho, western Utah and northern Nevada tetraploid 
A. canescens hybridizes with diploid ~· falcata Standley to give 
rise to several adaptive derivatives. A putative stabilized 
tetraploid form from this hybrid has become established in sandy 
loam soils along the Snake River in Owyhee Country, Idaho, northward 
to Salmon County, Idaho and Dillon Beaverhead County, Montana. It is 
much woodier than A. falcata but less woody than ~· canescens and 
bears fruits with four swollen sides rather four wings. In western 
Utah a hybrid swarm (A. bonnevillensis Hanson) from this same putative 
parentage (Hansen, ··1962) occupies several valley floors. It has not 
yet stabilized into one specific type. 

In Nevada the triploid hybrid from 4N A. canescens x 2N A. falcata 
parentage, appears to have undergone chromosome doubling to give rise 
to an al l ohexaploid described below. 

Southward, tetraploid A. canescens has apparently hybridized with 
tetraploid A. polycarpa (Torr.) Watson to give rise to tetraploid 
A. linearis which now grows abundantly throughout ·western Mexico, 
southern California and southern Arizona. Natural hybrids between 
A. canescens and A. polycarpa are fairly common wherever these two 
species grow syrnpatrically and some of the hybrid products closely 
resemble A. linearis. Fruit and leaf characteristics are somewhat 
intermediate between the two putative parents. From performance in 
nurseries at Provo, Utah and on strip-mine soils in Northern Ne~ 
Mexico it appears that . neither A. linearis nor A. polycarpa are as 
cold tolerant as A. canescens and neither A. canescens nor A. linearis ------· 
are as drought tolerant as A. po~yc~p~. 

Hexaploids 

Hexaploid ~· canescens plan~s have been found sporadically throughout 
much of the Interrnountain West (Fig. 1.). Mostly they appear to be 
minority components of otherwise tetraploid populations and hence may 
each be an ephemeral product resulting from the chance fertilization 
of an unreduced gamete produced by a tetraploid parent (36, unreduced 
gamete,+ 18, normal gametes,= 54). In some instances such 
autohexaploids appear to have become locally very s uccessful . At 
the White Sands National Monument in south-central New Mexico, 
several disjunct and morphologicaliy distinctive hexaploid forms have 
become established in small pockets isolated from each other by 
shifting sanddunes. Some pockets are still occupied by tetraploids. 
Most of the hexaploids from this area are l ower growing than the 
tetraploids and in experimental nurseries appear to be more woody and 
drought tolerant. Apparently they are formed rather commonly and 
upon exposure to repetitive severe environmental stresses, to which 
they are uniquely more adaptive than the parental tetraploid form, 
become locally competitive. Under changing conditions, however, their 
higher genetic uniformity would expectedly be a disadvantage. 
Consequently they probably come and go rather frequently, whereas the 
more flexible tetraploids would better endure the vicissitudes of time. 

Hexaploid A. canescens in Nevada is quite another story . These 
appear to be allohexaploids derived from 4N A. canescens X 2N A. falcata 
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parentage. Hybrids between these two species are corrunon in Jersey 
Valley, Lander County, Nevada, south of Lovelock, Pershing county, 
Nevada and sporadically at other places where they happen to come 
together . The putative hexaploid derivatives resemble, quite 
closely, the natural hybrids. If this is the correct interpretation 
of the origin of hexaploid ~- canescens in Nevada, the variations 
seen between populations probably reflect polyphyletic origins or 
else subsequent introgression from the parents. 

Hexaploid ~- canescens in Nevada has a much shorter stature than 
tetraploid forms in that area. Fruiting bracts bear shorter wings 
and fruiting stalks often extend to the ground-level crown, as is 
characteristic of A. falcata. 

In Tooele Valley, and also in western Juab County, Utah, another 
hexaploid form is fairly common, which apparently came from 4N A. 
canescens X 6N A. tridentata parentage. It resembles A. tridentata 
in having soft, furfuraceous leaves, shorter stature than' 4N A.---
canescens plants with which it grown syrnpatrically, greater 
succulence, and in being very late to flower and to mature its fruits. 
In 1977, fruits did not mature until late November, as did the fruits 
of sympatric ~- tridentata plants. Tetraploid ~- canescens in this 
area had fully ripened fruits by early October. 

Twelve-plaids 

A distinctive form of A. canescens with laciniate bracts and hence 
named ~· canescens varietY-iaciniata Parish (Parish, 1914) is 
apparently an autoallopolyploid with 108 chromosomes derived from 
the parentage A. canescens X A. polycarpa. If this is the correct 
parentage, it was probably derived by chromosome doubling of a 
hexaploid which in turn was derived from an unreduced gamete from 
4N ~· _canescens and a normal gamete from 4N ~- polycarpa as follows: 

Parents: A. canescens (36 chromosomes) X '!2.· polycarpa (36 chromosomes) 
garnet;s: 36 (U.G.) + 18 (normal) + F1 hybrid with 54 chromosomes 
doubling of chromosomes of this F1 hybrid + 108 chromosomes 
(A. canescens var. laciniata) 

Because there are also hexaploid A. canescens and hexaploid ~
polycarpa in the geographic distributional area of laciniata, other 
schemes for its origin are, of course, possible. However, since 
several natural interspecif ic hybrids have been found between the 
tetraploid forms, but not the hexaploids, this seems the most likely 
parentage. The likelihood of unreduced gametes from '!2. · canescens 
is favored over unreduced gametes from '!2.· polycarpa simply because 
laciniata resembles A. canescens far more than it does A. polycarpa. 

~- canescens var. laciniata is restricted to a relatively small area 
in the Mojave desert from Barstow to the Salton Sea. It appears to 
very drought-resista~t and tolerates both sandy and heavy ~l~y s?ils. 
When in contact with tetraploid A. canescens, natural hybridization 
between them is common. The hybrids are quite fertile and produce a 

be 
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variety of aneuploid progeny ~ost of which' are also fairly fertile. 

summary 

In the rapid, recent spread of Atriplex canescens throughout western 
North America, polypl oidy in its various fo:r:ms has played a major role 
in producing new species which have invaded and occupied available 
sites . Unreduced gametes are apparently responsible for most 
autoploid derivatives. Alloploids derived from interspecific hybrids 
may also have been produced by unreduced gametes or from chromosome 
doubling in somatic tissue. 

Autoploids appear to be woodier, and slower growing than their 
parental fo:r:ms and are, hence, adaptive in some of the harsh 
environments found in the Intermountain West. In rapidly changing 
environments they probably do not succeed unless genetic diploidization 
is concomittantly rapid. 

Alloploid forms of Atripl ex show heterotic advantages from germ 
plasm derived from genetically distinct parents . Some have been 
unusually successful in severe desert habitats. Two a lloploid 
forms of~- canescens which have been unusually successful, are 
(1) those conunon in the desert valleys of Nevada apparently derived 
from ~- canescens X ~- falcata parentage and (2) those common in the 
Mojave desert of California putatively derived from the parentage 
A. canescens X ~- polycarpa. 
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In the broadest sense, remote sensing is the measurement or ac
quisition of information of some property of an object or pheno
menon, by a recording device that is not in physical or intimate 
contact with the object or phenomenon under study (Reeves et al., 
1975). The distance from the recording device to the object of 
study is variable and can range from hand-held equipment to sat
ellites. This paper deals specifically with remote sensing by 
satellite. 

The Landsat satellite systems, which have been operational since 
1972, utilize multispectral scanners (MSS) to provide imagery in 
four regions of the electromagnetic spectrum (Fig. 1). These are 
referred to as MSS bands 4, 5, 6 and 7. The spectral regions of 
these bands are 0.5-0.6, 0.6-0.7, 0.7-0.8 and 0.8-1.1 µm , respec
tively. Bands 4 and 5 are in the visible green and red port ion 
of the spectrum and bands 6 and 7 are in the near infrared portion 
of the spectrum. Each of these MSS bands can be interpreted se
parately as black and white photographic images or they may be 
combined to produce a false color composite (FCC). The contribu
tion o f each band may be varied in the compositing process and 
color balance is then used to enhance t he desired obj ect of in
terpretation. Digital computer enhancement of the imagery has 
also been used successfully to increase interpretability. The 
multispectral nature of Landsat imagery is particularly well suited 
to natural resource evaluation, planning and management programs. 
Band 4 is well suited for discrimination of cultural features, 
band 5 maximizes soil and geologic patterns and bank 7 is most 
useful for hydrologic r esource definition. Bands 5 and 7 have 
been f ound useful f o r vegetat i on studies a l s o (Ashley et al., 
1973). 
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In addition to multispectral capabilities, Landsat imagery offers 
the advantage of synoptic, multidate coverage. For example, sea
sonal changes in vegetation patterns can be discerned and mapped 
on a near-real time basis. Comparative studies of changes in dy
namic surface conditions can be examined from 1972 to present. 
This is useful when considering the temporal implications of de
sertification. 

Desertification 

Desertification, or desert encroachment, in the simplest terms, 
is a reduction in the potential productivity of arid and semi
arid lands. More specifically, it is the lateral extension of 
areas characterized by sparse vegetation and low biological ac
tivity (Worcester et al., 1978). These characteristics of de
sertification are commonly associated with arid and semi-arid 
climates. Based on either climate, vegetation or soils, it has 
been estimated that approximately one-third of the earth's surface 
is in these categories (Dregne, 1976; Meigs, 1953; Kellogg and 
Orvedall, 1969). This has a strong influence on man's habitation 
of these areas. Conversely, man is exerting a strong influence on 
lateral expansion of arid conditions into otherwise arable lands 
(Huss, 1978). At the United Nations Conference on Desertification 
held in Nairobi, Kenya (1977), it was pointed out that both crop 
land and grazing land were deteriorating under the influence of 
man and livestock. Growing populations increase pressure on fragile 
ecosystems as demands for food, fiber and space increase. 

The term desertification implies a progressive expansion of a less 
desireable climate and its direct, detrimental influence on soil 
and plant resources. The influence of man, in this case, is 
tantamount to a change in climate. As desertification continues, 
the ecosystem regresses resulting in decreased biomass in desired 
grazing species, invasion by unfavorable species, increased sus
ceptibility to soil erosion and poorer living conditions for humans 
(Dregne, 1977). This spiraling decay of the environment increases 
during drought years when overgrazing creates an unmanageable 
pressure on the range vegetation. The inevitable migration of 
nomads further complicates the situation. Dryland farming by 
the sedentary population also suffers because of the lack of 
conservation control of wind and water erosion. 

Discussion 

Deserts are expanding in Africa, Asia, Latin America and other 
parts of the world. The productive potential of areas adjacent 
to deserts is decreasing. Once these areas have been decimated, 
reclamation is extremely costly and time consuming. In areas 
affected by desertification, the major emphasis in collecting 
earth resource data should be to provide a basis for resource 
development and management. 
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An assessment of the resources and desertification indicators of · 
affected areas along with monitoring of changes, whether they are 
improvements or further deterioration, can be readily made using 
remote sensing procedures. In fact, this may be the most practical 
approach where large and often inaccessible areas are involved. 

Recent aerial photo coverage of most developing countries is not 
generally available. Where it ls available, it is nearly unman
ageable for large areas because of large scale and the great number 
of photos required for coverage. In addition, repetitive, multi-
date coverage is not economically feasible. Landsat satellite 
data has the distinct advantages of a broad synoptic view, repeti
tive coverage, near orthographic scenes and multispectral capabilities. 
Also, digital data are available for computer analysis. 

The objectives of a desertification monitoring program are to assess 
existing ecological and resource conditions, to detect physical 
indicators of desertification and to observe changes representative 
of improvement or further deterioration of natural resources (Myers 
et al., 1978). Recognition of the extent and spatial distribution 
of various natural resources and their condition through time is 
the primary objective of a desertification monitoring program. 
Features which are essential and can be assessed, at least at a 
reconnaissance level, by space imagery include, but are not limited 
to, natural vegetation, soils, geology, land use and hydrology. 

Natural Vegetation 

The distribution of vegetation on the landscape and its condition 
are very sensitive indicators of changing environmental conditions. 
These features can be readily observed on Landsat imagery in MSS 
band 5 and on false color composite images. Desert vegetation, 
because of its sparse nature, is best observed at a t ime most fa
vorable for its growth. Vegetation at that time will exert its 
greatest influence on the spectral signatures. The multidate 
nature of Landsat imagery permits monitoring of changes through
out a single year or between several years. Interpretations can 
be made from the distributional patterns of vegetation and changes 
in these patterns relative to soil and hydrologic conditions. 
Desertification is a dynamic process and requires monitoring dy
namic parameters . Vegetation is such a parameter and Landsat 
offers an excellent opportunity t o study these changes in a mean
ingful manner. 

Soils 

Soil is normally considered to be a rather static resource with 
changes occurring slowly. Desertification processes impose r ather 
rapid changes in soil conditions . Both the static and dynamic 
nature of soils can be exploited in desertification monitoring. 
Pre- requisite to the usefulness of soils data, as well as other 
resource data , is an understanding· of the resource as it occurs 
in the field. 
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Final preparation of meaningful soil data is predicated by careful 
synthesis of all available background data correlated with observa
tions and data from field investigations. 

Soil landscapes occur in a regular and predictable manner which can 
be delineated on Landsat imagery. The properties of the soils can 
be directly correlated with vegetation, hydrology and geology. 
However, before these correlations can be confidently stated, a 
certain amount of baseline parameterization must be done. The 
baseline soil parameters, in concert with the associated vegetation, 
offer an excellent opportunity to evaluate climatic influences on 
a region with time. This then becomes a powerful tool for delin
eating areas where drought induced stresses might occur. Such in
formation would be very useful to predict severity of drought im
pacts on the human population of a region and for disaster pre
diction and relief logistic operation planning. 

Geology 

Geology is a relatively permanent feature visible on Landsat im
agery. The significance of geology lies in its impact on other, 
more dynamic, resources and in its predictive nature for resource 
development. Geologic materials impart many of their properties 
to the soils which develop in them such as texture, water holding 
capacity, natural fertility and erodability. Geology is extremely 
important in hydrologic resource understanding and development. 
Location of potential ground-water aquifers is one example. 
Lineament mapping for possible mineralization sites is another 
aspect of geologic mapping facilitated by the synoptic coverage 
afforded by Landsat imagery. 

Hydrology 

Landsat MSS band 7 is particularly well suited to recognition of 
hydrologic resources. Drainage basins and sub-basins can be 
readily delineated. When combined with soil, vegetative and 
geologic data, hydrologic models can be developed which are ex
tremely useful in formulating water resources management plans 
on a regional or national scale. This is of value not only in 
preventing further desertification, but also in rehabilitation 
activities. 

Many arid and semi-arid regions rely on flood recession along 
river flood plains to provide the water necessary for crop pro
duction. Multidate satellite imagery can be used to determine 
the extent of flooding and thus approximate the impact on agri
cultural production. When combined with rangeland condition 
appraisals, potential disaster implications can be derived. 

Land Use 

Although land use is not a natural resource per se, it is an in
dicator of desertification or drought stress conditions. 
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The rural population in the Sahelian zone is either sedentary ag
riculturists or nomadic pas toralists. These populations shift in 
response to climatic i nfluences on the productive potential of an 
area. Changing field patterns and decreased vegetative cover are 
indica tors ·Of changing environments and can be interpreted in terms 
of desertification processes. 

Summary and Conclusions 

The prec.eed:ing discussion is far from exhaustive. The items dis
cussed indicate where remote sensing can be useful as a deserti
f i cation nitoring a:nd detection technique. Remote sensing is 
a t · : e and cost effective method of natural resource inventory. 
Landsat imagery. while offering excellent spectral resolution, is 
someW'b.at 1.i "ted by spatial resolution. The spatial resolution 
is. how:ever, adequate for regional reconnaissance applications. 
Although not a panacea, it does provide a powerful tool for natural 
zesonree ana1ysis. Since desertification is a regional scale pro
bl • remote sensing offers a logical approach to resource inven
tozy. pl.anning and management. 
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Decimation of productive and marginally productive lands by the 
advance of desert and desert-like environs is of world-wide con
cern. The term popularly connoted with this event is desertifi
cation. Much recent literature has been devoted to the causes and 
effects of desertification (Office of Science and Technology, 1972; 
U. N. Conference on Desertification, 1977; Reining, 1978) and means 
of monitoring or assessing its impact (Myers et al., 1978; Conitz, 
1978; Bale et al., 1974). The social, ecologic, and agronomic im
pacts have been amply pointed out by the cited authors and numerous 
others. Applications of remote sensing for resource information 
that ties directly to desertification (i.e. overgrazing, etc.) has 
been thoroughly evaluated in an ad hoc report of the Committee on 
Remote Sensing for Development (1977). 

Although desertification is not restricted to desert peripheries 
(Dregne, 1978), some of the most serious consequences have occurred 
near arid lands, e.g. the African Sahel, a transition zone along 
the southern edge of the Sahara Desert. In 1972, a severe drought 
struck western Africa and the results were staggering in terms of 
loss of life in both the human and livestock populations. This 
in part prompted the United States Agency for International Dev
lopment (USAID) to seek a means of monitoring the boundaries, 
movements, and effects of desertification in western Africa (Paul, 
1978). As a result, the Remote Sensing Institute (RSI) was comm
issioned to evaluate multidate Landsat imagery over parts of 
western Africa to determine its utility as a monitoring tool. 
The results reported in this paper were part of the contract re
port to USAID (Worcester et al., 1978). 
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Objectives and Goals 

several recent papers have alluded to the potential effectiveness 
of Landsat dat,a for monitoring the desertification processes of the 
Sahel (Myers ,et al.. 1918; Bale et al., 1974). This study was de
signed to ,evaluate Landsat imagery as a tool to aid in the inter
pretation of deserti.fi cation indices and indicators. Because of 
financial litnitations the study was conducted with only that ground 
verifi catinn .availabl e from consultation with specialists familiar 
wi t h the gen·eral a.rea . Temporal coverage was utilized to help 
deteno.ine t ne optimum season for data acquisition and the observable 
landscape di.f f e r ences from year to year (1972, 1976, 1977). 'l'he 
ma jor go.al of the study was to establish the efficacy of Landsat 
imgefy in .a s p ecific region where desertification is actively 
occ:urring. ''l'he study endeavored to determine what could and could 
no't be moni tored usin(J Landsat imagery and to analyze the relative 
seve r.ity of any ev idence that could be $een. 

Study Area 

The study ar~a encompassed parts of Mauritania, Senegal, ahd Mali 
(Fiq. 1). Detailed information about temperature and precipitation, 
poplllat i :on,. l and urse ~ a,nd soils of the study area are characterized 
by Worcester et al. (1978 ) . The following is a brief synopsis. 

'Preci pitation ranges from 100 mrn in the north to 1,000 nun in the 
south. Rainfall distribution is characterized by a short, wet 
summer season and a dry winter. Temperatures are warm year round. 

'The majodty of the population is directly involved in agriculture 
with nomadic peoples being a minority within that group. Land use 
is predominantly grazing. The type of land (e.g. rocky, flood
plain, dune ) bog1ether with climatic influences predicates the du
ration cf grazing. The majority of agricultural production in 
the study area is rel·egated to flood recession and small areas of 
i rri9at ion in the Senega l River floodplain. 'l'he majority of rain
fe d aqriculture occurs in the southern part of the area. The major 
c.rops .are mille t ., sorghum, and maize with a little irrigated rice. 

Materials and Methods 

'fbe :first stage of this project involved inventory Landsat coverage 
of the study ar1ea. To facili tate this process a computer listing 
·of Landsat ct!Nera9e s peci fic to the study area was obtained from 
the BROS Data Center at Sioux Falls, South Dakota. Each available 
:s&::ene was catalog-ed as to location, and imagery was selected and 
ordered flO transparencies) on the merit of quality, time of 
season., and covera'}e ~ Band 5 (0.6-0. 7 um) data were ordered first 
t.o init.iate tbe st.udy ~ other bands were subsequently ordered. 
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Figure 1. Location of study area for desertification investigation. 
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However, due to the time constraints imposed on this study, total 
coverage by bands 4, 6 and 7 was not available during the actual 
interpretation phase. False color composites (FCC) were also ob
tained but coverage was limited to the FCC's that had been pre
viously generated by the EROS Data Center. Consequently, band 5 
was the major band utilized in the interpretations with bands 4, 
6 and 7 and FCC providing ancillary information where available. 

The s ,econd s t age involved preparing mosaics (1972, 1976 and 1977) 
for i nterpretative base maps using band 5 at approximately 1: 
1,000 ,000 scale. Due to lack of acceptable Landsat coverage, the 
1976 mosaic was incomplete. The 1977 mosaic was complete with 
t he exception of t wo scenes in the southwest portion of the study 
.area,. S·el,ect ed enlargements at 1: 250, 000 were made to investigate 
particul a r regions where temporal changes were apparent. Acetate 
transpar·encies were prepared to overlay on all the imagery bases 
duri ng t h e interpret ative stage which followed. 

The i:nte:r pret ative s t age involved visual comparison of all the 
Landsat data i n conjunction with existing available data, i.e. 
FAO s oils and vegetation maps. An International Imaging Systems 
u 2s ) color additive viewer was used to aid in the interpretations. 
Row.eve r,. the ma j ority of t he i nterpretations were made by care
fully scrutinizing t h e temporal coverage, both seasonally and 
yearly, with additional assistance from existing information. 
Interpret ations made f or the whole study area included: general 
soil (based on USDA classification) , general land use (modified 
l eve l I I, Anderson et al., 1976), hydrology, and transportation 
routes. Scene specific i nterpretations were made utilizing the 
temporal advantage of Landsat to depict desertification indicators. 

I nterpretive Results and Discussion 

Results presented in t his paper can be partitioned into two levels. 
The first level involves general interpretations encompassing the 
entire study area ; the second level of interpretation endeavores 
to select specific desertification indicators. Although both 
~vels of i ntJerpr etati,on are discrete, interrelationships are 
s:patia.l ly and topically evi dent. 

General Study Area Interpretations 

"l'hi.s pbase of the study i nvolved t he use of Landsat band 5 mosaics 
at a scale of 1:1,000, 000 for the study area interpretations. 
Band 5 bas been proven t o be the best Landsat band for soil in
terpretations (Westin and Frazee , 1976) and has also been used 
witb a good dea1 of success in general vegetation inventories. 
One band 7 (O.S-1. 1 µm) mosaic was prepared at a small scale 
to illu·strate hydrology . 
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Land use patterns were first established (Fig. 2). The legend in
dicates, in general, the vegetation communities, agricultural 
practices, and some semblance of potential use. Temporal analysis 
of land use can indicate the flux of desertification, e.g. ~mount 
of flood-recession agriculture in a particular year . More specific 
examples are addressed later in the text. 

Fig. 3 shows the interpreted soil map for the study area. Soil 
maps generated by the FAO were used as an aid. Landscape relation
ships and tonal patterns together with known climatic regimes pro
vided the means of delineating the interpreted soil units. Soil 
patterns and vegetation development are strongly related. Inter
pretations derived from a soil map provide an equitable means for 
establishing management practices suitable to an area. Soil inter
pretations present the potentials and limitations that exist for 
a soil and the management practices that are needed to maintain pro
ductivity. The influence of mismanagement in concert with c limatic 
anomalies will first affect the vegetation composition and repeated 
misuse will cause soil degradation. The degenerative nature of 
desertification will thus be indicated first on a short term basis 
on the fragile soil-vegetation landscapes associated wit h the more 
arid environment. The corresponding region in the study area is 
located north of the Senegal River on the Entisol soils. Longer 
term, more permanent trends are expresse d on the more fully deve 
loped, stable soil-plant landscapes . This region is observed in 
the southern part of the study area in the Alfisol soil region. 
Changes in these regions are subtle. Specific examples of these 
indicators will be shown in the next section. 

Landsat band 7 is generally the best band f or surface hydrology 
because of easy recognition of surface water . As in the prev ious 
general interpretations, as much existing data as possible must 
be incorporated into the derivation of the actual interpretations. 
It is critical in water resource analyses using Landsat data to 
obtain existing climatic data t o not only help in selecting the 
s e asonal coverage but aid in explaining anomalies. Fig. 4 s hows 
the surface hydrology of the study area . Stream density analysis 
can be used as a n ancillary tool in geological , vegetative , and 
soil interpretations. 

Desertification Indicators 

After completion of the foregoing resource evaluations the next 
level of interpretation became e a sier as the area became more 
familiar . Landsat data records a multitude o f a nomali es and an 
interpreter must be careful not to make false interpretations or 
conclusions. An important aspect of this study which i s missing 
is the on-ground verification. However , authentication of many 
of the interpretations was made by Mr . Bill Pearson USAID/AF~/SFWA 
and by Mr. Toure Fade l of Mauritania . Both individuals are in

timately familiar with the study area . 



Figure 2. 

D Sand Dunes 
01. Barren sand dunes 
02. Sand dunes with sparse seasonal grasses in interdune areas. 

A. Rocky land 
Al . Severely eroded barren rock. thin sheet sands . Very sparse vegetation 

A. Agricultural Land 
A 1. Irrigated agriculture 
A2 . Flood recession agriculture. 
A3 . Rainled agriculture with some grazing 

G. Grazing Land 
Gl . Mixed savanna. semi-deciduous and deciduous lores! . Somewhal drought 

resistant grazing land. 
G2. Savanna with tall grass and scattered xerophytic !orbs and brush. Acceptable 

grazing land . 
G3 Savanna wilh mostly grass and widely scattered Kerophytic vegetat ion 

Marginal. drought sensitive grazing land 
G4 Submarginal grazing land. Sparse. scattered grass 
GS Steep rocky land with marginal grazing with grasses and scattered xerophytic 

brush mixed with phreatophytic vegetation along narrow alluvial drainageways 

M. Coastal Marshes 

W Open Water Bodies 

01 t 

1 

Photo-interpreted land use in the study area. Note the spatial arrangement of grazing lands. 
(1977 Landsat MSS Band 5 mosaic). Note clouds and cloud shadows in the east-central part of 
the mosaic. 
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Figure 3. 

I. Entisols 
1. Psaimient s 

1. Torr-ipsJ.'IT:l!!nts 
a. Oeep sands; active longitutliM l dunes 
b. Ceco to l'ledh.m dt!ep s.:inds ; partially stabilized 

lon9itud in" l dunes 
t. Deep sands; acti ve, s hort transverse dunes. 
d. Oeepsands, .i.c t i•e , Ion!) transverse dunes 
e. Deep to rre<!1um aeeo sanes , irregular dunes 
f. Oeeosaods;coastaldunes 
g. Deep sa nds; coasul depo':.its. 

2. Aquips,mrnents 

2. Aquents 
l. Hatric Fluvaquents 
2. Fluv.iquents 

3. Orthents 
1. Xeror thents 
2. Ty:iic Us:urthents 
J. Lilhic Ustorth<!nts 

II. lnceptl sol s 
1. TypicUstoi::hrept 

ll L Aridi~ols 
1. Nat rarg i ds 

1. Typicffatrargids 
2. Aquicllatrargids 
3. Hap11cNatrargids 

2. Camborthids 
1. Typic Cambor thids 

IV. Alf1sol s 
!. Natrustal fs 

l. Typic Natrust<1 lfs 
2. AquicNdtrustalfs 

2. Haplustdlfs 
1. Vertic Haplustalfs 
z. Typlc Hapfostalh 
J. OxtcH.iplufsta l fs 
4. AquultitH.:i;ilustalfs 

3. P.ileust11lfs 
1. Typic PaleusOlfs 
2. UdicPaleusti lfs 

4 . Rhodustalf 
1. Udlc Rhooust.il fs 

Y. Yerthols 
1 . To,.rerts 

I. TypicTo,..rerts 

~ 

1 

VI. Oxisol s 
I. Ustox 

1 . TyplcHaplustox 
2. UltlcHaplustox 

Photo-interpreted soil map of the study area. Soi l units are based on U.S. Dept. of Agriculture 
system of taxonomy. Briefly, Entisols have little or no soil development; Inceptisols are 
young soils with some horizonation ; Adridiso ls are soils with horizonat ion formed in dry environs; 
Alfisols are soils with sufficient moisture for plant growth and having had clay translocation; 
Vertisols are soils with a high clay content; and Oxisols are extremely weat hered soils with 
diffuse soil horizons. (1977 Landsat MSS Band 5 mosaic). Note cloud and c loud shadow i n the 
east-central part of the study area. 
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Figure 4. Photo-interpreted surface hydrology of study area. Intermittent streams are not delineated 
due to scale of imagery. (1977 Landsat MSS Band 7 mosaic). Note clouds and cloud shadow 
in the east-central part of the study area. 
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Vegetative cover is important as a source of land cover to abate soil 
erosion and as a source of grazing for the dominant pastoralism of 
this region. Figs. Sa and Sb shows an example of apparent vegetative 
changes that are visible in an interdune area under varying moisture 
regimes. This region is important to the nomadic herdsman as an 
area of seasonal grazing. A lack of vegetation will speed the no
mad's journey to the south, thereby increasing the stress in this 
area. A decrease in the grazing potential of this area will have 
to be counter-balanced by increased pressure in other areas which can 
result in overgrazing and denudation of already stressed areas. 
Misuse of rangeland in desertifying areas include more than over
grazing; harvesting of shrubs for fire, cultivation, and burning 
are also serious causal factors (Huss, 1978). 

The amount of flooding which takes place annually in the Senegal 
River floodplain is an important source of moisture for agriculture. 
A detected decrease (Figs. 6a and 6b) can signal a poor year(s) 
for production of flood-recession vegetation. At the mouth of the 
Senegal River, flooding is also apparent on Landsat imagery (Figs. 
7a and 7b). The amount of flooding is an important source of soil 
moisture, the lack of which causes serious consequences; food pro
duction is reduced and rangeland production is down, both of which 
add to the destructive forces of desertification. 

Man induced changes, in some cases, are also apparent on Landsat 
imagery (Figs. Ba and Bb). Drier years may induce natives to burn 
rangelands in an attempt to clear lands or to initiate fresh vege
tative growth. However, bare soils are prone to wind erosion and 
further degrading actions. Huss (1978) reports that burning range
land in Sudan is a major factor in the desertification processes. 
In general, an increase in what appears to be burn patterns over 
the whole study area was noted from 1972 to 1977. 

Alteration of the vegetative cover can cause changes in ground 
water leading to salinization in semi-arid soils (Dregne, 1976). 
An example of this phenomenon is shown in Figs. 9a and 9b. Ground 
verification of the extend of this area would be most helpful in 
further study of the causitive agents. 

Sununary and Conclusions 

Desertification indicators have been enumerated on temporal cov
erage of Landsat imagery in a portion of the western Sahel. Al
though the causes of desertification are many and complex, the 
ultimate expression of desertification is on the natural resources 
of a region. Consequently, temporal analysis of resou~ce~ led 
to the illustration of regressive resource changes as indicators 
of desertification. This evidence of desertification was then 
portioned into three levels of permanence or persistence ~ short, 
medium, and long term. Soil and climatic influences are impor
tant factors in determining the general location of the permanence 
of indicators (Fig. 10). 
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Figure Sa. Ephemeral interdune vegetation is shown as darker tones 
(arrows). A normal year's precipitation preceded the 
Landsat coverage. (MSS Band 5, 15 February, 1976). 
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Figure Sb. Ephemeral interdune vegetation is shown in a dry year 
(arrows). Compare to Fig. Sa. (MSS Band 5 , 6 November , 
1977). 



Figure 6a. Flood recession vegetation, a short 
term encroachment of the floodplain 
cloud and cloud shadows in the west 

0 lOkm 

indication of desertification, is shown at arrow. 
is shown at (A). (MSS Band 5, December, 1972). 
half of this area. 

Longer 
Note 
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Figure 6b. Flood recession vegetation in a dry year. 
than shown earlier. Compare to Fig . 6a. 
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Results of encroachment at (A) are more pronounced 
(MSS Band 5, 5 November, 1977). 
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Figm:·,e 7a. 
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Extent of seasonal flooding is shown at the mouth of 
the Senegal River. (MSS Band 5, 6 November, 1972). 
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Figure 7b. Extent of seasonal flooding subsequent to a dry year. 
Compare t o Fig. 7a . (MSS Band 5 , 6 November , 1977 ) . 
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Fiqur,e Sa. Landsat S1cene (9 March 1973) showing Gorgol region of 
Mauritania prior t o burning (arrow). False color 
1oomposite imag,e reproduced in black and white. 
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Figure 8b. Landsat scene (10 December, 1977) showing Gorgol region 
after a burn (arrow). False color composite image 
reproduced in black and white. 



Figure 9a. 
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Region of Senegal exhibiting salinization is shown. 
Landmark reference as to location can be noted at stream 
intersection in lower right corner. (MSS Band 5, 10 
December, 1972). 



Figure 9b. 
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Example of increased salinization in an area, compare 
to Fig. 9a. (MSS Band 5, 5 November, 1977). 
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SHORT - TiERM :INDIC.AT1IONS 

I SOIL LONG-TERM INDICATIONS 
ORDERS 

. ENTISOL r---i 
I 

I ARIDISOL 

" INCEPTISOL t . 

'" 

ALFISOL . . 

it VERTISOL . 

r--· OXISOL . 

Fig . 10. Rel ative degree of expression of desertification effects 
by soi l orders i n the study area. Longer lines indicate 
gr,eat er degree of expression (Worcester et al., 1978). 

Short t erm indicat ors are found in the more arid zones, whereas 
medium and lonq t e rm indicators are found farther south in regions 
of more stable soi l - plant environs. Short term indicators, because 
of their dynamic na ture are more immediately visible on Landsat 
i :magery . Medium a nd l ong term indicators are less apparent on the 
Landsat imagery because of the time needed to effect the changes 
and the resultant s ubtle landscape changes. 

The interactions of desertifying factors and the consequential re
source changes are c l osely related. Interpretations of Landsat 
imagery off.ers a real-time alternative to assess sequential changes 
and/or the current status of natural resources in the large geogra
ph i c r,egions of t he Sahel. 
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The Vegetation in Tibet of China and 
It's Economic Significance 

WEN-HUA LI 
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The Tibetan Plateau with a mean elevation of over 4,000 m above sea 
level is called "The Roof of the World". It is the largest, 
highest and youngest plateau of the world. The Tibetan Plateau 
uplifted late in the Cenozoic, an era which had a great influence 
not only upon the plateau itself, but also upon the physical 
environment of entire Asia. 

Tibet Plateau Comprehensive Investigation Team was organized under 
the auspices of Academia Sinica to study the origin and development 
of the plateau and to establish the direction of rational utilization 
of its natural resources. This paper deals with only a portion of 
the preliminary results of the survey. 

The distribution of vegetation in Tibet is determined by a series of 
environmental factors; among them, relief, monsoons, latitude, and 
the thermo-effect of increasing temperature of the plateau. 

In general, the relief is more or less smooth and rolling in north 
and west Tibet and the altitude of these parts is higher than in 
southeast Tibet. The southeastern part is considerably dissected 
with high mountains and deep valleys. The variation of relief is 
very large in a small area. The temperature decreases with increasing 
altitude and may be calculated by the following formulas for 
southeastern Tibet: 

(1) Mean annual temperature in °c=25.04-0.58h; 
(2) Mean temperature of the coldest month in °c=l8.99-0.67h; 
(3) Mean temperature of the warmest month in °c=30. 21-0.5lh; 
(4) Annual sum of the temperature >10°C in °c=8984 .18-306.35h+2.35h2 ; 
(5) Warm index in °c=250.67-9.14+o-:-osh2 ; 
(6) Absolute minimum temperat ur e in °c=9 .32-0. 87h; 
(7) Mean duration of frost-free period in days=365-7.08h 

h= altitude in lOOm 
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Due to the fact that t he temperature varies with altitude, from the 
low river valleys to the h igh mountains, one can see entire series 
of alti tudinal .belt s , f rom tropical, to temperate, to alpine vege
tati on. This diversifi cation is usually found in a small ar-ea and 
it provides excel lent conditions for ecological studies. 

Precipitati on i n Tibet is inf luenced by the monsoon, corning chiefly 
from the .Indian Ocean . As a result of the monsoon the annual rain
fal l dec r ·eases s t eadily f rom southeast to northeast from more than 
2,000 mm in Ya luts angpo Gorge to less than 100 mm in Alee in the 
western part of t he plateau. Consequently, the most diverse types 
of veget a tion, including the humid forests, semi-humid meadows, 
semi-arid steppes and arid deserts are presented. 

Al though latitude significantly affects the distribution in the 
plateau, it is usually over shadowed by the effects of relief and 
monsoon. 

It has b een s ug·gested recent l y, that the Tibetan Plateau itself 
plays a great role in r aisi ng the temperature. Thus, the temp
erature of the pla t eau is prominently higher than that of the 
places at the same a l tit ude and the same latitude in the eastern 
part of China; the difference between these two parts of China 
reaching 1°c and more. As a result of the analysis of data 
coll ected from 130 me t eorological stations, we have developed 
a mathematical mode l of t he mean annual temperature at the 
vari ous geographica l l ocat ions at the ideal sea level. 

T=-11. 4589+1. 90802x-0 .. 0122376x2+o. 311879y-O. 034469xy+O. 000212486x2y 

.. 110. 58746t y=20 j-3. 7 46129 t y~ 2~+0. 0224 769( y~~~ 
r = 0 .9B. Coefficient of cor relation. 
T = Mean annual temperature in C at the ideal sea level; 
x = degree of longitude; 
y = degree of latitude; 

'fhis formula shows that t he h ighest mean annual temperature at 
the ideal sea l ev:el appe ars near the western part of the plateau. 
'l'berefore, the elevation of t he same vegetation type in Tibet 
is distributed significa ntly higher than that in eastern China. 

Tibet has a series of particular physical geographical conditions, 
some ·Of which are favorable and others unfavorable. All these 
conditions interact with each other and form a very complex habitat 
for the development of vegetation. 

The f l or a of Tibet is comparatively rich. According to prelimi
nary estimates, there are over 4,500 higher plant species belonging 
t o about 190 famili ,es and l, 200 genera. In order of abundance we 
may classify t he following dominant families: Compositae, Gramineae, 
Ericaceae, Rosaceae, Papilionaceae, Ranunculaceae, Scrophulari aceae, 
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Orchidaceae, Primulaceae, Cruciferae, Cyperaceae, Gentianaceae 
and Saxifragaceae. 

There are more than 202 genera of higher plants in the arid lands 
of Tibet and more than 500 species may be expected. 

In forest regions of Tibet one can see not only numerous temperate 
species of Salicaceae, Betulaceae, Rosaceae, and Caprifoliaceae, 
but also many subtropical and tropical species of Lauraceae, 
Fagaceae, Magnoliaceae, Araliaceae, Dipterocarpaceae, Annonaceae, 
Myristicaceae, Flacourtiaceae, Melastomaceae, Combrataceae, 
Guttiferae, etc. 

_The rich floristic composition corresponding with the complex 
environmental conditions provides varied types of vegetation. 
They may be preliminarily classified into 15 types and more than 
40 formations of vegetation. The presence of such complex types 
of vegetation, varying in a relatively small area, is seldom seen 
in other parts of China. The Tibetan forests are mainly found in 
the southeastern parts, where 90% of the plant species in Tibet 
are distributed. The numerous altitudinal belts are found on the 
southern slopes of the Himalayas, and southern part of the Hengduan 
mountains. The forest vegetation of Tibet in many places is 
almost unbroken and has important scientific significance. 

The chief timber forests are spruce, fir and pines. Most forests 
grow rapidly and have a long exploitable age. Many species of 
saplings grow into giant trees in the favorable habitats. For 
instance, the spruce forests in the valleys of Pomu reach a height 
of 55 m, occasionally even over 70 m. In a few areas the mature 
spruce forests yield over 2,000 m3 of timber per ha . This makes 
the forests of Tibet a new major timber-land in southwest China. 

The forests of Tibet produce the rich resources of many precious 
medicines, fiber, oil, starch, and glucose. 

Alpine meadows occur mainly in the semi-humid regions at 4,000-
4,800 m in the northeast and at 4,500-5,200 m in western Tibet. 
Alpine meadows are characterized by Sino-Himalayan elements, but 
the alpine-boreal elements are also present. Kobresia pygmaea, 
K. pumila, and K. capillifolia are commonly found in alpine 
;eadows. Howev~r, on the shady slopes in eastern Tibet there are 
scrubs composed of Rhododendron nivale , R. cephalantum, Potentilla 
fruticosa, etc. 

On arid southern slopes there are some cushion plants of the genera 
Sabina, Androsace, Arenaria and Leptodermis. 

The production of the aboveground parts in meadow vege tation . 
varies from 750-1,880 kg/ha. The nutrient compos ition of alpine 
meadows are higher t han f or any other types of herbaceous vege
tation in Tibet and Inner Mongolia (Table 1). 
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Table l 

The nutrient composition of vegetation types in Tibet 
(Percentage on dry weight basis) 

crude crude crude nitrogen 
Types of vegetation protein fat fiber free ash 

extract 

Alpine meadow 16. 8 2.95 27.00 46.31 6.85 

Steppe or plateau 12 .55 3.70 27.82 47.82 7.56 

Alpine scrub 13. 43 3.07 27 .13 48.41 7.95 

Alpine woodland 13. 74 2 . 44 30.26 46.02 7.50 
Alpine desert 12 . 89 3 .56 34.44 42.17 6.94 

eadows in river 
beds and around 
lakes 14.21 1.97 34.74 44.61 5.03 

C/N 

4.65 
6.73 

5.97 
6.60 

5.91 

'Ibe content of crude protein (16.8%) and N-free extract (46.3%) is 
higher, and the content of crude fiber is lower than that in other 
herbaceous vegetation . Alpi ne meadows provide a valuable forage 
basis for the pastures of Tibet and alpine scrub is an important 
r esource for fuel. There are also many medicinal plants, among 
which the most important are Fritillaria cirrhoza, Rhodiola saera, 
Goodyera rapens, Berberi s distyophylla, Polygonum sphaerostachyum, 
Lagotis sp., Rmnex nepal ensis, Gentiana tibetica, Q_. urnula, Q_. 
algida , Pediculari s oliveriana, Spiranthes sinensis, Saxifraga 
pas umensis, Soroseis hookeriana, Cremanthodium, Meconopsis integri
folia, Aconitum balfourii, Condonopsis nervosa, Rheum nobile, R. 
palmatum, Saussurea tr idactyla, and Cordyceps sinensis. 

The semi-arid alpine steppe of Tibet is divided into alpine scrub
steppe and alpine steppe. The former is distributed under 4,500 m 
e l evation of the middle and upper valleys of the Yalutsangpo River. 
Where the annual mean temperature is about 0-8°c with the duration 
of frost- free period 70-150 days, the most common and conspicucous 
species are Sophora moocroftiana, Hippophae tibetica, Ephedra 
gerardiana, Caragana jubata , C. erinacea, Potentilla fruticosa 
Stipa bungeana, and Aristida triseta. The alpiTie.steppe is fo~nd 
chiefly in the northern part of Tibet about 4,500--5,000 m. The 
annual mean temperature is about 3 to s0 c . The duration of 
frost-free period is about 10""100 days. The annual rainfall 
varies from 200--350 mm. The dominant species are Stipa sub
sessiliflora var . basiplumosa , Artemisia wellbyi, A. stra~yi, 
and Carex moocroftii. 
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Productivity of the alpine steppe is poor (about 370 kg/ha) and 
the nutrient content of alpine steppe is smaller than that of alpine 
meadow. On the river beds and around the lakes there is another 
plant community dominanted by Orinus thoroldii, Pennisetum flaccidum, 
Achnatherum hookeri, etc. These communities give high productivity 
(1,500--2,200 kg/ha) and are good pasture in winter and spring. 

There are also many medicinal plants like Drococephalum tanguticum, 
Incarvillea younghusbandii, Imperata cylindrica, Thermopsis alpina, 
!· barbata, etc. 

Alpine deserts occur in western and northwestern Tibet. The western 
one is a temperate desert and the northwest one is a cold desert. 
This is the highest desert area in Asia. It is characterized by 
extreme climate. The mean annual temperature is lower t han ooc and 
only in July is there a positive mean temperature of 1 2°c. The 
variation of temperature in a year can be as much as 26 c. The 
rainfall varies from 50 to 100 mm. The flora is poor, consisting 
of Central Asian and Mediterranean elements. The most important 
species are: Ceratoides compacta, Ajania fruticulosa, and 
Christolea crassifolia. Ceratoides reaches a height of 20--30 cm. 
It's cover seldom exceeds 5%. The above-ground phytomass of this 
vegetation is about 160 kg/ ha. The nutrient cont ent is ooor in 
herbs. According to the chemical analysis herbaceo us plants con
tain 12.89% crude protein, 3.56% crude fat, 34.44% crude fiber , 
42.17% nitrogen-free extract, and 6.94% ash. Scrubs of alpine 
deserts are utilized as fuel. 

Because of the cold climate and sparse growth of vegetation, a l pine 
desert is not suitable for the development o f pasture . Howeve r, 
the plants of the cold desert are the fodder for wild animals such 
as yaks, Tibetan goats, etc. which are endemic to the Tibet Plateau. 
The alpine desert contains several medicinal plants, the most 
common among them are Ceratoides and Ephedra . 

In short, Tibet is a beautiful and fertile border l and of our 
country. I t provides a natural laboratory for the investigation 
of alpine and plateau v egetation. Apparently , there are broad 

fields waiting further scientific research. 
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This is a portion of a study conducted by nine team members sent 
to Senegal in June of 1975 to design a project for range and 
livestock improvement near Bakel, Senegal. The purpose of the 
project was to collect and analyze pertinent base line data 
from within and outside a project area consisting of 143,000 ha. 
Subject matter data involving climate, soils, geology, water 
resources, wildlife, forestry, forage resources, livestock and 
animal health, as well as programs for extension education 
training, the development of human resources, and a study of local 
economics were conducted. The purpose of this paper is to report 
on a portion of that study involving grazing management related 
to water development. 

Description of Study Area 

The study area is located in Eastern Senegal near the confluence 
of the Senegal and Faleme Rivers and thus adjacent to the countries 
of Mauritania and Mali. The area chosen for the development pro
ject is called the Diery (dryland) of the Bakel Region of Eastern 
Senegal. The range perimeter of this study includes within its 
confine and on its periphery a recently established population 
of some 35 villages. The people are primarily engaged in live
stock raising for their livelihood and also cultivate dryland 
cereal crops. The village communities are small, ranging in 
size from less than ten individuals to a maximum of over 300. 
Their husbandry practices concentrate on ruminant animals, pri
marily cattle, sheep and goats. 
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The average annual precipitation for the area is 502 mm. The 
concentration of precipitation generally occurs during June, 
July, .August, September and October. During this period, six to 
twenty da.ys have measurable amounts of rain. The minimum amounts 
of rainfall for a given year range from 233.5 mm to a maximum 
of 90.2 mm for the r ,ecorded period of time over a 56-year period. 
Chances of receiving l ,ess than 380 nun of rain is 14. 3%, whereas 
the chanc e of receiving l ess than 250 nun is 3.6 percent. 

Ground Water 

Most villages depend upon wells as their source of water for both 
human and .live.stock neieds. The wells in the area are found largely 
in tbe shallow sands and t he water appears to result largely from 
sur:fac.e seepage.. 'The wells generally become less productive over 
time du:e to sand filtering into the well and reducing the amount 
of water tba:t can be recovered. It is possible that deeper water
beari:nq sands could be l ocated by drilling. Surface water is 
qeneraU.y lacking except during the rainy season when numerous 
sba11ow ponds become filled. The majority of the area studied 
is best suibed to grazing by livestock and is currently used 
year-lo:mJ for this purpose. Forage produced is primarily annual 
grasses which complete t heir growth cycle during the rainy season 
or shortly thereafter, f r om about June to November. They are most 
nutritious during t his time, cure rapidly, and have relatively 
low nutritive value during the remainder of the year. 

In addition to the lack of permanent, evenly distributed water
ing points thr ough t he graz ing area, fire is also a serious 
limiting factor . Approximately 80% of the land area of Senegal 
and close to 90% of the land in the study area is burned off 
annually. These fires have resulted in feed shortages for live
stock, especially close to villages where cattle are kept close 
to water. Out beyond water supplies, fires have occurred, but 
h ave not had as serious an impact. Reported causes of these fires 
include i ntentional burning to remove undesir able forage, opening 
up tall grassy areas to prevent predation of livestock, and 
accidental burning in instances where the original fire was 
intended for another purpose, such as smoking out bees, burning 
brush piles, or clearing fields of uneaten crop aftermath prior 
t o planting. 

Rangeland Area 

Perennial grasses, such as Andropogon gayanus, occur primarily in 
the bottomlands, in scattered patches and on ridges; annual plants, 
however, dominate the f orage plant community. Most areas accessible 
to grazing are in poor condition, especially along eroded drainage 
ways and near watering sources. Forage production potential 
based on measurements made f ollowing the rainy season of 1975 
ranged from 800 to 2 , 500 kg/ha, which after correction for unavai l 
able forage and moisture content ranged from 600 to 2,000 kg/ha. 
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This production figure may be somewhat high owing to the 667 
mm of rainfall which occurred during the 1975 rainy season and 
was above average for the 56 year period. Based on the production 
study, 5.1 ha/animal unit/year would be the estimated carrying 
capacity of the area. 

On December 1, 1975, only six weeks following the rainy season, 
the shallow temporary ponds were beginning to dry and the best 
of them were expected to last no longer than one month . This means 
that under the very best of conditions, animals would be watering 
at the village wells from January l to June 1, 1976, a period of 
five months. Most livestock owners would be watering at the village 
wells much longer, even up to nine months, depending upon temporary 
water available to them and the beginning of next year's rainy 
season. 

Results and Discussion 

Range Management Plan 

The term "range management" is poorly understood in Senegal, but 
by U. S. definitions, is defined as the science and art of planning 
and directi ng range use to obtain the maximum l ivestock production 
consistent with conservation of the range resources. It t hus 
implies a sustained yield of livestock over a long period of time 
(Abercrombie, 1974). Proper range use is defined as the highest · 
degree of grazing use that the current available forage can sustain 
from livestock game and other animals and still leave adequate 
cover to protect the soil and maintain or improve the quantity 
and quality of desirable vegetation. Improvements in the range 
resource include increased production of desirable forage species , 
greater plant density and vigor, increased mulch cover, greater 
rainfall and infiltration, reduced soil surface evaporation and 
reduced soil erosion (Arizona Interagency Range Technical Sub
committee, 1973). 

The study area was divided into eight management units based on 
traditional use patterns and natural ecological boundaries on a 
best fit basis with the information available. Carrying capacities 
were determined by management unit following the rainy season of 
1975. One animal unit was defined as one mature cow with or 
without an unweaned calf at her side, five sheep, six goats , 
0.8 horses , 0.8 mature bulls , 0 . 8 donkeys , and 1.7 to 1.9 immature 
cattle (depending on age ) . It was r ealized that a flexible . . 
stocking rate would have to be implemented to account for periodic 
drouths. More realistically, however, it was assumed that the 
range stocked at 80% average carry ing capacity would impro~e 
under years of average to above-average rainfall and deteriorate 
during the lower rainfall years . Heady (1960) states that another 
approach to proper stocking i s to adjust stocking . rat~s ~o t~e 
amount o f f orage produced each year . Thi s , t oo, is difficul 
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because it entails continual buying or selling of animals at 
a time when the neighbors are doing the same. It also requires 
an extensive system of markets and transportation and a willingness 
to buy and sell. These items do not exist in Western Africa to 
any great extent. Until they do, even the restriction of animal 
numbers to any reasonable balance with the forage resource will be 
difficult to attain. Until such facilities and attitudes exist, 
improvement of West African ranges as a whole will be most difficult. 

Within the grazing units, grazing associations are to be set up and 
established through the local government. Individual grazing assoc
iations would allocate the total carrying capacity of their manage
ment unit to the members of that association and provide their own 
internal management concerning the hiring of herders, bookkeeping, 
etc. 

The grazing plan suggested by this study would be continuous moderate 
use of the forage based on the vegetative components, being pri
marily annual type grasses. In a similar vegetative type, Duncan 
and Heady (1969) reported that year- long continuous grazing was 
advantageous over the various specialized grazing systems in terms 
of animal and plant responses to grazing treatment. Moderate use 
was the basis for establishing the carrying capacity estimation 
in this study. This grazing system pays primary attention to the 
day by day animal needs, and amounts to a partial deferment every 
year. Enough forage must remain at the end of the forage growth 
period so that the animals have ample feed to last them until the 

· new crop is produced eight to nine months later. This amounts 
to a very slight grazing on all the range during the growing 
season every year. We felt that systems of grazing which gave 
pastures a growing season rest every three to four years in 
order to allow for range improvement would be ineffective, if 
not impossible, to establish on annual ranges. This is because 
any gain one year could be wiped out the next year by weather 
alone, as well as being open to the very good possibility of 
burning and trespassing of cattle. 

Under the continuous moderate grazing, since forage would be re
maining at the end of the dry season when proper use was obtained, 
it is obvious that forage available cannot be a limiting factor 
in controlling animal numbers in a management unit. With forage 
available on the ground, this factor will not prevent animals 
from being able to survive in the unit and eventually overgraze 
the resource. Water, then, must be this limiting factor and the 
quantity supplied carefully balanced with the forage that should 
be removed. When water has been exhausted at or near the degree 
of forage use desirable, animals will be forced to leave the 
area if overstocking has occurred. However, if stocking follows 
reconunended levels, water will be adequate for the entire dry 
season and proper use will be obtained. 
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Water Development 

It is extremely important that grazing control and water develop
ment come together in the management scheme at or very near the 
same time. Development of water without limitation of livestock 
numbers leads to new areas being damaged by overuse. To obtain 
~etter distribution of livestock throughout the management unit, 
it was recommended that several relatively small surface ponds 
be developed in each unit to enable all parts of that unit to be 
grazed without excessive trailing distances to and from water. 
Whenever possible, pond locations were located that would require 
animals to walk no more than six km between forage and water. 
High evaporation rates are recognized and would be built into the 
storage capacity. Ponds would be fenced with bush fencing to pre
vent spoiling of the total pond area by livestock trampling, with 
access allowed only at specified points. Quantities of water that 
would be available for livestock use would be calculated according 
to the carrying capacity of the units and therefore, in balance 
with the utilizable forage. As pointed out by Heady (1961) surface 
water development losses are more for two smaller developments and 
the construction cost may be more than for one large development, 
but better forage production soon makes up the difference. Construc
tion of deep wells were considered in the management plan for only 
village human use and for a sedentary milk herd to provide villages 
with milk. 

It is essential that fences be maintained around ponds and that 
herders prevent animals from loitering around these watering points. 
Access to ponds should be closed during the rainy season as long as 
adequate water in temporary pools exist throughout the management 
unit. Pond storage will then be available for the dry season and 
the access areas to ponds will have had a deferment and a chance 
to recover from the heavy use during the past dry season. 

Summary 

This study reported only a portion of the very complicated project 
involving socioeconomics, funding, deve lopment of infr astructures 
and numerous other problems. The basic point of this paper was 
that in order to achieve a sound basis of grazing consistent with 
the resources developed, a system of continuous moderate use for 
the annual type vegetation was felt to have had the best chance 
of success for implementation. By balancing the forage r esources 
with water resources, based on annual rainfall rather than deep 
wells, the goal of balancing animal units with the f orage produc
tion would be best met. The unfortunate experience of large 
water developments and the subsequent overuse and abuse of the 
forage resources near these ponds has been a regrettable lesson 
for many development projects in Africa. U~for~unately, once 
these large structures are in place, there is little that ~an b~ 
done to correct t he s ituation. Car eful studie s of local situations 
wherever a study is to be done will strive to use the types o f 
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technologies which have the best chance of adaptation rather than 
transferring highly technical systems into situations where chances 
of success are minimal. 
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The desert of Western Rajasthan is the most thickly populated among 
the desert areas of the world. There are severe problems of 
overpopulation, overgrazing and poor land use resulting in 
overexploitation of available resources. Whereas waste lands, fallow 
lands and pastures have decreased in area by almost 20% in the last 
20 years, the livestock population has increased during the same 
period from 9.4 million to 18.1 million, with sheep and goats 
accounting for almost 60% of the increase. This is an obvious 
indication of increased pressure on the land. It is in this 
context that need for rational utilization of available resources 
like land, vegetation, water, etc. in the rangelands of arid and 
semi-arid areas, becomes evident. To combat the process of 
desertification in such areas it is, therefore, necessary to adopt 
suitable improved technologies for the management of these rangelands 
so as to have increased as well as sustained primary and secondary 
productivity. This paper will discuss the salient features of 
rangeland management technologies developed by the Central Arid 
Zone Research Institute, Jodhpur based on research carried out over 
the last 20 years in both arid and semi-arid areas of Western 
Rajasthan. The results achieved with regard to primary and secondary 
productivity will also be discussed. 

Range Management Program 

In order to develop the technology for upgrading and rational 
utilization of the rangelands in arid and semi-arid regions of 
Western Rajasthan, studies were initiated at 52 Range Management and 
Soil Conservation areas (each about 80 ha) located in 11 districts. 



Tabl e 1. Details of land type, l ocation , rainfall , soil and vegetation cover in Range Management Areas. 

Range Management District Annual rain- Area Land capa- Soil type Vegetation cover 
Area fall (mm) (ha) bility 

XAverage of classifi-
19 years) cation 

ARID ZONE 

Law an Jaisalme:r 210 168. 34 VI sandy t o Lasi ur us-Eleusine 
sandy loam 

Khetolai " 180 70.90 VI It II 

Chand an " 189 95 .10 VI Sandy Lasiurus sindicus 

Jaisalmer " 207 133.90 IV & VI II LaSiurus-C:Ymbopogon 

Samdari Barmer 357 81.12 VI Sandy to Cenchrus- Eleusine- °' °' sandy loam Aristida 
l\.l 

Beechwal Bikaner 237 71.22 III & IV Sandy Lasiurus-Eleusine-
Aristida 

SEMI-ARID ZONE 

Bhopalgarh Jodhpur 434 54.10 VI Sandy loam Cenchrus-Aristida 

Borunda II 433 67.60 IV & VI Sandy loam Cenchrus-Eleusine-
Aristida 

Jadan Pali 409 76.89 IV & VI Sandy loam to Cenchrus-Aristida-
loamy sand Sporobolus 

Bisalpur Pali 612 63.13 IV & VI Sandy clay Dichanthi um-Aristida 
loam 

Jaswantgarh. Nagaur 455 76.50 I II & V Heavy clay Sporobolus-Qesmotac-
loam hiya-Cyperus 

Pal.sana Sikar 586 78.65 I V & VI Sandy Cenchrus-Eleusine-
Aristida. 



663 

These were later reduced to 12 areas in 1969, located in seven 
districts of Western Rajasthan. Details of land type, location, 
rainfall, soil and vegetation cover in the 12 different areas are 
giveD in Table 1. The location of these areas are shown in Fig. 1. 
Six areas (Lawan, Khetolai, Chandan, Jaisalmer, Samdari and 
Beechwal) represent arid conditions, whereas the remaining areas 
(Bhopalgarh, Borunda, Jadan, Bisalpur, Jaswantgarh and Palsana) 
represent semi-arid conditions having more than 400 mm of rainfall 
annually. 

Fig. 1. 
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Map of Western Rajasthan (in Western India) showing 
locations of differ ent Range Management Stations. 

Studies initiated at these locations include reseeding and 
management of high yielding perennial grasses, soil conservatio~ 
measures introduction of leguminous shrubs and trees, and grazing 
manageme~t involving different annual species of Indian arid-zones. 
Technological developments and results obtained on primary and 
secondary productivity from these areas are discussed separately 

in this paper. 
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Range Management Technology 

The success of a program is largely dependent on the soundness of the 
research technology used. It is even more vitally important in 
rangeland management where there is a paucity of good land, adequate 
rainfall, favorable climatic conditions, etc. The following summarizes 
the results of range management technology developed at this Institute 
for the Western Rajasthan. 

Fencing 

For protection against biotic factors, angle iron posts with four-five 
strands of barbed wire fencing has proved to be ultimately the most 
durable and economical although the initial cost is as high as seven 
Rupees (about U.S. 85¢) per running meter. Fencing is a must before 
any management program is initiated in arid regions of Western 
Rajasthan where pressure on land both from human and animal impact 
is maximum compared to other desert areas of the world. Moreover, the 
larger the area, the more economical is the fencing and thus, initial 
coverage of an area between 100 and 1,000 ha is desirable for range 
management programs. Fencing costs are approximately Rs. 125 (about 
$14.70) and Rs. 300 (about $35.30) per ha based on blocks of 1000 and 
100 ha, respectively. Depreciation is much less and recurring costs 
for maintenenace of barbed wire fencing works out to 0.15 paise (less 
than 2¢)/running meter/year, whereas maintenance is invariably high on 
other types of fencing although they are less expensive initially 
(Table 2). Obviously, cost and area involvement make it more of a 
community program. Based on this principle as well as based on our 
research findings, pasture development programs have been initiated 
in various drought prone districts in the State of Rajasthan and 
results so far are quite encouraging. 

Soil Conservation Practices 

Range Management a reas generally fall in Class IV to Class VIII which 
are subj,ect to 1erosion and , therefore, soil conservation practices are 
essential in tbJe initial years. Among the different mechanical means 
·O.f soil oons·ervation, cont our furrows (60 ems) at a distance of 8-10 m 
across tb·e slop.e have invar i ably proved to be more effective than 
contour bunds and stag;gered contour trenches. Results have indicated 
that .contour furrow:s h elped in increasing the forage production on an 
averagie from 400 kg/ha to 1,500- 2 , 000 kg/ha in a period of 10-15 years. 

Soi l Working 

For reseeding, measures s uc h as grubbing of unwanted bushes (Lycium 
barbarum, Mimosa hamata, Balanites aegyptica, Sueda fruticosa and 
Acacia leucophloea) , and complete soil working by plowing once and 
disc harrowing twice, are essenti al. Partial soil working proved 
not to be of value. 

Reseeding of Improved Strains 

Sowing of grass seed in rows 75 cm apart is advantageous. A seeding 



Table 2. Initial and maintenance costs of different fencings . 

Types of Fencing Cost Eer runnin~ meter Rs . (U.S. $) 
Initial Recur ring per year 

Angle iron post and barbed wire 7.00 ($0.82) 0.15 (1. 76¢) 

Angle iron post and woven wire 10.62 ($1. 25) 0 . 19 (2.24¢) 

Stone post and barbed wire 1 0 . 81 ($1. 27) 0 . 24 (2 . 8¢) 

Wooden post and barbed wire 8.28 ($0.97) 0. 29 (3 . 4¢) 
0\ 
O'I 
U1 

Ditch and core wall fencing 4.87 ($0.57) 1.17 (13 . 7¢) 

Core wall fencing 2.83 ($0 . 33) 0 . 73 (8. 5¢) 

Stone wall fencing 4 . 43 ($0 . 52) 2.40 (28¢) 

Cactus fencing 4.97 ($0. 58) 0.78 (9.1¢) 

(Source: Range Management Section, CAZRI , Jodhpur) 
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rate of four-five kg/ha for Lasiurus sindicus, Cenchrus ciliaris and 
Cenchrus seti gerus, whereas two-three kg/ha for Dichanthium annulatum 
and Pani cum antidotale is most appropriate. Placement of seeds on the 
ridge of t he furrows (not below 1 cm) and broadcasting just before or 
at the ons,et of showers have proved to be most effective. Pelleting 
of seed with clay a nd farm yard manure has so far not proved to be 
of any specific advantage except in the case of Lasiurus sindicus 
and thus, direct .seeding, preferably after soaking the seed in water 
for 8- 12 hou:rs and then mixing in moist sand, is advocated until 
bette.r r 'e.sults f rom pell,et ing are obtained. 

Othe r Management Practices 

Some of the agronomic p ractices like weeding once or twice in the 
,.,ear of 1e:s t aibl..is e:nt ~ _f,ertilization (20-49 kg N/ha) of the pasture 
:clar.iinq the monsoon season every year, introduction of legumes having 
betl:er compatability with the grass (although none of the legumes 
tr.ied so far l..ike Dol.ichos lablab, Clitoria ternatea, Siratro and 
.Aty1osia sca:rabaeoi des hav,e proved effective), and cultural practices 
lilre use 10.f till1er or p r 1eferably pitting discer (Fig. 2) just before 
or at the onset o f the monsoon have proved to be advantageous for 
pasture production. Pitting discer helps in forage production by 
retainin91 mo.istn:r:e i n about 63, 000 staggered micro-pi ts per ha 
(Das and Y:adav. 1977) and results (Table 3) have indicated that 
yield incr;ease i s substantial in the case of natural pasture (70-100%) 
as against reseede d pasture (30-70%}. 

CAZRI STAGGERED PITTING DISKER 

SPt'.CIJ'ICATIONS 

L OVER ALL WIDTH 2 ·2m 

2. OVER ALL LENGTH 80cm 

i flW& 

(o) ~ONT AND TWO SIDES CHANNEL 

75111mX37mmX3mm 

(ib) BACM ANOl£ 75MmX70mmX6mm 

Cc) LEVELLING LEVER FLAT SOmmX5mm 

'4. HITCH STANDARD 3 POINT LINKAGE 

o. DISC eocm 120• SECTOR STANOMD 

SOltAT£D DtlCI OR REGULAR 

I . DISC GANG 2 ·281t1U ·5cmX 3·5c1t1MS,ROO 

7. SMCEft 23cmLENGTH, 3·8cmX3·8SQHOL£. 

7·5cm OUTSIDE DIAMETER (CAST IRON) 

8. llEARING IOcwi SIEALE.O ROLLER BEARING 

9'. IMCE A$ SPECIFIED IN DRAWING 

10. SOUAlll[ MR I001111mX'40mm / l80n1111 

11. COULn:R DISC 48cm 

I SCIURCE : .lffJll/0$TOl.DW $EJ:1:fON, C.lf.Z.R.I.) 

Fig. 2. C.A . Z . R. L staggered pitting discer. 
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Table 3. Forage yield (100 kg/ha) as influenced by the use of 
"Pitting Discer" 

Treatment 1976* 1977*+ 
Natural Reseeded Natural Reseeded 

Control 13.64 14. 25 12.03 11.00 

Pitting 29.30 24.28 22.02 16.82 

% increase 114.80 70.40 83.04 52.90 

*Pooled yield of two cuttings +Forage yield from one cutting 

(Source: Agrostology Section, CAZRI, Jodphur) 

Research Results 

Primary Productivity 

1. Forage production in these rangelands, which are not suitable for 
cultivation to start with, could be increased by almost 100-150% in 
two-three years provided proper protection and controlled grazing 
practices for effective utilization are adopted (Ahuja, 1977). Later, 
an annual productivity of 1,500-3,000 kg/ha could be achieved from 
these areas. 

2. Protection is best achieved by using fencing as described earlier 
in this paper. 

3. Reseeding rangelands with appropriate high yielding perennial 
grass species suited to the agroclimatic conditions has given encouraging 
forage yields. In well established strips of high perennial grass species, 
the maximum air dried forage yields of 5,800, 3,400, and 3,000 kg/ha 
have been obtained from areas under Dichanthium annulatum, Cenchrus 
species and Lasiurus sindicus, respectively. In saline soils, where 
reseeding has not succeeded, salt tolerant grass like Sporobolus 
species have given forage yields of 2,000 kg/ha. 

4. Soil and water conservation measures such as contour furrows, 
trenches and bunds on rangelands with shallow soils and rolling 
topography increased the forage yield by 95.7% (from 680 to 1,340 kg/ha) 
within a year. Similarly, contour furrows of 929 cm2 cross section, 
61 cm width and 22.6 cm depth and spaced 8.10 m apart have proved 
superior to contour bunds and trenches. The increase in forage yield 
has been of the order of 638% over control during a period of 10 years. 

5. Results on reseeding of local climax species have revealed so far 
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that average productivity can be increased from five·-seven kg/ha 
to about 2,000 kg/ha. I mproved strains of grasses have the genetic 
production potential of higher than 4,000 kg/ha (Fig. 3) and, therefore, 
s hould be adopted.. However, their seed availability is a major 
limitation and efforts in this direction are urgently needed even 
though CAZRI has an excellent record of producing about 5,000 kg/ha of 
grass seed annually for the l ast 15 years (Table 4). 

FORAGE PRODUCTION OF IMPROVED STRAINS OF 
CE1NCHRUS C1ILIARIS 

1.·. 

STRAINS 

100 

000 -
!IOO ~ 
400:; 

300 ~ 
200 ii 
100 

0 

Fig. 3. Dr y matter production of improved strains of Cenchrus 
ciliaris. 

6. Some of the improved strains are CAZRI 357, CAZRI 358, IGFRI 3108 
and Mol apo (from Australia) of Cenchrus ciliaris; CAZRI 76, CAZRI 175, 
and CAZRI 416 of Cenchrus setigerus; CAZRI 318, CAZRI 319 and CAZRI 575 
of Lasiurus sindicus; and CAZRI 491 of Dichanthium annulatum. These 
have shown stability for production along with better persistence over 
the years at some of the important locations representing zones suitable 
for different species (Lasiurus sindicus, 300 mm and sandy soils; 
Cenchrus spp., 300 mm and above; Dichanthium annulatum, 400 mm and 
above, heavy soils). 

7. Studies on response to fertilization @ 40 kg N plus 20 kg P205/ha 
in dry land ranges revealed that forage production increased in the 
semi-arid regions receiving relatively more rainfall whereas, the 
response to only 20 kg N/ha was evident in arid regions receiving less 
than 300 mm rainfall/yr. 



Table 4. Grass seed production and distribution (100 kg) 1963- 77 

Production ·Distribution Average price/100 kg Income Rs. ($) 
Grass species Total Ave./yr. Total Ave./yr . Rs. ($) Total Average 

Cenchrus ciliaris 211.3 14.1 211.3 14 . 1 238.79 ($28. 00) 50,456 ($ 5,936) 3,364 ($ 395) 

Cenchrus setigerus 243.0 16 . 2 237.1 15.8 238.79 ($28.00) 56,617 ($ 6, 660) 3,774 ($ 444) 

Cenchrus species 123.0 8.2 79.1 5.3 238.79 ($28. 00) 18,889 ($ 2,222) 1,259 ($ 148) 

Lasiurus sindicus 87.9 5.6 85.5 5.6 238.79 ($28. 00) 20,416 ($ 2,401) 1,361 ($ 160) 

Dichanthium annulatum 27.4 1.8 27.4 1.8 238.79 ($28.00) 6,543 ($ 769) 436 ($ 51) (j\ 
(j\ 
IJ) 

Panicum antidotale 1.5 0.1 1. 5 0.1 238.79 ($28.00) 358 ($ 42) 24 ($ 2.82) 

Total 694.1 46.0 641.9 42.7 238.79 ($28.00) 153,279 ($18,032) 10,218 ($1, 202 

(Source: Range Management Section, CAZRI, Jodhpur) 



670 

8. In reseeded rangelands, dominated by Cenchrus ciliaris, forage 
yield increased by 17.2 and 50.0% when soil working followed by 
application of 20 kg N/ha and 40 kg N/ha, respectively was adopted . 

9. Studies on the contribution of the understory (grass component) 
in areas forested wi th Prosopis cineraria, Albizzia lebbek, Tecomella 
undulata and Acacia senegal have revealed that the production of 
forage under dif f erent tree species varies with rainfall in different 
years (Ahuj a et al. , 1978). The overall production was observed to 
be the l ,east under Acacia senegal and the differences in the forage 
yie ld under the rest of the speci es were non-significant. 

10 . Studies on the i ntroduction of legumes in rangelands have 
r evealed that none of the species tried so far are more suitable for 
the purpose than any others. However, the performance of Clitoria 
ternatea, once established in the pastures appeared to be better . 
. If provid,ed r ,easonable space (ca 1 m) between grass rows, it could be 
productiv:e f:or two to three years. Dolichos lablab also performed 
we11 but: :being annual it required reseeding every year. 

Secondary Pnxluctivity 

1.. Be1so.lts have reveal ed that a stocking rate of two-four ha/heifer 
uas capable o f giving 230- 270 gm/day/heifer body weight gain especially 
.ill Cenchros and Lasi:urus pastures in arid zones having less than 300 mm 
rainfall '(Tahl!e 5) . In areas receiving higher rainfall (between 300-
600 ). especially in semi-arid zones, a stocking rate of one-three 
ha/heif,ecrr was capable of providing almost similar body weight gains as 
.in arid .:r.ones (Paroda, 1978). 

2. The forage yield from range l ands, especially in desert areas, was 
found t:o be affected by different intensities of grazing viz., light 
(2.4 ba/heif:er) ,, medium (0 .80 ha/heifer) and heavy (O. 48 ha/heifer). 
Light grazing intensity (grazing based on carrying capacity) proved 
to be s uperior. 

3,. The growth rate of heifers observed to be the greatest in the 
t reatment where animals gr azed on the ba sis of carrying capacity (light 
intensity) of the rangeland a s c ompared to medium and heavy intensities . 
Feeding of concentrate s from January-July, to meet the digestible crude 
protein (DCP) and t he t ota l digestible nutrients (TDN), practically 
doubled the growth rate in comparison to grazing based on carrying 
capacity. 

4. Forage production appeared to be high in a r eas having Las iurus 
as the c l i max s pecies and also the animal production was fairly 
comparable with t hat of other grasses reflecting its superiority 
e specially since its suitability in low rainfall zones is of a 
disti nct advantage . Resu l ts have revealed that sheep productivity 
increased considerably in pastures having Lasiurus as one of the 
climax species (Das and Paroda , 1978). Also, quali t y data have 
reveal ed another inter esting feature ; protein levels i n Lasiur u s 
remains at a much higher level (4-6%) during later stages (80-120 days.) 
o f plant growth a s compared to other grasses like Cenchrus ciliaris 
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and Cenchrus setigerus (which have less than 4% protein) and thus, 
makes it more suitable for efficient utilization in animal systems 
(Fig. 4). Therefore, wherever possible, Lasiurus should form an 
important component of reseeded pastures. 

5. In considering different systems of grazing both heifers and 
sheep, continuous controlled grazing proved to be equally effective 
in rangelands as compared to deferred rotational grazing. The latter 
has shown its superiority mostly in pasture management systems. This 
obviously is a reflection of the low proportion of climax species and 
high proportion of annuals in these rangelands. In reseeded pastures, 
deferred rotational grazing proved to be more effective mainly due to 
better establishment of perennial species as against annuals. This 
was reflected by an increase of dry matter production (Fig. 5). However, 
the distinct advantage of deferred rotational grazing for better 
establishment of perennial grasses through natural self-seeding is 
obvious in areas where reseeding has not been practiced. 

6. Studies on the seasonal grazing of rangelands have revealed that 
the growth of animals was greatest during the period of August-October, 
followed by that of November-January. The least gains were obtained 
during the period of May-July. The availability of fodder to the 
animals during this period is about 33% of the estimated production 
value. 

7. On an average, body weight gains for yearling heifers on rangelands 
was 5-7 kg/month. Production of 230-270 gm/day/heifer and 35-40 
gm/day/ramlamb can thus be achieved on well managed rangelands in 
the arid zones of Western Rajasthan (Table 5). In a recent study, it 
has been noted that animals (heifers) are capable of producing 50-300% 
more body weight on rangelands during July-December than animals of 
same age maintained by the local villagers (Table 6). 

8. Comparative growth of heifers and lambs (sheep) in mixed grazing 
studied on rangelands of Lasiurus-Cymbopogon-Aristida cover revealed 
that the growth of heifers per unit area was greater than cattle grazed 
alone, followed by alternate grazing by cattle at six month intervals, 
followed by sheep and the least gain was recorded when sheep grazed 
alone. 

9. Drinking water requirements for different species of animals was 
studied on these rangelands. The requirement in adult cows increased 
from 19.3 1 in January to 41.1 1 in June and for adult sheep from 
2.1 1 in January to 4.5 1 in June. In young stock (heifer~), the water 
consumption in December was 9.0 1 and increased to 17.0 1 in June. For 
ramlambs, 1.6 and 4.0 1 per lamb were required in December and June. 

Future Research Needs 

Research achievements in the field of plant studies, espe~ially in. 
relation to rational utilization of plant resources, are indeed qu:te. 

· c;ally when we consider above-mentioned research findings encouraging espe ... 
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Fig. 5. Dry forage production as influenced by grazing systems. 

in the fields of rangeland management. Also, these studies have much 
relevance as far as checking the process of desertification is 
concerned. However, it is obvious that there is an urgent need to 
initiate intensive research on some relatively important aspects 
needing immediate attention such as the following: 

1. Productivity of fodder tree species, exotic or indigenous, needs 
to be assessed in relation to grass production and thus, research on 
silvi-pastoral systems should find priority. There is also an urgent 
need for introducing suitable fodder trees in range management areas. 
Not only will these provide nutritionally better quality fodder, but 



Table 5 . Forage and livestock production on rangelands in arid and aemi•arid 1onau. 

R. M. & s. C. Area District llainfall !mml CUltivated. S!toi::kinq rat.a rora;a production Livestock weight gains 
Avsra qe 1976 1977 .areo. in ~ lH11igj;,!!l:'!!Ll!!:l.CHl lkiai•=tarej (kg,:'.heifer/xear) 

1959 to 1977 Vi lla9C R.M.&e.c. vh1aq11 R.M.&S.C, Village R.M.&S.C. 
Arca ArlUI (control) Area Increase over 

1976 11177 Av. 11176 Av. 11176 1977* 1977* control 
& 11177 & 1977 

ARID 

Jaisalmer Jaisalmer 212 377 141 3 . 5 21.4 2 . 4 2. 4 300 1674 10.3 54.5 44.2 

Chand an " 177 301 264 3 . 5 21. 4 2.4 2.4 500 4130 16.0 50.0 34.0 

Khetolai " 176 256 358 3.5 21 .4 4.0 4. 0 250 2528 

°' " 204 520 266 3 . 5 21.4 4.0 4.0 250 2057 36.0 La wan 54.0 18.0 ..., ... 
3eechwal Bikaner 265 377 604 22.3 10.4 3.0 3.0 250 2401 34.2 94.8 60.6 

Sarndari Barmer 357 401 309 53.5 3.8 3.0 3.0 300 1175 

SEMI-ARID 

Borunda Jodhpur 428 1011 525 49.1 2.7 1.5 0.9 400 4290 39.3 559.0 19. 7 

Bhopalgarh " 434 765 742 49 . 1 2.7 3.0 3.0 400 1698 

Jadan Pali 381 635 621 46.1 1.2 1.8 LB 400 1858 39.8 47.3 7.5 

Bisalpur " 608 639 570 46.l 1.2 2.4 1. 7 600 1903 17.6 43.3 25 . 7 

Jaswantgarh Nagaur 423 958 1021 67.6 0.9 3.0 3.0 400 2442 

Palsana Sikar 576 638 784 69.0 0.7 2.4 1. 5 300 2365 54.0 72.6 18.6 

*Livestock gain from July to December, 1977. 

(Source: Range Management Section, CAZRI, Jodhpur.) 



Table 6. Average body weight gains/day in Range Management Areas 

Range Management Grassland cover Ave. rainfall Stocking Ave. body weight gains (gms.)/day 
Area (mm) rates July-Sept. Oct.-Dec. Jan.-June Ave. for the 

(ha/animal) ear 

Heifers 

La wan Lasiurus-Eleusine 204 4.0 315 315 174 242 

Borunda Cenchrus-Eleusine 428 1.5 364 437 152 274 

Jadan I Sporobolus-Cenchrus 381 1.8 320 358 139 237 

Bisalpur Dichanthium-Aristida 608 2.4 414 363 92 266 O'I 
-..J 
(J1 

Palsana Cenchrus-Aristida 576 1. 5 477 352 60 236 

Ram lambs 

Bhopalgarh Cenchrus-Eleusine- 434 1. 0 57 57 25 41 
Aristida 

Jaisalmer Lasiurus-Aristida 212 0.6 58 44 21 35 

(Source: Range Management Section, CAZRI, Jodhpur.) 
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they will also be useful in nitrogen build up in the soil and serve 
as shade trees for grazing animals. Species which can inunediately 
be considered are Prosopis cineraria, Leucaena leucociphala, Acacia 
aneura, Dichrostachys nutans, Brasilettia mollis and Colophospermum 
mopane. 

2. Long-term grazing studies on rangelands are required so that the 
economics of primary productivity can be associated with that of 
secondary productivity (like milk production) per hectare. In addition, 
long-term studies will generate useful data with regard to maturity, 
body weight gains, lactation period, and meat and wool production. 
Data on these aspects are, therefore, required so that our reconunendations 
are more meaningful and economically sound. 

3. The role of legumes in rangelands and established pastures is to 
be examined in detail. For this, it will be necessary to begin intensive 
studies on their introduction, establishment and cultivation. Similarly, 
applications of fertilizer in rangelands and its economics in relation 
to productivity requires specific attention. The role of grass seed 
pelleting for better establishment also needs to be examined critically. 

4. It is desirable to examine the utility of forage conservation measures 
in enhancing the productivity of animals in range areas, especially after 
October-November when yield increases invariably reach a plateau mainly 
due to the deterioration in forage quality. The specific role of 
haymaking, silage making and even fortification of nitrogen, either 
through i ncorporation of legumes or urea, is to be examined in detail 
especially in relation to livestock needing production rations. Suitable 
harvesting devices, if developed, will accelerate the process of grass 
harvesting in these areas at appropriate stages for their conservation. 

5. The contributions of genetically superior strains of grasses and 
legumes in increasing the level of production is well established. 
Breeding efforts are, therefore, urgently required and are under way, 
to improve both arid zone grasses and legumes. 
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The UNESCO Desertification Conference held in Nairobi in August, 
1977 made a commitment to halt and reverse the process of desertifi
cation in a concerted international effort. However, effective 
remedial measures require a comprehensive investigation. To combat 
and reverse this process, it is necessary, first of all, to have a 
clear understanding of the circumstances under which desertification 
occurs. The Maowusu Sandy Land lies largely in the steppe zone with 
active dunes, semi-fixed and fixed dunes widespread in it. Integrated 
surveys and special studies have been made on the Maowusu Sandy Land. 
Most people consider that the distribution of the dunes in this region 
is not in accordance with the physical conditions. Investigations 
made by historical geographers and archaeologists have discovered some 
ruins of ancient cities in the southern and south-eastern parts of 
the region, which were, in the past, villages with luxuriant vegeta
tion, productive fields and pastures, and which are now buried deep 
in the shifting sand. This paper discusses the problem of desertifi
cation in this region, based on field investigations, resulting in 
an integrated study including historical data concerning this region. 

The Maowusu Sandy Land is one of the 12 big deserts in China, situated 
in the south-eastern part of the desert region. Its geographical 
location is 37°21.s~-39022.S~N. and 107°20-111°30~E., covering an 
area of 39,836 km2 ; i.e., 3.6% of China's total desert area (Fig. 1). 

The Maowusu Sandy Land is largely distributed in the temperate 
steppe zone of the castanozem belt. With an altitude of 1200-1500 m 
and declining from northwest to southeast, it is a transitional belt 
from the Ordas High Plain to north Shensi Loess Plateau. Some in
termittent streams there dissect the southeastern border of the high 
plain, thus forming a narrow valley plain, locally called 'flood plain', 
and a high plain called 'range land'. 
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Figure 1. .A sketch map s howing geographical location of Maowusu 
. Sandy Land . 1. Ruin of ancient city Pei-cheng-tzu 
2. Ruin of ancient city Cheng-chuan. 

So e l arg.er riv·er s, such as Wu-ting River, Yu-hsi River, To-wei 
Riv-er, etc . f low through the southeastern part of the region and into 
the Yellow River. 

The Macwusu Sandy Land is de.fined, in climate, as the temperate 
semi -arid monsoon r .egion.. Its rainy season is in conformity with 
the hi•\Jh tempera ture p·e.riod, with mean annual precipitation of 250-
400 mm mo,stly ra.ining in the growing season. The ratio of heat 
and water is barely .enough to meet the needs for the growth of 
common crops, but the fluctuation of precipitation is wide. 
Scarcity of rainfall in the year often causes drought. 

The underground water resource is rich, the quality of water is 
good and the degree of mineralization less than 1.0 g/l, a condition 
favorable for the development of agriculture and animal husbandry. 

The bed rock in this regi on is formed by Cretaceous purple red 
sandstone which, after weathering, becomes loose sand. In winter 
and spring, when the strong wind blows for 4-5 months, the weathered 
loose sands easily become active dunes. Sand is predominant, too, 
in the sediments of streams and lakes on flood plains, which become 
the source of sand i n forming dunes on the flood plains. 
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The total area of active dunes in Maowusu Sandy Land reaches as high 
as 13,209.8 km2 ; i.e., 64% of the total area is dunes in this sandy 
land. At present, these dunes, subject to the local pulse of climate 
and irrationally cultivated by man, often turn from active to semi
fixed ones, or from fixed and semi-fixed to active ones (Fig. 1). 

Large areas of active dunes are more widespread in the southeastern 
part of the region where the condition of water and heat is the best 

• I 

as compared with the western and north-western parts where the con-
dition is the worst. The distribution, therefore, is not in keeping 
with the difference of physical conditions in the inner part of the 
region. 

The active dunes stretch far into large areas in this region, mostly 
situated in Ching-pien, Yu-ling, Shen-mo and Wu-shen-chao, totally 
in four big sandy areas and a sandy belt . These active dunes, swung 
forward by the northwest wind prevailing in winter and spring each 
year, cause serious damage to the fields, pastures, and roads. 

The Maowusu Sandy Land belongs to the temperate steppe zone, which 
is completely different, in the condition of heat and water, from 
the big desert regions over the world; different from Sahara or Rub 
al Khali in subtropic high pressure zone, or from Taklamankan in 
Sinkiang, China, that extends far into the center of Asia. Ordos 
Sandy Land is situated on the western border of the southeast monsoon 
in summer in our country with the annual minimum precipitation 250 
mm. The isohyet of 250 mm is the borderline for the distribution of 
the world's deserts. Goudie, Allchin and Hedge take this isohyet as 
the borderline dividing active dunes from fixed ones in India 
(Goudie, Allchin and Hedge, 1973). As no evidence has been found 
there that the climate at present is any different from that when the 
active dunes in this region were originated, it is obvious that the 
formation of the active dunes was not influenced by local climate. 
What is then the true cause of desertification in this area? When 
did it begin? 

From historical records the eastern and southeastern parts of Ordos 
Sandy Land which is covered by sand dunes were historically lands 
with luxuriant vegetation cover and plenty of water. 

Hou Jen-chih, (1973) pointed out that during the early fifth cen
tury of the Tang Dynasty, Ordos Sandy Land was still land with 
abundant vegetation and water, when the leader of the minority, 
Holienpopo built his capital of Hsia dynasty in Pei-cheng-tzu of 
Ordos Sandy Land, where at present, the city of Pei-cheng-tzu ha~ 
utterly sunk into ruin, surrounded by shifting sand dunes extending 
to 10 km. (Fig. 1). According to historical records the palaces 
of Pei-cheng-tzu were magnificent and splendid, and a hundred 
thousand laborers had been called up to build that city. It seems 
impossible to build such a large city among active ~and dunes ~nd 
moreover there must be a big hinterland in the region to provide 
for the ~overnors and the people in the city the necessities of 
life and luxuries. 
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Jen-chih Hou pointed out that before the first century, there had 
already been some building of a city in the region. It is evident 
that before the first century, no shi fting sand dunes appeared there. 

Besides Pei-cheng-tzu, we discovered in the Cheng-chuan people ' s 
Conunune of Autoke banner (county) in this region another old city 
ruin, called Cheng-chuan. Jen-chih Hou suggests that this old city 
may be Chang-tse county of the Tang Dynasty. It was built in 820 
B.C., with a length of 750 m and a width from east to west of 500 m, 
the city walls of which were elaborately constructed. The present 
author notices that the geographical site of Cheng-chuan old city 
had been impacted by salinization. A number of salt lakes appear 
on the northern rim of the city. Archaeologists discovered in the 
city many pieces of procelain and segments of pottery and large 
numbers of copper coins used in different ages (Fig . 1). 

In addition to the two old city ruins mentioned above, we find from 
the interpretation of aerial photographs more than ten ancient city 
ruins in the middle-eastern and south-eastern parts of Ordos, some 
of which had already been buried into active dunes. These ruins 
demonstrate how great the changes had been over a period of a thousand 
years in Ordas Sandy Land. Then what is, after all, the predominant 
factor in the origin of the active dunes? 

At the end of the tenth century (994 B.C . ), in the southern part of 
the present Ordas Sandy Land, a rapid increase in numbers of sheep 
and goats had caused heavy grazing pressure on the seeming endless 
expanse of grasslands. Moreover, overgrazing greatly deteriorated the 
vegetation cover and the pastures and degraded environments accelerated 
the formation of the active dunes. The shifting sand dunes E-W 
trend, known as "The Little Maowusu Sand Dune Belt" might have 
begun to be formed during that period of overgrazing . Historical 
records tell that since the Sung Dynasty, The Little Maowusu Sand 
Dune Belt had been an effective natural barrier between the two 
regions, Loess Plateau of Shensi and Ordos High Plain. 

Since the seventeen century, the Ching Dynasty began to transport 
to the Ordos Sandy Land settlers to exploit fertile land for the 
development of agriculture. That was another cause of desertification. 
According to Wang, Pei-Chen (1965) and Hsu, Chao-kwei, {Hsu, Chao-kwei, 
1961), the exploitation then was conducted along some river floodplains, 
such as the floodplain of Ku-yeh Ho, Yu-hsi Ho, To-wei Ho and 
Hung-liu Ho etc., extending from the south-east to north-westward 
(Fig. 2). A type of shifting cultivation was adopted under such 
climatic conditions, the land was degraded and the top soil stripped 
after one or two years of cultivation. Because of exploitation, the 
land was nearly devoid of grasses and shrubs . It was too late to 
restore its former vegetation cover. Eventually, sand dunes and 
hummocks appeared on the land . 

Before liberation, exploitation had. ruthlessly continued; the 
Kuomintang devastated the land through irrational exploitation and 
pitiless ravaging of shrubs for fire wood. 
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Figure 2. Ruins and directions of exploitation of virgin land 
along rivers of Maowusu Sandy Land. 

In Liu-kwei wan area of Ching pien county, there lived, 50 or 60 
years ago, more than 200 families and cultivation lands over 14,000 
mu. It was simply because of the invasion of sand drifts, caused 
by exploitation, that prior to liberation, there remained only 
seven families and 3,000 mu field. 

After liberation, the people in Ordos have worked out many 
effective measures to stabilize the shifting sand dunes and to 
check the encroaching dunes. In the eastern, south-eastern and 
southern parts of this region, in particular, many advanced units 
have reclaimed the active sand dune area into grassland, such as 
the peop le' s commune of Wu-shen-chao and Wuo-tu-tsai-teng of 
Shen-mu county. The brigade of Hsiao-tan-tzu is known as a 
successful example of meliorating clayey bottom land by adding 
loose sands. At pre sent, the feature of Ordos has been greatly 
changed. On the southern margin, from Luan-ching t zu area of 
Ting-pien county in north Shensi to Ta-chang-han area o f Fu-ko 
county, an intermittent belt o f trees of 300 km in length and 
1-2 km in width, has been established which is called "The Great 
Green Wal l". These belts are being connected to check effectively 
the damages done by sand drift. 
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Regeneration Strategies 
of Mixed-Prairie Plants 

LEE E . EDDLEMAN 
School of Forestry 

University of Montana 
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The semi-arid environment of the Northern Great Plains has pro
duced a number of mixed-prairie plants with particular modes of 
adaptation for regeneration. These modes or strategies for the 
most part appear responsive to conditions of soil moisture con
tent, soil temperature and chemistry, and air temperature. The 
regeneration strategy employed by a particular species will largely 
determine the possible management schemes to favor, restrict, or 
successfully reintroduce that species. Weak points in the regenera
tion cycle as well as phenomena that normally overcome weaknesses 
are of critical concern when system maintenance, modification or 
rehabilitation is considered. For example, where poor seed fill 
germination is overcome by seedling vigor, appropriate management 
schemes can be devised to favor or restrict that species. 

Strategies by which plants in semi-arid environments regenerate 
themselves appear to break down into as many as there are species 
and ecotypes within species. Understanding the various strategies 
of semi-arid plants can give insight into strategies followed by 
plants in other systems including arid lands. The current massive 
disturbance of the environment from surface coal mining activity 
in semi- arid and arid environments constitutes a serious impact 
on native plant communities. Such action necessitates mitigating 
measures which will span as much as possible the spectrum of 
conditions necessary for indigenous species regeneration. Normal 
regeneration modes that depend on specific environmental sequen
tial events may be blocked or enhanced thus altering for various 
lengths of time natural community structure and function. 

Specifically the objectives of this work were to gain sufficient 
insight into the regeneration strategies of mixed-prairie species 
of southeastern Montana in order that their potential for re
establishment on drastically disturbed lands (such as surface 
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coal mine spoi l s) might be known, and to determine the methods needed 
to successfully accomplish that reestablishment. Logically, in
itial planting is only the first step, the second step being suff
icient regeneration to assure their continuation in the community. 

Area and Methods 

Examination of t he regeneration characteristics of indigenous 
southeastern Montana plants has been underway since 1975. The 
major portion of the area from which material and data were coll
ected is essentially delineated by Colstrip, Alzada, and Decker, 
Montana. 

The study ar·ea lies within the Eastern Sedimentary Plains geogra
phic area (Ross and Hunter, 1976) with topography consisting of 
rolling to steep upland slopes and semi-arid mountainous breaks 
(Parker et al. ,, 1976). Yearly precipitation varies from 300 mm 
at lower elevations (950 m) to 460 mm at upper elevations (1,300 m) 
(Brown ,, 1963),. May and June are wet months followed by dry months 
of July through Octobe r (Table 1) • . Drought frequency is very 
hig:h :in s ummer and fall since about one-third of the year's pre
cipitation occurs in amounts less than 13 mm/mo. Soils are do
minated by s ilt loams and clayey loams although they range from 
sandy l oams to clayey shales (Parker et al., 1976). 

Vegetation is a diverse mixed-prairie composed of short, mid, 
and tall grasses. Rolling benchlands, drainage terraces include 
Agropyron smithii, A. spicatum, Bouteloua gracilis, Buchloe dacty
_loides, Stipa coma ta, §_. viridula, Poa sandbergii, and Artemisia 
cana. Upper slopes and ridges include Bouteloua curtipendula, 
Agrapyron spicatum, Andropogon gerardi,"""SChizachyrium scoparium, 
and Koeleria cristata. Detailed descriptions are found in Brown 
(1963), Gieseker (1953) and Ross and Hunter (1976). 

Various phases of the regeneration cycle were examined, some with 
less intensity than others. 

The sequential staging of events (phenophases) in seed formation 
and dispersal were determined from interval evaluation of the per
cent of total potential seed in bud, flower, green seed, 
mature seed and dispersed or shattered stages. Percentages of po
tential seed in each stage were determined from 20 randomly se: 
lected plants or groups of inflorescences at two week intervals 
in early summer and at longer intervals in late summer as changes 
became less frequent in occurrence. Some species were studied 
on more than one area. 

Seed production was determined by sampling 20 random inflorescence 
bearing plants on one to three areas. Seed production per plant 
and per inflorescence, as well as differences between plants 
and areas were evaluated. 
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Germination studies included such effects as seed age, temperature 
light, pre-germinat~on storage temperature at s 0 c and 20°c, and ' 
stratification in 5 C, moist environments. Germination temperatures 
ranged from s 0 c to 3S0 c at s 0 c increments. Both constant and al
ternating temperatures were used, however alternating temperatures 
were limited to 20°c-s0 c and 30°c-20°c day-night conditions. Light, 
when used, was either eight or 14 hours in length and when used with 
alternating temperatures applied only during the warmer temperature. 

Seeds were germinated in petri dishes on moist cellulose for 30 days 
with counts made at two-day intervals up through 12 days and there
after at six day intervals. Four samples of 2S seed each were 
germinated under the various treatments. A seed was counted as ger
minated when the radicle and/or plumule had elongated, and the 
seedling appeared normal. Both the germination rate, days to SO% 
of total germination and total germination were calculated. 

Seedling vigor was examined in the greenhouse by planting newly 
germinated (even aged) seedlings into commercial rooting tubes. 
Soil was a moderately fertile loam. Growth was continued under 
high moisture conditions and under a drought (desiccative) cycle 
for four weeks. Weekly shoot growth was determined as well as 
total length and biomass for shoots and roots at the end of four 
weeks. Gravimetric soil moisture content was also determined at 
the end of four weeks from soil tubes which had not been rewatered 
since the initial planting time. Sample size ranged from six to 
20. 

Natural seedling establishment was determined by random sampling 
of eight sites in 1977. One to three transects each of 20 ran
domly located 60 x 80 cm sample plots were employed to count 
established seedlings in May and again in September. 

Statistical evaluations were at the P: .OS level of significance 
and for this report only paired t-tests were used. 

Results 

Although a rather large number of indigenous species were studied, 
only a few are reported here to illustrate either the similarities 
or the variation in regeneration strategies. Reports by Eddleman 
(1977) and Eddleman and Meinhardt (1978) cover other species and 
characteristics not included here . 

One of the first phenomena studied was the phenology, in parti
cular the characteristics of seed dispersal or shatter. Each 
species possesses a somewhat different seed dispersal season and 
rate (Fig. 1). Early rapid seed shatter in Sti~ ~~ (ne~dle
and-thread) came at the end of the moist period (Table 1) which 
possibly favors the implanting process. Seeds are found to be 
imbedded 1-2 cm in moist soil by the middle of July. 
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Seasonalit y of 1975-1976 seed shatter in some south
eastern Montana plants. Stipa comata (Stco), Agropyron 
s picatum (Agpp ) , Oryzopsis hymenoides (Orhy) , P~talos~emum 
purpureum (Pe pu ), Ratibida columnifera (Raco), Ceratoide~ 
lana:ta (Cela) and Ec~ace-a_ angustifolia (Ecan) . 

. Aqropyron spicatum (bluebunch wheatgrass), Oryzopsis hymenoides 
(indian ricegrass ) , and Pe t alostemum purpur~um (purple prairie 
clover) all disperse their seed in the dry hot part of the summer. 
Oryzops is and. Ratibida co lumnifera (prairie coneflower) dis
persed their seed gradually over an extended period including fall 
and, in th.e latter speci es, also in the winter months. 

ceratoides lanata (wi nter fat) seed shattered out fairly rapidly 
in the fall while Echinacea angustifolia (pa'le purple-coneflower) 
requires most of the winter and spring to fully disperse its seed. 

High seed producti on becomes one means by which a species increases 
its chances of regeneration. As the number of seed dispersed into 
the sys tem i ncreases it follows that there should be an increase 
in the probabilit y of a seed or seeds occupying a suitable environ
ment for seedling establishment. 

As expected there was a large variation in seed production between 
inflorescences, plants, sites, species and years. Large seeded 
species tended to produce fewer seed per plant and per inflores
cence than small seeded species (Table 2) . Psoralea esculenta 
(prairie turnip) produced the largest seed (approximately 50 per 
gram) while Koeleria cristata (junegrass) produces the smallest 
(approximately 4,000 per gram). Average seed production in 1975 
in Koeleria cristata was 2 .3 times higher than for Agropyron . 

The variation in seed production per plant was such that in most 
cases the standard deviation equaled or exceeded the mean, therefore 
accurate statements about seed production are not possible. 



688 

Table 1. Percent of years in which monthly precipitation is equal 
to or less than a specified amount. Based on years 1948-
1977 at Colstrip, Mt. U.S . Weather Bureau, Montana Section, 
monthly and annual reports. 

_Precipi tatioi: 

(cm) March April May June July Aug. Sept . Oct . 

. 4 0 0 0 0 3 3 7 14 
1. 3 41 10 0 3 34 31 31 38 
2.5 83 24 7 7 44 48 52 62 
3.8 93 45 17 17 72 59 72 79 
5.1 100 66 48 24 86 72 83 86 
6.4 76 62 41 93 83 90 90 
7.6 79 76 55 100 90 90 90 
8.9 86 86 6 2 93 90 93 

10.2 97 90 79 97 97 100 
11.4 97 97 86 100 100 
12.7 97 97 97 
14.0 97 100 97 
15.2 100 100 

X PPT/%YRS.l. 8/63 4.9/62 6.0/ 55 7.5/ 52 3. 0/48 3.6/ 59 3.2/66 3.2/66 

Table 2 . Average seed p roduc tion f or some p lant s pecie s indigenous 
to southeaste rn Montana. 

Species Number of Filled Seed 1975 -------· 
Per Plant Per Inflorescence .. 

Agropyron spicatum 46 4 

Koeleria c ristata 107 31 

Stipa coma ta 48 8 

Echina cea ~~gustifolia 1 51 102 

Psorale a e s culenta 14 4 

Rat i bida columnife r a 678 166 

The potential for s eed product ion i s indic a ted by some o f t h e 
high e x treme s observ ed in 1975 and 1976 . Two ~atibid~ p lants 
p r oduce d ove r 1, 900 seed e a ch in 19 76 , one Stipa p lan t produce d 
239 see d in 1 9 7 5 and one Agropyron plant produced 336 seed i n 1976 . 
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Particularly in the latter species high seed production is tied 
to numbers of inflorescences not to numbers of seed per inflores
cence. In the above Agropyron 45 inflorescenses were involved. 

Seed production declined significantly in some of the species in 
1976; for example on one site, Agropyron produced 71% fewer in
florescences per plant and 59% fewer seed per inflorescence. 

Although laboratory germination tests do not necessarily duplicate 
required fiel~ conditions they do provide a high degree of predic
tion for expected field response. Strategies operating relative to 
germination ranged from short to long dormancy, from inhibition to 
required cold moist stratification, from cool to warm and alternat
ing temperatures and from a light requirement to being light neutral. 
Optimal laboratorv conditions for germination (Table 3) are those 
which maximize germination at the highest percentage and at the most 
rapid rate. However, neither response is necessarily advantageous 
for a particular species and in many cases may constitute a limiting 
factor .. 

The majority of species studied show a rather broad range of con
ditions under which some germination is possible, while others are 
more narrow in environmental requirements. 

Both ?\gropyron and Ratibida germinated over a broad range of con
ditions while Sporobolus cryptandrus (sand dropseed) and Calochortus 
nuttallii (segolilly) were rather narrow in their requirements. 
Some .Agropyron seed did germinate only two months after ripening. 
However, germination and germination rate were reduced when all 
three conditions (seed age, stratification and germination temp
erature) were strongly divergent from optimal. The variation 
associated with germination total and rate increased as conditions 
became less and less optimal; however, no di'fferences were observed 
in this response between species with broad requirements and those with 
narrow requirements. 

Seed age was assumed to be an important factor with dormancy fac
tors operating early and loss of energy operating as the seed aged. 
In most species dormancy was broken in some seed rather early (2-3 
months seed age) by application of the proper environment. Ex
ceptions to this are primarily the woody species such as Rhus 
trilobata (skunkbush) and Atriplex confertifolia (shadsca~from 
which no significant germination were obtained. At the other ex
treme most species retained their viability and energy, improving 
with age at cool temperatures, for 2-3 years. Echinacea germinated 
in significant amounts from three months to three years of seed age 
with or without stratification. One three month old accession of 
Stipa seed reached 48% germination. Calochortus seed germinated 
from three months to three years as long as stratification time 
was three months or longer. 



Table 3. Optimal laboratory seed germination conditions for some southeastern Montana plants. 

Conditions Agropyron Sporobolus Stipa Calochortus Echinacea Ratibida 

spicatum cryptandrus coma ta nuttallii angustifolia columnifera 

Storage 4 or 20 20 20 20 20 4 or 20 

dry 0 c 

Seed age 5 12 24 8 24 2 

months 
O'I 

Pre-Germ. Strat. Sig. 2 S i g . 3 3 nonsig. 
l.D 
0 

5°c months Reduc. Reduc. 

Temp. 20 30-20 20 or 30 30 20 20 

OC alt. 

Light (L) L or D L-8 hr. L or D L or D L-8 hr. L or D 

or Dark (D) 
-
Germ % 95 95 85 100 100 98 

Day to 50 % 3 2 4 Strat. 2 4 

of total Germ. 

Sub-optimal Hiqh Very low Low Very low Medium High 

germ. response 
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Seedling vigor, here defined as rate of leaf and root growth and 
the differential response to increasing moisture stress, gives 
some indication of the potential for seedling reestablishment . 
Growth response of freshly germinated seedlings individually planted 
i n tubes and measured over a four week period varies widely between 
species (Figs . 2-5} . The patterns of response illustrated are very 
t ypical of many mixed-prairie species examined. 

I n t he. absence o f water stress grasses tended to place growth in 
the l eave s , whereas fo r bs tended to place more emphasis on root 
growt h , a s seen par ticularly in Echinacea. The composite growth 
of Oxytropis lamber ti i (lambert crazyweed) strongly suggests low 
inherent see dling vigor compared to the other three, whereas that 
growth of Poa junc i folia (alkali bluegrass) suggests very strong 
seedling vigor when a dequate moisture is available. 

When response t o moisture stress was evaluated,Oxytropis continued 
its poor response. Onl y 50% of the freshly germinated seed became 
established r egardless of treatment and of those that became es
tablis hed unde r water stress, approximately 50% became necrotic in 
two weeks and growth ceased. Those that survived grew very little. 
At the end of four weeks desiccative growth all Poa seedling leaf 
tips were necrotic, about one-half of the ~gropyro;;- seedling leaf 
tips were necrotic, and the first foliar leaves of Echinacea showed 
some chlorosis. 

Natural seedling establishment provides some insight into the 
strategies utilized by various species. In general, seedlings of 
many species were present in the spring but not in the fall, others 
survived the summer drought in small numbers, some germinated in 
both spring and fall and still others germinated only in the fall. 

I n 1977 Agropyron spicatum seedlings were most abundant in the 
spring for some areas and most abundant in the fall in others. 
Stipa comata seedl ings were scarce in the spring and common in 
t he f a ll whi le Oxyt ropis lambertii seedlings, though present in 
spri ng, were not found in the fall. One species Scheddonnardus 
paniculatus {tumblegrass ) produced seedlings only in the fall. 

Discus sion 

Each of t he factors studied in is olation appears to present 
advantageous or disadvantageous situation for regeneration . 
these are all put together, however, they frequently appear 
different light. 

an 
When 

in a 

Since the months of July - October have a high percentage of years 
with very little rainfall (Table 1), seedling establishment at the 
beginning of summer drought would appear to be an undesirable 
strategy. 
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Figure 2. Growth of Agropyron spicatum leaves and roots under four 

weeks growth with adequate moisture (+H 2o) and a desic
cative cycle (-H20). The -H2o treatment response is 
significantly different (P.05) for both leaf and root. 
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Figure 3. Growth of Poa juncifolia leaves and roots under four 
weeks growth-with adequate moisture (+H 0) and a dessic
cative cycle (-H20). The -H20 treatmen€ response is 
significantly different (P.05) for both leaf and root. 
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Figure 5. Growth of Oxytropis lambertii leaves and roots under 

f our weeks growth with adequate moisture (+H2o) and a 
desi'ccative cycle (-H20) . The -H2o treatment response 
is significantly different (P.05) for both leaf and root . 
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All the species examined either possess sufficient dormancy to 
severely restrict germination or dispersal was sufficiently late in 
the year so that few, if any, seedlings from the current year's 
seed crop would be generated prior to the drought period. 

Fall germination from the current year's seed appears probable in 
several species, for example Agropyron spicatum and Ratibi da col
umnifera. Although fall seedling estblishment was evident fo_r __ 
both species, seedlings could have been generated from previous 
year's seed crop. 

The problem of heterogeneity and selectivity has been treated by 
Koller (1969), particularly in relation t o dormancy. The ability 
of plants to succeed under a broad range of environmental condi
tions at each phase of the regeneration cycle appe,ai:ics to be' a 
desirable strategy. Agropyron spicatum i llustrates beterog:eneity 
by germinating well a t a broad range o f temperatures and a.Ithough 
it germinates best without stratification a significant portion 
of the seed do germinate with stratification. Since it was D.eaody 
impossible to obtain complete germination from Ii..g,.ro,p~·lron seedl und'e.r 
any one combination of conditions it appears g;e.rniruation o:ccmrs 
gradually over time as appropriate conditions are' met f or ~rar:iiou'S' 
segments of the seed population. 

Sporobolus cryptandrus exhibits very low hetero.g,ened~ty witltr. a 
strong selective response to 30-20°'C' aJitennat±n:g: trernp:era1ium'.es·" t::o; 
light, and to at least two months stra"tifiiea tt:ii.©rn. 

Each spec ies examined was unique in its s:trateg;}I trn achieve· re
establishment of the individual. A:gropyron sp±ca:tum: produ:c.ed! ]ow; 
numbers of large seed which appeared to :possess a, sh:©il?t dl11111manc;w 
period. Seeds were dispersed in late· JllLl•lyr andi ea1:ir;]w Aug1u&:t: w,itm 
fall germination of some seed probable iru mo.£st yea :r:s;,. n0w.e"le:i;:,, earr~ 
spring germination would seem to be tn.e norm... HJiqh g;e·rmmnai.tirn>n' was' 
found to occur at a wide range of tempe ,rature (:]©~·36)-0CJ, a1. <I:faa1:i;:ac:- · 
teristic also noted for intermountain p-01p1ulat.ions ((P'l_ummer,,,. 19.43;): •. 
As reported in other work (Eddleman an.d Do.escher , l19'f7.i85); q~rmina-
tion remained high with moisture stress and h::iigp, salit ~·M1a€::l)1 stress. 
Choudhuris I ( 1968) results from Wasfu:im,g:to.TI' w~:1w11JLatii©lil1S\ 5fb.,0w1 <g1lf.e:ater 
germination reduction due to moisture· am."<ii\ saJtt s:t:.:iress tn1a1n that 
observed in the Montana plants but stra.t:ificati011i, at: 2°c may· nave 
caused this difference in response .. 

The strategy o f Stipa comata for re9e,neration a·ppears: depe.ndent 
on a wide range o f c~nditions under v.ihich nQrmal ,proce s'ses can 
occur. It dispers ed most o f its seed prior to the end of the 
spring moist period . Seeds are scattered by wind action and are 
able to imbed t hemselves into moist soiL 

Since variable dormancy and prol onged viability found i n south
eastern Mont ana seed sources would seem to allow· some, fall 
germination as we ll as continued spring and fall 91ermination over 
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a two to three year span. Germination occurred at a broad range 
of temperatures , although seed from a more northern source germi
nat.eQI best at 20°c. 

Resea.rc:~b by Mueller and Weaver (1942) and Smoliak and Johnston 
(1960): both t en d to characterize Stipa seedlings as only fair in 
vigor ; b.owever, southeastern Montanasources were nearly as vigor
ous as Aqropyron s picatum. The frequent high abundance of Stipa 
would tend to support its overall advantages in regeneration. 

Echinace:a angusti f olia dispersed its seed gradually over a long 
period of time, early fall through early summer, germinated well 
at temperatures at or above 20°c in the presence· of light and 
also ge rminated better with stratification than without. Spring 
germination i s the norm as found in the field counts. Based on 
r equirements f or germination and seedling growth, seeds germinate 
on the s urface of warm moist soil and place most of their energy 
into root development . 

The selective mechanisms operating in Sporobolus cryptandrus by 
which mos t germination is restricted to a specific time period be
comes very advantageous f or seedling establishment. It appears 
that Sporobolus relies on high seed production (Brown 1943), over
wint ers onthe soil surface , and germinates on the soi l surface 
in lat e spring when day-night temperatures are rather warm. Seedling 
vigor under mois ture s tress was found to be exceptionally poor so 
t hat germination during the spring rainy season would be advanta
geous to overcome this limitation. Appropriate temperatures appear 
to be reached in early J une. 

Warm alternating temperatures probably occur in the summer and 
fall; however, the requirement for prechill,ing, also found by 
Tolstead (1941) and Toole (1941) , precludes germination in the 
fall. A very small percentage of seed were occasionally found to 
germinate without moist prechilling. 

I n Sitanion hystrix (squirreltail) germination could be e xpected 
i n July, thus creating a problem of seedling drought loss . How
ever seedling vigor was very high and they were very drought re
sistant. Also, seeds were dispe rsed as a detached inflorescence 
and seed are held up off the soil surface by virtue of the di
vergent awns . Until the rachis disarticulates, which is a gradual 
process, seeds do not come in contact with a suitable germination 
medium and the chances o f s ufficient moisture being present in 
late J uly or- August for germination are much reduced. 

Arte1'.1isia_ tridentata var. ~yomingensis (Wyoming big sagebrush) 
provides an example of a species which produced high numbers of 
se~d and germinated we ll at most temperature s exc ept s0c but in 
w~ich earl~ death loss of newly germi nated seedl i ngs was very 
high and vigor o f establishe d seedlings was moderate compared to 
other species. 
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Presumably the very high seed crop is a compensating factor for 
other weak phases in regeneration. 

For many species, germination was never observed to be very high, 
possibly a function of heterogeneity and/or poor seed vitality. 
Atriple~ nuttalli~_ (Nuttall saltbush) produces large quantities 
of seed which may be a compensating factor for the rather low ger
mination. Seeds were dispersed from November through the early 
spring. Short (one to two month) cold stratification f ollowed by 
cool temperatures (l0° c - 20°c) yie lded fair germination (20-35%) 
when applied to three to four-month-old seed . Probably those Atriplex 
seed which are successfully strak:ified germinate in early spri~g----
the first year after dispersal. Since in each treatment there 
remained many ungerminated viable seed the potential for germination 
under diverse conditions is possible even though it may be sporadic 
and relatively ineffective for s eedling establishment . 

Leaching may play a role in Atriplex germination; however, no in
crease in germination was found when seeds were leached from 24 
to 96 hours with or without follow up str atification . Whether di
fferent seeds were germinating in each case is certainly unknown 
but this could be a part of the overall heterogeneity. 

The multitude of r e gene ration strategies exhibited in mixed-prairie 
plants represents a part of the means by which these species main
tain themselves in semi-arid environments. Weaknesses in certain 
phases appear to be compensated for by other phases. Several 
species, particularly the dominant ones , appear to ger minate over 
a broad range of conditions and produce vigorous seedlings . Dor
mancy in most species allows drought t o be bypassed i n the year 
seed are produced. 

A requirement for light during germination is present in a few 
species, whereas the requirement for cold, moist conditions prior 
to germination is common. Some need warm temperatur e s for germina
tion, others cool. The majority of species examined responded 

0 most favorably to 20 C. 

Each species posse sses a ve ry unique regeneration system when 
all processes a re cons i dered. Certainly the uniqueness is not 
defined by this work except i n certain areas. Field validation 
will be necess ary to understand each of t he facets of pre-germina
t i on, germination and post germination strategy. 
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Ornamental Potential of the Creosotebush (Larrea tridentata) 
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Water is a limiting factor in growth and economic development of 
the arid Southwestern United States. Urban population has increased 
dramatically in the area since 1970 (U.S. Dept. Commerce, 1977), 
inflating demand for municipal water. As a result, urbanization 
is competing with agriculture in many areas and contributing to 
the depletion of limited ground water reserves. Landscape main
tenance may account for 50% or more of total municipal water con
sumption in the arid southwest (Cotter and Croft, 1974; Lupsha 
et al., 1975). Thus utilization of landscape design criteria which 
conserve water and are esthetical ly attractive is the most feasible 
method of reducing municipal consumption. An urban desert lands
cape of native plants significantly reduces consumption (Cotter 
and Croft, 1974; Lupsha et al., 1975), but relatively few suitable 
plant species are commercially available. This leads to a unifor
mity of urban desert landscapes which is monotonous. A greater 
diversity of available plant material is needed to enhance the 
attractivene ss of urban desert landscapes and encourage their use. 

Larrea tridentata (DC) Cav. is a native desert shr ub with considerabl e 
ornamental potential. The dark green foliage, bright yellow 
flowers, and showy white fruit have led several authors (Folkner 
and Charles, 1964; Martin, 1974 ; Stark, 1966; Van Dersal, 1972) 
to recommend it as an ornamental shrub, usually with the notation 
that it is difficult t o propagate and transplant. Transplanting 
from a nati ve stand i s an integral process in the commercialization 
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of a native plant as an. ornamental, particularly if difficult 
to propagate (Tipton and McWilliams, 1979). A study was con
ducted to determine methodology for successfully transplanting 
L. tridentata from a native stand. 

The. effect of season ~ root pruning, and transpiration reduction 
techniques on the percent survival and rank of shrubs transplanted 
from a nativ,e habitat was measured. 

Review 

Very little research has been conducted on transplanting arid-land 
shrubs from their native habitat. Transferring Atriplex canescens 
from one site to another has been used to increase the forage 
value of arid rangelands (Cable, 1972). Small plants (<30 cm tall) 
were transplanted in January after foliar pruning. Plant height 
also appear,ed to be the determining factor in the successful 
transplanting of potted A. canescens into rangelands (Moghaddam 
and McKell, 1975). Burgess (1975) also recommended selecting small 
specimens when transplanting from a native habitat. 

The single most important factor in transplanting is control of the 
plant's water balance (Kozlowski and Davies, 1975). This balance 
may be maintained by reducing transpiration and increasing water 
absorption. Water absorption may be increased by prior root pruning 
to initiate secondary growth, insuring proper soil aeration, and 
encouraging rapid root growth. 

Many absorbing roots are lost in transplanting from a native habitat 
(Kozlowski and Davies, 1975). Rapid root regeneration is critical 
in the survival of such transplants. The ability to regenerate 
roots may be influenced by several factors . . seasonal variations 
have been demonstrated in several species (Lathrop and Mecklenburg, 
1971; Lee and Hackett, 1976). Stored carbohydrates necessary for 
root regeneration and growth are also influenced by seasons. In 
arid-land shrubs these reserves are stored primarily in the 
rather small diameter roots (Garrison, 1972) , which may be lost 
in transplanting. The level of reserves is generally higher in 
the fall and winter than in the spring and summer (Garrison, 1972). 

Root .regeneration and growth is also influenced by soil aeration. 
This is important in the present study as L. tridentata has been 
shown to have a high oxygen diffusion rate-(ODR) requirement for 
root growth (Lunt et al., 1973). The soils used in transplanting 
were low in organic matter and became dispersed and impermeable 
when irrigated often. This condition may have been compounded 
in the containers due to the hydrophobic layer that reportedly 
develops beneath this shrub (Adams et al., 1970) which could also 
restrict the flow of air. Root growth in containers is also 
influenced by the soil temperature. The high temperatures that 
occur in dark containers have been shown to inhibit root growth 
(Harris, 1967). 
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Transpiration, the second aspect of the water balance, may be 
reduced through the use of anti-transpirants and by maintaining 
a favorable root/shoot ratio through foliar pruning (Kozlowski 
and Davies, 1975). Season also influences transpiration and 
plants are best moved when environmental conditions favor low 
transpiration (Kozlowski and Davies, 1975). Pruning 15-40% 
of the bud-bearing branches is recommended when many roots are 
lost in transplanting (Kozlowski and Davies, 1975). Anti-transpirants 
alone or in conjunction with light pruning might reduce the number 
of buds lost. The effectiveness of these compounds in reducing 
transpiration varies with species, concentration, and environmental 
conditions (Davies et al., 1972; Lee and Kozlowski, 1974). Toxicity 
of anti-transpirants also varies with the species and concentration, 
especially at high leaf and ambient air temperatures (Davies et al., 
1972; Lee and Kozlowski, 1974). Film-type anti-transpirants are 
generally more permeable to water vapor than to co2 and therefore 
have an inhibitory effect on photosynthesis (Davies et al., 1972). 
The effectiveness of this type of anti-transpirant is reduced by 
high temperature, high levels of insolation, and low atmospheric 
humidity (Hall and Whitcomb, 1976; Kozlowski and Davies, 1975; 
Whitcomb et al., 1974). 

Methods and Materials 

L. tridentata shrubs less than one m tall were randomly selected 
from a population growing on a Simona soil near the Hueco Mountains 
east of El Paso, Texas. This soil is a moderately alkaline, cal
careous, gravelly sandy loam. It is underlain by a layer of 
indurated carbonate within a depth of 51 cm and is moderately 
permeable, but has a low available moisture capacity (Jaco, 1971). 
Thirty-six mature plants were transplanted into containers in 
the fall (September, 1975), winter (January, 1976), spring (April, 
1976), and summer (July, 1976). Eighteen plants were root pruned 
three months prior to transplanting. Roots within a radius of 
about SO cm of the crown were severed to the indurated carbonate 
layer depth. 

Six of the 18 root-pruned plants and six of the 18 non root-pruned 
plants were sprayed with a 10% solution of a film-type anti-trans
pirant, di-1-p-Menthene (Wilt-Pruf NCF, Nursery Speciality Products, 
Greenwich, Conn.), prior to digging. Six plants of each group were 
foliar pruned, and six plants of each group were foliar prune~ then 
sprayed with the anti-transpirant. Foliar pruning was.a combina
tion of heading back and thinning out to remove approximately 
30% of the foliage. 

The plants were bare-root planted into white plastic containers 
(34 cm deep and 29 cm inside diameter). The roots we~e p~un~d to 
fit into the container without serious bending to avoid kinking 
and girdling roots. Four 1.3 cm diameter holes equally placed 
around the circumference of each container near the bottom 
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provided drainage. A layer of gravel in the bottom of the con
tainer and a continuous vertical column of gravel in the medium 
was used to improve infiltration, drainage, and aeration. The 
plants were potted with native Simona soil and irrigated immed
iately. 

The plants were placed in complete shade under a metal roof structure 
without walls for three months after transplanting, then in full 
sun for three months. They were irrigated individually once a 
week for the first two months, then as often as required to pre-
vent water stress from becoming a limiting factor. Six months 
after transplanting the percent survival was calculated and the 
shrubs ranked by a scale which estimates the maintenance of ori
ginal terminal shoots (Table 1). 

Table 1. Scale used to rank transplanted L. tridentata shrubs 
after six months in containers. 

Value 

0 

1 

2 

3 

Plant's Condition 

Dead 

Plant surviving only through the 
production of new basal shoots. 

Plant surviving by maintaining the 
original terminal shoots and through 
the production of new basal shoots. 

Plant surviving by maintaining 
original terminal shoots only. 

After performing a square root transformation on ranks and an 
arc sin transformation on the percent survival, the data were 
analyzed via a three-way completely randomized factorial analysis 
of variance. Significantly different means were separated by 
the Waller-Duncan's Bayesian K-ratio t (LDS) rule (Duncan, 1975; 
Waller and Duncan, 1969, 1972). 

The ability of the gravel column to maintain drainage and aeration 
was tested by measuring the ODR via platinum microelectrodes 
(Oxygen Diffusion Ratemeter, Jensen Instruments, Tacoma, Washington) 
in container soils. Soils that had been in containers for six, 
nine, 12 and 15 months were compared to the soils in situ. The 
ODR was also measured in soils in a container for one week with 
and without the gravel column and compared to soils in situ. The 
ODR was measured in those container soils in which L. tridentata 
had died within six months of transplanting and compared to those 
in which the shrubs were alive after six months and to the soils 
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in situ, to determine if a low ODR may have contributed to plant 
mortality. In each case, five ODR measurements were made in each 
of four containers, a total of twenty replications per mean. 

The data were analyzed via two-way completely randomized factorial 
analyses of variance with subsamples. The significantly different 
time-in-container means were separated by the Waller-Duncan's 
Bayesian K-ratio t (LDS) rule. The other means were compared via 
contrasts. 

El Paso, Texas, city water was used to irrigate the shrubs. The 
water was of medium-salinity, low-sodium quality, according to 
the United States Salinity Laboratory classification (Richards, 
1969). To estimate the effect of this water, soil was sampled 
in situ and after six, nine and 12 months in containers. The pH 
and the concentrations of calcium, magnesium, phosphorus, potassium, 
sodium, and total salts were determined by the Texas Agricultural 
Extension Service Soil Testing Laboratory (College Station) . 

Results 

The transplanted shrubs ranged in height from 45 to 90 cm with a 
mean of 63.5 cm and a standard deviation of 9.1 cm. There was 
no significant correlation between he ight and rank (r = 0.05, 
n = 144) . Neither root pruning nor foliage treatment had a 
significant effect on the percent survival, but season did (Table 2). 

Table 2. Effect of season on percent sur vival of !:· tridentata 
six months after transplanting from a native habitat. 

Season Percent Survival 

Spring 99.47 aZ 

Summer 98.51 a 

Fall 97.80 a 

Winter 81.03 b 

zMean s eparati on, within spe cies, by the Waller-Duncan's Bayesian 
K-ratio t (LSD) rule at K = 100 (P = .05) · 

· · · · 1 h' h ·n spring summer and Percent survival was significant y ig er i • . ' 
· · h percent survival for fall transplants than in winter . T e mean 

h h . d der s eason-rootthe first three s eas ons was 98.59. T e t ir or 
· ' f ' t effect on the foliage treatment interactions had a signi ican 

L. tridentata ranks (Table 3) . 



Table 3. Effect of season-root-foliage treatment i nteractions on the rank of ~· tridentata 
six months after transplanting from a native habitat. 

RootW and Foliage:X: Treatments 

RP NRP 

Seasonv A PA l? A PA p 

Sp l.4SY abcz 1. 34 abc 1.40 abo 1.41 abc 0.74 cde 1.40 abc 

Su 1. 56 ab 0.98 abcde 1. 45 a.he 1. 56 ab 1. 45 abc 1.28 abed 

F 1.38 abc 1.09 abed 1.45 abc 0.76 cde 1.61 a 1.44 abc 

w 0.76 cde 0.33 e 0.57 de 1. 03 abed 0.87 bcde 1.00 abcde 

zMean separation by the Waller-Duncan's Bayesian K-ratio t (LSD) rule at K = 100 (P = .05). 

YMean square root of the ranks which range from 0 (dead) to 3 (maintaining apical growth). 

xA - Anti-transpirant spray applied to foliage, PA - Foliage pruned and antri-transpirant spray 
applied, P - Foliage pruned. 

wRP - Root pruned three months prior to transplanting, NRP - Not root pruned prior to transplanting. 

Vsp - Spring, Su - Summer, F - Fall, W - Winter. 

-.J 
0 

""' 
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These effects resulted in five overlapping populations of rank 
means. Analysis of the interaction effects indicates th · · f' ere was 
no signi icant advantage over the most economical combination of 
not :oat.pruned-foliage pruned. Further analysis within this 
combination revealed a significant advantage in the spring 
and fall over winter with summer intermediate (Table 4) . 

Table 4. ~ffect 07 season on the not root pruned-foliar pruned 
interaction effect on the rank of L. tridentata six 
months after transplanting from a native habitat. 

Not Root Pruned-
Season Foliage Pruned 

Fall l.44y abz 

Spring 1.40 ab 

Summer 1.28 be 

Winter 1.00 c 

2 Mean separation by the Waller-Duncan's Bayesian k-ratio t (LSD) 
rule at K = 100 (p = .05) . 

YMean square root of the ranks which range from O (dead) to 3 
(maintaining apical growth). 

The ODR of the soils was significantly affected by confinement in 
a container (Table 5). Six months after transplanting the ODR was 

· significantly lowe r in container than in situ, a condition that 
remained unchanged for the next 11 months. The gravel column had 
a significant effect on the ODR of L. divaricata soils in a con
tainer for one week (Table 6). The-gravel column maintained an 
ODR comparable to the soil in situ (0.69 versus 0.66 mg cm-2 min-1), 
while the ODR in container soils without the gravel column de
creased to a level comparable to those soils in containers for 
six months (0.26 versus 0. 22 mg cm-2 min-1 ). The ODR of container 
soils in which L. tridentata had died six months after transplanting 
was significantly higher than that of the live shrubs (Table 7, 
0.40 versus 0.22 mg cm-2 min- 1 ). The ODR of container soils was 
significantly lower than that of the soil in situ (Table 7, 0.66 
versus 0.22 and 0.40 mg cm-2 min-1 ). 

The soils analyzed to determine the effect of irrigation with El 
Paso city water were composites of ten different container samples 
for each time period. While no s tat istical analysis is possible , 
pH and the level of phosphorus, potassium, and sodium increased 
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Table 5. Effect of ti.me in container on the oxygen diffusion 
rate (ODR) of native soils used in transplanting L. 
tridentata from a native habitat. 

Time ODR 

(Month) (mg cm- 2 min-1 ) 

In Situ 0.66 az 
---

6 0.22 b 

9 0.24 b 

12 0.20 b 

15 0.28 b 

zMean separation, by the Waller-Duncan's Bayesian K - ratio t (LSD) 
rule at K = 100 (P = .05). 

Table 6. Oxygen diffusion rate (ODR) of native soils used in 
transplanting ~- tridentata analysis of variance with 
contrasts comparing media with and without a column of 
gravel. 

Source Degrees of Mean 

Treatment 

- - x y x2 3 

2X -1 (X2 + X3) 

Experimental 
Error 

Sample Error 

n.s. - Not significant, 

Mean ODR of soil 
with a column of 
without a column 

Freedom Square F p 

2 1.14 38.00 ** 

1 1. 84 61. 33 ** 

1 0.45 15.00 ** 

9 0.03 1.50 n.s. 

48 0.02 

** - significant at p = .01. 

in situ,_x2 - mean ODR of soil in a container 
gravel, x3 - mean ODR of soil in a container 
of gravel. 
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with time (Table 8). Calcium and magnesium remained high while 
salinity remained low. 

Table 7. Oxygen diffusion rate (ODR) of native soils used in 
transplanting ~- tridentata analysis of variance with 
contrasts comparing media of live versus dead shrubs 
six months after potting. 

Source Degrees of Mean 
Freedom Square 

Treatment 2 0.99 

x2 
-y 

- X3 1 0.35 

2X1 + (X2 + X3) 1 1.63 

Experimental Error 9 0.05 

Sample Error 48 0.03 

n . s. - Not significant, * - significant at P 
at P = .01. 

F p 

19.80 ** 

7.00 * 

32.60 ** 

1.67 n.s. 

.05, ** - significant 

Yx1- Mean ODR of soil in situ, x2 - mean ODR of potted soil i:_n 
which the shrubs were alive six months after transplanting, x3 -
mean ODR of potted soil in which the shrubs were dead six months 
after transplanting. 

Table 8. Effect of irrigation with El Paso, Texas, city water on 
the chemical characterization of nat ive soi l s us ed in 
transplanting ~· tridentata from a native habi tat. 

Time in a 

container Element Composition (ppm) 

(Months) pH Ca Mg p K Na Tot al Salts 

in situ 8.0 3000 232 30 290 365 600 - 1500 

6 8.2 3000 250 27 407 600 

9 8.1 3000 250 26 394 62 5 600 

12 8.4 3000 250 44 500 700 600 
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Discussion 

The results indicate that mature L. triderttata shrubs may be 
successfully transplanted from a ;ative habitat under the conditions 
described. P·ercent survival of transplanted _!:._. tridentata was 
was lowest in winter. Since the level of stored reserves has 
been shown to not vary with the seasons (Oechel et al., 1972) this 
was probably not a factor. There may have been a seasonal 
variation in the root regenerating potential, but container soil 
temperature may also have been involved. The mean daily minimum 
t emperature for.January in El Paso is -1°c, which is well below 
the optimum temperature reported for root growth (Barbour, 1968: 
Cannon, 1911; Kurtz, 1958) and may have been sufficient to freeze 
the water in the container. The application of anti-transpirants 
and prior root pruning did not influence the percent survival, 
nor did root pruning significantly improve the rank mean of trans
planted shrubs. Foliar pruning significantly improved the rank 
mean of not root pruned shrubs treated with the anti-transpirant 
in the fall, but the anti-transpirant did not provide a significant 
advantage over foliar pruning alone in any situation. These results 
t ended to support previous reports that film-type anti-transpirant 
effectiveness i s reduced by high ambient temperature, high solar 
insolation, and low a tmospheric humidity (Hall and Whitcomb, 1976; 
Kozlowski and Davies, 1975; Whitcomb et al., 1974). Kozlowski 
and Davies (1975) recommended root pruning two years before trans
planting a tree from the native habitat. Three months may have 
been too short a time to initiate adequate secondary root growth. 
Considering the success reported herein, two years would appear 
to be an uneconomical delay. Based on these results, we would 
recommend transplanting foliar pruned shrubs in the spring and 
fall without prior root pruning. 

The ODR and soil analysis data indicated that , these factors did not 
influence the survival of L. tridentata six months after transplanting, 
t hough the low ODR values may have influenced the . ranks. The ODR 
after s ix months was significantly lower in the container soils 
than those in situ, but the ODR in the dead-shrub containers was 
higher than that in the live-shrub containers. As both groups 
were treated the same during the six months, this result was pro
bably due to random variation. The presence of a gravel column 
improved the ODR for at l east a week, but not as long as six months. 
The ODR in situ and after a week with a gravel column was above 
that reported to be required for maximum root growth (o.66 mg cm- 2 
min-1) {Lunt et al., 1973). After six months the ODR was below 
that level reported to greatly reduce root growth {ca 0.43 mg 
cm- 2 min-1), but not as low as that reported to cause death 
(0.14 mg cm-2 min-1) (Lunt et al., 1973). Apparently the gravel 
column maintained a high ODR allowing maximum root growth during 
a critical early time period of unknown duration. The new roots 
may have been well established by the time the ODR had declined 
to critical levels. 
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The decline of the ODR and the increase in soil pH and sodium 
content indicate the unsuitablity of these soils-as container 
media over long time periods. Using native soils as a transplanting 
medium for ~- tridentata may suffice for a short duration, but 
amendments should be used to maintain aeration, and irrigation 
controlled to avoid the accumulation of sodium. An adequate 
artificial medium should be developed for long term container 
growing. To avoid carrying the artificial mix into the field, 
the plants could be repotted as soon as possible as reported 
by Hull et al. (1971). 
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Arid Lands In Saudi Arabia 

H.H. HAJRAH 
Biology Department, Faculty of Science 

King Abdul Aziz University 
Jeddah, Saudi Arabia 

The Kingdom of Saudi Arabia is a vast arid desert with an area of 
about 2.2 million km2 . Few studies have been carried out to de
termine land classification and development of the Kingdom. The 
present study is an attempt to mobilize the available data existing 
to present a preliminary land classification for the country and 
to study its soil types. These studies are designed to show the 
possibilities of land development and productivity of the country. 

Geomorphology 

Saudi Arabia occupies almost four-fifths of the Arabian Peninsula. 
The area occupied by the country represents about 1.5% of the total 
land area and 5% of the area of the arid zones in the world. 
The country extends between 16° and 32°N latitudes and 35° and 
56°E longitudes. The Kingdom is bounded on the north by the 
Hashemite Kingdom of Jordan, Iraq and Kuwait; on the east by the 
Arabian Gulf, Qatar and the United Arab Emirates; on the south
east by Oman; and on the south by Yemen Arab Republic and People's 
Democratic Republic of Yemen. 

Accurate topographical, geographical and geological maps and aerial 
photographs of Saudi Arabia have been prepared. However, proper 
geomorphological investigations are not abundant. The main 
geomorphological features of the country are: (a) the narrow coastal 
belt along the Red Sea known as Tihama (b) Hijaz and Asir mountains, 
which are composed of crystalline and metamorphic basement materials 
and volcanic rocks (c) the Arabian Shield extending nearly 800 km 
into north central Arabia but is relatively narrow at both ends 
(d) Escarpments with steep westward-facing slopes and gentle eastern 
slopes (e) Great Nafud which is connected by the Dahna to the Rub' 
Al Khali (f) the eastern coastal zone. 
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Factors Affecting Land Development 

The main factors affecting land development in Saudi Arabia are 
climate, available water resources, and soil characteristics. 

The Climate 

The annual mean rainfall does not exceed 100 mm except in the 
Hijaz and Asir mountains (Table 1). Temperature is quite high 
during the year with a marked difference between sununer and winter, 
and day and night, except in the mountain areas. Evaporation is 
relatively high resulting in the loss of a great proportion of rain
water in the inland areas. These facts accordingly prove the extreme 
aridity of most of the Kingdom, manifested in less vegetation 
cover and a high potential for organic matter decomposition which 
produce soils with low organic matter content. In addition, water 
is less effective in leaching soluble salts and translocating collo
idal material because of the low amount of precipitation. Winds 
also play a major role, especially in the transitional seasons, in 
the development of the soil. Winds move dust about and occasional 
rains wash soluble nutrients from the dust on its transient journey 
across the desert. A more obvious role of the wind is the blowing 
away of fine soil particles resulting in the formation of a concen
tration of gravel or the formation of desert pavement. Another 
factor is the torrential nature of much of the rainfall, which 
results in considerable runoff. This runoff can be accelerated, if 
the storm is coupled with the formation of crusts and layers of soil 
which resist infiltration of water, leading to severe erosion. 
Gully formation is common, and the washes are often of great depth. 
Short-term erosion removes the surface soil from the gentler slopes. 
The water erosion is more pronounced on the sandy loams and on 
soils of finer texture than on the very sandy soils which are more 
receptive to rainfall. 

Water 

Saudi Arabia is characterized by rare water resources of poor 
quality. In this vast area of desert no rivers exist. Surface 
and ground water are the main sources of water. 

Soil Characteristics 

The soil characteristics of Saudi Arabia indicate that, in general, 
it belongs to two main orders, namely Entisols and Aridosols (Soil 
Staff Survey, 1975). The Entisols may be found in very recent 
geomorphic surfaces either on steep slopes that are undergoing 
active erosion or on fans and flood plains of the wadis where the 
recently eroded materials are deposited. They may also be found 
on older geomorphic surfaces if the parent materials are resis
tant to alteration and decomposition as is quartz, where we have 
widely spread Psamments. The shifting sands of what some call the 
"true desert" and the salt flats of desert playas are not consi
dered soil unless they have some vegetation, either ephemeral or 
scattered. 



Table 1. Annual mean precipitation, temperature (maximum & minimum), atmospheric vapour pressure, 
direction and speed of winds for the period 1966-1976 at 11 stations. 

Annual mean Annual mean Maximum temp. Minimum temp. Average Atmo- Direction & 
Station precipita- temp. c0 c) (OC) (OC) vapour press. speed of winds 

ti on (mm) (mbars) (knots) 

1) Jeddah 63.0 27.9 48.2 +11.4 23.l SE 48 

2) Gizan 30.3 30.2 41.0 +15.8 28.5 SE 54 

3) Tabuk 57.7 21. 7 47.0 - 6.0 8.3 SW 60 

4) Hail 122.9 22.0 46.0 - 7.0 7.6 w 56 

5) Riyadh 132. 7 25.2 49.0 - LO 7.8 NW 58 

6) Kassi um 120.8 23.5 45.3 - 3.2 8.7 SW 64 

7) Taif 156.9 22.1 39.2 - 1. 0 9.1 N 66 

8) Kgamis Mshit 235.0 18.9 33.8 + 0.2 9.7 NW 45 

9) Wajh 21.0 24.3 44.0 + 5.0 21. 2 SW 50 

10) Zahran 78.4 25.7 48.0 + 1. 4 18.0 NW 48 

11) Madina 44.8 28.1 47.1 + 1. 0 7.8 s 46 

-..] 

I-' 
.i:. 
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If they have an ephemeral vegetation they are considered soil and they 
are classed with Psamments. 

The climatic conditions in Saudi Arabia fulfill the requirements of 
Aridisols, the soils of dry places. Normally, they have an ochric 
epipedon t hat is normally soft when dry or that has distinct struc
ture. No diagnostic horizons has been observed except calcic, 
gypsic or sal ic. 

The Wadi Soils 

The wadi soil s spread along the wadis in the country where the us
ually violent s ,easonal run-off has caused the transport and de
position of disintegrated materials from the surrounding highlands 
and hilly areas. These wadis originate primarily from Hijaz and 
Asir mountains. Most of them run towards the Red Sea, whereas 
the rest run to the east and other directions. Wadi fills are 
not deep and therefore, do not allow the storage of quantities 
of water sufficiently reliable for any economical agricultural 
project in most cases. 

Physical and chemical analyses of representative profiles from 
Wadi Dawasir and Wadi Fatima (Tables 2 and 3) reveal that the soils 
are of different textures (sandy, loamy sand and sandy loam are 
common) . The calcium carbonate content in these soils is generally 
moderate. Values of electrical conductivity, pH, sodium adsorp
tion ratio indicate the variability of salinity and alkalinity 
conditions of the studied soils. Non-saline, saline and saline
alkali soils a l l exist within the same geomorphic unit. 

It may be concluded from these analytical data that most of these 
soils require leaching and probably the addition of special amend
ments for reclamation; leaching will not be difficult in such 
soils because of their light texture and deep water table. 

The Plain Soils 

Topography in plain areas tends to be predominantly flat. The 
central, northern and eastern parts of the country where plain 
soils predominate are formed of sedimentary rocks containing 
water bearing formations varying in quality and quantity. Such 
sedimentary rocks cover two thirds of the country. Most of these 
deposits are represented by sandston-es or limestones which contain 
a considerable amount of ground water. 

The plain soils are affected by erosive and depositive action of 
winds. The vegetation is poor and consists of widely separated 
drought resistant plants. 

Physical and chemical analyses of representative profiles from 
Derab, Kassim, Al-Kharj and Jedda (Tables 4 and 5) show that these 
soil s have variable textural classes. 



Table 2. Chemical and physical compositions of representative profiles of Wadi soils. 

Location Depth pH ECe SAR Caco3 Texture Textural Cation Saturation 
of ems mmhos/cm sodium % Clay Silt Sand class exchange percentage 

profile at 2Soc adsorp- capacity S.p. 
ti on C.E.C. 
ratio meq/lOOg 

0- 20 8.55 2.28 - 0.98 3 1 96 Sand - 21. 0 
Wadi 20- 50 8.45 2.09 - 1.23 3 2 95 Sand - 24.0 
Fatima 50-100 8.80 1.60 - 1.25 2 1 97 Sand - 22.3 

100-150 8.50 2.16 - 1.13 1 1 98 Sand - 24.7 
-...] 

I-' 
<YI --------------------------------------------------------------------------------------------------------

0- 2 8.40 1.20 - 9.70 1 4 95 Sand 2.4 20.7 
Wadi 2- 20 8.50 1. 30 - 12.50 6 7 87 Loamy sand 3.4 21. 3 
Dawasir 20- 45 8.10 5.20 - 9.70 2 6 92 Sand 2.7 25.0 

45- 70 7.70 23.40 10.8 7.50 3 4 93 Sand 2.0 22.3 
70-120 7.70 35.40 25.6 6.70 3 5 92 Sand 2.2 22.6 

--------------------------------------------------------------------------------------------------------
0- 10 7.20 74.00 70.5 12.10 7 7 86 Loamy sand 3.1 20.7 

Wadi 10- 60 7.20 92.50 89.4 27.80 6 6 87 Loamy sand 3.4 33.0 
Dawasir 60- 75 7. 00 148. 00 384.2 9.20 9 10 81 Loamy sand 3.0 33 . 7 

75-100 7.40 43.00 77 .9 30.00 7 13 80 Loamy sand 2.5 36.0 



Table 3. Chemical and physical compositions of representative profiles of Wadi soils. 

Location Depth pH ECe SAR CaC03 Texture Textural Cation Saturation 
of ems mmhos/cm sodium % Clay Silt Sand c lass exchange percentage 

Profile at 25°C adsorp- capacity S.p. 
ti on C.E.C. 
ratio meq/lOOg 

0- 3 8.2 5.6 7.0 12.50 2 6 92 Sand 2.1 18. 7 

3- 12 8.2 42.6 22.7 15.20 2 6 92 Sand 2.8 19 .3 
Wadi 12- 25 8.1 58.3 9.2 8.2 16 10 74 Sandy loam 7.4 22.3 
Dawasir 25- 45 7.1 50.9 14.1 7.5 8 9 83 Loamy sand 3.8 18.7 

-..] 

45- 90 7.8 44.4 18.5 5.7 14 9 77 Sandy loam 6.6 19 .3 ...... 
-..] 

90-110 7.8 34.2 18.4 5.4 4 2 94 Sand 2.7 20.0 

----------------------------------------------------------------------------------------------------------
0- 10 7.7 16. 71 16.35 7.98 4 1 95 Sand 3.33 20.7 

Wadi 10- 30 7.5 62.52 24. 43 10.65 21 8 71 Sand clay 1oam8. 33 31. 7 

Dawasir 30- 60 7.5 58.00 13.85 7.68 17 9 74 Sandy loam 8.33 29.0 
60-100 7.3 92. 71 16.57 4.60 13 11 76 Sandy loam 10.00 28.7 

100-150 7.5 67.38 21.19 6.10 17 7 76 Sandy loam 8.33 32.0 



Table 4. Chemical and physical compositions of representative profiles of plain soils. 

Location Depth pH ECe SAR Caco3 Texture Textural Cation Saturation 
of ems mmhos/cm sodium % Clay Silt Sand class exchange percentage 

profile at 25°C adsorp- capacity S.p. 
ti on C.E.C. 
ratio meq/lOOg 

0- 10 7.5 11. 71 3.30 37.75 18 23 59 Sandy loam 12.42 32.4 
10- 30 7.5 6.67 4.30 42.01 20 23 57 Sandy loam 12.36 35.2 

Der ab 30- 60 7.5 5.88 3.80 40.68 20 20 60 Sandy loam 10.60 33.6 
60-100 7.6 6.62 5.90 41. 60 18 22 60 Sandy loam 8.80 35.2 -..J 

I-' 
100-130 7.8 6.25 6.10 14.80 18 21 61 Sandy loam 9.85 32.8 OJ 

---------------------------------------------------------------------------------------------------------
0- 15 8.2 2.30 - 14.65 4 2 94 Sand - 28.0 

Kassim 15- 60 7.7 9.00 - 12.60 11 7 82 Loamy sand - 32.7 
60-100 8.1 1. 05 - 7.90 9 3 88 Loamy sand - 28.0 

---------------------------------------------------------------------------------------------------------
0- 40 8.4 1.45 - - 2 8 90 Sand - 25.3 

Jeddah 40-120 8.2 1.12 - - 10 5 85 Loamy sand - 39.7 
120-200 8.1 2.25 - - 7 3 90 Sand - 41. 7 



Table 5. Chemical and physical compositions of representative profiles of plain soils. 

Location Depth pH ECe SAR CaC03 Texture Textural Cation Saturation 
of ems rranhos/cm sodium % Clay Silt Sand class exchange perc entage 

profile at 25°c adsorp- capacity S.p. 
ti on C.E.C. 
ratio meq/lOO g 

0- 15 7.7 4.43 - - 5 2 93 Sand - 23.7 
15- 40 7.5 15.83 - - 6 2 92 Sand - 25.0 

Al-Kharj 40- 70 7.8 3.70 - - 5 2 93 Sand 2.00 23.0 
70-100 7.6 4.97 - - 5 3 92 Sand - 24.0 -..J ..... 

100-140 7.7 4.13 - - 4 4 92 Sand - 24.3 I.CJ 

--------------------------------------------------------·-------------------------------------------------
0- ·20 7.7 5.90 - - 5, 1 94 Sand - 26.0 

20- 45 7.7 4.40 - - 12 25 63 Sandy loam - 41.6 
Al-Kharj 45- 65 7.5 6.00 - - 10 11 79 Sandy loam - 26.0 

65-100 7.6 4.50 - - 9 27 64 Sandy loam - 42.3 
100-130 7.6 3.75 - - 10 7 63 Loamy sand - 28.3 
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However, sandy, loamy sand and sandy loam are the predominant tex
t~ral classes in these soils. They are generally moderately to 
hfighly calcareous. Most of these soils are slightly saline, while 

ew are saline. 

The Salt Marsh Soils 

The salt plains and marshes (Sabkhat) stretch, as a belt of five 
km average width, along the very narrow white sandy beach of the 
Red Sea shores and Arabian Gulf. The soil surface is often co
vered with a thin layer of crystallized salt. 

The coastal area seems to have developed from loose deep, saline 
marine sands with poor drainage. The intermediate depressions, 
and those on the east coast, are characterized by a saline flat, 
which appears as very flat and has solonchak soils with a salt 
crust. 

Saline Flat areas are non-arable because of a shallow water table, 
absence of drainage outlets, and a high salt content or hardpan 
at 40-50 cm depth. 

Land Capability Classification 

A general land capability classification of Saudi Arabia has been 
carried out using U.S. Bureau of Reclamation standards. This 
land capability is an interpretation of the surveys and relates 
environmental characteristics to the capability of the land to 
maintain irrigated crop production. Class I land is land that 
will give the greatest economic return having minimum deficiencies 
and capable of the widest cropping range. At the other end of 
the scale, Class VI land is wholly unsuited to irrigated agriculture. 
Areas of Class I land are too small to be mapped and it is scattered 
mostly within the cultivation areas. There are, however, larger 
areas of Class II and III land, also suited to irrigated agricul
ture though with lower capacity to repay investment costs and 
annual charges, but again areas are widely scattered within cul
tivated and cultivable areas. Class II and III land is sub-divided 
on the basis of characteristics detrimental for development - s, 
soil, t, topography, and d, drainage. Almost all agriculture ex
pansion occurs in Class II and III which are identified as arable 
lands according to their suitability for irrigated farming. In 
the U.S. Bureau of Reclamation scheme, Class IV land (uncultivable) 
is regarded as only suitable for limited arable purposes, whereas 
Class V (also not cultivable) is non-arable under existing conditions, 
although they may have some potential value. Class VI identifies 
the non-arable land. The last two Classes (V and VI) can be con
sidered as waste and desert lands but still suitable only for 
periodic grazing. Although these vast range lands have been 
badly overgrazed, they remain important in supporting abou~ t~ree
fourths of the country's livestock population (about 8.5 million 
sheep-equivalents) (Table 6). 
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The Empty Quarter, which is covered by enormous Sand dunes; and The 
Arabian Shiel d, .. which is composed of igneous rocks and mostly flat 
lava are waste and desert -lands covering some 84,000,000 ha. 

Table 6. Acreage of land capability classes in Saudi Arabia. 

Land Area in ha % 

Cultivated 385,219 0.2 

Cultivable 4,181,057 2.1 

Non cultivable 11,712,130 5.7 

Waste and desert 111,483,594 
92.0 

Other waste and desert 84,000,000 

The major limiting factors for cultivation are salinity, alkali
nity, shallow depth, gravel, hard pans and high water table. 
Drainage limitation is a common feature of almost all the arable 
lands; similarly, low fertility is the common characteristic of 
most lands. Topographic extremes from very flat countryside to 
extreme dissected terrain are also not conductive to irrigated 
farming. 

About 78,197 hectares of public lands have been distributed to 
utilizers. These are mostly in Class II and III and some may be 
in Class IV. 

Output subsidies are in fact subsidies on land and labor inputs, 
and thereby attract more resources into production of subsidized 
products. Subsidies are expected to substantially expand produc
tion of the commodities. 
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Table 7. Areas (in ha) distributed during 10 years according 
to public land distribution ordinance (to July 1978). 

Location Areas in ha No. of No. of 
distributed utilizers projects 

Buraidah Qasim 22,520.8 1,835 5 Tabouk 17,399.9 3,459 
Hail 11,602.5 1,417 1 
Al-Kharj 5,998.3 810 2 
Qatif 3,457.1 472 6 
Al-Joaf 3,085.1 570 
As-sir 2,805.6 435 1 
Al-Aflaj 2,124.7 309 
Najran 1,887.2 822 
Al-Zulf i 1,674.1 259 1 
Al-Hasa 1, 661. 8 195 8 
Dawasir 1, 391.1 139 
As-.sulail 1,022.6 110 
Unaizah 837.2 144 
Al-Ula 231.8 44 
Shaqra 207.4 37 
Taima 107.6 17 
Riyadh 77.0 14 
Huraimla 39.5 4 2 
Al-Majmaah 21.0 3 
Du rm a 17.0 2 
Asir 16.5 3 
Jeddah 12.0 1 
Quwaiyah 1. 3 1 
Madinah 1.2 1 

78,196.7 11,092 37 

There is no shortage of cultivable land. It is more than 10 times 
the cultivated land area (Table 6), but the limiting factor is the 
water availability. Water resources development studies have shown 
that cultivated land can be increased up to 20% more. This ex
pansion is taking place where ground water exists. Public land 
distribution began 10 years ago, and only 1/4 of the distributed 
land has been developed or is being developed. 

Land development in arid region requires consideration of many 
factors, (e.g. planning, education, technology, management and in
frastructure, including transportation and marketing). 
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Subsidies offered by the government (Table 8) are felt unsatisfac
tory for land development. This is due to the fact that ground 
water extraction is costly. Labor cost is high and the money 
return from agriculture is small compared to other sectors. 

Table 8. Current agricultural subsidies. 

Inputs Year-introduced Amount 

Farm machine.ry 1973 45% of price 

Fertilizers 1973 50% of price 

Animal feed concentrates 1973 50% of price 

Poultry farms 1974 30% of price 

Dairy farms 1974 30% of price 

Transportation of 200 dairy cattle 197 5 Total Cost 

Outputs 

Wheat 1973 SR 0.25/kg 

Sorghum 1973 SR 0.25/kg 

Rice 1973 SR 0.30/kg 

Sheep 1974 SR 10.00/head 

Camels 1974 SR 50.00/head 
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