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ABSTRACT 

This technical report has been prepared to assess and estimate the potential of 

utilizing selected halophytes as future renewable energy resources, especially by 

U.S. electric utilities, and to familiarize nonspecialists with some major 

research and development problems that must be resolved before these energy 

sources can become dependable supplies of energy for the United States . A search 

has been made of the technical literature related to both indigenous and exotic 

species of halophytes, and from this search, appropriate terrestrial species have 

been selected based on a number of criteria , including total biomass potential, 

genetic constraints, establishment and cultivation requirements, regions of 

suitability , secondary credits, and a number of other factors. Based on these 

selection criteria, we have concluded that for the arid western states with high 

'levels of salinity in water and/or soils, there is little potential for energy 

feedstocks derived from grasses and herbaceous forbs. Likewise, we conclude that 

coastal marshes, estuaries, and mangrove swamps, although excellent biomass 

producers, are too limited by region and have too many ecological and 

environmental problems for consideration. We find that the deep-rooted, perennial 

woody shrubs indigenous to many saline regions of the west provide the best 

potential for sustainable productivity. The number of species in this group is 

extremely limited, and we conclude that Atriplex canescens , Sarcobatus 

vermiculatus, and Chrysothamnus nauseosus are the three species with the greatest 

biological potential. These shrubs would receive minimai energy inputs in 

cultivation, would not compete with agricultural land, and would restore 

productivity to severely disturbed sites. One might logically expect to achieve 

biomass feedstock yields of three to five tons/acre/yr on a long-term sustainable 

basis. The possibility also exists that exotic species might be introduced from 

other parts of the world, and these might even be more successful. 
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EPRI PERSPECTIVE 

PROJECT DESCRIPTION 

This project (RP2272-7) by Texas Tech University assesses the information base for 

utilizing halophyte (saltwater-tolerant) plant species as future fuels for U.S. 

electric utilities. These plants typically grow in arid lands, utilizing currently 

unproductive acreage. If productive species can be found that utilize marginal land 

and marginal water, then such species may also provide an alternative future utility 

fuel. 

The report discusses the origin and formation of saline regions. Halophytes are de

fined and classified, and the reasons for their salt tolerance are examined. 

Several halophytes offering the potential for fuel biomass are identified and 

discussed. 

No attempt is made to discuss land use alternatives, economic analyses, or technical 

problems involved in transportation, storage, and handling of halophyte biomass. 

PROJECT OBJECTIVES 

The objective of this project is to analyze and assess the prospects of utilizing 

selected halophyte plant species as future renewable energy resources by U.S. elec

tric utilities. A secondary objective attempts to highlight several major problems 

that must be resolved before these energy sources can become dependable energy 

suppliers. 

PROJECT RESULTS 

Halophyte fuel biomass potential, in general, may not be exceptional. As the plants 

cope with the stress of saline environments, they give up energy to salt respiration 

and osmotic regulation that other plants can convert into plant biomass. Frequently, 

these plants must divert an exceptional amount of energy into root development in 

order to enhance their water uptake. In many respects, salinity tolerance in plants 

is similar to drought tolerance, although the physiological mechanism may differ . 
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Halophytic grasses do not usually produce high enough biomass yields to warrant 

further consideration. An "ideal" halophyte with fuel biomass potential should 

• Exhibit a tolerance to cold to broaden the geographic areas where 
the plants may be grown 

• Be a long-lived woody perennial that regenerates easily after 
coppicing 

• Have a high "survival" rate of transfer of seedlings from containers 
to the field. Generally, climate conditions in arid regions are not 
sufficiently predictable to allow plant growth from direct seeding; 
instead, plant establishment in containers and transfer to the field 
appears mandatory 

Three species were recommended for additional efforts . 

A. Atriplex canescens--rapid growth rate; tolerates extreme heat and 
drought; deep root system 

B. Chrysothamnus nauseousus--anticipated to coppice well as a woody 
shrub; attains full growth in four years; does not tolerate high 
water tables 

c. Sarcobatus vermiculatus--tolerant of prolonged flooding; has poten
tial application to regions of high salinity and high water tables 

The data base on halophyte biomass is limited and few long-term tests have been 

reported. Yields of 3 to 5 dry tons/acre/year may be realizable over the long term, 

occasioned by low-water applications and by the diversion of plant energy from 

biomass growth to coping with the saline environment. Because halophytes poten

tially offer utilities the opportunity to obtain a portion of their fuels from 

renewable resources, EPRI plans to monitor developments in this area and to selec

tively fund areas of promising R&D. 

Stephen M. Kohan, Project Manager 
Advanced Power Systems Division 
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SUMMARY 

The adoption and use of coal, petroleum and natural gas as fuel sources have 

evolved because of their low cost and high energy content . As supplies of these 

non-renewable fossil-fuels decrease and their costs increase, the need for new 

sources of energy becomes evident. As alternative energy sources are examined for 

their feasibility, it is logical to ask whether highly productive native plants 

growing on millions of acres of semi-arid rangelands of the western United States 

have any potential use as biomass energy sources. Although uncertainties exist in 

producing biomass, semi-arid lands offer several advantages (!.l. Biomass 

production could utilize dry-farmed crop lands and multiple-use rangelands; there 

would be little or no competition for irrigation water and generally no need for 

fertilizer application; and within the wide diversity of native and naturalized 

plants, a number of species have potential for relativel~ large biomass 

production, even under saline conditions, because they have an unusually high 

water use efficiency <±)· Among these are the perennial halophytic shrubs which 

appear to offer potential for improved productivity on harsh arid land sites (~). 

This report assesses the potential of utilizing selected halophytes as future 

renewable energy resources, especially by u. s. electric utilities, and may be 

useful for familiarizing nonspecialists with some major research and development 

problems that must be resolved before these energy sources can become dependable 

supplies of energy f or the United States . A search has been made of the technical 

literature related to both indigenous and exotic species of halophytes, and from 

this search , appropriate terrestrial species have been identified based on the 

following criteria: 

• Total Biomass Potential - Many species survive in the saline 
habitat, but produce so little biomass that they have no 
application as biomass feedstocks. 

• Genetic Constraints - Most species fail to adapt to a particular 
environment because they do not have the genetic potential to allow 
for the conditions encountered. Most plants can grow in a 
"moderate" environment, but fail to thrive in extremes of 
temperature, salinity, water relations, sunlight, nutrition, etc. 

s-1 



• Establishment and Cultivation Requirements - In the arid and saline 
environment, not only is survival a major problem, but reproduction 
and establishment is particularly difficult. Even though 
conditions may be acceptable for establishment at certain times of 
the year, the chance that such conditions occur at the correct time 
of the year is quite small. Species with some reproductive 
strategy which allows them to compete in a stressed environment 
have a definite ecological advantage. 

• Regions of suitability - Some species may be well adapted to 
localized habitats, particularly those in which a microclimate 
allows for growth and reproduction, yet they fail to survive across 
the entire climatic zone. Plants with a great deal of plasticity 
with respect to climatic tolerance have greater potential as a 
biomass feedstock. 

• Ability to Restore Productivity to Overgrazed Sites, Mine Spoils, 
and Other Severely Disturbed Areas - In determining the benefits of 
establishment of a particular species, not only is total biomass 
produced important, but also secondary credits which might produce other 
advantages not related to biomass production. It would be particularly 
advantageous to find species that produce emergency drought forage (and 
are therefore palatable and nutritious) , capable of preventing soil 
erosion, or capable of growing in a medium rich in toxic ions or at 
unusual pH, etc. 

Based on these selection criteria, we have come to the following conclusions: 

• The deep-rooted, perennial woody shrubs indigenous to many 
saline regions of the west provide the best potential for 
sustainable productivity. 

• Even though many species are well-adapted to the halophytic 
environment, grasses and herbaceous forbs do not appear to be 
viable sources of energy for biomass feedstocks in industry. 

• Coastal marshes, estuaries, bays, and mangrove swamps, although 
excellent biomass producers, are too limited by region and 
have too many ecological and environmental problems for 
consideration as biomass feedstocks. 

The principal .constraints to development of large-scale energy plantations in the 

saline, underutilized regions of the semi-arid western states are related to the 

following: 

• Woody, wildland shrubs have never before been studied for 
possible domestication. Therefore, the genetic information 
concerning their response under specified climatic and edaphic 
conditions has not been elucidated. Since establishment of 
long-term energy plantations represents a major commitment 
in terms of capital investment, one must be certain that the 
germplasm being recommended is the best available. At the 
present time, we do not know which germplasm is best for a 
particular site. In the case of Atriplex canescens, we 
do know that the genetic variability is great. Cold tolerance 
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is a major consideration, as i s production potential under 
high levels of soil salinity. New techniques in biotechnology 
are leading to the development of rapid genetic screening 
techniques at the cellul ar l evel. Some of these advances are 
already being applied to the species recommended. 

• Once the geneti c material has been identified, it must be 
p r opagated rapidly and in l arge numbers. We envision field 
transplanting as i n tree plantations, and the methods of pl ant 
establishment under semi-arid conditions of unpredictable 
rainfall, high winds, low relative humidity , and rapidly 
f l uctuating temperatures , in addition to high levels of soil 
salinity , have simply not been developed . These methods of 
specialized cultivation and establishment must be determined 
so that high l evel s of survivability can be assured . 

REFERENCES 
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Section 1 

INTRODUCTION 

The adoption and use of petroleum, natural gas, and coal as fuel sources have 

evolved because of their low cost and high energy content. As supplies of these 

non-renewable fossil fuels decrease and their costs increase, the need for new 

sources of energy becomes evident. One of the alternative new sources is biomass 

produced through photosynthesis, the trapping of sunlight and conversion into 

chemical energy. The biomass from terrestrial plants is renewable, and it can 

potentially contribute significantly to the nation's energy needs. The suggestion 

has been made that the United States should expand commercialization concepts and 

set guidelines that would permit biomass to develop into a significant supply of 

energy <!>. Estimates of the energy potential for the U.S. for biomass sources is 

in the range of 10 to 15 Quads/yr by the year 2000, approximately 10-15% of the 

entire nation's energy needs. 

The biological concepts for the production of energy through biomass is relatively 

simple. In those regions of the world where sunshine is abundant, the potential 

for energy capture and conversion to a stored organic material is great. In 

addition to the energy source, one must have the land, water, and climatic 

resources. The most favorable regions for carrying out this photosynthetic 

conversion coincide with the best available farmland, and conflicts of economic 

priority usually dictate that the agricultural land be used for food and fiber 

production. Many observers currently believe that high-priority arable lands 

devoted to food production should remain as food-producing areas, and energy crops 

should be produced on lands of poorer capability. 

Considerable attent~on has been given to the cost/benefits of short-rotation, 

high-density tree crop production in the more mesic regions. Likewise, waste 

products from the lumbering industry are often considered as a source of biomass~ 

The economics of these alternatives is well documented. 

Underutilized lands lie primarily in the humid tropics and the arid and semi-arid 

regions where lack of water is the primary limiting factor. It would appear that 

even though expansion of irrigation in many parts of the world will increase for 
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the foreseeable future , in the United States the expansion of irrigation to the 

deserts is highly questionable. Recently proposed schemes for the interbasin 

transport of water to the Great Plains has met with considerable resistance, and 

the cost/benefits are simply -too unfavorable (~). Within the arid southwest , 

water conservation is in vogue and the emphasis is shifting from high-intensity 

agriculture to low-intensity agriculture for the dryland regions. Within 

agricultural research, the emphasis has changed from one of modifying the 

environment to fit some desirable crop species, to selection and modification of a 

particular crop to fit the needs of the existing environment. 

The western states represent an enormous solar potential , and the primary 

limitations to development of that potential is water and/ or soil problems. I n 

some regions soil salinity limits productivity because most plants cannot compete 

under such conditions. Adapted halophytes are often limited to indigenous species 

with low productivity and minimum soil cover. Even though some lands are farmed, 

their productivity is so low that one questions their utilization for that 

purpose . In certain regions, and particularly in those protected from severe 

overgrazing, there exist a number of plant species with considerable biomass 

potential but never-before considered as a "crop". These unconventional plants 

hold the key to increased biomass potential and should be investigated as a source 

of biomass feedstocks for energy. In addition, secondary credits such as 

emergency drought forage for livestock might justify the cost of production where 

primary considerations are marginal. By using native or introduced halophytes, it 

should be possible to increase the utilization of these lands while producing a 

significant return on investment. 

Rangeland rehabilitation has been successful in many parts of the world due to a 

variety of techniques . In spite of these advances, however, direct seeding of 

range grasses has been only partially successful in the arid and semi- arid 

regions. Little effort has been devoted strictly to range rehabilitation in the 

saline regions, even though a number of nutritious and palatable grasses are 

halophytes. 

For many reasons it appears that deep-rooted, perennial shrubs offer a better 

potential than grasses for improved productivity on harsh sites where perennial 

grasses have not been successful. The very fact that a drought-adapted or salt

adapted shrub has a massive root system that can use moisture from a greater 

volume of soil than could a grass plant suggests that long-range arid environment 

resource development may be greatly enhanced by concentrating research efforts on 
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desirable shrubs which produce an abundance of biomass. Even in periods of 

extreme drought, energy reserves stored in woody tissues tend to sustain life 

until rainfall finally occurs. The mass of tissue becomes important in longevity 

under extreme environments. 

One of the major problems in disturbing the soil surface in arid and semi-arid 

lands is the delicate balance in the ecosystem. Wind and water erosion are major 

problems in most arid regions, and coping with these problems is a major concern. 

In these regions, the environment could be improved through revegetation with 

desirable species. Historical evidence suggests that the biomass potential in 

many of these regions is greater than the current vegetation would indicate. Many 

writers speak of lush, tall grass in regions now characterized by little or no 

grass, and scrubby, unpalatable, sparse vegetation. This loss of biological 

productivity (frequently referred to as desertification) has occurred in the last 

100 years when there is no evidence for long-term climatic changes or variation in 

the precipitation patterns. The key factor in growing plants in dry regions is 

establishment; environmental conditions simply preclude the initial development of 

the plant at the appropriate time. 

A substantial contribution to U.S. biomass production might be derived from 

biomass plantations in currently unproductive farmlands and multiple use 

rangelands. There would be little or no competition for irrigation water and 

nutritional inputs would be minimal . If one assesses the productivity of various 

land classes in the United States, it becomes apparent that a large portion of the 

lands described occur in the western portion of the country, and most of the 

acreage is not only characterized by unpredictable and low rainfall, but the soils 

are often saline and/or alkaline. (Fig . 1). 

At the time of the rise of land plants during the Silurian . period some 430 million 

years ago, most of what is now North America was covered by shallow seas. Shortly 

. thereafter, the seas began to drain as the great fern and gymnosperm forests 

developed into coal swamps during the Carboniferous period. It was not until the 

Cretaceous that the flowering plants appeared, the Rocky Mountains were formed, 

and the continental seas began to totally disappear. In their place, saline 

deposits were left in many low-lying regions and some inland lakes remained. The 

great Bonneville Lake covered much of the west, and as it receded, salts were left 

across the landscape. Today, only the Great Salt Lake remains as a remnant of the 

huge inland sea, and its loss of water through evaporation over millions of years 

has left a much higher concentration of salts there than occurs in the oceans of 
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the world <.~) . Only the Dead Sea has a similar salt concentration. 

As angiosperms arose across the landscape and found their niche in habitats of 

great diversity, many plants evolved mechanisms of survival under both drought and 

saline conditions. The perpetuation of those species and their continued survival 

and evolution has been possible only because of exceptional mechanisms allowing 

them to cope with environmental stress . Although many regions of the world are 

arid (according to some classifications, as much as one-third of the land 

surface) , smaller but significant regions are characterized by high levels of 

salts in the soil and water. The plants which survive under such conditions are 

referred to as halophytes. 

Since such sites are not fully utilized because crop plants fail to compete under 

extremely saline conditions, the possibilities of managing saline land.s for 

increased productivity appear to be encouraging. Their utilization for biomass 

would be an attractive option for the landowner and the development of such lands 

would have very little, if any, impact on food and fiber production in terms of 

land area and water availability. Such lands are sometimes available for 

low-intensity cattle grazing, and to some extent, for farming . It would appear 

that landowners would welcome new product markets that would increase revenues and 

profits and provide potential alternatives in land use. 

The management opportunities open to the landholder have traditionally been 

limited. Under conditions of unpredictable and limited rainfall, complicated by 

soil salinity, agricultural crops cannot compete. The only opportunity for 

economic return has been from large scale ranching operations, often with a 

carrying capacity of only one animal unit per 50-100 acres. 

The objective of this study is to assess the potential of halophytes as biomass 

feedstocks for energy production in the electric utility industry . 

REFERENCES 
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section 2 

ORIGIN AND SOURCES OF SALINITY 

SOURCES 

Soluble salts originate from three major sources: marine, lithogenic and 

anthropogenic. Each of the major sources contributes to the salinization of soils 

and underground water. An excellent introduction to the origin and sources of 

salinity is presented by Waisel <.~) and the following information is taken from 

his review. 

Marine Sources 

It is believed that large amounts of chlorine and sulfur from marine sources 

accumulated during the ages in oceans either from underground volcanic eruptions, 

precipitation of volcanic ash, dissolution of gases, or indirectly through streams 

and rivers that wash soluble salts off the continents. However, the circulation 

of these chemicals did not take a uniform pattern. over a period of long-term 

accumulation, distinctive patterns of accumulation emerged. The more soluble 

salts of chlorine were leached and accumulated mostly in the oceans, whereas a 

majority of the compounds containing sulfur precipitated and were concentrated in 

sedimentary rocks under seawater. 

Salts of marine sources are transported and deposited in three major ways: 

• Cyclic salts: These ·are salts brought inland by the action of 
the wind in the form of "windborne sea spray", and precipitated 
by rainwater. These types of salts are later redistributed 
or leached back into the ocean by common drainage systems. 

• Infiltrating salts: These are salts brought inland through 
underground infiltration of seawater (This is mainly a local 
source). 

• Fossil salts: These are salts which were precipitated sometime 
in the past in certain localities and are now being dissolved. 
Such salts are brought to land surface by flowing masses of 
ground water, by springs, by capillary movement of water or by 
surface runoff (_!). 
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Cyclic Salts 

Atmospheric precipitation contains varying amounts of soluble salts. This is 

usually a result of the high NaCl content of the particles borne by the wind. 

High concentrations of salts in the droplets formed by precipitation strongly 

affect both living and nonliving matter . The droplets corrode building surfaces, 

as well as cause leaf scorches and tip burns when they are absorbed in large 

quantities by plants . This type of adverse effects by salt-concentrated droplets 

is conunonly observed in the Mediterranean region during the spring when strong 

winds bring in salt particles inland and are deposited by rain. 

Tall objects including trees, intercept salt particles as they are carried by the 

wind. This leads to an unusally high concentrations of salt in the droplets around 

the trees. Salts eventually percolate through the soil beneath the trees and are 

washed into the soil drainage system and groundwater. Eventually, salts of marine 

origin become the primary source of salts in rivers, wadis or underground water. 

Tropical cyclones also bring large amounts of seawater on the continents, leading 

to increased salinity. This phenomenon is common in humid regions and usually the 

salts get leached away rapidly. 

The salt concentration of rainwater near the coast generally is higher than that 

inland. It has been found that rainwater near the coasts of Australia had 15 - 50 

ppm NaCl, whereas rainwater collected further inland had only 4 - 20 ppm (~). 

Chloride salts are transported mainly as droplets, but sometimes t hey could be 

transported in the form of small crystals. I n the arid lands, most of the 

airborne chlorides are transported this way. This phenomenon of salt 

transportation is due to the rapid evaporation of the salt droplets. 

The ratio of Na:Cl in rain and runoff water is essentially the same in different 

localities. This is not t he case in the ratio of S:Cl. There is more sulfur 

farther inland than the coasts due to the high solubility of so
2 

in the droplets 

and additional sources of sulfur from other sources. As a result, the ratio of 

so4- to Cl on shore is more than that of seawater, and increases with 

increasing distance from the sea. In addition to higher content of sulfur in 

airborne particles, more sulfates occur in groundwaters in arid regions from 

sulfate-containing rocks. 
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Infiltrating Salts 

Seawater and other sources of salinity are continuous sources of infiltration of 

saline water to neighboring habitats. Surface evaporation, which is very high in 

arid regions, raises the concentration of incoming saltwater as well as the 

concentration of salts deposited on the soil surface. The overuse of wells near 

seacoasts increases the infiltration rates of seawater and causes increase in 

salinity as well. 

Fossil Salts 

Fossil salts are limited to certain localities. These kinds of salt accumulated in 

the past on ancient seas, on sites of salty lakes or during past penetration and 

accumulation of seawater. Saline shales ·of the Colorado Plateau are an example of 

such salts. These salts are dissolved by underground waters which flow through 

them and are eventually carried to the soil surface. Saline ground water from 

such surfaces are prevalent in the arid regions. 

Lithogenic Sources 

Chlorine occurs in all rocks in very l ow quantities, due t o its high solubility, 

whereas large quantities of sulfur released in the past were precipitated in the 

oceans. Chlorine occurs. mainly in rocks as chlorides of alkali metals. They occur 

as "intercrystal precipitations" and thus are able to migrate within homogenous 

rocks. 

Sulfur occurs mainly in two chemical forms in rocks; in hard limestone it occurs 

as pyrite, and in soft limestones and in marls, it occurs as sulfates, mostly as 

gypsum. 

Salinization of groundwater and soils from rocks containi ng chloride or sulfate 

depends very much on the rate of rock weathering which in turn depends on climatic 

variations . Sulfur is released in greater quantities t han chlorides. Other 

salts, for example, ~arbonates of both calcium and magnesium, are released as well 

from weathering . 

weathering of saline rocks may also release large amounts of soluble salts under 

certain conditions. This process is largely responsible for the salinization of 

inland habitats. 

According to Waisel <.!) it is generally accepted that the high salinity of arid 
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regions is a natural phenomenon in which salts are continuously deposited and that 

due to the low precipitation of the regions, most of the deposited salts remain 

unwashed. This is, however, not true for all arid regions. Soils of certain arid 

regions which are located at some distance from the ocean and protected from 

windborne salts have very low salt content. 

Anthropogenic Sources 

Since the beginning of agriculture, irrigation has played an important role in the 

domestication of crops. Since all surface and underground sources of water 

contain at least some dissolved salts , transport of those waters and the 

subsequent utilization of that water in evapotranspiration leads t o salt deposits 

in the soil. In some areas, irrigation with poor quality water combined with high 

evaporative demand (a condition preval ent in the arid and semi- arid regions of the 

world) leads to the deposition of large quantities of salts in upper soil layers . 

In many regions of the west, salts are being added to irrigated farmland at a rate 

of one ton/ acre foot of water applied. Subsequent leaching with large volumes of 

water will only temporarily prevent the salinization of such soils. In the 

regions where rainfall at some time during the year leaches those salts into l ower 

profiles, the root zone for specific crops may be restored to a relatively 

non-saline condition. This does not, however, eliminate the environmental 

problems associated with contamination of groundwaters. Excess irrigation may 

also cause leaching of salts into low sites and eventually result in f o rmation of 

salt marshes or salt lakes. 

FORMATION OF SALINES 

Salts undergo numerous and various cycles of dissolution, transportation, and 

precipitation before accumulation finally occurs. Five cycles have been identified 

(l) . These are: 

• Continental salt cycles: Movement and accumulation of chloride, 
sulfate and carbonate salts in the arid regions where there is minimal 
precipitation. 

• Marine cycles: Movement and accumulation of salts near sea coasts. 
These types of salt are eventually returned to the ocean. 

• Delta cycles: Precipitation and accumulation of salts in deltas 
of large rivers. 

• Artesian cycles: Accumulation of salts from underground water resources 
to the land surface. 

• Anthropogenic cycles: Movement and accumulation of salts as a 
result of human activity. 
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Marine Salines 

Saline water habitats can be divided into four classes: 1) oligohaline, 500 -

5000 mg/liter; 2) mesohaline, 5000 - 18,000 mg/liter; 3) polyhaline, 18,000 -

30,000 mg/ liter; and 4) euhaline, 30,000 mg/liter and above <!>· 

The Baltic Sea water, f or example, is considered brackish; its salt content is 

about 18,000 mg/liter. Various semihalophytic and glycophytic hydrohalophytes 

grow there. The salt content of such seas changes from time to time. "Most of 

the phanerogamous flora of such a sea is composed of semihalophytes or facultative 

halophytes" <.!) . 

Coastal Salines 

These are salines formed by the coasts which are also directly affected by their 

proximity to the sea. Salt content of coastal salines are very similar to those of 

marine salines except that there is great variation among specific localities . 

The formation and specific characteristics of coastal salines depend upon the 

following factors: a) height, frequency and duration of tides; b) soil types and 

stability of soil level; c) amount and distribution of rainfall; d) level of 

groundwater; e) presence of river fans and underground water flows; f) wind 

intensity and spray; g) vegetation types and cover; h) temperature of the air and 

soil. 

Coastal salines can be classified into salt water swamps, salt marshes and salt 

bogs. 

Salt water swamps occur in both the temperate and subtropi.cal regions . Swamps 

with arbor~al plant communities in saline habitats are found only in tropical or 

subtropical regions and are usually covered with surface water (!)· Rhizophora 

sp., Avicennia sp . , or Sonneratia are the most typical plants that occur in salt 

water swamps. Swamps .containing shrub communities are common in the drier zones 

of coastal salines. The surface water in such swamps stay only for a short period 

of time. Baccharis, Iva and conocarpus are common shrub communities. 

Salt marshes are typical of temperate regions. They are grass communities 

occurring in habitats where the soil is saturated or covered with surface water, 

usually of brackish or saline type. Common grass communities occurring in this 

type of habitat include Spartina alterniflora, and Spartina-Distichlis-Juncus 

communities . 
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The term "salt bogs" is used to denote swamps which form peat. They are usually 

saline with limited amounts of nutrients and abundant shrub vegetation. The grass 

cover in such a marsh is usually formed in successive st.ages, according to the 

rate of accumulation of soil nutrients. Dead-plant fragments accumulate following 

the establishment of dense plant cover, resulting in layer of peat underneath. 

Spartina plants are usually common in salt bogs. 

Inland Salines 

Inland salines are typical of the arid and semiarid regions. Sodium chloride is 

usually the dominant salt; however, other salts occur and in different 

concentrations. Some of the salts include sodium sulfate, sodium carbonate, 

borax, magnesium sulfate, and alum. In Death Valley of California, for example, 

borates dominate the salts present, whereas around the Dead Sea in Israel, in 

addition to sodium chloride, high concentrations of potassium chloride and 

magnesium chloride prevail. 

The accumulation of salts in inland salines is dependent upon the following 

factors: a) amounts of incoming salts; b) existence and depth of fossil salt 

layers; c) presence of salty springs; d) quality and quantity of incoming water; 

e) evaporation-precipitation ratio; and f) the efficiency of soil drainage 

<!>. 

Inland salines are divided into automorphic and hydromorphic salines, based on 

their salt sources or water relations<!>· Automorphic salines occur mainly in 

the general vicinity of the great deserts where precipitation is too low to wash 

off deposited airborne salts. Often, the source o f salinity in automorphic 

salines is underlain rock. layers. These salines are found both in plains, as well 

as in "badland" and hilly regions. 

Hydromorphic salines occur mainly in depressions. They accumulate their salts 

both from groundwater and surface water, and they usually have high water tables . 

Hydromorphic salines occur as salt pans; they are commonly referred to as playas. 

Salts and silts are brought into these depressions from surrounding runoff water. 

They are able to hold the water due to the development of hard and impermeable 

subsoil layers. 
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Aerogenic salines 

These are salines formed as a consequence of salts brought in from eolian sources. 

Under conditions of high evaporation rate, airborne loess soils which accumulate 

on desert fringes are usually saline. Salts accumulate in the upper layers of the 

soil to wetting depths. 

Anthropogenic salines 

These are salines formed as a result of man's action. Faulty irrigation practices 

are a major source of this type of salt accumulation. This is especially common 

in the arid regions. Anthropogenic salines occur in areas where gravel or peat 

deposits were removed by man. Removal of gravel and peat enable the penetration 

and infiltration of salty groundwater to the surface, resulting in saline 

formation. 
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Section 3 

SOIL ECOLOGY OF HALOPHYTES 

Halophytes occur in both the arid and humid regions. Soils of the arid regions are 

known as pedocals due to their accumulation of lime carbonate (Caco
3

) , whereas 

those of humid regions are known as pedalfers due to their accumulation of iron 

and aluminum. Halophytes occurring in the humid regions are mainly mangroves, 

found along 60 - 70% of tropical coastlines where conditions of temperature, 

substrate-water type, and water movement are met (.!_). 

Soils of arid zones are characterized by a low level of organic matter, slightly 

acid to alkaline reaction (pH of 6.5 to 11.0), weak to moderate profile 

development (little zonation of the A and B horizons), coarse to medium texture, 

low biological activity, accumulation of caco
3 

in the upper 5 feet of soil, and 

presence of needed soluble salts for plant growth (_~_). The major orders o·f arid 

region soils (and presumably where halophytes occur) are aridisols, alfisols, 

mollisols, vertisols and entisols. Their characteristics of arid land 

orders are given in Table 3-1. 

In the arid and semi-arid environments, major factors influencing the distribution 

and growth of plants are those affecting infiltration rate, water holding 

capacity, and aeration (~). Salinity of the soil is important as a determinant of 

desert vegetation. Although the nutritional status of the soil is essential i n 

the determination of desert vegetation, it is not an important limiting factor as 

salinity. 

Topographic and edaphic diversity affect the variety of plant species and 

vegetation types (il· Such is the case in the Guadalupe Mountains of Texas. It 

was found that factors influencing the distribution of plant communities are 

elevation, exposure substrate and gypsum content of the soil (i) . For the 

Guadalupe mountain area various genera of halophytes occur under different 

environmental conditions. For example, Atriplex and Sporobolus occur mainly on 

saline flats; Prosopis and Larrea on lower bajadas; Bouteloua, Agave, Fouquiera on 

limestone ledges, whereas Quercus , Juniperus and Arbutus occur in riparian 

situations. 
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Table 3-1 

COMMON SOIL ORDERS OF ARID LANDS AND THEIR CHARACTERISTICS 

Order 

Alfisol 

Aridisol 

Entisols 

Mollisols 

Vertisols 

After Dregne (~) • 

Suborder 

Aqualf 
ustalf 
Zeralf 

Argid 
Orthid 

Aquents 
Fluvents 
Orthents 
Psanunents 

Bo roll 
Us toll 
Xe roll 

Ustert 

Characteristics 

Presence of an ochric (light-colored) soil 
surface layer, an argillic, or clay horizon; 
have moderate to high base saturation; base 
saturation of 35% or more in lower soil 
profile. 

Low organic matter content, dry and salty 
most of the time; presence of one or more 
pedogenic horizons; presence of an ochric 
(light colored) or anthropic (mollic-like) 
epipedon; 

There is little or no evidence of develop
ment of pedogenic horizons; prevalence of 
ochric and anthropic epipedon; occurs main
ly in depressions (playas) in arid regions. 

Presence of a mollic epipedon; rich in 
calcium and magnesium; prevalence of 
either argillic, natric, or calcic horizon 

Subsections of the profile have a clay 
content of 30% or more down to a depth of 
50 cm. Deep cracks in clays of the warm 
regions are very common; Frequently 
slightly to moderately calcareous through
out the profile. Characterized by the 
absence of bedrock, petrocalcic horizon 
or duripan within 50 cm of the surface. 

Although the common characteristic of halophytes is their existence under saline 

soils, certain species thrive under different salinity depths. In a study of the 

soil types of four communities of Atriplex in Southeastern Utah, it was found that 

various species occur under different salinity depths (5). The Atriplex 

confertifolia/Hilaria ~esii community occurs on well developed, non-alkali 

soils. The soils are non-saline to a depth of 2.5 feet, but saline at greater 

depths. For Atriplex nuttallii var. gardneri-Aster zylorhiza community, the soils 

are again non-saline on the surface to a depth of 12 inches, but saline at greater 
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depths, whereas the soils of the Atriplex corrugata conununity are heavily textured 

and saline-alkaline throughout the profile. 

Halophytic species not only exist under different microhabitats, but also have 

different effects on t heir inunediate environments (_§_) • In a study of the six 

shrubs Fendlera rupicola, Shepherdia rotundifolia, Artemisia t ridentata, Cowania 

mexicana, Atriplex canescens and Cercocarpus intricatus, it was found that the 

soil pH differs beneath the various shrubs and all six species tended to create 

more alkaline soils beneath their canopy. All six species showed increased soil 

salinity beneath their canopy, although the concentration of total soluble salts in 

the soil surface beneath the shrubs varied with species and was highest for Atriplex 

canescens . 

The shrub species grew under different soil depth, which was the same conclusion 

found in an earlier study (~) . Artemisia tridentata and Artiplex canescens grew 

in deeper, more highly developed soils. The prevalence of chemical ions is also a 

characteristic of soils that support halophytes. This is especially true for 

soils of playas which support certain halophytes. In a study of soil 

characteristics associated with primary plant succession on a Mojave Desert dry 

lake, the playa had a fine-textured soil high in Na+, Cl , and N03 ions, 
. + ++ ++ but low in K, Ca and Mg ions (]_). Kochia or Suaeda plants sometimes 

grow in mud cracks on the playa and accumulate small· mounds of s ilty-sandy soil. 

- + + Ca++ and ++ · 1 High levels of N0
3 

, Na , Cl , K , Mg ions accumu ate 

mostly in soil of small mounds but decrease in playa-level soil. 

Due to leaf deposition of Atriplex species, there is a continued increase in the 
- + - + ++ d ++ . . . f concentrations of N0

3 
, Na , Cl , K , Ca an Mg ions in soils o 

mounds. The quick coalition leads to mounds of sandy soils with reduced levels of · 
+ - + ++ +-r . h . 11 h. h N0

3 
, Na , Cl , K , Ca and Mg ions, althoug sti igher t an 

those in playa-level soil under mounds. Atriplex confertifolia and Haplopappus 

acr.adenius grow well on soils of newly formed mounds. 

Subsequent to the death of shrubs like Atriplex torreyi, mounds erode, and soil is 

deposited between eroding mounds at a level above the original playa ('Z.l. The 

accumulation of soil and the redistribution of mineral by plants allow the 

occurrence of primary succession. 

The depth to which the soil is wetted by normal rainfall appears to affect the 

distribution of some halophytic species (_§!) • A correlation has been established 
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between distribution and the depth to which the soil is wetted by normal rainfall. 

For example, depth of wetted soil for Kochia sedifolia was found to be 2 feet or 

more, whereas that of Atriplex vesicaria was found to be 1 foot or more. Both 

species have the same rate of defoliation in r esponse to drought. However, 

Atriplex vesicaria has the ability to reduce moisture in the soi.l to a 

significantly lower level than Kochia sedifolia. 

In Atriplex inflata, its performance (as estimated by dry weight yield) is 

significantly affected by soil type, water stress and soil type x water stress 

interaction (2_). The effect of soil variation appears to be mediated by variation 

in soil cation balance. 

The growth of certain halophytic species is affected by the amount of nitrogen in 

the soil. Large responses to nitrogen were observed in Agropyron, and smaller 

responses were observed in Artemisia and Atriplex. According to the author (10), 

these results suggest that indigenous soil nitrogen was severely limiting to the 

growth of Agropyron and to a lesser extent, to Artemisia and Atriplex. It was found 

that fertilization with nitrogen resulted in increased yield and forage quality 

even in the year that soil moisture was exceptionally low. 

It has also been established that the distribution of Atriplex vesicaria 

(saltbush) on semi-arid rangelands has some effect on the oxygen uptake and 

nitrification of t he surface soil. Oxygen uptake and nitrification in surface 

(0 - 7.5 cm) soils from sites associated with Atriplex vesicaria were at least 

twice as great as in soils between the communities (.!.!_). This effect was observed 

to a depth of 7.5 cm. 

The rate of nitrification per unit total soil nitrogen was also greater for the 

sites associated with Atiplex vesicaria than for the soils between the 

communities. These differences in rate of nitrification per unit total nitrogen 

persisted for at least two years following the total elimination of the saltbush 

(Atriplex vesicaria) communities by heavy grazing. 

In a study of halophytes along the shor elines of a saline lake, the effects of 

different edaphic conditions on the distribution of halophytes were investigated 

(12). The edaphic gradient was defined in terms of soil moisture, quality and 

quantity of dissolved solids, and osmotic and matrix potential of the soil 

substrate. It extends laterally from the wet depression area to the drier area on 

t he upslope. The depression areas have a more negative osmotic potential and 
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support a robust growth of Salicornia rubra, but adversely affect Distichlis 

stricta, which grows best in the upslope areas characterized by low matrix 

potential of the substrate (.!_?_). The species osmotic potential is coupled to that 

of the soil substrate . It was considered as an important factor in their 

zonation. Furthermore , the ecological distribution of the species is influenced 

by the quality of dissolved sol ids i n the substrate. 

There was an overlap in the distribution of the two dominant species of the study , 

Salicornia rubra and Distichlis stricta, in their relations to soil Mg++ , but 

not for Na+ and K+. 

Soils i n which halophytes grow possess certain specific chemical and physical 

characteristics. In hydromorphous salines , low partial pressure of oxygen, high 

co2 concentration, different oxidation-reduction status of various soil 

minerals, high methane content as well as specific soil microfl ora affect plant 

growth (.!_~). Not all halophytes can survive such conditions . Some have made 

special adaptations to survive under these different soil conditions. Spartina 

plants, for example, are able to survive under limited availability of oxygen by 

al tering the conditions of the soil around their roots. They have large-sized air 

ducts through which oxygen can be conducted from the shoot to the roots . The 

reddishness of the soil around the roots of Spartina is attributable to the 

oxidation of soil iron from such exudation of oxygen. 

It has been speculated that the changing microflora and microfauna of 

salt-affected soil s might have an important effect on the growth of higher 

halophytes (!]_) • The soil microflora plays an important role of improving the 

soil structure , decomposition of organic matter, and in the nitrogen and sulfur 

cycles. 
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Section 4 

DEFINITION AND CLASSIFICATION OF HALOPHYTES 

DEFINITION 

Halophytes are plants which grow under salty conditions. The principal salt of 

concern is NaCl. However, other salts such as Mgso
4 

are relevant salts which 

also influence plants of halophytic types <.!)· Halophytes derive their salts from 

surroundings containing higher salt percentage than those under which glycophytes 

(plants that grow under non-saline conditions) grow. 

Depending upon the specific amount of salt required by halophytic plants, they are 

described as either obligate halophytes or facultative halophytes. 

Obligate halophytes are plants that are able to grow only in environments rich in 

salt, whereas facultative halophytes are those which are also able to adapt 

themselves to glycophytic conditions. In other words, facultative halophytes do 

not need salt as do obligate halophytes. 

Halophytes occur under different ecological conditions. Despite this difference 

in habitats, there is striking uniformity in their taxonomy, structure and 

behavior (~). Thus, halophytes of the same genera and even the same species, 

occur in habitats located both in the temperate and tropical regions. Also, it 

appears that the same species may exhibit different salt tolerance, depending upon 

a particular locality (_~). As Waisel notes, "such a distribution under diverse 

habitat conditions can be understood only if salinity is the major factor 

determining the habitat characteristics and if natural selection is affected by 

salt more than any other factor". 

Due to the various schemes used in defining halophytes, there is no one universal 

definition. For example, physiologists tend to define salinity from the point of 

view of plant tolerance and response, whereas others (e.g., agronomists and soil 

scientists) define it from the point of view of soil-salt content. 
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CLASSIFICATION 

Waisel (3_) has identified three major criteria used in the classification of 

halophytes. One classification is based on the soil-salt content of the native 

habitats, the second is based upon the sources of salt, and the third is based 

upon plant response to salinity. 

One of the difficulties encountered in defining halophytes concerns salinity and 

~he limitations of a saline habitat . Some have defined salinity as the soil salt 

content above 0 . 5% NaCl calculated on the soil dry weight basis <.~ .. ' i). Iverson 

(~) based his classification on the salt-content of the habitats. Chapman Cl) 

classified halophytic habitats based on salt content of the soil water. His 

classification is as follows: 1) miohalophytes, habitats containing 0 .01 - 1.0% 

NaCl, Na
2
so

4 
or Na

2
co

3
; 2) euhalophytes, subdivided into : a) mesohalophytes, 

habitats containing 0.5 - 1.0%; b) meso-euhalophytes, habitats containing 0.5 to 

1.0% or more; and c) eu-euhalophytes, habitats containing more than 1% . 

Waisel (3_) has made an attempt to classify halophytes by uniting the plant-salt 

relationships and emphasizing salt-resistance. He defined a saline habitat as one 

where the "minimal NaCl content of the saturated soil extract is 100 mEq 

(conductivity of approximately 10 mmhos/cm at 2s0 c; osmotic potential of -0.4 

MPa) at a pH below 8 .5". This definition of salinity applies well to the 

constraints of most native halophytes. His classification scheme is presented in 

Table 4-1. 

All of these schemes of classification would appear to overcomplicate the saline 

concept . Broad categories of glycophytes and halophytes are meaningful as long as 

the saline condition is described both qualitatively and quantitatively. 
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Table 4-1 

CLASSIFICATION OF PLANTS OF SALINE HABITATS* 

I. Euhalophytes 
A. Salt-requiring Halophytes 

1 . Obligatory Halophyte 
Plants dependent upon salts for their survival. 

2. Preferential Halophytes 
Plants whose growth and development are improved in the 
presence of salts . 

B. Salt-resisting Halophytes 
1. Salt-enduring Halophytes 

Plants enduring a high protoplasmic salt content. 

2. Salt-excluding Halophytes 
Plants accumulating salts in special hairs. Plants secreting 
salts from their shoot. Plants retransporting salts from 
the shoot into the root. 

3. Salt-evading Halophytes 
Plants evading salt uptake. Plants evading salt transport 
into the leaves. 

II. Pseudo-Halophytes 
1. Salt-avoiding plants 

Ephemerals and Niche plants. 

*after Waisel (~) 
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Section 5 

ECOLOGY OF HALOPHYTES 

Some halophytic plants have developed ways of reducing excess salt absorbed from 

their surroundings. One method is the "sodium efflux pump" mechanism whereby 

excess salt is removed from the plant under certain conditions (!), This method 

of excess-salt removal is prominent especially among certain littoral marine 

algae. In succulent plants, for example, Salicornia, Batis and Allenrolfea, 

excess salt is reduced by uptake of water that is stored in the succulent tissue. 

Other halophytic plants such as Juncus maritimus reduce their salt-content 

probably by loss of vegetative leaves. 

The presence of excess salt poses a special problem to halophytic plants. 

Accordingly, they have made special physiological adaptations to cope with the 

excess saline habitats. These include: the development of succulence, e.g., in 

Salicornia, Halocnemum, and Allenrolfea; greenish-grey appearance of the foliage; 

considerable reduction in leaf size (especially of arid desert shrubs); the 

development .of water storage hairs, e.g., in Atriplex species; and the presence of 

salt excreting glands as in Statice, Spartina, and Tamarix. 

Water relations of the soil does effect the ecological adaptations of halophytes. 

This was the result observed in the study of some plant communities growing in 

fairly close proximity in the Wadi El-Natrun region of Egypt (~). The plants 

studied were the hydrophyte Scirpus litoralis; the wet halophytes Cyperus 

laevigatus and Juncus acutus; the dry halophytes Zygophyllum album, Sporobolus 

spicatus and Nitraria retusa; and the xerophyte Zilla spinosa. It was found that 

the main factors governing root extension were water-table depth and soil 

aeration. The roots were poorly developed and showed very little extension in 

continuously inundated habitats. In a salt-marsh habitat, there was a shallow 

rooting pattern with restricted vertical penetration. The roots showed great 

extensions both vertically and horizontally in dry salty sites as well as in 

desert habitats although the root:shoot ratio was high in the desert habitat. 
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Tolerance to severe moisture stress might be a factor in the distribution of 

certain halophytic species (~_). This was the conclusion arrived at on a study 

conducted to determine the physiol ogical response to moisture stress as a factor 

in halophytic distribution. It was found that Suaeda depressa and Suadea 

fruticosa which grew in the most saline areas of the study site, consistently had 

more negative water potentials than Sarcobatus vermiculatis or Distichlis spicata. 

It was concluded that the more gradual decline in net photosynthesis at decreasing 

water potentials in three halophytes studied compared with more mesic glycophytes, 

suggests a further physiological adaptation to their saline environment. The 

gradual decline of ·rate of dark respiration in response to decreasing water 

potential suggests that many metabolic processes could continue with minimal 

disruptions during periods of severe water stress in these halophytes (3) . 

Hal ophytes have made special adaptations in order to survive the harsh environment 

of deserts in which some of them are found. By l owering the osmotic potential of 

their cell contents, they compensate for highly saline soil solution <.~) • 

Accumulat ed salt is removed from plants through guttation or leaf drop. It has 

been found that the density pattern of young stands of Atriplex vesicaria 

collected from geographically separated populations in Australia may be correlated 

with "patterned variation in microtopography, as w~ll as with water and nutrient 

availability" <.~). The performance of ~- vesicaria in relation to a range of 

natural soils , with respective watering and defoliation treatment, and in a 

nutrient solution culture used as control was evaluated. The results of the 

experiment suggest that performance (as estimated by dry weight yield) is 

s ignificantly affected by soil type, water stress and defoliation . The prime 

effect o f soil variation on yield from an experimental context seems to be 

mediated by variations in soil cation balance (~). 

Seed 9ermination of halophytes is typically not imlike that of gl ycophytes, and 

many halophytic species fail to germinate in highly saline water or surface soil. 

In nature, it would appear that establishment only occurs whenever precipitation 

is great enough to dilute the germination substrate for a few hours or days. Once 

germinated and establi shed, the hal ophyte seedling would appear to have a good 

chance of survival. 
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Section 6 

PHYSIOLOGY OF HALOPHYTES 

Most plants require the nutrients c, H, o, P, K, N, s , ca, Fe, Mg, Cl, B, Mn, Zn , 

Cu, and Mo . I n addition to these sixteen, some plants appear to have an absolute 

requirement for sodium<.!.> · Plants that do respond to sodium tend to accumulate 

large quantities , whereas the non-responsive species accumulate very little. Even 

in those species which have an essential metabolic requirement the element, the 

requirement is usually met by atmospheric contamination, water, or contamination 

of other nutrients in a hydroponic solution. Thus, proving the essentiality of 

sodium is rather difficult. On the other hand, demonstrating the accumulation of 

large amounts of sodium is relatively easy . 

Several species of Atriplex appear to require sodium for effective glycolysis. 

Even though very small amounts of sodium may be required as some cofactor for a 

particular enzyme(s), a number of halophytes respond with increased dry matter 

production at levels of salt far higher than required even for the macroelements. 

In Atriplex halimus, for example, 174 mM NaCl produces a consistent increase in 

biomass when compared to controls withou t the added salt (3._). In these 

experiments, the controls do have sufficient sodium contamination to satisfy 

any micronutrient requirement (Table 6-1). 

No general conclusions can be drawn concerning carbon fixation in halophytes vs 

glycophytes. It does appear that in plant evolution in the hot, dry desert 

regions a large portion of plants are c 4 species, and particularly in the family 

Chenopodiaceae. Some study has been given to the effects of NaCl on 

phosphoenolpyruvate carboxylase (~_). In Mesembryanthemum and Carpobrotus , for 

example, NaCl concentrations of 200 - 400 mM cause more than an eight-fold 

increase in PEP-carboxylase activity . 

Many halophytes are capable of cycling salts through the soil-plant system, and 

persistence of such plants is essential to the functioning of the ecosystem 

(_~). Critically important plant nutrients, including nitrates, occur as "islands 

of fertility" in arid regions (~). These are essential to the delicate balance of 
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Treatment 

No NaCl 

174 mM NaCl 

345 mM NaCl 

Table 6-1 

FRESH AND DRY WEIGHTS OF SHOOTS IN CONTROL AND 
SALINIZED PLANTS OF ATRIPLEX HALIMUS. 

(Values given are means± standard error) . * 

Osmotic Shoot 
Potential (MPa) fresh wt (g) 

-0.06 17.5 ± 2 . 2 

-0. 72 24.4 ± 2.6 

- 1.44 20.4 ± 2.0 

*All treatments in full-strength Hoagland solution 

After Kelley, Goodin, and Miller <.~) 

Shoot 
dr:t wt (9) 

3 . 1 ± 0 . 36 

4.3 ± 0.28 

3.6 ± 0 . 40 

arid ecosystems , and any displacement of a species component will probably result 

in the loss of a particular nutrient through leaching. Once the nutrient is gone, 

there is little chance that nutrient input will coincide with establishment of a 

new plant (either the same or another species) to fill the niche. 

High concentrations of soluble salts in the root medium affect plant growth in 

several ways. The overall water potential at the soil/root interface may be 

lowered so that absorption is impeded , or specific ions in the saline medium may 

induce toxicity or deficiency of one or more of the mineral requirements of the 

plant. Quite often, decrease in biomass occurs as a result of both osmotic 

inhibition and specific ion effect (_§) . Many plants compensate for these problems 

through osmotic adjustment Cl>· 

Salts in large concentrations in the plant cells have direct or indirect effects 

on protein hydration C~). In some cases, this phenomenon may l ead to the enhanced 

succulence observed under saline conditions of certain species (~). In addition, 

changes are sometimes noted in protein conformation and enzyme activities 

(10). 

Plants growing in a saline substrate may regulate their ion uptake to a certain 

extent, but generally an increase ·in substrate salinity causes an increase in ion 

concentration withi n the protoplast. The excess uptake of cations is often 

associated with an increase in the synthesis of organic molecules , including 
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oxalates, malate, various amino acids (notably proline), and related molecules 

such as glycinebetaine (11; g). 
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Section 7 

HALOPHYTES WITH BIOMASS POTENTIAL 

In spite of the fact that halophytes have exceptional survivability under 

conditions of high substrate salinity, few species provide growth rates great 

enough to be considered for biomass feedstocks. In the process of coping with 

environmental stresses of exceptional parameters, these plants give up energy to 

processes such as salt respiration and synthesis of osmoregulators that other 

plants can convert into structural biomass. A plant placed in a saline 

environment must (a) have the capability to withstand the stress, and {b) have the 

energy available to do it (_!) • Plants in this category typically have low 

standing biomass productivity (~) and partition an extraordinary amount of energy 

into root development for expanded water uptake (i; ~) • 

Since xerophytes are often able to survive water stress merely by stomatal 

regulation, they compromise carbon assimilation for water loss, and the growth 

rate is seldom spectacular. Many such plants produce barely enough above-ground 

biomass for survival, and even reproduction is regulated by years of exceptional 

precipitation. Halophytes, with methods of survivability including an effective 

method of osmoregulation, would appear to produce more favorable water relations 

for the plant since water absorption can continue even under conditions of quite 

negative soil water potentials (_!). Most food crops require that net 

photosynthate be partitioned differently than would be the case in nature; 

artificial selection coupled with inputs of irrigation and fertilizer, chemical 

control of weeds, insects, and diseases, and other energy inputs allow 

maximization of yield, usually partitioned into grain. This concept is the basis 

for the "Green Revolution" (~) . If one considers the metabolic costs of dealing 

with salt in a saline environment, it is not unreasonable to assume that at least 

twice as much energy would be required to deal with the salinity as would be 

required of a glycophyte (!). Therefore, one might assume that the productivity 

of a halophyte would be reduced drastically when compared with productivity under 

non-saline conditions. 
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Some plants have obviously been more s uccessfu l at these survival, growth and 

development, and reproductive strategies than others . I n the search for 

halophytes with biomass potential , many species survive in exceedingly saline 

environments, but few are effective biomass producers. 

Unquestionably the greatest potential for utilization of saline- contaminated 

rangelands and wastelands occurs in the western States (Fi g . 1). Similar regions 

are found on most continents and comprise a surprisi ngly large percentage of the 

land surface of the entire world. Utilization of these l ands for economic 

purposes, including biomass energy production, would appear to provide an 

attractive package, provided the economic analysis is favorable (_§). Van Epps et 

al. (2_) have looked at the biomass potential of a number of large rangeland shrubs 

of the Intermountain region of the western states . Their study provides evidence 

that certain genotypes do indeed produce large 1 am~unts of biomass under saline 

conditions, and offer a geneti c resource for selection and improvement . The 

plants in the Van Epps et al. study are presented in Table 7- 1. 

Table 7- 1 

ESTIMATED YIELD AND ENERGY POTENTIAL(a)FOR FOUR PERENNNIAL SHRUBS 
INDIGENOUS TO THE INTERMOUNTAIN REGION OF THE WESTERN UNITED STATES 

(AFTER VAN EPPS ET AL. , 2_) 

Species Average plant Plant Yield Energy 

biomass Density Estimate Potential 

(kg OW/plant) (No./ha) (kg/ha) (Kcal/ha) 

Sarcobatus vermiculatus 44.8 2174 97,395 458 , 500 , 000 

Atriplex canescens 33 .6 292 9 , 811 44,400, 000 

Chrysothamnus nauseosus 29.0 2632 76,328 366, 900 , 000 

Artemisia tridentata 15.9 1316 20 ,924 97,900 , 000 

(a) 
at 100% recovery of plant material 
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These yield estimates represent the entire above-ground biomass and are not 

representative of sustainable yields. In most cases, these plants are many years 

old; in some cases they may represent decadent stands. They do, however, give an 

indication of the yield potential under natural field conditions. If such plants 

were grown in energy plantations, the density and planting pattern could be 

modified to optimize yields on a sustainable basis. 

Some of these species are capable of exceptional yields only on selected sites. 

Edaphic and climatic factors combine to produce a phenotype with exceptional size. 

On the other hand, they do represent potential and a beginning for selection. 

Surface soil pH was basic at all sites, ranging from 7.0 to 9.5. Sarcobatus was 

found growing on the most alkaline sites, and the electrical conductivity values 

varied from 0.3 to 5.9 mmhos/cm. Often, ~· canescens, ~· vermiculatus, and£_. 

nauseousus are found on more saline sites and might properly be considered with 

the true halophytes. Artemisia tridentata is generally not found on saline sites, 

and therefore would be of little benefit for the purposes of this report. Goodin 

and Newton (_§) have suggested that Atriplex canescens can be planted in energy 

plantations in West Texas and grown at a density of 5000 plants/ha to produce a 

closed canopy with coppice-harvesting every one or two years. Such plants produce 

a dry weight yield of more than 3.0 tons/acre/year. Under these densities, there 

is little evidence of competition among plants in the 200-500 mm rainfall zone of 

west Texas. 

Branson et al. (~) studied the moisture relationships of twelve northern desert 

shrub communities near Grand Junction, Colorado, and concluded that Sarcobatus 

vermiculatus was the best biomass producer of the species studied (9,172 kg/ha 

live stems plus current growth) . This study did not extrapolate from the largest 

plant observed, but from the population as a whole. Atriplex canescens was not 

found at this site and therefore not included with the study. 

LeHouerou (~) studied sheep grazing and forage production on rangelands of 

Algeria. Planting of drought-resistant fodder shrubs and trees such as Atriplex, 

Opuntia, Acacia, Haloxylon, Prosopis, and Calligonum spp. was considered to be the 

most successful method of recovery for degraded rangelands. Productivity was 

several times higher than that obtained from the best adjacent pastures. He 

suggested that better use could be made of saline soils and water by restoration 

to productive pastures through planting salt resistant fodder shrubs, particularly 

Atriplex and Kochia spp. He estimated that in the 150-200 mm rainfall zone, such 
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species could produce two ·to five tons above-ground biomass per year as a 

protein-rich dry-season forage. He also concluded that halophytic grasses such as 

Agropyron elongatum, Festuca arundinacea, and Sporobolus airoides could be used to 

produce large amounts of biomass by using drainage waters with salinities up to 

10-15 mmho/ cm conductivity. 
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Section 8 

RECOMMENDAT.IONS 

A survey of the world literature of halophytes suggests that literally hundreds of 

species have adapted well to the saline terrestrial condition (Table 8-1). The 

mechanisms of adaptation include exclusion of salt, osmotic adjustment, 

succulence, extrusion of salt after having been taken up by the plant, and various 

kinds of avoidance mechanisms. In many respects, salinity tolerance in plants is 

similar to drought tolerance, although the physiological mechanism may be quite 

different. Adaptive mechanisms invariably lead .to an additional energy 

requirement, and therefore the biomass potential of halophytes is not as great as 

glycophytes g~owing under similar conditions but without substrate salinity. One 

typically expects to see salt scalds or saline depressions with tiny, 

sparsely-populated plants well adapted to the local conditions. Instead, one 

often finds a few species with a very large biomass potential. The genome for 

these plants has allowed for adaptation under soil and water conditions that would 

be impossible for other species. 

The evidence for recommendations suggested is based on the following criteria: 

• Total Biomass Potential - Many species survive in the saline habitat, 
but produce so little biomass that they have no application as biomass 
feedstocks. 

• Genetic Constraints - Most species fail to adapt to a particular 
environment because they do not have the genetic potential to allow for 
the conditions encountered. Most plants can grow in a "moderate" 
environment, but fail to thrive in extremes of temperature, salinity, 
water relations, sunlight, nutrition, etc . 

• Establishment and Cultivation Requirements - In the arid and saline 
environment, not only is survival a major problem, but reproduction and 
establishment is .i;>articularly difficult. Even though conditions may be 
acceptable for establishment at certain times of the year , the chance 
that such conditions occur at the correct time of the year is quite 
small. Species with some r eproductive strategy which allows them to 
compete in a stressed environment have a definite ecological advantage. 

• Regions of Suitability - Some species may be well adapted to localized 
habitats, particularly those in which a microclimate allows for growth 
and reproduction, yet they fail to survive across the entire climatic 
zone. Plants with a great deal of plasticity with respect to climatic 
tolerance have greater potential as a biomass feedstock. 
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Table 8-1 

HALOPHYTES IDENTIFIED FROM LITERATURE SEARCH 

Acacia harpophylla 
Ae2ialitis annulata 
Aeluropus lagopoides 
Aeluropus litoralis 
Aeschynomene sp. 
Agropyron elongatum 
Agropyron repens 
A2ropyron spicatum 
Alhagi maurorum 
Artemisia herba-alba 
Artemisia halodendron 
Artemisia tridentata 
Aster trifolium 
A triplex alaskensis 
A triplex breweri 
A triplex canescens 
A triplex confertifolia 
A triplex corrugata 
A tripl ex crassifolia 
A triplex cuneata 
A triplex dimorphostegia 
A triplex dumosa 
A triplex gardneri 
A triplex gemlini 
A triplex halimus 
A triplex has ta ta 
A triplex hortensis 
A triplex hymenelytra 
A triplex inf la ta 
Atriplex latifolia 
A triplex lentiformis 
A triplex leucophylla 
A triplex littoralis 
A triplex micrantha 
A triplex mollis 
A triplex nitens 
A triplex nununularia 
A triplex nuttallii 
Atriplex obovata 
A triplex patula 
A triplex polycarpa 
A triplex repanda 
A triplex sabulosa 
A triplex semibaccata 
A triplex spon2iosa 
A triplex sporobolus 
A triplex subspicata 
A triplex tatarica 
At:riplex torreyi 
A triplex undulata 
A triplex verrucifera 
A triplex vesicaria 
Avicennia marina 

Bolboschoenus maritimus 
Caragana arborescens 
Ceratocarpus arenarius 
Casuarina cristata 
Casuarina cunninghamiana 
Casuarina decaisneana 
Casuarina equisetifolia 
Casuarina glauca 
Casuarina stricta 
ceratoides lanata 
Chenopodium quinoa 
Chloris gayana 
Chrysothamnus nauseosus 
Chrysothamnus viscidifl orus 
cochl earia anglica 
Crotalaria sp. 
Crypsi s acul eata 
Cynodon dactyl on 
Distichlis spicata 
Echinochloa turnerana 
Elymus cinereus 
Eremophilla gilesii 
Eucal yptus camaldul ensis 
Eucalyptus gomphocephal a 
Eucalyptus microtheca 
Eucal yptus occidentalis 
Eucal yptus sal monophl oia 
Festuca arundinacea 
Frankenia hirsuta 
Galenia pubescens 
Hal odendron sp. 
Hal ochemum strobilaceum 
Hal ostachys caspica 
Haloxylon sp . 
Hedysarum carnosum 
Hordeum di stichon 
Hordeum vul gare 
Juncus articulatus 
Juncus maritimus 
Kalanchoe daigremontiana 
Kochia aphyll a 
Kochia brevifolia 
Kochia sedifoli a 
Kostel etzyka virginica 
Lagunaria patersonii 
Lepidium crassifolium 
Limonium suffruticosum 
Lotus corniculatus 
Lycopersicum escul entum 
Medi cago ciliaris 
Medi cago intertexta 
Melil otus alba 
Melilotus O'fficinalis 
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Myoporum serratum 
Paspalum vaginatum 
Phaseolus vulgaris 
Phragmites communis 
Phragmites australis 
Populus alba 
Populus ~ratica 
Prosopis farela 
Prosopis glandulosa 
Prosopis tamariscina 
Prosopis tamarugo 
Puccinellia capilliras 
Puccinellia ciliata 
Puccinellia distans 
Puccinellia nuttalliani 
Puccinellia salinaria 
Purshia glandulosa 
Purshia tridentata 
Rhizophora mucronata 
Salicornia bigelowii 
Salicornia europaea 
Salicornia f ruticosa 
Salicornia herbacea 
Salsola verrniculata 

Table 8-1 (cont'd.) 

Salvadora persica 
Sarcobatus vermiculatus 
Scorzonera parviflora 
Sesbania aegyptiaca 
Spartina alternifl ora 
Spartina anglica 
Spartina townsendi 
Spergularia media 
Sporobolus airOides 
Sporobol us helvoles 
Sporobolus spicatus 
Sporobolus wrightii 
Suaeda maritima 
Suaeda monoica 
Suaeda salsa 
Tamarix --aphy11a 
Tamarix hispida 
Tamarix ramosissima 
Tamarix stricta 
Tetragonolobus siliquosus 
Triglochin maritimum 
Typha latifolia 
zostera marina 
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• Ability to Restore Productivity to overgrazed Sites, Mine Spoils, and 
Other Severely Disturbed Areas - In determining the benefits of 
establishment of a particular species, not only is total biomass 
produced important, but also secondary credits which might produce other 
advantages not related to biomass production. It would be particularly 
advantageous to find species that produce emergency drought forage (and 
are therefore palatable and nutritious), capable of preventing soil 
erosion, or capable of growing in a medium rich in toxic ions or at 
unusual pH, etc. 

Our evidence suggests that several indigenous and introduced woody halophyte 

shrubs of the western United States have the potential for producing biomass in 

sufficient quantity to justify research and development. Even though many species 

manage to survive in the saline environment, few produce sufficient biomass to be 

considered. Most planners would suggest that a sustainable yield of 3.0 dry 

tons/acre/yr is absolutely essential if biomass is to be competitive with 

alternative fuels . Surprisingly, projected yields for woody shrubs adapted to the 

semi-arid and saline habitats is as great as the sustainable yields being reported 

from short rotation trials of eastern hardwoods grown under a much higher 

rainfall. Ongoing research programs at several institutions have identified not 

only the critical species, but the germplasm for site selection in a few cases. 

Such progress should not be compared with genetic improvement in domesticated crop 

plants, where the history of domestication spans thousands of years. 

Nevertheless, a few key investigators have recognized the value of shrubs for 

forage, erosion control, and aesthetics. Only recently, attention has been given 

to the energy production aspects of shrub utilization (~). 

Although halophytic grasses have an important place in various ecosystems, it is 

our opinion that they fail to provide sufficient biomass in the region under 

consideration to justify their cultivation as energy plantations. In some cases, 

the secondary credits to be realized through forage and soil stabilization might 

justify their consideration, but this report suggests emphasis on the halophytic 

shrubs. Likewise, halophytic marsh and estuarine grasses have tremendous biomass 

potential (±._) , but we feel that the environmental concerns associated with 

disturbance of the habitat would not justify the energy considerations. 

In addition to the problem of sufficient biomass production to justify the 

development of energy plantations, a number of additional problems must be 

addressed: 

• The tremendous diversity in terrain, altitude, and latitude 
demands that species selection for the western United States 
consider the problem of cold tolerance. Even though a 
number of halophytic shrubs make impressive biomass producers 
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in other parts of the world, most of them are frost-sensitive. 
In the western United States, only the southernmost fringes are 
free of frost, and therefore cold tolerance eliminates many 
species from serious consideration. 

• Even though some woody plants are excellent biomass producers, 
they fail to coppice and therefore cannot be harvested on 
a sustainable basis. Annual plants have been eliminated from 
consideration here because of the environmental concerns of 
erosion, reestablishment, and aesthetics. We feel that a 
long-lived woody perennial that regenerates readily following 
coppicing is absolutely essential for the arid and saline 
environment. 

• Germplasm must be identified and propagation methods must be 
developed which ~llow for an orderly sequence of establishment 
of new energy plantations. Unlike domesticated plants, wildland 
shrubs are not generally available in quantity and methods of 
establishment have not been determined. It appears clear that 
climatic conditions in the arid and semi-arid regions are not 
sufficiently predictable to allow for direct seeding. One need 
only look at the success of seedling establishment in nature 
to realize that conditions suitable for establishment only 
occur perhaps every 10 to 50 years. Even though the costs of 
production are far greater, it appears that establishment in 
containers and transfer to the field is the only effective 
method. 

• The problems of establishment to achieve the survival success 
has not yet been mastered. There is a great deal that needs 
to be done in terms of transfer to the field from ideal 
growing conditions. By seasonal timing, choice of container size, 
modification of the microhabitat at the time of transplanting, 
and other factors, it should be possible to consistently obtain 
survival in excess of 90%. Once the root system has established, 
the adapted shrubs may remain productive for many years and the 
establishment costs can be amortized over a long period of time. 
Once establishment has been achieved, we would propose absolute 
minimum energy inputs of water, fertilizer, and control measures 
for other biological organisms (weeds, insects, and diseases). 

Recent innovations in biochemistry have direct application to the research and 

development recommendations for producing biomass feedstocks from halophytes. New 

strategies for minimizing transplanting costs and maximizing survival have come 

from the research on mine spoils reclamation. Many of the harsh site problems are 

analogous to the soil salinity problems encountered here. It would appear that 

with some additional testing of container size and shape, substrate mixtures, 

addition of microbial and fertilizer amendments, inoculation with mycorrhizae, 

etc., it will be possible to achieve excellent success. None of these procedures 

matter unless the germplasm is correct and unless the costs of production can be 

justified. 
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In terms of development of germplasm, additional searches must be made for 

desirable genotypes of selected species. It is certainly probable that exotic 

introductions of woody halophytes in certain sites will exceed the biomass 

potential realized by indigenous species, but at the present state of knowledge, 

the following halophytic species are recommended for wide adaptability to the 

saline regions of the western United States: 

• Atriplex canescens (Fourwing saltbush) - This species is native to 
western North America, extending from Canada to the Sonoran and 
Chihuahuan Desert. It occurs in a patchy distribution across the 
entire region of the western tier of states except the coastal zone 
in California , Washington, and Oregon. Although many ecotypes 
survive extreme winter cold, most of the growth is accomplished 
during the warm season. Under ideal conditions, growth rate is 
very rapid and as a c species, it tolerates extreme desert heat, 
high light intensity,

4
and severe soil moisture stress. The 

evergreen shrub is one to two meters in height, and provides a 
great deal of high-protein winter forage for wildlife and domestic 
animals. In the colder regions, it may become almost deciduous 
during the winter. The root system may be very deep (up to six or 
seven meters), highly branched, and capable of exploiting moisture 
from a large volume of soil. 

Fourwing saltbush performs surprisingly well on almost all soils, 
and therefore might be classified by some as a facultative 
halophyte. Native stands are more abundant on alkaline and saline 
soils, but less abundant on sodic soils. Salinity tolerance occurs 
because of epidermal trichomes (salt bladders) which accumulate 
large concentrations of salt and excrete the salt by bursting of 
the trichomes, leaving a litter of salt crystals on the surface of 
the leaf . When the rains come, the salt is washed from the leaves 
and back to the soil, where it is recycled (3). Atriplex also 
tolerates large amounts of soil boron (i) and survives infrequent 
flooding in valleys and floodplains (5). Plants are not 
particularly tolerant of high water tables and prolonged late 
winter flooding. Distribution is generally in the 200 - 400 mm 
precipitation zone, although it is sometimes found outside this 
range. Soils are generally calcareous, although they may represent 
a great variety of textural classes . 

Fourwing saltbush exhibits good tolerance to wildfire, and is a 
vigorous resprouter. In a carefully managed grazing program, 
biomass production can be quite great, but overgrazing causes a 
rapid stand reduction and historical records suggest that in many 
regions of the arid southwest the plant has been grazed to 
extinction. Under such conditions, it is often found in fencerows 
(personal observation). 

Atriplex canescens is mostly dioecious, but occasionally 
monoecious. Seed production by female plants is often copious, and 
fruit size can vary considerably on a single plant from year to 
year, depending on the climatic conditions. Seed fertility is low 
and germination can be hastened and made more predictable by 
removal of the utricles and washing in running water for five hours 
(6). Seed production and establishment procedures have received 
considerable study (2._) • 
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Fourwing saltbush has been used extensively for game range 
restoration, range reseeding, windbreak plantings, soil 
stabilization on road cuts, and surface mine spoils reclamation 
(_~). Reduction of competition during the early stages of 
establishment is absolutely critical. If competing vegetation is 
growing too closely to the new transplant, then competition for 
water, light, and nutrients may be so severe that the saltbush 
seedling will fail to survive. This species is often 
associated with Bouteloua gracilis, Hilara jamesii, Bouteloua 
eriopoda, Sporobolus airoides, Distichlis spicata stricta, 
Chrysothamnus nauseosus, Sarcobatus vermiculatus, Coleogyne 
ramosissima, Artemisia nova, and Agropyron spicatum <.?). 

The genetic variability of Atriplex canescens has been studied 
rather thoroughly (9,10,11). Within the distribution range, most 
populations are tet-X:-aploid (4 sets of chromosomes) , but some 
populations are diploid (2n), hexaploid (6n), and dodecaploid 
(12n) . Although the phenotypic plasticity within the species is 
quite great, most of it appears to be heritable. Stutz and 
Sanderson (9) suggest that in the rapid, recent spread of the 
species throughout western North America, polyploidy has played a 
major role in producing new species which have been effective 
colonizers. 

In greenhouse hydroponic studies, ~· canescens produces a 
significant increase in biomass when the culture medium contains 
50 - 150 mM NaCl as compared with controls without supplemental 
salt. Higher concentrations of NaCl are tolerated (in some cases 
up to 800 mM), but growth is reduced at the higher salinity levels. 
Such studies would suggest that fourwing saltbush is not a 
facultative halophyte, but an obligate one (also see Table 6-1). 

• Chrysothamnus nauseousus (Pall.) Britt. (Rubber Rabbitbrush) -
Native to western North America and widely distributed, the 
occurrence is essentially the same as that of Atriplex canescens. 
This woody shrub is a deciduous compositeae which varies from a 
semi-shrub to a very large shrub. One form, C. nauseosus 
graveolens may reach more than three meters in height. The leaves 
are somewhat resinous and aromatic, which might suggest a very high 
energy content for this biomass. These plants are fairly good 
self-seeders, even though predictable establishment on an annual 
basis is probably a continuing problem. Populations vary in 
palatability for livestock and wildlife, and forage is usually 
confined to the late fall and winter when other forage becomes 
sparse. It does provide some cover for mammals and birds. 

Some populations occur on saline, clayey bottomlands or on coarser, 
upland, sandy soils. It is most often found in well-drained, 
disturbed sites in open plant communities. Although tolerant of 
poorly drained bottomland soils, it fails to tolerate high water 
tables. The region of distribution encompasses the 150 - 500 mm 
rainfall region . Rubber rabbitbrush survives fire well, and is a 
vigorous resprouter. Therefore, it may also be expected to coppice 
well (5). The associate species are varies species of Artemisia 
(although less likely on the saline sites) , Chrysothamnus 
viscidiflorus, Agropyron cristatum, and occasionally Atriplex 
canescens on saline sites. 
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Seed germination is approximately 50%, and it can be enhanced by 
stratification . Seedlings grow rapidly, and full growth is 
attained in approximately four years. Although the genetics is not 
thoroughly studied, it appears that identified subspecies such as 
C. nauseosus albicaulis and C. nauseosus consimilis are 
;-pecifically adapted to the halophytic condition (~) . 

• Sarcobatus vermiculatus (Hook.) Torr. (Greasewood) - This 
indigenous North American species extends from southern Canada and 
across the western states eastward to approximately the lOOth 
parallel. The southern extent of distribution is into the Sonoran 
Desert. For most of its region, greasewood is deciduous, but it 
may remain evergreen in the most southern extremes of its 
distribution . Growth begins very early in the spring, and in some 
cases in late winter . It is often found in bottomlands with high 
levels of soil salinity (12). In some respects, Sarcobatus 
behaves as a phreatophyte, and the plant may seldom be subjected to 
extreme water stress. On the other hand, it is perhaps as good or 
better halophyte than either Atriplex canescens or Chrysotharnnus 
nauseosus. It no doubt withstands prolonged flooding better than 
the other species, and therefore would have application in regions 
of high salinity and high water tables. 

Greasewood has traditionally been known as a toxic shrub with 
little value as browse. Much of this reputation appears 
undeserved, and many individual plants are browsed extensively 
during the winter. Some forms, including a gigas octoploid (eight 
sets of chromosomes) from Monticello, Utah, reach heights of 
greater than five meters and produce an enormous amount of biomass. 
Such plants have not been propagated and grown in a cultivated 
situation, and therefore the performance under conditions of an 
energy plantation is totally unknown. Distribution is generally in 
the 150 - 400 mm precipitation zone, although total precipitation 
is probably not as important for Sarcobatus as for certain other 
species since its deep root system usually taps an underground 
water supply. 

Greasewood seed production is fairly good. 
particular problem, but establishment under 
conditions is limited to exceptionally good 

Germination is no 
unpredictable arid 
years. 

Recent advances in biotechnology have lead to many possibilities in projects of 

this nature. Our own laboratory has recently developed techniques for rapid 

genetic screening of drought and salinity tolerance at the cell and tissue level. 

In a short period of time, we expect to be able to induce single-cell mutations 

and through somoclonal variation, select individual clones for specific site 

conditions <.~l)· We have also begun screening of many populations of Atriplex 

canescens from native habitats. At the present time, we have 28 genotypes growing 

in sterile culture and mass propagation techniques are being developed. Liquid 

suspension cultures are being used to produce ernbryoids, which can be manipulated 

to produce new clonal plantlets for mass propagation. 
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It also appears that in the near future techniques of protoplast fusion may be 

used to rapidly obtain hybrids of specific biotypes. As an exampl e, it might be 

possibl e to fuse protoplasts of two species of Atriplex. Atriplex halimus from 

the Mediterranean region is an e xcellent biomass producer , but has poor cold 

tolerance. Atriplex canescens might by hybridize~ with that species to induce the 

cold tolerance. 
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Appendix A 

GLOSSARY 

dark respiration - that portion of the overall respiration of a plant measured 
during darkness. In many plants, respiration levels increase in light. 

dioecious - literally "two households," indicating male and female reproductive 
organs associated with separate flowers. 

dry halophyte - a plant which tolerates both a high level of salinity and drought. 

edaphic - pertaining to physical and chemical characteristics of the soil. 

forb - a general category of small, herbaceous dicots often found associated with 
grasses. 

genome - the entire genetic makeup of a particular organism. 

genotype - the genetic makeup of an individual plant as expressed by the two 
alleles at each locus on the chromosome: 

glycolysis - the initial stages of both aerobic and anaerobic respiration in which 
glucose is broken down into pyruvic acid. 

glycophyte - a broad description of plants that have very little tolerance of 
salinity. 

guttation - the physical excretion of water and solutes from the leaves of certain 
plants under conditions of high soil moisture, high relative humidity, and closed 
stomata. 

habitat - the region where plants or animals live in their natural surroundings . 

hydrophyte - a plant which requires large quantities of water for growth and 
reproduction; often an aquatic plant. 

littoral - in aquatic ecosystems, the region of the shore line. 

matrix potential - that component of the water potential attributed to the forces 
binding water molecules to hydrophilic surfaces. 

mesic - a condition describing plants that require a moderate amount of moisture. 

mM - millimolar =molar concentration x 10-3 . 

monoecious - literally "one household," indicating male and female reproductive 
organs associated with separate flowers. 

osmotic potential - that component of the water potential attributed to the 
interaction of water molecules with solute molecules in solution. 
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phreatophyte - a plant with a deep root system which "mines" water from an 
underground aquifer. 

playa - literally "beach," or describing a broad, flat region. 

sodic - an environmental condition characterized by high concentrations of sodium, 
as in soils. 

utricle - a thin, winglike appendage attached to the fruit wall of some species. 

wadi - a temporary watercourse or stream found in desert environments. 

water-efficiency ratio - the ratio of units of water required to produce one unit 
of dry matter. 

water potential - the physical components of matric, osmotic, and pressure 
potentials which determine the movement of water from one part of a system to 
another. 

wet halophyte - a plant which tolerates high levels of brackish water, but cannot 
tolerate drought. 

xerophyte - a plant which grows and reproduces under extremely arid conditions; 
not necessarily a halophyte. 
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