
size of the drop, Dis the coefficient of diffusion of water vapor (0.239 sq cm/sec) and Pv and Ps 
are the vapor densities in the ambient air and on the surface of the bubble. Clearly, when the 
difference between the ambient and the (saturated) surface vapor density is positive, moisture 
will condense and the drop will grow. 

Such growth of droplets by condensation is typical when a warm moist body of air is 
cooled. Eventually the droplet becomes too large for entrainment. It begins to fall, collides with 
other droplets, coalesces and falls out of the cloud as a raindrop. 

Virga 
Even when raindrops finally fall from the cloud, rainfall is not assured. A 

hydrometeorological formation, called virga or "fallstreaks," is the visible moisture in the form 
of drops or even particles of ice that evaporate before it reaches the surface (Considine, 1983). 
This rather discouraging phenomenon often occurs in the desert because the very low relative 
humidity at the lower altitude causes such rapid evaporation that the drops are consumed in mid
fall. 

The rate of mass loss from an evaporating drop, 

d M/dt = - KD (Ps - Pv) (6) 

where M is the mass loss rate, K is a constant of evaporation reflecting various geometrical 
influences, D, the diffusion coefficient, and Ps and Pv the vapor densities at the saturated surface 
and in the ambient air, respectively (Houghton, 1985). This equation is obviously the negative of 
equation 5 presented earlier. Thus, if the ambient humidity Pv increases, the evaporation rate of 
the drop decreases. As air is humidified, the rate of evaporation is diminished and the drops can 
survive for longer distances. If the humidity of the air below the cloud is sufficient, the 
evaporation rate of the falling drops becomes minimal and rain reaches earth as desired. 

The Over-All Effect of Humidity on Rainfall 
Humidity has a positive effect on the requisites for rainfall. The condensation of 

moisture, the growth of the droplets, the probability of rain, and, finally, the suppression of 
evaporation in virga are all improved in proportion to humidity (Figure 4). This is the 
meteorological basis for rainfall enhancement (Niewiadomski and Haman, 1984 ). 

Physically Reasonable Approaches for Non-Seeding Rainfall Augmentation 
A. The earliest of the proposals which were based on a reasonable scientific 

understanding of the natural rain cycle utilized the evaporation of water from shallow pools in 
small bodies of water. The inventor proposed a system of dams to control the level of water to 
assure large areas of very shallow water. This shallow water will be more rapidly heated. This 
heated water will produce water vapor which will enrich the moisture budget over the adjacent 
land (Dessoliers, 1918). When the moisture-enriched air is elevated and adiabatically cooled, the 
probability of rain is greatly increased as explained in the above discussion of the natural rain 
cycle. 

Two of the essential processes for rain, humidification and elevation, are combined in a 
later system which generates a giant cyclone of humidified air. A circle of large blowers which 
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direct air tangentially and an array of nozzles spraying water form a moisture laden vortex. The 
droplets from the adjacent spray are entrained by the resultant cyclone and directed upward by 
the apparatus shown in Figure 5 (Pomykala, 1951 ). 

Another method of humidifying the air for rain enhancement comprised, in one 
embodiment, a speed boat with forward facing scoops which would scoop water into an upward 
facing duct. If the dynamic pressure of the water entering the scoop is sufficient, the water would 
be driven up the duct, atomized, and injected into the atmosphere. In another embodiment, the air 
and water ducts are all mounted on a barge which floats just off-shore of the arid region requiring 
humidification and rain enhancement (Koch, 1954). A similar approach, shown in Figure 6, was 
patented a few years later (Reid, 1964). 

As noted earlier, the buoyancy of locally warmer air is one of the mechanisms of causing 
air to rise as part of the natural rain cycle. Thermal instability is artificially generated in regions 
with sufficient moisture but lacking in orographic or front action to cause the required ascension 
of moist air. Asphalt or any similar stable, dark substance is spread over a large area with a 
source of moisture-laden air. The darkened surface will absorb the solar radiation and become 
hot. As a result, the adjacent air will be locally warmed and will be driven upward with sufficient 
momentum to reach relatively high altitude where it is cooled, as required for condensation and 
rain formation. This proposal, illustrated in Figure 7, is supported by quantitative, scientific 
analysis (Black, 1968). 

Another scientifically based invention had as its object " . .. increasing evaporation of 
water from large areas of the sea adjacent to land areas when the prevailing wind direction is 
from the sea to the land." Heating and evaporation is increased by" ... spreading a thin layer of 
solar radiation absorbing material such as carbonblack or lampblack over a large surface area 
adjacent [to a] target coastal region to increase heat absorption at the water surface ... " (Figure 
8). 

This enhanced solar heating of the water surface acts to both humidify and elevate by 
buoyancy the air as required in the hydrologic cycle. A method of depositing the coating of 
carbon particles is suggested (Lietzer, 1971 ). 

B. Proposals involving wind direction and similar ones desc ribed earlier all assume, and 
are dependent upon, a wind blowing from the sea on to the arid land. Ironically. such a sea-to
land wind direction is usually associated with nom1al or plentiful rainfall when rain 
augmentation is not required. On the other hand, droughts are usually accompanied by a different 
wind pattern. Typically droughts are usually accompanied by \vinds that are parallel to the shore 
line or flowing from land to sea. For example, Southern California has little or no rainfall when 
the wind flows past the coast from the south or flows from the inland toward the coast. Similar 
wind patterns are associated with aridity in North Africa, Chile. and western South Africa. 

C. A more recent, more completely developed proposal as a scientifi cally valid method 
of atmospheric distillation to enhance rainfall was patented by Orvil R. Feather. 
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Figure 2. Method of producing precipitation from the atmosphere and apparatus therefor. From 
R. J. Blackwell, Patent No. 3,456,880, patented July 22, 1969. 
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Figure 4. Rain vs. no-rain with variations of relative humidity between 850 and 700 mb and 
vertical motion at 850 mb. From H. E. Fuelberg, Figure 12. 
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Figure 5. Method and apparatus for making artificial rain. From E. S. Pomykala, Patent No. 
2.740,663 . 
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Figure 6. Means for lifting moisture from a body of water. From R. L. Reid, Patent No. 
3, 135,466, patented June 2, 1964. 
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Figure 7. Cloud formation and subsequent moisture precipitation. From J. F. Black, Patent No. 
3,409.220, patented November 5, 1968. 
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Figure 8. Method for producing increased rainfall in coastal regions. From Authur C. Lietzer 
(1971 ). 
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SOCIO-ECONOMIC CONSIDERATION FOR SUCCESSFUL WATER HARVESTING 
SYSTEMS IN DESERT ENVIRONMENTS OF DEVELOPING COUNTRIES 

by 
Gary W. Frasier and Hilary Fuller Renner 

Abstract 
Water harvesting is an important water conservation method for use in desert 

environments of developing countries. Water harvesting techniques are especially attractive to 
marginal or degraded agricultural areas. Some projects have been successful while others have 
been plagued by wide scale abandonment of structures. Project managers have documented that 
many failures occurred because of the lack of knowledge or consideration of socio-economic 
aspects. To implement a successful project, planners need to understand the existing social 
structure and organization. This includes levels of collective organization, existing patterns of 
leadership, community cohesion or stratification, influence of governmental or non
governmental organization, settlement patterns, and barriers to community participation for 
certain groups and individuals. It is also necessary to include the influence of land tenure 
systems on participation and management of natural resources. Designers need to investigate the 
economic feasibility of water harvesting projects and levels of investment required to rehabilitate 
degraded land. Another important aspect is how new or improved indigenous technologies are 
accepted by individuals or the community. For water harvesting projects to be successful , only 
the technology appropriate to the existing socio-economic structure should be utilized. 

Introduction 
Rainwater harvesting is often seen on the fringes of cultivated regions and near deserts. 

The systems provide water for growing plants or drinking water supplies for animals and 
domestic uses. It is an ancient technique dating back thousands of years. At Beidham. in the 
Edom mountains of southern Jordan, there is evidence of agricultural water harvesting structures 
being used over 9,000 years ago by a settled agricultural community (Bruins et a l. , 1986). Other 
ancient systems have been discovered in the Middle East, northern Africa. Mexico. and the 
Southwest region of the United States (Myers, 1975). 

The term water harvesting describes a range of techniques for collecting and 
concentrating precipitation for some later beneficial use (Frasier. 1994). Irrespecti ve of the 
ultimate use of the collected water, each water harvesting system consists of two basic 
components, 1) an area for collecting the precipitation (catchment area) and 2) some means of 
storing the collected water. Catchment areas range from undisturbed areas up to several hectares 
in size to roofs of buildings where the runoff water can be diverted to a storage faci lity. The 
storages for the collected water can range from some type of tanks to the soi l profile around 

plants (Frasier, 1984 ). 
Water harvesting can be divided into two categories depending upon the ultimate use of 

the water: 1) drinking water supplies and 2) crop irrigation. For drinking water systems, runoff 
water is collected from the catchment area and stored in a suitable tank or container until needed. 
For growing crops, the water can be stored off-site and applied as some form of supplemental 
irrigation or the runoff water can be diverted direc~ly to the field and stored in the soil profile 

(Renner and Frasier, l 995b). 
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Water harvesting is only successful if the systems are designed to fit the local physical, 
economic, and social environment (Renner and Frasier, 1995a). There is considerable technical 
information describing techniques for constructing water harvesting systems, especially for 
providing drinking water supplies. Unfortunately, there is little information concerning the 
social and economic aspects of water harvesting. 

System Design 
There is no universal system design that will meet all users' needs. Each system must be 

designed to match the physical and socio-economic site conditions (Frasier, 1988). There are 
several references that show detailed plans for constructing various types of water harvesting 
systems to provide drinking water supplies, including how to determine the necessary sizes. 
There is some technical information describing how to construct various systems for growing 
crops, including flood water spreading and micro-catchments. There is very little information on 
the economic reliability of water harvesting systems. Likewise there is very little research 
information on the sociological issues related to water harvesting. Without all three factors 
(technical, economic, and social) being suitable to the site, there is a high probability that the 
system will fail. 

Technical Considerations 
Water harvesting systems are usually labor intensive to construct and maintain. It is 

important to balance the need for construction labor to capital materials cost. Some water 
harvesting systems have high initial costs with low labor requirements. Other structures have 
high labor requirements but low materials costs (Frasier, 1988). If a village lacks labor but has 
money and chooses a labor intensive water harvesting technique, the system will fail. 

Drinking Water: Frasier and Myers (1983) present a handbook description of 
techniques for providing drinking water for livestock and domestic uses. This handbook was 
primarily directed to areas in the United States. Roof-top water harvesting, which provides water 
for domestic use, is covered in detail in publications by the United Nations (1989) and the United 
Nations Environment Program (1979). The proceedings of a regional seminar and workshop in 
Thailand in 1983 (Appan et al., 1986) provides several descriptive papers covering techniques for 
collecting and storing rainwater from rooftops. Many of these techniques are suitable for areas 
where physical resources are limited. 

Runoff Farming: Water harvesting systems for growing of crops can be further divided 
into two classes depending upon whether the system is to supply water to the entire cropped area 
(runoff farming) or to individual plants such as trees (micro-catchments) . Much of the current 
ideas of water harvesting for growing crops came from the work by Evenari et al. (1971 ), who 
describe their findings from the reconstruction of ancient runoff farms and micro-catchment 
systems in the Negev desert oflsrael. Critchley et al. ( 1992) discuss the technical elements of 
agricultural water harvesting and how to extend these technologies to the rural poor. 

Maintenance: All water harvesting systems require some periodic maintenance, some 
systems more than others. Some water harvesting systems may be easy to install but require 
more periodic maintenance. If the maintenance program is not considered in the initial design 
stages, there is a high probability of failure. Water harvesting systems have failed in Kenya 
because the designers did not plan on the large amount of labor the systems required. In this 
region, large numbers of men leave the villages to herd animals as nomads and to search for 
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work in urban areas. Manual laborers are scarce (Hogg, 1988). In some instances the labor 
required to maintain the systems can be greater than the construction labor. Maintenance can be 
time consuming since most water harvesting syste1:J1S need to be inspected after each major 
rainfall event. 

Socio-Economic Considerations 
There is very little information on the economic reliability of water harvesting systems. A 

computer simulation model of a runoff farming system in Texas showed that the system was 
feasible but that widespread adoption of the system would be limited by low profitability, high 
variability of profits, and the complex knowledge required to use the techniques successfully 
(Scrimgeour and Frasier, 1991). A cost/benefit analysis of micro-catchments in hyperarid (very 
dry) zones showed marginal returns (Oron et al., 1983). Many times it is impossible to provide a 
monetary value to the water. It depends upon the alternative water sources available to the user. 
In 1974, at the Water Harvesting Symposium in Phoenix, Arizona, Adrian Hardan ofBagdad, 
Iraq commented " ... in many areas water harvesting can mean the difference between life and 
death and the economic aspects are thus of minor importance in these cases" (Frasier, 1975). 

Similar to economics, there is very little information concerning the sociological issues 
related to water harvesting. Bentley (1982) found the interaction of technology with social 
elements was the difference between success and failure of water harvesting systems on the 
Papago (Tohono O'odam) Indian Reservation in Arizona. Cotageorge and Henderson (1983) 
found that the local people in India would do anything to reduce contact with their neighbors in 
controlling the use of the harvested water. Hogg ( 1988) blames socio-economic reasons for the 
failure of water harvesting projects in northern Kenya. Brunner and Haefner (1986) cite social 
characteristics of the local population that stopped the necessary maintenance as the cause of the 
collapse of the Ma'rib flood water dam in Yemen. This dam had sustained agricultural 
production for many decades during the 7th century A.D. 

Socio-Economic Aspects 
Often, the local population views water harvesting differently than regional water 

planners. For a water harvesting system to have the best chance of being successful, the 
community should feel that the proposed program is the best alternative for their intended uses 
and situations (Frasier, 1984). Local people may not see the immediate benefit ofreduced silting 
of dams, flood control, or soil conservation that may result from improved water utilization and 
conservation, which may be very important to regional water planners. Some less noticeable 
advantages of rain water collection that are important to the local people are sustainable 
agriculture, self reliance, and reducing the need for future famine relief (Pacey and Cull is, 1986). 

Water harvesting systems can be developed on a community size scale or as individual 
family units. Understanding the social aspects of a local community is important for designing 
appropriate water harvesting systems and for facilitating public participation. This results in a 
better designed project, and the local population will receive greater benefits. The success of 
communal projects depends upon the complexity of the organizational structure of the local 
population. If the social organization is highly advanced, there is a better probability the system 

will flourish. 
For a communal water harvesting project to be successful, the local population must have 

a high amount of individual commitment to group activities. If a community decides that it 
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would not be able to perform the necessary tasks to manage the system, then working as 
independent individual or family units is probably the best strategy. There are examples where a 
system worked as long as there was a strong leadership in support of the project. When the 
leadership changed to less support, the project fell into disrepair because the people were not 
motivated to maintain the system. Bentley (1982) documents the failure of a water harvesting 
system in Arizona because a supportive agricultural advisor left and turned the project over to an 
uninterested individual. 

Involvement of Women: The role of women is often overlooked in planning of water 
harvesting projects. In some semiarid regions of Africa and other areas, women are 50% of the 
work force and, because of seasonal labor migration of men, they often head the household (Reij 
et al., 1988). With different positions in the community, women envision different benefits than 
those assumed by planners. To encourage women to participate, women's community groups can 
be utilized or created (Cotageorge and Henderson, 1983). In some places female extension 
agents can be an effective catalyst for the local population. Unfortunately, very few women 
work as extension agents for agricultural services . . This is unfortunate since so many women in 
areas like Sub-Saharan Africa own farms or gardens and could greatly benefit from water 
harvesting. These techniques, especially micro-catchments, might help them rehabilitate their 
land. 

Summary and Conclusions 
Water harvesting is an old water supply technique that can be used in many places in the 

world to improve living standards and food production. The basic technical knowledge to 
implement these techniques is available. There is a lack of knowledge and understanding on how 
to integrate this technology into less industrialized areas. In developing countries, aid 
organizations should only suggest techniques appropriate for the area. It is extremely important 
for development workers to analyze the cultural impact of the proposed technology before 
implementation. 

Many water harvesting activities cease because of the Jack of maintenance of the system. 
There are several reasons why water harvesting techniques are not fully adopted or accepted. 
Local people may lack training in constructing and maintaining the structures or the technical 
design is outside of their level of understanding. The system may be incompatible with patterns 
of local food production, have unacceptable labor requirements for construction and/or 
maintenance. or rely on machinery. 

For water harvesting systems to be readily adopted by the local population. they must be 
easily mastered and provide immediate increases in crop yields (runoff farmi ng) or improve the 
li ving standards of the area (drinking water). There are areas where water harvesting systems can 
be detrimental to the community. Pastoral people can be hurt by water harvesting developments 
because it tends to promote high utilization of the forage resources by reducing the need to move 
the animals when the drinking water supply becomes exhausted. 

Water harvesting can be a viable technique to improve and expand Jiving conditions in 
many arid and semiarid regions of the world as Jong as the techniques used are: 

I. Technically sound, 
2. Economically feasible, and 
3. Socially acceptable. 
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Abstract 

PLANNING WATER HARVESTING IN THE DRY AREAS USING 
REMOTE SENSING AND GIS 

by 
Theib Oweis, A. Oberle, and D. Prinz 

In the arid regions of West Asia and North Africa (WANA), where annual rainfall 
amount is low and erratic and renewable water resources are limited, desertification (land 
degradation) occurs at a high rate. Rainfall in this region is generally lost in evaporation due to 
lack of proper management. Water harvesting (WH) is an efficient method of managing rainfall 
to provide sufficient water for sustainable agricultural production and for combating 
desertification in these areas. 

However, selection of the appropriate sites and determination of the suitable methods of 
WH on a large scale present a great challenge, since the necessary data and infrastructure in these 
areas are lacking. This work is aimed at developing a methodology for the application of 
remotely sensed data and Geographical Information Systems (GIS) for identifying appropriate 
sites and methods of WH in the dry areas of W ANA. 

A pilot project site was selected in central Syria covered by a full Landsat TM scene. The 
interpretation of the Landsat TM scenes of the project area, taken at different periods before, 
during, and after the rainy season helped in the identification of areas of high potential for water 
harvesting. An image processing software"ERDAS !MAGIN" and a GIS software "ARC INFO" 
were used to process the images and to establish a geo-information system comprising digital 
data sets of satellite imagery, topography, soil, vegetation, hydrology, and meteorology. The · 
application of expert criteria for conditions generally suitable for WH and of those specific for 
each technique resulted in the classification of the area according to suitabil ity for each WH 
method. The developed methodology is applicable in other regions with similar conditions. 

Introduction 
Dry areas occupy over 95% of the total lands of WANA. By definition. these areas 

receive low annual rainfall amounts and also have limited renewable water resources. The dry 
areas' share of the world's available fresh water is very small. Renewable water resources in 
W ANA are about 1250 cubic meters (m3

) per capita, compared to about 7 .420 m3 for the world 
and 15.000, 20,000, and 23,000 m3 per capita for Europe, North America. and Latin America, 
respectively (World Resources Institute, 199411995). In many countries of the Middle East, 
available water will barely satisfy basic human needs in the next century (World Bank. 1994). 

The demand for water continues to grow in these areas with increasing human population 
and income. Presently, over 75% of the available water in the dry areas is used for agriculture. 
However, competition for water among various sectors deprives agri culture of substantial 
amounts every year. In the dry areas, most of the hydrological systems are already stretched to 
the limit, yet more food production is required with less water. Such an objective cannot be 
attained without substantially increasing the water use efficiency of the available resources 

(Tribe, 1994). 
One of the inefficiently used resources in the dry areas is rainfall. It is low, erratic, and 

poorly distributed. However, the gross annual volume ofrainfall received by the vast dry areas is 

816 



substantial. In many countries it adds up to more than all usable conventional water resources. 
Much of the rainfall, however, is lost to the atmosphere either directly in evaporation or 
indirectly through runoff, with nearly no benefits. 

Three rainfall zones may be identified in the dry areas of W ANA: at the dry end, where 
lands receive less than about 100 millimeters (mm) of total annual rainfall, no sustainable 
agriculture can be supported without full irrigation, and much of the land is actually desert. At 
the wet end of the dry areas, sustainable rainfed dry farming is practiced when annual rainfall 
exceeds 300-350 Il1Ill, with the application of supplemental irrigation for improving and 
stabilizing yields when water is available. The third zone is the steppe, which lies between the 
two and receives between about 100 and 300 mm of annual rainfall. This zone is our concern in 
this work and has the following characteristics: 

1) Total annual rainfall amounts are inadequate for economical crops. In fact most of the 
rain in this environment is ineffective. 

2) The distribution of rainfall is suboptimal. Most of it comes in sporadic storms which 
are unpredictable and leave frequent drought periods during the growing season. The occurrence 
of such periods causes severe moisture stress for growing crops and crop failure in most of the 
years. 

3) Storms with very high intensity are not unusual. When they fall on the crusted, low
infiltration rate soils, which are characteristic of this area, runoff occurs and water flows to other 
areas, depriving the land of its share of rainfall. 

Due to the above characteristics, rainfall in this zone is largely lost back to the 
atmosphere directly after its falls as evaporation. Even that part which flows on the surface as 
runoff, usually joins streams down to sumps where it evaporates or loses its good quality. 
Research showed that in the eastern Mediterranean dry region, less than 5% of the rainfall is used 
by poor rangelands or joins the ground water. 

Water harvesting, defined as "the process of concentration of rainfall into smaller areas, 
through runoff, and storing it for beneficial use" (Oweis and Taimeh, 1996), is an important 
option for confronting the ineffectiveness of rainfall in this zone and for improving its · 
management for sustainable agricultural production (Crithly and Segert, 1991 ). Furthermore, 
experience has shown that rainfed agriculture in thi s zone is not feasible without the use of water 
harvesting (Bruins et al., 1986). 

Unfortunately, many of the modern projects of WH in the dry areas had little success 
(Reij et al., 1989). Reasons include deficiencies in planning, design, and implementation. Also, 
negligence of local socio-economic aspects are responsible in several cases. Selection of 
appropriate sites and suitable methods under the prevailing conditions are among the most 
important prerequisites for successful WH systems. At a small scale, field investigation is the 
preferred method for planning and design since it provides detailed and more reliable 
information. However, planning WH at a large scale, through field visits, is often tedious and 
costly. It is not feasible, particularly in developing countries where basic data and infrastructure 
are not sufficiently developed. Such information includes topography, vegetative cover, drainage 
systems, rainfall patterns, land use, soils, and land tenure. Without all that information, no WH 
system can be successfully planned and implemented in these areas. It is not unusual to find 
substantial investments being spent on building WH projects which are not yet functioning 
several years later. However, studies in other areas such as West Africa have shown that such 
difficulties may be overcome by using available remotely sensed data. Tauer and Humborg 
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(1992) have successfully used remote sensing and GIS as tools for the identification of sites 
suitable for runoff irrigation in the Sahel zone. 

Objectives 
The general objective of this study is improved agricultural production which will help to 

combat desertification in the steppe zone of W ANA by more efficient utilization of rainfall 
through proper WH planning. Specific objectives include: 

1. Identification of potential sites and suitable methods of WH in a pilot site in central 
Syria. 

2. A methodology through which remotely sensed data together with minimum field 
investigation and a GIS can be used to assess the potential sites for WH and advise on the 
appropriate methods to be used in the dry areas. 

Project Pilot Site 
An area of central Syria covering about 33,000 square kilometers (km2) between latitudes 

33.8°N and 35.5 °N and between longitudes of36.8°E and 38.8°E was chosen for this study. 
This area is covered by the Landsat Thematic Mapper scene of Path 179 and row 36 (Figure 1). 
The region is sparsely populated with major settlements in Salamiyeh, Palmyra, and Quaryatain. 
Minor settlements and small villages are scattered mostly over the southern part of the project 
site. The infrastructure is very poor, especially in the northern part of the project area where only 
one paved road from Salamiyeh runs to Esriye. No detailed information on topography, soils, 
rainfall, or socio-economics is available for the area. 

The climate in the Syrian steppe is characterized by cold and occasionally rainy winters 
and dry and hot summers. Mean daily temperature varies from as low as 6 C in January to over 
32 C in August. Precipitation occurs during the months from November to April with a mean 
annual range between 3 50 mm in the northwest and less than 100 mm in the southeast of the 
project area. Rainfall is highly variable in space and in time and falls as scattered storms, often 
with high intensity causing substantial runoff. 

Agriculture in this area consists mainly of poor range with some barley and forages in the 
low and more fertile soils. The land is mainly used for grazing as about 90% of the project area is 
rangeland. In isolated areas, orchards, comprising pomegranates, apricot, and olive trees. in 
addition to vegetables, may be found irrigated with the available limited groundwater. 

Soils of the area are classified, according to the Soil Taxonomy system, as Aridisols and 
Entisols. They have very low organic matter (1 to 2%) and few pedogenic horizons. One 
common feature is the presence of a surface crust, consisting of a pavement of embedded 
pebbles, the so-called desert pavement, which impedes infiltration. Some wide plains are often 
inundated after rainstorms in spring, and the lower slopes of the mountains are dominated by 
Torrifluvents with a thick horizon of alluvial sediments of loamy fine sand. These soils are 
enriched in organic carbon and are often used for cultivation of barley. 

The vegetation is dominated by annual and perennial herbs. Shrubs and grasses found in 
the region are associated with the Irano-Turanian zone. The most important are trees of Pistacia 
Atlantica, rarely seen nowadays, and bushes like Artemisia herba-alba and Haloxyletum 
articulatum and annual herbs like Astragalus spp. The natural vegetation is heavily degraded 
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due to over-grazing coupled with the unfavorable natural conditions. The disappearance of 
legumes in particular affects the productivity of pastures and illustrates the degradation of the 
land. Severe soil degradation follows the degradation of the vegetative cover. The soil loses its 
stability and becomes vulnerable to water erosion caused by runoff after heavy rain storms. 

Methodology 
Scenes from the Landsat Thematic Mapper were selected for the evaluation of satellite 

data. As this sensor has channels in the near and mid-infrared, these data are helpful in the 
assessment and the evaluation of land vegetative cover and geological features. The resolution of 
30 meters (m) by 30 m on the ground is quite sufficient for the sparsely populated arid region 
where the spatial variability of the features is low. To assess the water availability and to identify 
the regions with sufficient runoff, scenes during the rainy periods should be evaluated. The 
disadvantage of such scenes is the cloud cover which impedes exact image processing. 
Therefore, scenes shortly after the rainy season in April 1994 and 1995 were selected. To 
compare these data to the situation in the dry period, satellite scenes taken in July 1994 and 
October 1993 were also chosen. A schematic diagram illustrating the process used is shown in 
Figure 2. 

A geo-information system database was established to ensure the exact fitting of the pixel 
grid of the image to a map projection system. The pixel grid of the satellite data is usually 
distorted due to instrument errors. Moreover, radiometric and geometric distortions are caused 
by earth rotation effects (Lillesand and Kiefer, 1994). Rectification according to a map reference 
was conducted to provide the identification of features in the image of which the geographical 
position is known. In the project area, which is sparsely populated with few roads and landmarks, 
the identification of easily recognizable ground control points is difficult. To define the position 
in the field, the Global Positioning System was used where the coordinate system of the 
Universal Transverse Mercator projection was applied. The complete satellite scene was divided 
into 4 subsets for easier handling of the data. The results presented here are referring to the 
southeastern subset to the south of Palmyra. 

The image was processed on a DEC Workstation using the software ERDAS IMAGIN. 
To enhance the visibility of the image it was subjected to image optimization processes such as 
filtering and principle component analysis. The resulting images allowed the digitizing of the 
drainage system on the screen and the identification of different features. The false color images 
(channels 4, 3, 2) after filtering were the base for the assignment of the different pixels to classes. 
The classification process used the maximum likelihood procedure. The classification was 
checked by field investigation, where the typical characteristics of each class were investigated. 
The separability of the classes was checked by different statistical approaches. 

The classified image has been incorporated in a Geo-Information System. Topographic 
maps available for the project site are of a scale of 1: 100,000. They were digitized and a Digital 
Terrain Model was computed by the IL WIS system. The overlay of the digitized topography 
maps allowed the determ"ination of the slope, which is the basis for the different settings suitable 

for the various WH techniques. 
An expert system was developed to match each of the water harvesting methods and 

techniques to a set of ground, rainfall, crops, and socio-economic conditions. This system is 
based on WH experience in the area and of those successful ones from similar areas. It took into 
consideration the special tenure system and social relations that govern agricultural activities in 
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Figure 2. Planning scheme for the selection of potential sites and methods for water harvesting 
using remotely sensed data and GIS in central Syria (modified after Tauer and 
Humborg, 1992). 
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the area. Several water harvesting methods and techniques can be considered for areas where 
topography, soil, rainfall, crops, and socio-economic conditions allow. These were divided into 
two major types: the micro-catchment and the macro-catchment types (Dutt et al ., 1981 ). Micro
catchments include semicircular bunds, nigarim, contour ridges, and other small basins suitable 
to collect and store rain water directly in the root zone of trees, shrubs, and field crops. The 
surface runoff from a catchment as small as 20 square meters (m2

) to as large as 200 m2 is 
directed to the lowest portion of the catchment which is then called the infiltration basin where 
the crop is planted. Requirements of each of these techniques include a range of slopes, 
minimum rainfall, and vegetative cover, whereas each crop requires a minimum soil depth. 
Macro-catchments collect runoff from catchments as small as a few hundred square meters to 
several hundred square kilometers. Runoff water is directed to and stored in various ways which 
reflect the names of the techniques. These include small earth dams, water spreading structures, 
hafeers, and ground water recharge systems. Of most importance is the division of land between 
catchment and cultivated areas and the ratio between the two. Soil characteristics such as depth, 
fertility, and slope determine the allocation to each part, whereas crop water requirements, 
rainfall amount, and runoff coefficient determine the ratio. The major requirements of each 
method and crop are included in the expert criteria to be applied to the other information for 
identifying the appropriate site for each method and technique. Some of the methods and 
techniques considered are shown in Figure 3. 

After image processing and classifying the region according to the natural conditions, the 
classified image is linked to the digital datasets of topography, meteorology, and soil. These data 
levels allow the establishment of a Geo-Information System of the region. The different levels of 
information are superimposed in a GIS. The evaluation of various digital datasets via GIS 
procedures leads, when linked to the established WH expert criteria, to a classified image 
illustrating the suitability of the region for WH systems. The developed methodology is expected 
to be suitable for use in other arid regions with similar conditions. 

Preliminary Results 
Only preliminary output is presented here, due to delays in the analysis and the 

methodology development caused by unforeseen circumstances. Although the basic work was 
completed for the whole scene, only semi-final results are produced for a quarter sub-scene. 
Some layers of information are still under development for a complete work. These include the 
soil and climatic maps, the tenure system, the hydrology, and the classification to individual WH 
techniques. The work on these levels of information and on the other sub-scenes is expected to 
be completed in 1997 when a complete package will be produced. 

The processing and analysis of the satellite images, together with the application of the 
topography data and some criteria on macro and micro-catchment methods, resulted in the 
classification of the sub-scene of the southeast portion into areas favorable, suitable, or 
unsuitable for micro and macro catchments. Figure 4 shows the final classification of this area. 
Although the methodology is not yet complete, the output clearl y shows that using remotely 
sensed data is technically and economically possible and also feasible for identifying the 

appropriate areas for WH in the dry areas. 
The analysis of the satellite image could be enhanced by more sophisticated classification 

of the area. Eight classes are currently differentiated: rock and scree slopes, bare ground, bare 
ground covered with flintstones, water bodies, plowed ground. Also three different levels of 
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vegetation: very sparse (widely scattered bushes), sparse (grasses and green bushes), and dense 
vegetation (in flooded depressions or tree orchards nearby villages). This classified image is 
overlaid by the slope image, computed from the digital elevation model calculated with the 
digital data set of the topographic maps. 

The final image shows that about 12% of the whole area is not suitable for any type of 
WH. The major part of the area (about 68%), however, is generally suitable, out of which 24% is 
favorable for the application of macro-catchment WH system. About 4% of the area is suitable 
or favorable to micro-catchment WH systems, whereas the remaining 3% and 12% are suitable 
and favorable, respectively, to the application of combined systems of WH methods. The 
classification presented supports a statement that the main part of the region can be used for the 
application of one or more types of WH methods. The improved classification of the image by 
incorporation of more data that may be delivered by a multi-temporal approach will enhance the 
final results. Also, the incorporation of further data levels will allow a more precise 
differentiation of the area according to the different topographic settings. Nevertheless, these 
first preliminary results demonstrate the applicability of the presented methodology. 
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WATER USE EFFICIENCY AND NUTRITIVE VALUE OF CORN, PEARL MILLET, 
AND FODDER SORGHUM 

by 
D. Marais, N. F. G. Rethman, and J. G. Annandale 

Introduction 
The rainfall pattern over much of South Africa is characterized by intermittent severe 

drought. These poor rainfall conditions lead to crop failures. With irrigation these drought effects 
can be minimized or eliminated. Unfortunately, using water for irrigation places the farmer in 
direct competition with the needs of industry and a rapidly growing population. 

This is not entirely negative, because it opens up new challenges to make more efficient 
use of available water resources. Although the reduction of evaporation, drainage, and run-off 
may lead to more efficient use of water, the plant itself may also play a big role. According to 
Teare et al. (1973), Frean et al. (1980), and Hattendorf et al. (1988), C4-plants are more water use 
efficient than Crplants. The literature on water use efficiency, as influenced by available water, 
is conflicting. Wagger and Cassel (1993), as well as Hattendorf et al. (1988), found that whole
plant water use efficiency (WUE) in some cases increased under water stress conditions or that 
the WUE stayed the same for different irrigation levels. On the other hand, Muchow and Sinclair 
(1991 ), Sinclair et al. (1975), and Scott et al. ( 1987) found that whole-plant WUE was lower for 
water stressed plants than irrigated plants. These differences in WUE between water stressed and 
non-stressed plants should be kept in mind when scheduling irrigations. 

In animal nutrition a high feed value is as important as high yields. High yields in South 
Africa are associated with crops in high rainfall areas or under irrigation. According to Cox et al. 
(1994), there is a positive correlation between seed yield and whole plant nutritive value. Other 
researchers (Lundvall et al. , 1994; Graybill et al., 1991) have found that an increase in seed yield 
led to a decrease in stover digestibility. This results in a lower total plant digestibility. There is 
not, however, much work on the influence of water stress on dry matter digestibility and crude 
protein content. According to Thompson et al. (1989), there is a tendency for digestibility to 
increase with an increase in water stress. 

The aim of this paper is to determine the influence of water stress on WUE. dry matter 
digestibility, and crude protein content. 

Materials and Methods 
Corn (Zea mays cv. SNK 2340), pearl millet (Pennise/11111 glaucum cv. Common). and 

fodder sorghum (Sorghum spp. cv PAN 888) were planted in 5 m~ plots under an automatic rain 
shelter in December 1994 on the Hatfield Experimental Farm of the University of Pretoria. At 
planting, the soil profile of each plot was filled to field capacity. Soil water was monitored 
weekly at 200 mm depth intervals with a CPN 503D neutron probe. After planting. four 
irrigation levels were applied: 

Wl = fill soil profile to field capacity weekly. 
W2 = apply 66% of the amount given to Wl. 
W3 =apply 33% of the amount given to Wl. 
W4 =after establishing the crop, these plots only received minimal irrigation to dissolve 
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and wash in nitrogen top dressing. At planting, each plot received 40 kg N ha·1 (LAN (28%]), 40 
kg P ha-1 (super phosphate (8.3%]), and 40 kg K ha·1 (KCl (50%]). After planting, each plot 
received a top dressing of 40 kg N ha-1 every six weeks. Each treatment combination was 
replicated three times. 

The crops were used for silage and were harvested as soon as the seed reached the hard
dough stage. Com was ready for harvest 15 weeks after planting, while fodder sorghum and pearl 
millet were harvested twice in the 14 weeks in which they grew. A 1 m2 subplot was harvested 
in each plot. Plant samples were dried, milled through a 1 mm screen, and used in the standard 
Kjeldahl procedure to determine the N and hence the crude protein content. The van Soest 
procedure was used to determine dry matter digestibility. 

Results and Discussion 

Water Use Efficiency 
To calculate the WUE (Figure 1) for the crops, the dry matter yield (Table 2) was divided 

by the water use (Table 1) over the season. The water use for the season is the sum total of the 
irrigations given and the water used from the soil profile. 

Table 1. Water use (mm) of com, pearl millet, and fodder sorghum. 

Crop Irrigation level 

WI W2 W3 W4 

Corn 789 643 463 255 

Pearl millet 663 565 400 307 

Fodder sorghum 65 1 570 414 308 

When one looks at the W l, W2, and W3 irrigation levels only, corn and fodder sorghum 
show a tendency of increased WUE with an increase in soil water deficit, although not significant 
(P < 0.05), while pearl millet showed the opposite tendency. It is furthermore clear, especially 
with corn and fodder sorghum, that the nonirrigated plots (W4) used water less efficiently than 
the control plots. These results shed some light on the conflicting results of Wagger and Cassel 
( 1993) and Muchow and Sinclair ( 1991 ). Accord ing to the results in Figure I , both groups are 
right, depending on the degree of water stress. If one only looks at the full irrigation level (WI) 
and a non-irrigated level (W4), the WUE will have decreased. If one compares WI and W2 or 
W3 level, then the WUE will have stayed the same or increased. It is not only the irrigation level 
that has to be taken into account, but also the crop. 
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Table 2. Whole plant dry matter yield (t ha-1) for corn, pearl millet, and fodder sorghum. 

Crop Irrigation level 

WI W2 W3 W4 

Corn 20.7 17.2 14.3 4.7 

Pearl millet 15.6 12.1 7.6 6.5 

Fodder sorghum 12 12 9.5 3.9 

Nutritive Value 
Dry matter digestibility 

The mean dry matter digestibility of corn (81 %) was significantly (P < 0.05) better than 
that of pearl millet (70%) and fodder sorghum (69%). As with WUE, there was a tendency for 
digestibility to increase with an increase in soil-water deficit for all three crops (Figure 2). 
According to the dry matter partitioning in Figure 3, there was an increase in leaf partitioning 
and a decrease in stover partitioning with an increase in soil-water deficit for both pearl millet 
and fodder sorghum. The leaves of both these crops showed a higher digestibility than stover 
(data not shown). In the case of corn, structural changes in cell composition rather than a · 
difference in dry matter partitioning may shed some light on the tendency of increased 
digestibility . The tendency was not, however, significant. Corn grown under severe drought 
conditions (W4) is less digestible than corn under slight drought conditions (W3). The main 
difference in dry matter partitioning between these two irrigation levels is a marked decrease in 
the ear component for W4. A conclusion from this is that the whole-plant digestibility of corn is 
much dependent on the presence of the ear. 

Crude protein content 
There were no tendencies or significant differences between the irrigation levels (Figure 

4). The whole-plant crude protein content of corn under severe drought conditions (W4) was 
again lower than that of corn under W3 conditions. This confirms the previous conclusion that 
the ear component plays a major role in the feeding quality of corn. Pearl millet has a 
significantly (P < 0.05) higher crude protein content than corn and fodder sorghum. 

Conclusions 
The WUE of the three crops is not influenced in the same way with an increase in soil 

water deficit. When applying less water (W2 and W3) to corn and fodder sorghum, the crop 
adjusts structurally (lower yields) without decreasing the quality or WUE, while the WUE of 
pearl millet showed a non-significant tendency to decrease with an increase in soil-water deficit. 

Although it would be easy to identify the crop with the best WUE for this situation, it 
may be more important to classify crops on the basis of their ability to maintain a high WUE 

829 



00 
w 
0 

35 Irrigation level 

-.,... I 

E 
E .,... 

I 

30 

25. -

«1 
..c: 20. -
O> 
~ -

15. -

w 
::::> 
~ 10· -

5· -

0 

. .. 
llw1 [Zl w2 EJ w3 ~w 

. . . . . . . . . . . . . . . . .. . ... .. .. ... . 

LSD (0.05) 

-- ······--·--·-·· · ·· T ···· · · - -- - -· -· ·--- - -· .-.. · .. -. .·.-.- ---· - · 

. .. 

Corn Pearl millet Fodder sorghum 
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under mild water stress conditions. The advantage of such a classification would be that it would 
help farmers to decide if they should prevent water stress or if they can allow some stress. This 
statement can be clarified by an example. If one used the 789 mm used by 1 ha of WI-com on 
1. 7 ha of W3-com, the yield would be 24.3 t. This means an additional 3.6 t of silage for the 
same amount of water. Doing the same for pearl millet, however, would result in a decrease of 

3 t. 
Theoretically, one should choose the crop with the highest WUE, but in practice it is not 

always possible. In practice, one should not only look at WUE per se, but also at the influence of 
increased soil water-deficit on WUE. 
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Abstract 

YIELD RESPONSE TO DRIP IRRIGATION IN SANDY SOILS FOR 
EGYPTIAN COTTON CULTIV ARS 

by 
E. A. Makram, M.A. El-Ghandour, and A. A. Hosny 

Exploratory experiments were carried out in lower Egypt during th; 1991-1992 seasons 
to evaluate the growth and yield of nine Egyptian cotton cultivars (Gossypium barbadense L.) 
under a drip irrigation system in sandy soil. Three of the cultivars were extra-long staple and five 
were long staple in the 1991 season. These cultivars were shifted to four extra-long staple 
varieties in the 1992 season. With few exceptions, increases in plant height were associated with 
increases of the node number per plant instead of intemode elongation. The highest number of 
open bolls was produced by the extra-long staple Giza 77 in the 1991 season and Giza 76 in 
1992. Seed cotton weight per boll was insignificantly affected among cultivars. The highest 
yield of seed cotton per hectare was achieved by Giza 77, followed by long staple Giza 81 and 
extra-long staple Giza 45 in the first season. In the second one, three of the four extra-long staple 
cultivars had similar yields. Fiber length, strength, micronaire, and uniformity ratio were 
enhanced by drip irrigation. However, the drip irrigation system seemed to be more effective for 
producing higher cotton yields in the extra-long staple varieties, besides increasing water-use 
efficiency. These results support the potential to plant cotton in the desert in the near future. 

Introduction 
In Egypt, increasing the yield of food and fiber crops is needed now to overcome the gap 

between production and human consumption. Intensive cropping systems and expansion in the 
desert are the most important procedures for increasing production. However, the new strategy is 
built on planting cotton in the desert. Therefore, cotton production needs a proper irrigation 
system which will save water while increasing yield and maintaining fiber quality. 

Henggeller ( 1988) and Radin et al. ( 1992) mentioned that drip irrigation often increased 
yield and water-use efficiency. Plaut et al. (1988) obtained maximal lint production by using drip 
irrigation of small quantities of water at high frequencies. Water application below the optimum 
reduced the yield and above the optimum enhanced the vegetative growth and plant height but 
reduced lint formation. Nawar et al. (1995) found that drip irrigation can maintain the fiber 
quality of commercial Egyptian cotton cul ti vars. 

The purpose of this investigation was to study the yield productivity of the Egyptian 
cotton cultivars under drip irrigation in sandy soils. 

Materials and Methods 
Two field experiments were carried out at Mansouria Farm, Giza govemorate, Egypt, 

over 1991-1992 seasons, using Egyptian cotton cul ti vars ( Gossypium harhadense L. ). In the first 
season, the experiment included eight cultivars, three are extra-long staple (Giza 45, Giza 76 and 
Giza 77) and the rest are long staple (Giza 75, Giza 80, Giza 81, Giza 83 and Dandara). In the 
second season the treatments consisted of four extra-long staple cultivars (Giza 45, Giza 76, , 
Giza 77 and Giza 70). The experimental soil is sandy. 
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The experimental design was complete randomized blocks with eight and four 
replications in 1991 and 1992, respectively. Plot data was taken from one row 68. 0 m long and 
0.7 m wide in 1991 and one bed 95.0 m long and l.2 m wide in 1992. Hill spacings were 25 cm 
on one side in case of rows and on both sides in case of beds. Thinning to two plants per hill was 
carried out after 40 days from planting. Sowing date was the first of April in both seasons. 

The following fertilizers were added to the experiment soil in addition to 50 m3 organic 
manure: 125 kg ammonium nitrate (33.5% N), 1000 kg calcium superphosphate (15.5% P20 5), 

and 500 kg potassium sulphate ( 48% K20)fha·1
• The fertilizers were blended with the soil to the 

depth of 30 cm. The land was plowed twice in opposite directions. The rows or beds were laid 
out from east to west. 

Drip irrigation lines were installed in the middle of the rows (one line) and on the beds 
(two lines). Drippers were spaced each 50 cm and the nominal flow-rate was 4 Lfhr·1 per meter 
length. Before planting, a heavy irrigation was applied in order to wet the soil to a depth of 50 
cm. Seeds soaked for eight hours were placed in holes at the rate of six seeds per hill. Drip 
irrigation started after 40 days of sowing, at rates which were estimated from calculated 
evapotranspiration values and the vegetative covering of cotton plants over the land surface. 

Fertigation was started when cotton plants were 60 days old and continued until the 
formation of first boll. Each two weeks the following fertilizers were applied: 60 kg/ha·1 

ammonium nitrate, 60 kgfha· 1 K-Mag (20% K : 10% Mg : 20% S), and 60 kg/ha·1 calcium nitrate 
(15.5% N: 20% Ca). Also, each 10 days 1 Lfha·1 phosphoric acid (85%) was injected. Foliar 
feeding was applied twice, at budding and at the beginning of flowering, by using five kgfha·1 

lrral (20% N, 8% P20 5, 16% K20 , 3% S, 1% Mg, 1% Mn, 0.1% Cu, 0.5% B, and 0.03% Fe) plus 
500gm/ha·1 Nervanid Zn 14% (EDTA), nervanid Mn 13% (EDTA) and Ferroplex 6% Fe 
(EDDHA). 

The characters studied were plant growth, yield components, yield of seed cotton, and the 
fiber quality. The data obtained were subjected to statistical analysis of variance according to 
procedure outlined by Snedecor and Cochran (1967) at the 0.05 level of probability. 

Results and Discussion 
Results presented in Table 1 reveal that there were significant differences among the 

Egyptian cotton cul ti vars regarding node number of the first sympodium. It was located at lower 
nodes for Giza 77, Dandara, and Giza 76; medium location for Giza 75 and Giza 81 ; and 
relatively higher position for Giza 45, Giza 80, and Giza 83. Generally, drip irrigation lowered 
this position as compared to furrow irrigation. This could be attributed to irrigation according to 
plant demands, good aeration around the roots. and balanced nutrition. With respect to final plant 
height, the most etiolated cultivar was Giza 45, while the other varieties produced normal 
heights. However, increase in plant height was mainly associated with number of nodes per 
plant and partially on internode length. This might be an indication that plant growth was 
associated with the increase of fruiting capacity of the cotton plants instead of rank growth. 
Similar results were obtained by Plaut et al. (1988). 

Number of open bolls per plant, seed cotton yield per plant, and seed cotton yield per 
hectare were significantly affected among cultivars in the 1991 season only, while boll weight 
was slightly affected in both seasons (Tables 2 and 3). Generally, the highest yield was obtained 
by Giza 77 in both seasons, followed by Giza 45, Giza 81 , and Giza 80 in 1991, while Giza 76 
produced an unexpected lower yield. In 1992, Giza 76, Giza 77, and Giza 70 gave 
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approximately equal yields, while Giza 45 produced a relatively lower yield. From another point 
of view, the number of plants remaining at harvest per hectare was extremely low in the 1991 
season, and around the normal means in the 1992 season. Increased production by individual 
plants seemed to largely overcome the decrease of plant population per unit area of more than 
40%. Drip irrigation must be highly efficient in order to produce yields that will cover the 
production costs, as mentioned by Henggeller (1998) and Radin et al. (1992). 

Tables 4 and 5 reveal that span length, uniformity ratio, and micronaire reading were 
enhanced by drip irrigation in 1991, while fiber strength was slightly altered. In 1992, span 
length and fiber elongation were slightly decreased in case of drip irrigation, while micronaire 
reading and fiber strength were increased. These results could be an indication that drip irrigation 
increased fiber maturity, while the rest of the fiber characteristics were maintained at about their 
normal values. This might be due to balanced irrigation, nutrition, and aeration through boll 
formation. Similar results were obtained by Nawar et al. (1995). 

Conclusion 
It could be concluded from the results that the extra-long staple cultivars seemed to be 

most promising for producing satisfactory yields in the desert by using a drip irrigation system, 
especially Giza 77. Better drip irrigation operation and fertigation has the potential to raise the 
yields to the five tons of seed cotton per hectare that are needed to make cotton production 
profitable. 
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Table I. The growth of Egyptian cotton cultivars as affected by drip irrigation in the 1991 
season. 

Egyptian cotton Node number of Final number of Final plant Length of 
cultivars first sympodium nodes/plant height (cm) intemodes (cm) 

Giza 45 6.1 ab* 29.1 a 131.3 a 4.5 

Giza 76 5.0 be 24.1 b 110.6 b 4.6 

Giza 77 4.2 c 22.8 b 89.4 e 3.9 

Giza 75 5.7 ab 21.9 b 106.6 be 4.9 

Giza 80 6.7 a 23 .9 b 92.0 c 3.9 

Giza 81 5.8 ab 23.1 b 104.8 be 4.5 

Giza 83 6.9 a 23.3 b 96.6 be 4.1 

Dandara 4.8 be 22.0 b 92.0 c 4 .2 

*The means followed by the same letter are not significantly different at the 0.05 level. 
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Table 2. Yield components of Egyptian cotton cultivars as affected by drip irrigation. 

Egyptian cotton Number of open bolls Boll weight (gm) Seed cotton 
cul ti vars yield/plant (gm) 

1991 1992 1991 1992 1991 1992 

Giza 45 16.5 b* 13.2 2.7 2.1 45.3 b 27.7 

Giza 76 13.9 b 16.0 2.6 2.0 34.9 c 32.0 

Giza 77 19.9 a 14.3 2.6 2.2 51.8 a 31.5 

Giza 70 - 14.3 - 2.2 - 31.5 

Giza 75 15.0 b - 2.7 - 40.7 be -

Giza 80 16.5 ab - 2.6 - 42.9 b -

Giza 81 15.9 b - 2.7 - 42.9 b -

Giza 83 15.2 b - 2.7 - 41.0 be -

Dandara 16.0 b - 2.6 - 41.6 b -

*The means fo llowed by the same letter are not significantly different at the 0.05 level. 
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Table 3. Plant stand at harvest and seed cotton yield produced by drip irrigation compared to 
the yield of Delta region produced by land irrigation. 

Egyptian cotton Plant stand at harvest Seed cotton yield Seed cotton yield 
cul ti vars (1000) ha-I (kg/ha-1) 1991 (kg!ha-1) 1992 

1991 1992 Drip§ Furrow+ Drip Furrow 

Giza 45 62.6 b* 102.8 2674 ab 1338 2956 1615 

Giza 76 67.1 a 105.4 2306 b 308 1 33 11 3557 

Giza 77 63.3 ab 104.6 3064 a 2279 3288 2919 

Giza 70 - 105.0 - - 3240 4010 

Giza 75 62.1 b - 2528 b 2508 - -

Giza 80 56.5 c - 2393 b 2699 - -

Giza 81 65.7 ab - 2854 ab 2201 - -

Giza 83 46.3 d - 1950 c 2875 - -

Dandara 60.9 b - 2459 b 2336 - -

§Seed cotton yield produced by drip irrigation. 
+Seed cotton yield produced by land irrigation in the Delta region. 
*The means followed by the same letter are not significantly different at the 0.05 level. 

841 



00 
~ 
N 

Table 4. Fiber characteristics of Egyptian cotton cul ti vars under drip and furrow irrigation in the 1991 season. 

Egyptian cotton Fiber length 2.5% Uniformity ratio Fiber strength, 
cul ti vars s. L. (percent) Pressley units, 

(mm) O" gauge 

Drip Furrow Drip Furrow Drip Furrow 

Giza 45 36.3 35.5 52.3 50.4 10.1 11.0 

Giza 76 37. l 35.6 52.6 50.0 12.0 11.5 

Giza 77 34.7 33 .8 51.0 50.3 11.3 11.2 

Giza 75 32.0 30.4 51..3 50.7 10.2 10.8 

Giza 80 31.2 30.0 50.3 49.7 9.9 9.7 

Giza 81 32. l 29.6 51.4 50.4 10.7 10.5 

Giza 83 31.7 29.2 48.3 48.0 9.6 9.7 

Dandara 30.6 29.0 50.6 50.3 9.4 9.5 

Micronaire 
reading 

Drip Furrow 

3.2 2.8 

3.9 3.6 

3.9 3.6 

4.6 3.8 

4.8 3.7 

4.7 3.9 
-

4.4 3.0 

4.2 3.3 
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Table 5. Fiber characteristics of extra- long staple cultivars under drip and furrow irrigation in the 1992 season. 

Egyptian cotton Fiber length 2.5% Uniformity ratio Fiber strength, 
cul t i vars s. L. (percent) Pressley units, 

(mm) O" gauge 

Drip Furrow Drip Furrow Drip Furrow 

Giza 45 34.0 35 .8 5.8 6.0 11.5 11.2 

Giza 76 34.2 35.0 5.5 6.1 11.7 11.3 

Giza 77 34.5 34.3 5.8 5.6 11.7 11.1 

Giza 70 35.0 33 .4 5.5 5.7 11.7 11.0 

Micronaire 
reading 

Drip Furrow 

3.7 3.0 

4.2 3.7 

4.3 3.6 

4.6 4.0 



Abstract 

SPRINKLER EVAPORATION LOSS IN THE NORTHERN 
COAST AL REGION OF EGYPT 

by 
M. Y. Tayel and S. I. Abdel Rahman 

Management of the available water resources is considered the key of sustainable 
agricultural development in the arid region. Four sites located along the northern coastal region 
of Egypt were selected based upon the presence of potential land resources for agricultural 
extension projects. Sprinkler is the most acceptable system for supplementary irrigation in these 
regions. 

Sprinkler evaporation loss as affected by pressure at the riser base (101.33-405.31 KPa), 
and nozzle diameter (2-14 mm) was calculated for the selected four sites (Port Said, Alexandria, 
Dabaa, and Marsa Matruh) throughout the four seasons. The water loss increased with increasing 
pressure, and decreased with increasing nozzle diameter. 

The selected regions could be arranged, according to the amount of water loss by 
evaporation, in the following ascending orders: Alexandria :S Port Said < Marsa Matruh < Dabaa; 
Alexandria :S Port Said :S Marsa Matruh < Dabaa; Port Said < Alexandria < Marsa Matruh < 
Dabaa; and Alexandria < Port Said < Marsa Matruh = Dabaa; during winter, spring, summer and 
autumn seasons, respectively. 

The nozzle diameter that cuts down the loss to 5% of the applied water varies not only 
with pressure but also from one site to another. Within the same site, water loss varies 
throughout the four seasons. 

Introduction 
The application of sprinkler irrigation systems in Egypt was in the 1950s in south Tahrir 

Sector (El Quosy, 1995). At that time, the area irrigated by sprinkler systems was almost 
equivalent to the total area irrigated by this system in the whole world. Recently, vast areas in the 
newly reclaimed land in the eastern and western sides of the Nile Delta are irrigated by sprinkler 
system. 

In the sprinkler system, a part of the sprayed water is subjected to evaporation and drift 
processes through its pathway from the nozzles to the soil surface. The main factors affecting 
water loss under sprinkler irrigation system are climate, water pressure, and sprinkler design 
(Christiansen, 1942; Merriam and Keller, 1978; Yazar, 1984; Faci and Becero, 1989, 1991; and 
Paz et al., 1991). According to El-Quosy (1995), a sprinkler system is not recommended when 
wind speed is more than 15 km/h. He added that water losses by evaporation are correlated 

positively with air temperature. 
El-Gindy (1995) mentioned that windy and extremely dry regions cause appreciably 

lower application efficiency. In field experiments conducted at El-Falouga site (West Nile 
Delta), water losses by evaporation and drift were measured by Tayel and Abdel Hameed (1995). 
The obtained results indicated that the losses varied and in the ranges of2.7-14.9, 7.2-34.0, 3.8-
22.2, and 5.0-32.7% of the total applied water depending upon the irrigation time in January, 



April, August, and September, respectively. They stated that a positive linear relationship 
significant at the 1 % level was obtained between water loss and the product of wind speed x air 
temperature. 

According to Ayers and Westcot (1976), a well designed sprinkler system must meet the 
crop-water requirement, the soil-water storage capacity, and leaching requirements. Pillsbury 
(1968) added that special on site-conditions and peculiarities of crops, soil, water supply, and 
climate must also be considered. 

The objective of the present work is to study the effect of pressure at the riser base and 
nozzle diameter on water loss by evaporation under sprinkler irrigation systems during the 
different seasons on some regions of the northern coast of Egypt. 

Materials and Methods 
Climatological data such as vapor pressure deficit, average wind speed at 1.83 m 

elevation (ms·1
) for the studied sites (Alexandria, Marsa Matruh, Port Said, and Dabaa), were 

considered according to Aboukhaled et al. (1975). Sprinkler evaporation loss was calculated after 
Trimmer (1987) during the year using the following equation: 

where: 

E = [l.980·0·
72 + 0.22 (es- e)0

·
63 + 3.6 x 10·4h1. 16 + 0.14W0·7] 4·2 

D =nozzle diameter= 2, 4, 6, 8, 10, 12 and 14 mm, 
es - e =vapor pressure deficit (K.Pa), 
h =sprinkler pressure at the base of the riser base= 101.33, 202.65, 303.98 and 405.31 

(K.Pa), and 
W =average wind speed at 1.83 elevation (ms·1). 

Results and Discussion 
Water loss by evaporation under sprinkler irrigation increased with increasing the 

pressure at the riser base. However, it decreased with increasing the nozzle diameter. This could 
be referred to the size of the water droplets, which affects their evaporation process while they 
are in motion through air. The obtained results at the studied sites can be presented as follows : 

Marsa Matruh: The data in Table 1 which are plotted in Figure I indicate that water loss 
by evaporation during winter exceeded that during summer. This may be due to the lower 
relative humidity (65.67%) and the higher wind speed (4.27 ms·1) during winter, compared with 
71.67% relative humidity and wind speed of 3.27 ms·1 during summer. Also, the water loss by 
evaporation in autumn was higher than that in spring since the mean seasonal temperature and 
wind speed were 21.47 and 17.5 C, and 3.29 and 3.95 ms·1 in the 1st and 2nd seasons, 
respectively. 

Dabaa: It is clear from the obtained data in Table 2 and Figure 2 that water loss during 
different seasons could be arranged in the following ascending order: autumn < spring < summer 
< winter. 

Alexandria: The water loss by evaporation under sprinkler irrigation system, Table 3 and 
Figure 3, during spring and summer seasons were equal. This may be due to the similarity of the 
two seasons in wind speed (2.95, 2.83 ms·1

) and in vapor pressure deficit (4.23, 4.93 mm Hg). 
The same trend was obtained in winter and autumn. 
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Port Said: The calculated water losses in Table 4 are illustrated in Figure 4. It is obvious 
that the water loss in spring is about the same as that in autumn. This may be due to the 
similarity in relative humidity (70%) in the two seasons. The loss during spring was slightly 
higher than that during autumn, since the product of wind speed x air temperature for the first 
season exceeded that for the second by 6. Tayel and Abdel Hameed (1995) found a positive 
linear relationship significant at the 1 % between water loss and the product of air temperature x 
wind speed. It is worthy to mention that water loss during summer and winter seasons was less 
than that during spring and autumn ones. Among the reasons for this are the lower product of 
wind speed x air temperature (50.53-59.80) and the higher relative humidity (72.33%) in the first 
two seasons compared with 63.12-69.20 and 70.00% in the second two seasons. 

Generally, the analysis of the obtained results reveal that at the same pressure (101.33-
405.31 KPa) and nozzle diameter (2-14 mm), the studied coastal sites could be arranged, 
according to water loss by evaporation, in the following ascending orders: Alexandria S Port 
Said < Marsa Matruh < Dabaa; Alexandria S Port Said s Marsa Matruh < Dabaa; Port Said < 
Alexandria < Marsa Matruh < Dabaa; and Alexandria < Port Said < Marsa Matruh = Dabaa; 
during winter, spring, summer and autumn seasons, respectively. 

Myers et al. (1970) concluded that evaporation loss from water droplets while in motion 
should not exceed 5% of the water applied. Therefore, at Alexandria site, the nozzle diameter 
should be > 2 mm and::::_ 6 mm at pressures of 101.33 and 202.65 KPa, respectively, during the 
four seasons. At 303.98 KPa pressure, only the 14 mm diameter nozzle can be recommended 
during winter and autumn. In Marsa Matruh, the nozzles having diameters of::::_ 4 mm and::::_ 8 
mm could be used during the four seasons at 101.33 and 202.65 KPa, respectively. The situation 
in Port Said is similar to that of Alexandria; in addition, the 6 mm nozzle can be used during 
winter and summer at 202.65 KP a. In Dabaa site, the nozzle ::::_ 6 mm can be used at 101.33 KPa 
during the four seasons in addition to the nozzle :::_ 4 mm during autumn. At 202.65 KPa, the 
nozzle must be ::::_ 8 mm to be used during spring, summer and autumn seasons. 
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Table 1. Seasonal water loss under sprinkler irrigation at Marsa Matruh as affected by nozzle 
diameter and pressure at the base of the riser (% ). 

Season Pressure Nozzle diameter in mm* 
KP a 

2 4 6 8 10 12 14 

Winter 101.33 15.62* 4.78 2.70 1.90 1.49 1.24 1.08 
202.65 26.69 9.60 5.95 4.45 3.65 3.16 2.82 
303.98 44.63 18.31 12.18 9.55 8.10 7.19 4.55 
405.31 72.29 32.98 23.20 18.85 16.39 14.81 13.71 

Spring 101.33 14.06 4.17 2.31 1.60 1.24 1.03 0 .89 
202.65 24.33 8.54 5.22 3.87 3.15 2.71 2.41 
303.98 41.11 16.55 10.90 8.49 7.17 6.34 5.77 
405.31 67.17 30.20 21 .08 17.05 14.78 13 .32 12.30 

Summer 101.33 15.28 4.65 2.61 1.83 1.43 1.19 1.03 
202.65 26.18 9.37 5.79 4.32 3.54 3.06 2.73 
303.98 43.89 17.93 11.90 9.32 7.90 7.00 6.38 
405.31 71.21 32.39 22.74 18.46 16.05 14.49 13.40 

Autumn 101.33 14.80 4.45 2.49 1.74 1.35 1.12 0.97 

202.65 25.45 9.04 5.55 4.14 3.38 2.91 2.60 

303.98 42.80 17.38 11.50 8.99 7.61 6.73 6.13 

405.31 69.64 31.53 22.09 17.90 15.54 14.03 12.97 

*Each number is the mean of the three months. 
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Figure 1. Seasonal water loss by evaporation under sprinkler irrigation as affected by pressure 
and nozzle diameter (Marsa Matruh). 
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Table 2. Seasonal water loss under sprinkler irrigation in Dabaa as affected by nozzle diameter 
and pressure at the base of the riser (% ). 

Season Pressure Nozzle diameter in mm* 
KP a 

2 4 6 8 IO 12 14 

Winter 101.33 22.78 8.09 5.00 3.79 3.08 2.67 2.39 
202.65 36.97 14.80 9.75 7.61 6.43 5.69 5.19 
303.98 59.23 26.28 18.26 14.73 12.75 11 .49 10.60 
405.31 92.65 44.85 32.54 26.98 23.80 21 .73 20.28 

Spring 101.33 16.51 5.1 5 2.94 2.08 1.64 1.37 1.20 
202.65 24.02 10.22 6.38 4.80 3.95 3.42 3 .06 
303 .98 46.60 19.31 12.92 10.17 8.65 7.68 7.02 
405.31 75.13 34.55 24.40 19.88 17.32 15.67 14.52 

Summer 101.33 17.02 5.36 3.08 2.19 1.73 1.45 1.27 
202.65 28.79 10.58 6.63 5.00 4.12 3.58 3.21 

303.98 47.73 19.89 13.35 10.52 8.96 7.97 7.28 

405.31 76.76 35.45 25.09 20.47 17.85 16.16 14.98 

Autumn 101.33 14.79 4.45 2.49 1.74 1.35 1.13 0.97 

202.65 25.44 9.03 5.55 4.14 3.38 2.92 2.60 

303.98 42.78 17.37 11.50 8.99 7.61 6.73 6.13 

405.31 69.60 31.51 22.08 17.89 15.54 14.02 12.96 

*Each number is the mean of the three months. 
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Figure 2. Seasonal water loss by evaporation under sprinkler irrigation as affected by pressure 
and nozzle diameter (Dabaa). 
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Table 3. Seasonal water loss under sprinkler irrigation in Alexandria as affected by nozzle 
diameter and pressure at the base of the riser(%). 

Season Pressure Nozzle diameter in mm* 
K.Pa 

2 4 6 8 10 12 14 

Winter 101.33 12.68 3.62 1.96 1.34 1.03 0.84 0.72 
202.65 22.23 7.59 4.57 3.35 2.71 2.32 2.05 
303.98 37.98 14.98 9.76 7.55 6 .34 5.59 5.06 
405.31 62.62 27.72 19.20 15.45 13.34 11.99 11.05 

Spring 101.33 13 .64 4.00 2.20 1.52 1.17 0.97 0 .83 
202.65 27.70 8.25 5.01 3.70 3.01 2.58 2.30 
303.98 40.19 16.08 10.55 8.20 6.92 6.10 5.55 
405.31 65.85 29.46 20.52 16.57 14.34 12.92 11.92 

Summer 101.33 13.88 4.09 2.26 1.56 1.21 1.00 0.86 
202.65 24.06 8.41 5.12 3.79 3.09 2.65 2.37 
303.98 40.73 16.35 10.75 8.37 7.06 6.23 5.67 
405.31 66.63 29.89 20.84 16.84 14.59 13.15 12.14 

Autumn 101.33 12.64 3.61 1.95 1.33 1.02 0.84 0.72 

202.65 22.18 7.57 4.55 3.34 2.70 2.31 2.05 

303 .98 37.90 14.95 9.74 7.53 6.33 5.57 5.05 

405.31 62.51 27.66 19.15 15.41 13.31 11.96 11.03 

*Each number is the mean of the three months. 
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Figure 3. Seasonal water loss by evaporation under sprinkler irrigation as affected by pressure 
and nozzle diameter (Alexandria). 
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Table 4. Seasonal water loss under sprinkler irrigation in Port Said as affected by nozzle 
diameter and pressure at the base of the riser (%). 

Season Pressure Nozzle diameter in mm* 
KP a 

2 4 6 8 10 12 

Winter 101.33 13 .1 7 3.81 2.08 1.43 1.1 0 0.9 1 
202.65 22.99 7.93 4.80 3.53 2.87 2.46 
303.98 39 .12 15.55 10.17 7.89 6.64 5.85 
405.3 1 64.29 28.62 19.88 16.02 13.86 12.47 

Spring 101.33 13.95 4.12 2.27 1.57 1.22 1.01 
202.65 24.1 7 8.46 5.16 3.82 3.11 2.67 

303.98 40.89 16.43 10.81 8.41 7. 10 6.27 
405.31 66.86 30.01 20.94 16.92 14 .66 13.21 

Summer 101.33 12.43 3.53 1.90 1.29 0.99 0.81 

202.65 21.84 7.42 4.45 3.26 2.63 2 .25 

303.98 37.40 14.70 9.56 7.38 6.20 5.45 

405.31 61.76 27.26 18.85 15.15 13.08 11.75 

Autumn 101.33 13 .86 4.09 2 .26 1.56 1.21 1.00 

202.65 24 .03 8.40 5.12 3.79 3.09 2.65 

303.98 40.67 16.32 10.74 8.36 7.05 6.23 

405.3 1 66.54 29.85 20.81 16.82 14 .57 13 .13 

*Each number is the mean of the three months. 
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Figure 4. Seasonal water loss by evaporation under sprinkler irrigation as affected by pressure 
and nozzle diameter (Port Said). 
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WATER USE EFFICIENCY OF CORN AND COWPEAS IN TERMS OF DRY 
MATTER (WUE0M) AND CRUDE PROTEIN PRODUCTION (WUEcp) 

by 
D. Marais, N. F . G. Rethman, and J . G. Annandale 

Introduction 
An animal's diet must be balanced in terms of carbohydrates, vitamins, minerals, and 

amino acids. Although vitamins and minerals are only required in small amounts, the animal's 
growth and reproduction can be severely affected when deficiencies occur (Van der Merwe and 
Smith, 1991). The protein needs of cattle vary from 0.2 kg crude protein day·1 for growing calves 
to 1.4 kg day·1 for mature bulls (Dickinson et al., 1990). Most grasses are not only low in crude 
protein content but also lack one or more essential amino acids. Using protein supplements, such 
as fishmeal, bloodmeal, and oilcakemeal, the daily needs of the animal can be supplied (Ranjhan, 
1993). These supplements are, however, usually very expensive. This is one of the main reasons 
why farmers produce their own carbohydrate (com, pearl millet, and fodder sorghum), and 
protein requirements (cowpeas and soybean). The big drawback with legumes is that they have a 
relatively low WUEoM in comparison with grasses (Hattendorf et al., 1988). 

The influence of water stress on WUEcp is not, however, clear. To clarify this, a trial was 
conducted under an automatic rain shelter on the Hatfield Experimental Farm of the University 
of Pretoria. 

Materials and Methods 
Com (Zea ways cv. SNK 2340) and cowpeas (Vigna unguiculata cv. Dr. Saunders) were 

planted in 5 m2 plots under an automatic rain shelter in December 1994. At planting, the soil 
profile of each plot was filled to field capacity. Soil water was monitored at 200 mm depth 
intervals with a CPN 503D neutron probe weekly. After planting, four irrigation levels were 
applied: 

WI =fill soil profile to field capacity weekly. 
W2 =apply 66% of the amount given to Wl. 
W3 =apply 33% of the amount given to Wl. 
W 4 = after establishing the crop, it only received minimal irrigation to dissolve and wash 

in nitrogen top dressing. 
At planting, each plot received 40 kg N ha·1 (LAN [28%]), 40 kg P ha·1 (super phosphate 

[8.3%]), and 40 kg K ha·1 (KCl [50%]). After planting, each plot received a top dressing of 40 kg 

N ha·1 every six weeks. 
Each treatment combination was replicated three times. 
The crops were harvested for silage as soon as seed reached the hard-dough stage. This 

criterion led to the harvest of com at 15 weeks, and cowpeas at 12 weeks, after planting. A 1 m2 

subplot was harvested from each plot. Plant samples were dried, milled through a 1 mm screen 
and used in the standard Kjeldahl procedure to determine the N content and hence the crude 

protein content. 
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Results 

Table I . Water use (mm) of com and cowpeas. 

Crop Irrigation level 

WI W2 W3 W4 

Com 789 643 463 255 

Cowpeas 59I 511 38I 284 

Table 2. Total plant dry matter yield (kg ha·1
) of com and cowpeas. 

Crop Irrigation level 

WI W2 W3 W4 

Com 20.7 I7.2 I4.3 4.7 

Cowpeas 5.7 4.8 4.5 1.2 

The WUE0 M (Figure I) was calculated from the water use (Table I) and total plant dry 
matter yield (Table 2). WUE0M of com was far better than that of cowpeas. There was a tendency 
of increased WUE0 M with an increase in soil water deficit (WI , W2 and W3). This was not, 
however, significant. Under severe drought conditions (W4), the WUEoM for both com and 
cowpeas was far less than that of the control (WI). 

Crude protein content for com and cowpea, by irrigation level, is shown in Table 3. 
The difference in WUEcP (Figure 2) between com and cowpeas was far less than in the 

case of WUEoM· The tendency of an initial increase in WUEcP was similar to the tendency shown 
in Figure I . Here again the tendency was not significant. Severe drought conditions (W4) 
resulted in a marked decrease in WUEcP· 
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Table 3. Whole-plant crude protein content (%) of com and cowpeas. 

Crop Irrigation level 

Wl W2 W3 W4 

Com 7 7 7 5 

Cowpeas 17 17 17 20 

Discussion 
In applying these results to a practical situation, economic statistics for local (South 

African) conditions (Combud, 1995) were used (Table 4). 
It is clear from this cost analysis that it is much less expensive to produce a ton of protein 

from cowpeas than to purchase a ton of protein concentrate, except under severe drought 
conditions (W4). Furthermore, while producing a ton of protein, one also produces 4.88 tons of 
dry matter that contains energy, minerals, and vitamins. The production cost per ton of protein 
from com is even less, but due to corn's lower crude protein content (Table 3), a protein 
supplement might be necessary to satisfy the animal's daily protein needs. Although non-protein 
nitrogen (NPN) sources can be bought at between $103-$198 per ton of protein, not all classes of 
animals can make efficient use of this source. But even if one would go for the NPN option, one 
would still have to provide the animal with an energy source. 

Conclusions 
It doesn't matter if WUE is given in terms of dry matter or crude protein, com still has a 

higher WUE. An increase in soil-water deficit did' not lead to a decline in WUEoM or WUEcp in 
either crop, but severe drought conditions did decrease WUEoM and WUEcP for both crops. 

If the animal could get all its nutritive requirements from com, then there would be no 
argument about choosing com, on the basis of its higher WUE, in terms of both dry matter and 
crude protein. This is not, however, the case, and the farmer will have to buy protein at between 
$465 and $1279 per ton of protein. On the other hand, the farmer can produce a ton of protein at 
$271 to $344 from cowpeas. When producing one's own protein, there is also the additional 
advantage of vitamins, minerals, and energy which are produced. 

Although WUE gives one a tool to decide which crop to plant in times of limited water 
supply, there are economic factors that will also play a role in choosing one fodder crop over 

another. 
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Table 4. A comparison between the cost of producing and buying crude protein. 

Crude protein source % Crude protein Production or 
purchase cost/ 
ton of protein 

Plant protein 

Cowpeas (WI) 17 $272 

Cowpeas (W2) 17 $344 

Cowpeas (W3) 17 $344 

Cowpeas (W 4) 20 $718 

Corn (WI) 7 $158 

Corn (W2) 7 $190 

Corn (W3) 7 $229 

Corn (W4) 5 $591 

Soybean oilcakemeal 44 $645 

Cotton oilcakemeal 40 $465 

Animal protein 

Fishmeal 60 $1279 

Bloodmeal 79 $641 

Exchange rate: $1 (USD) = R4.40 
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Abstract 

PASSIVE COOLING FOR BUILDINGS: AIR/EARTH HEAT 
EXCHANGE COOLING TUBES 

by 
Robert D. Perl and Melvin H. Johnson 

This empirical study examines one promising strategy for passive cooling of buildings. 
An experiment was designed to test if the thermal mass of the earth could be used to moderate 
the interior temperature of a building without placing the building underground. An apparatus 
was built to push ambient air through tubes buried in the ground. Warm air lost heat to the 
cooler, relatively stable thermal mass of subterranean soil as it passed through the tubes. Changes 
of temperature in the air and surrounding soil were recorded. Two PVC plastic tubes with 
diameters of 12 inches (30 cm) were buried 10 feet (3.05 m) below grade in semiarid Lubbock, 
Texas. A 1/3 horsepower blower was attached to each tube. Performance of a 100 ft. (30.48 m) 
tube and performance of a 200 ft. (60.96 m) tube were monitored for several years with an array 
of thermocouples. The tubes then were linked to make a 300 ft. (91.44 m) tube and monitoring 
continued. This paper compares performance of the three tubes by analyzing air temperatures 
along the length of the tubes and at their outlets. Soil temperatures are studied at several 
distances above, below, and beside the tubes. The effectiveness of the tubes at different times of 
day and season and the impact of yearly climate differences is also explored. 

Introduction 
In most of the inhabited world the underground soil temperature is cooler than the 

ambient air during the summer cooling season. Many strategies have been found to utilize this 
cool soil to add comfort to buildings. Earth/air cooling is achieved by either "direct" cooling, 
burying or partly burying a building in the ground, or by "indirect" cooling, circulating a fluid, 
usually air, through the underground and into a building. Both of these approaches have resulted 
in varying degrees of success. 

Recently there has been a renewed interest in passive cooling strategies and many 
buildings have been constructed utilizing earth contact cooling. Burying or partly burying a 
building is usually very costly and severely limits design and material choices, therefore indirect 
cooling research is suggested. Economic considerations further suggest the need for research to 
discover the least costly and shortest cooling tube that will be effective for a specific site. 

Experimental Apparatus 
In 1985 a 12 in. (30 cm) diameter PVC (polyvinyl chloride) plastic tube 100 ft. (30.48 m) 

long and a similar tube 200 ft. (60.96 m) long were buried with their centerlines 10 ft. (3.05 m) 
below grade in an open farm field. The tube material is non-corrugated, rated at 80 psi strength, 
and the joints are water tight. Vertical stacks of the same material are attached at each end; one 
for incoming air and the other for exhaust air. The stacks are insulated with 2 in. (5 cm) of rigid 
polystyrene to minimize the effect of earth temperature above 10 ft. The four vertical stacks are 
outfitted with shallow sump depressions at their bases. Very little water has accumulated. To 
move the air, blower boxes with 1/3 horsepower electric motors are mounted on the intake stacks 
and wind powered roof turbines are mounted on the exit stacks. Tempered exhaust air, which 
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would usually be discharged to a building, is discharged directly to the environment for this 
experiment. Installation techniques and methods were uniform. 

The tubes are arranged in two squares (Figure 1). Each comer is made of two 45° PVC 
elbows. The arrangement of the tubes is intended to facilitate combining the tubes to create a 300 
ft. (91.44 m) linked tube, providing the possibility of closed loop circulation, and reducing the 
area to approximate the layout of a backyard installation. 

In 1991 the 100 ft. tube and the 200 ft. tube were joined using a 12 in. diameter above 
ground metal duct (Figure 2). The exterior of the linkage was insulated with 2 in. of foil-faced 
rigid polyurethane and a 16 in. ( 40 cm) highly refl~ctive, metal duct. The old 200 ft. blower 
remained and now pushed air through the 300 ft. tube. An air flow rate of 400 cubic ft. per 
minute (189 Lis) was measured. To insure that this linked tube simulated the performance of an 
underground 300 ft., tube a study was conducted to determine if air temperatures changed 
significantly while passing through the linkage. It was found that air temperatures at each end of 
the connection were almost identical. Air temperatures varied only ± Yz0 over the sequence of up 
the stack, across the connection, and down the other stack even when the ambient air was up to 
20 F (11 C) hotter. 

Unlike the pragmatic homeowner application where the apparatus would likely be 
operated only when needed, in this experiment ambient air is blown through the tubes on a 
uniform schedule, from nine a.m. to six p.m. throughout the year. This is done to allow analysis 
of the tubes for winter pre-heating as well as summer cooling. 

Monitoring Procedures 
Dickson battery-powered 7-day circular chart recorders graph temperatures of the air at 

both ambient air intake and cooled air exhaust locations 24 hours a day. For this report, "exhaust 
temperatures" are air temperatures at the exhaust stacks measured 10 ft. below grade and 
"ambient air" temperatures are NOAA (National Oceanic and Atmospheric Administration) data 
for Lubbock, Texas. Type K nickel-chromium/nickel-aluminum thermocouple sensors planted at 
a number of stations along the tubes facilitate measurement of subterranean temperatures in, on 
and around the apparatus as the seasons progress. These thermocouple arrays have been sampled 
with a hand-held Omega 871 electronic thermocouple thermometer with one-tenth degree 
Fahrenheit resolution as many as four times each day: in the morning, before and after the 
blowers have started, and in the evening, before and after blowers have stopped. These 
temperatures have been recorded manually on paper tables, and later entered on computer 
spreadsheets along with the incoming and exhaust air temperatures. 

As shown in Figure 1 and Figure 2, the 200 ft. tube has thermocouples located along the 
tube at 33 ft. (station G), 66 ft. (station F), 100 ft. (station E), 133 ft. (station D), and 166 ft. 
(station C) from the intake stack; at the 100 ft. tube at 33 ft. (station A) and 66 ft. (station B) 
from the intake stack. Each array consists of thermocouples above the tubes at 3, 6, 8, 9 ft. below 
grade; below the tubes at 11, 12, 14 ft. below grade; beside the tubes at 1 ft. (Hz 1), 2 ft. (Hz 2), 4 
ft. (Hz 4) measured horizontally from the center of the tubes. Thermocouples are also positioned 
on the exterior surface (Outside), interior surface (Inside), and center of the tubes (Tube). A soil 
temperature background site (Mnd) consists of thermocouples at 3, 6, 8, 10, 11, 12, and 14 ft. 
below grade. 
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E 

Figure 1. Plan view of 100 ft. and 200 ft. tube configuration. Letters refer to temperature 
sampling locations. Mnd is the background temperature reference site. 

E 

Figure 2. Plan view of 300 ft. tube configuration. Letters refer to temperature sampling 
locations. Mnd is the background temperature reference site. 

All thermometers are checked periodically for accuracy using a scientific mercury 
thermometer. As thermocouple readings are at risk of being adversely affected by nearby 
television and radio transmitters, special efforts are made to shield the electronic thermometer. 

Some charts have missing data. These are the result of instrumentation failure or human 
error. The most common failures are broken solid conductor thermocouple wires. Occasionally 
data appears to contain anomalies or incorrectly recorded temperatures. This report includes · 
these infrequent discrepancies. In no case are recorded temperatures altered. 

All temperatures in this report, including NOAA ambient air temperatures, are sampled 
and plotted at three hour intervals starting at midnight. The graphs connect these points with 
straight lines and do not indicate any temperatures between points. The three hour interval does 
accurately capture the blower start time, 9 a.m., and stop time, 6 p.m. 

Monthly average air temperatures were collected from NOAA data for the years of the 
study (Figure 3). Monthly mean temperatures were usually close to the monthly mean base of 
the last 40 years, especially for summer months. June of 1990 was unusually hot, however, with 
16 days over 100 F (37.7 C). The June 1990 mean of84.4 F was 6.8 F (3.8 C) degrees hotter than 
the June monthly mean base. 
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Figure 3. 1985-1992: NOAA monthly average air temperatures. The June 1990 average was 
6.8 F higher than the 40-year average. 

Analysis Methods 
This is a report of some of our most significant findings. Comparisons are made; 

contrasts are shown. Critical temperatures are graphed and analyzed. NOAA air temperatures 
and tube exhaust temperatures are compared for different times of day and season for each tube 
length. Temperatures in, on and around the tubes are graphed. Soil temperatures at stations 
surrounding the tubes at different depths are shown. 

The performances for different lengths of tubes are compared for a mid-summer period 
during two years when ambient highs reached the 90s F (32 C+) (Figure 4). Note that when the 
blowers start, 9 a.m., the exhaust air temperatures are nearly the same for all tube lengths. By the 
time the blowers are turned off, 6 p.m., the 100 ft. exhaust temperatures are nearly 80 F; the 200 
ft. exhaust, about 75 F. Despite nine hours of use on hot days, the resulting 300 ft. exhaust air 
temperatures remain in the low 70s F (about 23 C). 

The tubes were operating through the record heat of June 1990 (Figure 5). The exhaust 
temperatures then were similar to those more typically seen in late summer (Figure 6). 

Graphs show the temperatures in, on, and around the tubes at blower start and stop times 
for typical days in July (Figures 7-10). Exhaust air temperatures are influenced by a number of 
different factors: a) the temperature of the incoming ambient air, b) the temperatures of the PVC · 
tubes, and c) the temperature of the surrounding soil. At most locations, the soil temperature 
increases during the summer. The heat transferred by this experiment adds to this natural 
increase. As a result of the warmer soil, each tube cools less later in the summer (Figures 11 and 
12). The cooling is caused by heat energy in the ambient (incoming) air being transferred to the 
subterranean soil. Heat is transferred in all directions out from the tubes. In the early cooling 
season the soil near the tubes is cooler than the soil at other sites in Lubbock at the 1 O ft. depth 
because cold air has been blown through the tubes in winter. By the end of the summer the soil 
temperature around the tubes has become quite warm due to transfer of heat from the air to the 
tube and surrounding soil. 
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Figure 4. July 15-30: Air temperatures at 100 ft., 200 ft., link, and 300 ft. tube exhausts. The top 
graph shows 1987 I 00 ft. and 200 ft. exhaust temperatures during blower operation (9 
a.m.- 6 p.m.) with NOAA ambient air temperatures. The middle shows 1992 200 ft. 
link and 300 ft. exhaust temperatures during blower operation with NOAA 
temperatures. The bottom graph shows the same 1992 exhaust temperatures displayed 
continuously. 
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Figure 5. June 28-July 5, 1990: After the record heat of June. Air temperatures at 100 ft. tube 
and 200 ft. tube exhausts reported continuously with NOAA _ambient air temperatures. 
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Figure 6. September 2-9, 1992: Late in the cooling season. Air temperatures at link (200 ft.) and 
300 ft. tube exhaust during blower operation (9 a.m. - 6 p.m.) with NOAA ambient air 
temperatures. 
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Figure 7. July 17, 1987, 6 p.m.: Temperatures of200 ft. tube and 100 ft. tube. The top graph 
shows temperatures 1 ft. from the center of the tube; middle, 2 ft. from the center of 
the tube; bottom, 4 ft. from the center of the tube. 
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Figure 8. July 17, 1987, 6 p.m.: Temperatures of 200 ft. tube and 100 ft. tube. The top graph 
shows temperatures above the tube; next, below the tube; next, beside the tube; 
bottom, surfaces of the tube. 
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Figure 9. July 22, 1992, 9 a.m.: Temperatures of 300 ft. tube. The top graph shows temperatures 
above the tube; next, below the tube; next, beside the tube; next, surfaces of the tube; 
bottom, 2 ft. from the center of the tube. 

870 



OF 

OF 

OF 

OF 

100 

g) • 
~ eo 

• • *=*=* • 0 .. 
70 &==i • ~ 
ED...._~~~~~~~~~~~~~--L_._J 

Amb G F ED C Link BA :n:J'Mnd 

*3ft *6ft +8ft 
.... 9 ft -e- Tube • In/Out 

100 

9) • ~ eo 

70 a==a=t~ • 0 • 
Amb G F E D C Link B A '.rJ:1 Mnd 

+ 11 ft -+-12 ft --- 14 ft -e- Tube • In/Out 

100 

9'.) • 
~ eo 

70 ·-=:j~ 
ED 

Amb G F . E D c 

+Hz 1 

9) • 

eo 

70 

-+-Hz 2 ---Hz4 

• 0 

• • • 0 

Link B A '.rJ:1 Mnd 

-e- Tube •In/Out 

• 0 • 0 
ED'--~~~~~~~~~~~~~-'---' 

Amb G F E D C Link B A :n:T Mnd 

-+-Outside ---Inside -e-Tube • In/Out 

9) • 

oF eo 
0 

70 • 
~ • 

oo'--~~~~~~~~~~~~~._.___, 

AmbG FED Cl..lnkB A'.rJ:JMnd 

+8ft -+-Hz2 +12ft -e-Tube •In/Out 

Figure 10. July 22, 1992, 6 p.m.: Temperatures of 300 ft. tube. The top graph shows 
temperatures above the tube; next, below the tube; next, beside the tube; next, 
surfaces of the tube, bottom, 2 ft. from the center of the tube. 
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Figure 11. June 5, 1992, 6 p.m.: Temperatures of 300 ft. tube. The top graph shows 
temperatures below the tube; next, beside the tube; bottom, surfaces of the tube. 
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Figure 12. July 20, 1992, 6 p.m.: Temperatures of 300 ft. tube. The top graph shows 
temperatures below the tube; next, beside the tube; bottom, surfaces of the tube. 
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Results and Implications 
Performance of the tubes varied little over recent years. Although air temperatures and 

cooling needs varied from year to year, the performance output of the tubes is relatively constant 
due to the comparative thermal stability of soil mass. In this experiment, the greatest cooling 
occurs over the longest length of tube. Heat seems to have been absorbed into the soil effectively 
through the entire length of the tubes. The tubes cool better in early summer when the soil 
temperatures are lower. Also, the tubes cool better in the moming before the apparatus and 
surrounding soil is warmed by the heat transferred from the ambient air. In this semiarid climate, 
no moisture problems have been observed. 

Clearly more empirical research is necessary, particularly in areas such as Lubbock, 
where summer soil temperatures are not very cool. Opportunities for further research include: 
comparing the performance of different tube materials, lengths, diameters, cross-sections, depths, 
layouts and flow rates. Might the thermal mass of rock beds or water tanks be used to enhance a 
cooling tube system? Consideration should be given to using thermostats and other control 
devices to maximize efficiency, blowing cool air through the tubes at night and in winter to cool 
down the tubes and surrounding soil, and turning the system off when results are counter
productive. Because incoming ambient air is frequently undesirable (too hot, polluted, humid, 
dirty, etc.), closed loop systems that return interior air to the tubes should be considered. Might 
the most appropriate locations for tubes be under buildings where the effect of summer sun is 
minimal? 
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WHITE SPACE, TERRA INCOGNITA, OR UNEXPLORED: THE HISTORICAL 
MAPPING OF THE WO~D'S DESERTS 

by 
Dennis Reinhartz 

For the child, in love with maps and prints . . .. Oh! How wide the world by lamplight! 

--Baudelaire 

The vast arid and semiarid lands of the various parts of the globe have been 
cartographically represented for millennia. However, until relatively recent times desert usually 
appeared on maps as an unlabeled connective tissue of white space, or they were designated as 
"terra incognita, "or "unexplored," contrasting to the detail accorded the more humid, 
interesting, hospitable, and productive surrounding regions on which much of human history 
unfolded. But increasingly in the past several centuries, the uniqueness and value of deserts have 
come to be appreciated by cartographers. 

Historically, although they were often and/or regularly contacted, the world's deserts were 
some of the last areas to be explored, exploited, comprehended and, therefore, mapped. For much 
of the human past, they were viewed primarily as climatically hostile arid and semiarid 
wastelands that formed barriers and frontiers. In addition to the comparatively late investigation 
of the deserts, the subsequently equally late cartographic delineation of them also contributed 
substantially to their general exclusion from human understanding and development. 
Consequently, the real and potential values-natural resources, routes, utilization (e.g., 
recreation), and beauty-of arid and semiarid lands only have been gradually realized. This was 
particularly the situation with the Europeans and others from non-desertic lands who were 
motivated largely by the limited objectives of fortune and glory during the ages of discovery, 
exploration and expansion. 

The empty spaces representing arid and semiarid lands on many early maps are good 
examples of what the noted historian of cartography, J. B. Harley, called the "silence" of maps. 
According to Harley, this silence is reflective ignorance and disregard, and these white spaces are 
"positive statements, not merely passive gaps in the flow oflanguage." 1 He postulates that 
"blank space" may be indicative of the ignorance of the cartographer, what he or she does not 
know. "Negative space" is what is not there in the sense that what is portrayed is not something 
else (e.g., a village), and the actual "silence" then is a deliberate omission. Similarly, maps may 
express approval or disapproval with the selection of what specifically is to be depicted, such as 
design, symbolization, color, etc. For example, symbols can be "silent" when they ignore the 
individuality of what they represent (e.g., mountains vs. the Atlas Mountains).2 Clearly, as 
pointed out by J. H. Andrews, an historian of cartography and a commentator on Harley's body 
of work, Harley wants students of the cartographic history and other viewers of maps to be 
critical and ask, "What is a map keeping quiet about?"3 

Maps are significant landmarks of historical development and human achievement. They 
summarize the scientific, technological, and intellectual standing of an era or people. They also 
are records of political and economic evolution. Utilizing Harley's framework, and other ideas on 
the "silence" of maps, this paper proposes to review in an historical perspective how deserts have 
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been mapped and what these maps tell us about their creators and the eras in which they were 
produced. They also reveal the cartographer's attitudes toward the arid and semiarid lands, and 
also what the consequences of this cartography have been for these dry areas. Examples from 
maps throughout time and around the world will be presented, but the paper will also concentrate 
more on the more broadly distributed printed maps from the last 500 years. As this conference is 
being hosted in the Greater Southwest of the United States, there will also be an emphasis on its 
desert cartography. 

It is perhaps proper to begin this survey with the desert representations on the maps of the 
founder of modem geography and cartography, Claudius Ptolemy (ca. 90-168) of Alexandria, 
Egypt. While his major work in this respect, the Geographia (Almagest), was completed and 
well-known during his lifetime, the earliest extant manuscript, in Arabic, we have of it today 
dates back only to the twelfth century, translated into Arabic and not retranslated into Latin until 
1406. Although in the Geographia Ptolemy gives instructions on how to map the known world, 
no original graphic models from his cartography have survived into the present. Thus, the first 
so-called "Ptolemaic maps" were drawn much later, according to these directions, and appended 
to the early printed versions of the Geographia in the late fifteenth and early sixteenth centuries.4 

On a 1490 Roman edition woodblock world map, which also demonstrates the Ptolemaic 
innovations of projection and a place-location grid (i.e., longitude-latitude) from the collections 
of The Newberry Library in Chicago, the Sahara Desert, styled Libya Interior, below the Atlas 
Mountains, and the Gobi Desert of Central Asia are shown classically merely as white spaces, 
indicating unknown terrain. On this and other versions of the same map, one from the Bodleian 
Library at Oxford University, the blank expanses are broken up and filled in only by the 
occasional generalized portrayals of rivers and mountains that were speculations rather than 
actual discoveries. These Renaissance cartographers of Ptolemaic teaching were reflecting not 
just their ignorance of these arid lands but also the vestiges of the Roman-Medieval worldview, 
which divided the earth according to climatic zone.s of habitation. According to the Romans, the 
Sahara region, the interior of which was unknown in the West even in the later Renaissance, was 
located in the regions of the "calida" and southern "temperata, " which largely were deemed 
uninhabitable. This situation is again accentuated on Martin Waldseemtiller's (1470-1520) 
superb, more-localized North Africa map from his 1513 Strasbourg edition of Ptolemy. 5 

The celebrated Muslim cartographer, Muhammed-ibn-Muhammed-al-Idrisi (1099-1164), 
probably was even more conversant with the writings of Ptolemy almost four centuries before 
Waldseemtiller. Working in Palermo, Sicily, under the protection of the Norman king, Roger II, 
al-Idrisi compiled a huge geography book and created a large map of the world for the king, 
engraved on silver in 1154-1161. Although the map was destroyed in ensuing Sicilian popular 
social upheavals at the end of Roger's reign, it has been reconstructed from surviving sketches. 
This map reflects al-Idrisi's knowledge of the Almagest and Islamic geography, as well as his 
personal travels from Spain across North Africa to Arabia and beyond. It also is an early 
example oflslamic-European fusion cartography.6 Yet, other than a few specific names ofreal 
or illusory places, the sketches and redone map reveal little more about the Sahara than do the 
Renaissance editions of Ptolemy. 

The earlier European mappers of the New World also displayed their ignorance of the 
arid and semiarid lands, which were avoided when possible. When, for example, by the middle 
of the seventeenth century France had come to dominate much of North American exploration, 
and with it the resulting map trade, Amerique Septentrionale by Nicolas Sanson d'Abbeville, the 
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Royal Geographer to King Louis XIII, depicted the state of French knowledge at that time. In the 
Greater Southwest, California has become an island, and the "R. de Norte" (Rio Grande) empties 
into the Mar Vermejo (Gulf of California) rather than the Gulf of Mexico. In addition to those 
originating with the entradas of Fray Marcos de Niza and Francisco Vasquez de Coronado in 
1539-1542, many other place names in New Mexico are indicated, but the capital of Santa Fe is 
located on the wrong side of the Rio Grande. The names of various tribes of Amerindians such 

' as the Apache and Navajo, are also scattered about.7 Despite its shortcomings, Sanson's map was 
one which dominated the last half of the seventeenth century. 8 

Almost a century-and-a-quarter later, the French Royal Geographer, Didier Robert de 
Vaugondy, completed his composite Carte de la Californie for the atlas of Denis Diderot's 
Encyclopedie (1770-1779) to show the evolution of the current geographic knowledge about Alta 
California and New Mexico. It reveals less than Sanson' s map and also contains more errors.9 

And the last major European map of the Southwest north of the Rio Grande, before the coming 
of the American explorers and settlers, was A Map of New Spain by the near-universal genius, 
Alexander von Humboldt. This map accompanied his Political Essay on the Kingdom of New 
Spain and was published in London in 1811. The data for Humboldt' s writings and map were 
gathered on an expedition to the New World in 1799-1804, which included research in Spanish, 
Mexican, and United States archives. The map perpetuated much Spanish misinformation and 
confusion and like previous maps leaves the desert interior essentially blank. Von Humboldt's 
work nevertheless remained a standard reference u'ntil the appearance of John C. Fremont's map 
in 1845.10 

An interesting method of the cartographers, to eliminate the white spaces and disguise 
their unfamiliarity and/or disregard of those geographic regions, and also to enhance the overall 
designs of their maps, was to often fill in the blanks with labels, cartouches, and artistic drawing 
of animals and various vignettes. On a manuscript Catalan world map of ca. 1450, the Sahara is 
populated artfully by potentates, Berbers and their tents, as well as a man riding a camel, all 
accompanied by labeling. Similar vignettes and markers are employed in the Asian areas of the 
map. On Jorge Reinel's (fl.1518- 1572) elegant Portuguese manuscript portolan chart (c. 1519) of 
Africa, only the tents appear, but with extensive tags on an almost lushly-colored background of 
the desert and its vegetation. Color shading without labeling also was skillfully used to fill in the 
Asian deserts. 

Among the Dutch cartographers was the formidable "father of the atlas," Abraham 
Ortelius (1527-1598). Ortelius created a map of the Ottoman Empire that left the Arabian 
heartland largely blank and placed his cartouche in the middle of the Sahara. His mythic
historical map of the kingdom of Prester John filled the deserts with labels and elephants. 11 Joan 
Blaeu's (1596- 1673) map, A.fricae, filled the Sahara space with place names, drawings of 
mountains, rivers and wild animals, and transected it with European-style colored boundary lines 
of both mythical and actual African kingdoms. ~e decorative cartouche of this map also 
cleverly covers part of the Arabian desert. 12 This practice of respected cartographers of the era 
like Blaeu and his friend, the renowned Herman Moll (1654 ?-1732)13 eventually caused the 
English satirist, Jonathan Swift, to quip: 

. . . geographers, in Africa maps 
With savage pictures fill their gaps, 
And o'er uninhabitable downs 
Place elephants for want of towns. 14 
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It was only in the nineteenth century, with the advent of greatly increased human 
interaction with the arid and semiarid environments, and with the development of more advanced 
technology, such as scientific surveying, that the world's deserts gradually were accurately 
mapped. Place names, trade routes, even railroads, both natural and artificial human-drawn 
boundaries, and available resources among all were more accurately delineated. Certainly, the 
complete "silence" of maps in this regard, as in the classic ensemble of Antonio de Herrera y 
Tordesillas,'5 was a thing of the past. 

At the dawn of the seventeenth century, Spain surely knew more and publicly revealed 
less about the New World than any other European power. In Seville in the Casa de Contracion, 
the "colonial Office of Commerce, sometimes called the 'House of Trade,"' there was "a master 
map created by individuals holding the posts of Pilot Major and Royal Cosmographer to reflect 
the discoveries being made in the king's new lands. This padron real, which consisted of a large 
wall map and a thick book of charts, was continuously updated as information was obtained from 
captains and pilots in the service ofSpain."16 But since the first voyages of Columbus, Spain 
also correctly considered this accurate geographical knowledge as a source of its power in 
maintaining a monopoly over large parts of the New World and therefore strove to keep it a 
"state secret." Consequently, most of the Spanish printed maps of this period are not much more 
than outline layouts, showing coastal detail and little else. Hence, Herrera keeps quiet about not 
only the arid and semiarid Spanish borderlands of the Greater Southwest, but also about the 
whole interior of the Spanish Americas. 17 Yet, it must be admitted that even within the context 
of the contemporary Spanish-American mapping, Herrera's extreme practice has to be considered 
a case of retrograde cartography. 

Given the absence of the Jesuits, who had a strong inclination for scientific cartography, 
and the extensive presence of the Franciscans, who did not, on the northern frontier of New 
Spain in the eighteenth century, this was one of the Spanish borderlands mapped almost solely 
by the military. A manuscript derrotero of 1778 was drawn by a Franciscan, Fray Juan Agustin 
Morfi, but under the direction of the Commandant General of New Spain, Teodoro de Croix, to 
accompany the report of a tour of inspection made under his leadership between 4 August 1 777 
and 17 February 1778. 18 Prior to the Mexican Revolution in 1821, there were numerous tours of 
inspection as Spain sought to resecure this frontier against English, French, Russian, and 
American imperialist interlopers. Typically, unscientific Amerindian and other local sources now 
are discounted, and only the surveyed route of the ,inspection and its immediate environs is 
depicted with the remainder of the unvisited territory being left blank on the map. Over the 
course of more than a century, when all of these reports and their maps were collated, a 
much truer picture of the region and its desert lands began to emerge. 19 

Samuel Augustus Mitchell's A New Map of Texas, Oregon, and California, published in 
Philadelphia in 1846, was a lithographic masterpiece designed for the increasing mass markets in 
the United States and Europe that were stimulated by the rapid growth of interest in the 
American West. It was particularly popular in American public schools and found many 
purchasers among immigrants. Texas, as a new state with all its claims, was shown as was the 
"Great Interior Basin of California." Displaying the results of the explorations of Lewis and 
Clark, Pike, Fremont, Emory, and others, this influential map both reflected and energized the 
American expansionist mindset of "Manifest Destiny" before the Mexican-American War.20 

John Charles Fremont of the United States Army Topographical Corps of Engineers led 
an exploration in 1842-1844, which carried out the first systematic survey of the Rocky 
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Mountain region. He also used accounts of mountain men, such as Kit Carson, as sources for his 
report and its accompanying Map of Upper Oregon and California. The map was drawn by 
Charles Preuss, published by the United States Senate in Washington, DC in 1845, and updated 
thereafter. In 1842, on the northern edge of the "Great Basin," Preuss said of his collaborator, 
"Fremont prefers this to every other landscape. To me it is as if someone would prefer a book 
with blank pages to a good story . .. . To deuce with such a life; I wish I were in Washington 
with my old girl. "21 But for the desert Southwest, ~hich they did not explore, the Fremont
Preuss map reflected their biases and perpetuated the ignorance and misconceptions of the Great 
Basin. The report and map nevertheless spurred the development of much of the West by settlers, 
speculators, railroaders, and gold seekers, while Fremont himself subsequently became 
prominent in California and in national politics.22 

Also, an officer in the U.S. Army Topographical Corps of Engineers, William H. Emory, 
was an explorer of the arid lands of the Greater Southwest, with several important expeditions to 
his credit. At times he served as the chief astronomer, commander, surveyor, and temporary 
commissioner of the Mexican Boundary Survey in 1849-1855, which revealed so much about the 
interior. His initial report and accompanying lithographed map, A Map of the United States and 
Their Territories Between the Mississippi and the Pacific Ocean and Part of Mexico, were 
published in Washington, DC in 1851 . This map clarified the boundary and some of the interior 
of the Southwest, but other areas, such as the Llano Estacado of Texas, continued to be labeled 
"unexplored."23 But true scientific accuracy came to the cartography of the American West only 
with John Wesley Powell and Almon Harris Thompson and the founding of the United States 
Geological Survey in 1879. 24 

Although accuracy is historically relative, mapmakers nevertheless found it difficult to be 
precise about the earth's arid and semiarid lands. Interest often was difficult to stimulate, good 
information was difficult to come by, and what information there was also usually colored by a 
composite of European concepts and other beliefs held by the cartographers' sources of 
information, the cartographers themselves. Even public tastes influenced the cartographic 
results. All this bequeathed the varying degrees of "silence" to these maps. 

The North American Greater Southwest, for example, was especially of a lower priority 
for mapmakers. The New World, and particularly the American West, were news.25 Any 
information about them was in growing demand, but exact information about apparently more 
valuable and exciting regions than the perception of a disappointing Southwest, came into greater 
demand by the public. In the map trade, therefore, the commercial impulse often won out rather 
easily over the quest for scientific verity. 

The neglect of the truer and more detailed pictures of deserts by cartographers in part led 
a still significantly-illiterate people to imagine them merely as vast, harsh, monotonous, and 
worthless wastelands at the ends of earth. Public opinion in tum influenced the priorities and 
policies of governments that accounted for the comparatively late thorough exploration and 
exploitation of these domains. The Southwest26 for instance, was thereby left more available to 
American imperialism in the nineteenth century. In the process, during this period of the ongoing 
cartographic silence and isolation of the region, relatively large Amerindian populations (e.g., 
Navajo) found refuge and survived there and culturally interacted with its Spanish-Mexican 
minority. But perhaps more importantly, this rather vague view allowed for the perpetuation of 
the European-Amerindian myth-history (e.g., ''Aztlan") of the Southwest that has contributed to 
defining the region today and its significant effect on contemporary American culture. 27 
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In conclusion, it is necessary to at least mention the contemporary, "high tech" 
cartography of deserts. Through the wedding of the technologies of computers and space flight, 
remote sensing today allows study and mapping, not only the deserts, but of all parts of the earth 
and space as never before. As technology continues to develop, research expands on the distant 
desert past, as previously little known or unknown ancient bodies of water, trade routes, cities, 
and much else become visible through the complex eyes of evermore sophisticated satellites, the 
cartographic "silence" on these fascinating lands is finally coming to an end. 
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THE DRYLAND FUEL CRISIS I: SMOKY FUELS, INADEQUATE STOVES AND 
FAMILY HEALTH IN THE NAVAJO NATION 

by 
Eugene B. Shultz, Jr., Wayne G. Bragg, Jack Whittier and Scott G. Haase 

The Problem 
About two-thirds of Navajos use scarce woodfuel and low-grade coal for home heating 

half the year, with coal used mainly at night to bank the fire. Typically, smoke leaks into rooms 
from old and faulty stoves and stovepipes. The consequences for family health are serious, and 
the impacts are biased to women and children. It appears that these facts are not adequately 
understood by many in the Navajo community, and so this may complicate resolution of the 
problem. Tobacco cannot be blamed. It is generally agreed that woodsmoke and coalsmoke are 
far more prevalent than cigarette smoke in the Navajo home. 

We focused on the Navajo Indian reservation in the United States, but the problem is not 
limited to that arid region. It is found in large parts of Africa, Asia and Latin America, especially 
drylands where the three major causes of human exposure to indoor kitchen smoke are: 
(a) smoky fuels (b) faulty equipment for cooking and/or heating, and (c) lack of understanding of 
the problem. 

Why hasn't much been done about this global problem? The principal obstacle, 
attitudinal as well as financial, is long-term poverty. Worldwide, the chronically poor burn 
smoky fuels in old, leaky stoves. So they suffer. They can't afford good stoves and fuels, and 
they often accept their hardships as natural. 

In the Navajo case, two corrective actions are usually mentioned. Neither has been widely 
implemented: 

(a) Repair or replacement of old leaky stoves and stovepipes to ensure that smoke is 
conducted outdoors. But this would not prevent the remaining woodfuel on the reservation from 
being consumed, driving up costs as woodfuel is increasingly imported from off-reservation. 

(b) Clean-burning commercial fuels, such as LP-gas (propane and butane) to avoid 
smoke. But for most Navajos, these fuels are far too expensive. One charitable organization 
tested this idea, but some of the recipients sold or pawned their new LP-gas equipment. 

We considered an unconventional clean-burning solid biofuel. We call it "carbohydrate 
rootfuel." It bums with very little smoke, so it can be burned in an old, leaky stove. It is made by 
sun-drying the fast-growing starchy (non-woody) roots of a southwestern wild melon plant, 
Cucurbita foetidissima. In the summers of 1994 and 1995, it was grown successfully under 
irrigation at New Mexico State University's agricultural experiment station in the northeastern 
part of the reservation, near Farmington, NM (Smeal et al. , 1995 and 1996). Rootfuel is still 
being researched, so it is not yet available commercially. 

We have reviewed the progress of our studies in previous papers (Shultz et al., 1994; 
Shultz and Bragg, 1995; Shultz et al., 1995a and 1995b ). Also, Smeal et al. (1995 and 1996) have 
reported technical details of their rootfuel production research on the Navajo reservation. Yields 
up to 11.5 Mg of dry biomass per hectare (5.12 ton per acre) were obtained in one season, 
depending on amount of water applied. This compares favorably with tests of biomass 
production in the plantationing of mesquite (Prosopis), also carried out in New Mexico, which 
yielded 6.0 Mg per hectare (2.7 ton per acre) (McKell et al., 1982). 
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Scope of the paper. After providing a background, we emphasize development strategies, 
including educational campaigns and assisted self-reliance programs that might cope with what 
some physicians call the last remaining major public health problem on the reservation (Abel, 
1994 ). A companion paper presented at this conference, The Dry/and Fuel Crisis II (Shultz et 
al.), reports on our similar work in drylands of Brazil and Mexico. 

Adverse Health Impacts of Indoor Woodsmoke and Coalsmoke 
Part of a global problem. The scientific literature is unequivocal. Whether data are 

collected in the New World or the Old, people exposed to woodsmoke are more likely to suffer 
than those who are not (Behera and Jindal, 1991; Collings et al., 1990; Kossove, 1982; Saksena 
et al., 1992; Smith, 1987; WHO, 1992). Smoke is especially hazardous to the health of infants 
and small children. Because older women have probably accumulated more time than men in the 
presence of smoke, they also are an especially vulnerable group. 

Smoke and CO cause different health impacts. Although smoke and carbon monoxide 
(CO) are produced together from wood and coal as products of incomplete combustion (PI Cs), 
the health impacts differ. Smoke has long been associated with respiratory and eye illnesses. 
Recent research at New York University indicates that woodsmoke constituents suppress the 
immune system so that respiratory pathogens cannot be easily defeated (Anon., 1995). 

Chronic exposure to low levels of CO is problematic in its own way, centering more on 
adverse reproductive outcomes (Behera et al., 1988; Saksena et al., 1992). CO is transferred 
across the placenta (Longo, 1970) and even low concentrations in the home can affect fetal 
development (Coultas and Lambert, 1991). Low levels of CO can also bring about cardiac events 
that are triggered by lack of oxygen in the blood (Coultas and Lambert, 1991 ). 

Geography, Climate and Demographics of the Navajo Nation 
On a semi-desert. The Navajo Nation is on the Colorado Plateau, a semi-desert according 

to McMahon ( 1985). Goodman (1982) calls it a combination of dry steppe and desert. The 
largest of the American Indian reservations, the Navajo Nation land is about the size of West 
Virginia, and larger than 10 states of the U.S. Its population is distributed over more than 25,000 
square miles (64,750 square kilometers) for a density of only 6.37 persons per square mile (2.46 
persons per square kilometer). Much of the land that is farmed or might be farmed is about a mile 
high, ranging from 2760 to 10,388 feet (841to3166 meters) above sea level. 

A very dry climate, but moderate in temperature. The climate is arid and semiarid. 
Summer temperatures are moderate, and highs of 36 C (97 F) are typical in July and early 
August. The growing season begins in May and extends into October. Fifty to 60 percent of 
precipitation occurs in the summer. The wettest month of the year is usually August, with about 
1 to 2 inches of rainfall. The driest is usually June, with a half-inch or less. Irrigation is essential. 

Two-thirds rural. and one-third townspeople. There are at least 155,000 Navajos residing 
on the reservation, and the majority (68%) are rural people. Small towns of 200 to 2000 persons 
are home to 11 % of the Navajos, and 21 % live in a few larger towns: Shiprock, NM; Tuba City, 
AZ; Chinle, AZ; Kayenta, AZ; and the Ft. Defiance, Window Rock, St. Michaels complex of 
three neighboring towns in Arizona (Census, 1990). Shiprock is in the northeast of the 
reservation, Tuba City in the west, Chinle in the central part, Kayenta in the north, and the three
town complex is in the south-central region. 

According to the Navajo Nation Profile (1993), the total Native American population of 
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the reservation in 1993 was estimated at 154,962. About two-thirds speak the Navajo language at 
home. Because of the method by which the 1990 census was taken, the population may have 
been undercounted. Informal estimates are as high as 200,000, we are told. 

Navajo Stoves 
Typical observations. Many stoves are fashioned from old steel drums that allow smoke 

to escape into the room. Other stoves are home-welded from ill-fitting steel plates. Old 
manufactured cast-iron stoves often are cracked, and stovepipes often do not fit properly. Smoke 
smudges on walls and ceilings give visual evidence of leakage. Few rural Navajos have LP-gas, 
and natural gas is available only in certain towns. 

Why are there so many old and faulty stoves? According to the 1990 Census, 57.4% of 
Navajo families were living below the poverty level, about one-third were on public/general 
assistance, and unemployment was at 27.9%. About half the homes lacked electricity and indoor 
plumbing, and over three-quarters had no telephone. Clearly, most Navajos cannot afford 
commercial fuels or even smoke-secure woodstoves, and so during the six-month heating season 
(October to April), they are chronically exposed to woodsmoke and coalsmoke, and probably 
low concentrations of carbon monoxide from smoldering coal at night. 

Old leaky stoves are just as much to blame for smoke exposure as woodfuel and coal. An 
important health-impact study of indoor smoke was conducted on Navajo Indians of the United 
States under the age of two years (Morris et al., 1990). It was found that children exposed to 
smoke were 4.85 times more likely to contract bronchiolitis and pneumonia than those who 
weren't. Surprisingly, presence of a woodstove in the home was an even greater risk factor than 
the presence of a sibling with pneumonia. In our opinion, the high odds ratio of 4.85 would have 
been much lower if the stoves had been smoke-secure. So the high value is partly due to the 
inherent health hazards of woodsmoke and coalsmoke, and partly due to Navajo inability to 
afford good stoves. 

Navajo Stovefuels: Wood and Coal Compared 
A majority of Navajos heat with wood or wood/coal. and wood is growing scarce. We 

calculate that about two-thirds of Navajos use wood, or wood and coal, for home heating and 
cooking in at least 24,000 occupied housing units (OHUs) (Shultz et al., l 995b). Based on a 
1970s field study of woodfuel usage (Russell , 1980), woodfuel use is now probably in excess of 
130,000 tons per year (Shultz et al., 1995b ). Much woodfuel comes from off-reservation. There 
seems to be little or no "dry" wood (dead and down) left on the reservation. 

Only dead and down wood can be legally taken (juniper, Gambel's oak, and pinon pine). 
Living trees are protected, but the ranger staff is small. Traditional Navajo culture bans the 
cutting of live trees, but we think that economic necessity may be driving many Navajos to do 
this. Russell ( 1980) found that common ownership of woodfuel resources had ceased in parts of 
the reservation in the 1970s, and many Navajos had begun to protect the trees on their own 
grazing areas, as a scarce resource. We believe the situation has worsened since. 

Wood fuel is not really a "free good," even if collected in the woodlands of the 
reservation. There are opportunity costs and monetary costs associated with using a pickup truck, 
which may have to be driven for substantial distances to find woodfuel, often to off-reservation 

sites. Also, chainsaw accidents do occur. 
Coal is also widely used, probably by a majority of Navajos. An early study found that 
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over 60% of Navajos burn low-grade coal (sub-bituminous Band C) as well as wood (Wood et 
al., 1979). Typically, it is used in large lumps to bank the fire overnight, and wood is used by 
day. Therefore, coal lumps tend to smolder through the night and produce CO. Some Navajos 
told us that coal "smells," or it "soots up the chimney" or that they prefer woodfire because it is 
traditional. But we believe that many turn to coal due to its low cost. If registered Navajos go to 
mines at posted times with a pickup truck, they can fill the truck free of charge or for a nominal 
charge. Mines are in the north, northeast, and southeast of the reservation. Coal usage is probably 
increasing because of its low cost and the growing shortage of dead and down wood. 

Health Hazards Compared: Woodsmoke vs. Coalsmoke 
We are concerned about Navajo coal more than wood. Smoke from sub-bituminous 

Navajo coals may be more problematic than woodsmoke. The World Health Organization (1992) 
states that "coal seems to represent a substantially worse health hazard than most biofuels." The 
high inorganic (minerals) content of these coals (20 to 25%) includes certain "hazardous and 
polluting" elements (HAPs) which could pose health hazards if present in large enough 
quantities. Examples are small percentages of compounds of elements such as mercury, lead, 
uranium, arsenic, copper, and cadmium. Much of the fine ash is respirable. The HAPs are mainly 
a problem of coal, and are less important in wood ash. Further, the typical practice of burning the 
coal at night risks exposure to CO when the entire family is home, sleeping. 

Clearly, neither coal nor wood should be burned in household stoves unless the stoves are 
EPA-approved, maintained in excellent condition, and equipped with secure stovepipes and 
chimneys. But few Navajos can afford such good equipment. Also, we have observed that a large 
amount of very light ash is produced when these low-grade coals are burned. A significant 
portion of this ash is respirable, and tends to blow out into the room when the stove door is 
opened to insert more fuel, and during the ash rempval process. In short, it is likely that the coal 
produces more ash and more potentially-hazardous ash than woodfuel. 

Respiratory illnesses, a serious problem for Navajos. These are the fourth leading cause 
of Navajo mortality (IHS, 1994), as well as unusually high admissions to Navajo Indian Health 
Service hospitals. Respiratory diseases are the leading illnesses causing hospitalization (IHS, 
1994), and the third leading cause of outpatient treatment, with more than 149,000 visits in 1994 
(NAIHS, 1994) a remarkably large number for a population between 155,000 and 200,000. 

Pediatricians at the Navajo Area Indian Health Service are aware of the hazards of 
woodsmoke to children. Mothers of babies with bronchiolitis and pneumonia are routinely 
advised to take their babies to stay with relatives having central heating, according to Dr. Louise 
M. Abel, a physician at the Northern Navajo Medical Center in Shiprock, NM (Shultz et al., 
1995b ). Dr. Abel cares for many elderly patients with lung disease who deteriorate during the 
winter partly due to wood and coal use. Each winter, asthma patients face more attacks, 
emergency room visits, more medication, and hospitalization. While "flu" season causes some of 
the deterioration, Dr. Abel feels that chronic exposure to woodsmoke and coalsmoke is the main 
culprit (Shultz et al., 1995b ). 

The question of chronic low-level exposure to CO during the nights of the six-month 
heating season. It may be that the use of coal in old leaky stoves under reduced-draft conditions 
produces CO concentrations high enough to cause low birthweight and perhaps even worse 
reproductive outcomes. This possibility must be taken seriously. If as many as two-thirds of the 
Navajo people (the users of wood and coal) are indeed being exposed to low-level CO during 
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their sleep for half the year, the health effects could be important. 

A Potentially-Important Intervention: Clean-Burning "Rootfuel" 
Rootfuel is a non-woody carbohydrate biofuel. Rootfuel is a solid carbohydrate fuel, 

about two-thirds starch and one-third cellulosic fiber (dry basis). It is simply made by drying the 
taproots of certain dry land plants of the family Cucurbitaceae. It can be quickly dried to a much 
lower level of moisture content than seasoned wood. Also unlike wood, rootfuel contains a very 
small amount of lignin, a major source of smoke from woodfuels. Rootfuel has been under 
investigation by two of us (Shultz and Bragg) since 1985, mainly overseas. 

Rootfuel has combustion advantages over wood. Because rootfuel is not woody, its 
combustion properties are different from and better than those of wood. If rootfuel is dry and is 
not starved for air, it can be burned with virtually no smoke and more slowly and efficiently than 
wood. Rootfuel's much lower lignin content, and its ability (unlike wood) to quickly lose almost 
all of its moisture are the two keys to its advantage over woodfuel (Shultz et al., 1995b ). Even 
seasoned woods contain much moisture after a year, about 20%. This promotes smoldering and 
smoke production. By contrast, rootfuel can be dried to a few percent of moisture in a few days 
or weeks, depending on air temperature. 

Strategic Analysis 
Should action be taken? There are at least three reasons to take action without delay: 
1. To limit the unnecessary suffering of Navajos. The majority of Navajos are at risk. 

Continued use of low-grade coals in faulty stoves probably may have more serious health 
consequences than woodfuel usage. But if coal is phased out, this will put even more pressure on 
the failing woodfuel supplies. Currently, household use of coal with all its attendant health 
consequences is taking significant pressure off the remaining woodlands of the Navajo Nation at 
a high health cost to the Navajo people. 

2. To diminish the cost of the Navajo suffering to U.S. taxpayers. Medical treatment for 
avoidable coalsmoke and woodsmoke-related illnesses is significant. Public funds are being 
spent to treat these illnesses at Indian Health Service hospitals which are funded by the taxpayers 
of the United States, through the Public Health Service. 

3. To stop the tree-loss on the reservation. Increasingly, woodfuel must be imported from 
off-reservation at higher costs. Trees are an important economic resource for the Navajo Nation, 
and a shortage is developing. Long-term costs to Navajos will be serious. Reforestation of 
drylands is expensive. 

Self-help programs are beneficial but have their limits. There are some immediate self
help measures that Navajos can take, inexpensively, individually as well as cooperatively, to 
repair faulty stoves and stovepipes. But first, Navajo awareness must be enhanced, and they must 
learn about practical steps to mitigate the problems with minimal repair skills at reasonable cost. 

However, there are practical limits to the extent of self-help commitment that can be 
expected from the poor majority of the Navajos. Their financial resources are certainly meager, 
so they cannot be expected to purchase many supplies or tools. Their experience in mechanical 
repair may also be limited. They are often fully occupied with trying to get along from one day to 
the next, so some may resist a self-help program that makes heavy demands on their time for 
reasons they don't fully grasp. They will need technical and financial assistance which will need 
to be funded by tribal, state or federal government agencies, and/or charitable organizations (see 
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section below on Assisted Self-Reliance). 
Subsidization of public programs should be considered for three reasons. If this problem 

cannot be mitigated through charitable activities alone, there are at least three arguments for 
public subsidies to attack the problem. 

1. Most Navajos are in poverty. The most needy Navajos, unable to afford better stoves, 
continue to live below the poverty line. This seems very likely to continue. To expect these 
people to invest in better stoves is not practical. 

2. Navajo trees must be protected as an economic resource. The trees on the reservation 
are still valuable but the resource is dwindling, and it is essentially irreplaceable. Costs of 
replacement would be excessive. 

3. The subsidies will be recoverable to some extent. A portion will be recovered through 
lowered costs of services at Navajo IHS hospitals. 

Is the semi-desertic Navajo reservation a good place to grow rootfuel? Yes. Land with 
good soils, suitable for irrigated agriculture, is about a mile high here. So summer temperatures 
are moderate, and this is preferred by the exemplary rootfuel species, Cucurbita foetidissima. 
Although it requires less water than corn, irrigation is essential, and ample water is available 
from the San Juan River Project in the northeast of the reservation near the largest Navajo town, 
Shiprock, NM. Some other surface water is CJ.lso available in several locations. For example, 
centrally-located Many Farms has a reservoir and a cooperative farm. However, at this time large 
quantities of water cannot be provided anywhere but in the San Juan River valley (Shultz et al., 
1995b). 

But water impoundments and aquifers will need to be developed on the Arizona side of 
the reservation. Much water escapes. If more could be captured, irrigated agriculture might be 
developed in many locations in the bulk of the reservation, within Arizona. For example, the 
Little Colorado River might be further developed in the southwest. In addition, there are large 
aquifers that might be tapped for agriculture. Slightly saline water is available at Kerley Valley, 
near fast-growing Tuba City, the reservations' second largest city, and Cucurbitafoetidissima can 
tolerate some salinity. Tuba City has no nearby woodlands and depends on imported woodfuel 
(Shultz et al., 1995b ). 

Integrated strategies should be developed. The following is such a strategy, comprised of 
four related elements. It attempts to deal with the urgent need to minimize indoor smoke while 
wood and coal are gradually replaced by clean-burning rootfuel, a process which will require 
some years to implement. Its ultimate goals not only include the alleviation of Navajo suffering, 
but also the conservation of Navajo trees, an important economic resource. 

1. Repair or replace leaky stoves. Limit indoor smoke from coal and wood as much as 
possible, even though the stoves cannot be brought up to EPA quality by repairs. Irreparable 
stoves can be replaced with older repaired stoves that are not as likely to be sold or pawned as 
new ones. Organize assisted self-help projects to recommission reparable stoves at minimal cost. 
Organize public education campaigns for awareness, commitment, and training. Seek charitable 
funding and government subsidies as needed, and involvement of non-profit agencies. But stove 
repair will not solve the tree-loss problem. It won't prevent remaining Navajo woodfuel from 
being consumed, driving up its cost. 

2. Subsidize extra cost of imported woodfuel, temporarily (preferably hardwoods that 
produce less smoke). Until rootfuel can become commercially available, import extra woodfuel 
to the reservation from places where wood is in abundant supply, so that Navajo woodfuel can be 
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conserved. A void smoky softwoods, if possible. The higher shipping costs for imported wood 
will probably have to be subsidized, along with the costs of stove repair. 

3. Replace woodfuel with Navajo-grown rootfuel. Complete the domestication of 
Cucurbita foetidissima for eventual production of rootfuel at many places on the reservation. 
Move into production as quickly as possible, beginning in the Shiprock area where ample water 
is available from the San Juan River. 

4. Expand Navajo irrigation capacity. The market price of biomass fuel is very sensitive 
to shipping costs. The reservation is large and the population is well distributed, but irrigation 
water is available in quantity only near Shiprock. Rootfuel shipping costs will create a demand 
for irrigated fields in the Arizona part of the reservation, to serve its major population centers 
with rootfuel. This will be an investment opportunity, not just for rootfuel, but for a large 
expansion of Navajo agriculture into many other new crops. Tribal government or the private 
sector might invest. 

Educational Campaigns: Communicators and Venues 
Choosing communicators. The principal communicators should never be non-Navajos, 

unless they have a relevant professional qualification, such as a medical degree. Further, the 
household indoor smoke problem concerns Navajo women, primarily. They are the major 
stakeholders, and in this culture women are most influential in matters that affect the home. 
Further, mature women are more likely to command respect than younger women. 

Since about two-thirds of Navajos speak the Navajo language at home, and older and 
more traditional Navajos have limited English fluency, it is important that communicators be 
bilingual. Therefore, the preferred communicators should probably be well-informed, bilingual, 
mature Navajo women. 

Community Health Representatives. These· visiting public health nurses are employees of 
the Navajo Tribal government, and drive to even the most remote parts of the reservation to 
provide health care. They might be trained to give counsel on how to cope with indoor smoke, a 
problem that is familiar to them. 

Chapter Houses. The Navajo Nation is organized into 110 Chapters. On average, there are 
about 1400 persons in each (Census, 1990). In addition to their formal functions , Chapters might 
be thought of as socio-political community organizations that help to unite members who in most 
cases live far apart. For example, when the heating season approaches, it is common for Chapters 
to organize parties to obtain woodfuel for elderly members. Frequent meetings are held in 
Chapter Houses, so these might provide effective venues for receiving and considering 
information on smoke hazards and how to mitigate them. Chapter Houses have VCRs and can 
show videos to initiate discussions. 

Electronic and print media. Several are available. The Navajo Nation TV Network is 
growing, and often schedules public service programming. Although about half the homes lack 
electricity, many Navajos watch TV powered by automobile batteries. Some AM radio stations 
broadcast in the Navajo language, which is spoken by most of the people. Newspapers read by 
Navajos are published in all the major cities at the edges of the reservation, such as Farmington, 
NM; Gallup, NM; and Flagstaff, AZ; and in some Navajo towns. 

Schools. Educational packets can be prepared for elementary and secondary schools on 
the reservation, including short videos appropriate to several grade levels. The packets would 
contain background information for teachers, illustrated materials for students, discussion 
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questions and other small-group activities, classroom posters, and items.that children can take 
home to parents to show. These awareness-raising materials would be designed to aid teachers in 
achieving their learning objectives for their students. 

Flea markets. Navajos frequently go to "flea markets" in reservation towns to buy and sell 
used goods, and for social reasons. An informational booth or kiosk might be rotated between the 
major flea markets of the reservation. A bilingual Navajo woman should be in attendance to 
answer questions. Older Navajos are likely to be more fluent in spoken Navajo than in spoken or 
written English. Communication strategies for flea markets should include the spoken Navajo 
language, recorded and live, as well as visual media such as photos and videos, to ensure that 
elders will not be left out of the communication process. 

Hospital waiting rooms. There are numerous hospitals and clinics of the Navajo Area 
Indian Health Service (NAIHS) that provide free medical care for registered Navajos. Because 
the NAIHS is understaffed, it is typical for Navajos to spend hours per visit in hospital waiting 
rooms, watching the television. Public service videos on the indoor smoke problem can be 
included in the programming. 

Assisted Self-Reliance (ASR) Programs 
Assisted self-reliance (ASR) programs hav~ been organized successfully to deal with 

similar needs (Uphoff, 1988). In this case, ASR activities would focus on stove and stovepipe 
repair to minimize smoke leak.age. ASR programs are often organized at the local level by 
experienced non-profit, non-governmental grassroots support organizations, with full input from 
the local people. These non-profit agencies bring technical and financial assistance to families 
and communities committed to self-help and willing to supply their own labor, but perhaps 
lacking tools, skills, or money for repair parts and supplies. Training is given, tools loaned, and 
materials and supervision provided. 

A possible model might be the highly respected non-profit organization, Habitat for 
Humanity. To the extent that it is capable, the Tribal government could help with the expenses, 
but most of the funding would probably have to be sought off-reservation, through charitable, or 
state and federal government grants, and from corporations interested in the well-being of the 
Navajo people. 

Conclusions 
We have studied the problems of indoor air pollution from woodsmoke and coalsmoke in 

Navajo homes. Most Navajos are at risk of smoke-related illnesses. It is widely conceded that 
respiratory illnesses caused by burning wood and coal in old, leaky stoves is significant. 
Coalsmoke may be more problematic than woodsmoke. Of all diseases, respiratory illnesses 
cause the most hospitalizations of Navajos, mainly in publicly-funded facilities of the Indian 
Health Service. 

The need to cope with indoor smoke in Navajo households is health-driven by 
unnecessary suffering of many Navajos, especially older women and small children, and costly 
medical treatment for avoidable smoke-related illnesses. The need for a woodfuel replacement is 
driven by a worsening woodfuel shortage on the reservation. We have developed a four-point 
integrated strategy for resolving the problem, perhaps the last remaining major public health 
problem on the reservation. 

The strategy calls for a public education campaign about the need, an assisted self-
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reliance (ASR) program to help Navajos repair stoves, measures for gradually phasing out the 
use of coal and woodfuel, and replacing it with cleanbuming "rootfuel," made by drying the 
starchy taproot of a plant that can grow on the Navajo reservation, under irrigation. The technical 
feasibility of growing this plant on the semi-desertic reservation was demonstrated in 1994 and 
1995, in the northeastern part of the reservation where irrigation water from the San Juan River is 
abundant. 

However, water is scarce in the central and western parts of the reservation, on the 
Arizona side. The main technical and investment challenge will be to develop irrigation 
infrastructure here, but this will also stimulate agriculture in g·eneral and create new jobs for 
Navajos. 
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THE DRYLAND FUEL CRISIS II: SMOKY FUELS, INADEQUATE STOVES AND 
.FAMILY HEALTH IN NORTHEAST BRAZIL AND CENTRAL MEXICO 

by 
Eugene B. Shultz, Jr., Wayne G. Bragg, Tania Maria Doria de Sousa Santos Barros, 

Juana del Real Sanchez, Alcides Camargo Ribeiro and Ana Lucia M. Loureiro 

Introduction 
A three-part problem. In this study we focused on certain villages in Brazil and Mexico, 

but the problem is not limited to those nations. It is found in large parts of Africa, Asia, and Latin 
America where the three major causes of human exposure to indoor kitchen smoke are (a) use of 
smoky fuels, (b) use of faulty cooking equipment, and (c) a lack of understanding of the problem: 

Smoky fuels . The burning of all tree species is inherently a smoky process. Some species 
produce more smoke, some less. Because less-smoky tree species are now usually scarce, many 
cooks use woodfuel replacements, all smoky, and often smokier than wood (shrub branches, com 
cobs, cornstalks, dungcakes, dried weeds, etc.). 

Indoor three-stone fires. and faulty stoves and chimneys. The former have no chimneys, 
and most of the latter are inadequate in design or poorly maintained. Ventilation is usually poor. 
Therefore, smoke is not adequately removed from the kitchen. 

A lack of understanding ofthe impacts of smoke on health. and how to avoid the impacts. 
Some cooks and the adult male members of their families are aware of the health hazards of 
kitchen smoke. But to many, if not most, the connection between health and smoke may be very 
unclear, as is knowing what to do about it. 

Socio-economic background. Poverty is basic to this problem. If people were not so poor 
they could bum less-smoky fuels and have stoves and chimneys that are more smoke-secure. 
Then they would enjoy better health. But this is not the dominant case. Most humans are poor. 
The dry land fuel crisis, therefore, is a problem that impacts upon a very large portion of the 
world's population. 

Less-smoky species of woodfuel are now hard to find, but inhabitants need a way to cook 
their typical foods (grains and roots), which must be cooked to be digestible. So to feed 
themselves, poor families experience serious respiratory and eye illnesses, gender-biased to 
women and small children who spend more time in kitchens than men. Younger wives and 
families with more children of appropriate age can walk longer distances to scavenge for wood 
that produces less smoke. The older and the infirm cannot do this. 

Technical background. Kitchen smokes differ in chemical and physical properties, and in 
combustion characteristics. Different types of smokes, all dangerous but in different ways, are 
emitted from combustion of hard and soft woods, resinous shrubs, dungcakes, dried leaves and 
weeds, and crop residues. A research report in Science (Anon. 1995) states it succinctly: 

. . . wood smoke is a witch's brew of carcinogens, including 
aldehydes and polycyclic aromatic hydrocarbons, carbon 
monoxide, and organic particles less than 10 microns in diameter 
... implicated in increased morbidity and mortality. . .. 

Smoke contains a diversity of chemical products of incomplete combustion (PI Cs) that 
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are greenhouse gases, and bad for human health. Some smokes contain quantities ofhighly
irritating small molecules. Other smokes carry large amounts of black carbon, or fine gray 
particulates (ash from the fuel's mineral matter). These variations are caused by differing 
amounts of resinous materials, lignin, and minerals present in woodfuels and crop residues; the 
dryness of the fuel; and the amount of air that the fire receives. All smokes are not the same, and 
the differences are determined not only by fuel properties but also by the way that the fuels are 
burned, and this depends on mechanical and human factors. 

Smoke and carbon monoxide (CO) are usually associated with each other because they 
are both products of incomplete combustion (PI Cs). In practice, incomplete combustion is the 
usual case and complete (smokeless) combustion of traditional solid fuels is virtually non
existent. Even seasoned woods contain substantial amounts of moisture and this tends to promote 
smoldering and smoke. All wood contains lignin, the biochemical component of wood from 
which most of the smoke is produced. 

If we restrict the draft of a stove to make the fuel bum more slowly, we limit the amount 
of oxygen and promote incomplete combustion. Short chimneys may not create enough draft to 
pull the smoke and CO out of the house. Obviously, old and poorly maintained stoves and 
stovepipes, or three-stone fireplaces without chimneys, will fill the room with smoke and low 
concentrations of CO. If smoky fuels must be burned, probably the worst way to do it is in a 
three-stone fire inside a house. A good stove should be used, equipped with a secure stovepipe 
and chimney that will induce a good draft and minimize the PICs. Such equipment is 
unaffordable by the poor. 

The Adverse Health Impacts of Smoke From Traditional Solid Fuels 
The message of the published literature is unequivocal. Whether data are collected in the 

New World or the Old, people exposed to woodsmoke are more likely to suffer respiratory and 
other diseases than those who are not (for example, Behera and Jindal, 1991; Collings et al., 
1990; Kossove, 1982; Saksena et al., 1992; Smith, 1987; WHO, 1992). Older women and small 
children are especially vulnerable in any culture. Chronic exposure to low levels of CO is 
problematic in its own way, centering more on adverse reproductive outcomes (Behera et al., 
1988; Coultas and Lambert, 1991; Saksena et al. , 1992). 

Smoke has long been thought to be associated with respiratory diseases, and the reason 
why is now more clear. Recent research at New York University indicates that constituents of 
woodsmoke suppress the immune system so that respiratory pathogens cannot be so easily 
defeated (Anon. 1995). 

Although smoke and CO are produced together as PICs, the health impacts are not the 
same. Smoke is especially hazardous to the health of infants and small children whose tissues 
have not yet developed much resistance to the chemicals present in the smoke from any fuel, and 
whose immune systems can be readily suppressed by smoke. Because older women have 
probably accumulated more time than men in the presence of smoke, they also are an especially 
vulnerable group. 

An important health-impact study of indoor smoke was conducted on Navajo Indians of 
the United States under the age of two years (Morris et al., 1990). It was found that children 
exposed to smoke were 4.85 times more likely to contract bronchiolitis and pneumonia than 
those who weren't. Surprisingly, presence of a woodstove in the home was an even greater risk 
factor than the presence of a sibling with pneumonia. 
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Exposure to Kitchen Smoke: A Global Overview of the Problem 
, Rural people, especially cooks and their small children who are with them during the 

meal-preparation process, are typically exposed to high concentrations of smoke in the so-called 
Third World, and even "in parts of the North. A companion paper presented at this conference, 
The Dryland Fuel Crisis I (Shultz et al.), reports on our similar work in the Navajo Indian 
reservation which is in the southwestern United States. 

Analytical complexities. The analysis of this problem is complicated by a multitude of 
factors. These include, among others, the presence' or absence of a well-designed stove and 
chimney in good working order, the ability of families to understand and practice stovepipe and 
chimney maintenance, the design of the kitchen (adequate ventilation, volume, and ceiling 
height), accessibility ofbiofuel resources at low monetary or opportunity costs of acquisition, the 
quality of those biofuels (which can vary greatly), the cook's attitudes and fire-management 
skills, and the ability of family members, male and female, to recognize the problem and take 
action. 

Many of the most important of the above factors are impacted adversely by the poverty 
level and the age of the family. For example, the poorest and oldest families are most unlikely to 
use less-smoky fuels and have smoke-secure stoves and chimneys. The poorest families are more 
likely to cook over open fires in poorly-ventilated rooms with no chimneys, the most problematic 
of all enclosed kitchen designs. 

Three categories of reasons for smoke exposure. To simplify analysis, we identified three 
independent categories of reasons for widespread exposure of the rural poor to the health hazards 
inherent in kitchen smoke. 

Fuel-related reasons. In all of our study sites in Brazil and Mexico, inherently less-smoky 
hardwoods are very difficult to find nearby. Less desirable fuels are being used now because of 
(a) physical loss of less-smoky hardwood species, and (b) inability of the poorest of the poor to 
afford even smoky woodfuel in the markets. In the case of the poor of both Brazil and Mexico, 
their fragile economic condition has worsened due· to currency devaluation. The price of 
woodfuel in the markets has risen, and incomes of the poor have stagnated. 

Mechanical reasons. The design and maintenance of cooking equipment, for smoke 
abatement, is of major importance if smoky fuels must be burned. We found only a few kitchens 
and stoves adequately designed for smoke removal. Most kitchens were poorly ventilated. Stoves 
should be placed on the leeward side of the kitchen for best ventilation from open windows and 
doors, but only a few families in our research sites did this. Many homes in our Mexican research 
sites had indoor three-stone fireplaces, and no chimneys. In our Brazilian sites, some stoves had 
no chimneys, and many had straight chimneys emerging almost horizontally through adobe walls, 
at an angle of about 1 O degrees. These generated almost no draft. Many stovepipes were choked 
with creosote, or had large burnout holes, or were poorly constructed with ill-fitting tin cans. 
Only a few males seemed to be concerned enough to build or repair stoves and chimneys for 

better smoke removal. 
Human reasons. The cook's fire-building and maintenance skills can be important. We 

observed a wide skill range in starting fires with minimal smoke, and in maintaining fires 
properly so they won't smolder and smoke. Most women were competent but many were not. The 
cook's attitude toward smoke can also be important, because it can affect her smoke-avoidance 
behavior. We observed a wide range of attitudinal-behavioral patterns. A few cooks (and fewer 
husbands) were smoke-smart people but many were not. For example, the most elementary 
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smoke-avoidance behavior is to avert one's face from smoke. Another is to leave the cooking 
area to do food preparation elsewhere, minimizing one's presence near the fireplace. Still another 
is to stir the pot at arm's length. Many women practiced these elementary defensive behavior 
patterns, but many did not. A few cooks volunteered to us that smoke is not a problem. 

Research Sites 
We carried out studies in rural drylands of northeast Brazil and central Mexico. In each 

household, we studied the quality of the air that the cooks were breathing during meal 
preparation, and the reasons for smoke exposure. 

Brazilian villages. In October, 1995, we visited 20 homes in the dry northeast interior of 
Brazil in the center of the caatinga region, near Juazeiro, State of Bahia. The homes were located 
in five small rural villages about 35 to 50 km from Juazeiro in an east southeast direction, 
reached via highway 235. The villages, Juvenal, Angico, Juramento II, Malhado da Areira, and 
Mulungu are at a latitude of about 9.6 degrees south. The elevation is low, about 500 meters. 

The caatinga is a dry tropical steppe that occupies most of the most eastern part of Brazil, 
the part that protrudes into the Atlantic Ocean. Broadleaf deciduous trees and plants comprise the 
typical natural vegetation of the caatinga. Typically, they grow far apart so that they do not 
touch. In the central part of the caatinga that we studied, the population density is probably only 
1 to 10 inhabitants per square kilometer. However, to the north and east the density rises to about 
25 for a large segment of the caatinga that is closer to the coastal population centers of Recife, 
Salvador and Fortaleza. 

The climate at Juazeiro is semiarid, hot and dry, with all months above 0 degrees C. The 
rainy season (November to April), provides a median annual rainfall of 427 mm (17 inches), 
ranging from 98 to 1055 mm (4 to 42 inches). The annual temperature ranges from 21 to 30 
degrees C. The inhabitants of the five villages near Juazeiro have no irrigation capacity. But there 
is a large irrigated agroindustry nearby, shipping fruits and vegetables of high quality to Japan 
and Europe from the Petrolina airport, proving that this semiarid, almost semi-desertic, region 
can be made to bloom with ample water from a large river, the Rio Sao Francisco, which 
separates the twin cities of Juazeiro, Bahia, and Petrolina, Pemambuco. But the villagers have so 
little water that the government must deliver river water to them weekly by tanker truck for 
domestic use, free of charge. 

Mexican villages. In December, 1995, we visited 21 rural homes in three states or central 
Mexico: the State of Mexico (two villages), the State of Guanajuato (one village), and the State 
of Zacatecas (two villages). All are highland sites in the south central part of Mexico, just south 
of the Tropic of Cancer (23.5 degrees N latitude). All but the Zacatecas villages were in the band 
of most dense population within the nation of Mexico (about 25 to 50 inhabitants per square 
kilometer in rural areas outside of Mexico City). The sites in Zacatecas were in a less densely 
populated and more mountainous zone. 

Dolores Hidalgo and San Miguel Tenochtitlan are villages located in the northwest 
highlands of the State of Mexico, in the Mazahua indigenous highlands near San Felipe del 
Progreso, at about 19. 7 degrees north latitude. The rainfall is about 1000 mm annually ( 40 
inches) . 

. Rancho el Coecillo is a village about 5 to 6 km from San Felipe del Torres, State of 
Guana3uato, on the southern part of the Mexican Plateau. It is a Chihuahan desert village and not 
far from the desert's southern terminus, but it receives more rainfall than most of the desert so it 
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shou~d probably be regarded as semiarid. The latitude is about 21 .5 degrees north. The rainfall 
here is about 500 mm annually (20 inches). 

_Rancho San Jose de la Cruz and Estancia de Garcia are villages 8 km and 20 to 25 km, 
respectively, from Monte Escobedo in the State of Zacatecas. This is a semiarid area on the 
western flank of the southern part of the Chihuahan Desert, in the Western Sierra Madre 
mountains. The latitude is 22.3 degrees north. The rainfall is about 500 mm annually (20 inches). 
Because of the mountain location, winters are colder here than at the two other sites. 

Typical Fuel Utilization Patterns at the Research Sites 
Northeast Brazil. Even though the sites visited in the northeast interior of Brazil were 

semi-desertic, enough trees and shrubs were readily available for firewood because the 
population density was low and had always been so in this part of the caatinga. Pressure on the 
trees is currently only moderate. Only the least smoky species are difficult to find near the 
villages at this time. · 

The principal fuels were caatingueira (Caesalpinia piramidalis), a smoky woodfuel, and 
angico (Anodenanthera macrocarpa), a somewhat less smoky woodfuel. No replacements for 
woodfuel were used in any of the homes where we measured exposure of the cooks to respirable 
particulates. Since the climate cannot support agriculture without irrigation and the villagers had 
none, crop residues were unavailable for fuel. The cattle population was low and goats were the 
main domestic animal, the basis of the economy. So the potential supply of dungcakes would be 
limited. Goat droppings are small and widely scattered over the range, difficult to collect and 
form into dungcakes. 

Therefore, if a substantial population increase occurs on the caatinga of Brazil it seems 
likely that it would eventually decimate the trees in this very fragile land. The inhabitants would 
be forced to bum the even more smoky. resinous shrubs of the caatinga because of unavailability 
of crop residues and dung, the traditional woodfuel replacements. The region could then be 
subject to processes of dry land degradation and eventual desertification, accelerated by 
vegetation loss caused by fuel scavenging and inadequate rainfall. 

Central Mexico. By contrast, in all three sites in Mexico, the climate was less dry than on 
the caatinga of Brazil. This might lead one to expect a greater availability of woodfuel. But in 
our Mexican study areas, we found that only a few homes used woodfuel. Tree losses due to 
Mexican agricultural development over many decades and the fuel-scavenging impacts due to 
higher population densities had largely foreclosed on readily available woodfuel in at least two of 
our three Mexican sites, where population density is heaviest. Also, devaluation of the peso has 
made it difficult for poor families to purchase imported woodfuel. 

The principal fuels observed in Mexico were woodfuel replacements. Corncobs, com 
stalks, and com husks were used where maize production was important, as in the case of the 
Mazahua indigenous villages in the State of Mexico. Also, some Mazahuas used the dried leaves 
of the maguey plant. Virtually no wood was used in the Mazahua villages, the poorest study area 
of the three in Mexico. Stoves and chimneys were very uncommon. Therefore, many cooks are 
exposed daily to high concentrations of respirable fine particles and black carbon, from woodfuel 
replacements burned in kitchens with no chimneys and poor ventilation. Despite the availability 
of some cattle dung from oxen used for plowing, dung, an unpopular fuel, was used in only one 

home we visited. 
In the study site in the State of Guanajuato, tree loss was extensive. Shrubby resinous 
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softwoods jaral (Baccharis gluticosa) and huizache (Goldmania foetida) were the dominant 
fuels, so most cooks were exposed to high concentrations of fine particles and black carbon. Less 
important were hardwoods that were acquired in the distant mountains by a few families who 
owned burros. 

In the study site in the State of Zacatecas, at higher elevation and closer to mountain trees, 
woodfuel predominated among household fuels, and stoves with chimneys were typical. Even so, 
some cooks were exposed to high concentrations of particulates and black carbon because of 
poor chimney maintenance and design, and characteristics related to the colder weather at this 
location; for example, poor ventilation due to few windows and impermeable cement roofs. 

Research Methodologies 
Our interdisciplinary study included both technical and survey methods of research 

investigation. Our paper draws mainly on the technical methodologies. We plan to present more 
results from the surveys in a later publication. 

The technical methodologies. In all homes, women participated in the study by cooking 
their customary meals with their usual cooking equipment and the fuels of their choice. They 
were requested to prepare the meal as they would normally. We supplied the raw food to them, 
free of charge. 

The air and smoke they were breathing was continuously sampled by battery-operated 
belt-mounted personal samplers during the time the meal was in preparation. Inlet tubes were 
fastened at the shoulder. This sampling methodology accounts for the smoke-avoidance 
behaviors of the cooks, or the lack thereof, as well as the physical aspects of fuel and cooking 
equipment they use. By contrast, if the sampler had been located at one fixed place in the kitchen, 
the results would take into account the fuel and the stove-chimney aspects, but would neglect the 
behavior of the cooks. Stationary sampling is useful for the study of smoke production. Personal 
sampling is necessary for the study of smoke exposure. 

We used the personal sampling methodology because our objective is to study exposure 
to smoke, and this depends on the cook's behavior as well as the cook's fuel and cooking 
equipment. The sampler is mounted on the person of the cook, with the inlet not far from her 
nose, and the cook moves freely and unencumbered, sometimes close to the fire, sometimes 
farther away or even out of the kitchen temporarily to prepare the raw food. Therefore, we regard 
the measured pollutant concentration values as rough averages of the concentrations to which the 
cook was being exposed during the time she performed normally in preparing the meal. 

The Flow-Lite Pro pumps (Mine Safety Appliances Co.) were operated at 2 liters per 
minute. Respirable suspended particulates (RSPs) were collected on 0.4-micron filters 
throughout the time of the entire meal-preparation process. Then, the filters were analyzed at the 
air pollution laboratory of the Institute of Physics, University of Sao Paulo. The weights of total 
RSPs, including black carbon (BC) and fine particles (FP), were determined gravimetrically. 
Black carbon was measured by reflectance. Then FP and BC concentrations were calculated from 
their weights, the flow rate, and the time, and expressed in micrograms per cubic meter of air. 

The survey methodology. An interview-based survey was used to collect baseline data on 
households in the areas studied. Included were personal data, house/kitchen characteristics (size, 
type of roof, stove, chimneys, ventilation, height of stove, etc.), health indicators and symptoms 
relating to smoke, and fuels utilized. Interviewers made observations while talking with the 
cooks in 107 homes in Brazil and 137 in Mexico. The cooks who participated in our air sampling 
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studies were included in the interviewing. 

Selected Research Results 
Overview of air sampling results in northeast Brazil. Because of the incessant wind on the 

caatinga, outdoor cooking is not very practical. All the kitchens we visited were enclosed, 
usually as an integral part of the home but sometimes as a separate enclosed structure. 
Caatingueira and angico were the typical fuels, sometimes mixed, but the mechanical aspects of 
burning these and the few other woodfuels varied markedly, and so the measured values of fine 
particulate (FP), and black carbon (BC) concentrations in the 20 kitchens also varied over a wide 
range. The kitchens could be divided into three clusters: 

Pollution level No. homes FP range BC range 
high 6 423 to 1565 62 to 290 
medium 7 203 to 421 25 to 111 
low 7 54tol43 7to65 

(All values above in micrograms per cubic meter. Background values: FP = 16, BC= 1). 

The highly polluted kitchens were uncomfortably smoky, both for breathing and for the 
eyes. Reasons for the smoke included vertical chimneys that were plugged or broken open, 
"horizontal" chimneys (actually, about 10 degrees from horizontal), poor ventilation (one adobe 
stove lacking a cover for an unused pot opening and one kitchen with two three-stone fireplaces 
and no chimney). 

The kitchens in the medium pollution category were visibly smoky but significantly less 
so than in the highly polluted kitchens. This cluster included some horizontal chimneys and one 
plugged vertical chimney, and one kitchen that had a three-stone fire and no chimney of any kind. 

Smoke in the kitchens at the low pollution level was not readily detectable, visually. In 
many cases within this category, the smoke was abated by stove placement on the lee side of the 
kitchen, with windows open on both the windward and leeward sides so that prevailing breezes 
would drive most of the smoke out of the room almost as fast as it was produced. No three-stone 
fires appeared in this cluster, and all adobe stoves had secure metal covers for any pot openings 
that were not in use. 

One kitchen in the low-pollution cluster (H 188) burned the least smoky woodfuel in the 
region, aroeira. Four of the seven kitchens had horizontal chimneys, but their adobe stoves were 
all placed on the lee side. One kitchen (Hl80, with FP = 143 and BC = 26) used an adobe stove 
with no chimney, but had good ventilation. The best of the low-pollution kitchens (Hl 79) had an 
excellent vertical chimney, and the cook followed a regular chimney cleanout regimen. Although 
she burned a smoky woodfuel, caatingueira, it seems unlikely that the FP of 63 and the BC of 28 
would be hazardous. Few improvements could be made to this exemplary kitchen. The cook was 
71 years of age and in good health. 

Comparison of two homes in northeast Brazil. burning the same smoky fuel under 
different conditions. There was a large disparity between smoke exposures, even in neighboring 
homes where the families were friends and even closely related. One might expect that smoke 
abatement experience would be passed freely from one family to the other and be quickly 
accepted in such close social circumstances. The following comparison, from one small village, 
suggests that this may not happen spontaneously. The same fuel, caatingueira, was burned by 
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two families, Hl 78 and Hl 79, with the same surname. Caatingueira is an inherently smoky 
woodfuel that is not preferred by the local people. However, it is readily available and so it was 
the fuel chosen by most cooks in our study. 

The RSP data for both kitchens are given below. The cook in Hl 78 was exposed to 25 
times the concentration of fine particles, and 10 times the black carbon concentration, in 
comparison with the cook in Hl 79. 

Ht 78 Fuel: caatingueira. Cook: Raimunda, perhaps 50 to 55 years of age, cataracts in 
both eyes. Kitchen very smoky. 

Fine particle concentration = 1565 micrograms per cubic meter 
Black carbon concentration = 290 micrograms per cubic meter 
Reasons for the high levels of indoor air pollution: No chimney. The adobe stove lacked a 

lid for one of the openings, and it was unused and ppen, emitting smoke into the room. Hole in 
stovepipe. Cook was apparently unconcerned about kitchen smoke, and did not avoid it. 

Hl 79 Fuel: caatingueira. Cook: Elena Angelica, 71 years, good health. Kitchen 
essentially free of smoke (visually). 

Fine particle concentration = 63 micrograms per cubic meter 
Black carbon concentration = 28 micrograms per cubic meter 
Reasons for the low levels of indoor air pollution: Stove in good repair with lids that fit 

the openings well. Good chimney (vertical). Large kitchen. Good ventilation from windows, and 
door. Smoke-smart cook. Her husband and an adult son (a brick mason) had carried out the stove 
and chimney construction skillfully. 

This comparison indicates that even an inherently smoky fuel such as caatingueira can be 
burned with relative safety, but the equipment must be secure and maintained in good repair so 
that smoke is conducted to the outdoors. The family must be concerned about smoke, and 
knowledgeable about its abatement. Further, the density of dwellings in the village must be low 
so that smoke will not return to the kitchen via open doors and windows. 

For a cook to achieve this level of smoke management, success may require assistance 
from males in the family who have construction skills and are willing to invest their time and a 
little money to cope with kitchen smoke, a problem that many or most males may perceive as a 
non-problem, or at best a woman's problem. Smoke management can be done, but it is a 
somewhat knowledge-intensive process requiring c;ertain skills. 

Use of a low-smoke woodfuel in Brazil. Aroeira (Myracrodruon urundeuva) is a highly 
regarded woodfuel, but not easily found. Only one family used it (H 188). Even though their 
three-hole adobe stove was equipped with a nearly-horizontal chimney that didn't generate much 
draft, the aroeira didn't produce much smoke and the stove was situated on the leeward side of 
the kitchen. The fine particle and black carbon concentrations were very low, 65 and 7 
micrograms per cubic meter, respectively. 

Comparison ofRSP measurements in Brazil and Mexico. On average, fine particle 
concentrations were slightly higher in Mexico, and black carbon concentrations were slightly 
higher in Brazil. 

Generalizations 
The data seem to support the following statements: 
Most poor families in the Brazilian sample use woodfuels but still suffer from the smoke. 

A minority has been able to cope without external aid. Some poor families, but perhaps not the 
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poorest of the poor, have achieved adequately low levels of fine particulates and black carbon in 
their kitchens, on their own, without external intervention on their behalf. For example, a 
significant percentage took advantage of the winds on the caatinga and used room ventilation to 
hold down smoke levels, due to burning woodfuel, and three-stone fireplaces were unpopular. 

However, the widespread use of nearly-horizontal chimneys on the caatinga shows that 
the basic principle of chimney design is not understood by most families. Also, vertical as well as 
horizontal chimneys and stovepipes are often poorly maintained, resulting in creosote plugs and 
fires, and holes that are often neglected pour smoke into the kitchen. Many families seem to fail 
to recognize these problems, or see them as low in priority, or they are unable to act due to time 
or skill constraints. Just because they have woodfuels does not take them out of j eopardy of 
smoke-related health problems. They still need assistance with kitchen smoke management. 

Most poor families in the Mexican sample use woodfuel replacements. and suffer from 
the smoke. Only a very small minority has been able to cope without external aid. Provision of 
woodfuel, alone, will not solve the problem. All things seem to be working against the families 
in our Mexican sample. Unlike the families on the caatinga in Brazil, it is the rare Mexican 
family that can find woodfuels just outside their home. For most, the lack of readily available 
woodfuels and family poverty keeps them from using low-smoke hardwoods in secure stoves 
with good chimneys. A high percentage use smoky replacements for woodfuel, or smoky 
woodfuels and shrubfuels, and they do this with inadequate equipment and poor ventilation. 
Providing woodfuel plantations would not take them out of jeopardy of smoke-related health 
problems. They also need assistance with kitchen smoke management. 

There may be several strong predictors of premature birth. and eye and respiratory 
diseases. In our surveys in Mexico, a high percentage of women reporting premature births cook 
over floor-fires that have no chimneys, using inherently smoky fuels in small poorly-ventilated 
kitchens inside their houses. A high percentage of women in our Brazilian and Mexican surveys 
also report that they are troubled by eye illnesses (cataracts, conjunctivitis) and respiratory 
diseases (pneumonia, asthma). But their respiratory problems cannot be attributed to tobacco 
because smoking is rare. 

The benefit of a low-smoke fuel can be defeated by use of common firestarters that are 
very smoky. Easily ignitable but inherently smoky materials such as corncobs, cornstalks, 
resinous brush dried weeds and shrubwood are often used to start woodfuel fires. These may 
create enough smoke in a short time that the fine particle and black carbon concentrations in the 
room may rise to hazardous levels and remain there for most of the meal-preparation time, even 
though a low-smoke hardwood fuel is used. 

The benefit of a low-smoke fuel can be defeated by poor chimnev design or maintenance, 
or poor ventilation of the kitchen. A low-smoke woodfuel such as aroeira can be acceptable, so 
that RSP concentrations will be low, but only if the stove and chimney are well-designed and 
maintained, or if room ventilation is reliable. Low-smoke fuels are not smokeless. The 
combination of holes in the chimney and a poorly ventilated kitchen could eventually lead to a 
build-up of smoke concentrations to hazardous levels during the preparation of a meal cooked 

over a low-smoke fuel. 
Smoke from corncobs and cornstalks seems to be correlated with illnesses of children. A 

high percentage of children exposed to corncob s~oke and cornstalk smoke in Mexico have 
health problems, according to our surveys. 
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Recommended Interventions 
We recommend three categories of interventions to cope with kitchen smoke in homes of 

the rural poor, directly related to the three parts of the problem as discussed in the introduction to 
this paper: 

Interventions to deal with the smoky fuel problem. A forester's solution would be to grow 
cleaner-burning woody biofuels, if water and labor can be made available, and if the interest on 
the plantation investment can be paid for many years with no return on investment while the trees 
mature. During these years, the plantation must be protected from poaching. If woodfuel 
plantationing is to continue, attention should be given to certain tree species that produce less 
smoke, such as aroeira in Brazil. Growing trees for fuel on the caatinga, with its very unreliable 
rainfall patterns, will require imported water. However, if stoves are not improved and adequate 
chimneys installed to protect families from woodsmoke, even the smoke from aroeira, then 
smoke-related illnesses will persist because few homes have smoke-safe stoves and chimneys. 

Woodfuel plantationing may be the wrong approach, and in any event it is simply not 
enough. If wood must be burned, the most immediate concern must be to replace indoor three
stone fireplaces with stoves and chimneys. An open three-stone fireplace can be acceptable 
indoors only if the fuel is burned smokelessly. Otherwise, respirable particle concentrations are 
very likely to build up quickly to hazardous levels during the normal time required to prepare the 
meal. In the absence of fuels that can be buined smokelessly, it is urgent that indoor three-stone 
fireplaces be replaced with stoves equipped with vertical chimneys. 

If clean-burning biofuels are desired, non-woody (starchy) "rootfuels" could be tried, 
where irrigation is available, as a farmer's solution to the problem (Shultz and Bragg, 1995; 
Shultz et al., 1990; Shultz et al., 1996). Rootfuel is simply made by sun-drying the fast-growing 
roots of Cucurbita foetidissima, a wild melon, which is called calabacilla loca in Mexico and 
buffalo gourd in the USA. This plant is native to one of our research sites in Mexico 
(Guanajuato) and much of central and northern Mexico in general. Some families in our research 
sites have tried this unconventional fuel and all have found it acceptable for use, and preferable 
to traditional fuels. This crop can be planted by seed and harvested in a few months, unlike "fast
growing" trees which require many years to mature, especially in drylands. 

C. foetidissima might be grown as a summer row crop following the method of Smeal et 
al. (1996) that was recently demonstrated on the Colorado Plateau in northwestern New Mexico. 
This might be done close to Juazeiro, Bahia, where irrigation infrastructure is available not far 
from our research villages, using water from a large river, the Rio Sao Francisco. A large 
irrigated fruit and vegetable agroindustry is active here, on the caatinga. The rootfuel markets 
would include the twin cities of Juazeiro, Bahia, and Petrolina, Pernambuco, as well as outlying 
towns and villages. 

If this clean-burning solid fuel were adopted, the three-stone fireplaces might safely 
remain, even though they have no chimneys. Rootfuel can be burned with virtually no smoke 
production in three-stone fires. However, not all cooks are skilled at starting fires with minimal 
smoke, and in maintaining fires properly so they won't smolder and smoke. Even rootfuel will 
produce smoke if the fire is starved for air by an unskilled cook. Suggestions for teaching fire-
management skills are given under the next category of interventions. · 

Interventions to deal with the problem of inadequate understanding of the adverse 
impacts of smoke on health, and how to avoid those impacts. Well-designed popular education 
campaigns will be important. Because the problem is women-centered, the campaign strategy 
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must be women-centered, but males must not be excluded (Shultz, 1994). Strategies must be 
inclusive. Husbands and sons need to learn about the problem and how they can help. Two types 
of campaigns are recommended, to encourage new attitudes and to teach skills: 

Raise awareness and build commitment among (amilies and communities. Campaigns to 
(a) emphasize the health implications of kitchen smoke, (b) encourage adoption by women of 
simple smoke-avoidance cooking behavior changes that cost families nothing, and ( c) show that 
the mechanical skills needed to build or repair stoves and chimneys are widely available in most 
families and communities, especially among most of the men. 

Improve fire-management skills among women. and construction skills among men. Basic 
fire management skills (fire-building and fire-maiq.tenance) can be shown by video to women 
and men together, as part of ASR projects (see below), as well as part of popular education 
campaigns. Basic carpentry and masonry techniques that will lead to safer kitchens can also be 
explained by video to women and men together. The videos can .be shown by battery-operated 
VCRs in the villages and at regional fairs. 

Interventions to deal with the mechanical problems of inadequate stoves and chimneys. 
Assisted self-reliance (ASR) programs have been organized successfully to deal with similar 
needs (Uphoff, 1988). In this instance, ASR programs would be mounted in villages to improve 
stoves, chimneys and kitchens. Open chimney-less fireplaces would be replaced with stoves with 
stovepipes and chimneys. Kitchens would be ventilated. Qualified grassroots support 
organizations would probably be involved in ASR work, to bring technical and financial 
assistance to villages that make commitments to assisted self-help. 

Analysis, Strategy and Conclusions 
The question of woodfuel plantationing. This is currently the intervention of choice when 

woodfuel is scarce. Dryland plantations grow slowly, requiring interest payments for years while 
trees gradually mature. During this time the immature trees are susceptible to poaching, drought, 
and animal depredation. Our Mexican sites are short of any kind of woodfuel, and our Brazilian 
villages are short of accessible low-smoke woodfuels. Should woodfuel be plantationed in either 

case? 
The results of our investigation strongly suggest that woodfuel plantationing will not 

solve the smoke/health problem, except perhaps for relatively wealthy villagers who have the 
resources for smoke-secure stoves and chimneys, and therefore can burn any smoky fuel with 
impunity. Because all tree species are inherently smoky when burned, the other two causes of 
exposure of women and children to smoke (faulty cooking equipment, and lack of understanding 
of the problem) must not be ignored. Otherwise, even low-smoke woodfuels will be the source of 
health-damaging smoke in the house. For the majority of villagers, woodfuel plantationing will 
simply perpetuate the serious health impacts of woodfuel use that are widely published. 

Most in the villages we studied, in either nation, didn't cope adequately with smoke from 
inherently smoky fuels . Only a minority of families coped well, and it was a smaller minority in 
Mexico, where chimney-less floor fires were common. In central Mexico, most poor families 
used woodfuel replacements, all smoky, and burned these fuels on the floor. Woodfuel 
plantationing will not help people who use indoor three-stone fireplaces with no chimneys. The 
health of women and children will still be damaged by smoke. 

In the caatinga area of Brazil, wood was the only fuel in the villages we studied, mainly 
because the population density is still low and woodfuel scavenging and agricultural 
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development have not eliminated the trees. However, through scavenging, low-smoke woodfuels 
__ ,are already less,accessible than smoky woodfuels. Woodfuel access in this less-populated part of 

the caatinga did not prevent the majority offamili~s from suffering from smoke, mainly through 
widespread use of faulty chimneys and stoves. Woodfuel plantationing will not help people with 
inadequate cooking equipment. The health of women and children will still be damaged by 
smoke. 

A multi-faceted and integrated approach. The dryland fuel crisis is clearly complicated, 
apparent in our comparison of northeast Brazil and central Mexico. For example, three 
immediate causes for the exposure of cooks and their children to hazardous quantities of kitchen 
smoke were identified in the 10 villages we studied: (a) smoky fuels in indoor kitchens, (b) 
cooking equipment that allows smoke to escape into the kitchen, and ( c) failing to understand the 
connection between smoke and health and what to do about it. 

The first two causes were obvious. The third, an obscure mix of perceptions, attitudes and 
beliefs held by cooks, was also clearly evident at those times when it affected behavior patterns 
that we could observe and prompted statements that we could record. 

Consider the most unfortunate cooks in our Brazilian sample. They breathed very smoky 
kitchen atmospheres with high levels of respirable particulate concentrations, ranging from 400 
to over 1500 micrograms of fine particles per cubic meter, and 60 to nearly 300 micrograms per 
cubic meter of black carbon particles. We aiso observed a group of fortunate cooks who were 
breathing atmospheres with one-tenth to one-fifth as much particulate matter while also burning 
smoky woodfuel. The difference was in the cooking equipment and the human factors, not the 
woodfuel. 

In this paper we presented wide-ranging recommendations for interventions to help 
correct all three causes of smoke exposure. These include but are not limited to growing less
smoky biofuels than traditional woodfuel replacements. The pros and cons of plantationing 
woodfuels (but only low-smoke woodfuels) and clean-burning "rootfuels" (non-woody dried 
roots of certain wild melons) were mentioned. Other interventions, equally important, include 
popular education campaigns and assisted self-reliance (ASR) projects, to raise awareness about 
smoke and health, and to start the process of improving stoves and chimneys in villages on a self
help basis assisted by grassroots support organizations. All should be considered, but as an 
integrated package. Simplistic policies and strategies will not suffice. 

A commitment to secure the future of drylands and the health of their rural inhabitants. 
The crisis will worsen as the population increases, especially in regions typified by central 
Mexico where rural population densities are already high, and where development has already 
eliminated most of the tree cover and degraded the land. In dry regions where population 
densities are still low, such as the caatinga of northeast Brazil, woodfuel is still available but will 
disappear on this and similar fragile environments as population pressure increases. 

If these drylands are to be regenerated so they can support rural families sustainably, in 
reasonably good health, and this is essential because the cities alone cannot sustain them, then 
external interventions must be quickly undertaken. These measures should fully involve the local 
inhabitants in the planning as well as the execution of plans. Where women are the major 
stakeholders, as they are in these matters of kitchen smoke and the health of women and children, 
development strategies should be women-centered but inclusive of men. 
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WORKING AWAY: 
STRATEGIES FOR SURVIVAL ON THE GREAT BASIN DRYLAND FRONTIER 

by 
Marshall E. Bowen 

Introduction 
Making homes in the high desert country of the American West has always posed 

enonnous challenges, particularly for those who have tried to establish farms without the use of 
irrigation water. Predictably, rates of success have not been high. Most failures were caused by 
inadequate precipitation, but hot summer winds, unexpected cold snaps, poor soils, and invasions 
of jackrabbits and other creatures also contributed to the collapse of dryland agriculture. The 
effects of environmental hazards were often compounded by problems of a social nature, such as 
distance from towns, isolation from other settlers, and an absence of amenities. Together, these 
conditions became nearly insurmountable obstacles to long-term residence on the land. Nowhere 
was this better illustrated than in the Great Basin, where, in the first two decades of the 20th 
century, thousands of homesteaders made brave but generally unsuccessful attempts to convert 
the region's sagebrush-covered flats into viable dry farming communities. 

Studies of the Basin's dry land settlements indicate that most people arrived with high 
expectations, tried to farm for a few years, and departed when it became clear that they would 
never wrest a satisfactory living from the reluctant soils. 1 Little attention has been paid to how 
these settlers survived through years of persistent crop failure, and in some cases remained on the 
land long after all hope of raising paying crops had vanished. Some authors ignore the matter 
altogether, while others dismiss it with superficial (and misleading) remarks such as "those who 
arrived with the least stayed the longest. "2 Only a handful of scholars have recognized that off
homestead employment was a critical ingredient of dryland settlers' survival strategies, and no one 
has yet made a thorough, systematic analysis of this phenomenon.3 This paper, focusing on 
settlements in Independence Valley, Nevada, and at Sahara, Utah, between 1915 and 1918, 
examines three types of homesteaders and the procedures they utilized to carry on in the face of 
crop failure and the exhaustjon of their savings (Figure 1). It shows that most people who were 
engaged in dry farming also had off-homestead jobs for all or part of this period, and suggests that 
the Great Basin's dryland communities were constantly in flux, with residents on the land today, 
gone tomorrow, and back again a few weeks later. 

Independence Valley and the country around Sahara resemble most parts of the Great 
Basin, and are ideal laboratories for comparative inquiry. In each area, settlements were founded 
on the beds of long-extinct Pleistocene lakes, and spread onto the lower slopes of alluvial fans 
sweeping down from nearby mountain ranges. Neither place receives, on average, more than ten 
inches (250 mm) of precipitation annually, nor do they contain any permanent streams, but in each 
area one fairly substantial intermittent watercourse, born in the mountains, crosses homestead 
country for a few miles before it dwindles and finally expires on the desert floor. Ground water 
lies close to the surface on the lake beds, but its usefulness, for both domestic and agricultural 
purposes, is often limited by high alkali content and the low quality of most _lake bed soils. On the 
alluvial fans where soils are somewhat better, water can rarely be reached within less than 50 feet 

' (15m), and in some cases wells penetrating to more than 150 feet (45m) have failed to yield a 
single drop of moisture.4 

Similarities in physical environment are paralleled by each area's settlement history. Both 
Independence Valley and Sahara were first occupied by dryland homesteaders in 1910, just a 
short time after railroads connecting Salt Lake City with major California cities had been 
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constructed through these desert lands. Population peaked in each place between 1915 and 191 7, 
and dropped dramatically after 1918. More than half oflndependence Valley's settlers came from 
Salt Lake City, while most of the remainder arrived from the vicinity of San Francisco and Los 
Angeles and from rural areas in Nevada. The overwhelming majority of Sahara's settlers, 
accounting for approximately eighty percent of the total, were Los Angeles people, whose 
numbers were supplemented by several residents of the Salt Lake City area and a handful of men 
and women from rural Utah. A few of these individuals had some fanning experience, but no one 
had tried raising crops without irrigation in such inhospitable settings. s 

Under these circumstances, it is not surprising that crop failure was nearly universal. In 
Independence Valley, drought, cold weather, and jackrabbits quickly brought dry farmers to their 
knees, with failure rates of close to 100 percent recorded from 1915 through 1918. No one fared 
worse than Will Schroeder, a former streetcar motorman from Los Angeles, who saw his first two 
grain crops entirely destroyed by rabbits, and the third killed by drought, but the others were not 
much better off. 6 Conditions were only slightly less dismal at Sahara, where more than half of all 
crops failed completely between 1915 and 1918, and just a fraction of the remainder escaped 
serious damage. After visiting this area in late 1916, J.W. Paxman, a dry farming specialist from 
Utah Agricultural College, reported that he could find "no evidence ... that a single shipment of 
farm products had been sent away," a situation that continued for the next several years as 
drought and rabbits ravaged crops with distressing regularity. 7 It quickly became clear that 
making a satisfactory living from the land would be a long, tedious process at best, and that the 
settlers of Independence Valley and the Sahara area, with few financial resources to tide them 
over, would have to support themselves with off-homestead work while they struggled to make 
their dry farms productive. 

The number ofhouseholds established in these marginal lands between 1910 and 1918 
reached a total of 40 in Independence Valley and 61 at Sahara. An unusually rich collection of 
sources permits documentation of the activities of each household, thus making it possible to 
analyze, at the grass roots level, how families and individuals responded to the challenges of 
desert living.8 Five households in Independence Valley and one at Sahara were dissolved before 
1915, and have been excluded from consideration in this paper (Fig. 2). An additional 16 
households, identified as those of Ephemeral Settlers, were in existence between 1915 and 1918 
for only one brief span of time, usually the length of a single cropping season but in some 
instances for just a month or two, and have also been excluded. The remaining 79 households (23 
in Independence Valley and 56 at Sahara), all actively involved with the process of dryland 
settlement for more than one year in the period from 1915 through 1918, are the subjects of this 
analysis. 

Part-Time Pioneers 
A small number of households were completely seasonal in nature, and have been 

classified as those of Part-Time Pioneers. Families in this category were normally separated for 
several months each year, with wives, minor children, and other dependents residing on the land 
while husbands retained their jobs and continued to live at former places of residence, principally 
in Salt Lake City and Los Angeles. The cycle usually began in late March, when the men took 
briefleaves of absence from work to accompany their families to homestead properties, where 
they plowed and planted or arranged for someone to put in the crops. If time permitted, they 
made improvements to their modest dwellings, built sheds, and erected fences. Once these tasks 
were completed and families were settled, the men returned to their regular places of employment. 
In midsummer, many of them paid short visits to the drylands to see their families and check on 

911 



SETTLER HOUSEHOLDS ESTABLISHED 
INDEPENDENCE VALLEY, NEVADA, AND SAHARA, UTAH 

1910-1916 
HOUSEHOLDS 

4 5 ······-··--···-······--·-···-····-········-·-·····-· 

35 ....................................................................... . 

30 -------·------·-········--···-

25 .. --·------·--··-·-··-· ........................... .. 

20 ....................................................................... . 

15 ................. -.... -............................. .. 

10 ·-----·-·-· 

0 

TRADITIONAL 
HOMESTEADERS, 

1915-1918 

Figure 2. 

SEMI-PERMANENT 
SETTLERS, 
1915-1918 

PART· TIME 
PIONEERS, 
1915-1918 

912 

INDEPENDENCE VALLEY 

SAHARA 

EPHEMERAL 
SITTLERS, 
1915-1918 

HOUSEHOLDS 
DISSOLVED 

BEFORE 1915 



the crops. John A. McRae, a Salt Lake City mechanic with a claim in Independence Valley, would 
ordinarily visit his family several times each summer, but most of the others were in no position to 
take this much time off from work, nor could they afford multiple trips out to their homesteads.9 

If crops failed, as they usually did, the men might not be back on the land for the remainder of the 
year, but in most cases they made one final journey, to ready their places for winter and to help 
their families return home. By the first of November, the homesteads were vacant once more. By 
following this procedure, families could satisfy the government's requirement that someone remain 
on the land for at least seven months each year, but they did not have to make full commitments 
to homesteading, for they were always in a position to fall back on the security of familiar homes 
and jobs. For the part-time pioneers, having dry farms in Independence Valley and at Sahara 
required personal sacrifice and a great deal of movement, but as long as they kept their homes and 
jobs in the city, it involved little risk. 

Semi-permanent Settlers 
A much larger number of families and individual settlers gave up their previous homes and 

jobs, made bona:fide fresh starts in the drylands, and worked away from their homesteads only 
when it became absolutely necessary. These people, classified as Semi-Permanent Settlers, fur 
outnumbered the combined total of all other groups at Sahara, and made up the largest single 
category in Independence Valley. In contrast to the part-time pioneers, they truly made their 
homes on the land, and threw all of their energies, for a while, into dry farming. Unfortunately, 
these individuals were no more successful than their part-time neighbors, and it was not long 
before they too were obliged to seek off homestead employment. 

Analysis of the :frequency, seasonality, and duration of off-homestead employment shows 
that the semi-permanent settlers oflndependence Valley and Sahara exhibited similar but not 
identical patterns of behavior. Men and women ordinarily worked away for one block of time 
each year, but this pattern was more common in Independence Valley than in Sahara, where 
intervals between periods of off-homestead employnient tended to be longer and more irregular, 
perhaps because Sahara farmers enjoyed better luck with their gardens, and could live at 
subsistence levels for longer periods of time. Most individuals left their homesteads to seek 
employment either in winter, when farming came to a standstill, or in midsummer, when crops 
were in the ground and haying jobs became available on ranches, but this, too, was more 
characteristic oflndependence Valley than of Sahara. In both areas, absences usually lasted close 
to five months, the maximum time allowed by law, except in the case of men working on haying 
crews, who were ordinarily employed for just a few weeks. 

Specific destinations of men and women who left homesteads in Independence Valley in 
search of work differed from those of the people who left Sahara, but the broad patterns were 
similar. Of the semi-permanent settlers from Independence Valley whose places of employment 
are known, exactly half found work in northeastern Nevada, ordinarily on ranches or with railroad 
section crews (Fig. 3). The others fanned out to points from Kansas to California, with Salt Lake 
City, the source of many Independence Valley people, becoming, by a small margin, the single 
most important place of work. Typically, families with children old enough to provide help with 
farming or housework remained on the land while one parent worked away, but those with no 
children or very young children usually vacated their claims for the entire period of the parent's 
employment. For example, Maude Byrne, a middle-aged divorced woman from Salt Lake City, 
worked each summer as a cook on ranches twenty to sixty miles from home while her teen-aged 
son looked after the homestead, and Herman H. Schrader, a carpenter from California, left his 
wife and three capable daughters behind while he worked away from June until mid-October. In 
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contrast, Herman's cousin, Will Schroeder, and his wife, who were childless, ordinarily made 
summer journeys together to a dry farming area in eastern Colorado, where they stayed with the 
wife's family while Schroeder was employed as a fann laborer. Similarly, Sam and Martha Fawcett 
and their infant daughter vacated their homestead during the winters of 1915-1916 and 1916-
1917, and occupied rented rooms in the nearby town of Tobar, where Fawcett found work as a 
railroad section hand. 10 

Approximately 40 percent of the Sahara people who left their homesteads to work were 
employed in southwestern Utah and adjoining parts of Nevada, where the majority took jobs as 
railroad workers, ranch hands, and miners (Fig. 4). An equal number found positions in Los 
Angeles, while most of the remainder obtained jobs in northern and central Utah on railroads and 
in the area's mines and smelters. Because virtually all Sahara families were young, with few 
children old enough to work, the question of whether wives and children would carry on alone for 
several successive months, as they did in Independence Valley, was seldom an issue. Instead, 
decisions of this sort more often depended on the length of time to be spent working away, and, 
to a lesser degree, on the type of work. If a man intended to hold an off-homestead job for four or 
five months, he ordinarily took his family with him, but if it was known that his position would 
last only a few weeks, the family usually remained on the land. This strategy is nicely illustrated by 
the actions of Charley and Mary Magnussen, parents of five children (a teen-aged daughter and 
four youngsters under the age of twelve), and their neighbors, Pete and Nell Corn, a childless 
couple. When Com returned to Los Angeles to work during the winter of 1916-1917, his wife 
accompanied him, a procedure similar to that followed by the Magnussens in November, 1917, 
when the entire family took up residence in rented quarters in Lund, ten miles from Sahara, soon 
after Magnussen accepted a temporary position with a railroad crew based at Lund. But when 
Com and Magnussen each obtained a few weeks' work in the spring of 1917 on a southwestern 
Utah ranch, they went by themselves, leaving their families back in Sahara. 11 

Traditional Homesteaders 
· A handful of men and women, who have been classified as Traditional Homesteaders, 

remained on their claims for the entire period under study, but their continuous presence should 
not be interpreted as meaning that they were able to earn a living by dry farming alone. Instead, 
these individuals survived because they had jobs close enough to home to permit them to 
commute daily to work, or because they were supported, entirely or in part, by someone else. 
Three Independence Valley men were in this category. One, an Italian-born bachelor, lived less 
than a mile from his place of employment with a railroad section crew, and moved easily back and 
forth between homestead and job, while another man had an income from a store in Tobar, seven 
miles from his claim. Little information can be found about the third individua~ but it is known 
that his brother, who had an adjoining claim, did hold off-homestead jobs, and may have been able 
to provide some financial assistance. 12 It is entirely possible, of course, that the railroad worker . 
occasionally slept at the section house, that the storekeeper spent some nights in Tobar while his 
wife and three children remained on the homestead, and that the third man stayed at his brother's 
place when he was helping with the farm work, but there is nothing to indicate that any of these 
individuals took jobs that required them to live away from home. 

Four Sahara settlers were continuously on their homesteads during the 1915-1918 period. 
The most prominent was Frank Hedrick, from Los Angeles, who supported himself by doing 
contract plowing for his neighbors, particularly those who were away during the spring and 
summer months, and by occasionally working as a carpenter. Hedrick's earnings from these 
sources were supplemented in 1917 by his daughter's salary as a replacement school teacher, and 
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perhaps at other times by help from his brother, a bachelor living a half-mile away, who spent 
several months each year working for the railroad. Two others received support from a son and a 
stepson, living nearby, who were trying to combine dry farming with railroad work. The fourth 
person had worked away in 1913 and 1914, but apparently was not absent for employment 
purposes from 1915 to early 1917, when he abandoned his homestead and moved away. 13 None 
of these individuals enjoyed bountiful harvests, but in contrast to most dry land settlers, they did 
manage to get by without having to leave their communities for extended periods of time. 
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· Reflections of Mobility, 1916-1917 
The impact of settlers working away from their homesteads can be seen by examining 

maps of occupied dwellings in Independence Valley in 1916 and at Sahara in 1917, which provide 
snapshot images of the fluid nature of these desert communities. Seventeen of the 22 dwellings 
that were occupied in Independence Valley at some time during 1916 were also completely vacant 
at some other time in the same year, a sure indication that families and individuals were frequently 
on the move, living on the land part of the time and away at work at other times (Fig. 5). Their 
numbers include four part-time pioneer households in northeastern Independence Valley and one 
near the extreme northern end of the valley, as well as 12 dwellings housing semi-permanent 
settler families. Two other dwellings, the home of Maude Byrne and her son in the northeastern 
part of the valley and that of the Herman H. Schrader family, living near The Slough, were 
occupied throughout 1916, but were without their respective family heads for several months of 
the year. Only three dwellings were occupied by all adult household members for the entire year. 
These included the homes of the Italian railroad worker and the storekeeper, noted earlier, and a 
house occupied by Paul Striebel, a bachelor from Salt Lake City, who in this particular year was 
engaged in farming for neighbors who were working away.14 

Of the 54 dwellings that were occupied in the Sahara area in 1917, 4 2 were used as 
residences during part of the year but were vacant at some other time (Fig. 6). Seven others, like 
the homes of the Byrnes and Schraders in Independence Valley, were occupied throughout the 
year but were vacated on one or more occasion by an adult who was working away. The 
arrangements worked out by this group of families varied according to their particular 
circumstances, but most followed the example set by John B. Reynolds, a farmer and railroader, 
who in 191 7 was frequently away at work while his wife and two children remained at their 
Sahara home. A different strategy was employed by Hal and Pearl Griffin, living a mile north of 
Sahara siding, where Griffin stayed behind to farm his own land and help some of his neighbors 
while his wife worked at a hotel in Lund in the spring and as a cook at a mining camp northwest 
of Sahara later in the year. In one unusual situation, Jim and Hattie Baker worked away together 
on two occasions, from June to August at a ranch and again in November and December at a 
railroad camp, while Baker's mother, a member of the household at this time, looked after the 
couple's children. 15 Five dwellings were occupied by all adult household members throughout 
1917. Financial support was provided by someone else in two of these cases, but in the other 
three continuous residence was made possible through employment by other homesteaders, 
working away, to do their clearing, plowing, and planting. 16 

Numerous absences by individuals and entire families were reflected in the low 
populations of both Independence Valley and Sahara, and nonexistent or weak community 
infrastructures. At no time in 1916 did the population oflndependence Valley exceed 40, and late 
in the year it dropped to just 19, a number which included the residents of a long-established 
ranch near the valley's northern end. Sahara's 1917 population peaked at seventy-two in early 
May, and fell to approximately 40 from Thanksgiving through Christmas, when only 24 dwellings 
were still occupied. Low populations and frequent absences meant that schools and churches - the 
glue that ordinarily bound frontier communities together - were often missing. No school or 
church was ever established in Independence Valley, whose social fabric was further weakened by 
division of its population into two clusters separated by a distance of 15 miles.

17 
Citizens of 

Sahara struggled to keep their one-room school in operation in the face of pupil attrition, and 
frequently had to reorganize their Sunday school because its leaders were no longer living in the 
area. 18 This does not mean that a sense of community did not exist in these remote places, but it 
does demonstrate the difficulty of creating a framework for community life, and keeping it in 

917 



place, when a significant part of the population was absent for long periods of time. 

Conclusions 
When examined with the benefit of more than 75 years of hindsight, the activities of these 

dryland settlers yield four important conclusions. First, almost every homesteader was obliged to 
work away on at least one occasion during the 48-month period under study, and for many, 
leaving home to find work soon became a normal way of life. Second, the places where settlers 
succeeded in finding jobs were about evenly divided between those fairly close to their 
homesteads and those situated at considerably greater distances, particularly "back home" in Los 
Angeles and the Salt Lake City area. Third, because so many dry farmers worked away, 
communities were small and fragile, with parents absent for weeks or months at a time, and entire 
families shuffling back and forth between homesteads and distant towns and cities. Finally, while it 
is clear that the settlers expended enormous amounts of energy in clearing desert shrubs, plowing 
fields, planting crops, and fighting jackrabbits, it is equally certain that if they could not obtain off
homestead employment, their ventures in the drylands were doomed. For most men and women, 
to remain completely rooted to the soil was to invite certain disaster. These are lessons that we 
must continue to heed today, as western America's submarginal lands attract a new generation of 
city people once again intent on making their homes in the desert. 
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ERICH W~ ZIMMERMANN'S FUNCTIONAL INTERPRETATION OF RESOURCES 
AND DESERT DEVELOPMENT 

by 
Lewis E. Hill and Robert P. McComb 

Energy is vitally important to all people who live in all lands; but the energy crisis has been 
of very special significance for arid lands because energy is the technological equivalent to water. 
Cheap energy can be used to produce good water through either importation or desalination. With 
sufficiently inexpensive energy it becomes economically feasible to transport water from humid to 
arid lands. Alternatively, extremely cheap energy could be used to desalinate the vast underground 
seas of brackish water that underlie many arid lands (Hill, 1976). 

Water is a resource that is used for a variety of purposes ranging from very intensive uses, 
such as drinking water, to very extensive uses, such as irrigating crops. Water has great value in 
the more intensive uses; therefore, water will be purchased for these purposes even at extremely 
high prices. This water can bear a heavy cost of importation or desalination. But the water that is 
used more extensively has much less value and must sell for a much lower price. If water is to be 
imported or desalinated for these extensive purposes, energy must be extremely cheap, because 
the water can bear only a very small cost. 

Energy is the technological equivalent to water in another way: cheap energy can be a 
substitute for expensive water. The cheapness of the energy can offset the expensiveness of other 
inputs into the production process. For one example, an abundance of inexpensive energy can 
ease the costly burden of recycling water and converting to closed cooling systems or to chemical 
coolants. For another example, adequate supplies of cheap energy can provide arid lands with an 
absolute and comparative advantage to attract dry process industries from humid areas into the 
sun belts of the world (Hill, 1976). 

For the unfortunate arid countries that are devoid of energy resources, the energy crisis 
was an unmitigated disaster because the shortage of water was compounded by the decreasing 
availability and increasing cost of energy. Although the impediments to economic development 
are complex and diverse, the increase in the world price of petroleum was a distinct burden. 
Economic development in these arid lands has not taken place. Instead, real incomes have fallen. 
In sub-Saharan Africa, for example, real income declined by nearly 20 percent over the course of 
the eighties. In 1991, drought in the Hom of Africa brought nearly 17 million to the brink of 
famine (Brown et al., 1991). But the immediate and intermediate impact of the energy crisis 
appears to have been a blessing for those arid lands that are rich in petroleum resources. In the 
sellers market that prevailed during recent years as a result of the carteliz,ation of the supply of 
crude petroleum, the world price of petroleum rose to unprecedented levels. These very high 
world prices have made the oil-rich arid lands wealthy beyond their highest expectations and 
greatest hopes. In a world where wealth is power, the riches of the arid oil exporting nations have 
transformed them from the step children of western industrial civiliz,ation into the financial leaders 
of the world. 

But the energy crisis was not an unmixed blessing to the oil-producing arid nations. The 
very rapid and very great influx of foreign exchange into the oil exporting nations has caused 
dangerously accelerated rates of price inflation. Of course, inflation always imposes great hardship 
on those people who are least able to contend with economic hardship: the people with low 
incomes and the people with fixed incomes. Additionally, and perhaps more importantly, price 
inflation has been disastrous for all domestic industry (except oil production). The exports (except 
oil) of these oil exporting nations have been typically priced out of world markets; export 
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industries (except oil and related petrochemical products) have failed to flourish. Inflationary price 
increases have limited production for domestic consumption as products from within the national 
economy become relatively more expensive than imports. These weaknesses in the national 
economies of the arid oil exporting nations have resulted in excessively high unemployment rates 
and a heavy dependence on imported goods and services. High rates of unemployment have 
remained an unresolved problem despite the expected opportunities for rapid economic growth 
and structural transformation that the oil revenues originally introduced. Governmental welfare 
programs designed to cope with these problems have tended to transform large segments of the 
population into dependent and parasitic unproductive consumers living on an unearned share of 
the social dividend (Hill and Niknam, 1978). 

In the perhaps not-too-distant future of the arid oil exporting nations, the blessing will 
become a curse, wealth will become poverty, and power will become weakness. Petroleum is an 
exhaustible resource; when production ultimately peaks, the oil exporting nations, in the absence 
of economic diversification, will be faced with dwindling exports to finance imports. According to 
the World Energy Council (1995), global production of petroleum can be expected to peak 
somewhere between 2010 and 2025. At that time, falling exports will imply a declining capacity to 
import to satisfy basic needs of the populace and will place conventional constraints on economic 
development and diversification that currently confront other arid developing nations. Indeed, the 
social and political impact of these new constraints on the arid oil exporting nations will be more 
devastating than the one that other less devefoped nations have endured because the change from 
wealth to poverty will be relatively harsh. Each of the OPEC nations will have developed a very 
expensive military establishment, a large bureaucracy, and an extravagant elite of influential 
families. 

The energy crisis, of course, is common to all nations and all peoples. Modem industrial 
civilization is based on the fossil fuels in general and on petroleum and natural gas in particular. If 
a civilization is based upon exhaustible and irreplaceable resources, the civilization can be 
expected to collapse when the resources are gone. The exhaustion of oil, natural gas, and other 
fossil fuels, therefore, can be expected to cause the fall of western civiliz.ation. Thus, although the 
real price of petroleum has fallen dramatically since the seventies and early eighties, the notion of 
the energy crisis persists. The world economy confronts the immutable reality that petroleum will 
become more scarce, and its relative price will increase as production dwindles. Unless new 
sources of energy are tapped, the world economy will implode. 

The energy crisis can be best understood within an analytical system first developed by 
Erich W. Zimmermann, a distinguished economic geographer. Zimmermann called his system the 
"functional interpretation of resources." According to Zimmermann, the quality of being a 
resource is a characteristic of a thing, rather than the thing, itself; it is the characteristic of 
usefulness. A natural resource is anything found in nature which is useful to man in the 
satisfaction of his wants. But nothing is useful to you in the satisfaction of your wants unless two 
conditions prevail: first, unless you have a want to be satisfied; and second, unless you know how 
to use the thing to satisfy the want. Technology can be defined as the knowledge of how to use 
resources to satisfy wants (Zimmerman, 1933). 

Zimmermann's functional interpretation of resources holds that natural resources are 
defined by hwnan wants and by technology. The technology of the automotive age, for example, 
has defined petroleum and all of the materials that go into the manufacture of automobiles to be 
resources. And if resources are defined by hwnan wants and technology, then they are redefined 
every time either human wants or technology change. Wants tend to be very passive; they seldom 
change independently of technological change. But technology is highly dynamic; it changes 
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continuously. Every time technology changes, resources are redefined (Zimmermann, 1933). 
Human progress can be measured by the redefinition of energy and material resources. 

Wood and flint were the basic resources of the stone age. The development of bronze metallurgy 
destroyed the resource values of the flint beds, but created new resource values in copper and tin 
mines. The subsequent emergence of iron metallurgy diminished the resource value of copper and 
tin, but created new resource values in iron ore and coat The development of the internal 
combustion engine diminished the value of coal and created very great resource value in 
petroleum. In a similar manner, technological innovations created almost equally great resource 
value in natural gas. Each new technology has been more productive than its predecessor. And as 
technologies have become ever more productive, production and consumption have increased to 
provide for higher and higher living levels. Technology has caused the level of living in the Untied 
States to rise to levels that are absolutely unprecedented in previous history. Ordinary middle 
class citizens of the United States live better in many ways that the wealthiest people of the 19th 
century. And the most wealthy and powerful noblemen of the middle ages lived under conditions 
of sanitation and comfort that any contemporary social worker would condemn as substandard 
(Hill, 1983). 

The only possible salvation for contemporary industrial civilization would be a set of 
dramatic technological breakthroughs of sufficient magnitude to render the fossil fuels obsolete 
before they are depleted and the environment is irreparably degraded. A sustainable energy future 
must be built on the concept of renewable or inexhaustible energy sources that minimize 
environmental degradation. But the probability is that this salvation can be achieved only through 
an unprecedented program of research and development of new energy technologies that will 
enable the harnessing ofrenewable energy resources. To date, the majority of state-sector 
financial resources devoted to development of alternative energy sources has been devoted to 
development of nuclear energy. Yet, electricity generation through nuclear fission has proved to 
be socially and politically unacceptable. Moreover, given the inherent risks, plant costs, fuel costs, 
and by-products, its economic feasibility is also questionable. 

In the immediate future, the technologies to increase the efficiency of energy utilization 
offer the best hope for relieving the pressure of increasing demand on the limited supplies of the 
fossil fuels (Brown et al., 1988). In the intermediate future, biomass should be developed as a 
substitute for the fossil fuels (Brown et al., 1988). In fact, biomass currently accounts for more 
than 10 percent of world energy supplies. Biomass is especially important in the developing world 
for heating dwellings and water, and cooking where it accounts for nearly 35 percent of energy 
consumption. However, these developing economies' use of biomass, primarily wood, is often not 
sustainable (Brown et al., 1991). In the future there is a limited menu of alternative energy 
sources which are capable of providing adequate, sustainable sources of energy for worldwide 
economic development: primarily solar energy and wind. 

Currently, electricity is being generated from nuclear fission -- a process in which a large 
uranium atom is split to release a massive amount of energy. Nuclear fusion is a process in which 
two small hydrogen atoms are combined into one helium atom. Fusion has at least three 
advantages over fission: it is a much more powerful reaction; it uses hydrogen isotopes which are 
abundant and inexpensive; and there are almost no radioactive residues from the fusion process It 
has been noted that the oceans of the world contain enough hydrogen isotopes to provide 1,000 
times the energy requirements of the entire world for the next 1,000,000 years (Hill, 1983). 

But nuclear fusion requires that almost incomprehensibly high temperatures be contained 
and controlled. Affinnatively, this heat can be put to good use in arid regions to desalinate and 
purify water. Negatively, nuclear fusion would greatly accelerate the rate of thermal pollution 
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which threatens to render the earth uninhabitable by the human species. If nuclear fusion proves to 
be technically possible, it could solve our long term energy problems, but the social cost would 
include the additional thennal pollution which would be caused by this process. Fusion would 
solve the problem of the depletion of energy resources, but it would inflict on the environment a 
problem ofthennal pollution for which there can be no long-range solution (Britton, 1976; Porter 
et al., 1971; and Teller, 1974). Fusion is, therefore, not a sustainable energy alternative. 

Like the hydrogen isotopes that will provide the fuel for nuclear fusion, solar energy is 
inexhaustible and is available to the entire surface area of the earth. Unlike fusion, the utilization 
of solar power creates no additional thennal pollution beyond that which would exist naturally 
even if the power were not utilized. Although the use of solar energy to generate electricity must 
await additional research and development before it becomes economically feasible, rapid 
progress is taking place. Two strands of solar energy development are taking place: solar thermal 
applications and photovoltaics. 

Solar-thennal technologies involve the use of reflected sunshine to make steam, which 
then becomes the source of power for conventional steam-electric generating plants. The concept 
is theoretically sound, but the efficiencies of these technologies are low because energy is lost at 
each step in the process: in the conversions from solar energy to steam, from steam to motion, 
and from motion to electricity; in the transportation of the electricity; and in the reconversion of 
the electricity back into light, motion, heat, or cooking. Nevertheless, distributed solar collectors, 
on rooftops for example, can be used to provide hot water for heating and cooking. New designs 
in "solar engines" have resulted in encouraging increases in efficiencies in electricity generation 
(Hill, 1983). 

Photovoltaic technologies convert solar energy directly into electricity through the use of 
photovoltaic cells. Photovoltaics will likely be the primary technology for solar energy powered 
electricity generation. The cost of electricity generated by photovoltaics has been falling 
dramatically in recent years. Over the 30 year period up to 1990, for example, the cost of 
electricity generated by photovoltaic cells dropped from $30 per kilowatt hour to 30 cents 
[(Brown et al.,1991). These costs can be expected to continue to decline both as producers climb 
the technology "learning curve" and as economies of large scale production are realized. Although 
such a sharp decline can not continue, projections are that costs of photovoltaicly produced 
electricity will be as low as four cents per kilowatt hour by 2030 (Brown et al., 1991). Electricity 
production by photovoltaics can take place either in a distributed fashion or within a park 
dedicated to clustered photovoltaic cells. Thus, production can be altered to meet specific energy 
requirements and geographic conditions. 

Lastly, wind power has already proven its economic feasibility in applications in California 
in the United States. Regions endowed with adequate wind resources are producing electricity for 
as low as five to seven cents per kilowatt hour, putting wind generated electricity on an economic 
footing with fossil fuel generated power. Continued development of wind turbine design will 
likely yield greater efficiency in electricity production and extend the regions where wind is an 
economic resource. 

Since the availability of solar and wind energy to produce electricity does not necessarily 
correlate to demand for electricity, economic means of energy storage must be developed. Using 
electricity from wind and solar power to produce hydrogen via electrolysis of water is one such 
possibility. Hydrogen, once produced, can be readily stored and transported, thus providing a 
clean burning fuel that can directly displace much of the fossil fuel derived energy sources that 
now dominate the economic and social landscape. 

The development of renewable energy technologies and resources is an opportunity that is 
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inherent in the challenge of the fossil fuel energy crisis for the arid lands. If these nations meet the 
challenge and seize the opportunity, they can carve a sustainable and leading role in energy 
production within a new and higher plane of industrial civilization. The Arabian peninsula 
receives from the sun each year an amount of energy which is more than twice the known oil 
reserves of the entire world. In the United States, the arid and semiarid regions of the country 
receive the most hours of direct normal insolation per day, with a belt from Texas to California 
that receives in excess of 6 kwh/m2 per day (Virtus Energy Research Associates, 1995). It is the 
arid and semiarid regions of the world that enjoy the greatest endowment ofinsolation likely to 
be suitable for large scale and inexpensive solar generation of electricity. Moreover, some of the 
most promising wind resources are found in North Africa. Production of hydrogen places these 
regions, some for the first time and some again, as gatekeepers to world energy resources. 
Moreover, given the economic advantages in avoiding efficiency losses through direct utilization 
of electricity generated by renewable and inexhaustible resources for productive purposes, the arid 
and semiarid regions of the world will enjoy competitive advantages in energy intensive economic 
activities. Perhaps experience gained from the OPEC experience will provide the social and 
political will for the arid and semiarid countries to use their energy resource to diversify their 
domestic economies and broaden their economic bases. Regardless, development of inexhaustible 
energy resources bears entirely different implications than did the emergence of petroleum and 
other fossil fuels as the fundamental energy source in the age of industrialization. 

It is our conviction that by the middle of the 21st century most of the world's electricity 
will be first generated from sunlight though the utilization of photovoltaic cells. If this prediction 
is realized, then the future will be promising both for the world economy in general and for the 
economies of arid regions in particular. Solar energy is not only abundant, but also inexhaustible. 
If solar thermal and photovoltaic technologies can be developed into an economically feasible 
system for converting sunlight into electrical energy, an abundance of energy will become 
available for world economic development for so long as the sun shall shine. Moreover, this 
system would provide an absolute advantage and a competitive superiority in the generation of 
electricity to arid lands because of the abundance of bright sunlight in these dry areas. It is our 
hope and expectation that the future development of the solar technology for the conversion of 
solar energy into electricity will open a new era in the economic growth and development of the 
arid and semiarid regions of the world (Hill, 1976). 
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THE ALLURING MYTH OF THE DESERT: 
EUROPEAN FASCINATION WITH THE LLANO ESTACADO 

by 
Meredith McClain 

r NEW MEXICO 

I 
I 

LI.ANO ESTACADO: THE LAND 

TEXAS 

The land was first A nat. isolated plateau; 32.000 square miles of prairie. 
In length, the land is 250 miles from the breaks of the Canadian River on 
the north to the dusty chaparral of the Permian Basin to the south· in width 
I 50 miles east and west The land is crowned to the north, east a~d west b~ 
a Caprock escarpment that separates the plateau from the surrounding 
lowlands. 

The land is the Llano Estacado or Staked Plains. It is a contiguous 
physiographic province, a mesa or tableland remnant from the apron of 
o~twash that stretched eastward following uplift of the Rocky Mountains 65 
million years ago. Early American explorers labeled the land a portion of 
the Great American Desert and predicted it would remain forever 
uninhabited. 

The arid Llano Estacado can be a foreboding place. The climate varies 
among extremes and includes frequent, recurring cycles of drought. 
Relentless spring winds abrase the soil and, when the climate turns dry, 
extend to summer. Sudden, severe storms in spring and summer bring 
torrential downpours, hail, and occasional tornadoes. 

But the land contains extremes of beauty as well: incredible sunsets; an 
exhilarating summer climate; a bountiful resource base in the soil. This is 
the land of the Llano Estacado. 

There, where the Southeast edge of Mew Mexico juts into the region of Texas, lies one of 
the most dangerous corners of the distant West. It is there that the adjacent territories of the 
Comanches and Apaches touch, a situation which has as its natural consequence the continuous 
insecurity of the area .... 

"The shears, " as the Frontiersman calls this dangerous place, is a very fitting name. The 
boundary lines are mobile; they open and close like shearing blades, and anyone who comes 
between them may speak of great luck to escape with his skin in tact. A white man who lets 
himself be seen there is either extremely brave or very careless; in both cases the "vulture of 
death" circles endlessly over his head. 
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There, where the Toya river emerges from the Devil's Mountains and flows into the Rio 
Pecos, the latter shaped in those days the border between the land of the Comanches and 
Apaches. Westward the te"ain ascends to the Sie"a Guadalupe, Sie"a Pilaros and Sierra de/ 
Diablo, while in the East lie the Staked Plains - the infamous Llano estakado (May, 1887188, 
translation mine). 

It is not probable that many of the participants of the Fifth International Conference on 
Desert Development arriving during August of 1996 have given any thought to the dangerous 
legends connected with their destination: Lubbock. Texas, capital of the Llano Estacado. Without 
escaping from the safety of the city and from the endless uniformity of the surrounding flat fields 
into the remote seclusion of a canyon area, it is hard to know anything of the uniqueness of the 
region. Even then it takes a skilled eye and very good luck to find a trace of the native American 
cultures which were here continuously for over 12,000 years. 

By comparison, it has ~en only a minute 123 years since the Comanches were defeated 
and forced from the Llano, but once open to settlement, changes on the Staked Plains have been 
steady and then rapid. Irrigation and other agricultural practices have eradicated forever the miles 
and miles of grasslands which supported the buffalo herds until the 1870s and which astonished 
immigrants to the area in the 1880s. 

In 1976, the first of three major wineries opened outside Lubbock as the "Llano Estacado 
Winery." Until recently, many of the 200,000 area residents and 24,000 Texas Tech University 
students may not have known that Llano Estacado is the name Coronado gave the region on his 
trek of 1541 rather than some kind of"red wine". Certainly Lubbock, founded in 1890, is one of 
the youngest big cities in America and the business of getting established in a harsh, semiarid 
climate has not often allowed residents the leisure to reflect on their own history. It was only in 
1990 that a history professor at Texas Tech University, Dr. Dan Flores, published the guidebook 
for us all: Caprock Canyon/ands: Journeys into the heart of the Southern Plains (Flores, 1990) 
and now, for instance, seven years later, the evening news brings "Weather on the Llano 
Estacado." 

Only those conference colleagues arriving in Lubbock who have read the German author, 
Karl May (1842-1912), might be wondering about the historic villains who rearranged the stakes 
(markers pointing to water) so as to mislead innocent pioneers on the plains and then to attack 
them. This story, The Spirit of the Llano Estacada, appeared in Germany in 1888 and is one of 
the many tales of adventure in a desert setting (May calls the Llano Estacado "the Sahara of 
America") which brought the author fame and fortune. Today, 85 years after his death, it is 
estimated that the total circulation in German of May's adventure stories set in the Wild West and 
in the Near East exceeds 80 million books and his works have been translated into 28 languages. 

Early on and throughout his publishing career, Karl May used desert settings for his Near 
Eastern fictions. These stories have been recently characterized as being tales whose authenticity 
can hardly be challenged, and which sparkle with unbounded wit and suspense, and show the 
first-person hero as a contemporary e"ant knight in his successful crusade against crime and 
wickedness among proud and haughty sheiks and cruel slave traders and cunning bandits galore. 
They have all the splendor of the Arabian and their characters are the liveliest to be met in this 
field of literature (Ilmer, 1995, pp.2-3). 

Even a sample listing of the German titles with their publication dates gives a brief 
overview of May's early and ongoing interest in the arid settings: 1877 Die Rose von Kahira: 
Eine morgenliindische Erziihlung; 1878 Die Gum: Ein Abenteuer aus der Sahara and Die Rose 
von Sokna; 1881 Ein Wiistenriiuber: Erlebnisse einer Africa-Expedition durch die 
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Sklavenkarawanne; 1892 Durch Wuste und Harem, Durchs Wilde Kurdistan, Von Bagdad nach 
Stambul and In den Schluchten des Balkan; 1893 Orangen und Datteln: Reisefruchte aus dem 
Oriente; and 1896 Im Lande des Mahdi, I &II. 

The main character in most of the Near Eastern stories, a German called Kara Ben Nemsi 
(Karl, Son of the Germans), first appears in the 1880 collection of travel recollections from the 
realm of the Turks, GiOlgeda Padischanun and is the fantasy figure through which Karl May 
projected his inspired first-person narration (Kosciuszkco. 1996, p. 411 ). Kara Ben Nemsi reaches 
the zenith of his heroic action in Through the Desert. The 1936 film version of this very popular 
world is still shown in Germany today. The enormous success of the stories of a German moving 
through desert dangers has much to do with his loyal helper and constant companion/travel guide, 
a Bedouin named Hadschi Halef Omar Ben Hadschi Abdul Abbas Ibn Hadschi Dawud Al 
Gossarah, or Halef, for short. It is the friendship between Kara Ben Nemsi and Halef that 
intrigues and inspires the reader. 

By 1893 May was ready to fill out the narration of another pair of loyal friends who were 
destined to surpass in popularity all other fictitious characters of German literature. In that year 
Winnetou, the Red Gentleman appeared in volumes 1, 2,and 3. The Mescalero Apache Chieftain 
and his German friend and bloodbrother, Old Shatterhand, rode together over the empty Western 
plains from one adventure to the next and straight into the hearts of millions of readers (very often 
young boys or girls reading under the covers into the night). 

In the 1960s a series of May's wild west stories were made into movies and filmed in 
Yugoslavia, the closest terrain to Germany which fit May's image of the Llano Estacado. It is one 
of the unexpected quirks of fate that cast a Frenchman named Pierre Brice in the film role of 
Winnetou and an American named Lex Barker (known in his own country mainly as Tarzan) in 
the role of Old Shatterhand. The success of this pair of actors was immediate and enormous and 
with it the perpetuation of Karl May's popularity into the future was solidified. In Berlin. for 
example, in the summer of 1996 a huge festival crowd turned out from all over Germany and from 
several foreign countries to celebrate the 50th anniversary of the CCC Film Studio of Artur 
Brauner, who filmed the Winnetou series. 

Pierre Brice as Winnetou and Lex Barker as Old Shatterhand 
Photo courtesy Karl May Museum, Radabeul 
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In 1895 at age 53 Karl May was well on his way to being wealthy and famous. He bought 
a villa in Radebeul, the elegant suburb of Dresden, which he named "Villa Shatterhand" and which 
today houses the Karl May Museum. Apparently there was such a clamor from his delighted 
readers to see the adventurous author that May hired a photographer in 1896 to come to Villa 
Shatterhand and take 101 photographs of him in costumes portraying both Kara Ben Nemsi as 
well as Old Shatterhand. Quotes from May's texts and from letters he wrote answering questions 
from his fans establish his identity: 

Yes, I dared experience all that and much more. I wear still today the scars and wounds 
which I received .. 

I really visited those lands and I speak the languages of the mentioned peoples .. . 
I am in reality Old Shatterhand, respectively Kara Ben Nemsi, and have experienced 

what I tell .. (Heermann, 1988. p 11, translation mine). 

May Posing as Old Shatterhand (left) and as Kara Ben Nemsi (right) 

Who among his hundreds of thousands of adoring fans could have suspected that their 
literary hero not only had never been outside Europe to the places he described so thrillingly, but 
had researched travel books during a rather long prison stay and was not adverse to lifting 
descriptions from other writers nor to buying his exotic costumes and travel trophies 
clandestinely? 
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It was only in 1899 that May finally traveled to some of the arid lands of his dreams. His 
route took him to Cairo, up the Nile to Assuan and Schellal, then on to Port Said, Beirut, Haifa, 
Jerusalem, Suez, Aden, and finally to Ceylon and Sumatra. 

However, during his absence from Germany the first reports of his past criminal history 
and attacks on his character appeared in the German press. During the trip he suffered 
psychologically as well from the confrontation with the realities of the lands he had so long 
imagined and so vividly idealized. Again in 1900 he made a return trip, this time with his wife and 
their friends, the Plohns. But again, May suffered a nervous breakdown in Istanbul. The pressure 
of the personal attacks intensified. 

Enormous problems in May's private life resulted in a divorce and then. shortly thereafter, 
marriage to widow Plohn in 1903. From September to the beginning of December of 1908 the 
Mays visited the northeastern part of the United States and bordering areas of Canada. There 
seems never to have been a plan to visit the great American West, which May had made so 
available to hundreds of thousands of German readers. In any event he never came. The fourth 
volume ofWinnetou was published in 1909, and in 1912, a few days after a major lecture in 
Vienna, Earl May died in Radeboul. 

Today, 85 years after his death. the works of Karl May are selling in the book stores. are 
being shown in movie theaters, are performed on numerous festival stages in Germany and are 
hotly debated by literary experts and other members of the Karl May Society (almost 2,000 
members in 20 countries). When Pierre Brice tried to retire from his role ofWinnetou in the Bad 
Segeberg festival theater the news made the front page of the New York Times. Karl May was the 
subject of the cover story of Der Speigel in May of 1995. It is this on-going influence which is 
even more astonishing than the feats he accomplished in his lifetime. 

What are the sources of appeal and power in May's worlds besides his great gift for story 

telling? 
Certainly by transporting his German readers vicariously to desert settings, May does them 

the favor of removing them from an often damp, overcast, cold, crowded and very 
bureaucratically controlled "Vaterland." The Llano Estacado, for example, lies longitudinally 
close to Morocco, in northwestern Africa, Whereas Germany lies in the zones with Canada. No 
one who has witnessed the German exodus to the sunny south of Europe during a vacation period 
will question the validity of the climate as an important escape-feature of May's stories. 

A comparison of the highways stretching endlessly, quietly, and quite vacantly across the 
Staked Plains of Texas with those bumper-to-bumper danger lanes of the German autobahn will 
highlight quite nicely the basic difference in population density and resulting life style possibilities. 
Listen to May conjure up an alluring experience of mystical proportions on the Llano Estacado: 

A nocturnal ride across the desert which stretches itself out in the moonlight! How much 
I wish my dear readers could feel the majestic sensations which allow the human heart to swell 
higher and higher. However, the heart must be free from worry and from all that could oppress 
and constrain it ... If only someone could give me a quill from which the right words would flow to 
describe the impressions which such a nocturnal desert ride brings from a devout human heart! 
(May, Old Surehand I, 1894, p. 396, translation mine). 

One literary question being addressed by scholars is that of the written sources used by 
Karl May to so convincingly portray the regions he never visited. In considering this aspect of 
May's Llano Estacado, I came upon the forgotten name of an Irishman who in his lifetime was 
almost as celebrated for his wild west stories as was May. Mayne Reid (1818-1883) was actually 
in the American West and even up on the Llano Estacado during the period of 1840-1848. 
Especially interesting is Reid's two volume novel titled The Lone Ranch: A Tale of the "Staked 

934 



Plain" and published in London in 1871. A chapter in volume I begins with the following detailed 
description of our area: 

Spread before you a map of prairie-land - and I will point out the tract of territory known 
as the "Llano Estacado" or Staked Plain. 

It must be a map of modern time, based on the latest explorations; else you will have 
some difficulty in comprehending the limits assigned to this singular, and yet almost unexplored 
districts of country. A prairie-chart of even less than a quarter of a century ago still show it 
traversed by a series of parallel streams, the head-waters of the Red River of Louisiana, the 
Brazos of Texas - as also the numerous tributaries of the Texan Colorado. It is true that these 
rivers head on the Staked Plain, but none of them run across it. They have their sources within it, 
debouching from its eastern edge, that boldly bluffs up the great plain of Texas by an 
escarpment running continuous for hundreds of miles. A strip on its eastern side is intersected 
by deep clefts of canons, cut by the numerous streams as they work their way to the outer and 
lower tableland a/Texas. (Reid, 1871, p 140). 

In an earlier work by Reid, The Scalp Hunters, published in 1851 and translated in Leipzig 
for the German market in 1852, there are numerous similarities to May's later works including a 
description of an Indian Chieftain named El Sol which is an astonishing likeness to May's beloved 
Winnetou (McClain, 1994). 

It is interesting to note that at the time Reid's German version came out in Leipzig, 
Saxony, Karl May was IO-years-old and livin:g in the same German state. May was in prison twice 
during the period of June 1865 until May of 187 4, so it is conceivable that he had access to Reid's 
The Scalp Hunters (Reid, 1871) in German and possible that a version of Reid' s The Lone Ranch 
made it to May's reading table. 

But still the point to notice is that Mayne Reid is quite forgotten today, while Karl May's 
legacy reaches out from Germany to activate networks around the world. Ironically, some 
residents of the Staked plains, who have not given much thought to the unique area they live in, 
are being influenced by Germans who come eagerly seeking the long-envisioned yet never-visited 
Llano Estacado of their childhood dreams. Even more impressive for locals is the fact that the 
German visitors are not disappointed with what they find, not with tornado threats, not with dust 
stonns, not with sand between their teeth nor in their food. It's all right there in Karl May's 
writings and Winnetou's explanations. The flat land, the huge sky, the great expanses, the shifting 
weather. The elements don't disappoint in this semiarid place: 

Aridity, more than anything else, gives the western landscape its character. It is aridity 
that gives the air its special dry clarity; aridity that puts brilliance in the light and polishes and 
enlarges the stars; aridity that leads the grasses to evolve as bunches rather than as turf; aridity 
that exposes the pigmentation of raw earth and limits, almost eliminates, the color of 
chlorophyll; aridity that erodes the earth in cliffs and badlands rather than in softened and 
vegetated slopes, that has shaped the characteristically swift and mobile animals of the dry 
grasslands and the characteristically nocturnal life of the deserts. (Stegner, 1992, p. 46). 

It is entirely possible that understanding the European fascination with the Llano Estacado 
will allow us in Lubbock to develop in the coming years what the Germans call "ein sanfter 
Tourismus", a gentle tourism, an educating and educated sharing of information and experiences. 
Slowly, over the past 15 years, there has been a movement in the entire area of the Staked Plains 
to prepare brochures and guide booklets in German. The Palo Duro amphitheater offers its guests 
from Germany a German synopsis of the "TEXAS" pageant prepared about 15 years ago by a 
Texas Tech University graduate student. Amarillo has a city tour guide printed in German. The 
Lubbock Lake Site has a leaflet in German. The State Department of Tourism has even produced 
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an entire book in German advertising the many excellent travel destinations in Texas. 
In addition, the word about Lubbock is getting around in Germany, thanks to the Karl 

May network. An exhibit on the Llano Estacado, prepared by the Southwest Collection at Texas 
Tech University for the Texas Sesquicentennial in 1986, was flown to Germany in 1993 where it 
opened in Radeboul at the Karl May Museum. In 1996 the exhibit moved to Hohenstein-Ernstthal 
to the Karl May Birthplace Museum and it is scheduled to open at the various German-American 
Institutes throughout Germany in 1997-98. A new photographic exhibit on the Palo Duro has 
been flown over to augment the Tech production in this next round of openings and a 
photographic documentation of quarter horses will be sent to the Earl May summer festival in Bad 
Segeberg in the summer of 1998 courtesy of the American Quarter Horse Museum in Amarillo. 
The Lubbock Convention and Tourism Bureau has supported the move to inform Germans about 
the Llano Estacado and in conjunction with the Southwest Center for German Studies, a 
delegation visited Berlin and Bad Segeberg in the summer of 1997. The Bureau has also started 
advertising Lubbock as a tourist destination in German. 

Entdecken Sie 
den Wilden Westen von 

Lubbock, Texas! 

r:.n1ded<en Sic Altes und Neue~ von 
A-r!kJls \'l<lldem Westen. Wanek In Sic 
auf den Spurcn von K~rl Mays Winnclvu 
u.nd Old Shattcrll3lld in Lubbock. T~xru;. 

Air wei~re lnfom1ationen uber 
NATIONAL C OWllO\' S YMPtlS'll'M 

WORKING R ANCHES 

RANCl.llN(; H EIUH G•: C•::."ll>Jl. 

wendcn Sic ~ich biue an: 

Lubbock Convention and Touri<m Bureau 
14th St. & Avcn11<: K · P.O. Box 561 

Lubbock. TX 7\M()8 
Tel.: + I (806l 747-5232 
Fa~ : .. ) (806) 747-1419 

E11tdecken Sil! eine texanischF 
Lcgendc im lagcndiire11 Lubbock! 

Advertisement appeared in America Magazine, May/June 1997, p. 37 

And now the first German tour groups have already come and gone and once back home 
in the "Vaterland" they have written up full and glowing reports on their visit to the Llano 
Estacado. Each visit has been carefully honed to connect Germans with the land, to let them 
understand the semiarid and arid climates of Texas and New Mexico and the resultant landscape: 
ranches. canyons, adobe overalls, windmills, stock ~ables, prairie d?gs, quarter horses, cotton, 
playa lakes, solar energy. and long, long, straight highways stretching out as far as you can see 

with nobody else in sight. The Endless Frontier. 
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It is important to notice that in the plenary addresses of the Fifth International Conference 
on Desert Development, tourism was listed as one of the areas of future development for arid and 
semiarid lands In Lubbock, Texas, because of Texas Tech University resources such as The 
International Center for Arid and Semiarid Land Studies, The Ranching Heritage Center, The 
International Cultural Center, and The Southwest Center for German Studies -- and thanks to the 
writings of Karl May, we are uniquely positioned to move gently and educatingly in that direction. 

!50. 
Geburtsiag 

15. 1. 1992 

80. 
Todestag 
30. 3. 1\1')2 

Karl May 

Karl-May-Verlag, Bamberg 
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SYMPOSIA 
Section 10 



FAMINE RELIEF, MORAL OBLIGATION AND EDUCATION 
by 

Richard H. Randall 

For anyone writing on area d~velopment, environmental/moral philosophy today one 
should begin with caution and humility. This is especially true for me as I venture a short paper on 
famine relief and moral obligation and education. My introductory reading thus far in development 
finds me confronted with a myriad of concerns and topics that are dynamic, problematic, and 
thoroughly interdisciplinary. In discussing the hwnan environment alone, Nick Middleton at the 
University of Oxford lists1 a number of theories to explain why environmental issues such as 
famines occur: neo-malthusian, ignorance, tragedy of the commons, poor valuation, dependency, 
exploitation and human domination over nature. The point of all this is that there is a very definite 
schema or progression of vulnerability. These are conditions which exist now and are likely to in 
the future, which while in themselves are bad and make for "hard living," when coupled with an 
increase of unsafe conditions leading to or in conjunction with disaster, either man-made or 
natural, leads to a further and extremely serious worsening of the living conditions of human 
beings who are often more victims than active participants in the Western idea. We are now 
beginning to understand the interconnectedness of many of these conditions, courses, and 
calamities. We know, for example, that not only is the mysterious market mechanism not the 
single answer for food distribution in the world, this mechanism (is it really a mechanism?) is at 
times responsible for bad planting decisions and inequitable food distribution. We know that 
people may starve while grain sits in warehouses and decisions are made (usually autocratically) 
by power/economic elite which is undemocratic and arguably immoral. 2 

. I mention this simply to highlight the complexity of the problems which must be 
addressed. I also know there are people at work day to day who address problems in this area and 
reach solutions. In my early research for this paper, I found a paper done by John L. 
Schwendiman 3 (now deceased) on environmental restoration in Mauritania. The issue was sand 
dune control and the upshot was that there were remedies for the invading desertification of this 
area being discussed and practical policies and actions which could be done in order to save the 
area. Writers such as I from the nonempirical side of the house ought to make themselves more 
aware of what is out there 'on the ground' when we write on these issues. There is some reason I 
think to be optimistic, and to have faith in what we can and should do-I will return to this in the 
last part of this paper. 

Famines are nothing new to mankind of course; we may have near immediate knowledge 
of these today, regardless of the place of occurrence. The Encyclopedia Britannica lists many such 
occurrences with descriptive notes such as the following: Roman Famine 436 B.C., when 
thousands threw themselves into the Tiber river; the great subcontinental famines, which would 
last for 10-12 years taking estimated millions of lives; the Chinese famine in the early 20th century 
in which it is believed 9,500,000 people died. These seem like great natural evils and the suffering 
is beyond imagination. The question, that is the moral question, is in 1996, what is our moral 
responsibility when faced with such events. 

Within academic philosophy the two philosophers arguing that we have a moral duty to at 
least contribute to famine relief are James Rachels, The Elements of Moral Philosophy, 

4 and Peter 
Singer, "Famine Affluence and Morality."5 (I will deal only with Singer). 

Australian philosopher Peter Singer argues that we are faced with extraordinary facts of 
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poverty, disasters, and action. He says our attempts at attacking these conditions are wholly 
inadequate and that we cannot settle for such a state of affairs. 

I begin with the assumption that suffering and death from lack of food, shelter, and 
medical care are bad. I think most people will agree about this, although one may reach 
the same view by different routes. I shall not argue for this view. People can hold all sorts 
of eccentric positions, and perhaps from some of them it would not follow that death by 
starvation is in itself bad. It is difficult, perhaps impossible, to refute such positions, and so 
for brevity I will henceforth take this assumption as accepted. Those who disagree need 
read no further. 6 

He then proceeds to make the following claim, "if it is in our power to prevent something 
bad from happening without thereby sacrificing anything of comparable moral importance, we 
ought morally to do it".7 Singer recognized that ifthis proposal were accepted, much would 
change. He refused to allow proximity to those in need to figure into the issues, arguing that in 
the late 20th century not only do we know, but we can do effective actions for the alleviation of 
suffering. Drawing out the consequences of his position, he proceeds on to the point that we 
ought to make serious sacrifices in order to alleviate bad conditions. 

Singer has been soundly criticized by philosophers and non-philosophers alike. I suspect 
that he is also often ignored----certainly an even worse outcome--especially as I believe he has 
touched what should be a key element of a moral life---the idea of benevolence. Moreover, he 
points out (rightly I think) that we are obliged to do better in the face of such calamities than we 
are doing. 

One of his critics, Professor John Arthur, claims Singer is mistaken in his approach-
fundamentally so because we simply do not have as part of our moral life a value of benevolence 
which outweighs our own right to our physical possessions. Moreover, Arthur says Singer fails to 
recognize the role of desert and justice with regard to the distribution of goods. He claims we are 
not bound to give to strangers or those whom we do not know. 8 

Arthur is wrong. Our morality is shot through with ideas not only of benevolence but of 
embracing others in need--even when it entails our distress. In his extraordinary work, the 
Abolition of Man, C.S. Lewis gives example after example of this, his moral law, in which he 
echoes The Tao.9 Citing references as diverse as ancient Egyptian writings, Norwegian songs, 
Jewish, Roman, American Indian, Hindu, and Christian sources, Lewis maintains that we do have 
a moral law (often strongly intertwined with religious sources) and this law shows us how we 
should act--even in the face of natural or manmade disasters like famines. Stephen Covey in his 
new work First Things First call these "true North principles," and these principals are real and 
powerful. 10 These principles help us guide our lives-and in turn help us shape the world we wish 
to live in, and leave for our children. The problem with the arguments of Arthur and others is that 
not only do they fail to account for our existence morally, they offer only an excuse for further 
inaction in the face of horror. How can we not act decisively when we know, and when we have 
the ability to save lives? It is one thing to admit the complexity of the problem facing us; it is often 
difficult to know what to do. But it is not legitimate to claim we have in our morality no need to 
act (we do) nor may we maintain that others far away are of no concern to us. This will not do 
morally--or in any other sense. 
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In 1986, during a great African drought, Mort Rosenblum and Doug Williamson traveled in 
Northern Africa, chronicling the devastation caused by drought, overgrazing, war, disease, 
and pestilence. They met a refugee, a farmer from Mali, Abdul Rahman Diku. Diku and his 
family had worked all their lives; the rains failed for many years so he, his mother, wife, eight 
children and 14 relatives set out for Mopti, a walk of nearly 500 miles. They sought aid when 
all else had failed. Their remaining livestock died on the trip, the children weakened and 
became ill. They all scratched in the dirt for rice which (perhaps) had fallen from relief trucks. 
There was no work at Mopti for refugees-and scarcely any water or food, though experts 
and tourists were there in plenty. Diku's children began to die. Rosenblum asked him what he 
would do. 11 

He considered the question, studying me to see if he might be able to suggest an answer. He 
was not surprised that I had none. He gently stroked the hair of his four year old son. "What 
will I do? What can I do?" I had seen Dikus by the thousands in every part of Africa. But his 
looks managed to shatter the carapace, the professional detachment that usually protected me. 
It was not pleading, not hostile, not even hopeful. I was simply quizzical. He did not know 
about journalists and scientists or other distinctions among famine groupies; I was another 
human being from a wealthier world, which should not have let this happen. 12 

Well, what of moral education? I see students who are genuinely interested in others and in 
doing, morally speaking, what they should. They believe that the university is an appropriate place 
to discuss these issues. They are interested in personal comrrii.tment-in the words of Norman S. 
Care, in Sharing Fate. These young people often have the desire to share burdens and improve 
our common lot-and we should deal seriously with this questions and dreams. The great Anglo
American philosopher, Alfred North Whitehead, noted that the ideas we attend to-and moreover 
push to the negligible background---constitute our behavior. We live and we choose and we ought 
to choose to live honestly and this includes accounting for our moral heritage-which requires of 
us that we act not only to "put out fires" and give an occasional hand here and there. We need to 
remind our children as well as ourselves that we are obliged to act in a moral humane manner
even if it means taking on others concerns and institutions. Perhaps the following from Albert 
Schweitzer's Out of My Life and Thought could stand as a worthy principle, 

"Only at quite rare moments have I felt really glad to be alive. I could not but feel with a 
sympathy full ofregret, all the pain that I saw around me, not only that of man but of the 
whole creation. From this community of suffering I have never tried to withdraw myself. It 
seemed to me a matter of course that we should all take our share of the burden of pain 
which lies upon the world." 
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A CONCEPT FOR THE REUSE OF MILITARY INSTALLATIONS: 
AID AND DISASTER RESPONSE 

by 
Edgar A. O'Hair and Kary Mathis 

The post-World War II period has seen a change in the attitudes and relations between the 
industrial and the less developed nations. One example of this is in the area of economic and 
humanitarian aid and disaster response assistance from governmental and private organizations of 
the industrial nations. From an historical perspective, these relationships have changed from what 
could be characterized as primarily exploitation by the industrial nations, to recognition by the 
industrial nations of the benefits and advantages of higher standards of living for all people. From 
the l 950's through the l 980's much ofthe governmental assistance was directly linked to the 
international political situation, i.e., The Cold War. With the significant decline in worldwide 
tensions and more introspective focus of the governments of the industrial nations, there has been 
a decline in the annual funding for international aid. Response to natural disasters by the 
international community has been less politically motivated and has not decreased. This, in part, is 
due to the fact that the proportion of funds and personnel from nongovernmental agencies and 
organizations is larger in the area of disaster response than in aid. In fuct, a recent observer states 
that, in 1992, the world economy lost more money from natural disasters than it spent in 
development aid. Both industrial and developing countries have benefited from international 
assistance in time of disaster, however the assistance provided to developing countries has been 
essential in minimizing human suffering. 

The world is doing a better job in responding to human needs. During the past 10 years or 
so, knowledge of international needs has increased and the efficiency of humanitarian assistance 
activities has improved. At the same time," there has been a significant increase in multinational 
efforts and improvement in the working relationships between various governmental and private 
organizations at the international level. In fact, the United Nations declared the l 990's as the 
International Decade for Natural Disaster Reduction (IDNDR)and established a secretariat to lead 
"concerted international action" for disaster reduction (Elo, 1994). 

However, as cooperation and responsiveness improve, the needs continue to increase 
faster than available funds. Proportionally, and with respect to the past, there will probably be 
fewer resources for both aid and emergency assistance in the next decade than was available in the 
last. Compared to the period before World War II, much has been accomplished, but the future 
will bring an ever- increasing need for humanitarian aid and a continuing need for disaster 
response. The director of the IDNDR Secretariat stated, "With rapid population growth, 
environmental degradation, climate change, pockets of poorly regulated industries, and continued 
economic uncertainty, chances are that communities may become more vulnerable--not less--to 
disasters" (Elo, 1994). 

The two humanitarian needs of aid and disaster response will certainly be with us well into 
the 21st century. The major observation from this brief historical picture is that with 
proportionally fewer resources and increasing needs, we must continue to become more effective 
and efficient in our responses. To accomplish this, modem technology, management practices and 
education must be applied in coordinated, cooperative international efforts. 

How can the nations of the world maintain well-trained, well-equipped rapid response 
disaster assistance teams? One way is to have the same organization provide aid and disaster 
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assistance on a continuing basis. In time of disaster, the aid function is temporarily suspended, and 
the same personnel and equipment respond to the emergency. There are some important 
advantages in having one organiz.ation with a two-fold mission of providing aid and disaster 
response assistance. A key element in the proposed concept is the commonality in both 
humanitarian assistance programs in response to disaster, and in continuing provision of the basic 
needs to individuals in developing countries--water, food, shelter, clothing, medical care, local 
energy systems, etc. One organiz.ation at one or a few strategic locations with staff end personnel 
using the same equipment and supplies can support an ongoing aid program and in times of 
emergency cut back or stop aid activities and provide disaster assistance. 

The proposed concept offers the flexibility to respond in a variety of ways, some more 
important or desirable than others, but no single capability is essential. The examples discussed 
below represent just some of the options that could be considered or included. Other 
options/capabilities, beneficial to the recipients, are equally important. 

The first step in implementing the concept would be establishment of a new organization, 
which, for the sake of brevity, is labeled "A&R" (for "Aid and Relief'). Some of the 
characteristics and functions of A&R in providing worldwide humanitarian assistance are: 

• Integrated international staff and trainees/students. 

• Multi-nation support and participation. 

•Use of the same personnel and resources to respond to aid and disaster. 

• Ongoing activities of need projection, response planning, providing assistance, training, 
education, and research. 

• Utilization of modem technologies: aircraft, satellite communication, environmental 
surveillance, packaging, etc. in both aid and disaster response programs. 

An additional benefit of the end of the Cold War is the downsizing of military forces and 
the closing of military bases. Some of these bases are suited to functions needed for both aid and 
assistance programs, such as headquarters, storage, training, and operational sites for A&R. 
Specifically, Reese Air Force Base, 10 miles west of Lubbock, is such a location. In addition to 
suitable on-site facilities, such a base must have adequate surrounding infrastructure to support 
the activities of an organization like A&R. Lubbock and the surrounding region more than 
satisfies this condition. As an example, there are four colleges or universities in the immediate area 
with capabilities to assist A&R in all aspects of training, under graduate and graduate education, 
and research from food preparation and packaging to medical training and response to disasters. 
Reese Air Force Base has the capacity to operate and maintain appropriate cargo/personnel 
aircraft capable of worldwide operation. There is a non-profit food dehydration plant in town that 
processes and packages products from Texas and surrounding states. There is on-base housing for 
permanent staff end for international students. 

Although A&R would be a creation with a unique mission, it is not intended to operate 
independently of existing international, governmental or private organizations already providing 
worldwide humanitarian assistance. Instead, A&R would work with and help others in their 
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response activities, by providing central storage of supplies and equipment, packaging, air 
transportation and distribution to the point of need. As nearly as possible, A&R personnel when 
deployed would need to be independent of incountry services such as transportation and 
communications in aid and disaster response activities. An integral capability of A&R is that of 
rapid redeployment of personnel, equipment, and supplies by air. With prior planning, preparation 
and sufficient time, lower cost surface transportation could be used. 

Besides performing the functions of training, education, research, and aid assistance, a 
portion of the A&R staff could be involved in worldwide environmental monitoring and 
projection of possible natural disasters. This information would be used to prepare response plans 
and packaging of supplies in anticipation of need. The goal of A&R for disaster response would 
be to have an effective presence on the ground at the point of need in less than 24 hours anywhere 
in the world. Transportable medical facilities, portable water systems, and dehydrated foods can 
provide assistance to thousands of people. Such an objective requires a high degree of 
professionalism in the staff and personnel and adequate equipment. In the long run, such a 
capability would be cost effective and would significantly reduce human suffering. 

Such a concept would require considerable explanation to government decision makers. 
Since the concept involves many different countries and international and government agencies, 
and many different private organizations, there are many potential contributors. Historically, most 
have chosen independent action. One new approach to obtaining governmental funding would be 
to operate A&R on a fixed budget. With annual funding fixed, A&R would provide primarily aid 
in times of few disasters, and little aid in times of more disasters. Each country could set aside a 
fixed amount per year to be spent in response to needs of both types. Substantial disaster response 
would delay planned aid assistance, but the aid would still be provided later. 

These are summary statements of key elements in what we believe is an innovative 
approach to both aid and relief programs .. Military air bases being closed in the U. S. and certain 
other countries are designed to support large numbers of people, aircraft, and materiel--exactly 
the capabilities needed for international aid and relief efforts. With declining government funding 
for both types of response, converting such military facilities to these uses can make both aid and 
relief more effective, and could, perhaps, attract additional support and funding because of the 
appealing shift in uses. 

Reference 
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PROGRAMS OF THE FEDERAL EMERGENCY MANAGEMENT AGENCY 
by 

Dell Greer 

Introduction 
The Federal Emergency Management Agency is an independent federal agency created in 

1979 by the merger of several emergency-related federal organizations. Among FEMA's 
predecessors were the Federal Disaster Assistance Administration (HUD), the Federal Flood 
Insurance Administration (HUD), the Defense Civil Preparedness Agency (DoD), the Federal Fire 
Control Administration (DoC), the Federal Preparedness Agency, and several programs of the 
Office of Science and Technology. FEMA's mission is to reduce loss of life and protect property 
from all types of hazards through a broad-based approach to all phases of emergency 
management. 

Organization 
FEMA's approximately 2,600 full-time employees are organized into a headquarters at 

Washington, DC and regional offices at Boston, New York, Philadelphia, Atlanta, Chicago, 
Denton, Kansas City, Denver, San Francisco, and Seattle. The organization ofFEMA's 
headquarters and regional offices reflect the major functions of the agency: mitigation; 
preparedness, training, and exercises; and response and recovery (directorates at headquarters, 
divisions at regional level). FEMA also contains the U.S. Fire Administration, which supports the 
nation's fire-fighting services, and the Federal Insurance Administration, which provides flood 
insurance to property owners nationwide. 

Nearly 4,000 civilian reservists are also available to help out after disasters. Reservists 
often work at a large-scale disasters such as hurricanes, floods, or earthquakes for a few days or 
weeks, then return to their regular lives to be called back some time in the future. 

FEMA works closely with its partners in emergency management: state and local 
governments, other federal agencies, and volunteer organizations. 

The Disaster Cycle 
FEMA's organization and programs are mainly organized around the stages in the cyle of 

managing disasters, which we define as: 
Preparedness: Includes organizing, equipping, training, and planning for response to the 

haz.ards that face a community, and testing the readiness of emergency management System. State 
and local governments have primary responsibility for preparedness; federal programs help build 
their emergency services financial aid, training services, and coordination of plans. 

Mitigation: Includes measures to prevent or reduce the risk of disaster, or lessen the 
effects disasters have on people and property. FEMA's role is mainly in providing coordination 
and financial support to local governments to help reduce economic disruption, and lower disaster 
assistance costs resulting from foreseeable haz.ards. 

Response: State and local government agencies begin providing essential Services 
emergency services as soon as a disaster is detected or threatens. If state and local governments 
are overwhelmed, they may ask the federal government for assistance. The Federal Response Plan 
then guides the action of federal agencies who support the state and local first-responders. 

Recovery: Includes longer-term financial assistance programs intended to help restore 
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infrastructure, housing, businesses, and public facilities, and to reduce or eliminate vulnerability to 
future hazards. 

Preparedness Programs 

Radiological Emergency Preparedness Program 
Works with state and local governments, the Nuclear Regulatory Commission, and utility 

companies, FEMA coordinates emergency plans for areas near nuclear power plants, helps 
conduct exercises based on varying degrees of radiological hazard, and evaluates community 
readiness. 
Chemical Stockpile Emergency Program 

FEMA works with the U.S. Army to promote civilian government preparedness for 
dealing with accidents in communities near military chemical-warfare weapons storage sites. 
FEMA coordinates federal, state, and local plans, and conducts periodic joint exercises, with 
special attention to areas near eight arsenals where the army plans to incinerate large amounts of 
obsolete dangerous chemical weapons. 
Hazardous Materials Preparedness 

FEMA provides planning, training, and exercise support to state and local governments to 
help reduce hazards posed by the transportation and storage of hazardous materials. 

Assistance to State and Local Governments 
FEMA funds or partially funds emergency management programs and staff in all states and 

territories, and helps design facilities and equip emergency organizations in thousands of localities. 
FEMA financial support promotes the objective of planning for all kinds of emergencies and 
exercising the emergency agency organiz.ation and plans. 

Training and Exercises 
Emergency managers, firefighters, and elected officials can take classes in emergency 

planning, exercise design and evaluation, disaster management, and other areas of emergency 
management at FEMA's National Emergency Training Center at Emmitsburg, Maryland. FEMA 
courses are also offered by many states, and seminars are offered by satellite through FEMA's 
Emergency Education Network. Firefighters and related first responders can enroll in classes in 
hazardous materials response and fire service management at the National Fire Academy, a 
component of the National Emergency Training Center. 

Federal Response Planning: Twenty-eight federal agencies and the American Red Cross 
are party to a government-wide plan for mobilizing, organizing and carrying out federal response 
operations during an emergency or disaster. Representatives of these agencies meet regularly at 
Washington, DC, and in the regions to develop, maintain, exercise, and improve the federal 
government's response capability. The Federal Response Plan outlines the organization, concept 
of operations, and specific assignments of the departments and agencies in providing assistance to 
state and local response efforts. 
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Mitigation Programs 

National Flood Insurance Program 
Through the National Flood Insurance Program administered by the Federal Insurance 

Administration, a component ofFEMA, individuals in participating communities can purchase 
insurance against property losses from flood, mudflow, or other flood-related damages. In 
addition, the National Flood Insurance Program ensures that communities institute flood loss
reduction measures in flood-prone areas. FEMA provides technical assistance to identify zones 
where floods are most likely to occur, creating floodplain maps, and encouraging zoning 
regulations to restrict construction in flood-prone areas. 

Hurricane Preparedness Program 
FEMA helps state and local governments identify areas subject to potential 

hurricane wind, wave, and overland seawater (storm surge) flood damage. Grant funds 
may be used to: 

establish and maintain base levels of preparedness and mitigation capabilities; 
conduct hazard identification and analysis; 
prepare evacuation studies; 
conduct post-storm studies to evaluate effectiveness of mitigation measures; 
conduct training and exercises; and to 
promote public awareness and education. 

Earthquake Hazards Reduction Program 
FEMA seeks to prevent or reduce the potential loss of life and property from earthquake 

haz.ards by researching and publishing reports concerning earthquake risks and protective designs 
or construction practices, and by fostering public awareness about earthquake hazards. FEMA 
Region Six and several states in the region participate in the Central United States Earthquake 
Consortium, which promotes those objectives in the areas threatened by potential major 
earthquakes in the New Madrid Fault Zone centered on Northeast Arkansas. Grants are available 
to states for preparedness, response, and public education initiatives. 

Post-Disaster Hazard Mitigation 
A presidential declaration of a major disaster may include provision for hazardmitigation 

assistance which may enable some immediate mitigation measures or which can be used to 
implement previously identified mitigation measures. Hazard Mitigation Grants nonnally require 
the state to bear 25 percent of the costs, which are limited to 15 percent of the total amount of 
federal funds provided for individual and public assistance. After a flood disaster, substantially 
damaged buildings may be floodproofed, raised, or moved with funds from FEMA and other 
federal agencies. In some cases, FEMA buys flood-damaged property and returns the land to open 
space. 

Response Operations 

The Federal Response Plan 
In emergencies or disasters, FEMA coordinates federal response efforts, working with the 
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29 departments and agencies mentioned above who subscribe to the Federal Response Plan, to 
provide such services as emergency food and water, medical supplies and services, search and 
rescue operations, emergency electric power, transportation., according to the state's need. These 
agencies have the personnel, technical expertise, equipment and other resources typically needed 
during large-scale emergencies. To coordinate the federal efforts, FEMA recommends, and the 
president appoints a Federal Coordinating Officer (one for each state affected by the disaster) to 
take charge of the Emergency Response Team (ERT). The FCO and the Emergency Response 
T earn usually set up a Disaster Field Office near the disaster scene. Within the Emergency 
Response Team, most of the federal agencies who provide assistance are grouped into twelve 
Emergency Support Functions (ESFs), according to the type of resources or services they can 
provide. One department or agency is the lead agency for each function. 

Presidential Disaster or Emergency Declaration 
Not every disaster requires federal assistance. Usually, before FEMA and other federal 

agencies can provide assistance, the governor must request assistance and the president must then 
declare a major disaster or emergency. Typically, if the situation appears to be beyond state and 
local capabilities, the state asks for a joint preliminary damage assessment (PDA). Based on the 
PDA findings the governor submits a request to the president through the FEMA regional director 
for a declaration of major disaster or emergency. FEMA then forwards the request, along with 
analyses and recommendations, to the President, who then issues a declaration. Once a 
declaration is in effect, the FCO can use the president's disaster fund to reimburse federal agencies 
for missions carried out under the Federal Response Plan, and for recovery operations. 

Typical Sequence of Events 
•FEMA regional office begins monitoring situation from Regional Operations Center, 
•deploys advance teams to the disaster site and state Emergency Operations Center, 
•assesses damage, determine if there are any immediate needs, 
•reports situation to FEMA headquarters, 
• processes governor's request for federal assistance. 
•President declares major disaster or emergency, specifying one or more categories of 

assistance: individual assistance, public assistance, and mitigation assistance; 
•declaration specifies federal and state shares of costs, usually 75 percent federal -25 
percent state. 
•President appoints FCO, 
•FCO calls up all or part of the Emergency Response Team and federal agencies needed 

for Emergency Support Functions (ESFs), 
•ERT moves to the disaster area and sets up a Disaster Field Office (DFO). 
• FCO works closely with State Coordinating Officer counterpart, 
•FCO assigns missions to ESFs in accordance with needs of state. 
•ERT sets up mobilization centers, staging areas, and other support facilities, as needed. 
•ERT evolves from response operations to more long-term recovery operations. 
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Recovery Programs 

Individual Assistance Programs 
Temporary Housing: provides direct payment grants to individuals for short-term lodging, 

repairs to restore dwelling to a livable condition, or rental assistance. 
Individual and Family Grants: provides funds for serious needs that cannot be met by 

other forms of disaster assistance, insurance, or other means. 
Unemployment Assistance: provides financial assistance to individuals who are not eligible 

for regular unemployment insurance benefits, but who are left jobless in the wake of disaster. 
Legal Services: provides free legal advise and referrals, help with insurance claims, 

assistance with home repair and consumer contracts, and legal paperwork generated as a result of 
the to disaster. 

Crisis Counseling: provides short-term counseling services to disaster victims to alleviate 
mental health problems caused or aggravated by disaster. 

Income Tax Assistance: free income tax information and assistance to taxpayers whose 
property has been damaged or lost in a declared disaster area Taxpayer has option of amending 
previous year's tax return to claim casualty loss. 

Volunteer Organizations: FEMA coordinates the services of a network of volunteer 
organizations providing a wide variety of disaster relief services, including mass feeding, mass 
shelter, child care, medical care, stress management, loans, and many other services. 

Donations: FEMA works in conjunction with volunteer organizations and local 
governments to coordination the collection, storage, and distribution of materials and services 
donated by citizens, businesses, churches, and others. 

Public Assistance Programs 
Debris Removal: State and local governments can use grant funds to collect and clear 

away disaster-related debris. 
Emergency Protective Measures: Provides funds for protective measures to preserve life 

and protect property. 
Restoration of Public Facilities: Provides funds to state and local governments and 

certain non-profit organizations for repair or replacement of damaged structures such as 
government buildings, schools, utilities, roads and bridges 

Replacement of Damaged Equipment and Supplies: Provides funds for repair or 
replacement of publicly owned equipment. 
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TECHNIQUES FOR RECRUITMENT OF INDIGENOUS POPULATIONS TO NEWLY 
ESTABLISHED HEALTH CENTERS 

by 
J. Daniel DeLaRosa 

Abstract 
The difficulties associated with establishing a culturally-competent medical practice in a 

previously under-served area are well described. This paper will describe four techniques for 
establishing such a practice. The first of these practice techniques is the hiring of community 
health workers. The second technique is the translation of patient education materials and the 
terminology appropriate for the culture in which the practice is established. The third technique 
consists of educating students in the practice by approaching their education in a conspiratorial 
fashion with patients. The fourth technique is to role model/establish gateways for area youth to 
obtain entry into the health professions. These four techniques will be described as a method for 
obtaining acceptance, support, and permanence when practicing in a previously under-served 
area. 

Background 
Texas Tech University Health Sciences Center at El Paso (TTUHSC-El Paso) entered into 

a collaborative project with the University of Texas at El Paso College of Nursing and Allied 
Health (UTEP/CNAH). Combining to establish a collaborative practice under the auspices of the 
W. K. Kellogg Foundation initiative in community-based multidisciplinary education, the effort 
became known as the Community Partnership. This Community Partnership was launched in 1989 
with funding from the previously mentioned W.K. Kellogg Foundation. It attempted to establish 
community based multidisciplinary health centers in order to educate health profession students in 
a new educational methodology. This report springs from the experiences arising from the 
establishment of such practices. 

The Lower Valley of El Paso, Texas consists of a narrow strip of fertile land heavily 
irrigated by the Rio Grande River (Rio Bravo). This river provides approximately a two mile strip 
of fertile land surrounded by a classic high Chihuahuan Desert. Annual rainfall is approximately 
seven inches per year. The majority of the crops in this area consist of chile, pecans, and cotton. 
Population migration to this area has been established consisting mostly of agricultural workers 
and newly immigrated day workers. Population is spread along this strip in naturally occurring 
population densities. These communities appear to be clustered along the river much as a string of 
beads. Historically the populations have lacked health care and have been inaccessible to the 
larger cities. Travel is difficult as transportation without private vehicles is unavailable. Into these 
communities several health clinics were introduced as part of the Kellogg initiative. 

The clinics were established with the concern that indigenous populations would not feel 
appropriately integrated. With this in mind, four techniques for recruiting populations as patients 
were discussed and established as part of the overall operating principles of the clinic. 

Community Health Workers 
The World Health Organi7.ation has described the use of community health workers in 

areas where physicians have not been available. Community health workers have been great 
adjuncts to rural clinics in the United States and have been previously described as such. 
However, the concept of utilizing community health workers as a patient satisfaction and 
recruitment tool has not been elsewhere described. Our concept was to initially utilize the 
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community health worker as a health educator. A previous project had established a small 
network of volUnteer community health workers. This small network served as our initial entry 
into the community; however the project requirements established a second tier of community 
health workers. These became known as the "Promotoras" who functioned in a paid employed 
capacity. These Promotoras were recruited from the initial cohort of previously trained 
community health worker volunteers. The requirements of employment included living in those 
communities served by the project. The role of these Promotoras was not only to coordinate the 
volunteer effort but also to recruit and help with patient education in the community. The 
Promotoras thus became our major liaison with the community. 

Their function eventually, although unintended, became not only as educators of the grass 
roots community but also educators of the academic community. It became rapidly clear that the 
community health workers or Promotoras were a vast adjunct in educating both communities. A 
system of community health education was initiated with the volunteer community health workers 
spear heading the effort to bring such basic health promotion activities as water, hygiene, cooking 
tips and accident prevention. The paid community health workers or Promotoras not only 
performed this coordinating function for this community educational effort but also served as 
Translators and Faculty Educators. They coordinated student health projects, gave valuable input 
into curriculum for professional students and volunteers, but most importantly they functioned as 
patient advocates. 

Eventually the lay community health workers training was formalized and was established 
as a 220 hour curriculum. The curriculum was eventually adopted by the El Paso Community 
College as an entry way into formal nursing and physician assistants courses. Thus the lay 
community health care worker program became a paid position with economic benefit to the 
community as well as an entry way into the health career ladder. 

Translation 
The majority of the population in these communities were not indigenous English 

speakers. It was obvious that all patient education materials required translation into the 
predominant language which was Spanish. This attempt initially was undertaken by the 
academicians; however, it became clear that the majority of the population was not at the 
translated reading levels. As pointed out by the community health workers, it was necessary to 
translate at approximately a third or fourth grade reading level. This exercise in translation was 
soon extended not only to include outpatient materials but also physician and nurse practitioner
patient education discussions. The health promoters rapidly assumed the role of health educators 
in this context, educating not only the community but also the health providers and using 
culturally appropriate techniques of discussion. For all our patient education materials which had 
been translated from English to Spanish, we utilized the community health workers to back 
translate in order to check our translation. It became evident that several major glitches in the 
translations had occurred. Once again the community health care workers provided invaluable 
input into the process of accessing and retaining indigenous populations. 

The technique of translation was not only limited to written and visual materials. A 
translation from academic practice models to a more community sensitive model was also 
initiated. Here the community health workers have been previously descnOed as an invaluable 
adjunct in educating the academic practitioners to the role and expectations of the community of 
~heir health professionals. A multitude of culturally unique practices were described and adapted 
mto the every day practice of medicine. The utilization of herbal teas by the maternal 
grandmothers has been elsewhere described, however, this rapidly became a part of the nurse 
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p~actiti?ner and physician protocols. Acceptance of such topics became a frequent point of 
dtseuss1on and was a frequently termed "translation" of academic models into community based 
models. 

Students 
As has been previously mentioned, the goal of the W. K. Kellogg health professions 

initiative was to educate health professional students in a community based interdisciplinary 
fashion. Indeed, the original motivating factor for establishment of the clinics and recruitment of 
patients was in order to educate students. This frequently necessitated a decreased patient load 
and could have caused some discrepancy between the community expectations and the 
practitioner expectations. In order to accommodate this natural tendency, a policy was established 
to identify the purpose of the clinics. Patients were recruited prior to involvement of medical 
students or health professional students in their care. The attending faculty would explain their 
disease process and educate the patient about it. The patient was then approached and requested 
to allow a student to examine him or her. Once the patient gave consent the student was allowed 
to be an examiner. 

In the initial stages, this process was well received. The faculty frequently asked the 
patients not to describe their findings to the student. The student was then allowed to examine the 
patient and was quizzed in front of the patient. Frequently the patients would coach the student as 
to their findings. Anecdotes abound of patients presenting students with a chief complaint of an 
"olosystolic blowing murmur." This educational conspiracy served well and, in fact, was 
frequently a point of pride in the community. They were teachers or educators of these students. 
As students progressed throughout the program, rapid bonds were established between patient 
and student. This had a secondary unexpected affect of establishing patient-physician-student 
bonds that to this day have attracted students to the area. 

Career Ladder 
A natural extension of the project consisted of the role modeling to native secondary 

school students of the possibility of entering the health professions. A part of the curriculum 
assigned to all of the health profession students was to enter into the secondary schools and 
describe and discuss the process for entering a health professions career. This strategy rapidly 
encouraged the native population to access higher education and higher health professional 
training programs. By the end of the program approximately I 0 students from each of the 
communities had enrolled in a higher education institution with the goal of entering a health 
profession. This was in direct contrast to an initial assessment that described greater than 80 
percent of the secondary school students as never having been in a physician's presence. It was felt 
that the accessibility of the students to the health professions would increase the ability of the 
native populations to see themselves within the role. We believe this was in the end the most 
successful portion of the program. As parents began to see the accessibility of the health 
professions, they also began to see the accessibility of health care. As the native populations begin 
to practice in these clinics as students we anticipate that this will be the culminating success. 

In sum, the four strategies have showed remarkable success in recruiting populations. In 
fact as other clinics have opened providing higher level of comfort and accessibility our patient 
base has continued to be a loyal and frequent conspirator in our health education process. 
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CONSEQUENCES OF THE PRESENCE OF DUSTBORNE FUNGI IN INDOOR AIR 
by 

J. Danny Cooley, Wing C. Wong, Cynthia A. Jumper and David C. Straus 

Sick Building Syndrome (SBS) is a lay term that is becoming increasingly well-known to 
the general population (Burge, 1990). It is essentially a compilation of symptoms that include: 
"itchy eyes", congestion, a scratchy throat, nausea, headaches, fatigue, and a decreased attention 
span. It is characterized by the unusual finding that the symptoms tend to abate when the patient 
leaves the building. Recently, there has been another interesting finding about SBS. That is, 
individuals that work or live in "sick buildings" tend to be at an increased risk for upper and lower 
respiratory tract infections. These infections include such things as colds, s01:e throats, ear 
infections, sinus infections, and pneumonia. Because all indoor fungi were at one time outdoor 
fung~ we initiated these studies to examine the consequences of the presence of fungi in our 
indoor world. The primary question that we wanted to address was "Can fungal products induce 
or cause these symptoms?" 

The fungal cell wall (FCW) confers rigidity, strength and shape to the fungus (Mitchell, 
1992). The FCW composes about 15 to 20 percent of the dry weight of the organism. It is made 
up primarily (80 percent) of polysaccharides. Some of the more common polymers found in FCW 
include chitin, chitosan, cellulose, P-glucan, a-glucan and mannans. These FCW are potent 
antigens in mammalian systems and mammalian tissue has no enzymes to degrade them so they 
are slowly cleared. 

We believe that fungal products can cause or induce SBS in at least three possible ways. 
These ways include: allergic rhinitis (AR); hypersensitivity pneumonitis (HP); and direct toxicity. 
AR is a type I immediate hypersensitivity reaction (Burge, 1990). Its symptoms include 
congestion, sneezing, clogged ears, itching of eyes, and irritated nose and throat. These symptoms 
mirror those ofSBS. AR is an allergic reaction of the nasal passages. It is mediated by 
sensitization to the immunoglobulin (lg), lgE and involves the accumulation of mast cells in the 
nasal area, which become coated with lgE. In this case, as the fungal spores pass through or 
become trapped in the nasal passage, soluble antigens (suspected allergens) from the fungal spores 
may come in contact with the lgE bound to the mast cells. When the allergen binds to the lgE on 
the mast cell and it causes them to release compounds (e.g., histamine) that produce the 
symptoms of AR. This results in the inflammation of nasal membranes and hence "allergies". HP 
seems to be a more serious reaction to the presence of fungal spores (Burge, 1990). Its symptoms 
are more severe than those of AR. These include dry cough, shortness of breath, appetite loss and 
resultant weight loss, and fatigue. HP is due to the sensitization and recurrent exposure to inhaled 
particles. This can occur in the terminal bronchioles and alveoli and can lead to inflammation, 
granulomas and resultant lung fibrosis. 

Ifwe compare AR and HP in atopic (allergic) and normal (non-atopic) individuals, it is 
easy to understand the mechanisms offungally induced SBS (Roitt, 1996). In AR, atopic 
individuals may be genetically predisposed to produce IgE in response to fungal allergens. lg 
production is highly dependent upon T-helper {T iJ cells with the CD4+ cluster designation. Upon 
initial exposure, atopic and normal individuals may both produce low amounts oflgE in response 
to allergens. Certain TH cells produce interleukin 4 (IL-4), which is essential for IgE production. 
Upon subsequent exposures, atopic individuals' TH cells continue to produce IL-4 and lgE is 
produced in response to the allergen. However, normal individuals' TH cells cease IL-4 
production and there is a switch to IgG production in response to the allergen. The mediators 
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involved in AR include IgE. histaminC, prostaglandins and leukotrienes (these compounds _are 
involved in causing immediate allergic reactions and participate in inducing allergic inflammation). 
As stated before, IL-4 is essential for IgE production, and tumor necrosis factor-a (also from 
mast cells) may recruit leukocytes and contribute to IgE dependent inflammation. If we examine 
dose dependent exposure in sensitized, atopic individuals, we see that repeated low-dose exposure 
to the allergens of fungal spores: 1) favors production oflgE over IgG; 2) increases the amount 
of allergen-specific IgE; 3) causes mast cells to become coated with allergen specific IgE; and 4) 
reduces the concentration needed to induce a reaction. Therefore, extremely low counts of fungal 
spores could induce AR in atopic individuals that are repeatedly exposed to the spores. In a 
sensitized, normal individua~ repeated low dose-exposure resuhs in increased lgG, there are no 
Type I reactions, and there are no observed health problems. This could explain why some 
individuals display no AR symptoms in "sick buildings", while others display the symptoms of 
SBS. 

If we examine dose dependent exposure, especially when the fungal spores are less than 
Sµm in size, we can see how HP can result after exposure to fungal spores (Burge, 1990). HP can 
occur in both atopic and normal individuals. It occurs as a result ofrepeated high-dose exposure 
to particles (in this case fungal spores) less than Sµm in size. When inhaled, large numbers of 
these particles are phagocytized by pulmonary macrophages. The processing of these spores is the 
key event. The lung damage results from cellular (Type IV reaction) hypersensitivity 
(mononuclear cells releasing Iymphokines and/or the formation oflgG/allergen immune 
complexes (Type III reaction). This repeated high-dose exposure can lead to long term effects 
such as formation of granulomas, fibrosis, and lung lesions. 

Now that we have explored the immunology of SBS, we will attempt to look at SBS from 
a fungal point of view. Simply put, food, water and fungal spores equals fungal growth. Fungal 
spores are ubiquitous and we cannot deny them access to our buildings (Burge, 1990). They have 
a inexhaustible food supply as they can grow on the things our buildings are made of, e.g .• sheet 
rock and ceiling tiles. However, we can control the multiplication of fungi in our indoor 
environment by denying them access to water. We can tell that fungi are growing in our midst 
because they may sometimes produce volatile organic compounds (VOes) which we can smell 
and give rooms the "odor of mildew". These voes include such things as methylene chloride, 
benzene, hexane, ethyl acetate and other compounds too numerous to mention. The voes 
elaborated by fungi appear to depend on the kind of building material on which they are growing. 

The third way in which fungi can produce SBS is by direct toxicity. Fungi may produce 
compounds known as mycotoxins that have direct toxicity for mammals (Mitchell, 1992b). Some 
of the more important mycotoxins are the aflatoxins (produced by Aspergillus flavus) ; aflatoxins 
are converted in the host into active, unstable compounds that bind to DNA to prevent base
pairing and induce frameshift mutations. Other mycotoxins with proven carcinogenicity for 
experimental animals include ochratoxin, sporidesmin, zearalenone, and sterigmatocystin, which 
are produced by some species of Helminthosporium, Penicillium and Aspergillus. The role of 
these mycotoxins in SBS is unclear and continues to unfold. We do know that mycotoxins are 
carried on the spores of some fungi (Sorenson, et al., 1987). 

The size of a particular fungal spore may play a role in its ability to cause SBS. 
Penicillium sp. spores are usually I to Sµm in diameter. Aspergillus sp. spores are usually 2 to 
Sµm in diameter. Spores less than Sµm in size are usually respirable. Cladosporium sp. spores are 
usually greater than Sµm in size. In our experience, 35 percent of the Penicillium sp. spores are I 
to 2.Sµm in size. The size of the spore becomes important because it dictates how long a spore 
stays in the air. Particles greater than 20µm in size stay airborne for a matter of seconds. Those 5 
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to 20µm in size can remain in the air for several minutes. Particles 2 to 5 µm in size can stay 
airborne for approximately two hours. Finally, those spores 1 to 2µm in size can remain airborne 
for over 24 hours, thus increasing their likelihood in being inhaled. 

We have examined buildings both "healthy" and "sick" from many areas of the United 
States. What we have observed surprised us greatly. We learned that the fungi in the outside air in 
all locations were the same or similar organisms, present in similar concentrations. We also 
learned that the air inside "healthy" buildings contains the same fungi as in outside air in the same 
proportions but in slightly reduced concentrations. Most importantly, we discovered that when 
the ratio of these fungi indoors changes so that the organism that is usually dominant in the 
outside air becomes greatly reduced in the indoor air, other problem-causing fungi may take its 
place. It is in this situation that we find most occupant complaints, and hence SBS. 
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HIGH PLAINS UNDERGROUND WATER CONSERVATION DISTRICT NO. 1: 

Creation 

CREATION, RULE MAKING, ENFORCEMENT 
by 

Becca Williams 

The High Plains Underground Water Conservation District No. 1 was created in 1951. 
The Texas Board of Water Engineers delineated the boundaries of the Water District under the 
authority of the Section 59, Article XVI, Texas Constitution and Vernon's Annotated Civil 
Statutes, Article 7880-3c. The people in Lubbock and Parmer Counties and parts of Armstrong, 
Bailey, Castro, Cochran, Deaf Smith, Floyd, Hockley, Lamb, Lynn, Potter, and Randall Counties 
voted to ratify the creation of the District, and at the same time voted to approve an ad valorem 
tax not to exceed $0.05 per $100 valuation to support the District's maintenance and operation. 

Over time, the remaining portions of four counties were annexed by petition and a 
ratification election, each of which included a provision setting the tax rate of the annexed 
territory the same as for the existing District. The total area of the Water District is now 
6,869,910 acres (10,728 square miles). 

The High Plains Underground Water Conservation District No. 1 is governed by five 
Directors, elected under the Texas Election Law for four year terms. 

The part of the Water Code of Texas that governs the creation and operation of 
Underground Water Conservation Districts has been recodified several times over the years, but 
the basic provisions have remained the same. Currently, we operate under Chapter 36 of the 
Texas Water Code. Among the provisions of the Water Code is the power to "make and enforce 
rules to provide for conserving, preserving, protection, recharging, and preventing waste of the 
ground water." The High Plains Water District has a total of23 rules at this time. 

Adopting Rules 
One of the first acts of the first Board of Directors was to adopt bylaws, which included 

provisions for the election of five County Committee members to be elected from each of the 
counties within the Water District, to be elected under the election laws of Texas. These County 
Committees were to "inform Directors of the wishes of people residing in the District, make 
recommendations, and aid and assist Directors in any manner they deem proper." This created a 
grass-roots network of 80 people to govern the Water District. 

Enforcement 
Although the District's rules have the force of law, the focus of the District has always 

been to educate the public so that they willingly make beneficial choices, rather than the District 
simply being an agency that exists to make and enforce rules. 

Procedure for enforcing the District's rules always begins with simply pointing out the 
problem and explaining why it is a problem. For example, the District's rule (and state law) defines 
waste as "wilfully or negligently causing, suffering, or permitting underground water to escape 
into any river, creek, natural watercourse, depression, lake, reservoir, drain, sewer, street, 
highway, road or road ditch, or onto land other than that of the owner of the well," (in other 
words anytime ground water leaves the well owner's property). Enforcement of this rule is in four 

parts. 
First, when a complaint is received in the office, one of the District's staff people visits the 
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site and makes pictures of the water leaving the property. A letter is then written, explaining that 
the waste is a violation of state law and the District's rules. In many cases, this letter produces a 
phone call from the party who received it, asking for help in preventing further problems. 

Secondly, if another waste event occurs, the staff member who first worked the case 
returns to the scene and takes more pictures. The letter this time comes from the Assistant 
Manager. The language is a little sterner, but still offers help in resolving the problem. 

Third, further infractions result in the case being referred to the District's lawyer, who 
writes a letter giving the offender I 0 days to report in writing how he or she intends to correct the 
problem and prevent further waste. 

Finally, as a last resort, the District requests the Court to issue a temporary restraining 
order. If a further infraction occurs after a temporary injunction is issued, it is contempt of court, 
and the offender has to deal with the judge, who may order jail time not to exceed 6 months 
and/or a fine not to exceed $500 per offense. In the history of the District, it has gone this far only 
a few times. 

New rules are adopted by the Board very reluctantly and very rarely, since the philosophy 
of the District has always been to interfere with the individual's business as little as possible. At 
every step of the way, the District offers the expertise of the staff to help the person permanently 
solve the problem. 

The District has developed many educational materials to inform the public. For example, 
a newsletter, The Cross Section, is published monthly and sent to over 6,000 people, all over the 
world. All materials are free to the residents of the Water District. 

The High Plains District has had I 0-year management plans for many years. At this time, 
we are involved in working with representatives from the cities, towns, counties, producer 
groups, special interest groups and anyone else who is interested to develop a water management 
plan for both surface and ground water over the entire 47 counties underlain by the Ogallala 
Aquifer in the High Plains of Texas. 
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THE CONSORTIUM FOR INTERNATIONAL DEVELOPMENT: 
PANEL ON THE ROLE OF CONSORTIA IN DESERT RESEARCH 

Members: 

Introduction 

Jean Kearns 
Merle Niehaus 
Kennith Foster 
Kary Mathis 
Idris Traylor 

Subjects: Introduction 
Overview of CID; Organization, 

Capability, Past Work 
An Individual University's Role in 

CID (CSU) 
A Center of Excellence Role in 
CID 
An Individual University's Role in 

CID (TTU) 

The Consortium for International Development offers one-stop shopping for technical 
assistance and training. The depth of experience and up-to-date information generation combine 
to make CID uniquely capable to work with countries in training and technical assistance areas. 

The Consortium for International Development is a non-profit, non-government 
corporation of twelve major universities located in the western United States. Approximately 
nine of these universities are Land Grant Universities. 

CID has nearly 30 years of experience in the design and implementation of international 
development projects. 

CID has undertaken approximately 280 projects in more than 70 countries throughout the 
world for clients such as the World Bank, the U.S. Agency for International Development, the 
Asian Development Bank and the Inter-American Development Bank. 

The twelve member universities have a total of approximately 15,000 full-time faculty 
and over 200,000 students, more than 12,000 of whom are international students. 

The member universities of the Consortium for International Development are: 

University of Arizona 
California State Polytechnic University, Pomona 
Colorado State University 
University of Hawaii at Manoa 
University of Idaho 
University of Montana 

New Mexico State University 
Oregon State University 
Texas Tech University 
Utah State University 
Washington State University 
University of Wyoming 

CID offers both academic degrees and non-degree training. Courses for academic credit 
may be offered on-site in cooperating countries. Short course training can be designed for 
specific needs and offered in a variety of languages and sites. 

CID's underlying philosophy when working in the international development field can be 
summed up in one word - PARTNERSHIP. CID together with local partners work to implement 
projects. CID management feels strongly that international projects should be implemented 
utilizing a partnership of local universities/firms/organizations/individuals together with 
personnel. Local input is considered vital to the successful implementation of projects. 
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Expertise 
CID universities offer expertise in research, education and training opportunities, 

technical assistance and technology transfer, and extension and outreach services in the following 
areas: 

Education 
Agriculture and Natural Resources 
Water Resources and Irrigation Management 

Environment and Sciences 
Health and Related Topics 
Training and Training of Trainers 

An Individual University's Role in CID (Colorado State University) 
Merle Niehaus 

Colorado State University (CSU) has been a member of the Consortium for International 
Development (CID) for almost 30 years. We obviously think there are advantages to being a 
member, or we would not have remained a part of the organization for so long. CSU has had 
good years and bad years in terms of volume of business on international projects, but I think it is 
safe to say we have usually been one of the top two or three of the CID universities and 
sometimes in the top two or three of all U.S. universities. So what I will say will be from the 
perspective of a university that has been an active player in international research and 
development. 

A question that is frequently asked, even by our own faculty, is why should CSU want to 
participate in foreign research and development projects. The answer is fairly simple. We think 
our students should have an international perspective when they graduate. However, CSU is in 
the center of a large country, and students do not have many opportunities to interact 
internationally. To a lesser extent, the same is true of faculty. We think that providing faculty the 
opportunity to travel and work in other countries improves their teaching in that an international 
perspective will be added to their classes. We are also convinced that the mission of a university 
such as CSU includes local, state, national and international issues. 

Dr. Keams has already described CID and its capabilities and its history. I will look at 
CID from a different viewpoint, that of one of its member universities. 

Why is CSU a member of CID? The more important general reasons follow: 
CSU has about 1,400 faculty, of which about 100 or so have an.active interest in 

international work and have the qualifications to work internationally. Many more are interested 
and many more are qualified; however, the overlap includes only the 100 mentioned above. Of 
these, about 10 or 15 are actively seeking long term assignments at any given time with the rest 
more interested in short term assignments. Therefore, CSU frequently does not have the critical 
mass needed to implement a large project. To make matters more difficult, most of the CSU 
faculty with interest in long term overseas assignments are water/irrigation engineers, 
agronomists, ecologists or agricultural economists. The remainder come from an assortment of 
disciplines. 

Therefore, CSU finds it very advantageous to belong to CID. CID can put together a 
critical mass much easier than can CSU since CID can recruit from 12 different universities. The 
more important specific reasons follow: 
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1. CSU's office of International Research and Development is a small office. Keeping 
abreast of all the international funding opportunities is difficult, if not impossible, because of the 
lack of staff. However, belonging to CID allows us to use the information-gathering capabilities 
of CID. 

2. CSU does not have staff which can spend the time needed learning all the rules and 
regulations that must be followed when working with USAID and with the multi-lateral banks. 
CID has specialists who can provide the expertise needed to be sure all those rules are followed. 
Project management, especially financial management, is one of the major services that CID 
provides to its member universities. 

3. CSU does not have the resources needed to market itself overseas. CID does have 
these capabilities. 

4. Developing a proposal that is due in less than a month, a not uncommon situation, is 
difficult at best. With the limited resources available at CSU (or any other single university) it is 
sometimes impossible. CID can put together a team that includes specialists from its own staff 
plus scientists from member universities. With the advent of electronic mail and electronic file 
transfer, it isn't even necessary for the individuals to travel to CID headquarters. 

5. Colorado State has some state laws that are unique to Colorado. One of them makes it 
difficult for CSU to sign a contract with a foreign country. With CID as the prime contractor, 
CSU can work on international projects without having to sign a contract with a foreign 
government. 

There are, of course, several reasons that CSU finds it advantageous to be a member of 
CID that are related to the theme of this conference. CID and almost all if its member universities 
are located in arid regions where water is scarce. If CSU has any claim to world class status, it 
would probably be in the area of water related research. The same is true for several of the CID 
member universities. However, even with this kind of strength CSU cannot always spare a key 
water scientist for a long term assignment and sometimes not even for a short term assignment, 
without advance notice. 

By belonging to CID, where there are many top rated water and arid land scientists, an 
excellent team can almost always be developed for projects anywhere in the arid lands of the 
world. This is attested to by the fact that CSU has played a major role in CID projects in Egypt, 
Pakistan, Yemen and Eastern Turkey within the past 10 years. 

A Center of Excellence Role in CID 
Kennith E. Foster 

The University of Arizona's interest and dedication to CID stems from our overall ability 
to appropriately staff large, multidisciplinary projects. Recent hires at the University of Arizona 
tend to be more lab oriented, and untenured faculty have little interest in international projects 
unless it provides tenure opportunities. CID offers a mechanism whereby the University of 
Arizona may provide some portion of the personnel needed, yet CID provides the opportunity, by 
having a larger pool of talent, to enhance project funding and assure some level of university 
participation. 

CID also provides a valuable screening for potential projects that are relayed 
electronically to campus. Through this mechanism, the Office of International Agriculture 
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Programs is better placed to match potential talent with project needs. 
A major constraint facing CID and the participating universities is the changing nature of 

who funds projects. The USAID has curtailed large, multidisciplinary projects, and this has given 
way to more World Bank projects. This shift has caused CID universities and CID staff to 
rethink and reshape our overall approach to projects. The latter approach now requires in-country 
contacts, who upon receiving World Bank funds, must be aware of CID and overall capabilities 
and be willing to view CID as a viable offeror of technical assistance. This new paradigm 
requires new thinking and approaches, since in my view, universities have not been well 
prepared to compete in this arena. 

In closing, the model for CID is sound, but changing times have caused need to refocus 
how we operate to be competitive. 

Texas Tech University and Consortium Membership 
Kary Mathis 

Membership in the Consortium for International Development (CID) provides benefits to 
a member university like Texas Tech and also places responsibilities on each member. Key 
aspects of both benefits and responsibilities are outlined below. 

Benefits 
Greater opportunities for internationalization of the campus. Provides faculty 

opportunities for international experience in research, service and development projects, which is 
carried into courses, teaching and direction of students. 

Wider exposure of Texas Tech capabilities to international project donors and agencies, 
increased opportunity for University involvement in productive international activities. 

Continuous, extensive, professional assistance and support in project identification, 
evaluation, proposal preparation and project management from the CID Executive Office staff. 

Expanded in-depth relationships with other member universities, leading to cooperation 
in domestic programs as well as other international activities outside.the Consortium project 
arena. 

Responsibilities 
The international point of view must be disseminated and made effective throughout all 

areas of University programs and University life. Every member of the Texas Tech team, from 
members of the Board of Regents to the newest freshman, must understand the vital importance 
of knowing more about our international partners and competitors, and must support the 
involvement of the University in a wide range of international activities. 

Faculty and administration must become particularly involved and committed to 
internationalization. A key aspect is that faculty and administration must commit to identifying 
specific University capabilities and coordinating those capabilities and interests with project 
opportunities and donor/host country needs. 

Texas Tech administration and involved faculty must support the Consortium and its 
efforts. 
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UNDERGROUND WATER CONSERVATION DISTRICTS IN TEXAS: 

Introduction 

TOW ARDS GOVERNING THE COMMONS 
by 

James E. Jonish, Rasheed Al-Hmoud and C. E. Williams 

In Texas, underground water resources are essentially a common property right. 
Landowners can utilize as much groundwater as deemed desirable, subject to several conditions. 
In the semiarid region of West Texas and in the neighboring states, there is expressed concern 
about the overdrafting of the Ogallala Aquifer, covering portions of eight Plains states in the 
United States. 

Increasingly, and particularly in recent years, areas within the state of Texas have formed 
underground water conservation districts (UWCD), actively supported by state water agencies 
(the Texas Water Development Board) and the state legislature and statute law (Texas Water 
Code, Chapter 52). Such UWCD are created by approval of local voters, generate financing 
through local taxation, and develop local "rule making" activities to deal with the area specific 
water concerns of the appropriate UWCD. Rules developed are enforceable in court for all 
parties in the district. 

The purpose of this paper is to provide an examination of underground water 
conservation districts in Texas in their role of conserving groundwater. The specific objectives 
are: 1) to describe the process, structure and organization ofUWCD in Texas, created by local 
approval of citizens who will then be impacted by the subsequent rulemaking activities of the 
UWCD, and 2) to indicate, by survey of the UWCD in Texas, the rulemaking activities adopted 
by the various UWCD to deal with perceived water quality and quantity issues in the various 
regions of Texas. The method of providing the districts' finances is also covered. 

Within Texas, one of the major attributes of the underground water conservation districts 
is their ability to deal with region specific water problems, whether concerns are over water 
quantity, water quality, or land subsidence. As such, the districts have a second major attribute or 
characteristic. They develop rules and policies from a "bottom up" rather than a centralized "top 
down" administrative approach. 

Background: Underground Water Conservation Districts . 
The water level in the Ogallala Aquifer in the High Plains of Texas, and indeed many of 

the other seven U.S. states underlain by the aquifer, is generally in decline because of the 
"mining" effects which have resulted from overpumping relative to recharge. This has been 
aggravated by the common property nature of Texas groundwater: any landowner can pump and 
use as much water as desired even if it adversely affects his own and his neighbor's water table. 
Exceptions to this practice include wasteful water use or contamination of the groundwater. 
Common property resources are those that are not controlled exclusively by a single agent, or 
owner. As such, if resource use is not restricted, the resource will be exploited on a first-come, 
first-served basis with overuse or overexploitation a common result (Tietenberg, 1992). 

The only entities able to restrict Texas groundwater use are underground water 
conservation districts. Such districts may be created by special legislation, or under the general 
provisions of the Texas Water Code. Districts are" .. . created to provide for the conservation, 
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preservation, protection and prevention of waste of the underground water of reservoirs or their 
subdivisions, and to control subsidence caused by withdrawal of water" (State of Texas, Texas 
Water Code, Chapter 52, Subchapter B). Districts may pass rules, after public review and input, 
to carry out these responsibilities. 

In recent years, and particularly with state legislation enacted in 1985, numerous water 
districts have been formed in Texas. In addition to regional variation in the principal focus of 
each district, the districts vary considerably in size, ranging from a small portion of a single 
county to multi-county districts. The High Plains Underground Water Conservation District No. 
1, for example, covers all or portions of 15 counties with 8, 149 square miles of land area and 
more than 3 million irrigated and nonirrigated acres. 

Districts may be created by one of three mechanisms: 
1) By special legislative act. 
2) By petition to the Texas Water Commission (now Texas Natural Resources 

Conservation Commission) by landowners in a proposed district. 
3) Through implementation of "critical area designation" by the Texas Natural Resources 

Conservation Commission. An election, with steps following the Texas Election Code, will be 
held to determine if a) a new district shall be formed, b) if the new area is annexed to an existing 
water district, or c) no district or annexation is desired. A simple majority of votes cast is 
required for a new district to be formed (Jonish et al., 1989). 

The responsibilities for carrying out the water district duties and operations rests with a 
five-member elected Board of Directors as the governing body of district. In practice, the Board 
usually delegates day to day operations, rulemaking, and budgeting decisions to the water district 
manager and his/her professional and clerical staff. 

District funding sources are varied. The most important is an ad valorem tax on the 
assessed value of the district property. User fees for district services represents anoth.er source of 
funding. These fees include well-permitting fees. In some special legislative distri cts. the law 
allows user fees for water pumpage, or water sales. 

Water districts may earn interest income on accumulated district tax col lections in excess 
of district expenditures. Finally, under certain circumstances. districts may issue bonds for new 
capital expenditures and improvements. Bond issues must be appro\'t:d by the district \'Otc rs 
before bonds are issued. The elected Board of Directors is responsible for ag reement on the 
source and use of funds, the annual budget, and the estimated ta:-: rate to achicn.~ district 
functions . 

Figure 1 provides a map indicating the location of existing and. in some cases. proposed 
water districts in Texas who responded to a survey sent by mai 1 in June. 1996 or v\'hO were 
members of the Texas Alliance of Groundwater Districts in February. 1995. The heavy 
concentrations in West and Southwest Texas reflects the increasing concerns with underground 
water management in these regions. Some 20 water districts have been formed since the 1985 
State legislation and "critical area designation" provisions were incorporated into the Texas 
Water Code. The two districts bordering the Gulf of Mexico (Fort Bend. Harris-Galveston) are 
primarily land subsidence water districts. The remainder are primarily concerned with 
underground water quality and quantity issues. 

The next section focuses on some of the rules and rulemaking activities of the districts. In 
several instances, specific rules are highlighted as they are unique to their area or they suggest 
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innovations in rulemaking activities at this time that might be adopted by additional water 
districts. 

Texas Water District Rulemaking and Related Activities 
As indicated previously, the manner in which underground water districts in Texas 

monitor, measure, and control water use quantity and influence water quality is through the 
rulemaking. activities of the specific water district. To collect information on specific rulemaking 
activities of each district, a letter requesting rulemaking and financial information from each 
district was sent in June, 1996. As of early August, 1996, 31 of 41 districts (76 percent) had 
responded. This section is based upon those responses. In several instances, water districts have 
not yet determined appropriate rules as they have been recently created. In other cases, some 
districts are "paper" organizations only and have chosen not to implement any rules. In the latter 
case, the formation of a district appears to be an attempt to forestall state intervention in regional 
water rules or decisions. 

Rulemaking Activities 
A broad based summary of Texas water district activities is provided in Table 1. The two 

subsidence districts (Harris-Galveston and Fort Bend) are omitted because of their special 
purpose and will be discussed later. Individual water districts, identified by number in Table 1, 
are identified by name in Appendix 1. 

Column 1 in Table 1 indicates that all districts require that all new wells to be drilled 
need a district permit. This is required by the Texas Water Code. Often this permit requirement is 
for wells over a certain size, i.e., 25,000 gallons per day (Glasscock, North Plains, Panhandle, 
Sandy Land, South Plains). As a vehicle to monitor and control eventual water extraction, this 
rule is critical. Well construction standards are generally set at State of Texas standards in all 
cases. This includes the nature of well casings, grouting, etc. 

Well spacing requirements by district offer the opportunity to control underground 
pumping in a very unobstructive manner. Well spacing requirements may be based upon the size 
of pump column (i.e., 4" versus 10") and distance between wells (100 yards versus 300 yards) 
and/or between property lines (Panhandle, High Plains, Sandy Land, South Plains). Well spacing 
requirements offer an opportunity for districts to control aquifer depletion through pump size 
column/spacing requirements. Most Texas water districts have a well spacing rule. However, 
several respondent district well spacing requirements dealt only with actual placement of the well 
versus location in the permit application(± 20 feet from permit location) and thus is listed as 
"no" in Table 1. 

Water production limitations are evident in 16 districts in Table 1. Some require an 
annual pumpage volume permit (Barton Springs, Hickory) while others set quantity limits (5 
gallons per minute/acre owned or operated [Mesa, Sandy Land and South Plains]). Several 
districts are considering metering pumping usage (North Plains, Panhandle) with the purpose of 
restricting above-average depletion. 

All districts in Table 1 monitor underground water levels and changes generally through 
an annual water level monitoring program via test wells in each district. Similarly, water quality 
and quantity management programs are in evidence in most districts. In many instances, this 
involves tracking of underground water used for municipal water purposes by examining 
chemical and pesticide waste, municipal and industrial wastewater, etc. 
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Most districts participate in data collection/exchange efforts with other districts, state or 
federal agencies. Finally, districts are increasingly adopting rules to deal with non-point and 
point source regulations. Some deal with oil/gas wells and pollution (Mesa, North Plains), while 
other have focused on septic tanks (Santa Rita) or point source pesticides (Sandy Land). 

Several water districts listed in Table 1 have fairly unique rule-making activities. 
Transporting of water, important for water marketing and reallocation purposes, is allowed 
within or outside of district boundaries with a permit in several districts (Evergreen, Uvalde, 
Glasscock and Panhandle). Monitoring of individual water usage by meters is being considered 
by several districts (North Plains, Panhandle) under circumstances of above-average aquifer 
depletion. Two districts (Barton Springs, Uvalde) have drought contingency plans as part of their 
rule-making activities. For example, the Barton Springs district defines four stages in their 
drought contingency plan based upon groundwater levels as a benchmark. These are: 1) No 
drought status, 2) Alert status with 10 percent voluntary reduction of water use, 3) Alarm status 
with a 20 percent required reduction from well permitters, and 4) Critical status with a 30 percent 
required reduction from well permittees. 

Of the water districts in Texas, two districts (Harris-Galveston and Fort Bend) are 
subsidence districts. The major problems faced by these districts and the basic rulemaking 
activities focus upon limiting groundwater withdrawal to prevent land subsidence. Both 
subsidence districts require well permitting, and limit the amount of water to be withdrawn, with 
a user fee charged for withdrawals. In the case of individual user requirements for more water 
withdrawn in these districts, an additional fee (over the normal fee) is charged. Water quality 
monitoring is not a part of either district rulemaking activities. 

Texas water districts are self financed. Table 2 indicates that all districts but the Barton 
Springs-Edwards Aquifer district are financed by an ad valorem tax on landowners. The Barton 
Springs district relies on user fees . Tax levels and tax changes must be submitted to each 
district's elected Board of Directors for approval. The rate structure varies from a low of 
.002/$ 100 ($2.00/$100,000 valuation) in the Live Oak to a high of .042/$100 ($42.00/$100,000 
valuation) in the Lipan-Kickapoo water district. Water district activities, salaries, and related 
expenditures are funded from the district's tax assessment. 

Also listed in Table 2 are public education programs or special activities conducted by the 
water districts. For example, in the High Plains Underground Water Conservation District, 
dissemination of water conservation information is undertaken through a monthly newsletter 
(The Cross Section) and an occasional report series (Management Notes) providing in-depth 
information on a particular topic. In addition, public school pamphlets, comic books. and other 
instructional aids are provided to elementary, secondary and high school instructors (Jonish, 
1990). Public information messages and news releases are made available to newspapers, radio 
and television. District employees are available to a wide variety of groups as public speakers. 

Many of the water districts provide special activities or programs to their members. The 
High Plains Underground Water Conservation District offers good examples of such activities. 
The District undertakes a pre-plant moisture survey each year. From a network of soil moisture 
monitoring sites spaced at three-to-five mile intervals throughout the District, soil moisture data 
in the root zone are collected. Maps are prepared each planting season and published widely in 
area newspapers. This knowledge assists in such management decisions as: I) what crops and 
varieties to plant, and 2) an estimate of the amounts of water necessary to fill the root zone to 
capacity so that over-irrigation does not occur. Since the Texas high plains irrigated farmer has 
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historically applied pre-plant irrigation of 4 to 12 inches, depending on soil moisture conditions, 
such pre-plant soil moisture information may save 114 to 1/2 of pre-plant irrigation needs. 

Other special programs undertaken by the High Plains Underground Water Conservation 
District include irrigation pump efficiency demonstrations and irrigation demonstration days held 
in conjunction with the U.S. Department of Agriculture Soil Conservation Service (Natural 
Resources Conservation Service). These community service field days include state-of-the-art 
water conservation techniques and equipment demonstrated in local communities (Jonish, 1990). 
Recent field days have included surge irrigation demonstrations, drip irrigation and furrow dike 
systems, and equipment. 

Rules and rule-making activities do have the force of law behind them. Violations and 
violators are first noted and warned. Fines and court action represents additional enforcement 
devices that districts can rely on to implement compliance with their rules. 

Conclusions 
As is true in a number of U.S. states and many foreign countries, groundwater in Texas is 

a common property resource. Any landowner may utilize as much groundwater as is deemed 
necessary, subject to a few prohibitions on waste or quality degradation. This often leads to 
overuse, with a subsequent reduction in aquifer levels. The eight-state Ogallala aquifer in the 
U.S. is experiencing such a reduction due to heavy irrigation use. 

An institutional mechanism to control water use and to encourage water conservation 
activities in Texas is the underground water conservation district. Regions within Texas can be 
defined as "critical water management areas" under the Texas Water Code or by special 
legislation with the possibility of creating a region specific underground water conservation 
district. The creation of such districts requires the vote of affected landowners (or not) and 
districts are financed by a tax assessment of landowners' property. 

The real power of the underground water districts to influence conservation is in their 
rulemaking authority. Well permitting, well spacing requirements, and the occasional move 
towards well metering in some districts offers the ability to control aquifer usage and depletion 
levels. Rules of a district are enforceable in court. All districts examined in this study have some 
type of well permitting and well spacing requirements. 

The Texas underground water districts have several significant advantages. Each district 
has its own specific purposes and mechanisms to achieve its goals. In addition to its own regional 
interests and concerns, decision-making and the formulation of rules follows a "bottom up" 
approach to collective action, rather than a more centralized "top-down" approach. District 
personnel are consequently more attuned to local interests and feedback. 

Several of the districts' rules suggest the potential for more significant control over water 
usage in the future. Several districts have rulemaking provisions that allow metering of water 
wells under certain circumstances. Two districts have formulated drought contingency plans 
which can trigger required irrigation reductions if aquifer levels fall below certain levels. 

Do water districts make a difference? Evidence suggests they do. In an examination of 
water level patterns of change in the Texas High Plains, a study found that water level declines 
within the boundaries of active water districts have experienced slower declines, or even 
increases in water levels as compared to areas without an active water district. While a number of 
factors may be the result of this pattern of behavior," . .. another influence has been the work of 
local underground water conservation districts in educating irrigators in water conservation, 
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developing well spacing regulations which limit pumpage from the aquifer, and providing 
services which lead to better use of groundwater" (Hart, 1988). 

As a collective institutional mechanism dealing with underground water quality and 
quantity concerns, such "bottom up" underground water conservation districts offer a real 
potential alternative to the more centralized institutional structures dealing with underground 
water use in other regions in the world. 
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Source: Texas Alliance of Groundwater Districts 
Membership Directory and District 
Activities (Feb., 1995), and Mail Survey 
June, 1996. 

• Names of districts appear in Appendix I 

Figure I . Groundwater districts in Texas (names of districts appear in Appendix I) . 
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Table 1. Activities conducted by groundwater districts in Texas. 

Activity Well Permits Well Connn. Well Spacing I Production 
Regulation 
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Water Level 
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Table I. Continued. 

Activity 

District 

26 

27 

28 

29 

Source: 

Well Permits Well Corutn. Well Spacing Production Water Level Water Qualit)· Water Qualit)' Data 
Stncis. Regula11on Morutonng and Quantity Testing and Collection and 

Mngmt Pro Monitonng Distribution 

! 

Yes Yes No Nu i Yes Yes Yes Yes 

Yes Yes Yes Yes I Yes Yes Yes Yes I 

Yes Yes Yes Yes I Yes Yes Yes Yes 

Yes Yes Yes Yes Yes Yes Yes Yes 

Texas Alliance of Groundwater Districts~ Membership Directory and District Activi ties (February, 1995), 
and Mail Survey, June, 1996. 

NPS and Point 
Source 

Regulauon 

Yes 

Yes 

Yes 

Yes 
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Table 2. Financing and programs of groundwater districts in Texas. 
-

FINANCING PROGRAMS 

District Method I Rate St ruct u re Public Education I Special Activities 

1 NA ! NA I NA I NA 

2 User Fees $0 301I000 gal Yes Yes 

3 Ad Valorem $0 01361 /$100 val I Yes Yes 

4 Ad Volarem $0 00981 /$100 val Yes Yes 

5 Ad Volarem $0 .016/$100 val Yes Pending 

6 Ad Volarem $0 0065/$ 100 val. Yes Yes 

7 Ad Volarem $0 02/$100 val. Yes Yes 

8 NA NA NA NA 

9 Ad Volarem $0 039/$100 val. Yes Yes 

10 Ad Volarem $0 .0 132/$100 val . Yes Yes 

11 Ad Valorem $0.0084/$100 val. Yes Yes 

12 NA NA NA Na 

13 Ad Volarem $0 0342/$100 val Yes Pending 

14 NA NA NA NA 

15 Ad Volarem $0 0424 5/$100 val. Yes Yes 

16 Ad Volarem $0 0020/$100 val Yes Yes 

17 Ad Volarem $0 00 I /$100 val Yes Yes 

18 Ad volarem $0 02044/$100 val Yes Yes 

19 Ad Volarem $0 .0 1650/$100 val Yes Yes 

20 Ad Volarem $0 0085/$ 100 val. Yes Yes 

21 Ad Volarem $0.02/$100 val Yes No 

22 Ad Volarem $0 . 02/$1 00 val Yes NA 

23 Ad Volarern $0.0 1032/$ 100 val. Yes Yes 

24 Ad Volarem $0 03 187/$ 100 val. Yes Yes 

25 Ad Volarem $0 0225/$100 val. Yes Yes 

26 Ad Volarem $0. 024/$ I 00 val Yes Yes 
27 Ad Volarem $0 03/$100 val. Yes Yes 

I 

I 
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Table 2. Continued. 

FINANCING PROGRAMS 

District Method RJtte Structure Public Education Special Activities 

28 Ad Volarem $0 012 5/$100 val Yes Yes 

29 Ad Volarem $0. 02/$ l 00 val. I Yes Pending 

Source: Texas Alliance of Groundwater Districts, Membership Directory and District Activities 
(February, 1995), and Mail Survey, June, 1996 
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Appendix I 
Groundwater Districts in Texas* 

1. Brush Country Underground Water Conservation District 
2. Barton Springs-Edwards Aquifer Conservation District 
3. Coke County Underground Water Conservation District 
4. Edwards Underground Water District 
5. Emerald Underground Water Conservation District 
6. Evergreen Underground Water Conservation District 
7. Glasscock Underground Water Conservation District 
8. Headwaters Underground Water Conservation District 
9. Hickory Underground Water Conservation District 

10. Hill Country Underground Water Conservation District 
11. High Plains Underground Water Conservation District No. 1 
12. Hudspeth County Underground Water Conservation District 
13. Irion County Water Conservation District 
14. Jeff Davis Underground Water Conservation District 
15. Lipan-Kickapoo Water Conservation District 
16. Live Oak Underground Water Conservation District 
17. Medina County Underground Water Conservation District 
18. Mesa Underground Water Conservation District 
19. North Plains Groundwater Conservation District No.2 
20. Panhandle Groundwater Conservation District No.3 
21. Permian Basin Underground Water Conservation District 
22. Plateau Underground Water Conservation District 
23. Sandy Land Underground Water Conservation District 

24. Santa Rita Underground Water Conservation District 
25. South Plains Underground Water Conservation District 
26. Springhills Water Management District 
27. Sterling Underground Water Conservation District 
28. Sutton County Underground Water Conservation District 
29. Uvalde County Underground Water Conservation District 

*Only members in the Texas Alliance of Groundwater Districts, and respondents to mail survey. 
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CAA TINGA MANAGEMENT AND MANIPULATION: A REVIEW 
by 

A. F. De Santana and R. N. N. Fernandes 

Introduction 

Caatinga is a predominant kind of vegetation of the semiarid region of the Brazilian 
northeast. It is a type of low forest, full of thorns, dominated by bushes and small trees that have 
the characteristic of losing their leaves during the dry season. It occurs at altitudes of O to 500 m 
above sea level. Trees are dominant on the slopes of the mountains and the prairies; shrubs are a 
characteristic of the interior (Cole, 1960). In the interior, there are several edaphic climaxes, 
where the nature of the vegetation is associated with the type of soil, precipitation, and soil 
moisture conditions (Lima, 1966). 

Aiming at a betterment of the pasture available to cattle in the caatinga landscape, in 
addition to stability of production in Brazilian semiarid lands, tests have been made of 
manipulation techniques of the caatinga landscape, such as "raleamento," "rebaixamento," and 
cutting down small trees and shrub vegetation. Studies of these techniques are recent. More 
research is needed to obtain sound knowledge of the ecological site and the validity of the 
application of different levels and methods of manipulation of the vegetation in each region 
(Araujo Filho et al., 1986). 

As far as manipulation is concerned, the diversity of botanical components of the caatinga 
landscape is very important, since it provides indicators of the easiness and maintenance of the 
levels of production, as well as ecosystem balance (Stoddart et al., 1975). 

Caatinga Landscape Yield Potential 
The production of green forage from leaves of small trees and the aerial part of shrubs in 

the caatinga landscape is, on average, 400 kg/ha/year (CEARA, 1982; Pfister, 1983; Kirmse, 
1984). However, in natural conditions, only a small percentage is really seasonal forage that can 
be used by ruminants. Based on a carrying capacity of 1.3 ha for an adult goat per year and the 
average consumption of dry matter per animal/day of 900 g, a goat requires per hectare 
production of approximately 270 kg of forage. For cattle or sheep, which are mainly ground
feeding, forage available would drop to 210 kg/ha/year (Araujo Filho, 1992). 

The ground cover of small trees can vary from 20% at the "tabuleiros" of semiarid areas 
to 100% in some types of succession caatinga landscape. Density of trees and bushes can vary 
from a minimum of 400 trees to a maximum of 13,000 shrubs per hectare (CEARA, 1982). 
Production of green forage by shrubs varies inversely with the density of small trees. So, at the 
"tabuleiros" one can obtain around 2,500 kg/ha of forage, while on the succession caatinga 
landscape, production would be only 600 kg/ha on average (Araujo Filho, 1992). 

According to Malechek (1986), adequate management in an ecological context requires a 
profound understanding of the system of production, because decisions are taken according to the 
changing local environment, over which humans have little control. 

Kasprykowski and Nobre (1974) and Lima (1983) concluded that the extensive system is 
most used by northeastern Brazil producers to raise sheep and goats. Feeding is based on forage 
from native pasture. In spite of the high nutritious value of its botanical components during the 
rainy season., nutrition is low during the dry season due to the shortage of feeding forage, with 
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serious nutritional damage. This finding agrees with the results of studies done by Mesquita et al. 
( 1986), who observed that low quantity and quality of feeding forage are limiting factors for goat 
production in the northeast. 

Albuquerque (1977) says that all improvements proposed to the caatinga landscape, in 
spite of increasing productivity, leave some doubts about investment versus returns; however, 
Araujo Filho et al. (1982) conducted research in four regions of the interior of the state of Ceara: 
"tabuleiro," "carrasco," successional caatinga landscape, and virgin caatinga landscape. Using 
different methods of manipulation of woody vegetation, they concluded that Ceara native pasture 
has a potential forage production that justifies the use of improvement techniques. 

Araujo Filho and Torres (1982), Mesquita et al. (1988), Pfister (1983), Kirmse (1984), 
Silva (1985), Schacht (1987), Saraiva (1988), and Schacht et al. (1989) observed that in caatinga 
landscape in Sobral (Ceara), removing completely the aerial part of the trees provoked an 
increase from six to eight times in the production of shrubs, at first. This happens due to the 
reduction of competition of woody plants by nutrients, water, and, principally, sunlight 
(Mesquita et al., 1986), affecting, significantly, the frequency of species and the composition of 
shrubs (Serafim, 1982). 

The technical recommendations of how to handle the native pasture of a region must be 
specified for each of the units or ecological sites that compose the caatinga landscape of the 
region, taking into consideration, principally, the potential area in terms of technical and 
economical responses, and the type or combination of animals that one wants to use (Araujo 
Filho, 1992). 

Manipulation Systems 
"Raleamento" is a method of manipulating the caatinga landscape that consists of the 

selective control of small trees species with the objective of reducing the competition for light, 
water, and nutrients, aiming at increasing production of green forage of shrubs (Leite et al., 
1990). This manipulation method does not increase the total of green forage, but it transfers the 
potential production of the small trees/shrub system to shrubs (Araujo Filho, 1987). This 
manipulation technique must keep around 3% of the cover in small trees species, representing 
approximately one hundred trees per hectare (Silva, 1985; Schacht, 1987; Araujo Filho, 1992; 
Leite et al., 1990). 

The "rebaixamento" consists of manual destruction of small trees species at a height of 30 
to 40 cm above the surface, with the objective of increasing the availability of green forage of 
trees and shrubs, improving the quality and extending production of green leaves for more time 
in the dry season. With the reduction of the ground cover, one can observe a significant increase 
in production of green forage of shrubs. The small trees of known forage value must be 
"rebaixadas." The trees whose leaves are consumed when dry must be preserved (Araujo Neto, 
1990). 

Manipulation for feeding purposes has several benefits, such as to increase production 
and quality of green forage, increase animal production, ease manipulation of the herd, and 
reduce consumption of toxic plants. However, these advantages can only be obtained if methods 
are utilized that take into account the potential of the ecological site, responses to floristic 
coverage, technical validity of the methods, availability of specialized labor and adequate 
equipment, economical responses, and lines of credit adjusted to the real conditions of shepherd 
activity (Araujo Filho, 1992). 
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!hree basic concepts are used to combat the invasion of undesirable plants in the pasture: 
prevent10n, control, and eradication (Valentine, 1975). 

Prevention: adopt procedures to avoid the invasion of pastures by invader plants. This 
includes adjusting animal load according to the production of forage. 

Control: use of techniques and methods destined to keep the undesirable species at a 
density and cover that does not interfere in the production of forage. 

Eradication: removal of all harmful species. This procedure can only be justified if the 
plant is a real problem, or when the invasion is not generalized, but in a specific spot (Valentine, 
1975). 

Control of Small Trees Species of Caatinga Landscape 
Several methods of control of small trees species have been tested in the caatinga 

landscape. They can be grouped in the categories of physical, chemical, and biological. 

Physical Methods 
Manual cutting: It consists of cutting the aerial part of bushes and trees at a height of 

approximately 30 cm from the surface. Species respond differently to the height of the cutting, 
as well as to the cutting period (Hardesty, 1986). The higher the cut, the bigger the average 
height and the number of points that reappear (Araujo Filho et al., 1985). The lower cut results in 
a bigger number of reborn trees from the adventitious buds; these are not linked to the vascular 
system of the main plant (Hardesty, 1982). Therefore, the low cut (10-30 cm) is desirable for its 
forage value unless it leads to rapid exhaustion of plant reserves. 

The small trees reappear, more vigorously, and produce more green forage, if they are cut 
during the dry season, to reappear in the rainy period. When they are cut in the rainy season, 
their growth is slower, probably due to the fact that their reserves are exhausted (Hardesty, 
1986). 

Compared to other methods, cutting has little effect on the control of the small trees 
species of the caatinga landscape. However, it is an appropriate technique with bushes and trees 
because of its positive effects regarding the increase of availability of forage and a longer 
retention of green leaves of the plants during the dry season (Hardesty, 1986). 

Manual "destocamento" (take off the trunk of the plant): It consists of the removal 
("cibanca") of the trunk of the plant, together with the totality of its root system. When dealing 
with trees, it is necessary to remove the aerial part, not the root. When dealing with bushes, the 
procedure is the "destocamento" when the plant is standing (Araujo Filho, 1992). 

"Destocamento," as a method of control, depends upon the soil, season, and anatomic 
characteristics of the plant. Some plants have the ability to grow from buds situated at the roots. 
Then, the operation can only be efficient when one eradicates the whole root system. Most of the 
tree vegetation of caatinga landscape has this characteristic, in addition to a lateral root system 
which is shallow (Queiroz, 1985). 

If one takes the season into consideration, the "destocamento" is more efficient in the 
rainy season, not only because the soil is wet, making it easier to get rid of the root system, but 
also because the plants have a low level of reserves, delaying, even more, their recovery 

(CEARA, 1982). 
Machine"destocamento": Several pieces of equipment, generally attached to tractors, 

are used for the "destocamento" (Valentine, 1975). The efficiency of the method depends on the 
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same factors that influence the manual "destocamento." However, there are some considerations 
that need to be taken into account when using heavy equipment in caatinga landscape soil. If they 
are in shallow soils, the bulldozer brings two problems: removal of the thin organic sli~e of the 
surface of the soil and muddy spots in the rainy season. In the first case, the use of a rake 
attached to the blade, keeping it from contacting with the surface of the soil, will be able to solve 
the problem. However, the use of the equipment in the rainy season will always be a harmful 
operation in most of the interior. Another negative aspect is the difficulty of doing selective 
control (Araujo Filho, 1992). 

Fire is one of the environment factors of the ecosystem of native pastures, forests, and 
savannas (Valentine, 197 5). Really, fire is the determinant agent of the predominance and 
survival of grass (Humphrey, 1962). 

In the manipulation of the caatinga for grazing sheep, just a few situations justify the use 
of fire. When dealing with small trees, it can be that, after taking the useful wood, some branches 
with thorns might harm the animals and, thus, require burning. Erosion can, however, become a 
problem (Araujo Filho, 1992). 

Chemical Methods 
There are chemical compounds that inhibit the growth and provoke the death of the small 

trees. They are a specific type. 
In spite of the risks of contamination or environmental pollution, chemical control is the 

most efficient and economical method of control of the undesirable small trees of the caatinga 
landscape. The harmful effects of environmental pollution can be reduced to a tolerable 
minimum, once adequate procedures are used. For this the application must be only on the 
leaves and stem of the plant, using only the quantities and concentrations recommended for the 
type of plant to be controlled. 

Biological Methods 
The use of animals, principally insects, in the control of undesirable woody species in the 

pasture is being used, sometimes successfully. Before introducing a controlling species, one 
should verify the occurrence, in the area, of natural enemies, specifically as to host plant, life 
cycle, and environmental adaptation. Maybe the best option available at present is the utilization 
of combined grazing of goats, sheep, and cattle, because goats eat stems and the others are 
grazing species (Araujo Filho, 1992; Van Soest, 1982). 

Levels of the Manipulation of Small Tree Vegetation 
of the Caatinga Landscape 

The manipulations of the small trees of the caatinga landscape consists of the control of 
the trees and bushes, aiming at increasing availability and bettering the quality of grass (Araujo 
Filho, 1992). 

In terms of levels of manipulation of the caatinga landscape, six alternatives can be 
identified: 

Native caatinga: Once the production of forage corresponds, approximately, to less than 
7% of total plant growth, the native caatinga landscape of trees and shrubs, animal performance 
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is very low at that point, requires 1.3 to 1.5 ha to feed a sheep or goat during one year and 1 O to 
12 ha for a cow (Araujo Filho, 1992). 

In some studies conducted in the cearense hinterland in three periods (May, August and 
November), a range in green forage of 2,600 to 3,400 kg/ha was found. Sabia (Mimosa 
caesalpinifolia) and jurema (Mimosa acustipula) were preferred during the three periods. The 
fruits of jucazeiro (Caesalpineaferrea) are consumed after they fall, in the months of August to 
November. Melosa (Rue/la asperulla) was the one consumed in the dry season. Shrub 
vegetation, such as milha (Paspalum sp.) and white and red bamburral (Hyptis sp. ), were 
consumed during all three periods (Relatorio Tecnico, 1989). 

Pruned caatinga landscape: It means manual cutting of the small trees to increase 
availability of green matter of the small trees and shrubs, and reducing the shading effect on 
more nutritious shrubs such as sabia, moror6, jurema-preta, and quebra-faca. The species whose 
leaves are consumed while dry must be preserved (Araujo Filho, 1992), while undesirable shrub 
species such as the marmeleiro, velame, and malva-branca must be eliminated. 

"Raleada" caatinga: The "raleamento" of the shrub vegetation of the caatinga landscape 
consists of the selective control of small trees species, with the objective ofreducing the shading 
effect and the density of trees and undesirable bushes, to obtain an increase in the production of 
green forage of desirable shrubs (Araujo Filho, 1992). 

Native pasture "raleada" can vary in dry matter of green forage from around 2,600 to 
4,300 kg/ha (Relatorio Tecnico, 1989). The high percentage of caatinga landscape dry leaves in 
the animal diet indicates that this species should not be reduced, while manipulating the caatinga 
landscape to breed sheep and goats (Souza, 1991 ). 

The green forage shrubs of the caatinga landscape "raleada" shows wide variations 
throughout the year, indicating an increase of availability from the begillling to the end of the 
rainy season and a decrease starting with a prolonged dry period (Araujo Neto, 1990). 

In some experimental studies of shrub-small treee species with a cover of only 
approximately 30%, it was necessary to use manual control of the marmeleiro (Croton 
soderanus) after one year (Pimentel, 1991 ). 

"Rebaixada-raleada" caatinga landscape: Reducing trees and large shrubs with 
"raleamento" is, probably, the best alternative in the different types of caatinga landscape of the 
semiarid part of northeast Brazil. The technique consists of the control of undesirable bushes 
such as marmeleiro, velame, and malva-branca, and of reducing the height of the small trees 
having green forage value and consumed while green, as the sabia, jurema-preta, moror6, quebra
faca, aroeira, while preserving trees that provide forage when dry (Araujo Filho, 1992). 

Caatinga landscape cutting: This means to remove all native vegetation and to 
introduce one or two forages that are acceptable. Dry matter of the green forage is around 1,900 

to 2,900 kg/ha (Relatorio Tecnico, 1989). 
Enriched caatinga landscape: In the northeastern hinterland, one can find extensive 

areas where the vegetation has lost its floristic diversity. Under these conditions, the production 
of forage can only be increased with the introduction of native forage and/or exotics adapted to 
the conditions of the ecological site (Araujo Filho, 1992). 

Conclusions 
Research which was carried out on the manipulation of the caatinga landscape in the 

semiarid area of northeast Brazil indicates that these management techniques contribute to the 
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increase of the production of green forage and, consequently, to animal production. The choice of 
the method of handling the native pasture must take into consideration the type of animal or 
combination of animals that are going to use the area. Each ecological site requires different 
handling, considering the relation among the soil, plant, and animal, and, principally, the 
economic availability of the techniques of handling native caatinga landscape. 
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THE RISK OF DESERTIFICATION IN THE COUNTY OF JUA, CEARA 
by 

R. N. N. Fernandes 

Introduction 
Man needs to learn how to live in harmony with his environment in order to guarantee 

provision of his ba$ic needs. If he does not learn, he will provoke serious social, economic, 
political, and environmental problems. Desertification (land degradation) is one of those 
environmental problems that have social, economic, and political impacts. 

To understand land degradation impacts and how to control them, one needs to know why 
it started, its characteristics, and how to deal with it. Control procedures are site specific. 

This study analyzes the results of work performed in 1994-95 in the county of Jua in the 
district of Irau9uba in Ceara. The objective is to prepare a rural development plan for the towns 
in the county. 

Methodology 
The study took place during the eight months from September 1994 to April 1995, which 

included dry and rainy seasons. 
Jua is named after the juazeiro (Ziziphus juazeiro) plant, a prominent component of the 

vegetative cover. Jua is typical of the semiarid northeast of Brazil. The climate is hot and dry 
(BSW in the Koppen classification). Data were collected from 9 localities of three hectares each. 

Indicators of the status, risk, and rate of desertification were evaluated and the physical, 
biological, and socioeconomic impact of land degradation was assessed. The data were 
employed a management plan based on rational ecological principles. 

Results 
Table I enumerates the percentage of the 27 hectares that was affected by land 

degradation processes. 

Table I. Problem relation at the studied ecosystem. Percent of area affected. 

Overgrazing 
Light and advanced erosion 
Bush invasion 
Toxic plants 
Problems with rodents 
Fires 

78.00 
83.00 
39.70 
33.50 
36.90 
07.80 

Table 2 gives the estimates of the condition of three vegetation types that makes up much 
of the plant cover. 
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Table 2. Condition of native pasture ( caatinga) in large tree shrubs, herbs, and woodlots. 
Percent in each class. 

Vegetation Condition of caatinga (%) 

Poor Regular Good Excellent 
Large tree/shrubs 5.43 16.00 11.03 2.96 
Herbs 11.43 29.08 16.26 1.43 
Woodlots 1.02 4.02 2.02 0.32 

Total 17.58 49.14 29.31 4.69 

Conclusions 
Despite the difficult environmental and economic conditions faced by the local 

population of Jua, pessimism toward the future is not justified. A holistic approach to the 
problems is required, with participation of the local population in the planning and execution of 
development projects. Sustainable development has a socioeconomic factor that is just as 
important as the technological factor. 

984 



HALOPHYTES: POTENTIAL SOURCE OF FORAGE PRODUCTION IN 
SALT-AFFECTED DESERT LAND 

by 
N. I. Ashour, A. K. Abd El-Haleem, M. S. Serag and B. B. Mekki 

Abstract 
Various approaches have been taken to the treatment of salt-affected land. The use of 

halophytic plants for forage production on salt-affected soil was suggested and called Saline 
Agriculture. In Egypt, 96% of the land is desert, wpere the soil is sandy and most of the available 
ground water is too saline to raise and sustain conventional crops. 

Field trials were carried out in sandy soil at the sea coast of the Suez Gulf to evaluate the 
productivity of some local and exotic halophytic plants irrigated with diluted seawater (12.5, 
25.0, 3 7.5 and 50.0% of sea water). The tested halophytic plants were Diplachne fusca (local), 
Spartina patens, Sporobolus virginicus (Smyrna-smooth), and Sporobolus virginicus (Dixie
coarse) (exotic). The fresh and dry matter yield of most of the tested plants tended to increase by 
increasing the concentration of seawater from 12.5 to 25%. Further increase in the salinity level 
of irrigation water tended to decrease biomass production to various degrees according to the 
plant type. All the tested plants can tolerate cutting 3-4 times per year and are capable of 
recovering and maintaining a productive stand. The dry matter yield ranged between 2.7-16.0 
ton/acre/year. According to plant type, Diplachne fusca, Spartina patens and Sporobolus 
virginicus (Smyrna) seemed to be promising halophytic plants for feeding goats and sheep in 
desert area by using available saline water in irrigation. 

Introduction 
Egypt, like other developing countries of the arid and semiarid regions, faces four major 

problems, namely: (1) high rate of population increase, (2) limited natural resources of good 
quality water, (3) existence of salt affected land, and (4) shortage of food and feed. Therefore, 
studies should be oriented towards solving these problems and in particular to the management 
of salt-affected lands. The cultivation ofhalophytic plants seems to be an ideal management 
practice of such soil types, when fresh water is not sufficient (Waisel, 1972). Halophytes have 
attracted the attention of several workers in many countries (Aronson, 1989; Ismail, 1990; Serag, 
1992; Ashour, 1993; Ashour and Thalooth, 1993; Zahran, 1993; and Ashour et al., 1994). A 
number of plant spec!es has been screened for their productivity and/or nutritional potential when 
irrigated with saline water and even seawater (Glenn and O'Leary, 1985; Gallagher, 1985; and 
Glenn et al., 1991). Some halophytic species have been demonstrated as forage plants (Watson, 
1990; Ashour et al. , 1994; and Joshi et al.,1995). 

Therefore, the aim of this work was to investigate the growth of some halophytic forage 
plants in coastal salt-affected desert lands by using diluted seawater for irrigation. 

Materials and Methods 
Field trials were conducted during the 1993-1996 seasons in the Saline Agriculture 

Experimental Station of the National Research Centre at the Suez Gulf coast. The aim of the 
trials was to study the effect of four concentrations, i.e., 12.5, 25.0, 37.5 and 50.0% of seawater 
in irrigation water on the biomass production of five halophytic plants namely: Diplachne fusca, 

985 



Spartina patens, Sporobolus virginicus (smyma-smooth), Sporobolus virginicus (Dixie-coarse), 
and Medicago sativa for comparison. Each plant type was grown in four plots. Each plot was 
subjected to one of the salinity treatments. 

The meteorological data of the Saline Agriculture Experimental Station at the Suez Gulf 
coast (Attaka) is presented in Table 1. Rainfall varies from 0.9 mm in April to 6.5 mm in October 
with a total of 22.2 mm/year. The monthly mean temperature varies between 10.3 C in January 
with a maximum value (33.5 C) in August. The monthly mean of relative humidity is relatively 
low and varies from 40% in April to 50% in November. The annual average of relative humidity 
was 64%. Wind velocity is relatively high in the coastal zone. Wind varies from 3.1 m/sec. in 
January to 5.0 m/sec. in August. 

Analysis of the soil from the Saline Agriculture Experimental Station at Suez Gulf was 
carried out following the methods described by Piper (1974), Jackson (1962) and Wilde et al. 
(1979) and presented in Table 2. 

The chemical analysis of the diluted seawater used in irrigation was carried out according 
to the procedures applied by the U.S. Salinity Laboratory Staff (1954) and presented in Table 3. 
Several cuttings were taken from all tested plants. At each cutting, plants in three quadrants of 
0.5 m x 0.5 m were harvested. Live plant parts were cleaned, put into plastic bags and brought to 
the laboratory shortly after harvesting. Fresh weight of biomass was determined and harvested 
shoots were oven dried to constant weight at 70 C. Dry weight, water content, and succulence 
(fresh weight/dry weight) were also determined. The succulence ratio was calculated according 
to Tiku (1975). The total fresh and dry yield of cuttings taken during 12 months was determined. 

The average content of crude protein, fat and fiber, soluble carbohydrates, and ash in the 
vegetative parts of two cuttings were determined using the method of A.O.A.C. (1965). 

Results and Discussion 

Effect of Salinity 
Table 4 and Figures 1 and 2 show that irrigation with diluted seawater affected fresh and 

dry weights of biomass. Fresh and dry weights of the tested forage plants, except Medicago 
sativa, were increased by increasing the concentration of seawater in irrigation water from 12.5% 
up to 25.0%. Further increase in salinity level in the irrigation water tended to decrease the fresh 
and dry weights of the forage halophytic plants. Yet even under 50% seawater in irrigation water, 
the halophytic forage plants produced more than 50% of the fresh and dry weights of the control 
treatment (12.5%). The stimulatory effect of moderate salinity level on the growth of some 
halophytic plants was also reported by O'Leary (1988). Such growth stimulation at moderate 
salinities in halophytes may be attributed to improved shoot osmotic status as a result of 
increased ion uptake (Naidoo et al., 1995). Reduced growth at high salinities is probably 
associated with reduced turgor and the high energy cost of massive salt secretion and 
osmoregulation. Table 5 shows that different concentrations of seawater in irrigation water seems 
to be without significant effect on the succulence of the tested halophytic plants. 

Tables 6-10 show the effect of salinity on the average content of crude protein, fiber, fat, 
and ash, as well as soluble carbohydrates of all tested forage halophytic plants. Increasing 
salinity level in the irrigation water tended to increase crude protein content while decreasing 
crude fiber. Crude fat and soluble carbohydrate contents seem to be unaffected by changing the 
salinity level in the irrigation water. In this connection, Leigh (1986) reported the high crude 
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protein content of several halophytic plants. He speculated that halophytic plants could serve as a 
valuable protein supplement to stock when the associated grasses were dry and possibly protein 
deficient. 

Effect of plant type 
Table 4 shows that Sporobolus virginicus (Dixie) produced the highest fresh and dry 

yields of forage followed by Spartina pat ens, then Diplachne fusca, while Sporobolus virginicus 
(Smyrna) gave the lowest yield. The quality of the forage produced should be taken into 
consideration, since Sporobolus virginicus (Dixie-coarse) plants were the least palatable, while 
Medicago sativa was the most palatable one. Gallagher (1985) obtained more or less similar 
results. Yuvaniyama and Arunin (1993) found that Sporobolus virginicus (both coarse and 
smooth) showed 100% survival at the highest salinity ( 400 mM NaCl). They observed that the 
coarse form recovered from salinity injury faster than the smooth form. 

Table 5 shows that Medicago sativa was the highest in succulence; other halophytic 
forage plants had more or less the same rate of succulence. Tables 6 and 10 show that Medicago 
saliva had relatively higher crude protein content and lower soluble carbohydrate content, while 
Diplachne fusca and Spartina patens had higher content of soluble carbohydrates. Spartina 
patens gave the lowest crude fat content, while Sporobolus virginicus (Smyrna and Dixie) gave 
the highest ash content. However, all other forage halophytic plants contained comparable values 
of ash content (Tables 8 and 9). 

Effect of interaction 
Table 4 shows that all tested species tolerated irrigation with diluted seawater up to 50% 

level. Sporobolus virginicus (Dixie) produced the highest biomass when the plants were irrigated 
with water containing either 25 or 3 7 .5% of seawater. Similar results were reported by Gallagher 
(1979). Leith et al. (1994) have conducted field experiments in the United Arab Emirates to grow 
the halophytic grass Sporobolus virginicus, utilizing seawater of the Arabian Gulf. The results of 
this experiment indicated that Sporobolus virginicus has the ability to grow in highly saline 
environments which exceed even those found under our experiment. Spartina patens plants had 
the highest values of fresh and dry weights when irrigated with water containing either 25.0 or 
37.5% of seawater (Table 4). Similar results were reported by Parrondo et al. (1978), El-Lakany 
and Naguib (1984), and Gallagher (1985). 

Table 4 also shows that Medicago sativa produced the highest yield of fresh and dry 
weights when the plants were irrigated with water containing 12.5 % of seawater. 
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Table l. Climatic elements prevailing in the Saline Agriculture Experimental Station at Suez 
Gulf. 

Month Temperature Rainfall Relative Wind 

( <>c) (mmJ year) humidity velocity 
(%) (m./sec.) 

Min. Max. 
July 24.3 35.2 Trace 46 4.9 
August 24.1 35.3 Trace 46 5.0 
September 25.1 32.9 Trace 51 4.8 
October 19.1 29.5 65 55 4.4 
November 16.7 24.2 12 56 3.6 
December 11.6 20.1 13 55 3.2 
January 16.5 19.5 29 55 3.1 
February 11.9 21.0 20 53 3.5 
March 13.7 23.0 29 46 4.1 
April 15.9 28.5 9 40 4.6 
May 19.9 31.6 16 43 4.7 
June 22.1 24.8 Trace 45 4.5 

Average 17.7 28.0 22.3 49.6 4.2 

Source: Meteorological Department, Cairo, Egypt, 1993 (Unpublished 
data) 
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Table 2. Physical and chemical characteristics of the soil of the Saline Agriculture 
Experimental Station at Suez Gulf coast. 

Item 

Mechanical analysis : 
Sand% 
Silt% 
Clay% 

Textural class 
pH 
Electrical conductivity (mmhos/cm.) 
Calcium carbonate% 

Result 

93.5 
4.8 
1.7 

Sandy 
8.6 
1.2 

1.8 

Table 3. Chemical analysis of the diluted seawater used in the Saline Agriculture Experimental 
Station at Suez Gulf coast. 

Item Seawater concentration (%) 

12.S 25.0 37.S 50.0 

pH 8.0 8.0 8.1 8.1 

T.D.S. {g./ L.) 6.0 13.5 19.5 25.5 

Na 1910.0 3660.0 5470.0 7180.0 

K 54.6 117.0 172.0 217.0 

Ca 96.0 160.0 200.0 252.0 

Mg (mg./ L.) 216.0 420.0 593.0 806.0 

HCOJ 597.0 683.0 683.0 767.0 

Cl 3690.0 7460.0 10580.0 13490.0 
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Table 4. Effect of irrigation with diluted seawater on fresh and dry weights of some halophytic forage plants grown in the Saline 
Agriculture Experimental Station at Suez Gulf coast. 

Species Concentration of seawater in irrigation water (%) 

12.5 25.0 37.5 50.0 Mean 12.5 25.0 37.5 50.0 Mean 
Fresh Weight Dry Weight 

(ton /acre /year) (ton I acre I ~ear) 

Medicago sativa 49.19 40.35 26.88 18.50 33.73 22.95 19.18 13.22 8.23 15.90 

Diplachne fusca 8.97 13.16 4.46 4.01 7.65 4.85 6.84 2.49 1.41 3.90 

Spartina patens 19.96 26.64 27.30 7.74 20.41 11.21 15.17 16.91 4.97 11.99 

Sporobolus virginicus 4.59 7.13 4.45 3.82 5.00 2.64 3.69 2.35 2.39 2.77 

(Smyrna) 
\0 Sporobolus virginicus _ 50.38 64.04 67.86 45.56 56.96 27.89 38.21 43.07 24.45 33.41 \0 
N 

(Dixie) 

Mean 26.62 30.26 26.19 15.33 13.91 16.62 15.61 8.23 



Table 5. Effect of irrigation with diluted seawater on succulence of some halophytic forage 
plants grown in the Saline Agriculture Experimental Station at Suez Gulf coast. 

Species Seawater concentration (%) 
12.5 25.0 37.S 50.0 Mean 

Medicago sativa 1.90 1.11 2.31 2.86 2.05 
Diplacline fusca 2.27 2.00 2.00 2.50 2.19 
Spartina patens 2.50 2.18 2.02 2.18 2.18 
Sporobolus virginicus 1.71 2.50 2.50 1.75 2.12 
(Smyrna) 

Sporobolus virginicus 2.01 2.03 2.13 2.35 2.13 
(Dixie) 

Mean 2.08 1.96 2.19 2.29 

Table 6. Effect of irrigation with diluted seawater on crude protein (%) of some halophytic 
forage plants grown in the Saline Agriculture Experimental Station at Suez Gulf coast. 

Species Seawater concentration (%) 

12.5 25.0 37.5 50.0 Mean 

Medicago sativa 13.8 17.3 14.7 15.8 15.4 

Diplachne fusca 6.4 7.4 6.6 6.8 7.1 

Spartina patens 8.6 8.2 7.3 8 .4 8.1 

Sporobolus virginicus 8.5 9.6 8.4 8.6 8.8 

(Smyrna) 
Sporobolus virginicus 6.8 6.9 7.3 9.0 7.5 

(Dixie) 

Mean 8.9 9.9 8.9 9.7 
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Table 7. Effect of irrigation with diluted seawater on crude fiber(%) of some halophytic forage 
plants grown in the Saline Agriculture Experimental Station at Suez Gulf coast. 

Species Seawater concentration (%) 

12.5 25.0 37.5 50.0 Mean 

Medicago sativa 40:7 37.2 32.9 30.3 35.3 
Diplaclme fusca 36.0 38.1 32.8 35.5 35.6 
Spartina patens 33.7 35.0 35.0 32.0 33.9 
Sporobolus virginicus 33.4 34.4 33.3 32.5 33.4 

(Smyrna) 
Sporobolus virginicus 35.4 35.4 36.2 29.7 

(Dixie) 

Mean 35.8 36.0 34.0 32.0 

Table 8. Effect of irrigation with diluted seawater on crude fat (%) of some halophytic forage 
plants grown in the Saline Agriculture Experimental Station at Suez Gulf coast. 

Species Seawater concentration (%) 

12.5 25.0 37.5 50.0 Mean 
Medicago sativa 2.3 2.3 2.7 2.4 2.4 
Diplachne fusca 1.9 1.9 2.4 2.4 2.2 
Spartina patens 2.0 1.5 1.5 1.6 1.7 
Sporobolus virginicus 2.9 2.5 2.5 2.7 2.7 

(Smyrna) 
Sp~robolus virginicus 2.3 2.2 2.1 2.0 2.4 

(Dixie) 

Mean 2.3 2.1 2.2 2.2 
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Table 9. Effect of irrigation with diluted seawater on crude ash (%) of some halophytic forage 
plants grown in the Saline Agriculture Experimental Station at Suez Gulf coast. 

Species Seawater concentration (%) 
12.5 25.0 37.5 50.0 Mean 

Medicago sativa 9.4 10.1 12.5 13.6 11.4 
Diplachne fusca 10.1 10.5 10.3 11.2 10.5 
Spartina patens 10.8 11.8 12.4 14.6 12.4 
Sporobolus virginicus 13.0 14.0 16.5 16.2 14.9 

(Smyrna) 
Sporobolus virginicus 13.2 11.4 13.5 16.7 13.7 

(Dixie) 

Mean 11.3 11.6 13.0 14.5 

. Table 10. Effect of irrigation with diluted seawater on soluble carbohydrate (%) of some 
halophytic forage plants grown in the Saline Agriculture Experimental Station at Suez 
Gulf coast. 

Species Seawater concentration (%) 

12.5 25.0 37.5 50.0 Mean 
Medicago sativa 33.9 33.2 37.3 38.0 35.6 

Diplachne fusca 45.0 41.7 46.3 44.2 44.3 

Spartina patens 45.1 43.7 43.9 43.4 44.0 

Sporobolus virginicus 42.4 39.6 39.5 44.6 41.5 

(Smyrna) 
Sporobolus virginicus 42.3 44.3 41.0 42.6 42.6 

(Dixie) 
Mean 

... 
41.7 40.5 41.6 42.6 
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Figure 1. Effect of irrigation with diluted seawater on fresh weight of some halophytic forage 
plants. 
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SOYBEAN "MILK" AS SUBSTITUTE FOR MILKING GOATS 
by 

M. G. G. Moreira, F. M. de So!-!sa and R. N. N. Fernandes 

Introduction 
Goat milk is an important source of the daily energy and calcium needs of children in 

rural communities. Milk for children generally is unavailable for 90 to 120 days after goat kids 
are born. If that kid feeding period could be shortened, more milk would be available for 
children. 

The objective of this study was to determine the possibility of using a fortified soybean 
drink to replace milk of nanny goats for kids as early as 21 days after birth. The fortified 
soybean "milk" consisted of crushed soybeans boiled in water and filtered. To the liquid was 
added mineral salt, sodium bicarbonate, and a feed supplement called poliplex. 

Experimental Treatment 
Four treatments were given to four groups of five kids. Treatments for the 20 kids were: 

Tl - stop goat milk feeding after 21 days, start feeding with soybean drink 
T2 - stop goat milk feeding after 28 days, start feeding with soybean drink 
T3 - stop goat milk feeding after 35 days, start feeding with soybean drink 
T4 - feed goat kids with mother's milk for 60 days. 

Results 
The high rate of mortality of young goats observed in treatment Tl (stop milking after 21 

days) coincides with the study performed by Emilio et al. (1988), showing that soybean milk 
should only be given after 28 days old. 

Table 1. Rate of mortality of young goats submitted to artificial milking of corrected soybean 
milk, % of each group. 

Treatments 

Tl 
T2 
T3 
T4 

1 

0 
0 
0 
0 

998 

2 

0 
0 
0 
0 

Weeks 
3 4 

60 
0 

40 
0 

60 
0 

60 
0 

5 

80 
20 
60 
0 

6 

100 
20 
60 

0 



Conclusions 
Soybean "milk," once fortified, can be used in artificial milking of young goats after one 

month of life, because it does not provoke loss of weight or death, when they get supplementary 
food at this age. 

Soybean "milk" is recommended to replace natural milk after 30 days of life, permitting 
that the milk of goats be given to feed needy children in small rural communities. 
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Introduction 

FORAGE RESOURCES IN THE STATE OF CEARA, BRAZIL 
by 

R. N. N. Fernandes and Antonio Marques Fernandes 

Northeast Brazil is a region o~ about 1,640,000 km2, equal to 20 percent of Brazil. The 
semiarid area extends over at least 900,000 km2 and the dominant vegetation type is scrub 
savanna. In the state of Ceara, approximately 90 percent of the state is semiarid. 

Many native species of the scrub savanna zone have an excellent potential as forages 
although there is little information on their growth characteristics. In this study, we catalogued 
the flora of three locations in the semiarid (caatinga) area of Ceara. 

After almost four centuries of use by livestock, the rangelands of Ceara consist of a 
mixture of trees, shrubs, grass, and herbs. The ratio of grasses to herbs (mainly legumes) varies 
from year to year according to the rainfall. The principal problem in feeding livestock in the 
caatinga is the low quality of forage during the dry season. Animal access to plants having good 
forage values frequently is limited by the presence of thorny shrubs. Pastures decrease in quality 
as the fiber content of forage plants increases and crude protein declines in the dry season. Most 
of the herbaceous component of the caatinga vegetation consists of annual plants that mature 
during the dry period, from August to December. Rainfall in those months commonly is zero. 
The high rainfall months are February to May. Total precipitation varies from about 500 mm to 
1,500 mm. 

Methodology and Results 
The botanical survey in the three. caatinga areas identified 117 native species, of which 3 3 

were woody, 13 were grasses, 3 were cacti, and 49 were herbaceous legumes. Nine plants of 
especially good forage value were distinguished: juazeiro (Zizyhus joazeiro Mart.), jurema preta 
(Mimosa acustistipula, Benth.), jurema branca (Mimosa verrucosa, Benth.), canafistula (Cassia 
excelsa, Shrad.), jucazeiro (Caesalpiniaferrea, Mart.), carquejo (Calliandra depauperata), 
moror6 (Bauhiniaforjicata, Link.), pau-branco (Auxema oncocaly, Taub.), and sabia (Mimosa 

caesalpinifolia, Benth.). 
Many other shrub and small tree species found in the caatinga add significantly to 

ruminant diets in this area. There is, however, little technical information about their 
productivity and forage value. 

Conclusions 
Xerophytic plants of the arid and semiarid zones of northeast Brazil represent a 

permanent economic potential due to their ability to survive and be productive under harsh 
environmental conditions. Domestication, selection, and breeding can lead to large gains in 
productivity and to more stability in the livestock grazing enterprises. 

Xerophytic plants do not require irrigation water to survive, have some superior 
characteristics, represent a Brazilian multiculture, and supply products that have economic value 

and are scarce in the western hemisphere. 
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THE CAP ACIJ'Y GROWTH OF THE DEGRADATIVE RANGELANDS 
by 

Olga N. Reizvikh 

Desert rangelands are situated in the arid zone. Their food-producing capacity and the 
variability of species composition of desert plants depend on the climatic variability of the 
region. In the years of low precipitation, the food-producing capacity and species composition of 
desert rangelands is reduced sharply (Figure 1 ). 

Reclamation of rangelands is made by seeding of highly effective local varieties of forage 
plants among poor stands of grasses. This would result in formation of new agrophytocenoses 
which have high abilities for reproduction (Figures 2 and 3). 

Study of dynamics of artificial agrophytocenoses and natural ones has revealed that they 
have the same regularities of growth, development, and yield production. 

Knowing requirements of natural plants and plants used for reclamation and which are 
necessary for survival, we can assess the degree of suitability of agroclimatic conditions of a 
region for reclamation of rangelands. 

Fedoseev' s index (PV) quite fully recognizes weather conditions effects as a factor 
limiting productivity of rangeland crop. 

M+P 
PV=---

0.S~d 

This index shows total amount of moisture which is formed by moisture in soil due to 
precipitation in autumn-spring period (M) and by moisture accumulated due to precipitation in 
spring (P). Moisture consumption by plants is determined as half of the sum of air humidity 
deficits in spring (0.5Ld). 

Using F edoseev' s index for estimation, we can distinguish five different zones of water 
availability in the Kizilkum desert of Uzbekistan: very dry - when PV is less than 0.4; dry - when 
PV = 0.40-0.59; moderately dry - when PV = 0.60-0.79; moderately wet - when PV = 0.80-1.0; 
and wet - when PV is more than 1.0. 

Assessment of agroclimatic conditions in each of these zones, the degree of their 
suitability for growth, and development of plants used for reclamation have revealed that 
operations on phytomelioration of rangelands are successful if made step by step. 

The first step is tillage in every zone, which promotes accumulation of moisture reserves 
and improves water and physical qualities of soil. 

The next step is establishment ofhaloxylon belts which improve the climate in the 
interbelt space, resulting in favorable conditions· for growth and development of ephemeral plants 
and seeded semishrubs. 

Seed-growing farms should be organized in moderately wet and wet zones, and it is 
desirable to seed those species which are most suitable for the given area. 

Biological properties of plants maintaining agrophytocenoses affect the maximum 
accumulation of forage mass. This maximum is observed in shrubs in summer; Artemisia has two 
maxima: in summer and fall; the ephemeras and semiephemeras - in spring. Thus, the rangeland 
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can be of spring-summer type, fall-winter type, or round-the-year ones, according to the season 
of the intensive use. Some variants of species composition used for agrophytocenoses for 
different application are shown in Figure 5. 

Conclusions 
The changeability of climate determines the capacity of desert rangelands of Uzbekistan 

and the variability of their species composition. 
In the years of low precipitation the food-producing capacity and species composition of 

desert rangelands reduce sharply. 
In these years there is the danger of breaking the brittle balance between the needs of 

grazing and the recovering ability of desert rangelands. The excessive loading results in 
intensification of degradation of rangelands. 

Phytomelioration is one of the methods of struggle with degradation of desert rangelands. 
Reclamation of rangelands is realized by means of sowing the plants, used for 

phytomelioration. 
Phytomelioration may contribute to recovering ability of degradative desert rangelands, 

increasing their food-producing capacity in 1.5-2.0 times and preserving formation of new 
agrophytocenoses, which have high abilities for reproduction. 
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Figure 4. Agroclimatic zoning of semidesert and desert regions of Uzbekistan where operations 
on phytoreclamation are made. 
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CARNAUBA (COPERNICIA PRUNIFERA): IMPORTANT WAX-PRODUCING 
PLANT OF THE SEMIARID REGION OF BRAZIL 

by 
R. N. N. Fernandes and S. M. C. B. Rodrigues 

Introduction 
Selling timber to Europeans has been a major export activity in Brazil since the beginning 

of the 16th century. Later, exploitation of forest resources for fuel, construction, and industrial 
and medicinal products led to initiation of research on woody plants, particularly those found in 
northeast Brazil. Among the species examined was camauba (Copernicia pernica prunifera 
[Miller] H. E. Moore), which is a rich source of an industrial wax. Brazil is the world's largest 
supplier of carnauba wax. 

Carnauba is a palm belonging to the family Arecaceae and is native to Brazil. Carnauba 
grows, principally, in clayey alluvial soils underlain by a shallow water table. The first written 
description of carnauba appeared in a 1648 article in the Historia Natura/is Brasiliae. It was 
originally classified as Palma prunifera, then as Cerupha cerifera and Copernicia cerifera before 
the present name was adopted. The camauba plant grows over a wide climatic zone but only in 
the northeast is the wax content high enough for successful exploitation. 

While wax is concentrated in the carnauba leaves, the roots, stems, and palm hearts are 
valuable sources of diuretics, arthritis alleviation, timber, salt, animal feed, human food, and a 
number of minerals. 

Production of wax can vary widely from year to year due to generally low prices, variable 
climatic conditions, inconsistent government policies on the commercialization of natural 
products, lack of agricultural credit, and a low level of management. 

Methodology 
This report is the result of an exhaustive review of the literature dating back to 1648. 

Many studies have been made of camauba in Brazil. 

Results 
It seems obvious that camauba could become a crop that provides economic security for 

poor farmers in the northeast. The major need is for an organized program of research and 
development, something that has never been done despite its unique properties. Until that is 
done, the economic potential of carnauba will never be realized. 

Conclusions 
Carnauba has the potential to become a major economic crop in the poverty-stricken 

semiarid lands of the northeast. Virtually no studies have been conducted to increase the 
productivity of the plant through breeding, improved management, and better extraction 
procedures. 
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FUNCTIONING OF BENI-ABBES PALM GROVE AGROSYSTEM: 

Introduction 

HYDROLOGY AND SALINITY 
by 

Achour Bennadji 

Development of Saharan cities in Algeria has resulted in competition for scarce water 
supplies between the cities and the irrigated oases. The palm groves of the Saoura Valley near 
Benni-Abbes are suffering from the competition for water and the increased salinity of shallow 
ground water and soils. Wells in the Saoura oases derive their water from aquifers underlying the 
western edge of the Great Erg. The erg is an immense sand sea in the northwest of the Sahara in 
Algeria. 

The Beni-Abbes palm grove of about 40 ha is one of the principal palm groves along the 
left bank of the Saoura wadi. Irrigation water comes from foggaras (qanats) at the perimeter of 
the Saoura and from shallow wells that top ground wales overlying red schist basement rocks. 

Methodology 
Analyses were made of the changes that have occurred in the quantity and quality of 

irrigation water in the Beni-Abbes palm grove from 1963 to 1994 and in domestic water 
consumption. 

Results 
The most notable change in water allocated to palm grove has been in the reduced supply. 

In 1963, water flow to the grove was 26 liters per second (l/s). In 1994, the flow was reduced to 
12.21/s, a 53 percent reduction in 30 years. Domestic water consumption increased by 800 
percent over that same period. Domestic water consumption exceeds irrigation water use. 

This change in water distribution led to serious changes in both the depth of water in wells 
in the valley and the salinity of the water and soil. Previously, water application rates were high 
enough to keep soils leached of salts. With the 53 percent reduction in water for irrigation, salinity 
has increased in the soil and in groundwater. Further aggravation of the irrigation problem came 
when a dam was built in the upper part of the wadi and when domestic sewage disposal polluted 
water supplies. Droughts, which have been more frequent lately, also have made matters worse. 
Well water salinity in the Beni-Abbes palm grove went from an average of 1.3 dS/m in 1963 to 
6.9 ds/m in 1994. 

Conclusions 
Major changes are occurring in the Saoura Valley palm groves, of which the Beni-Abbes 

grove is a model. The groves are threatened with disaster due to diversion of limited water 
supplies from irrigation to municipal use. Groves are being replaced by commercial activities and 
by homes, while others try to cope with increasing soil and water salinity. Traditional agriculture 
is disappearing under the pressure of a rapidly expanding population in the cities. 
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Abstract 

SUGAR CANE RESPONSE TO MICRO-IRRIGATION 
SYSTEMS UNDER EGYPTIAN CONDITIONS 

by 
A. M. El-Gindy, G.S. Sayed and Abdel Aziz 

An experiment was conducted for three growing seasons (1993, 1994 and 1995) to 
determine the response of sugar cane to cub-surface drip systems, sprinkler irrigation and 
improved furrow irrigation as compared with conventional surface irrigation systems. 

Data revealed that highest sugar cane yield and quality (152.3 tons sugar cane. and 18.3 
tons sugar/ha. )were obtained when using the sub-surface drip system. Meanwhile water saving 
was substantial in drip treatment as compared with conventional methods (31 .5 percent). 
Consequently water use efficiency for both sugar cane end sugar production increased 
substantially in drip methods as compared to the other irrigation methods, which were (7.87 ± 
0.95 kg/m3), (4.64 ± 0.56 kg/m3), (6.4 ± 0.80 kg/m3) and (4.2 ± 0.47 kg/m3) for drip, sprinkler 
improved furrow irrigation and Conventional methods respectively. Furthermore sub-surface drip 
systems and improved furrow systems were more efficient than other systems. 

Introduction 
The agriculture sector plays a vital role in the overall economic development and social 

welfare of the people of the Arab Republic of Egypt. It accounts for about 20 percent of both 
GDP and total exports and about 36 percept of employment since early 1980. On a per capita 
basis, Egypt's percent area of cultivable land is in the order of 0.13 feddans per head, among the 
lowest in the world. The Nile being the only main source of water supply, the country's ability to 
expand agriculture horizontally is limited. 

The main objectives of the agricultural strategy for the 1990s are to increase agricultural 
productivity per unit ofland end water, through more efficient use of these limited resources. 
Modem irrigation systems, along with suitable chemigation technology would provide significant 
benefits in improving crop yield and quality reducing cost of production and improving 
environmental benefits while minimizing the environmental impact. 

On the other hand, modem design methods for surface systems (border strip, basin 
irrigation, level-basin and furrow irrigation systems) have proved to be more accurate and 
efficient and less expensive than pressure methods. Water requirements estimation, proper 
irrigation scheduling and a uniform distribution, of water in the effective root-zone for sugar cane 
are the issues for increasing water use efficiency. Precision land leveling using laser technology is 
recommended for improving water application efficiency in all methods of surface, non 
pressurized irrigation. Meanwhile the introduction of sprinkler and micro-irrigation (localized) 
methods to Egyptian agriculture raises some questions. In this respect the amount of water 
requirement and water losses, the effect on soil characteristics end salinity problems, and the 
feasibility of the different methods under different farming systems are of primary concern. 

Sugar cane is a tropical plant. Its rapid growth cycle in upper Egypt is between May and 
September. There is no rainfall in Upper Egypt and evaporation loss is high, thus sugar cane is 
considered a high water-consuming crop in Egypt especially under the conventional irrigation 
method. The irrigation requirement for sugar cane is estimated to range from 13,000 m3 to more 
than 20,000 m3 per year due to the planting season, growth period and soil type. The total sugar 
cane area in Egypt is 250000 fed.(105,000 ha.). 

Precision land leveling (PLL) using laser technology has improved water application 
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efficiency for cotton, wheat, barely, and sugar crops. Metwally et al., (1984) revealed that PLL 
reduced the applied irrigation water by about 33 percent (an amount of718 cubic meters per acre) 
in the same time the crop yield increased by 21 percent (about291 kg/acre). El-Yaz.al and Ismail 
(1986) reported that PLL on clay foam Vertisols resulted in an increase of28 percent in com 
yield and about 30 percent water saving compared with the unleveled field in the same site. Sugar 
cane yield increased about 46 percent despite a 28 percent irrigation water reduction due to PLL 
(El-Y az.al and Wissa, 1988). Drag line irrigation schemes have wide acceptance for irrigating 
sugar cane, particularly in developing countries, as a step from conventional sprinkler systems 
towards higher degrees of mechanization, with the following main features: elimination of 
movement of pipes, employment of low skilled labor, energy requirement similar to conventional 
system and adaptable equally to large estates and small plots, flat lands end hilly areas (Zadrazil, 
1990). Dodsworh et al. (1990) found that the drip irrigated sugar cane in saline sodic soils gave a 
yield response of 7 .5 percent over flood irrigation, but there was no response in the first or second 
ratoons. Bazza et al. (1990), found that actual evapotranspiration (ETR) for the sugar cane crop 
is highly correlated with the amounts of water applied. Apart from the period of maximum 
evapotranspiration where they under-estimated ETR by 10 to 15 percent. 

No significant differences between the two irrigation intervals were found when the 
estimated sugar cane yield was correlated with ETR. The aim of this study is to investigate the 
sugar cane response to modem irrigation methods compared with the conventional methods. 

Materials and Methods 
The experimental work was carried out in 1993, 1994 and 1995 in Kom-Ombo Sugar 

Factory Cane Research Station in coordination with the Agriculture Engineering Research 
Institute, Cairo, Egypt. An area of four ha was designed for three irrigation methods: furrow, 
sprinkler and drip irrigation. The soils of the experimental site have formed due to the course of 
Wadi El-Kharit depositional cycles over time. Sediments were carried by the temporary streams 
resulting from heavy showers of the tropical storms on the mountain range of the Red Sea. Soils 
are characterized by stratifications of different textured recent soil materials enriched by salts and 
lime according to its origin as well as the prevailing arid climatic conditions. Soil profiles are deep 
and well drained, with clay, clay loam, and loamy texture, with sandy to sandy loam horizons. Soil 
structure is moderate sub-angular blocky to platy in some fine textured layers. The sugar cane was 
planted in rows of0.9 meter spacing under the different irrigation systems as follows: 

Improved Furrow Irrigation System 
Two ha were selected for improved furrow irrigation treatment. The pilot area was leveled 

using laser technique with 3cm/l OOm slope. Furrows 1 OOm long were laid out. Each furrow 
received irrigation water through PE gated pipes. The PVC piping system is underground (1.0 
depth). The irrigation interval was 15 days. (There were 17 irrigations during the growing 
season). 

Permanent Sprinkler Irrigation Systems 
An area of one ha was equipped with a sprinkler irrigation system with sprinkler lines 12 

meters apart and each line had two sprinklers at12m spacing. The discharge was 0.36 Lps (liters 
per second) at 25.0 meter pressure head. The irrigation interval was three days (85 irrigations 
during the growing season) 
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Drip Irrie;ation System 
This treatment was conducted in an area of one ha using sub-surface PE built-in drip lines 

(flow rate, 4Lph. orifices spacing 0.5m, lateral spacing 0.9m and lateral depth below ground 
surface 30cm). The irrigation intervals was three days. (85 irrigation/growing season). 

Data for class A pan evaporation (Table 1) ranged from 2,585mm in 1993 to 2,639mm in 
1993 to 2,777mm in 1995 with a mean of2,667mm for the three years of the experiment. There 
was no rainfall. The amount of irrigation water applied based on 100 percent 

Table 1. Sugar cane monthly and seasonal pan evaporation, potential evapo-transpiration and 
irrigation requirement 

A. Monthly pan evaporation (mm) 

Month 1993/94 1994/95 1995/96 Mean 

Janua1y 113 132 140 128 
Febrna1y 142 174 152 156 
March 246 245 245 245 
April 310 309 296 305 
May 322 351 356 343 
June 332 339 372 348 
July 324 3 l I 350 328 
August 297 303 330 310 
September 255 242 282 260 
October 210 209 244 221 
November 147 156 150 151 
December 114 119 115 116 

B. Seasonal pan evaporation and potential evapotranspiration (mm) 

Total I 2812 2890 3032 
Total 2 2585 2639 2777 
Total 3 1810 1847 1944 

c. Irrigation requirement m3 /ha 

Conv. furrow 28572 29524 26597 
Improved furrow 20139 20215 21218 
Sprinkler 25536 28065 29045 
Sub-surface drip 18627 19522 19889 

pan-evaporation mm/year 12 (month) 
pan-evaporation mm/irrigation season (10 month) 

3911 
2667 
1867 

Difference % 

28231 
20524 
27549 
19346 

Total 1 
Total 2 
Total 3 potential reference evapotranspiration ( etp mm) irrigation season 
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Etp and the water application efficiency of each irrigation method (average efficiency, 66. l 
percent, 91 percent, 67.8 percent and 96.5 percent for conventional, improved, surface and sub
surface drip system respectively) 

The experimental plots were spring planted, and received the traditional agricultural 
practices for sugar cane. Nitrogen fertilizers were injected through irrigation systems at the rate of 
572 units/ha. (10 times/season). Representative complete erect cane stalks were taken as a sample 
of 50 cane stalks from each plot or sub-plot. A liter sample of juice was taken for sugar content 
determination. (apparent purify, glucose ratio, extracted recoverable sugar percentage cane (ERS) 
and tons sugar/ha. 

Results and Discussion 

Sugar Cane Water Requirement 
Tables I and 2 show monthly and seasonal pan evaporation, potential evapotranspiration 

and irrigation requirement during the growing seasons. It was noticed that there is a great saving 
in water obtained under drip irrigation and improved furrow irrigation systems relative to the 
conventional method by about 31.5 percent respectively. This water saving was due to high water 
application efficiency of sub-surface drip and improved furrow irrigation system (96 percent and 
91 percent) as compared with conventional anq sprinkler irrigation systems ( 66.1 percent and 
67.8 percent). Most of the water lost under the sprinkler method was due to high evaporation, 
while in the conventional method, water was lost by surface runoff and deep percolation. 

Cane and Sugar Yield 
Sugar cane yield is a good indicator to determine the plant response to the irrigation 

techniques. Table 2 shows the plant, 1st ratoon and 2nd ratoon crop yields. In general Table 2 and 
Figure 1 show average cane increase in yield under sub-surface drip irrigation system by 17 .8, 
20.7 and 28.8, over the sprinkler, furrows improved and conventional furrow systems. On the 
other hand, the sugar yield increased under drip, sprinkler and improved furrow by 38.6 percent, 
15.2 percent and 24.2 percent respectively, compared with the conventional method. The yield 
increase under improved furrows is due to increase of the total cultivated area (10-12 percent) as 
a result of removing the water distribution channel (farm canal) and dikes between the plots. 

Water Use Efficiency 
Table 2 shows the value of water use efficiency based on sugar cane yield and sugar yield. 

Data reveal that the highest water use efficiency for sugar cane yield and sugar was obtained for 
drip and improved furrow irrigation (7.87,0.95)and (6.4-0.80) respectively. Water use efficiency 
of cane and sugar were 87 .8 percent and 102.15 and 52. 7 and 70.2 percent better overall with 
drip and improved furrow irrigation systems as compared with the conventional method. The yield 
increase and high water use efficiency under drip methods means that water availability under the 
drip methods was more favorable to the plant. The improved furrow and drip irrigation systems 
were considerably more efficient than conventional and sprinkler irrigation system. 

Conclusions 
Yield of sugar cane and sugar was higher when applying water through sub-surface drip 

and improved subsurface irrigation systems than conventional and sprinkler irrigation methods. 
Water use efficiency goes the same way as it is in the crop yield, which means that the sugar cane 
response to drip and improved furrow irrigation is high. 
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A brief presentation of some data obtained through this study is shown in Figure 1. 
Assuming about 30 percent irrigation water saving, an average of3,000 cm per crop acre per 
cropping season (for com or wheat) and 105,000 ha of sugar cane in Egypt and the irrigation 
system would be improved in this case water saving will be 0.78 billion cm per year. This amount 
of water would irrigate about 57,000 ha. of newly reclaimed land in the Egyptian desert or 
increase the sugar cane area by 40,000 ha. 
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Table 2. Sugar cane and sugar yield and water use efficiency. 

Irrigation Data Irrigation Yield Tons/ha **W.U.E kg/m3 
of water 

Methods planting m3/ha Cane Sugar Cane Sugar 

Coov. •Plant crop 28572 l2 l.4 13.6 4.25 0.48 
Furrows • tst Ratooo 29524 95.2 9.5 3.22 0.32 

•2nd Ratoon 26597 l 38. l 16.5 5. 19 0.62 
Mean 28231 118.2 13.2 4.19 0.47 

Difference % ± 

lmproved Plant crop 20139 121.9 15. l 6. 1 0.75 
Furrow 1st Ratoon 20215 124. l 16. 1 6. 1 0.80 

2nd Ratoon 21218 147.6 18.0 7.0 0.85 
Mean 20524 131.2 16.4 6.4 0.80 

Difference % ± - 27.3 +11.0 +24.2 +52.7 +70.2 

Sprinkler plant crops 25536 12 l.4 13.9 4.75 0.54 
1st Ratoon 28065 123.8 16.5 4.41 0.59 
2nd Ratoon 29045 138.1 16.1 4.75 0.55 
Mean 27549 127.8 15.5 4.64 0.56 

Difference 01. ± - 2.4 +8.1 +15.2 +10.7 +19.1 

Sub-surface plant crop 18627 143.9 15.9 7.73 0.85 
drip 1st Ratoon 19522 149.3 19.5 7.65 1.00 

2nd Ratoon 19889 163.8 19.5 8.24 0.99 
Mean 19346 152.3 18.3 7.87 0.95 

Difference•;.± -31.5 +28.8 +38.6 +87.8 +102.1 

• Plant crop 1993/1994 l st Ratoon 1994/1995 2nc1 Ratoon 1995/1996 
•• W.U.E. Water use efficiency 
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Abstract 

IMPROVING PRODUCTIVITY IN JORDAN'S ARID ZONE: 
AN INTEGRATED APPROACH 

by 
B. I. Hattar and R. J. Dunham 

Most of Jordan receives less than 200 mm average annual rainfall. At one time, all this 
land, with certain exceptions, was defined as rangeland, not to be cultivated. The definition has 
broken down however, and mechanized cultivation has now extended far into the zone receiving 
100-200 mm. This transition zone of about 12,000 km2

, and the options for raising its 
productivity, are the subjects of this paper. 

The soils in this zone have poor infiltration, and much of the rain runs o:ffto ephemeral 
streams (wadis). These either flow west and discharge to the Jordan Valley, or they end in saline 
depressions where the water evaporates without supporting any vegetation. The most important 
steps towards improving productivity are to prevent rainwater from running away downslope and, 
if that is not possible, to capture it within the wadis. Appropriate techniques for holding back run
off water include small-scale water harvesting structures such as contour furrows for establishing 
rangeland vegetation, and micro-catchments for fruit trees. The floors of wider wadis have seen 
some agriculture in the past, but the scope for deliberate water spreading within wadis deserves 
further consideration, as does the scope for supplementary irrigation based on small reservoirs in 
wadis. 

This paper also summarizes the results of previous research on water harvesting and 
supplementary irrigation in the 100-200 mm zone, and indicates how a new project, the Jordan 
Arid Zone Productivity Project (JAZPP), is expanding this research and applying the results to 
land use planning. The main components of the project are evaluation of climate, land and water 
resources at the level of small drainage catchments (3-15 km2

) leading to land use 
recommendations for each catchment; field evaluation of possible techniques for water harvesting, 
wafer spreading and small-scale irrigation based on storage reservoirs in wadis; field evaluation of 
possible production techniques; and assessment of economic and social acceptability of proposed 
techniques and start of technology transfer. It is hoped that this integrated approach will generate 
land use recommendations that are both technically and economically feasible, even if issues of 
land and water rights and control of grazing remain to be resolved. 

Jordan's 100-200 mm Rainfall Zone 
The western side of Jordan is characterized by a dry Mediterranean climate, with dry 

summers and rainfall concentrated in the months from November to March. The east of the 
country has dry continental desert conditions. The average annual rainfall ranges from 400-600 
mm received on the highlands in the north-west to less than 50 mm on the deserts in the east and 
south (Map 1). The project area described in this paper is the transition zone between two 
climatic regions (Mediterranean and desert), defined as receiving an average annual rainfall of 
100-200 mm, and accounting for 13 percent of Jordan's 89,000 km2

• Although the Jordan Rift 
Valley receives less than 200 mm annual rainfall, it is not included in the present project area 
because of its exceptional characteristics. The natural vegetation of the transition zone is steppe. 
Grasses, including Poa and Carex species, form a root met which effectively protects the soil 
surface from erosion. Important shrub species include Artemesia herba-alba, Haloxylon 
salicornicum, Atriplex halimus . 

The geology of the project area is dominated by cherty limestone of Cretaceous and 
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Tertiary age. The exception is the northern part of the projec~ area, to the east ofMafraq, which is 
dominated by extrusive basalt of late Tertiary and Quaternary age. The limestone region is 
generally more hilly to the west and more gently sloping to the east. About 10 percent of this part 
of the project area has slopes greater than 15 percent and another 40 percent slopes at more than 
five percent. The basalt region is smoother, with at least 80 percent of the area sloping at five 
percent or less, but much ofit (about 70 percent) is affected by the presence of a surface layer of 
boulders overlying the soil below. 

The soils of the project area are fine-textured. The surface layer typically contains 20-30 
percent clay and 40-60 percent silt, while iri the subsoil the clay content increases to 25-35 
percent. The silt content increases from west to east as a result ofless intensive weathering under 
a drier climate and accretion of wind-brown materiel from the deserts to the south and east. 
According to the USDA Soil Taxonomy classification system, the dominant soils are Aridisols and 
Entisols. Xerochreptic Sub-Groups ofCalciorthids and Camborthids account for about 50 percent 
of the project area, while Typic Calciorthids and Camborthids occupy about 10 percent of the 
project area toward its outer margins. Torriorthents account for another 15 percent of the project 
area. 

Calcium carbonate of primary and secondary origin is abundant in most soils. Soluble salts 
in surface soils increase as rainfall, and hence leaching, decreases. The electrical conductivity (EC) 
values ofXerochreptic soils are typically about 0.5 dS/cm and generally represent little limitation 
to plant growth, whereas values in the drier Typic Calciorthids and Camborthids are about 40 
dS/cm. Even higher EC values occur in the sterile depressions, known as qa's, where surface run
off collects and evaporates. 

Although the average rainfall intensity is less than 3 mm/hour, there is much run-off. This 
is partly due to the widespread presence of rocky surfaces and very thin soils on the crests of hills. 
However, the main cause of run-off is poor infiltration into the silt dominated soils of the project 
area, which tend to form a thin impermeable crust under the impact of raindrops, especially ifthe 
protecting root mat has been destroyed by heavy grazing or cultivation. The run-off creates 
ephemeral streams (wadis). These either flow west and discharge to the Jordan Valley. or they 
end in saline depressions where the water evaporates without producing any vegetation. As 
described below, many of the Project's activities are directed towards making more productive use 
of meager rainfall by controlling or capturing run-off. 

For many centuries, farming in Jordan was concentrated on the highlands where the 
rainfall was better and the soils generally more fertile than elsewhere in the country. The lower 
rainfall areas to the east were used predominantly for grazing camels. sheep and goats. In recent 
years the numbers of camels dwindled as their role in transportation declined. while the numbers 
of sheep and goats escalated in response to expanding demand and the availability of cheap 
imported feed. The resulting increase in grazing pressure has affected all Jordan's rangelands. but 
it has been most acutely felt in the less remote parts, including the project area. where the 
livestock spend many months each year living mainly on imported feeds. 

Paradoxically, it is these heavily used rangelands in the transition zone that are currently 
disappearing as barley cultivation spreads farther and farther into the low rainfall areas (Maps 2 
and 3). It is well known that rain-fed barley in such areas produces a significant grain yield only 
one year in five, or even only one year in ten, depending on the amount and distribution o f the 
winter rainfall. Why therefore do farmers consider planting barley in the I 00 and 200 mm rainfall 
zone worth while? On economic grounds alone, it is difficult to justify, but there are two other 
driving forces: 1. To establish ownership of land through cropping it; and 2. To establish 
ownership of the fodder produced on the land, since rangeland vegetation is customarily "free-for-
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all" whereas barley belongs to the fanner who planted it, whether it produces grain or not. 
In 1973 the government passed Agricultural Law 1973/20, which defined the entire region 

below the 200 mm isohyet to be rangeland with the exception of settlements and farms existing at 
the time. The law, which is still in force, also states that cultivation and planting of rangelands is 
illegal, and specifies the penalties for doing so. In practice the Law has had little effect in 
preventing either the encroachment of rainfed agriculture on to rangeland or the expansion of 
irrigated cropping dependent on deep groundwater. 

Land ownership is in a state of flux. Cadastral surveys have been in progress in Jordan 
since the 1930s, but are still far from complete for the 100-200 mm rainfall zone. One of the main 
criteria for establishing ownership of land is prolonged private use, usually for cultivation. 
Traditional use of open lands for grazing does not confer ownership. It is not surprising therefore 
that individuals are now cultivating unregistered land in the 100-200 mm rainfall zone in an 
attempt to establish ownership, even though crop yields in most years are minimal due to the low 
rainfall. and even though cultivation is illegal under Law 1973/20. However, the extent to which 
private cultivators are motivated by this consideration is not known, since other reasons for 
cultivation can be given. For example, an acceptable yield of barley can be obtained occasionally, 
and even a poor crop of barley can be used or sold for grazing whereas the native range 
vegetation cannot be disposed of privately. Another issue is the extent to which land that is owned 
can be subdivided into separate holdings. The government recently determined that the legal limit 
of fragmentation was one ha, although this does not apply to land within existing settlements or to 
rocky land with no agricultural potential. 

Further information about the project area can be found in the following sources: Bender 
(1974) for geology, Hunting Technical Services (1993-95) for soils information, Salameh and 
Bannayan (1993) for hydrology and IFAD (1993) for a review ofrangeland conditions. 

Limitations on Productivity 
The production potential of any area is set by the most strongly limiting factor. In the 100-

200 mm rainfall zone, this is, of course, the low and erratic rainfall itself. Apart from the dubious 
prospects for "rain-making", the amount and distribution ofrainfall cannot be changed. But how 
much scope is there for increasing its productive use? According to estimates quoted by USAID 
(1993), the production from protected rangeland in the 100-200 mm rainfall zone is about 450 
kg/ha of dry matter per year, or 3 kg/ha per year per mm of rain. Irrigated crops have a much 
better ratio of dry matter production to water use. An example of irrigated barley is given in Table 
1. Seasonal water availability was 400 mm (90 mm rain and 310 mm irrigation) and, with 
appropriate agronomy, grain + straw production reached 6000 kg/ha, or 15 kg/ha per mm of 
water. In this example, production of plant dry matter per unit of water was five times greater 
than the average production from rangeland. The challenge to increase plant production in the 
100-200 mm rainfall zone can be simply stated as finding ways of increasing the amount ofrain 
water that returns to the atmosphere through plants rather than being lost by other means, mainly 
evaporation from bare soil surfaces. 

Growth of most plants is restricted by low temperatures during the winter months, but a 
more significant limitation is imposed by the occurrence of ground frosts ( 10-50 frosts per winter) 
and occasionally air frosts. Many useful tropical species suited to dry areas, such as Acacia and 
Lucaena spp cannot be grown. Tropical annuals such as sorghum cannot be planted until the risk 
of frost has passed. 

A major soil limitation is the tendency of high silt content soils to form a surface crust, 
which promotes surface run-off and thus aggravates the problem of low soil water availability 

1024 



resulting from the low and erratic rainfall. Figure 2 shows run-off from 25 m2 and 75m2 plots 
recorded at Muwaqar Research Station. Run-off percent increased with the amount of rain 
received per storm up to about 30 percent on the larger plots and 70 percent on the smaller plots. 
The site had not been previously cultivated but most of the natural vegetation had been eliminated 
by previous over-grazing. Figure 3 shows the results of infiltration measurements from 4 m2 plots 
previously treated over five years with soil amendments incorporated to 5 cm depth. The 
equilibrium infiltration rate for untreated soil was about 4 mm/hr. Although cultivation can 
increase infiltration of the early rains, the long-term effects of cultivations are to reduce infiltration 
and to increase run-off and soil losses. The crust that forms on cultivated soils can be a major 
obstacle to plant establishment from seed as described by Abu Irmaileh (1993). 

Other soil limitations, including stoniness, shallow depth, and salinity affect significant 
areas within the 100-200 mm rainfall zone. For example, 70 percent of the basalt region in the 
north-east is affected by an almost continuous surface layer of boulders which makes de-stoning 
necessary before any small-scale water-harvesting structures can be made. Much detail regarding 
soil limitations, and other aspects ofland suitability, can be found in the reports of the National 
Soil Map and Land Use Project (Hunting Technical Services, 1993-95). 

Table 1. Responses of irrigated barley at Muwaqar Experimental Station 1996. 

Experimental ireatmenl Grain yield Straw yield 

tlha t/ha 

lrrigacion and seeding methods: 

Surface irrigation. furrow seeding 2.03 a 4.14 a 

Surface irrigation. flat seeding 1.75 b 3.94 a 

Sprinkler irrigation. furrow seeding 1.62 b 3.40 b 

Sprinkler irrigation. flat seeding 0.56 c 1.42 c 

Sewage sludge application: 

0 tlha 0.46 a 0.95 c 

10 tlha 0.81 c I.SS b 

30 tlha l.64 a 3.43 a 

60 tlha 1.13 b 3.35 a 

· Values followed by same letter are not significantly different at.5% confidence level. 

Source: Al-Aaraj B. and B. Hattar (unpublished data) 

Uncertainty about land ownership is another factor working against development in the 
low rainfall areas of Jordan. It works two ways. An individual seeking to establish a right to land, 
but not yet certain of it, will be unwilling to invest money and effort in improved land 
management. On the other hand, the government, the legal owner of unregistered land, may be 
reluctant to implement development schemes on such lands because of resistance from traditional 
users and would-be future owners. Another limitation on the improvement of privately owned 
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land is the low investment power of many of the farmers and livestock owners. 

Techniques for Increasing Productivity 
Urbanization and industrialization of Jordan's better rainfall areas is proceeding fast. Land 

in these areas is already very expensive, and a significant proportion of agricultural land is being 
lost. Demands on the lower rainfall areas, especially the 100-200 mm zone, will undoubtedly 
intensify. Such demands include not only improved agricultural production but also a better 
environment for human settlement, recreation and tourism. To a large extent these requirements 
can all be met by a similar strategy, namely improvement in vegetative output, which is currently 
depressed by the dominant management practices of "free-for-all" grazing and opportunistic 
barley cultivation. Possible alternative practices will be discussed below after briefly considering 
the option of irrigating with groundwater. 

Deep groundwater is being used for large-scale irrigation (Maps 2 and 3), especially in the 
Mafraq area, and expansion of this activity, which can be very profitable, might appear the 
obvious answer to increasing productivity in the 100-200 mm rainfall zone. There are several 
drawbacks however: 1. Much of Jordan's groundwater is non-rechargeable. 2. A build-up of soil 
salinity often follows the prolonged use of groundwater for irrigation and in the Mafraq area for 
example, many farms have been abandoned after 10-20 years' irrigation. 3. Pumping costs are high 
because groundwater wells are deep (150-400 m), and 4.There is a growing consensus that the 
country's limited groundwater reserves should be conserved for domestic and industrial uses. New 
licences for groundwater extraction for irrigation may not be obtainable in future, and old licences 
might be revoked. Because of these concerns, the option of irrigating with groundwater has been 
left out of the present discussion. 

Small-scale Water Harvesting 
The first approach to improving the use of rain water for plant production is to capture 

and use a larger proportion of the rain close to where it falls by means of small-scale water 
harvesting structures. These reduce the amount of run-off to streams, where the water is both 
more difficult to control and more subject to ownership disputes. There are two basic techniques, 
increasing surface detention and improving infiltration. Micro-catchments and contour furrows are 
both techniques for capturing and detaining rain water within a few meters of where it falls and 
increasing its opportunity to infiltrate rather than running off. Whereas micro-catchments are 
suitable for plantations of fruit or nut trees, contour furrows are usually employed for fodder 
shrub planting. 

As described by Oweis and Taimeh (1996), the design of micro-catchments must balance 
the size arid characteristics of the run-off zone against the capacity of the soil profile at the 
planting position to store the run-off (Figure 4). The overall efficiency of the micro-catchments is 
the product of run-off (expressed as percentage of rainfall) and storage efficiency. If there is too 
much run-off (as on the micro-catchments covered with plastic sheeting) some of it will be lost, 
and storage efficiency will tee reduced. Similar design considerations apply to contour furrows. 
The spacing between them, and hence the volume of surface run-off generated, must be matched 
to the detention capacity of the furrows themselves. 

Improving Infiltration 
Techniques are needed for improving infiltration both for the run-on zones of micro

catchments and contour furrows, and for cropped areas receiving supplementary irrigation from 
reservoirs. Physical disturbance near the soil surface has only transient benefits. Deeper operations 
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might be more successful, for example by breaking through hard layers of calcium carbonate or by 
bringing up better structured soil material to the surface. Another approach is to improve the 
structure of the existing topsoil by incorporating amendments. Figure 3 shows the substantial 
improvements achieved with amendments at Muwaqar. Equilibrium infiltration rate was increased 
from 4 mm/hr to about 40 mm/hr following the application of treated sewage sludge for five 
years. The use of sewage sludge in agriculture is not yet popular in Jordan, but it could prove 
particularly beneficial in the low rainfall areas. Such use would increase rainfall capture by 
improving infiltration, increase crop yields (Table 1) and solve the problem of disposing of sewage 
sludge. 

Large-scale Water Harvesting 
These techniques recapture rainfall after it has gathered into streams, or wadis. The 

simpler and safer approach is water spreading by means of check dams and diversions. There are 
many variations of the approach, but all of them require a combination of suitable topography and 
receiving areas with adequate soil depth. In the low rainfall zone of Jordan, many wadis have level 
sections with alluvial deposits which receive a transient flood when the stream is high. Such 
sections, known as marrabaat, vary in size from a tenth of a ha to hundreds of has. They differ 
from depressions which have no outlets in that they are not subject to a build-up of salinity. 
Artificial water spreading by means oflow stone walls can be used to enhance the effectiveness of 
the marrabaat. 

Construction of reservoirs offers the maximum control of stream water. As with water 
spreading structures, reservoirs require a suitable combination of topography, steeper than for 
water spreading, and command areas with good soil depth. However, an important difference is 
that the water captured in reservoirs can be pumped some distance, uphill if necessary, to areas 
particularly suitable for intensive crop production. And the water need not be used for crops, 
since it can also be used for domestic purposes or for animals or for sale. To justify use of 
reservoir water, the crops should be of high value, for example fruit trees, high-yielding barley or 
forage, or medicinal plants. 

Potential evapotranspiration rises steadily during the main growing season from an 
average 1.5 mm/day in January to 7 mm/day in July. To minimize evaporation from the reservoir 
itself, as much of the stored water as possible should be used to re-charge the soil profile in the 
cropping area. This implies transferring water from reservoir to soil profile early in the growing 
season for example by dumping water from the first flood quickly on to the cropping areas, so 
that the reservoir's full capacity can be used to catch another flood. Siltation in reservoirs in the 
I 00-200 mm rainfall zone is severe and requires periodic excavation, but the most important 
physical consideration is that the dams should be safe, with adequate regard to spillway design 
and control of seepage through the dam. 

The question of water rights in the I 00-200 mm rainfall zone is even less clear than that of 
land ownership. Although the capture of wadi flow must effect actual or potential users 
downstream, the use of such water appears to be "free-for-all". In due course, differences may 
emerge between the east- and west-flowing drainage basins. Much of the water draining east is 
wasted as evaporation from rocky wadi floors or from saline depressions, and there may be little 
objection to capturing such flows upstream. However, intercepting water that eventually flows to 
the west is likely to reduce the flow into a major dam on one of the main wadis, such as the King 
Talal Dam on the Zarqa River or the dams under construction along Wadi Mujib. 
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Rangeland Improvement 
The main approach to rangeland improvement in Jordan so far has been to establish fodder 

shrubs (mainly Atriplex spp) on contour furrows within designated rangeland reserves. Fifteen 
such reserves exist within the 100-200 mm rainfall zone, comprising about 15,000 ha half of 
which have been planted with fodder shrubs. When planted correctly and managed well, fodder 
shrub planting schemes have been fairly successful. But the system can still be improved with 
regard to design of the contour furrows, choice of species and soil amendments to be applied 
within the furrow. Other approaches such as seeding and fertilization have not been used much. 
Seeding encounters severe problems of germination and establishment, particularly because of the 
soil crust (Abu Irmaileh, 1993), while phosphorus fixation in the highly calcareous soils is a 
deterrent to fertilizer application. 

The greatest problem facing rangeland improvement is undoubtedly the present system of 
"free-for-all" grazing, especially since stock numbers have increased in recent years. The result of 
the unremitting grazing pressure has been a gradual deterioration both of the natural vegetation 
(and its soil seed reserves) and of soil conditions. IFAD (1993) estimated that the off take of feed 
from rangelands declined by more than 50 percent over 15 years as the result of increased grazing 
pressure. The two greatest challenges to increasing the productivity of the sheep and goat sector 
in Jordan are undoubtedly regulating grazing, since this is a prerequisite for any kind of rangeland 
improvement, and improving the productivity of the animals themselves through better veterinary 
inputs. It is unlikely that these goals, especially the regulation of grazing, will be achieved quickly. 
In the meanwhile, implementation of rangeland improvement techniques will be restricted to areas 
where grazing is reasonably well controlled, whether on government or cooperative reserves or 
on private land. 

Useful sources of information about many aspects of water harvesting and rangeland 
improvement in arid regions include Pacey and Cullis (1986), FAO (1994) and Orev(1986). 

Muwaqar Project (1985-89) 
The challenge of carrying out applied research and technique testing in the 100-200 mm 

rainfall zone was first taken up by the University of Jordan in a project with the title: Agricultural 
Production in Arid and Semi-Arid Lands and Areas Suffering from Desertification. Experimental 
work was conducted at a newly acquired site 30 km southeast of Amman beside the Amman
Azraq highway and about seven km east of the town ofMuwaqar. Grants were obtained from the 
European Commission to assist with capital expenditure and running costs during the period 
1985-89. Thereafter, the project was maintained by the University of Jordan alone until the start 
of a new project in February 1995 (see below). 

The Muwaqar Station (Map 4) comprises 200 ha of gently undulating land centrally 
positioned within the 100-200 mm rainfall zone (Map 1 ). Long-term rainfall data for Muwaqar 
town are shown in Figure 1. Wadi Al-Maghayer, which has an average annual discharge of about 
2,000,000 m3

, passes through the southern half of the station, while a narrow marrab of about 5 
ha occurs in the northern half A house and implement yard occupy the top of a small hill near the 
center of the station. Slopes are between one percent and six percent, except along the southern 
border where the land becomes more hilly with slopes of up to 15 percent. The soils are 
predominantly Camborthids and Calciorthids with a strong calcic horizon or bedrock limestone 
restricting the profile depth to 50-150 cm except to the south where the steeper slopes have very 
shallow soils (Taimeh, l 989a). Prior to being fenced in 1985, the site was used for army training. 
The vegetation had suffered the double impact of military traffic and heavy grazing by sheep. In 
many areas, the soil was compacted and virtually bare. 
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Besides the fences, roads and house, the main physical development was construction of 
three earth dams along the wadi. The purpose of the dams was to provide water for 
supplementary irrigation of crop experiments. Their combined storage capacity was about 
90,000 m3

• 

Experimental activities included the following: micro-catchments for almond, pistachio 
and olive trees; contour furrows for fodder shrubs (mainly Atriplex spp); water spreading with 
stone lines across the marrab; supplementary irrigation for trench-grown peach trees; irrigated 
trials of barley, wheat and barley/vetch forage mixtures; trials with treated sewage sludge and 
other soil amendments; recovery of vegetation following protection from grazing; and soil and 
vegetation surveys. 

Work by Abu Irmaileh (1993), Abu Sharar (1996) and Oweis and Taimeh (1996) all arose 
from the Muwaqar Project. Further results can be found in the annual report for the 1988/89 
season (Taimeh, 1989b). The project was reviewed by Risopoulos (1990) who also made 
proposals for a second phase of EC funding "to elaborate and implement a research programme 
on major issues facing semi-arid lands development". These proposals eventually bore fruit when 
the project described below was launched in February 1995. 

Jordan Arid Zone Productivity Project (JAZPP) 
According to the Work Programme and Cost Estimate for Year I (199 5), the overall 

objective of the new four-year project, knoWll as JAZPP, is to "make a contribution to the 
sustainable development" of the 100-200 mm rainfall zone "by providing a basis for the optimal 
use of the region's land and water resources." The principal output of the project will be land use 
planning recommendations for the whole 100-200 mm rainfall zone. These will be based on a 
comprehensive evaluation of the land and water resources of all the hydrological catchments, 
which have individual areas of315 km2

, within the project area. Detailed knowledge of the 
production techniques mentioned in the recommendations will come from field trials carried out 
by JAZPP combined with assessment of the environmental impact and social and economic 
acceptability of the techniques. 

The project is built up from 12 inter-linked components arranged in four groups (Figure 5 
and Table 2). Activities undertaken by JAZPP so far include: development of database. GIS and 
satellite image processing facilities; modeling hydrology of sample catchments: land suitability 
analysis; design of small-scale water harvesting structures; design of micro-catchments and 
contour furrows; trials with treated sewage sludge; agronomy of barley under irrigation and 
natural flooding; supplementary irrigation trials (forages, fruit trees and medicinal plants): fodder 
shrub planting and grazing management; trials on A triplex intercropped in barley: rapid rural 
appraisals; and on-farm trials. 

Muwaqar Station (Map 4) remains the principal site for the development of new 
techniques, but JAZPP is also testing techniques at Khanasri Station (Ministry of Agriculture) in 
the northwest of the project area and on farmers' land in the naturally flooded Marrab Shbaika in 
the northeast. Selection of sites is constrained by two considerations: availability of government 
or private land where trials and demonstrations can be safely carried out; and adoption of 
recommended practices can only take place where land ownership is secure, and this is more 
common at the upper limit of rainfall within the 100-200 mm range. It is intended to double the 
number of sites in the 1996/97 season. 

Land Use Planning 
Development of a data management system and geographical information system for the 
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land and water resources of the project area (Short title: Natural Resources Database and GIS). 
Evaluation of the components of the water balance of catchments in the project 

area and the potential for modifying them (Short title: Catchment Hydrology). 
Assessment of the environmental impact of proposed technicalpackages and 

establishment of a long-term environment monitoring scheme (Short title: Environment 
Monitoring). 

Development of recommendations for the optimal use of land and water within 
catchments (Short Title: Land Use Planning Recommendations). 

Water Utilization .Techniques 
Design and testing of appropriate water spreading and water harvesting techniques (Short 

title: Water Harvesting). 
Design and testing of appropriate supplementary irrigation methods using run 

off stored in small dams (Short Title: Supplementary Irrigation). 

Farming Systems Improvement 
Development and testing of techniques for managing the physical condition of the soil and 

increasing the availability of soil water and nutrients (Short title: Improving Soil Management). 
Development of techniques for increasing rangeland productivity (Short title: Increasing 

Rangeland Productivity). 
Development of crop and forage production enterprises for integration with sustainable 

livestock production systems (Short title: Increasing Crop and Forage Productivity). 
Development of improved livestock production systems teased on increased production 

from rangeland and crops (Short title: Integrated Livestock Production). 

Technology Transfer 
Collection of socio-economic data and assessing the social and economic acceptability of 

proposed technical packages (Short title: Socio-Economic Assessment). 
Extension of promising and environmentally sound technical packages within the project 

area (Short title: Technology Transfer). 
The project has a full-time project manager and resident research coordinator. About 40 

scientists drawn from the University of Jordan and Ministry of Agriculture are associated with the 
project part-time as leaders or members of sub-projects. In addition, the project has MSc students 
committed to JAZPP research, as well as full-time research assistants. 

In spite of its wide coverage, there are still some important aspects of development of the 
project area that JAZPP is unable to address. These are the issues ofland ownership, water rights 
and regulation of grazing by livestock. Decisions, or lack of decisions, on any of these issues 
could have over-riding effects on the future course of development in the project area. JAZPP's 
"contribution" to the development process will be to offer sound information and advice about the 
physical, biological and economic prospects for raising productivity, whatever land and water and 
grazing policies exist in the future. 
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Figure 1. 
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Introduction 

INDIAN THAR DESERT: RETROSPECT AND PROSPECT 
by 

A.S. Faroda 

At the international level, desertification affects about one-sixth of the world's population 
and one quarter of the total area of the world. The Indian Thar Desert, spread over an area of 
about 0.26 m km2 (26 m ha) between 22°30' to 32°05'N and 68°05' to 75°45'E, is bordered by the 
Pakistan desert in the west, the Aravalli hill ranges in the east, the Rann ofKachch in the south 
and the plains of Punjab and Haryana in the north and northeast. The Indian desert is not a 
continuous stretch of sand. Its topography is also interspersed with hillocks, pediment zones and 
gravel plains. Charan (1978) has broadly divided the Indian desert into five major 
phytogeographical divisions, viz. sand dunes, sandy plains, stony and hilly tracts, gravel and 
compact tracts, and saline areas. On the other hand, Saxena (1992) has divided the Indian desert 
into seven phytogeographical divisions, viz. hilly region, Piedmont plains, rocky/gravelly pediment 
plains, alluvial plains, undulating plains, sand dunes and saline depressions. However, Singh 
(1992) has identified thirteen types of ecosystems in the Indian desert. They are hills, 
rocky/gravelly pediments, flat buriec,1 pediments, sandy undulating buried pediments, flat older 
alluvial plains, saline fiat older alluvial plains, sandy undulating older alluvial plains, sand dunes, 
flat interdunal plains, sandy undulating interdune plains, younger alluvial plains, saline depressions 
and graded river beds. 

Natural Resources of Indian Desert 
Climate, land, water, vegetation, wildlife and minerals are the major resources of the 

Indian desert. 
The annual rainfall in the Indian desert is highly erratic and ranges between less than 100 

mm in the west to about 500 mm in the east. The coefficient of variation normally exceeds 40 per
cent. About 90 percent of the total annual rainfall is received during the southwest monsoon 
months of July to September. High inter-annual variability in rainfall is a characteristic feature of 
this area. In contrast to low precipitation, the potential evapotranspiration is very high ( 1500 to 
2300 mm year·•>. The relative humidity, except during the rainy season, is very low. The 
prevalence. of clear sky and high solar radiation results in high temperature during day which may 
average from 40 to 43 in summer with peak values often reaching 46 to 48C during May and 
June. However at night, temperatures goes down to about 30C or less. January is the coldest 
month and frost occurrence is frequent. 

The average wind velocity during the months of April to June is 25 to 30 kmph. However, 
during dust storm activity, wind speeds often reach up to 60 to 80 kmph. 

The soils of the Indian desert are classified as Aridisols and Entisols. The suborders of 
aridisols are calcids, cambrics, Gypsids and salids, and those ofEntisols are orthents, psamments 
and fluvents. Six major soil groups occur in the region. These are dune soils (Typic 
Torripsamment), light brown sandy soils (Typic Camborthids/Typic Calciorthids, coarse loamy), 
gravelly and hard pan soils (Typic Paleorthids, coarse loamy), brown light loams (Typic 
Camborthids, coarse loamy), grey brown loam (Typic Calciorthids, fine loamy), Sierozems and 
sierozems with dunes (Typic Calciorthids/Typic Camborthids, coarse loamy) and soils of Ghaggar 
flood plain (Typic Torrifluvent) with depth ranging from shallow to very deep. Water holding 
capacity of dune soils, brown sandy soils and mediwn to fine textured soils is 50 to 80, 60 to 90 
and 100 to 200 mm of available water per meter soil profile, respectively. The soils are poor in 
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organic carbon and available nitrogen, medium to rich in available phosphoru5 and rich in 
available potassium. Accumulation of salts in the soil is a common feature due to salty 
composition of weathered strata and/or ground water. 

The Indian Thar Desert is a rich source of gypsum, sandstone, limestone, marble stone, 
granite stone, lignite stone, etc. The sand stone and limestone aquifers have moderate to good 
potential ground water resources. Overall, ground water resources in this region are estimated to 
be 4540 mm3 out of which net recoverable recharge is 3830 mm3

• The quality of ground water is 
generally saline or brackish. There are some salt producing lakes in this area. 

Hydrologically, the Indian desert can be divided in to three zones, viz., region with major 
input of water from more humid regions with extensive irrigated agriculture, plain lands with a 
primitive or no stream network and sloping region with an integrated stream network (Faroda, 
1996). There are some seasonal rivers in the Indian desert, viz., the Luni, the Jhojari, the Band~ 
the Jaw~ etc. The Indira Gandhi Canal is also passing through part of the Indian desert receiving 
rainfall of about 200 mm year·1

• 

The vegetative cover of the Indian desert studied and identified by Charan (1978) and 
Saxena (1992) has been given in Tables 1 and 2, respectively. The vegetation types are - mixed 
xeromorphic thorn forest, mixed xeromorphic riverine woodland, mixed xeromorphic riverine 
forest, lithophytic scrub desert, psammophytic scrub desert and halophytic scrub desert. 

Table I. Indian Desert Vegetation (Charan, 1978). 

Phytogeographical Division 
Sand dunes 
Sandy plains 

Stony and hilly tracts 

Gravel and compact tracts 

Saline ecosystem 

Dominant vegetation species 
Calligonum polygonoides 
Prosopis cineraria, Zizyphus nummularia, 
Capparis decidua, Leptadenia pyrotechnica, 
Acacia senegal, Lycium barbarum, Salvadora 
oleoides, Calotropis procera. 
Euphorbia caducifolia. Commiphora mukul, 
Salvadora oleoides, Acacia senegal, Anogeissus 
pendula, Lycium barbarum, Capparis decidua, 
Acacia nilotica, Calotropis procera. 
Capparis decidua, Prosopis cineraria . Sa/vadora 
oleoides, Lycium barbarum, Zizyphus 
nummularia, Tecomel/a undulata. Acacia 
senegal, A. nilotica, Calotropis procera, Mimosa 
hamata, Leptadenia pyrotechnica, Balanites 
aegyptica. 
Haloxylon recurvum, Cressa cretica. Sa/sofa 
baryosma, Sporobolus marginatus, Zygophyl/um 
simplex, Helitropium curassaivicum. etc. 
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Present Status of the Indian Desert 
After the establishment of the Central Arid Zone Research Institute (CAZRI) at Jodhpur in 

1959, integrated studies on the climatological, physical, biological, and social aspects of the 
Indian desert were done. Making use of aerial and space remote sensing techniques and other 
available inputs, scientists carried out detailed studies for several years. The scientists of this 
institute could not find any evidence of spreading of the desert. However, detailed studies of 
Rajasthan have revealed that natural desertification affects just 2.1 percent of the state's total area. 
While wind erosion affects 68.4 percent of the area, water erosion has desertified 11.2 percent of 
the area. Salinity/alkalinity affects 3.1 percent of the area. Singh et al. (1992) have mapped the 
desertification status of the arid region ofRajasthan indicating intensity (slight, moderate, severe 
and very severe) of each degradation process namely wind erosion/ deposition, water erosion, 
salinity/alkalinity and water logging. Saxena (1992) has given the vegetation status on degraded 
habitats (Table 2). 

Urbanization, industrialization, communication and mining activities have had a manifold 
increase. Ground and surface water resources have been exploited on a large scale. Mechanization 
has also increased manifold. All these activities have contributed significantly to the desertification 
process. 

Causes of Desertification 
Natural factors and biotic pressure are the major causes of desertification in the Indian 

desert. 

Natural factors 
Low and highly erratic rainfall; extremes of maximum and minimum temperatures during 

summer and winter, respectively; high wind velocity; high potential evapotranspiration; sand 
dunes and sandy texture of soils, etc. are the major natural factors of desertification. Due to these 
factors droughts are a recurring feature, due to high wind velocity dust storms. Wind erosion and 
shifting ofunstabilized sand dunes are major problems and due, to high evapotranspiration 
vegetation degradation takes place. However, much modifications in natural factors are not 
possible. 

Biotic Pressure 
Human activities have played a significant role in the desertification process. The 

increasing human and livestock population have disturbed the ecological balance in the Indian 
desert. During the last 90 years ( 1901 to 1991 ), the human population in the Indian desert has 
increased from 3.40 million to 17.44 million and the population density per square km has 
increased from 47 in 1971 to 84 in 1991. Due to more biotic pressure, there has been a reduction 
in fallow periods and a large expansion of cultivation to the culturable wastes and pastures. Sand 
dunes and shallow soil areas, which were not very suitable for arable farming were brought under 
cultivation. For example, the net sown area has increased from 39.42 percent in 1961to49.56 
percent in 1991 and the average size of holding has decreased from 10.2 ha per family in 1971 to 
6.97 ha in 1991. The intensity of cropping has also increased and double cropping is generally 
followed in irrigated areas. 
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Table 2. Ecology oflndian Desert Vegetation (Saxena, 1992). 

Habitat 

Hilly region 

Piedmont plains 

Rocky/Gravelly 
pediment plains 

Alluvial plains 

Undulating plains 

Sand dunes 

Saline depressions 

Oominant species under Vegetation under severe 
moderate exploitation degradation 
Acacia senegal, Anogeissus Euphorbia caducifolia, Oro-
pendula, Grewia tenax, petium thomaeum, Tephro-
Oichrostachys cinerea, sia purpurea, Eleusine 
Balanites aegyptiaca, compressa. Aristida funi-
Cordia rothii, Zizyphus culata, etc. 
nummularia, etc. 
Acacia senegal, Salvadora Cassia auriculata, Tephro
oleoides, Prosopis cineraria, sia purpurea, Oropetium 
Euphorbia caducifolia, thomaeum, Eragrostis sp
Cordia gharaf, Dichanthium ecies, etc. 
annulatum, Heteropogon 
contortus. Eremopogon 
foveolatus, etc. 
Capparis decidua, Zizyphus 
nummularia, Acacia sene-
gal, Prosopis cineraria. 
Euphorbia caducifolia, 
Grewia tenax, etc. 
Prosopis cineraria, Salva
dora oleoides, Zizyphus 
nummularia, Capparis deci
dua, Dichanthium annula
tum. etc. 
Prosopis cineraria, Teco
mel/a undu/ata, Zizyphus 
nummularia , Acacia jacque
montii, Calligonum poly
gonoides. 

Acacia senegal, Maytenus 
emarginata, Lasiurus sindi
cus, Panicum turgidum, 
Calligonum polygonoides. 
etc. 
Prosopis juliflora, Suaeda 
fruticosa, Sporobolus margi
natus, Sa/sofa baryosma, 
Halaxylon spp. 
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Oropetium thomaeum. Ari
stida funiculata , Elyourus 
royleanus, Eragrostis cili
aris, lndigofera cordifolia, 
etc. 
Tephrosia purpurea, Lepta
denia pyrotechnica, Cassia 
auriculata, Cenchrus biflo
rus, Eragrostis spp., etc. 

Aerva persica, A. pseu
dotomentosa, Calo-tropis 
procera, Crotolaria burhia, 
Tephrosia purpurea, Ari
stida funiculata, Cen-chrus 
biflorus, etc. 
Aerva pseudotomentosa, 
Crotolaria burhia, Mimosa 
hamata, Leptadenia pyro
technica, Eragrostis spp. 

Cressa cretica, Scirpus sp., 
Aleuropus lasopoides, etc. 



More than 50 percent of ground water resources have already been exploited. The ground 
water level is decreasing at the rate of0.2 to 0.4 meters per year. Most of the ground waters are 
saline/sodic in quality. Therefore, the problem of salini.zation/sodification of soils is posing a 
serious problem. Though, with the construction oflndira Gandhi Canal in the western part of the 
Indian desert crop production has had a manifold increase, the problems ofwaterlogging and 
salini.zation have come up in the areas having gypsiferus rocks at shallow depths. 

In addition to human population, the livestock population has also increased by about 2.5 
times during the last 40 years. Due to increasing livestock population on the one hand and 
decreasing pasturelands on the other hand, the palatable species of trees, shrubs and grasses have 
been over grazed and replaced by less palatable and poor quality forage (Table 2). 

Besides livestock, the wildlife of the Indian desert is quite rich, which exerts considerable 
pressure on the natural vegetation. Amongst the large animals, ungulates are the major herbivores 
which attack grasslands and crop lands, e.g., blue bull (Boselaphus tragocamelus), black buck 
(Anti/ope cervicarpa rajputanae), gazelle (Gazelle gazelle bennetti), etc. Desert rodents are also 
a major consumer of ground vegetation. 

Mining of gypsum, limestone, marble, sandstone, granite, lignite, etc. has also increased 
desertification due to devegetation in mining areas and dumping of mine wastes on cultivable 
lands. 

A large number of textile and other industries have come up in the Indian desert. The 
industrial effluents produced by textile industries are discharged into rivers without any pre
treatment. As a result, the waters of wells and tubewells dug near these rivers have been highly 
polluted. These waters can not be used for drinking and crop production without proper 
treatment. 

Measures for Combating Desertification and Making it Sustainable 
As per Agenda 21, priority in combating desertification should be the implementation of 

preventive measures for lands that are not yet degraded or which are only slightly degraded. 
However, the severely degraded areas should not be neglected. In combating desertification and 
drought, the participation of local communities, rural organizations, national governments, non
governmental organizations, and international and regional organizations is essential. 

For combating desertification and making the Indian Thar Desert sustainable the following 
steps are required: 

Monitoring Desertification 
Desertification is a dynamic process. Therefore monitoring forms an essential part of the 

program for combating desertification. The satellite remote sensing offers synoptic views and 
repetitive coverage. With the improved resolution of satellite sensors, sufficient details of the 
ground cover will be available. This tool with limited ground truth will provide a good basis for 
monitoring. 

Based on the critical indicators (physical, biological and social) a project on monitoring of 
desertification is being pursued at CAZRI, India since 1978. The study has revealed that there is 
no lateral movement of sand from desert to the nondesert zone. However, within the existing 
desert area the inherent vulnerability ofland and intense biotic pressure have combined to initiate 
the process of desertification. Various critical desertification indicators are being tested at CAZRI 
as a part of this program. 
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Optimum Land Utilization 
The land should be used as per its capability. All types oflands are not suitable for all 

types of crops. Therefore, for combating desertification and to make the Indian Thar Desert 
sustainable, there is a need to take a holistic approach in technology generation and transfer in 
tenns of integrated farming system. The integrated farming systems should have a suitable mix of 
field crops, fruit crops, vegetables, spices, multipurpose trees, grasses, animal husbandry, etc. 
according to the capability ofland and water resources, and conserving and managing these basic 
resources most judiciously. CAZRI has done good research work on this aspect, particularly on 
agro-forestry. A few of the agro-forestry recommendations will be discussed here. 

Horticultural Crops 
Work done at CAZRI has revealed that horticultural crops like jujube (Zizyphus 

mauritiana), pomegranate (Punica granatum), Capparis decidua, Cordia myxa (gonda), Emblica 
officianilis (aonla), etc. are suitable for growing in the Indian desert as a pure crop or in 
association with field crops and grasses. V ashishtha ( 1992, 1996) has recommended that grain 
legumes like clusterbean, moth bean, cowpea in agri-horticulture systems and Cenchrus ciliaris 
grass in horticulture pasture systems can be confirmed with jujube without any adverse effect on 
the growth and yield of jujube crop. 

Agro-forestry 
Forage/fuel trees like Prosopis cineraria, Tecomella undulate, Hardwickia binata, Acacia 

senegal, Tamarix articulate, etc. are suitable for growing in association with field crops (Bhati, 
1996). 

Silvi-pastoral System 
In the highly degraded ecosystem, the silvipastoral approach would be the correct one and 

a silvipasture would serve as an insurance against unforeseen situations. ln the Indian desert. the 
silvi-pastoral systems have been found to be more remunerative as compared to rainfed arable 
farming. However, for getting optimum production from silvi-pastoral system. a kno~·ledge of 
species for different zones, planting techniques, fertilizer application and grazing/harvesting 
schedule are of prime importance. Yadav (1992) has reported that Lasiurus sindicus. Panicum 
antidotale, Cenchrus ciliaris, C. setigerus, Dichanthium annulatum. C:vmbopogonjwarancusa. 
Panicum coloratum, Chloris gayana, etc. were found to be highly productive and suitable for 
pasture/silvipasture development in Indian desert. Singh (1992) reported that Cenchrus ciliaris 
had very good compatibility in silvi-pasture system with Prosopis cineraria. Colophospermum 
mopane and Dichrostachys nutan. However, Acacia· tortilis and A=adirachta indica reduced 
grass yield significantly. 

Stabilization of Sand Dunes 
The techniques of sand dune stabilization, suitable for Indian desert conditions, have been 

standardized by CAZRI (Harsh, 1992). Three major steps are involved in any sand dune 
stabilization program, viz. protection from biotic interference by doing fencing, erection of 
artificial physical barriers using locally available bushes to minimize surface wind erosion and 
revegetating by transplanting/planting the seedlings of trees and root slips or pelleted seeds of 
grasses. Acacia tortilis has proved to be very promising species for sand dune plantation. 
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Prosopis ju/iflora was second best. 

Windbreak/Sbelterbelt Plantation 
There occurs tremendous reduction in crop production in the Indian desert because of 

strong desiccating winds. Therefore, to provide shelter to the crops windbreak/shelterbelt 
plantation was advocated by CAZRI (Kaul, 1959). The structure of these should be pyramidal in 
shape, i.e. bushy and short height plants should be on the flank rows or on lateral rows, whereas 
central row should have tall plants. The suitable species are (i) for flank or lateral rows - Zizyphus 
nummu/aria, Acacia bivenosa, Prosopis juliflora, Acacia tortilis, Cassia siamea and (ii) for 
central rows - Azadirachta indica, Albizzia /ebbek, Hardwickia binata, Da/bergia sissoo, 
Tamarix articulate and Eucalyptus camaldulensis (Harsh et al., 1991). By planting the 
shelterbelt, the wind velocity is reduced by 20-46 percent on the leeward side up to 2 H to 10 H 
distance (H = height of tree). The soil loss was reduced, the soil moisture content and the total 
grain production increased considerably (Gupta et al., 1984). 

Conservation and Management of Bio-diversity 
All efforts should be directed to.hold the existing biological resources as these are the 

capitals/assets for the present and future generations. Due to development pressure, the biological 
diversity is now under threat. Vegetation of the Indian desert consists of 600-700 species 
belonging to more than 80 families (Saxena, 1992). The natural vegetation of the Indian desert 
plays an important role in the economy of the area, ranging from soil conservation to 
afforestation, medicinal preparation, gums, edible and non-edible oils, fiber, food, fuel wood, 
timber and many other related uses. 

Efficient Water Management 
Water is the most critical input in this area. There is an urgent need to develop suitable 

technologies for rain water harvestiilg, conservation and management as well as to develop 
efficient methods for using limited available surface and ground waters. In dryland areas, 
integrated watershed management or index catchment development approach is necessary. To 
conserve soil and water planting of vegetative barriers of Cymbopogan jwarancusa, Cenchrus 
ciliaris, and C. setigerus on contour lines have proved successful in conserving moisture and 
increasing crop production. The runoff volume was reduced between 22 to 71 percent, conserved 
soil moisture increased from 2 to 13 percent, and the yield of cluster bean increased between 37 
to 51 percent. These barriers are easy to raise, less expensive, and provide fodder during lean 
periods. 

Irrigation plays a significant role in arresting desertification. In the Indian desert sprinkler 
and drip irrigation methods are most efficient. With these methods losses of water due to 
percolation are avoided and the problems of waterlogging and saliniz.ation can be avoided. 

In most of the wells/tube wells the water is brackish and use of gypsum is required. With 
gypsum application even the waters containing higher concentration of residual sodium carbonate 
(RSC) can be used in high value crops like mustard, cumin, chilies, etc. 

Huge quantities of effluents are being discharged from industries. This may be highly 
acidic or alkaline and contain harmful elements. Similarly, a huge quantity of sewage is going to 
waste near big cities. These waters can be efficiently used provided they are properly treated 
before use. At CAZRI project is in progress on efficient use of industrial effluents. Salt tolerant 
trees, grasses and other crops have also been identified by CAZRI. 
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Reclamation of Mine Spoil Areas 
Quarrying of sandstone, limestone, gypsum, etc. is carried out on a large scale. Mine 

waste which is left uncared for can be revegetated with proper soil and water management 
practices. For mined wastelands micro-catchment and half-moon terraces for rainwater 
harvesting, gypsum profile modification with farm soil and farmyard manure and planting of 
Tamarix aphyl/a, Pithecel/obium du/ce, Salvadora oleoides and Cercidiumfloridum have been 
found to be successful in rehabilitating them. In the case of limestone-mined wastelands, inward 
sloping bench terraces, soil profile modification by addition of farm soil, bentonite and farmyard 
manure and planting of Acacia catechu, Acacia tortilis, Acacia nubica, Acacia senegal, Acacia 
planifrons and Cercidium floridum have been found to be successful in rehabilitating them 
(Sharma et al., 1996). 

Post-harvest Processing and Value Addition 
The income of farmers in the Indian desert can be increased if sustainable post harvest 

processing and value added technologies can be developed for milk, wool, meat, fruits, medicinal 
plants, vegetables, other crops, etc. Presently few technologies are available. 

Proper Transfer of Technology 
Transfer of well tested technologies on farmers' fields is very essential. The technology 

transfer in order to be effective, must be first assessed and refined under farmers' fields conditions. 
Proper development of human resources through training is essential. On farm research needs to 
be strengthened. 

Exploitation of Alternate Energy Sources 
Sun and wind are in abundance in the Indian desert. More emphasis is required to develop 

technologies for utilization of non-conventional energy sources like wind and solar. The 
technology should be cheap, easy to operate and socially acceptable. 

Summary 
The Indian Thar Desert, spread over about 26 m ha, is characterized by low ( 100 to 500 

mm/annual) and erratic rainfall, clear skies, high day temperature in summer ( 46-48°C), high 
potential evapotranspiration (1500 to 2300 mm year), sandy soils and poor vegetation. Due to 
increased biotic pressure on the fragile ecosystem the problem of desertification due to wind 
erosion/deposition, water erosion, salinity/alkalinity, water logging, vegetation degradation, 
mining wastes, industrial effluents, etc. has increased greatly. For combating desertification and 
sustainable use oflndian desert, holistic approach of integrated farming systems with suitable 
mixes of field crops, fruit crops, spices, vegetables, multipurpose trees, grasses, animal husbandry, 
etc. is required. Efficient management ofrain water, surface water, ground water, sewage, 
industrial effluents, etc. is necessary. The techniques of sand dune stabilization, shelterbelt, 
revegetation of mine spoils, post-harvest processing, alternate energy source, transfer of 
technology, conservation of big-diversity, etc. need immediate attention. 
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THE DIVERSITY OF DUNE PATTERNS IN THE TAKLAMAKAN DESERT IN CHINA 
by 

Li Chongshun 

Abstract 
The types of dunes in the Taklamakan Desert are complicated and varied, including 

barchan dunes and chains, longitudinal dunes, pyramid dunes scale-shaped dunes, dome-shaped 
dunes, complex barchan dunes, compound longitudinal dunes, etc; The formation and evolution of 
dunes in the Taklamakan Desert are dominated by various factors, of which the winds, the 
landforms and the rivers play important roles. Under these circumstances, the dune patterns and 
arrangements have great difference in space. The dunes in the center are higher and more 
complicated than those in the margin and the dunes move southeastward in the western part and 
southwestward in the eastern one under the actions of the NW and NE wind systems. The 
Rothtag Hill, the Mar7.artag Hill and the North Minfeng Heave in the Taklamakan Desert are the 
barriers to obstruct the winds, and as a result, the dunes are regularly distributed around them. 
The rivers flowing to the Taklamakan Desert, affect the dune patterns and arrangements, too. 
Beside the banks of the rivers, the dunes arrange from fixed mounds, semi-fixed mounds and 
semi-drifting dunes to drifting dunes. 

Introduction 
The Taklamakan Desert, situated in the center of the Tarim Basin, is one of the largest 

sand seas in the world. It has an area of 337,600 km2
, about 82 percent of which is covered by 

drifting dunes. The types of dunes are complicated and simple, complex and compound dunes. 
The mean height of dunes is about 20 to 70m and the highest ones reach 200m. 

Background of the Diversity of Dune Patterns in the Taklamakan Desert 
Generally speaking, the diversity of dune patterns results from both the local physical 

conditions, such as climate, landform, soil, vegetation, hydrology, etc. and the period of dune 
formation. The dry climate in the Taklamakan area, according to geological data, was formed in 
the Cretaceous Period. In the beginning of the Quaternary Period, the climate there became drier 
and drier because the humid air currents from outside were blocked by the Tibet Plateau and the 
surrounding mountains, which, meanwhile, rose on large scale. In such situations, the Taklamakan 
Desert started to appear on the alluvial plain in the center of the Tarim Basin in the middle 
Pleistocene Period. Since then, the aerial extent of the Taklamakan Desert has increased 
unceasingly although the climate had fluctuations. As a whole, the dunes in the eastern part of the 
Taklamakan Desert formed earlier than those in the western one and the main dune types manifest 
great difference. Compound longitudinal dunes are dominant in the eastern part and barchan 
chains in the western part. Beside the rivers and in the dry deltas, the dunes formed late and the 
main dune types are barchan and longitudinal dunes. 

The air currents are a major factor in forming the dunes in the Taklamakan Desert. The 
northwest winds come from the Pamir Plateau and the northeast winds from the Mongolia 
Anticyclone. Obviously, the dunes move southeastward in the western part and southwestward in 
the eastern part under the actions of these two wind systems. Moreover, the Rothtag Hill, the 
Mar7.artag Hill and the North Minfeng Heave, which lie in the Taklamakan Desert, play important 
roles in the dune arrangements in space. 
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The Types of Dunes in the Taklamakan Desert 
The dunes in the Taklamakan Desert, according their characteristics of patterns and the 

periods of formation, can be classified into more than 10 types, such as barchan dunes and chains, 
longitudinal dunes, pyramid dunes, scale-shaped dunes, domeshaped dunes, complex barchan 
dunes, compound longitudinal dunes, etc. 

Cake-shaped Dunes 
The small cake-shaped dunes in the Taklamakan Desert look elliptical in plan view and 

their long axis extends along the major wind direction. Their vertical section is smooth and 
symmetrical. The heights of the cake-shaped dunes are less than 0.5m and they are about 6-8m 
long and 3-5m wide. The cake-shaped dunes, an initial stage ofbarchans, become shield-shaped 
dunes, then barchans under the action of wind. The cake-shaped dunes are mainly scattered in the 
margin area and the interdune valleys of the compound longitudinal dunes. 

Barchan Dunes 
Barchan dunes have a "new moon" shape in plan view. They have two wings that extend 

in the same as direction as the wind. The vertical section is asymmetrical and the windward slope 
is about 15° while the leeward slope( slip face) is 28°-34°. The mean height is 1-5m and the 
highest ones reach 10-15m. The angle between the two wings is about 70°-100°. Barchan dunes 
are widely dispersed in the sand sheet in the Taklamakan Desert. 

Longitudinal Dunes 
These dunes are oriented parallel with the wind and can be many kilometers in length. The 

mean distance between the longitudinal dune is 5-lOm. Small longitudinal dunes can be scattered 
in the interdune valleys of the large longitudinal dunes, too. 

Pyramid Dunes 
Pyramid dunes have three slip faces and crest lines. The crests of dunes are sharp-angled. 

The slip angle is 25°-30° and the height is 50-lOOm. They are mainly distributed in the southern 
margin of the Taklamakan Desert and on the north of the Marza.rtag Hill. 

Barchan Chains 
The barchan chains come from the densely distributed barchan dunes when they join and 

overlap each other under the environment of the rich sand source. The height ofbarchan chains is 
5-20m and the highest ones are about 30m. The length of chains reaches several dozens meter to 
hundreds of meters and the distance between the chains is about I Om. Some of them, as 
secondary dunes, rest on the compound longitudinal dunes and dome-shaped dunes. 

Scale-shaped Dunes 
The scale-shaped dunes are distributed in crowds and interdune depressions are not typical 

because they overlap each other. The wings of dunes stretch along the main wind direction and 
join with the windward slopes of the front dunes so that sand dikes are formed. As a whole, they 
are 10-30m high and mainly distributed in the west and northwest of the Taklamakan Desert. 
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Dome-shaped Dunes 
These dunes, on which the secondary dunes stand, are characterized by their smooth crest 

and symmetrical sections. They have no arc-like slip face and are circular in plan view. Dome
shaped dunes are mainly distributed in the area between 40° 1 O' N and 40° 20' N on the south of 
the Tarim River. They are about 30 to 50 m high, and on the average, the area of the single dune 
is as much as 1 km2

• 

Complex Barchan Dunes 
Complex barchan dunes are similar to barchan dunes in plan and have a slip face. They are 

higher and there are some secondary dunes standing on their top, however. The arrangement 
direction of secondary dunes is the same as the complex barchan dunes. These types of dunes are 
scattered in the lower reaches of the Tarim River and the Keriya River, and the mean height is 20-
40m. 

Compound Barchan Chains 
Compound barchan chains in the Taklamakan Desert are 50-SOm high, 1,000-3,000m long 

and 300-500m wide, in general. They extend transversally and have several slip faces on the 
leeward side and dense barchan dunes stand on the windward slope. 

Compound Longitudinal Dunes 
Compound longitudinal dunes in the Taklamakan Desert are more like draas in Africa. 

They are arranged in rows that extend along the direction of the wind. There are more types of 
secondary dunes, such as barchan dunes and chains, longitudinal dunes pyramid-shaped dunes and 
so on, covering the faces of the compound longitudinal dunes. The compound longitudinal dunes, 
generally speaking, are dominant types of dunes in the east of the Taklamakan Desert and occupy 
about half of the area of the Taklamakan Desert. They are about 50-70 m high, 1,000 -1,500 m 
wide and 10,000-5,000 m long. The distance of the interdune valleys is 1,000-3,000 m. The 
expanding direction is NNE-SSW. 

Scrub Sand Mounds 
Scrub sand mounds are dunes to be mainly fixed by Tamarix and Popular diversifolia in 

the Taklamakan Desert. They are about 2-5m high and some of them reach 10-20m. They are 
distributed on a large scale in the lower reaches of rivers, such as the Rotan River, the Keriya 
River, the Niya River, the Yatonggus River, and the middle reach of the Tarim River. 

The Diversity of Dune Arrangements in Space 
The formation and evolution of dunes in the Taklamakan Desert is dominated by various 

factors, of which the winds, landforms and rivers play important roles. Under these circumstances, 
the dune patterns and arrangements vary greatly in size. 

Regional Characteristics of Dune Arrangements 
The dunes in the Taklamakan Desert are distributed in groups. That means some types of 

dunes occupy certain regions. On the west of the Rotan River, the types of dunes in the 
northward of the Rothtag Hill and the Marzartag Hill are mainly composed of pyramid dunes and 
scale-shaped dunes while in the south are compound dune chains. Between the Rotan River and 
the Keriya River, the main types of dunes are barchan chains and compound longitudinal dunes 
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and the mean height of dunes is 20-25m. Compound longitudinal dunes are the dominant types of 
dunes in the center of the eastern part, and there are many barchan dunes, barchan chains and 
longitudinal dunes dispersed in the interdune valleys. The dome-shaped dunes and dense barchan 
chains occupy the northern region on the south of the Tarim River. In the south of the 
Taklamakan Desert, the dominant types are barchan chains. In addition, the height of dunes in the 
center is greatly different from that in the margin. As a whole, the dunes in the center are about 
50-l 50m high while in the margin they are lower than 25m and some are only 1-5m high. In this 
case, the dunes in the margin move much more quickly than that in the center; for example, dunes 
about Im high in the southern front of the Taklamakan Desert can move 10-20m one year. · 

Dune Arrangements Around the Hills and Heave in the Taklamakan Desert 
The Taklamakan Desert formed and developed on the Tarim alluvial plain. The Rothtag 

Hill, the Marzartag Hill and the North Minfeng Heave, lie in the center of the Taklamakan Desert 
and play an important role in the dune arrangement in space. The Rothtag Hill and the Marz.artag 
Hill extend about 200km westward from Rotan River and are about 200-300m high. They 
become the barriers to obstruct the wind from northeast. Under this circumstance, a great deal of 
high and complex dunes on the north ofRothtag Hill and Marzartag Hill formed and the nearer 
the dunes are to the hills, the higher the dunes are. The types of dunes, in tum, from north to 
south, range from barchan chains, scale-shaped dunes, compound barchan chains to pyramid 
dunes. On the south of the Hills, a few dunes are scattered in the wind-shade belt that is about 
lOkm wide, and dunes are only 1-3m high. 

The North Minfeng Heave, located in the southern part of the Taklamakan Desert, is 30-
80m high, 75km long and 15km wide. The dune patterns around it are different because the North 
Minfeng Heave changes the air currents in this area. In its northern region, the height of 
compound dune chains changes from 20m to 70m in tum, and in its southwestern region, the 
height of compound dune chains reaches 50-lOOm and the dunes are densely distributed. In the 
south, the dunes become sparser and lower and most of them are lower than 30m. 

The Dune Arrangements Beside the Rivers 
The rivers that begin in the mountains' flow through the gravel plains and fluvial plains, 

and, finally, disappear in the Taklamakan Desert or cross the Taklamakan Desert. Naturally, the 
rivers supply much water for the Taklamakan Desert and change the dune patterns on both banks. 
From the banks of rivers, the dunes vary from fixed mounds, semi-fixed mounds, semi-drifting 
dunes to drifting dunes. The fixed mounds are covered by Tamarix and are about 1-3m high. The 
semi-fixed mounds come from the fixed mounds when the vegetation deteriorated, and the height 
is 2-5m. The semi-drifting dunes are mainly composed of longitudinal dunes that formed on the 
leeward of fixed and semi-fixed mounds. They are about 3-5m high. The drifting dunes include 
barchan dunes and chains and longitudinal dunes. The heights of these dunes are 3-5m and some 
of them reach I Om. Moreover, in some fluvial plains and dry deltas of rivers, such as in the middle 
reach of the Tarim River and lower reach ofthe.Keriya River, the types of dunes, and change 
from barchan dunes, barchan chains to domeshaped dunes in tum. 

Conclusion 
The formation and evolution of dunes in the Taklamakan Desert are dominated by various 

factors, of which the winds, landforms, and rivers play important roles. The dune patterns are 
complicated and varied and the types of dunes include barchan dunes and chains, longitudinal 
dunes, pyramid dunes, scaled dunes, dome-shaped dunes, complex barchan dunes, compound 
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longitudinal dunes, etc. 
The dunes move southeastward in the western part of the Taklamakan Desert and 

southwestward in the eastern part under the actions of the NW and NE wind systems. The types 
of dunes are also different in space. In the eastern part the compound longitudinal dunes occupy 
the first place while the barchan chains are dominant in the western part. 

Dunes in the center are higher and more complicated than those in the margin. Compound 
longitudinal dunes, for example, are dominant types of dunes in the center and are about 50 to 70 
m high and some of them reach more than 1 OOm. The dunes in the margin, however, are less than 
25m and some like barchan dunes are only l-5in high. 

The Rothtag, the Marz.artag and the North Minfeng Heave, lying in the center of the 
Taklamakan Desert, play an important role in the dune patterns and arrangements. The types of 
dunes, in tum, from north to south, range from barchan chains, scale-shaped dunes, compound 
barchan chains to pyramid dunes. On the south of the hills, a few dunes are to be scattered in the 
wind-shade belt. The dunes beside the banks of rivers which disappear in the Taklamakan Desert 
or cross the Taklamakan Desert, range from fixed mounds, semi-fixed mounds, semi-drifting 
dunes, to drifting dunes. 
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