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QUERY TO READERS:
If you readers out there, whoever you are, wherever you are, whatever your concerns are, want to use Arid Lands
Newsletter as a forum to speak out through letters to the Editor, I should like to add a page or two in each issue for this
kind of exchange.
Please keep them brief and to the point, and do not feel hurt if I cut or change or don't use at all. That's what mean
editors are for.
Next issue will be out by January 1, 1977, so take pen in hand and let me know what you are thinking about arid
lands problems, or what you would like to see covered in future issues, or what you don't like about what has already
appeared.
-Pp

MANAGEMENT OF BRACKISH WATERS IN ARID LAND AGRICULTURE:
Modern Experiences with Ancient Problems
by
Marvin Twersky*
I. INTRODUCTION

II. WATER QUALITY AND SOIL SALINITY CRITERIA

In those arid areas worldwide
which conceal in their depths an

abundance of water containing
variable quantities of soluble
salts, irrigation agriculture presents us with a modern challenge

to utilize such water resources
for

nevertheless

intensifying

crop production to feed the
inhabitants

of those regions.

Since there

is

as yet no eco-

way to
eliminate salts from brackish water, we need to concentrate on
ways of living with saline irrigation water whose varying salt

nomical

large -scale

composition can contribute to improper water management
and to increased soil salinity. To achieve this, we need to
define the vulnerability of soils and crops to the dangers of
various water qualities, and to use this knowledge to correct
irrigation technology accordingly.
The objective of this paper is to point to modern

opportunities in brackish water irrigation technology that
make it possible to achieve economical production of food fiber crops. In Israel, where 200 million cubic meters of
brackish waters are available yearly for agricultural use, new
techniques based on the national experience have contributed
to successful¡ cultivation of those desert regions employing
brackish water irrigation (Fig. 1).

A. Criteria of Water Quality

The term "quality of irrigation water" implies a specific
rating of the potential hazards water has for crops and soils
(24, 34, 48). Waters vary from one source to another in one or
all of the following: 1) total dissolved solids (TDS); 2) cationic
and anionic composition (Na +, Cl-, sodium adsorption ratio,
residual sodium carbonate, permeability index); and 3) phytotoxic impairments (B- limits, NO2 concentrations, pathogens
and disease organisms). Water quality can be expressed as total
salt concentration in ppm, mg /1, pr ppm Cl', especially where
Cl- sensitive crops are involved (e.g., citrus) (22, 34). The total

dissolved salts (TDS) is most easily measured by electrical
conductivity of water (ECw) and is expressed as mmhos per
cm at a temperature of 25 °C (mmho /cm).
Specifically, waters having ECw ranging from 2 -8 mmho /cm

(1000- 10,000 ppm) are considered brackish (i.e., slightly to
moderately saline) (11, 37). Waters having greater salt concentrations are classified as saline. Brackish waters of up to

5000 ppm are of the most potential interest for irrigation
agriculture.

In practice, no singular set of criteria exists for brackish/
saline waters (21, 30, 34, 48). Available water resources for
irrigation programs must be assessed in the context of the
conditions under which they are to be used. Any classification
system based on the composition of water alone can serve only
as a general guide in water management programs because of
the interactive effects of soil, plant, and climatic conditions in
each locality.

B. Salinity Criteria in Irrigation

Two factors are important for assessing the suitability of
brackish water for irrigation: 1) the amount of salt accumulated with each irrigation in the soil profile, and 2) the degree
of response of a specific crop to the level of soil salinity in the
root zone.
Salts accumulate in the soil profile due to evapotranspira-

tion, which is controlled by climatic demand and the
physiochemical properties of the soil (1, 7, 28, 31, 44, 48).
The movement of water and salt in the soil profile is less
Fig. 1. Field of cotton seedlings irrigated with brackish water.

restricted in light (sandy) to medium -textured (loamy sandy)
soils due to their high infiltration capacity.
The salt resistance of crops largely determines the
suitability of brackish water for irrigation. The salinity damage

*Dr. Twersky, a University of Illinois Ph.D. (agronomy, 1964), is Senior Scientist, Research and Development Authority, Ben -Gurion University of
the Negev, Beer -Sheva, Israel, where he specializes in saline water -soil -plant problems.

irrigation methods. Surface flooding, sprinkler, and trickle/
drip irrigation have different effects on salt accumulation and
soil salinity distribution. Control of soil salinity by leaching,
therefore, is a function of the irrigation management system
(7, 32, 46).

to a crop, however, is a combination of plant growth stage,

rate of soil salinization, and duration of exposure to soil
profile salinity in the irrigation interval. Due to the heterogeneity of soil in space and time within the soil profile, it is
the weighted mean soil salinity that determines the
performance of an individual crop. Weighting of soil salinity is
done on the basis of water uptake by plant roots (46).
Our experience suggests that the most singular soil salinity
problem occurs during the first stages of germination,

HI. IRRIGATION SYSTEMS USED WITH
BRACKISH WATER

A. Surface Methods

emergence, and plant establishment. The buildup of salts at
the soil surface due to evaporation delays germination, and

Surface flooding methods are used in the traditional irrigation systems existent in 95 percent of the irrigated lands of
arid regions (12, 13). These techniques are the easiest to
operate and have lower initial capital costs than sprinkler or
trickle /drip methods, even though they have certain inherent

causes poor emergence and spotty seedling establishment.
Sugar beets serve as a classic example, being very sensitive
at the germination- establishment stage, though highly salt

resistant at maturity (4, 29). Peanuts, on the other hand, are
nonsensitive at initial stages of germination, but are highly
salt- sensitive to brackish water as mature plants (35,

weaknesses for utilization of brackish water.

(1) Flooding
Surface flooding requires land leveling. This destruction of
the physical structure of the soil surface decreases leaching

unpublished results).

It is possible to increase seed planting quantity in order to
attain a higher density and more uniform plant population
(Table 1), or substitute fresh water irrigation (if available) at
these salt sensitive stages of plant growth.

efficiency.

Distribution of the water is uneven, requiring more water
per unit area, with constant vigilance of the surface coverage.
Irrigation efficiencies are low, only 55 -70 percent (37). In
sandy soils, surface irrigation is very inefficient.
More water is required per irrigation for leaching. On the
other hand, a surplus of water may cause waterlogging and
increased soil salinity.

Table 1. Effect of Planting Rates on Seedling Establishment
of Crops Sprinkle -Irrigated with Fresh or
Brackish Water (27)
CARROTS

¡ALFALFA

PLANTING RATE

ONIONS

%

1.0

100*
130

number of seedlings nil
83* 56 29* 24
17* 14
126
23
19
72 39 34
36
51
33
28
198 120

200

4.0

I

ECw mmho cm-1
1.0
1.0 4.0

(2) Furrow Irrigation

4.0

Furrows are used for the irrigation of row crops on gently
sloping lands. However, there is more soil erosion with this
method.
The salt content of the soil will vary from place to place
with brackish water furrow irrigation, with the greatest salt
concentration being in the center of the bed near the surface.
Accumulation of salts on the surface affects germination (16,

*Acceptable field practice in Israel.

32). For highly brackish waters (>5000 ppm) the furrow
Although there is general agreement as to the relative salt
resistance of various crops (4, 22, 27, 44), information on the
influence of salinity on growth is scattered and difficult to
evaluate (9). Salt tolerance tests should be carried out within

method is less satisfactory.

B. Sprinkler Irrigation

There is a clear superiority of sprinkler irrigation over
surface irrigation (12, 13, 37, 45, 46) in brackish water

an ecologically discrete area in order to have the greatest
validity. The USDA Salinity Laboratory, Riverside, California,
has prepared a reevaluation of salt tolerance literature covering
the last 80 years.

management.
Irrigation efficiencies are higher (60 -80 percent) than with
surface irrigation methods. Watering can be controlled in time

and intensity simply by choosing the right combination of
sprinklers, nozzle size, line pressure, and spacing of sprinklers
(Fig. 2).
Sprinkler irrigation is comparatively more efficient for
leaching salts in the soil (16, 46). By regulating sprinkling at a
rate below the maximum infiltration capacity of the soil, the

C. Leaching Control Criteria

When more water is applied than the plant requires, the
extra water moves the salts past the root zone. This is known
as leaching (22, 25, 28, 31, 33, 44) and is more efficient under
unsaturated flow conditions (26). Proper leaching and drainage
management prevents salts from building up in the root zones
of plants.
The effectiveness of leaching is determined by irrigation
frequency, amount of water in each application, and specific

water content of the soil profile is controlled. Because of
slower profile wetting, the zone of leached salts is extended

deeper into the soil profile than with surface irrigation.
Intermittent leaching has been found to be more efficient in
salt removal per unit water applied (26).
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Table 2. Yields of Crops Sprinkle -Irrigated with Either Fresh
or Brackish Water in the Negev Area (8, 13, 27, 41, 42, 43)
CROP

ECw mmho cm-1

1.0

REMARKS

4.0

- yield, tons ha-1Cotton

4.25 5.40
4.74 5.20d
6.70 6.70
10.0
8.40
80
60

Wheat
Sorghum
Sugar beets
Forages
Bermudagrass
Rhodes grass
Peas (canning)
Onions

Fig. 2. Demonstration of sprinkler equipment.

33
21.0a 33

Sweet corn
Muskmelon
Tomatoes

The many existent types of sprinkler systems [portable,
semi -permanent, and permanent (solid -set) installations] can

VF145 F5
Meacheast 22
VF 198

be adapted to most crops. In Israel, a variety of crops have
been grown successfully using brackish water (Table 2, Figs.

Napoli

1 -2).

As with all irrigation systems, sprinkler irrigation also has
its disadvantages, but to a great extent, these can be overcome
by proper management (19, 47).

18.5
34
17c
24

17.2
26
6.3e

78.0b
72.0
78.5
86.5

31.0e
38.8

108

57.1
49.1
73.5

seed cotton
(2 locations)
grain
grain

taproot
dry weight
dry weight
green pods
bulb

table
processing varieties
processing varieties
processing varieties
processing varieties

a. average for State of Israel
b. water ECw = 1.2
c. water ECw = 0.4
d. water ECG, = 4.6
e. water ECw = 3.6

The small droplets of sprinkler spray are more subject to
evaporation and wind drift, the latter causing a distortion of

water application pattern (19). The resultant decrease in
leaching efficiency can be particularly harmful when using

The NaC1 of brackish waters intensifies this effect. The plant
establishment problems of salt tolerant crops (45) may also be

brackish water. This can be partially overcome by irrigating at
night (33).
Large droplets can cause damage to salt -sensitive emerging
plants and increase crusting of the soil surface. The impact of
energy of the drops tends to destroy the aggregates at the soil
surface causing particle dislodgement and soil splash (Fig. 3).

due to this effect. Large droplet size can be controlled by
decreasing nozzle diameter or increasing water pressure (19).
Overhead sprinkler irrigation with brackish water must be
avoided during daytime windy and dry hours. The process of
mineral uptake of leaves is intensified when brackish water is

Fig. 3. Soil splash damage of onion seedlings. Right: Heavy soil splash showing leaf tip damage before brushing. Left: After brushing off soil particles.
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Success of the surface approach is due to the formation of a
low salt zone in the vicinity of the trickier where most of the
roots tend to cluster (5, 33). The dripper is placed directly on
the soil surface so that the area across which infiltration takes
place is small compared with the total soil surface. Salts from
the irrigation water are concentrated in a shallow surface layer
(from evaporation) and in a deep layer with a leached zone
between them. The result can be described as three- dimensional water flow as opposed to the one -dimensional flow of
flood and sprinkler and two- dimensional of furrow irrigation.
In drip irrigation, delivery of the leaching water to the actual

applied by sprinkling (2, 40). Accumulation of salts, especially

chlorides, on the leaves causes leaf burn and defoliation. By
irrigating at night, the dangers of foliar salt adsorption are
decreased (32).

C. Trickle /Drip Irrigation
Development of trickle /drip irrigation methods has
introduced a new and exciting innovation for management of
brackish water (2, 5, 6, 8, 13, 15, 17, 23). The common use of

tricklers has grown rapidly in recent years with 29,000 ha
being irrigated in the U.S. and another 29,000 ha in other

root zone is therefore more efficient than in either surface

areas of the world. This amount will more than double in five
years. Trickle /drip irrigation has been found to be particularly
suitable where land is difficult to level and where sandy soils

flooding or sprinkler irrigation. Furthermore, soil moisture in
the immediate root zone is continuously high, maintaining a
low salt concentration level.
Like the other irrigation methods, trickle /drip systems also
have inherent technical weaknesses which limit their usefulness

predominate. In Israel, a variety of crops which have been
considered too sensitive to brackish water irrigation have been
grown efficiently and economically with tricklers (Table 3).

(6, 13, 15, 23). Experience has shown that these methods
require more careful management than surface flooding or

Table 3. Yields of Crops Trickle /Drip - Irrigated
with Brackish Water (ECw = 4) in the Negev (8, 13, 27)

sprinkler irrigation. More skill is needed in design, installation
and operation. Major problems are encountered with plugged

drippers (emitters), rodent and bird damage, and fluctuating
water pressure. There can be a buildup of accumulated salts in
the regions between tricklers, where there is a predominantly
upward water flow near the soil surface. This salt accumulation affects germination and establishment of plants in the

YIELDS

CROPS

tons ha-1

Tomatoes
Muskmelons
Watermelons
Cucumbers
Sweet Corn
Onions
Eggplant

80 -113
23 -48
23 -62
25 -42
12a
50
35

regions between tricklers (16).
Even though trickle /drip irrigation methods have contrib-

uted to the success of growing salt- sensitive crops with
brackish water, development of these methods lags behind that
of others discussed (23). However, systems are being
developed that should be more efficient and economical for a
broadening variety of crops.

a. Water ECG, = 4.5

Trickle /drip irrigation gives greater water control. The
system consists of plastic pipes (hoses) placed on the surface
amongst the plants (the preferred method), or under the soil.
The water is delivered in the pipes under low pressure where
the water enters drippers (emitters), which reduces the line
water pressure and is discharged as drops at a controlled rate
(Fig. 4).

N. IMPROVING AND OPTIMIZING SOIL PLANT- FERTILIZER AGROTECHNICS

New management concepts have become available for the
control of soil water and salinity (6, 7, 18, 23, 25, 26, 28, 33,
46).
A. Salinity Measurement Techniques

Practical methods are being developed that can provide
immediate on- the -spot soil salinity information. One method

estimates in situ soil salinity (ECe) with a 4- electrode conductivity probe (14). The information can be used by the
farmer to plan a proper irrigation -leaching schedule which will
minimize development of adverse root zone salinity levels.
Salinity sensors and tensiometers can be utilized for
continuous monitoring of soil water and soil salinity (25). This

could provide in situ feedback information for automatic
control of soil water and salinity within the root zone.
However, salinity sensors and tensiometers are at present
subject to control levels and appropriate depth placement
restraints.

Fig. 4. Trickle (dripper) emitter on onion seedlings.
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plant canopy. This would decrease the danger of foliar absorption of salts already mentioned in sprinkler irrigation.
The salinity sensors and tensiometers discussed under

B. High Frequency Irrigation (HFI)

We can now apply water at a low enough flow rate so that

the infiltration rate is controlled by the irrigation system

measurement techniques can be incorporated in automatic

rather than by the soil. By using frequent light applications of
water, the irrigator no longer depends on storage of soil water
to supply water demand of the crop between irrigations.
High frequency irrigation (HFI) optimizes the water and
salt balance in the root zone while drastically reducing water
use (6, 7, 28, 46). This technique maintains high water content

systems.

D. Optimizing Chemical Fertilization
Agrotechnics for leaching accumulated salts must be
integrated with fertilizer programs (44). The leaching required

when using moderately saline water also removes nutrients
from the soil especially nitrates (10, 16). This requires higher
fertilizer inputs with modern irrigation systems. Tomatoes

in the root zone and at the same time prevents excessive
drainage. More frequent irrigations raise the time average of
the soil water content even with leaching, thus assuring the

fertilized daily with nitrogen have larger and stronger seedlings
(Table 4, Fig. 6). In the Arava of Israel, 2 kg ha-1 of nitrogen

average actual salt concentration and water suction to be
lower. HFI salinity control will in turn modify crop response
to the salt concentration of the irrigation water.
Systems meeting requirements for HFI range from solid -set

fertilizer is applied daily to tomatoes irrigated with brackish

water. The results vindicated the high fertilizer input in
trickle /drip irrigation systems.

or travelling sprinkler to trickier /drip systems (28, 46). A
hazard of HFI sprinkling with saline water is that it can cause
damage to leaf tissue and reduce yields (1). This of course is
not a problem in trickle /drip irrigation.

Table 4. Effect of Nitrogen Fertilization on Tomato Seedlings
Trickle /Drip Irrigated with Fresh or Brackish Water in a
Sandy Loessial Soil (10)

C. Automatic Irrigation Control Systems
DAYS AFTER
PLANTING

Changes in salinity control management require more

precise control of large irrigation systems. The application of
automatics and electronics to irrigation is essential if resources
of brackish water are to be optimally exploited (8, 13, 46).

CONTROL

1.0

Since most brackish irrigation should be done at night,
water losses have to be prevented by automatic detection of
line leakage and breakage.

Automatic water meters for quantity and flow control can
be used to regulate brackish water delivery by amount rather
than time (Fig. 5). This is particularly important in HFI. By
utilizing several valves, it is possible to operate lines sequentially. Each line receives the amount of water necessary for
leaching, which is calculated on the basis of updated records.

17

11

26

78

35

462

4.0

NH4NO3

KNO3

ECw mmho cm-1
1.0
4.0
1.0

dry weight, mg plant4
9
29
29
57
48 164
135
307

250 808

628

1,515

4.0
34
208
952

Fig. 6. Applying nitrogen fertilizer via trickle irrigation
system to tomatoes.

Fertilizer programs can be formulated to 1) alleviate
nutrient imbalances, 2) counterbalance specific salt toxicities,
or 3) increase the total salt tolerance level of particular plant
species (44).
Automated irrigation systems create new opportunities and
strategies for placement and timely application of nutrients in
combination with brackish water leaching management.

Fig. 5. Automatic water meters for quantity and flow control.

If at least a small amount of fresh water is available, a
network of lines can be designed to deliver alternately fresh
and brackish water for the purpose of briefly washing the
5
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AAAS COMMITTEE ON ARID LANDS
Directory of North American Arid Lands Scientists
The AAAS Committee on Arid Lands is preparing a directory of North American (including Mexican) scientists
active in arid lands research, including geology and geography, biological sciences, anthropology, social and economic
sciences, engineering, medical sciences, agriculture, atmospheric and hydrospheric sciences, and other related sciences.
The directory will be on computer tape at the University of Arizona's Office of Arid Lands Studies, with continuous
updating. If you have not already seen the announcement in a recent issue of Science, send your entry to either Dr.
Gordon L. Bender, Department of Zoology, Arizona State University, Tempe, Arizona 85281, or to Patricia Paylore,
Office of Arid Lands Studies, University of Arizona, 845 North Park Avenue, Tucson, Arizona 85719. We need to
know your title, professional address, specific arid lands interests, both geographical and subject. A computer -produced
publication is anticipated in time for the United Nations Environment Programme's Desertification Conference in the
late summer of 1977.
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INFORMATION WORKSHOP IN GHANA
by
Mary Michael*

At the request of Ghana's

of the workshop included not only library management of
natural resources information, but a variety of disciplines in

Council for Scientific and Industrial Research (CSIR), the

both the physical and social sciences as well.
The text used for the workshop, A Handbook for

University of Arizona sent an

Mary Michael

-Julie Garrettson (1976)

information team to Accra for a
two -week workshop in late
February 1976, on goals of
information management, document acquisition and processing,
and information retrieval and
dissemination. Techniques pre-

Implementation and Maintenance of a Manually Operated
Information Storage and Retrieval System, was prepared by

sented were those used by the

without abstracts, and the actual handling of documentation
for use in the library sense, was part of the instruction.
The fifty workshop attendees included representatives from

the University of Arizona workshop team specifically for use
at this workshop, and is based on the program developed by
ALIS /WAMIS for the identification, acquisition, processing,

and use of its

respective users. The distinction between
bibliographical information prepared for storage, with or

University of Arizona -based Arid
System
Lands
Information
(ALIS) and its sub -system
(WAMIS), with emphasis on arid

several of the CSIR Branch Institutes throughout Ghana,
students from undergraduate and graduate programs from the

lands information, including the
computerized documentation comprising the Tucson -stored
data base. Other members of the team were Nancy Ferguson,
Office of Arid Lands Studies Research Associate, and Linda
White, Information Systems Specialist, Center for Quantitative
Study.
The workshop was one of a series of activities defined by
the linkage between the University of Arizona and the CSIR

University of Ghana Department of Library and Archival

under the auspices of the University's Natural Resources

brought together special librarians from throughout the

211(d) Program. The primary objective of the workshop was
to present information management techniques to facilitate

country and provided an opportunity to share common goals,
problems and solutions.

Studies, as well as from other Departments of the University;
the Ghana Library Board, the Ghana National Museum, the
Atomic Energy Commission, the National Development Bank,
the Ghana News Agency, the Department of Civil Aviation,
and the Association of African Universities. In addition to

presenting basic techniques for management, storage and
retrieval of information in the special collection, the workshop

identification, storage and retrieval of scientific literature
pertinent to land and resource management in the semi -arid
savannah area in the Upper Region of Ghana. Expanding on

Following the workshop, two of the team members,
Ferguson and Michael, made various contacts with existing
information systems in Upper Volta, particularly the Comité
Inter -Africain d'Etudes Hydrauliques, Ouagadougou; and in
Senegal, with the Organisation pour la Mise en Valeur du

this objective, course work was designed so that it would be of
value to all information personnel interested in methods for
the operation and maintenance of a topically specific literature
collection. The broad scope of interests reflected by attendees

Fleuve Senegal, Saint Louis.

*Coordinator of Information Systems, Office of Arid Lands Studies, University of Arizona, Tucson, and Team Leader, Ghana Information Workshop
1976.
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Editorial
VIVA LA CUCARACHA!
To be an animal is to be capable of ingenuity and of joy; of achieving beauty and of
demonstrating affection. These are surely not small things, though there is danger that we are
forgetting how far from small they are. They are godlike attributes whether or not there is
anything else godlike in the universe. To be alive at all, even if only as an amoeba is alive, is to
be endowed with characteristics possibly unique and certainly exceptional throughout that vast

expanse of space which extends for billions of light years beyond us, farther than
telescopes -and much farther than thought -can reach.
Joseph Wood Krutch
The Great Chain of Life
Houghton Mifflin Co., Boston, ©1957

Historically, man has been ambivalent in his relationships with animals. He has worshipped them, feared them, domesticated
them, used and abused them, and now he is in a fair way to exterminating them.
It is somewhat of a tangled web in which desert -dwelling man has entrapped himself, needing animals as those in more
temperate environments may not, to survive, as a source of food, to pull his plow, to turn his water wheel, to transport him and his
household from place to place as he follows the seasons. With none of these needs do we find a conflict between our role as sentient
beings and the uses we make of other sentient creatures. We justify the necessity to slaughter, shoot, club, harpoon, and in all other
ways our imagination can devise to kill, because as human beings, we believe we need to eat meat to survive, millions of vegetarians
- willing or unwilling - notwithstanding. We see nothing wrong, wicked, evil, or immoral in raising animals to satisfy this hunger.
We do this deliberately, expertly, scientifically, whether we live in Arizona or in Kenya.
Animals alive are the index of many men's status in desert societies, or elsewhere for that matter. We equate a nomad's wealth
with the number of camels he owns. [What manifestations of this status will be substituted when he is sedentarized ?] We build our

drought relief programs around the need to replace the desert pastoralist's decimated herd. [Do we help him understand the
limitations of the drought- ravaged rangeland, when it is rehabilitated, so that its carrying capacity will be in balance with his animal
assets ?]

Well, let us not concern ourselves with these nagging problems. Others are worrying about such matters, great international
organizations are assembling and preparing position papers to deal with these issues, and generous single governments are fielding
expert teams to advise and assist.
So let us think about those other animals, the wildlife supposedly under no man's control. Well, who needs them? Take the
kids to the zoo and let them see there the coyote, the Gila monster, the buffalo, the ferret - sorry about the carrier pigeon; or the
oryx and the addax and the dama gazelle, far from the desert homeland in the Sudan where they are no longer to be seen in the
wild. Who cares? Certainly not the greedy poacher who defies with impunity the feeble laws that do exist some places on paper.
Certainly not the evil owner of that wretched U.S. roadside display of animals confined under unbelievable conditions of filth,
hunger, thirst, and abuse. Certainly not those Texans celebrating their rattlesnake hunts. Certainly not the western sheepman who

cries piteously when a coyote kills a lamb but who cheerfully sends thousands of lambs, if he has had a good year, to the
slaughterhouse.

Who cares? Jeremy Swift cares, when he writes: "... It seems that the addax, a beautiful animal whose presence extends the
boundaries of the habitable world into the heart of the world's harshest desert, is too exceptional an animal to be allowed to live,
even in the deserted dunes for which it alone has been prepared by thousands of years of evolutionary hardship." (The Sahara,
Time -Life International, ©1975, p. 108.)
And we'll tell you who else cares: the mighty hunters of the world who kill pour le sport, killing for killing's sake, those rich
potentates who do their hunting from the air, like gods, from helicopters and low -flying aircraft, guns blazing as they race the
impalas across the desert landscape. Is it possible that such human beings - and I use the word human advisedly - can indulge in
the exquisitely cruel and senseless ways that he now commands as his authority over the world's diminishing wildlife, and not in the
indulgence thereof be diminished himself? We think not.
And can governments which continue to issue licenses to big game hunters, themselves willing victims of professional hunting
firms, when all the evidence already in dictates that the species for which the license is issued will soon be extinct - can such
governments command the respect of the world community? Can the insignificant income from such activities really mean the
difference between survival of a country and non -survival? We think not.
Has the technological cruelty that we have cleverly invented protect any of us from the extinction that we have brought
about for our fellow creatures? When the deserts' wildlife is gone - pour le sport, or indeed for food - will the deserts be more
useful for man's needs, much less his enjoyment? We think not.
In the twentieth century, our increasing contempt for life, initiated by our overwhelming capacity to destroy life, is bringing
closer the day when our world will be despoiled and plundered irrevocably. Today the impala, tomorrow the desert world's
wretched humans. What difference?
So we say angrily and bitterly, without apology, viva la cucaracha!
- Patricia Paylore
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MAN'S PAST AND FUTURE IN ARID LANDS:
AN ANTHROPOLOGICAL ` PERSPECTIVE

by
Theodore E. Downing'
To grow or : not to grow? To encourage or discourage
industrialization? To support large -scale irrigation projects or
not? These and similar questions
are crucial issues currently facing

the citizens of arid lands not
in the United. States but

g the second preindustrial adaptive strategy,
Farming,
primarily refers to the irrigation of floodplains in arid zones

using surface waters. This adaptation increased man's affluence
and allowed him a more sedentary life. Preindustrial irrigation
has not been without difficulties, however, as salinity

problems and waterlogging have helped lead several great

also in the Middle East and sub
Sahara : Africa. Because the
gravity of these issues demands
that scientists and policy makers
keep their field of vision as clear
as possible, perhaps an anthro-

civilizations into extinction in both the Old and New Worlds.4

pological outlook can assist in
placing contemporary issues in
the longer time perspective of
man's different ` adaptations to

immediate hinterlands increasingly deforested as, demands for
high- temperature kindling increased with the complexities of

These early arid land civilizations also faced an : additional
difficulty: the provision of fuel sources for, the increased
demands of pottery and metal work that accompanied the
sedentary life made possible by irrigated agriculture. Mohenjo-

Daro, an ancient city in southwestern Asia, found its
human material wants s':: °Once one of the world's most

arid conditions.

Early Adaptations

Theodore E. Downing
- Helga relives (1976)

Food collecting has been man's most stable adaptation to
arid lands. Either directly through human efforts, or indirectly

through the use of animals, man has been a food collector,
since over 90 percent of the several billion humans who have
lived on this earth since the dawn of man have been hunters,
herders, or food collectors.2' More recently, that is within the
past , few thousand years, the agricultural revolutions forced
the few remaining .food collectors into the most marginal and
and tropical lands. Early anthropologists propagated the mis-

advanced civilized cities, today it is an archaeological ruin. In
the short run, man may reclaim the desert, but in the long run
man himself is outdone.
Two factors appear to have held these early adaptations in
check: a low transport efficiency (high cost to move goods)
and low storage efficiency (high cost to store products). Both

factors restrained the extent of man's search for food and
energy to a limited range. This meant that preindustrial
adaptations captured little energy outside their immediate
surroundings and depended primarily on long distance trade in
luxury goods. Arid zones in the preindustrial period, from the

perspective of energy exchange, were (and a few still are)
closed systems.

impression that these marginal peoples eke out their sub
sistence in a constant struggle for food.
We were wrong.
New evidence reveals that even with marginal environments,

contemporary food collectors have considerable leisure..3 It
has been found that primitive food collectors provide; for all
their subsistence needs working less than- four hours a'' day!
This primitive affluence is restricted by several conditions
including a low standard of living, constant' exposure to the

Industrial Adaptations
Industrialization was a temperate zone revolution requiring
vast quantities of raw materials and energy, Its impact on arid
lands was delayed for at least a century while energy was being
tapped ` within , the immediate hinterlands of industrialized
regions. Transport and storage efficiency and the demand for

arid zone energy sources were still too low to `make their
exploitation ` profitable. These inefficiencies and demands

elements, limited human wants, and an 'exceedingly low
population density. :Moreover, it requires constant moving
from one area to another as the renewable resources are

combustion engine. As resources near the great industrial
centers of Western Europe and the United States became

temporarily exhausted.

limited and expensive, the expanding industrial areas stretched

quickly changed with the invention of the railroad and internal

:1. Research Specialist, Bureau of Ethnic Research, and Assistant Professor of Anthropology, University of Arizona, Tucson.
2. Lee, R.B., and I. DeVore, eds. (1968). Symposium'; on Man the Hunter, University of Chicago, 1966. Aldine Publishing Co.,'Chicago..415 p.
3. Lee, RS. (1968). What hunters do for a living, or,-How to Make out on scarce resources. Op cit;
30-48.
Woodbury, J. (1968). An introduction to Hadza ecology. Op, cit., p. 49 -55.
Sahlins, M.D. (1972). Stone Age economics. Aldine- Atherton; Chicago. 348 p.
4 tee articles by R., Adams, S. Neely, M. Gibson, and B. Spooner (1974) in T.E. Do ning and M. Gibson, eds., Irrigation's impact on soc
University of Arizona Press, Tucson, Anthropological Papers;; No. 25. 181 p.
5. Whyte, R.O. (1961). Evolution of land use in south - Western Asia. In L. Dudley Stamp, ed.
of land use in arid regions.. UNESCO,
Paris, Arid Zone-Research 17 :57- 118.
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giant umbilical cords -rails, highways, and pipelines -into arid
zones. The age of extraction began.

The belief in the possibility of self -sufficient adaptation for
all arid lands was strengthened by a handful of success stories:

The extraction adaption consisted of transferring energy,

the southwestern United States, Israel, and Kuwait. These

resources, and materials from arid zones to temperate areas for
industrial use. This adaptation produced social patterns

cases, however, were oddities brought about by an enormous
influx of capital generated either in nonarid sectors within the
country, or resulting from a favorable balance of payments
whose ultimate sources were the extractive industries. Following the second World War, the optimism for self -sufficiency
was further stimulated by the emergence of an international
community of scientists and engineers interested in arid lands
development. More than one arid lands scientist has felt that
the arid zones have begun to "shake off the shackles of the
extractive economy."
The lesson from the past, however, suggests that an epitaph
for extractive adaptation to arid zones may be premature. This
lesson has been that the social future of arid lands is heavily
dependent on outside factors. Discovering the future social

distinct from the preindustrial adaptations of food collecting
and irrigated agriculture. A new type of society emerged, the
one -company town, primarily based on the exploitation of
mineral deposits, and characterized by a single company which

controls most of the social, economic, and political power in
those settlements heavily dependent on an extractive
economy. The company's powers might include control of
banking, transportation, schools, churches, libraries, health
care, and commercial stores. In the United States, this
economic dependency led Dr. Courtney Cleland to observe
that "southwestern man meshes with the national economy of

abundance, not with the regional economy of aridity.i' In
nations whose territory was confined entirely to arid zones,
this economic dependency has led to economic, social, and

and economic patterns of arid zones should begin with a
consideration of what future demands placed on them by the
rest of the world will be.

sometimes political intervention by nonarid powers into the
arid nation's internal affairs.
Other social patterns are common to the extractive phase,
including short -lived boom towns, highly mobile populations,
and the destruction or marginalization of native peoples who

previously inhabited the regions. In sectors of arid zones
Arid Lands in World Perspective

suitable for large scale irrigation, heavy capital outlays have
brought the development of a new style of irrigation farming
based on large scale farms employing seasonal labor. The
tapping of groundwater resources has permitted an earlier
subtype of food collection adaptation, nomadic herding, to
increase to levels adequate to make vegetation rather than
water the key limiting resource on herd size.
Intra -zonal energy demands increased greatly, but most of
the flow of resources and energy was for export to nonarid

It is becoming increasingly clear that world demands for
food and nonrenewable energy will create greater and greater

extractive demands on arid lands.' Arid lands (and humid
tropical lands) will be asked not only to fee and fuel themselves, but also to assume part of the burden for the rest of the

world. The future relationship between nonarid and arid
powers may become one of parasitism, with arid lands being
the host, rather than symbiosis some had hoped for.
Above all, the exact demand for arid zone resources by the
nonarid world depends on how the consumers of energy in
nonarid zones solve their own technological and social
problems so that they need not depend on arid zone sources.
The demand will also depend on technological innovations
developed by arid land scientists and engineers. Many of these
future technological developments, such as low -cost solar
refrigeration, transportation, and electricity, might serve only

lands. Arid zones acquired a reputation for being lands of
hidden wealth. As Antione de Saint Exupery's infamous Little
Prince suggests, "What makes the desert beautiful ... is that
somewhere it hides a well." Man's demands on arid lands were

strongly influenced by a perspective and ideals based upon
temperate zone experiences, including what constituted a
"good" society for arid lands. Under this moral scheme, the

instability of settlement and the sensitivity of intra -arid
developments to extra -arid zones were considered the

to improve the abilities of nonarid zone people to extract
energy from arid regions. Such innovations may prove to be
technological demons to those engineers and scientists whose
goal is to improve the self -sufficiency of arid lands. On the
other hand, these innovations may be viewed as blessings
which drastically increase employment in the extractive
industries. Whichever perspective is taken, the futures of
Arizona, New Mexico, Saudi Arabia, and Libya are inexorably
linked to decisions of consumers in New York, Illinois, Japan,
and Germany.

antithesis of a good society. The ideal was expressed by desires
for another form of social adaptation.
This new social ideal emerged, based on the philosophy of
"self- sufficient adaptation." Arid man began his search for a
viable, socio- political and economic organization that would
be less

dependent upon the instabilities inherent in an

extraction -based economy. On the ground, this idealism meant
building permanent settlements based upon agriculture,
industry, trade, and in some cases, tourism.

6. Cleland, C. (1966). Do we need a sociology of arid regions? In J.W. Bennett, ed., Social research in moisture -deficient regions. American
Association for the Advancement of Science, Southwestern and Rocky Mountain Division, CODAZR Contribution 9, p. 9.
7. Meadows, D.H., et al. (1972). The limits to growth. A report for the Club of Rome's project on the predicament of mankind. Universe Books,
N.Y. 205 p.
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with world demands for their energy and resources. What
appears important is that each technological scheme, each
innovation, and each opportunity should be carefully

The overall pattern seems clear. Arid lands have moved
from an early condition of self -sufficiency into increasing
dependence on nonarid regions. This trend is reversing, and
now arid regions are becoming increasingly crucial to the
world's future demands for food and energy. The goal of

evaluated not only as to its ecological and economic impact on
arid lands, but also as to its long range social impact on those
who call an arid land home.

self- sufficiency for arid regions stressed by some planners and
implied in technological schemes is coming into direct conflict

WEST AFRICA CONFERENCE
The University of Arizona, under the auspices of the Arid /Semi -Arid Natural Resources Program and the
Ghanaian Council for Scientific and Industrial Research (CSIR), cosponsored a West Africa Conference in Tucson in
April 1976, to discuss problems of natural resources development and management in the countries of West Africa, and
their related social, economic, and political constraints. While the Sahel region has been experiencing severe drought

conditions that have disrupted traditional demographic patterns and regional economies, other countries in the
semi -arid tropics have also begun to be affected. Topics discussed included historical perspectives, the use of natural
resources, increasing population, agricultural practices, physical geography, and land degradation.
Visitors to this conference from out of country included:
K.B. ASANTE, Ghanaian Ambassador to Belgium.

Albert BALIMA, Economic Counsellor to the President, Ouagadougou, Upper Volta.
Albert BARON, Regional Development Officer, AID, Niamey, Niger.

John BUURSINK, Project Manager, Interafrican Committee for Hydraulic Studies, Ouagadougou, Upper Volta.
Neil CARPENTER, Chief of Farm Management, Agricultural Services Division, FAO -Rome.

Robert DODOO, Secretary, Planning and Analysis Group, Council for Scientific and Industrial Research, Accra, Ghana.
Kobena Gyapea ERBYNN, Department of Economics, University of Ghana, Legon /Accra.
R.J. HARRISON -CHURCH, Department of Geography, London School of Economics.

Samuel E. QUARM, Ghanaian Ambassador to the United States.
A.N. TACKLE, Executive Chairman, Council for Scientific and Industrial Research, Accra.

T. YAGUIBOU, Upper Voltan Ambassador to the United States.

ARID LANDS RESEARCH INSTITUTIONS:
A New Edition
The University of Arizona is pleased to announce that the Office of Arid Lands Studies is undertaking a completely

revised and enlarged edition of its 1967 directory of arid zone research institutions. Instructions are going out
worldwide for submission of entries for this new version, but Arid Lands Newsletter takes this opportunity to urge all
those agencies not represented in the original edition to communicate with the Office of Arid Lands Studies before
December 1, 1976, to insure consideration for inclusion.
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I was remembering driving up

through the Negev Desert from
-

.

Eilat one - winter evenin g , listening on our car radio to the Voice

.America about our moon
landings, and - thinking that the
surface of that "familiar"
heavenly .:object must be very
.

like what we were travelling
through, with the ,geomorphology of the :landscape laid bare as
it
Iosef Weiss

-Patricia Paylore (1976)

must have been when the

world was new. These fanciful
and unscientific thoughts came
back.: to me
me several years later as

I sat in my office in faraway Arizona and talked with Iosef
Weiss, a 27- year -old Israeli citizen, now in residence at the
University of Arizona as a graduate student in chemical
engineering. We talked about the difference between the

Typical Negev -Landscape near Arad.

-Patricia Paylvte (1972)

hauntingly beautiful desert he now calls home, and our
comparatively lush Sonoran Desert, with its greater vegetative
cover In my mind I have always thought the Negev
corresponded more nearly to our Great Basin Desert, but Weiss:
that as far
as Beer -Sheva, the
semiarid aspect there is one I should not find strange.
During his undergraduate years at the Ben -Gurion
University of the Negev, where he obtained his B.S'degree in

Chemical Engineering under Professor David Wolf, he lived
with his emigre Rumanian parents, which led our conversation
back to "Old Town" .. Beer -Sheva where our mutual recollecbons of the most marvelous Rumanian restaurants there made
us both hungry.

Dead Se.a..

'

Fyn Avdat, Negev.

--Patricia Paylore (1972)
.

-Patricia Paylvre (15=75)

In a more serious vein, I brought up the presence `:0 the
great Research and : Development Authority associated with
the Ben Gurion University that emphasizes the commitment of
the State.. of 'Israel to the - development :of. the ' Negev and its
resources :for industrial .uses: Potash' from the Dead Sea Works
and phosphate s- deposits inland are examples ", .- of those
the's, RBcD
applications.,:- of desert technology .kit .; which the
responsibility;'
Authorit.::has.res
Y
p
Y
.

But not tò. he overlooked is the academic training at the,
Ben.Pïrrion University in such fields as chemical engineering

l

that ,underwrites ':ahis : develo: ..: ruent technically, , ` :and ` Weiss

spoke gratefully` of the skills imparted to him there.. that
enabled hin) -; l o.slip. into a' tough sophisticated .. graduate

:

Committee on thee Iien:Gurion University cammpus, helps`create

a situation wzihin which the marìy problems in conünon. can
be reviewed in the `context.'of faculty-stù:de.nt exchanges and`;
coordinated research efforts. Weiss' Israeli rnentor, David Wolf
[see isitors, `this .issue of the 1Veiuslette , is chairman: Of the
Arizon.a .Coittee; 'and his good .offices in serving as liaisin
betweèri our:: institutions .help+ed nrirìg: eiss here for his`
graduate; wark.
Iosef Weiss and hrs eharrriing Israeli:w[fe are typical prhaps

of 'the enormous reservo'ír; of 'brppvver.. potential at the
r..: af `.. lìe St te : of Israel ''d: iheir eterniriatioìi ;- o:
contribute ..to a peaceful and stable , sòciety . thre. The
development of the. Negev I:.depèrid on the knowldge ancl

program here such. as transport. pheno.mena;. níáss transfer, and
thermodynamics, with,out-..:mzssrng
a beat
.;.
The ecüsience on .the::
..- i::inide;rsit ;: : of :Ari:ona::campus of the

dedication ...Of. such students. ; We 4ope .that. this. é+inìple will:

Negev Committee; together with its counterpart, the ArizOna

rernernbe` the. Negev

reiheMber:the.Sonoran Desert after their;returnhrríe,with the
,.
that we
e:sense =of à: shared env%rontneut ànri' ràiídacà
.., ..; ...
.

.

.

_

.

.

Pp

,

VISItRS PARTICIPATING T
IESERTI.IATION SEMINARS

The University of Arizona's 211(d Natural,:IZesources Program: conducted àt lwe,k series of,seminars on

f

r...

Desertï icahon: Pocéss
, Problèm Preerz rrs":°November 19.75-A
P ril 197 ...that. tock advant e.of visitin and
invïtéd scholars as weli as iis own: fa+eultv to cóvr a vvide-ranging look at the:tápic., Dr: aroirl..E. Dirgnè,;,.I?irector of

Texas ech Úniversity's IA9AI.S sperkè tíri the súbeçt as a
"symptom of a crisis", and Dr. "Sherwöod B Idso, Research
Physicist " with the U.S. `Watér' Cnnservätion Labóratory,
Phoenix, Arizona, took up desértificatiorí from the vievv of the
effects thereon from'atmospheric dust anrl irface 'albedò.

TvKO, öthex trisrtprs preserìted, re stuties: Ian Douglas,
Professor ..
af Geog:aphy, Untversty of evv Eo.gland, Arìxìidalex'
New; outh.:t?Va1es

problem in ,usiralia;, and.: Dr., larold P.. Ieady; Associate
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NEW ARID LANDS PUBLICATIONS:
A Random Selection
BREAD FROM THE DESERT. 1976. Scala, special issue

aquatic ecosystems, preserve habitats, manage the country's
enormous arid lands through conservation, environmental
engineering, and monitoring. A little recognized aspect is the
bilateral arrangements made with countries with which Iran

[English edition] , p. 20 -25.

Popular account of engineering activities sponsored by the

Federal Republic of Germany designed to create what are
called artificial irrigation systems involving extensive net

shares some of these unusual and historic preserves. Maps.

awnings of varying thicknesses over cultivated areas, climatized
domes, and novel shade -providing tent roof designs. Illustrations show helicopters ferrying in prefabricated components to
distant deserts without adequate transportation systems.

Gomez - Pompa, A., and A. Butanda C., eds. 1975. INDICE DE

PROYECTOS EN DESARROLLO EN ECOLOGIA
TROPICAL (Index of Current Tropical Ecology Research),
vol. 1. Instituto de Investigaciones sobre Recursos Bióticos,

DESERTIFICATION: A WORLD BIBLIOGRAPHY. ©1976.
Compiled and edited by Patricia Paylore for the International
Geographical Union's 23rd Congress, Moscow, 1976. University of Arizona, Office of Arid Lands Studies, 845 North Park
Ave., Tucson, Arizona 85719, USA. 644 p., paper. $21.00 US,
or $25.00 for foreign orders shipped air parcel post.

A.C., H. Colegio Militar No. 7 ó AP -63, Xalapa, Ver., México.
227 p.

A directory of over 500 names of specialists in tropical
ecology, including the following additional information about
each: title of project, objectives, date of initiation and
probable date of completion, name of institution responsible

Consists of 1,750 citations, most with abstracts, produced

India, China, Australia, and South and North America, with

for the research, names of scientific personnel participating
locally, citation of most recent contribution on the subject,
and country or region where the research is being carried out.
Computerized geographical index of authors, name index of

regional introductions by world experts. Maps.

authors, and two keyword indexes, English and Spanish.

from the OALS computerized Arid Lands Information
System. Divided into regions covering the Sahara -Sahel, East
Africa, southern Africa, the Middle East, the USSR, Pakistan,

Eckholm, Erik P. 1976. LOSING GROUND. ENVIRONMENTAL STRESS AND WORLD FOOD PROSPECTS. Foreword by Maurice F. Strong. Norton, N.Y., 223 p.

Goodall, David W., ed. 1976. EVOLUTION OF DESERT
BIOTA. University of Texas Press, Austin & London, 250 p.

Jointly sponsored by the United Nations Environment

Papers explore evolution of animals and plants on the

Programme and the Worldwatch Institute, this anguished book

deserts of North and South America and Australia, and their
adaptations to these environments.

vividly documents the global extent of ecological stress, its
political causes, and its human consequences. The author calls
for massive tree -planting campaigns, agricultural reforms to
benefit peasant farmers, and a slowdown in world population
growth, predicting that unless there is a major shift in global
political priorities, a third of mankind will become mired in
hopeless destitution, a tragedy with ominous implications for
world order. Global food shortages with attendant inflation
will undoubtedly intensify if the undermining of food producing systems is not arrested. Special attention is devoted

Goodman, Gordon

T.,

and

Shirley

A.

Bray.

1975.

ECOLOGICAL ASPECTS OF THE RECLAMATION OF

DERELICT AND DISTURBED LAND. An Annotated
Bibliography. Natural

Environment Research
London /Geo Abstracts, Ltd., Norwich. 351 p.

Council,

A bibliography of over 1,500 citations, with annotations,
relating to problems of establishing and maintaining vegetation
on derelict land in the north temperate region which has been
disturbed or polluted by urban or industrial activity.
Categories include coalspoil, acid mine drainage, bauxite, sand
and gravel (including sand dunes), domestic refuse and sewage
disposal, disused airfields, bombing ranges, canals and railways,

to deforestation, desert encroachment, salting /silting of irriga-

tion systems, and the third world fuel crisis triggered by
increasingly scarce firewood.

Firouz, Eskandar. 1974. ENVIRONMENT IRAN. National
Society for the Conservation of Natural Resources and Human
Environment, Tehran. 51 p.

soil erosion, and several other specific waste materials or
substrates. There is an accompanying "commentary" that gives
definitions, discusses the extent of damaged land, why
damaged land is a problem, why derelict land is not reclaimed
faster, the importance of revegetation, a survey of revegetation

Iran is one of the most advanced countries in the Middle
East in the area of environmental protection. The author is
Director of the Department of the Environment, and in this
slight and charming book, beautifully illustrated with his own
photographs, he states the firm determination of the country
to implement an action program to recognize and protect the

problems, and the physical and chemical factors inhibiting
plant growth. There is a computerized subject index of
keywords -in- title, plus an author list.
15

Israel, Prime Minister's Office, Environmental Protection

U.S. Atomic Energy Commission, Office of Information
Services, Technical Information Center. 1974. SOLAR

Service. 1975. SELECTED PAPERS ON THE ENVIRONMENT IN ISRAEL. 3 Hakirya Bldg., 3, Jerusalem.

ENERGY, A Bibliography. Reprinted by ERDA. Available
National Technical Information Service, Springfield, Virginia

This issue includes a comprehensive listing of Israel's
environmental laws, plus an article by Ralph Mitchell of the
Weizmann Institute on "Environmental Deterioration in

22161, TID -3351. 356 p. $10.60 paper.

Over 3,500 citations on the economic use of solar energy in

Israel."

the generation of electricity and for heating and cooling of

Kelly, Kathleen, and R.T. Schnadelbach. ©1976. LAND-

buildings. References are arranged in broad subject categories,
including site geology and meteorology, economics, environ-

SCAPING THE SAUDI ARABIAN DESERT. Delancey Press,
Philadelphia. 182 p.

mental aspects, conversion, photovoltaic powerplants, solar
thermal powerplants, ocean thermal gradient powerplants,
solar radiation use, and solar collectors and concentrators.

Includes chapters on the Saudi Arabian Desert, its water,
climate, geology and topography, vegetation, and desert wildlife. Factors important for landscape design are wind, sun and

Université Louis Pasteur, Strasbourg, U.E.R. de Géographie.
1975. TYPES DE CROUTES CALCAIRES ET LEUR
REPARTITION REGIONALE. Comptes- Rendus du Colloque,
Strasbourg, 9 -11 janvier 1975. 146 p. + 8 -page bibliography
laid in. 25F.

heat, and water; elements organic to landscape construction
are soils, irrigation, and maintenance. The extensive section on
recommended plants includes under each species information
on its uses, its wind resistance qualities and water requirements,
with black -and -white photographs of many. The appendices

Papers on structure and petrography, micromorphology and

include a discussion of ecological communities, and a list of
more than 180 species known to have been observed growing
naturally in Saudi Arabia or cultivated there long enough to

pedology, processes and genesis, and regional distribution,
with examples from Israel,
Afghanistan, and Senegal.

Morocco,

Spain,

Algeria,

have developed local strains. Bibliography.
Wehmeier, E. 1975. DIE BEWAESSERUNGOASE PHOENIX,
ARIZONA. Stuttgarter Geographische Studien 89. 176 p.

National Academy of Sciences. 1975. UNDEREXPLOITED
TROPICAL PLANTS WITH PROMISING ECONOMIC
VALUE. Available NAS Commission on International Relations (JH 215), 2101 Constitution Ave., Washington, D.C.
20418, USA. 188 p.

Starting from the premise that ecological imperatives often
are superseded by economic imperatives, this author develops
the following ideas relating to the irrigated "oasis" of Phoenix:
irrigation agriculture is the only possible form of crop produc-

The 36 plants described, selected from among 400
reviewed, were chosen on the basis of several criteria: Can it be

tion within the oasis; different methods of irrigation result
solely from variability of crops rather than terrain; degrees of
soil salinity seem not to have had any significant impact on

grown in the tropics? Does it have significant potential as a
source of food, forage, or industrial raw material? Can it help
make developing countries (or areas within them) more productive? Divisions are: cereals, roots and tubers, vegetables,
fruits, oilseeds, forage. Each plant within these categories is
described, its limitations and special requirements, and
research contacts and germ plasm sources noted. Arid lands
species include buffalo gourd, jojoba, Acacia albida, Cassia

cultivation of specially adapted crops; the effects of intensive
urbanization on the irrigated areas and on the water balance of
the oasis are shown; and finally, the possibility of extensive
Indian irrigation agriculture around the periphery of the oasis
in future is explored as a trend of importance for increased
food supplies for an expanding oasis.

sturtii, saltbushes, and guayule. Resumes in French and
Spanish.

Weise,

O.R. 1974. ZUR HANGENTWICKLUNG UND

FLAECHENBILDUNG IM TROCKENBEBIET DES
IRANISCHEN HOCHLANDES (Contributions to slope devel-

River

Niger Commission, Documentation

opment and plain formation in the deserts of the Iranian

Centre. 1975.
INDEX OF THE RNCDC, No. 1. B.P. 933, Niamey, Niger. 273
p.
The Commission is responsible for the collection, analysis,

highland). Wuerzburger Geographische Arbeiten, 42. 382 p. +
portfolio of maps.

and circulation by means of this index, of documentation of

basin -and -range

use in the economic and social development of the Niger basin.
Included: a bibliographical listing giving references and indexing synopsis for each document, a computer -produced

(especially high mountains with bajadas in the forefront), and
those in the so- called Lut block, a relatively stable region on
which extensive pediplains and desert domes are developed. In
the deserts, slopes are formed chiefly by areal fluvial degradation and weathering. The erosional processes affect mountains,
mountain rims, cuestas, and their surroundings equally, with
the levelling plain formation from the interior of the
mountains having its greatest effects.

Landforms in Iran may be divided into those regions with

analytical index (KWIC), and an author index. Available in
both English and French. The 2d vol. is due later this year.
Ruiz Leal, Adrian. 1972 [received 1976] . FLORA POPULAR

MENDOCINA. Special issue of Deserta, No. 3, Instituto
Argentino de Investigaciones de las Zonas Aridas, Casilla de
Correo 507, Mendoza, Argentina.
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structure and young tectonic movements

VISITORS. FROM OUT OF COUNTRY
.

February 1976
SPOONER, Brian
Division of Human Environment

Department of Environmental Conservation
Tehran
Iran

July 14, 1976
WOLF, Dr. David
Department of Chemical Engineering
Ben-Gurion University of the Negev
-.,Beer-Sheva
Israel

April 1976
PENA, Carlos
Director of Coordination
National Council for Science & Technology
Mexico, D.F.

July 27, 1976
SCHICK, Dr. Asher P.
Department of Geography
Hebrew University
Jerusalem

April 1976
PUEBLA, Manuel
Associate Technical Director
National Council: for Science & Technology
Mexico, D.F.

August 5, 1976
BRAUN, Rolando H.
Ingeniero Agronomo
IADIZA
Mendoza, Argentina
.

A

May 1976
SAID, Rushdi
Dtreotor, Geological Survey of Egypt
Cairo
Egypt

August `1Q,1976
DALIN, Moseph S.
Head, Flood Water Utilization Department
TAHAL - Water Planning for Israel, Ltd.
Tel-Aviv

August 13, 1976
AL-KUBAISI, Mohamed
President
Organization of Soil & Land Reclamation
Baghdad

May 3, 1976
ABU- 17-EDDIN, Faisal
Livestock Consultant
Ibadieh
Lebanon

Iraq.

August 13, 1976
HANNA, Dr. Augustine B.
Director General, Scientific Research
State Organization of Soils & Land Reclamation

June 1976
WISNIAK, Dr. Jaime
Ben-Gurion University of the Negev
Beer-Sheva
Israel

Baghdad

Iraq

June 14, 1976
DIEKO, Ibrahim
Economic Counsellor to the President

August 17;1976

Bamako
Mali

University of Kuwait
Kuwait

July 6, 1976

August 18, 1976
Del CASTILLO DÁVILA, Tito Javier

VELIMIROVIC Dr. Boris
Chief, Field Office US- Mexico Border
Pan American Sanitary Bureau
El Paso, Texas

Ingenie ria, Industrial
Universidad de Guadalajara
Guadalajara
Mexico

RIMAWI, Dr. Walid
Chairman, Civil Engineering Department
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