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Revival of Water Harvesting Methods
in the Indian Desert

Dryland farming in desert areas is closely linked with the constraints of
regional climate, economic return from available water, and other
issues such as the legacy of native skills and preferences. In critical
climatic zones the expected and effective rainfall is structured by

local farmers who have used the desert for several generations. Rainfall deter-
mines the type of agriculture they follow. The limited crop- growing season in
the Indian Desert led early residents to rely on only animal grazing or scattered
rainy season (summer) farming of hardy cereals. But one group of native cul-
tivators devised a rain- harvesting technique fully capable of growing winter
season crops.

The nearby uplands and rocky grounds have been used as local catchments
for collecting rainwater. Desert householders in older localities of Jodhpur and
Bikaner cities used the terraces of their homes as catchments for collecting rain-
water. Houses were designed such that all rainwater was collected in water
tanks just below the house. Similarly, the cultivators followed a unique practice
of water harvesting and moisture conservation in suitable deep -soil plots sur-
rounded by some sort of natural catchcnent zone. These plots were rigorously
built and managed to make the entire system a self -contained unit for winter
cultivation. Under conditions of intense evaporation, the moisture threshold
and soil fertility were maintained. The total energy input of rainwater, sand -
silt -clay accumulation, and the cultivator's own activities were interwoven into
a complete production system of winter crops. There was a progressive increase
of yields every year as more and more fresh silt and clays accumulated and wid-
ened the vertical and horizontal dimensions of such plots. This is known as the
khadin system of cultivation.
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COMPONENTS OF KHADIN SYSTEM

1 - Low Rocky Catchment Area
2 - Contoured Catchment Channels
3 - Khadin Farm with Ponds
4 - Earthen Bund, Spillways -Sluice
5 - Seepage Area
6 - Dug Wells
7 - Paliwal Settlements

COMPONENTS OF THE KHADIN SYSTEM

The term khadin means a low -lying area where rainwater finds its natural way.
With a little human effort these ponds are made into wider farm plots and are
linked through embankments and trenches to higher grounds in the immediate
vicinity. Within this water -tight system a small amount of rainfall will inundate
the khadin. Rainwater will not remain on the surface of the pond but will per-
colate down into the porous soils of the entire farm, leaving it a muddy basin of
alluvial silt and clays. Thus the khadin escapes the intense evaporation during
the summer rain period.

...., ;:.-.-,.-...-. ...
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Ratio of Catchment

1:11

The major components of the khadin system are water collecting areas (low
rocky catchments), contoured bands (channels), moisture storage basins
(khadin farms), water impounding mechanisms (bands, spillways, and sluice),
and a zone of cultivator's settlement (the Paliwal village). Each component will
be discussed below.
Low rocky catchment area. The rocky outcrops and denuded hills around
Jaisalmer city are the preferred areas for khadin farms. In this part of the desert
soils are relatively heavy and plains are almost dune free.
The channels. Rainwater is diverted along the foothill slopes through a
mechanism of trenches and contoured banding channeling the entire runoff to
the khadin farms. Since distances are short and channels are gravelled the seep-
age losses are minimal.
Khadin farm. At the foothill zone of the command area agricultural farms are
developed in a compact amphitheatrical plain of accumulation. The depth, fer-
tility, and moisture status of these farms increase every year by the deposition of
new sediments. During the period preceding rains the entire area is covered by
sand and dust storms. Following the rains these fine particles are washed into
the khadins thereby enriching the nitrogen content derived from atmospheric
sources. Even a short spell of torrential rain can account for rainfall much above
10 cm. This rainfall is just enough to provide moisture for several months.



Since the rainy season crops (kharif) are not grown on these khadins, the los-
ses of transpiration are nearly absent. The ratio of farmland and catchment area
is regulated to be 1:11 so that a criticality of moisture supply is uniformly main-
tained. The water -holding capacity and water infiltration rate is balanced by
the shallow depth of soils in these plots. The basement of khadins is invariably a
rocky surface upon which sand -silt -clay is made to accumulate just to the depth
of a few meters. This maintains a convenient supply of natural moisture and
nutrients within the crop root zone.
Earthen bands, spillways, and sluice. For intercepting the rainwater and flash
floods, earth and stone seals are raised at the lower end of the khadin. The im-
pounded water is allowed to percolate in the khadin farm and as soon as the pot -
like basin is full, the excess water flows off through spillways and sluice.
Paliwal village. After years of accumulation the elevation of khadin farms in-
creases like that of pediment plains. The khadin is able to store in a sponge -like
fashion the entire runoff of the upper catchments. The seepage from these farms
sustains the fresh groundwater supply and other vegetation further downslope
below the sluice gate. The Paliwal villages are located at these peripheral zones
of vegetation.
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AREAS OF KHADIN FARMS

Most of the khadin farms in the Indian Desert are located in Jaisalmer district
(26"-1' to 28°-2' N latitude and 69°-29' to 72"-20' E longitude) in the ex-
treme west of the state of Rajasthan. The area lies in a stable tropical desert en-
rinonoucnz. Average annual rainfall is less than 20 cm with a moisture index
(M|) of 92 according to the Thomthwaite scale. The normal crop growing
season is barely six weeks occurring during the months ofextreme heat (July
f\ugusr). The daytime temperature during this period remains as high as 50° C.
In areas other than the khadin farms, people grow some pearl millet and fodder
which partially meets their annual food requirement. With supplemental input
from products of animal origin they live in the desert, But most frequently their
economy becomes seminomadic especially during periods of drought. In the
case ofkhadin cultivators the impact ofdrought is almost negligible.

Remnants of ancient anicuts, wadi floods, and runofffarming are also found
in the dryland areas of Israel, Australia, and the United States. In India, the
Haweli cultivation in Madhya Pradesh and in Israel the Avdat runoff farms of
c6cNeAevDcocrrhuvcouruec|nseufGoityrothckbn6iusyurcnn.Thenuujo,dif-
ference between these systems and the kúodin system lies in the fact that the
former systems are irrigation systems while the latter is only a moisture collec-
tion system.

PARAMETERS OF THE KHADIN SYSTEM

C}iomcic, terrestrial, and human factors determine the success of khodiu»,
Climatic factors include flood-generating rains, long spells ofdry periods, high
values of evaporation, and overall scarcity of precipitation. Terrestrial factors
that neces icuceuapec¡a|rYpcofruooff6zoninAinck]cosuicah|crockoutcrop
of sufficient area surrounded by pediment plains and near absence of surface
water or groundwater. The long-range ecological impacts of flow irrigation in
xuoJyurcuoureu|n/uynJcoi/ucnro|cucbcaoi|xruhi\ity.Thcreiothco6viouspos-
sibility of desiccation, salinization, flooding, and intense biotic deterioration in
xuc6urcus.

The question of the eastward march of che Indian Desert has been a subject of
much discussion since the publication of the report of the first Five-Year Plan of
India (1950). The encroaching desert motivated national planners to monitor
and control the spread of desert in otherwise non-desertic areas. Most of their
apprehensions were later relieved on the basis of actual evidence of ameliora-
úoo and recovery; but a new dimension of the problem was reported by the sci-
entists of the Central Arid Zone Research Institute (CAZRI) -- the biotic de-
terioration within the desert itself in the flag end areas of the Indira Gandhi
canal system. The problem may be further intensified after irrigation reaches its
full range of flow in and urouud Jaisalmer region. There are stili signs ofsaliniza-
tion and upward movement ofhrackish groundwater.

In the upper reaches of the canal there is no such problem where the canal
syarcruiofuUy6cveiopcdundhriuA¡ngu}|6ucproapcú,y.lnrke{}6agâarflood-
plain area around Suratgarh, Borpal, and Manekthar, every year 7,000 million.
cubic meters ofcanal water is being added to the groundwater zomie raising the
water table at least 20 cm each year. if the water table continues to rise further
south and west ofJaisalmer - which is still lower, drier, sandier, and underlain
by hardpan surfaces - the entire basin may become a salt (knüor) lake. |c `viU



also become a potent source of shifting sand to nearby areas. This has happened
at Nachna which received canal water only a few years ago. These negative as-
pects of flow irrigation have revived the interest in traditional water harvesting
and conservation methods.

The desert people are efficient water conservationists. They use each and
every drop of water for herds and crops in such a way that the productivity of the
land is maintained and even enhanced. As the canal water has reached up to
Mohangarh - some 649 km away from the headwaters of Sutlej - the main em-
phasis of its utilization has been changed from conventional irrigation agricul-
ture to pasture development and filling of cattle drinking water ponds. The
ancient khadins have been again utilized.

CROP CULTIVATION IN KHADINS

Khadins exhibit a strange synthesis of native dryland farming with a highly effi-
cient moisture conservation technique. The cultivation is carried out without
any flow channel irrigation - it is a sort of farming in conserved soil moisture.
The sequence of farm operations starts after the rainy season in the months of
October and November. During the period of rains (July September) the
khadins are left to be fully saturated with rainwater. No summer crop is raised in
these farms. Household cattle and livestock are stocked near the mud beds.
Their regular excreta adds to the fertility of the fields. In late autumn and early
winter the farms are plowed and sowed. Wheat and chickpeas are grown with-
out any irrigation. As the winter evaporation is low the crop gets enough mois-
ture in the early growing period. By March the harvest is reaped. In the millet -
dominated region of the Indian Desert the wheat crop fetches a handsome
price. Khadins are the only areas where winter crops are raised under rainfed
conditions.

REVIVAL OF KHADINS

The khadin system of cultivation has witnessed a fluctuating fortune. Evidence
of khadin -type farms is not altogether absent in the lithic assemblage around
the archaeological preserves of Kalibanga and Rang Mahal culture of the Indian
Desert which are presumed to be of Harappan age (3000 B.C.). But actual
khadin farms were first constructed by Paliwal Brahmins of Jaisalmer in the fif-
teenth century. The Paliwals were vegetarian natives of the desert who left the
priesthood and became cultivators. They connected almost all the local catch-
ments into a well -knit system of khadin land. They were able to cultivate all
possible crops during even the worst years of drought. Their rapid prosperity was
envied by the other users of the desert land, mainly the animal graziers, which
led to occupational rivalry between the cultivators and seminomadic tribes.
The industrious khadin owners guarded the runoff channels which were the
lifeline for the sustenance of their farms. Several local wars were fought for the
defense or destruction of diversion channels. The Paliwals were able to over-
come all assaults.

But during the nineteenth century the Rajput rulers of Jaisalmer state joined
hands with the pastoral nomads and the khadin farmers were persecuted and
driven off by the mounting pressure of these groups. The rulers considered the
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diversion of rainwater to a few khadin farmlands as a cause of frequent droughts.
Rising population and proliferation of conventional agriculture in the eastern
margins of the desert were prohibiting the widespread use of long -distance pas-
tures. Some of the general famines in this part of India further added to the sys-
tematic annihilation of khadin farms. These rich cultivators had to leave the
land. With them, they carried the wealth accumulated during many centuries
of successful cultivation. Most of the Paliwals migrated and settled in Jaipur and
Agra and developed business communities. The khadins were completely neg-
lected and fell into disrepair. Still hundreds of ghost villages in the Jaisalmer re-
gion remain a living testimony of former booming settlements during the hey-
day of Paliwal supremacy.

It was only during the second half of the twentieth century that the govern-
ment again recognized the need of khadin cultivation, Old khadins were re-
paired and new farms were constructed. Since the original khadin cultivators
had lost the link with the area, the farms were leased to new cultivators. The
government of Rajasthan state irrigation department has taken over the charge
of repairing and maintaining these historical khadins. Since 1965 the govern-
ment has repaired 66 khadins in Jaisalmer district. At present more than 500
khadin farms have been revived covering an area of 12,150 hectares of farm-
land. The state government is providing financial subsidies for the repair and
maintenance of forgotten khadins under the Drought Prone Area Program
(DPAP). The command area of each khadin is fixed individually as per require-
ment of the available water supply. New designs of farms are being developed to
optimize the process of infiltration, runoff generation, routing, and soil water
storage capacity. 4.

Anil K. Tewari is a professor of geography at the
University of Jodhpur in India. He is currently a
Fulbright visiting professor at the University of
Arizona in the department of geography.

Mobilizing for Reforestation

For decades the "poor stepchild of
development agendas," reforestation
is now gaining priority among gov-
ernments, international agencies
and private organizations a recent
publication points out.

More than 320 million acres (130
million hectares) of tree planting,
covering an area slightly larger than
Ethiopia, will be needed by the year
2000 to meet growing demands for
fuel and industrial wood products, to
stabilize soil and water resources,
and to help slow the global warming
trend, write Sandra Postel and Lori

Heise in Worldwatch Paper 83, Re-
foresting the Earth. "Collectively,
global aid contributions to forestry
are likely to increase from roughly
$600 million in 1984 to over $1 bill-
ion in 1988."

Successful local and national proj-
ects - such as the agroforestry and
tree farming program sponsored by
the U.S. Agency for International
Development in Haiti and the Green-
belt Movement in Kenya - are al-
ready showing the way and demon-
strating in particular "the value and
efficiency of working through NGOs

that had grassroots networks already
in place.... Nature," note the
Worldwatch authors in a striking
passage, "employs a wide variety of
methods for expanding tree cover:
coconuts that float between tropical
islands, aerodynamic seeds, and
luscious fruits that attract animal
carriers." Now, "Strategies equally
diverse and ingenious are needed.
. Reforesting the earth is possible,
given a human touch."

Rcprmud ti , an lC'ur41 Development Fm um Volume b,

Number 9, Ma 15 198F



Trees for Life

ccording to scientists one -third of the Earth's sur-
face must be covered with trees to sustain life on
the planet. More than half of the trees that had

been on the Earch 200 years ago, however, have been de-
stroyed - the major destruction of trees occurring mainly
in developing countries. In these countries, in which
three -quarters of the world's population reside, people de-
pend on wood for cooking and heating. Additionally,
trees are an important link in the food chain. Scientists
are predicting that the destruction of trees will cause
chronic famine within the next 15 to 25 years.

To combat this destruction, Trees for Life has initiated
local tree -planting campaigns in India. To date, 144,000
trees have been planted. Working at a grass -roots level,
Trees for Life instructs villagers in tree planting
techniques such as ground preparation, soil improve-
ments and planting times. Villagers supply land to grow
the with their labor, and a commitment to
repay the help they've received by assisting at least two
more people with tree planting.

In addition to helping farmers plant and care for trees,
TFL is introducing chulahas, high- efficiency stoves that
save more than 1,850 pounds of wood during the first
three years of use. It is estimated that using the stoves
would save almost three - quarters of the trees being cut
down.

TFL also is distributing beehives to farmers. These bee-
hives will provide better pollination of crops, improved
nutrition, and increased family income. 4
To learn more about Trees for Life, write:

Trees for Life
1103 Jefferson
Wichita, Kansas 67203
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Roxby Downs -A Water Conscious
Community in Australia

Roxby Downs is located 560 kilometers north of
Adelaide in South Australia - Australia's driest
state. Situated in a dune field, Roxby Downs is a

new town that has been designed to serve a large mining
venture at nearby Olympic Dam. Construction of the
town began in 1986. The community was planned for an
initial population of 3,500 permanent residents with a
potential population of 9,000.

The surrounding region is arid with an average annual
rainfall of 150 mm, though this is highly variable and
erratic. Pan evaporation exceeds 3,000 mm per year and
average monthly pan evaporation is well in excess of av-
erage monthly rainfall for all months of the year.

Water is of critical importance to the new community
and Roxby Downs was designed to maximize its supply of
available water. The Great Artesian Basin, 120 km north
of town, supplies water for Roxby Downs. Potable water
is produced in a reverse osmosis desalination plant at
Olympic Dam and is reticulated in the town. Potable
water is used for irrigating home gardens and all public
landscaped areas except the recreation reserve which uses
treated wastewater.

The value of water is well recognized in this town
where water conservation strategies are widely promoted.
Some of these strategies are described below.

Town planners realized that urbanization would lead to
greater and more frequent storm water runoffs than would
occur in pristine catchments. A goal of Roxby Downs
town planners is to capture and utilize this valuable
resource.

Most houses and buildings in the town have no gutters
and rooftop runoff from rain infiltrates on allotments
benefitting surrounding gardens. Storm water discharges
from the developed areas of the town are collected in
ponds, each designed to hold the runoff from an esti-
mated annual storm. The ponds also reduce the impact of
discharging excess runoff water on surrounding natural
vegetation. Locating the ponds next to the sewage pump
station allows for inexpensive drainage of storm water
catches into the sewage system. Further, the additional
water entering the sewage system is available to irrigate
Roxby Down's main recreation reserve.

This central recreation area serves both the school and
the general community, avoiding costly duplication of
these facilities and eliminating excessive use of water.

Natural vegetation enhances home lawns in Roxby Downs.
Acacia papyrocarpa trees provide shade, shelter, and an
established appearance.

Use of the facility has been carefully planned to allow for
maximum benefits from available irrigation water. Grassed
playing fields are used for a range of sports and are
supplemented by artificial turf courts, a large indoor
sports stadium, and an outdoor swimming center.

The water conservation strategies at Roxby Downs in-
clude the use of as much native flora as possible. Land-
scaping in the community makes use of existing natural
vegetation - mainly native pines. Plantings are based on
hardy reliable species. All plantings are drip irrigated and
are mulched with woodchip or pine bark mulch.

Residents are encouraged to reduce lawn areas to con-
serve water. Also, they are urged to grow colorful and
hardy native ground covers, shrubs, trees, and climbing
plants and to use appropriate mulching materials. The
municipality provides an advisory service to help new re-
sidents develop gardens appropriate to the area.



The central recreation reserve in Roxby Downs is irrigated with treated sewer effluent.

Designing the area for multiple uses eliminates excessive water use.

Roofs without gutters
allow plants to make
more effective use of
rainfall.

Paving or lawn

Stone filled
trench

Paving or
lawn

I Stone mulch
or plants
eliminate

Stone mulch

Kerb

Slotted PVC

Runoff

I

Shallow dished lawn
or landscaped area

Lawn or landscaped areas can disperse roof water in
low rainfall areas

Source: Water Conservation Through Good Design
Western Australian Water Resources Council

A booklet distributed by the Olympic Dam Project to Roxby
Downs residents illustrates methods of harvesting water
from rooftops.

The Olympic Dam Project has produced a garden guide
booklet which is issued free to residents. The booklet dis-
cusses the following:

landscape design and selection of vegetation
tips on planting trees and lawns
soil types and fertilizer recommendations
irrigation and water use
landscape maintenance

The booklet emphasizes use of existing vegetation and
plants with low water requirements.

The Olympic Dam Project also distributes an environ-
mental handbook to Roxby Downs residents. The book-
let emphasizes residents' responsibilities to protect the
environment including terrain, vegetation, fauna, and
aboriginal sites. The project wants to make certain that
residents are sufficiently well - informed to be able to play
their part in the proper protection of the environment.

- Information contributed by John Zwar.

Zwar is Supervisor of Works and Gardens for the Municipality of

Roxby Downs.
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Joint U.S.-Australian
Agricultural Seminar Program

In November 1987, a delegation of five U.S. scientists
visited Australia to exchange information in areas of
mutual interest in agricultural development. Members of
the delegation were: Kennith E. Foster, Director, Office
of Arid Lands Studies, University of Arizona; Darrell W
Nelson, Department of Agronomy, University of Ne-
braska; George Donovan, Program Manager, U.S. De-
partment of Defense Guayule Program; Henry Montrey,
Deputy Director, Forest Products Laboratory, U.S. De-
partment of Agriculture, Madison, Wisconsin; and Paul
O'Connell, Deputy Administrator, Office of Grants and
Program Systems, U.S. Department of Agriculture,
Washington, D.C. Topics of discussion included new
crops, sustainable agriculture, forest products, and com-
mercialization of new technologies and products.

Members of the U. S. D. A. delegation to Australia visit
Queensland to discuss mutual interests in agricultural de-
velopment. Left to right: Kennith Foster (OALS), Darrell
Nelson, George Donovan, Henry Montrey, and Paul
O'Connell.

The following article on the delegation's visit is re-
printed from the Rural Mail.

Australia's rural sector will need to diversify into new crops
and industries in the next decade, according to a visiting Un-
ited States delegation. A five-member United States Depart-
ment of Agriculture delegation is spending this week in
Queensland talking with industry leaders. The main topic is
the development of new, alternative agricultural crops in the
face of increasing international competition and changing
consumption patterns.

The delegation's leader, Dr. Paul O'Connell, the USDA
deputy administrator for grants and special programs, said
industry needed to develop new, non-food agricultural crops.
He said shrinking markets and new technology meant more
food was being produced than needed and farmers would
perish unless they looked at developing industry crops. "We
are using a lot of money to produce cereals that are not in de-
mand, " he said.

Extensive research has been carried out in the U. S. and
some farmers have started diversifying. "We are still in the
early stages but we have had a few crops that look promising,"
Dr. O'Connell said. "We now need to develop new markets
for the farmers, " he said.

One innovative new crop U. S. farmers are experimenting
with is kenaf, a shrub used to produce a fine grade of paper for
newspapers. "Aquaculture is another expanding industry.
The catfish industry has done well and it has become a major
commodity during the past 10 years. The salmon industry is
also growing," Dr. O'Connell said. Other ideas include new
oilseed crops for lubricant and cosmetic use, new products for
the forestry industry and new methods of cutting agricultural
costs such as tillage farming.

The visit was organised by the Queensland Innovation
Centre with meetings planned with officials from the Queens-
land Department of Primary Industries, Department of Indus-
try Development and the CSIRO.

by Cindy Wockner



Call for Papers

Second International Symposium on the Role of the
Universities in Developing Areas

Ben -Gurion University of the
Negev /UCLA

Hubert H. Humphrey Institute for
Social Ecology

The first symposium on Universities
in Developing Areas was held at the
Hubert H. Humphrey Institute for
Social Ecology at Ben - Gurion Uni-
versity of the Negev, Beer -Sheva,
Israel, in December 1983, under the
sponsorship of the UCLA -BGU
Academic Cooperation Program.
Conference papers have been pub-
lished in the "Symposium on Devel-
oping Areas, Universities and Public
Policy" which appeared in Policy
Studies Journal XIV, Number 3
(March 1986), and "The Policy Role
of Universities in Developing Re-
gions" (Macmillan Press, worldwide
circulation and St. Martin Press in
the U.S. , forthcoming. )

The Second International Sym-
posium on the role of universities in
developing areas will be held at the
Humphrey Institute during late De-
cember 1989. Scholars interested in
this subject are invited to submit
abstracts, together with a recent
curriculum vita, by February 1, 1989,
to Professors Fred A. Lazin and
Yehuda Gradus (Hubert H. Hum-
phrey Institute, Ben -Gurion Univer-
sity of the Negev, Beer -Sheva
84105, Israel).

Co- sponsors of the Second Inter-
national Symposium are the Hum-
phrey Institute and the UCLA -BGU
Academic Cooperation Program.

Major themes will include the
role of the university in the following
areas:

national development
the urban environment, national
centers and peripheries
professional training and
development
research institutes
technological and scientific
developing areas
policies, objectives and conflicts
of higher education in developing
areas

Beer -Sheva, Israel
December 1989

For further information contact
either Professor Samuel Aroni,
GSAUP, UCLA, Los Angeles,
California 90024, telephone 213-
825 -7430 (BITNET IAQ2SAIUC-
LAMVS); or Professor Fred Lazin
(BITNET KDBU100BGUNOS).

Networking
Professionals in
Dryland Development

The International Institute for Envi-
ronment and Development (IIED)
is establishing a professional network
to link the many organizations and
individuals who are currently in-
volved in African dryland develop-
ment. These organizations include
bilateral and multilateral agencies,
national and international research
institutes, national government
departments, and nongovernmen-
tal organizations (NGOs). Because
of the great number of agencies and
individuals involved in this work,
the need for some type of network is
becoming increasingly evident. It
is important, if not imperative, to
know what others in the field are
doing.

The objective of the network is to
stimulate research and project work
on creating sustainable systems in
Africa's drylands. The network will
serve to encourage collaboration,
identify areas needing further re-
search, and provoke debate on issues
of common concern. The network
will work closely with a parallel IIED
initiative to develop links between
African NGOs in the Sudano-
Sahelian zone and also with other
existing networks.

To learn more about this profes-
sional network, contact: Dr. Camilla
Toulmin, International Institute for
Environment and Development, 3
Endsleigh Street, London WC1H
ODD. Dr. Toulmin welcomes input
on research interests and informa-
tion needs of professionals working
in this field.
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William G. McGinnies Scholar

William G. McGinnies presents Judith Becerra- Romero with
the W. G. McGinnies Scholarship in arid lands.

udith Xiutzal I. Becerra- Romero is
the recipient of the 1987 William
G. McGinnies Scholarship. The

award is given annually to an out-
standing graduate student whose
work focuses on arid lands and is
consistent with the goals of the Car-
negie Desert Laboratory which are
to study the life history of plants
under desert conditions.

Becerra- Romero's work centers
on the distribution patterns of winter
annuals in relation to perennial
plants. Some perennial plants serve
as "nurse plants" for other perennial
plants and also for annual plants.
The relationship among perennial
plants has been well -documented.
Very few studies, however, have
dealt with the relationship between
perennial and annual plants. Becerra-
Romero is currently analyzing the
annuals present in 48 different possi-
ble microhabitats defined by nurse
plant species, distance from the
main stem of shrub, and compass
direction. Her work represents an
important contribution to the field
of desert plant ecology.

Becerra- Romero completed a
bachelor's degree at the Universidad
Nacional Autonoma de Mexico and
a master's degree at the National
Polytechnic Institute of Mexico
before coming to the University of
Arizona to pursue her graduate
studies. She is currently working on
her doctorate in Ecology and
Evolutionary Biology at the UA.



A Poster from the Arizona Native Plant Society
Desert Trees

To help people select plant materials for urban landscap-
ing the Arizona Native Plant Society has compiled a
series of posters describing some of the best plants avail-
able for use in the Sonoran Desert climate. Desert Trees is
the first of four posters - others will follow on shrubs,
ground covers and vines, and accent plants and wild-
flowers. The plants chosen reflect two primary goals of
the ANPS: water conservation and the preservation of
the desert character of our cities.

The poster includes descriptive information about
selected desert trees, such as maintenance requirements,
ornamental features, hardiness and water use rates. Draw-
ings of leaves, flowers, and fruit supplement color photo-
graphs which show mature form, size, and color. Planting
guidelines help to ensure a successful landscape. The
poster is 19 in. by 26 in. and folds to 3 -3/4 in. by 8 -1/2 in.

The Acacia minuta, or Southwestern Sweet Acacia, has
lacy, light green foliage which fits well in desert landscapes.

Prices are based on quantity ordered and whether flat
or folded posters are requested.

Flat Folded
1 @ $3.00 /ea 1 -9 @ $1.00 /ea
2 -5 @ $2.00 /ea 10 -49 @ $ .75 /ea
6 -9 @ $1.50 /ea 50+ @ $ .60 /ea
10+ @ $1.00 /ea
For foreign orders add $3.00.

To order, send check or money order in U.S. dollars
to:

The Arizona Native Plant Society
Urban Landscape Committee
P.O. Box 31206 Sun Station
Tucson, AZ 85 717 USA
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Publications

Desertification Control and
Renewable Resource Management
in the Sahelian and
Sudanian Zones of West Africa.
Edited by Francois Falloux and Aleki
Mukendi. World Bank Publications,
Washington, DC. 240 pages, US
$12.00.

This technical paper addresses
specific policy issues and available
options that might be applied to the
ecological problems of the Sahelian
and Sudanian Zones of West Africa.

The study was adopted from pap-
ers presented at the June 1986 Work-
shop on Desertification Control and
Renewable Natural Resource Man-
agement sponsored by the Norwegian
Ministry of Development Coopera-
tion /Multilateral Department, the
Canadian International Develop-
ment Agency, and the World Bank.

Nutrition in Agriculture.
Annotated Bibliography.
1988. The University of Arizona. The
University of Kentucky. Available
free -of- charge from the Office of Arid
Lands Studies, University of Arizona,
845 North Park Avenue, Tucson, AZ
85719, U.S.A.

This annotated bibliography surveys
recent literature relevant to nutri-
tion in agriculture. The publication
is one in a series prepared under a
cooperative agreement between the
University of Arizona, the Univer-
sity of Kentucky and the Nutrition
Economics Group, Office of Interna-
tional Cooperation and Development

and the United States Department
of Agriculture. The bibliography
has been arranged under eight sub-
ject categories: agricultural develop-
ment and nutrition, nutrition and
food policy, economy and nutrition,
general nutrition, food consumption,
nutritional status, nutrition inter-
ventions, and rapid rural appraisal.

N I A N

Third World Planning Review.
Published quarterly by the Liverpool
University Press, P. O. Box 147,
Liverpool, L69 3BX, United Kingdom.
Subscription rates (four issues including
surface mail postage) : UK & Eire
£ 16.00- individuals, £ 33. 00-institu-
tions; elsewhere US$ 38. 00-individu-
als, US$ 72.00 - institutions.

"It is difficult to roast a whole lamb
on a fourth floor balcony of a block
of flats designed for an East European
capital but built in a sub -tropical
Muslim city." This typifies a seem-
ingly obvious but often overlooked
aspect of designing shelter for Third
World countries - that it must be
suitable for its environment, the
availability of materials and other
resources.

This journal addresses all aspects
of town and regional planning in
developing countries. Topics include:
housing; the use and development of
resources and energy; transport and
communication; planning education;
rural development; demographic
change; surveying and planning
techniques; community health and
planning; problems of very large
metropolitan areas; technical
cooperation and planning policy;
administration of planning and de-
velopment; and the relationship
between physical and economic
planning.

Published in English, occasionally
in French and /or Spanish.

Water and Poverty in the South-
west. 1987. F. Lee Brown and Helen
M. Ingram. University of Arizona
Press, Tucson. 226 pages, US $19.95
hardcover, $12.95 paperback.

Water and Poverty in the Southwest
examines this natural resource as it
relates to the rural poor, drawing
upon case studies of Upper Rio
Grande Hispanics and of southern
Arizona's Tohono O'Odham Indians.
Water is seen by the larger, Anglo



society in terms of money and poli-
tics, but, say authors F. Lee Brown
and Helen Ingram, what of its im-
portance to smaller, impoverished
communities ? What realistic, water -
based strategies offer the best hope
for advancing the interests of these
groups?

The authors' responses to these
questions rest on three interrelated
propositions: the extremely strong
bond between water and cultural
values of the rural poor; the idea
that effectively participating in
water policy will enable the poor to
advance their more general interest
within the larger society; and the
improved conditions that would
accrue to the poor from strategies
meant to offer economic benefit as
well as cultural compatibility.

Progress in Desert Research.
1987. Edited by Louis Berkofsky and
Morton K. Wurtele. Rowman and
Littlefield, Totowa, New Jersey. 386
pp. US $49. 50.

This book presents recent advances
in desert research from a broad range
of scientific disciplines. The volume
contains a collection of review and
research articles that have developed
as the result of an ongoing exchange
relationship between Ben -Gurion
University of the Negev and the
University of California, Los
Angeles. The interdependence
of desert systems is emphasized.
There are sections on desert botany,
agriculture, zoology, hydrology,
meteorology, and architecture.
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Delightful illustrations in the Yemeni Tree Book instruct
children in correct methods of handling seedlings
and planting trees.

Yemeni Tree Booklet.
1988 DHV Consulting Engineers,
Amersfoort, The Netherlands.

A beautifully illustrated 25 -page
booklet, this publication which was
prepared for schoolchildren of the
Yemen Arab Republic, is being dis-
tributed in conjunction with the
Yemeni Tree Planting campaign.
The booklet opens by stating, "Trees
were more prevalent in the past
around villages. People were happy
and reaped the benefit of the vegeta-
tion. They used the trees for build-
ing, for firewood, fruits and crops,
and for animals." The booklet goes
on to instruct the children on the
importance of planting trees and
tells them how to plant and care for
them.

The Process of Water Resource
Project Planning: A Systems
Approach.
1987. Edited by Y. Haimes, J. Kindler
and E.J. Plate. Studies and Reports in
Hydrology No. 44. UNESCO. 196
pp. (In English. ) Available free -of-
charge while supplies last.

This book explains the planning
process as related to water resources
with emphasis on the use of systems
analysis. The objectives of the publi-
cation include the following: to
document and evaluate the applica-
bility of the systems and analysis
used in various stages of the water
resources planning process; to con-
tribute to the development of a com-
mon approach or project planning
in water resources; and to articulate
problems that may defer application
of systems analysis and plan accept-
ance and perhaps provide the means
for overcoming them.
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OALS Visitors

Tijjani Ibrahim of the National
Livestock Projects Depart-
ment in Nigeria traveled

to the United States to attend
the American Forage and Grass-
land Conference in Baton Rouge.
Louisiana. Ibrahim visited the Office
of Arid Lands Studies and the Col-
lege of Agriculture at the University
of Arizona to learn more about pas-
ture production, grazing and man-
agement and to determine which of
the applications being used in the
United States might be useful in
Nigeria.

Tijani Ibrahim discusses farming sys-
tems projects with OALS researcher,
Timothy Frankenberger.

Samir El Sabae Ahmed, of the
International Center for Ag-
ricultural Research in the Dry

Areas (ICARDA) presented a slide
lecture to OALS staff and other UA
faculty and staff. Ahmed is the Na-
tional Research Coordinator for the
International Cooperation Program
of ICARDA.

Ahmed shared information on
ICARDA's current initiatives.
ICARDA, one of 13 international
research centers in the world, is
funded by donor countries - the
United States, Canada, France,
Italy, West Germany, Japan, China,
Spain, United Kingdom, Saudi
Arabia, and Kuwait. The research
centers also receive support from the
World Bank, the Ford Foundation,
Rockefeller Foundation, IDRC,
the Candian International Devel-
opment Association, and FAO.

ICARDA is a nonprofit organization
assisting national programs in 29
countries in West Asia and North
Africa. It assists all the Arab coun-
tries plus Turkey, Pakistan, Cypress,
and Ethiopia.

Ahmed is currently on sabbatical
at the University of Arizona in the
Plant Sciences Department. He
came to the University to learn more
about technology development and
the transfer of that information from
the researchers to the farmers.
Ahmed is also concerned with im-
proving coordination of research
and extension personnel.

Samir El Sabae Ahmed shared informa-
tion on ICARDA's activities with
OALS staff members



Mohamed Ait -Kadi visited
OALS in conjunction with
a year -long project honor-

ing the Moroccan -American Peace
and Friendship Treaty Bicentennial.

Ait -Kadi is associate professor
and head of the department of ag-
ricultural and irrigation engineering
at the Institute of Agronomy and
Veterinary Medicine, Hassan II in
Rabat, Morocco. He is one of twenty
Moroccan scholars and government
officials visiting the United States
during the Moroccan -American
Peace and Friendship Tr.:aty
Bicentennial.

During his visit, Ait -Kadi pre-
sented a slide lecture to UA
faculty and staff on water resources
development in Morocco.

Xavier Noguera Claro spoke
enthusiastically as he de-
scribed his work during a

recent visit to the Office of Arid
Lands Studies. Noguera Claro is a
regional planner in northern Mexico
where he is working to recover en-
vironmental, sociological, and
economic resources in regions where
they are being destroyed.

Noguera Claro stressed the human
element when speaking of the bal-
ance between humans and resources.
He believes that environmental
problems must be solved by humans
making contact with other humans
across political boundaries. As a
result, he came to the United States
to learn more of the methodologies
being used in natural resources
management.

In particular, Noguera Claro came

Charles Hutchin-
son, OALS
(center) , accepts a
gift from Moham-
med Ait -Kadi (left)
and Mohammed
Bazza (right) .

Louisa Beck (OALS) and Xavier Noguera Claro discuss remote sensing techniques.

to study the technology of remote
sensing for land mapping. He met
with UA researchers to learn more
about remote sensing techniques so
that he can present new tools and
techniques to his government for
their use.

Noguera Claro is currently
employed by the Secretaria de Desar-
rollo Urbano y Ecologia (Secretariat
of Urban and Ecological Develop-
ment), a Mexican federal agency
involved in housing, urban develop-
ment, and ecological affairs.
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