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CULTIVATING
FOOD, FODDER
AND FIREWOOD
IN THE NEGEV WITH THE AID OF
WATER- HARVESTING SYSTEMS
by YEHIEL ZOHAR, HARR1E LOVENSTEIN, and JAMES ARONSON

EDITOR'S NOTE: From time to time, KIDMA readers have
hadan opportunity to readabout one aspect or another ofthe
important work being done at Avdat and Wadi Mashash the
experimental farms in Israels Negev Desert. Now the Editor
is happy to share with KIDMA readers an authoritative
overview ofthe various research projects underway at the
famed arid zone farm-laboratories, written by the persons
directly concerned inthe work.
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INTRODUCTION
For nearly thirty years the Desert Run-off Farms Unit of The
Ben-Gurio'n University of the Negev and The Hebrew
University of Jerusalem has studied methods to recreate and
improve the rainfall-harvesting methods developed by the
ancient Israelites and continued thereafter by the Nabateans
and Byzantines, at two experimental sites, (Shivta and Avdat
— mean annual rainfall 80 mm), located some 70 km,
respectively, southwest and south of Beersheva.

In theearly 1970s a third major additional site was developed
at the Wadi Mashash Farm (mean annual rainfall 115 mm),
located 20 km south of Beersheva.

The Unit has already demonstrated that water-harvesting
techniquescan be used for the successful cultivation ofa wide
variety oforchard and field crops1. Building onourpast results
and experience, a major effort is now under way to develop
new crops, cropping systems and applications of water-
harvesting techniques, with particular stress on the needs and
problems of people inhabiting the world's arid and semi-arid
regions.

A well defined relationship needs to be established between
the water supply-water-harvesting system, and the water use-
management of various intensified agrosystems, to achieve
maximal biomass production per unit of time, area andwater.

WA TERHARVESTING
In the wake of the pioneering work of Evenari, Shanan and
Tadmor1 at the experimental run-off farm in Avdat, water-
harvesting has been receiving renewed world attention and its
very great potential in arid zone agriculture is now
internationally recognised2. However, further research in this
area is still needed.

Farming based on rainwater-harvesting is a system which
allows agricultural activity in areas which normally do not
receive enough rainfall, by concentrating rainfall-induced run
off water from a certain catchment area into a smaller
cultivated area. The success of the system is based on three
factors: rain intensity; soil characteristics; and topography.
These factors are related as follows: when a certain rain
intensity (mm/h) exceeds the infiltration rate of the soil
(mm/h), water is not absorbed by the soil; instead it runs off
along the surface to the low-lying parts in the area. A
catchment area is therefore characterised by sloping surfaces
with low infiltration rates. The cultivated area, however, often
comprises a similar type of soil, and (earthen) walls need to be
erected to retain the accumulated run-off water, allowing for
deep infiltration. This requires deep soils with a high water-
holding capacity, storing enough water to support plant
production during the dry season.

Various methods have been developed to conduct the run
off water from the catchment area on to the cultivated area,
including —
• terraced wadis, sometimes constructed with conduit

channels, tapping run-off water efficiently from adjacent hill
slopes;

• diversion systems, permitting erratic flash floods to be
partly diverted to adjacent fields;

• macro-catchment basins ("limanim"), making it possible for
run-off water to be collected and artificially trapped in
natural depressions (0.3-0.5 ha) in the area; and

• micro-catchments, allowing run-off from a relatively small
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Early beginnings: Prof. MichaelEvenari examining soilmoisture under
young fig tree ina micro-catchment area at theAvdat Experimental
Farm back in 1971.

catchment area to be harvested for the support of single
trees.

Research is now under way to obtain higher run-off efficiency
rates by simple means, relying entirely on localresources. In
addition, the adaptation of the different systems to various
environmental and socioeconomical conditions is being
studied. Emphasis is put on the design of water harvesting
schemesneeding a minimum of maintenance and repair.

AGROSYSTEMS
It is of the utmost importance to use the carefully collected
run-off water as efficiently as possible. With this goal in mind,
research is carried out, especially at the Wadi Mashash Farm,
in the following areas:

PLANTINTRODUCTION
Plants, mainly native to arid lands, are screened for their
potential production of food, fodder and firewood — the three
most pressing needs in arid countries. Various multi-purpose
trees, shrubs and annuals are grown today entirely under run
off conditions. The most promising ones are Acacia sa/kina
and Prosopis spp. —firewood, leaves and pods for fodder,
nitrogen-fixing; Eucalyptus occidentals and £ camaldulcnsis
—fast growing, firewood; Leuceana leucocephala - very fast
growing, nitrogen-fixing, food, fodder, firewood, timber;
Atriplex barc/yana and A. nummularia —fast growing, fodder;



Cassia sturtii — nitrogen-fixing, fast growing, fodder; and
Phaseolus acutifolius (tepary bean) — food. Traditional grain,
oil'antl pulse crops, e.g. barley, sorghum, sunflower, sesame,
pigeonpeas and chickpeas, are also under investigation.

CROPPING SYSTEMS
Once plant candidates are selected, they are subjected to a
range of further tests. Based on the agroforestry concept,
various combinations of trees, shrubs and annuals were
established to assess overall biomass production in relation to
water use. In mixed stands, plants share growth resources
rather than compete for them, which is the case in
monocultures. Deep-rooting trees exploit the deeply infiltrated
run-off water, while annuals extract water from the shallow soil
layers. Also, some trees tend to transpire and withdraw water
in the warm, dry season, while an annual crop uses water in
the cold, wet season. Thus a differentiation in time and space
is achieved. Furthermore trees, because of their wind-breaking
and solar radiation-intensity-reducing properties, can create
favourable growth conditions for various undercrops.

For this purpose two tree types and two annual crop types
are grown separately (or mixed in different densities). Through
a comprehensive network of neutron access tubes, the water
depletion from various soil layers can be monitored.
Experiments comprising combinations of trees with shrubs
have also been initiated.

For Eucalyptus occidentalis and Acacia salicina the duration
of harvesting rotations is assessed; for this purpose trees are
coppiced in the winter every 2, 3 and 4 years3. Depending on
the regeneration capacity of the coppice shoots in the different
treatments (including varying plant densities from 600 to 1200
trees/ha), an optimum harvesting management scheme can
thus be determined4.

Additional experiments assess the effect of initial fertiliser
application during planting in an effort to boost yields; and the
effect of soil tillage on crop yields. Tillage is normally employed
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to reduce soil evaporation and weed growth. However, due to
the high labour requirement when tillage is performed
manually; and the high capital input and danger of soil
compaction when performed mechanically; tilling operations
should be kept to a minimum.

ANIMAL STUDIES
Animals can also be integrated within certain cropping
systems. As with plants, different kinds of animals are selected
which are adapted to arid conditions. Promising results have
been obtained with sheep, goats, and camels. Grazing trials
are performed to check the fodder quality of different plants,
fodder quantity uptake, timing of fodder application, and
grazing conditions, in relation to food conversion rates.

With a more concentrated water supply, management
practices can be more intensified, creating possibilities for the
development of sustainable agrosystems in arid and semi-arid
lands. •
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A new edition of this invaluable and well-established
'buyers' guide to appropriate agricultural implements'.
This version features:

• A wider range of tools
• More guidance to the buyer
• Expanded introductions by experts on each of the

main subject areas
• Addresses of nearly 1,500 agricultural

manufacturers, from 75 countries worldwide; and
details of many hundreds of products.

Illus. 272 pp. A4. £15.00. ISBN 0 946688 36 2.

Available from IT Publications (ATJ)
9 King Street, London WC2 8HW, UK.
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agronomist. From 1948 to 1951 heservedas Director of theSouthern
Region atthe Israeli Ministry ofAgriculture, specialising in agricultural
development and instruction. His subsequent services include:
Director, Agricultural Planning Department, Ministry ofAgriculture
(1951/5); Director, National Planning Branch of the Planning
Authority, Ministry ofAgriculture; Director ofa regional project of
manpower training, Settlement and Agricultural Development in
BurkinoFaso (then Upper Volta), under FAO (1962/8); Assistant
Director, Rural Institutions and Services Division, FAO, Rome,
responsible for programmes ofregionaldevelopment, ruralagricultural
services and institutions, and agricultural schools in Black Africa
(1968/74). More recently, he has served as member of an FAO
planning team for a fifteen-year agricultural programme for seven
countries in West Africa; advisor (under the joint auspices ofFAO and
the Centre for International Agricultural Development Cooperation
(CINADCO) ofthe Israeli Ministry ofAgriculture) on the preparation
andevaluation ofagriculturalprojects in different parts ofthe world.
From 1978 to date, Mr. Agmon has been working as Director of the
Department of Agricultural Research and Foreign Contacts in the
Agricultural Centre, a settlement organisation in Israel. He has
published many articles on diverse aspects ofagriculturalplanning in
different countries as well as on the activities of international
agricultural organisations; and he has also participated in many
nationaland internationalmeetings ofagriculturalorganisations.

HARRY S. ALLEN has been Director of Institutional Research and
Planning at the University ofNebraska in Lincoln, Nebraska, U.S.A.,
since 1965. He has served as Director of the Higher Education
Coordinating Council in Colorado and as Director of the Budget
Committee ofthe Colorado General Assembly. He has been active in
numerous planning studies of Higher Education andhasservedas an
advisor to the Academic Planning Firm of Taylor, Lielvrfe/d, and
Heldman. He served asconsultant to a regionalplanning study in the
state ofSouth Carolina, as wellastoseveral liberalarts colleges. Heis
a charter member ofthe Association for Institutional Research and the
Society for College ,md University Planning. A frequent visitor to
Israel, heservedasconsultant to Ben-Gurion University ofthe Negev
(1981) and to The Hebrew University ofJerusalem (1985). He recently
completed ananalysis for thePlanning andGrants Committee of the
Israel Council on Higher Education.

RALPH AMELAN - KIDMA s first columnist - was born in the
United Kingdom where he obtained a B.A. degree in Jurisprudence
from Oxford University in 1973, subsequently also receiving an M.A.
degree in the same discipline from the same University. After settling
in Israel, he worked forabout a year in the Israel Patent Office and
thereafter, asa translator for the Israel Law Review. His publications
include, in addition to technical articles, contributions to the (British)
Society for Interdisciplinary Studies, and a number of articles and
book reviews published by The Jerusalem Post and The Israel
Economist. Mr. Amelan's first column ("Law, Conservation, and
Development —I") appeared in KIDMA No. 30/1984, Vol. 8, No. 2.
Before that, he wrote Development and Patent Law (KIDMA No
27/1983, Vol. 7,No. 3).

JAMES A. ARONSON is an economic botanist who since 1980 has
served as plant introduction officer at the Boyko Institute for
Agriculture andApplied Biology, an affiliate ofthe Institutes ofApplied
Research, Ben-Gurion University of the Negev. From June 1985 to
September 1986-be alsoserved as headof theDesert RunoffFarms
Unit of the same University's Jacob Blaustein Institute of Desert
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Research. Prior to 1980, Mr. Aronson conductedplant explorations in
the Peruvian Amazon for ajoint programme ofthe Missouri Botanical
Garden (USA), the Field Museum of Chicago (USA) and the
Government of Peru. He has also undertaken many plant collecting
journeys to southern, eastern and northeastern Africa, Central and
South America, and northwestern India. As a result, he was able to
introduce more than 3,000 plant species ofeconomic potential to the
deserts ofIsraeland other countries. He is involved in various projects
in Israel seeking to develop drought- and salt tolerant plants and is
currently participating in collaborative research and development
projects in Egypt and Botswana. Having previously studied at
Columbia University, Washington University and the University of
California at Davis, he is currently completing his Ph.D. at The
Hebrew University of Jerusalem. He has more than 40 scientific
articles and professional reports to his credit. His first book,
HALOPH: AComputerized Database of Halophyles of the World, is
scheduled to be published by the University ofArizona Press later this
year.

LYNNE SPERBER JAS1K isa specialist onearly childhood, field-work
coordinator for The Hebrew University of Jerusalem's Schwartz
Graduate Training Programme for Leadership in Early Childhood —a
joint project of the University s Paul Baerwa/d School of Social Work
and the School of Education. Born in U.S.A., she received her B.A.
(International Affairs) from the University of Michigan; an M.S. from
the Bank Street College of Education; and an Ed.D. degree from
Columbia University Teachers College, New York. Before immigrating
toIsrael in1970sheservedonthefaculties ofQueens College, Hunter
College, and Brooklyn College of the City University of New York
(CUNY). She was appointed Honorary Professor ofEducation by the
University ofSanto Tomas, Manila, the Philippines (1981).
Dr. Jasik is a member of the Executive Committee of OMEP
(Organisation Mondiale d'Education Prescolaire — the World
Organisation for Early Childhood Education) andhas served as co-
chairperson for the Eighteenth Triennial World Congress ofthe same
organisation, held in Jerusalem in 1986, She is the author of the
trainingprogi.unmc, "Educating Young Children" which forms apart
of the "Designs for Development" series produced by the Israel
Association for International Cooperation. Dr. Jasik has travelled
extensively, conducting on-the-spot Early Childhood Training Courses
in Kenya, Malawi, Singapore, Thai/and, Nepal, and the Philippines.
She has also undertaken related work in Chile, Egypt, Zimbabwe,
Japan, andthePeoples Republic of China.
Dr. Jasik s most recent previous contribution to KIDMA is, On-the-
SpotCourses: an Idea Whose Time Has Come (KIDMA 31/1985; Vol.
8, No. 3).

HARRIE MAURICE (ZWI) LOVENSTEIN was born and educated in
the Netherlands, receiving his B.Sc. from the Agricultural University
Wageningen (1981) and his M.Sc. from the same institution in 1984.
His main interest is in arid zone agriculture. He is currently aPh.D.-
student at the Jacob Blaustein Institute for Desert Research, Sde
Boqer. He has been working and doing research at the Institute's
experimental farm units at Wadi Mashash and Avdat, in the Negev
Desert. Mr. Lovenstein has to his credit anumber ofpublications in
his sphere ofinterest andhas lecturedat international courses on run
offfarming, heldatAvdat, in the Negev.

JOHN MAURICE was born in London, England, in 1914. During the
1930s, he worked aboard ship, on the P&0 line. Between 1937and
1939, he enrolled at the David Eder Farm in the United Kingdom.



specialising in horticulture. He spent the war years (1939/45) on
service with the R.A.F., doing some vegetable gardening for that
famous unitas a hobby, while stationed in Iraq, l^ter he introduced
hydroponics in Trucial Omanand thereafter workedfora timein what
is today Zimbabwe.
In 1951 Maurice immigrated to Israel where the following year he
joined Kibbutz Hazorea ot which he has been a member ever since.
Shortly afterjoining, he startedits tree nurseriesand began to pursue
his lifelong interest in cooperative agriculture and the Third World.
He has been a consultant to DGIS, the Dutch International Technical
Aid Organisation, with headquarters at The Hague. His professional
interestshave taken hima/lover the world, including Africa(Tanzania,
Congo, Kenya, et alj; Asia (Peoples Republic of China, India, Nepal,
Sri Lanka); and LatinAmerica (Costa Rica, Mexico, et al); and other
parts of the world.
He started the work described in his articlea generation ago, in the
early 1950s. While remaining a member of Kibbutz Hazorea, he is
currently conducting research at the famed experimental farm near
Avdat, in the Negev.

YAACOVPR/DAN was born in Paris, France, and has lived in Israel
since 1950. He obtained a B.A. (Economics and Statistics) from The
HebrewUniversity of Jerusalem in 1964. He wasa "stagiaire"(trainee)
at the EEC, EURA TOM, and ECSC, in Belgiumand Luxembourg in
1965. In 1968 he obtained his M.A. degree (Business Management
Studies) at TheHebrew UniversityofJerusalem. He joined the Israeli
Ministry of Foreign Affairs in 1966 and has since served in various
senior capacities in Israeland abroad (Belgium, Cyprus, Rome). He is
currently (since 1985)servingas Assistant Director of the Economic
Department, in charge of EconomicInformation and Energy. He has
publisheda number of articles, primarily on economic, political, and
EEC issues.

AVSHALOM ROKACHwas borninJerusalem in 1926. He graduated
from the Faculty ofAgriculture, TheHebrew UniversityofJerusalem
(MS:) in 1950. Since then he has been working in the Settlement
Department of the Jewish Agency, dealing with problems of Rural
Planning and RegionalPlanning. He has served as OECD Consultant
on several missions in Greece (1964/8) and Turkey (1965/6) on
problems of regionalplanning. He has also served (and continues to
serve) as Senior Researcher on problems of regionaldevelopment in
the Settlement Study Centre in Rehovot. Mr. Rokach has represented
Israel in seminars and conferences on rural planning at FAO
Conferences and in Working Groups on Rural Planning and
Development. He is the author of a number of articles on rural
planning published in Israeli and foreign periodicals. His previous
contributions to KIDMA include "The Research Papers of Israel's
Settlement Study Centre" (KIDMA 33/1986; Vol. 9, No. 1) and a
comprehensive article, "Lakhish: Planning and Reality" (KIDMA
12/1977; Vol. 3, No. 4).

AVRAHAM ROZENMAN was bornand educatedinPoland, receiving
his M.Sc. (agricultural sciences) from the Supreme School of Rural
Economics, Warsaw. Since settling in Israel in 1950, he has served,
among other positions, as regional planner, Jerusalem; regional and
district planner, Haifa; director. Agricultural Division, Jerusalem and
Galilee District; Deputy Director-General in charge of rural
comprehensive planning — all under the Land Settlement
Department. Mr. Rozenman has served as Director-General, Ministry
of Tourism (1975/7) and Head, Planning Guidance Division (ruraland
urban) Settlement StudyCentre(1972/82).

As for his participation in international cooix'ration abroad, he has
served as team leader of a major developmentproject in Cambodia
(1963/4); leader ol the team forcomprehensive planning forthe island
of Crete and, thereafter, advisor on the implementation of several
special projects in thesamecountry (1964/70); consultant to theILO
Employment Strategy Mission to Iran (1972); member, Development
Planning Mission in Cambodia andLaos (1972); andheadof the Israeli
Development Planning Team in Laos (1974). He has participated in
many international conferences and seminars in Israel and abroad,
including those held in Sofia, Paris, Cairo, Warsaw, Madrid, etc. Since
1976, Mr. Rozenman has served as Vice President of the Conseil
International des Economies Regionales, Paris. He is a member of the
Editorial Board of KIDMA and of the Executive Committee of the

Israel Chapter of theSocietyforInternational Development. He has to
his credit more than a score of professionalpublications written in
Hebrew, English and French.

NORMAN SCHAN1N is an educator and author who immigratedto
Israel in 1968 to serve as Dean of TheDavid Yellin Teachers College
in Jerusalem. Born in New York, he received his undergraduate
education at New York University, obtaining a Bachelor of Arts
degree in Arts and Sciences at Washington Square College in 1948;
and a Bachelor of Religious Education degree from the Jewish
TheologicalSeminary later in the same year. He also received Master
ofArts and Doctor ofEducation degrees from New York University.
In 1967 he undertook postdoctoral independent study and research at
Columbia University. In 1977 he became a Doctor of Pedagogy,
honoris causa, of TheJewish Theological SeminaryofAmerica.
Dr. Schanin began his career as a teacher and youth leader in the
UnitedStates. He later Ix'came Executive Director of the Bnxiklyn
Zionist Youth Commission, Founder-Director ot Camp Tel- Yehudah
of Young Judaea, National Director for Young Judaea, and
Educational Director of The Forest Hills Jewish Center in Queens,
New York. He has lectured widely on education and frequently
contributed to academic publications. He has written a textbook for
children (Tefilla V'Hag La-Talmid) with worklxxyk and teachers guide;
as wellas articles, curriculum outlinesandguides forJewish schools in
Jerusalem and New York. He is a member of the Association for

Supervision and Curriculum Development, UnitedStates; the National
Council for Jewish Education; and a past-president of the Educators
Assembly ofthe United States ofAmerica.

ILSA SCHUSTER is an American-Israeli, currently Assistant
Professor of Anthropologyat the State University of New York at
Stony Brook. Her research foci concern socioeconomic development
and cultureand aggression, based on fieldwork in the UnitedStates,
Zambia and Israel, whereshe has also taughtin universities. She is the
author ofThe New Women of Lusaka and co-editor o/Culture and

Aggression. In Israelshe has served as consultant to the Golda Meir
Mount Carmel Training Centre, the Barzeli Medical Centre, and the
Haifa Museum of Ethnology.

YECHIEL ZOHAR was born and educated in Israel. From Tel Aviv

University he received his B.Sc. (Biology) in 1965, his M.Sc. (Botany)
in 1968, and his Ph.D. (Botany)in 1975. He currently serves as Senior
Researcher, Division of Natural Resources, Forestry Section,
Agricultural Research Organisation in Bet Dagan. A specialiston the
eucalyptus tree, he has undertakenrelevantstudies both in Israeland
in Australia. Dr. Zoharhas participated in a number of seminars and
workshops in Israel and abroad, including U.S.A., Canada, Nicaragua,
Nigeria, Kenya, andDenmark, as wellas Yugoslavia. •
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