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Foreword

In 1983 the Agricultural Research Service (ARS) of the U.S. Department of Agriculture
and the Science and Technology Bureau of the U.S. Agency for International Development
(USAID) established a cooperative agreement waereby these agencies would provide
technical support for improving soil and water management practices in dryland or rainfed
agricultural systems in developing countries of arid and semiarid regions. As a result, the
USDA/USAID Dryland Agriculture Project, also known as Technology for Soil Moisture
Management (TSMM) was created. This agieement reflects an awareness that dryland or
rainfed cropping systems currently produce mosi of the food and fiber for some 700
miliion people in the Near East, Sub-Saharan Africa. and Southern Asia. However, in
recent years the food grain production per capita in many of the countries in these regions
has declined. This can be odributed largely to the lock of proper soil and water
management practices and continued degradation of the naturzl resource base.

The agricultural soils in these countries are often coarse-textured, sandy soils that are Jow
in fertility, low in soil organic matter. and tow in water-holding capacity. Rainfall patterns
are often erratic and unpredictable, and crop yields can be adversely affected by moisture
deficits and drought even during the normal periods of precipitation. Efforts to intensify
row-crop production have resulted in severe wind and water crosion and excessive loss of
natural rainfall and plant nutrients through runoff. These conditions are similar to those
that existed in the drylands of the U.S. Great Plains some 50 years ago which resulted in
the Dust Bowl of the 1930s. Since that catastrophic disaster, ARS and land-grant
university scientists have conducted extensive rescarch to improve soil, water, and crop
management practices. This has led to the development of more stable and sustainable
conservation and production systems for dryland agriculture. Such expertise is absolutely
essential to USAID's goal of improving the productivity, stability, and sustainability of
dryland farming systems in the Third World. This will be a priority activity for the years
to come.

The USDA/USAID Dryland Agriculture Project or TSMM assists developing countries in
the economic assessment of their soil, water, and crop/livestock management systems
under suboptimal conditions. This is done through the assistance of the Economic Research
Service (ERS) of the USDA. TSMM also assists such countries in developing data bases
of research information, and rescarch and extension networks that promote cooperative
rescarch and exchange of information on agricultural systems management. The Project
has catalyzed a two-way tlow of technical information on dryland/rainfed farming between
the United States and developing countries.

An excellent example of TSMM's contribution to the improvement of dryland farming
systems is the Workshop on **Soil, Water and Crop/Livestock Management Systems for
Kainfed Agriculture in the Near East Region,™ that was held during January 18-23, 1986
in Amman, Jordan. Such workshops are invaluable since they critically assess past
research, identify gaps in our research data bases, establish a consensus of future research
needs and priorities, and provide @ tfirm basis for regional research networks or Ribbon
Projects to resolve urgent problems affecting 2oil, water, and «rop/livestock management
systems.

T Office of Agriculure of USAID's Science and Technology Bureau is pleased to have
supported this important Werkshop and the publication of these Proceedings. We hope that
these activities will facilitate the development of more productive, profitable, wnd
sustainable agricultural systems by countries in semiarid regions,

D.D. Bathrick

Director, Office of Agriculture

Science and Technology Burcau

U.S. Agency for International Development
Washington, D.C.
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Preface

The dryland areas of the Near East Region are a major source of food and fiber for
millions of people. However, current yields are very low compared to yields of the same
crops in developed countries. The principal reasons for this are 1) new and improved
technologies that might increzse crop production are not being readily adopted; 2)
imprcved soil and water conservation methods are not being implemented; 3) there are
severe economic constraints to the acceptance of new technologies: 4) the long-term and
continued erosion of agricultural soils by both wind and water, and the subsequent loss of
soil productivity; 5) limited and often erratic rainfail: 6) inadequate use of chemical
fertilizers in the dryland areas; and 7) the low level of crop residue that is returaed to the
land because of its competitive use as feed for small ruminant animals, mainly sheep.

Thus, with the creation of the USDA/USAID Dryland Agriculture Project, aiso :eferred to
as Technology for Soil Moisture Management (TSMM), and with strong encouragement by
a number of regional and international organizations, a workshop was orgenized to address
the overall problem of declining yields and its multifaceted, complex components.

The Workshop on **Soil, Water and Crop/Livestock Management Systems for Rainfed
Agriculture in the Near East Region™ was held in Amman, Jordan during January 18-23,
1986. It was cosponsored by the USDA/USAID Dryland Agriculture Project and the
Loternational Center for Agricultural Rescarch in the Dry Arcas (ICARDA). Some 70
participants from 9 countries (Jordan, Syria, Turkey, Sudan. Pakistan, Egypt, Yener,
England, and the United States) attended the Workshop. Agencies and organizations
represented included ICARDA, the Arab Center fo: the Studics of Arid Zones and
Drylands (ACSAD), the Arab Organizatior for Agricultural Development (AOAD), the
Arab Scientific Institute for Research {ASIR), University of Jordan, Jordan University of
Science and Technology, the Jordanian Munistry of Agriculture, the Jordan Cooperative
Organization (JCO), the Water Authority of Jordan, the German Technical Assistance
Agency (GTZ), the Food and Agricultuie Organization (FAQ), the Jordan-Australia
Dryland Faiming Project, USAID, and USDA.

The objectives of the Workstiop were threefold:

1) To review and discuss the major problems and constraints which limit the productivity
of rainfed (dryland) agricultural systems in the Near East Region.

2) To review available data bases of research information and current research oa soil,
water, and crop/livestock management practices, and to develop strategies and
priorities for resolving major problems through research and technology transfer.

3) To consider establishing a research uetwork between national scientists in the Near
East Region and U.S. scientists working on similar, high priority problems of
rainfed/dryland agriculture, i.c., Ribbon Projects.

Following the presentation of technical papers. Working Groups formulated
recommeridations and priorities for future research in the areas 1) Agroclimatology, Land
Use, and Crop Sclection, 2) Soil and Water Conservation, 3) Efficient Use of Water by
Crops, 4) Soil, Water, and Plant Nutrient Relationships. 5) Etfects of Livestock and Crop
Residue Practices on Soil/Water Conservation, and 6) Farming Systems and Socioeconomic
Considerations.

The Workshop participants recognized that the major constraints which limit crop
production in the Near East Region are insufficient rainfall and inadequate water
conservation practices on agricultural lands. The key to increased water conservation is the
proper use of crop residues to reduce runoff and soi} erosion and to ensure that more of
the rainfali infiltrates and is retained in the soil profile. Currently, most of the crop
residues in the rainfed/dryland arcas are consumed by small ruminant animals, mainly
sheep, which leaves little or nothing for soil and water conservation purposes. A strong
consensus of the Workshop was that future rescarch should focus on the development of
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crop residue management systems that would optimize crop/livestock production and soil
and water conservation in the Near East Region. Research is needed to determine the
relative agroromic and economic values of crop residues for both animal feed and resource
conservation, and to develop viable alternative management strategies.

Another consensus of the Workshop participants was that the failure to adopt and
implement basic soil and water management practices is a major constraint to increasing
the productivity and stability of rainfed agriculture in the Near East Region. The entire
Region constitutes a highly fragile land resource and environment, and there is limited
knowledge as to the technologies that would be appropriate for these conditions. Where
research has been conducted, there has often been inadequate characterization of the
research sites as to soil types, soil properties, and agroclimatic variables. Conscquently,
the extrapolation of research results and transfer of technology from such sites to the farm
involves considerable risk. There is an urgent need to conduct comprehensive soil survey
and land classification studies using modern soil taxonomy to determine the land use
capability of agricultural soils in this Region.

The Working Groups emphasized the importance of having a sound technical data base of
past and current research on various aspects of soil. water, and crop/livestock managenent
systems for rainfed agriculture in countries of the Near East Region. They also
underscored the need to integrate this information into agricultural production systems that
are within the technical and economic capability of the farmer so he may achiceve a higher
level of productivity and profitability, while protecting and conserving the natural resource
base.

Agricultural data bases are valuable references for both national and international agencies
in developing strategies and priorities for future rescarch, and as national planning
documents for the development, conservation, and management of limited soil and water
resources. Such a data base has now been compiled for Jordan by Dr. Abdullah A.
Jaradat, Jordan University of Science and Technology, Irbid, and is entitled An Assessment
of Rescarch Needs and Priorities for Rainfed Agriculture in Jordan. Copies can be
obtained from Drs. Jaradat, J.F. Parr, or R.E. Meyer. Other countrics in the Near East
Region may wish 10 use the Jordan data base as a model in compiling their own.



We hope that the Proceedings of this Workshop will help to develop improved
comimunication and exchange of technical information among scientists ir the Mear East
Region, and to foster linkages with scientists in developed countries who are involved in
similar research.

Organizing and Program Committee

Dr. James F. Parr Dr. Raymond E. Meyer

Coordinator, USDA/USAID Project Monitor—TSMM
Dryland Agriculture Project Science & Technology Bureau

ARS National Program Staft U.S. Agency for

Beltsville, Maryland International Development

Waskington, D.C.

Dr. Robert 1. Papendick Dr. Hazel C. Harris
Rescarch Leader International Center for
Land Management/Water Conservation Agricultural Rescarch in

Rescarch the Dry Areas (ICARDA)
TJISDA/ARS Aleppo, Syria

2ullman, Washington

Dr. William R. Furtick

Food and Nutrition Directorate

Science and Technology Burcau

U.S. Agency for International
Developnient

Washington, D.C.
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Goals and Objectives

Dr. W.R. Furtick

U.S. Ageney for Intcrnational Development Amman, Jordan
The goal of this workshop is improved use and conservation of soil and water resources.

The objectives are twofold, i.c., for Jordan and for other countries in the Near East
region.
For Jordan, the objectives are to initiate a process that will over the next few months:

1) More fully define the constraints on each clement of agricultural production caused by
inadequate water and soil rasources.

2)  Examine which of these constraints can be reduced or eliminated.

3)  Evaluate the best way of overcoming or reducing these constraints.

4)  Determine what specitic actions are needed.

5)  Assign responsibilities to specific individuals or organizations to take these specific

actions.

6)  Based on action plans developed, provide the resources required to address priority
constraints,

This workshop will contribute to this process by:

) Utilizing the experience of experts from other countries in the region, international
and regional organizations and scientists from the United States 1o help with the initial
phases of the process - j.c. providing the data base from which to identify the primary

constraints and the actions required to overcome them.

2)  Swart in geting familiar with the Systematic Commodity /Resource Analysis and
Development Process (SCRAD) that will be adapted to the needs of Jordan as a tool
in the constraint analysis and the process to overcome these constraints.

3) Formalize a means of completing a Jordan data base on what is already krown.
4)  Start the momentum required to do something more than talking about the problems.

5) Iritiate the dialog and become acquainted with colleagues in the region and beyond
that can provide future help and information.

For our visitors from courtries in the region and beyond, the Workshop will provide an
interchange of imformation and ideas with colleagues in Jordan. It will also introduce them
to the very cffective ool of the SCRAD process for problem idertification, resolution, and
management. Through this Workshop the basis for a future regional network, the Rainfed
Agricuitural Information Network (RAIN). will be set to bring together scientists working
with similar problems for a regular exchange of information and ideas.

During the Workshop you will he exposed to various programs and projects, but we will
focus on two that are in the beginning stage, i.c.. the Jordan Highlands Agricultural
Development Project (JHADP) and RAIN. As already mentioned, the RAIN Project will
bring together scientists from the region and beyond that are working on similar problems.
The JHADP will establish the National Center for Agricultural Rescarch and Technology
Transfer (NCARTT) and its Regional Centers: create an interagency public/private/donor
sector coordinating body: bring order out of chaos via SCRAD: and provide supplemental
funds to insure implementations.

I summary. then, we will start @ process that over a matter of months is designed to:
identify major constraints for cach important clement; determine how to overcome them;
assign responsibility for overcoming them; complete the data base of what is already
known and has beer done: and build the basis for continuing linkages with colleagues
outside Jordan.
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Introduction

Methodologies

Soils of the Arab Countries

A. Osman
Arab Cemier for the Studv of Arid Zones and Drytands,
Damascus, Syria

ABSTRACT. Soif and land use classification can be used 10 wnprove agricultural planning
and conservation of the soil resource base. Recently ACSAD has applied the USDA soil
classification system in an cffort 1o produce a soil map of Arab countries. Objectives of the
project are to standardize nomenclature, methods of soil profile description, laboratory
analyses, and presentation, including common legends and color systems. To date ACSAD
has identified Aridisols (the predominant soils in the region), Inceptisols, and Vertisols in
the fertile plains of Svria, lrag. Sudan, and North Africa, and Torrifluvents in the alluvial
plains of important rivers. Ji is hoped that the soil maps and other information will be
used by decision-makers 1o establish sound agricultural development policy.

Soils are valuable resources for food production and agricultural development. They are
not renewable and should be conserved for the Tuture generations. As in the developed
covntries. most of the developing countries have ereated spectalized public services to
characterize. conserve. and develop this natural resource. There will be no food without
soils. This is why most dense populations and eld civilizations are located in the fertile
lands of the world.

Soils are not homogencous in their properties and suitabilities for agriculture. They differ
from one location to another according to their forming factors, that s, parent rocks,
climate. vegetation, topography. and time. Soil preperties are defined by their physical,
chemical. biological. and mincrological composition. Characterization of soil properties is
a long and sophisticated process. 1t involves spectalists of high qualification, field and
laboratory equipment. and time.

Soil classification itsclf is not a simple language. On the contrary. it is sometimes difficult
to understand. especialiy for decision-makers and administrators. Land classification is
much more simple. consisting of 6 10 8 land stitability classes and subclasses for
agricultural practices. This is one reason that in some ¢eveloping countries land
classification is much more popular than soil classification, Nevertheless, a good land
classification map contains much less information than a soil map, and in most cases it is
based on some sclected information from the soil map itselt. The soil classification could
be and also should be used tor agricultural development.

Numerous systems of soil/land classification have been used in Arab countries. Available
maps do not cover all the countries and priority was given to the cultivated and.
particularly. the irrigated arcas. These maps were prepared by different specialists, e.g.,
agronomists, geographers, geologists, economists. meteorologists, hydrologists, ete. A
typical map is on - scale from 1:20.000 10 1:100.900. i.c.. semidetailed to reconnaisance
level. The legend is generally specific to the objectives but has been developed mainly to
satisty the needs of administrators and takes into consideration the local agricultural
problems. The base map is considered less important. In most cases the map is a kind of
sketeh or draft minus the Tocation map. the map index, and the contour lines. The
aceuracy of atypical map is also subject to criticism in most cases. A limited number of
reference and tvpical sites have been completely characterized. Soil description is brief and
laboratory analysis has heen timited 1o three textural classes in addition to pH and other
simple determinations. This is unfortunately true of many soil studies in different locations
in the Arab countries. However, there are some good maps accompanied by good reports
presenting detailed information on the methods and the propertics of the soils. It will be
casy to correate these maps 1o another system of soil classification and make a good
interpretive nuap at the country or the regional level on a smaller scale.



Availabie Information

ACSAD Soil Map Project

Most available information describes the cultivated lands according to land use and
agricultural production. The Arab countries constitute an area of 1,361 million ha located
mainly in the semiarid and arid parts of the world. Only 52 million ha are under
cultivation and these are located in the semiarid (Xeric and Ustic) areas, 3.8 percent of the
total area. The irrigated arca represents about 0.7 percent of the total area, about 9 million
ha located mainly in Egypt and Iraq.

The countries that have completely described their soil resources at least at reconnaissance
level are lintited to Irag, Tunisia. Yemen Arab Republic, Syria, and Lebanon. A soil map
of Saudi Arabia has been recendy completed within a contract with the USDA Soil
Conservation Service. The French system of soil classification has been used for a long
time in Tunisia and other north African countries. ACSAD has completed a soil map of
Tunisia, Syria, and Lebanon applying the USDA soil classification sys:em Soil Taxonomy
at a scale of 1:1.000.000. This work was carried out within an ACSAD project of the soil
map of the Arab countries on 1:1.000,000 scale adopting the USDA Soil Taxonony as a
basic and international system tor soil classification. This project is one important
collaborative work undertiken by ACSAD and the national soil scientists in the Arab
countries.

A synthetic map covering part of Moroceo and Sudan has been prepared. Some other
countries have limited information on soils such as Somalia, Mauritania, and Yemen
Democratic Republic. In Libya an buportant study of the soil resources has been carried
out by Russia on a scale of 1:50.000 covering the northern part of the country and using
the Russian system of soil classification. This map contains valuable information on soils
and their properties.

ACSAD is undertaking an important project in the Arab countries to produce a general
soil map at a reconnaissance scale of 1:1.000.000 in order to standardize methods of soil
profile description, faboratory analysis, presentation with a common legend, and a common
color system. The Defense Mapping Agency (DM. L) operational navigation chart of the
world was selected as a common buse map. A consultative committee was formed by
eminent prof ssors and soil scientists from FAO. France, USDA/SCS, and the directors of
the soil directorates in the Arab countries. A common legend was elaborated and
distributed to the Arab soil scientists. ACSAD specialists are responsible for correlation
and coordination, Technical and some financial support have been allocated.

Methodology is based mainly on available reliable information with additional adequate
ground truth. Satellite imageries could be used for the determination of the soil units. The
maps arc presented at the subgroup level with information on slope, surface texture, and
stoniness.

The project also has an important training component with the cooperation of the Soil
Management Support Service (SMSS) of the USDA/SCS and USAID in the United States.
Training courses. seminars, workshops, and a forum on Soil Taxonomy were organized
jointly with SMSS and ACSAD and the local soil administration in Syria (1980), Morocco
(1982). Sudan (1983). Jordan (1984). and Tunisia (1985). Other training courses were
organized in Arabic with the cooperation of the Arab Organization for Agricultural
Development (AOAD, 1985).

A tremendous amount of information and soil maps have been collected and ACSAD has
established a data bank for the soil map projeet widh the cooperation of Bureau de
Recherches Geologique et Minieres (BRGM). Franze to classify and store soil information.
Actually thousands of typical soil profiles with soil description and analytical data are
available for representative soil units at the subgroup level.



Soil Classification

According to Soil Taxonomy soils of the Arab countries are mainly classified in the
Aridisols order. Aridisols are predominantly Calciorthids and Gypsiorthids. The Argids
suborder is occasionally identificd. This development is related mainly to the soil moisture
regime in the region. The Entisols Order is also well represeated. Two situations are to be
considered. Under the aridic (torric) soil moisture regime, the soils are mainly classified as
Torriorthents, while under xeric or ustic soil moisture regimes the soils are classified as
Xerorthents or Ustoithents. In the mountainous arcas and at high altitudes the soil moisture
regime could be udic. This situation exists in the high Atlas range in North Africa and
some other locations in the region.

In the fertile plains of Syria, Iraq. Sudan, and North Africa soils are predominantly
Inceptisols and Vertisols. Under dense natural vegetation, Mollisols are developed. They
belong mainly to the Lithic subgroups. Other important soils are formed on alluvial
matcrial of the Nile, the Euphrates, and other important rivers. These soils are classified
mainly as Torrifluvents and they produce high yields under irrigation. Examples of soils of
the area are given in Tables | and 2.

Table 1. Soils of Syria

Order Predominant Soil Area
km?
Aridisols Typic Calciorthids and 107,508
Gypsiorthids
Inceptisols Calcixerollic Xerochrepts 45,667
Entisols Typic Xerorthents, 22,024
Rock outcrops
Vertisols Typic Chromoxererts 6,074
Mollisols Lithic Calcixerolls 2,910
Others (Andisols) 997

Table 2. Soils of Yemen Arab Republic

Order Predominant Soil Area

km?
Aridisols Typic Calziorthids 10,097
Entisols Typic Torriorthents 70,223
Inceptisols Typic Ustropepts 4,923
Mollisols Typic Calciustolls 2,809
Rock outcrops Lithic subgroups 29,259




Introduction

Mediterranean-Type Climate, Wheat Production and Response
Farming

J.I. Stewart
World Hunger Alleviation through Response
Farming, Davis, California, USA

ABSTRACT. A new rainfall anaivsis, specific for the cron 1o be produced, shows that in
Mediterrancan-iype climates on a transedt from Morocco through Cyprus to Jordan, both
wheat season rainfall amount and the duration of the rainy period are correlated with the
effective date of onset of the rains. The carlier the onset after October 1, the greater the
rainfall expecation and therefore the potential wheat yield. This finding has Sar-reaching
implications for risk assessment and management in Near East region cgriculture. Farmn
level decisions including all levels of inputs and virmally all practices, may be modified in
the future at the advent of cacli growing season, hased on nothing more complicated than
the actual date of onset.

Present practice is to characterize a location or Zone by the mean annual rainfall, and 10
devise fived cropping system recommendations 1o be followed every year with a mininun
of modification jor actal rainfall occurrences. The new analysis shows a locale may be
much more clearly characterized through quantification of several crop season historical
rainfall means caleulated separately jor cacht of any numaer of selected onset periods, e.g.
montlr:.

At Amman, Jordax Tor exariple, mean annval rainfall over 31 years of record was 283
mm. Deleting rains lost prior 1o ¢ffective onset and following crop matrity, the long-term
wheat season mean rainfall was 253 .. Fmpirical water production function studies in
Jordan suggest mean wheat vield using raditional technology should average 510 kg hal,
Research elsewhere suggests nitrogen at 31 kg hal and improved weed control should
raise average wheat vield 1o 1135 kg ha'l.

The new analyvsis does not argue with these figures but instead clarifies the situation the
farmer actually fuces season by season. The 31-vear record shows no October onsets at
Amman, but November onsets 8 times or 26 percent of all years. Wheat season rainfall
averaged 332 mm and persisted 161 days. In no instance did rainfall drop below 205 mm,
the failure level where production should fall below 300 kg ha!. Traditional technology
should produce 855 kg ha'! with 332 mm, while improved technology, including 52 kg ha-!
N, should produce 1890 kg ha'l.

Contrast the above with laruary onsets which numbered 9 in 31 years or 29 percent of all
vears. Of these, 5 would have failed because mean wheat season rainfall in these years
was only 213 mm. If one planted every year, expected average yield (traditional) would be
335 ke ha !, or, with 21 kg ha'l N and weed control, 755 kg ha! wheat grain.

Overall, the analysis suggests 10 crop failures in 31 years or about 1 in 3 years. This,
coupled witlt the above information, raises serious questions ahout fixed recommendations
10 farmers based on mean annual rainfall. The author concludes that a response farming
approach based on a more thorough quantification of rainfall variability as related to onset
date may greatly improve furmer adoption rates and satisfaction rates with improved
teclmologics.

Agriculture and agricultural rescarch in the Near East region today face a challenge
unprecedented in history. but we also possess new tools with which o meet it. The
challenge resuits from a combination of human and natural forces. The requirement for
food is doubling with population approximately every 25 years. but rainfall, from whence
the water to grow food derives. is extremely variable and almost wholly unpredictable. If,
for example, normal annual rainfall were 350 mm, actual rainfali might be as little as 100
mm or as much as 700 nun.



Wheat, the Common Crop

The brighter side of the picture is that we now possess, also for the first time, many long
and detailed weather records and the computing power required to analyze them virtually
any way we can imagine. And imagination is precisely what is required. We must imagine
ourselves in the shoes of the farmer because if food production is increased, it will be due
to his actions. These in turn will be based on his personal experiences in farming and on
the advice he receives, and chooses to accept, from others. So we must acquaint ourselves
with the farmers’ questions - exactly what does he need to know in order to improve his
actions and what is the last date that the information will be useful to him?

Some hold that we cannot predict rainfall. But cach time the farmer prepares his fields and
plants his crops for a new season, his actions are based on his expectations for rainfall in
the season at hand. He does in fact make a prediction. however crude, and act on it.
Despite the fact that his prediction is based on a relatively limited span of time and
expericnee and despite the fallibility of human memory, peasant farmers the world over
have by and large managed to produce the food required to stay alive.

However desirable, farmers do not require sharp prediciions about seasonal rainfall - their
decisions can be made much more rational and productive if they can be provided with a

narrowed range of rainfall possibilities for the approaching scason. For example, it would
be extremely helpful it one knew (with a very high degree of probability) that rainfall this
season would total 100 to 350 mm. or 350 to 700 mm. rather than 100 1o 700 mm.

This paper shows that levels of predictability similar to that suggested above do indeed
exist in Mediter cancan-type rainfall patterns right across the region from Morocco to
Jordan. The companion paper entitled “Response Farming for Improvement of Rainfed
Crop Production in Jordan™, shows that 1) the Jordznian wheat/barley farmers are well
aware of this predictability and use it to guide their operations, and 2) the perfect memory
embodied in fong and detailed weather records, coupled with today's awesome compu‘.ng
power, can very much improve on the farmers® predictions and provide farmers with
guidance for virtally all of their decisions including land forming and tillage, crop/variety
selection and apportionment in the field, seeding and fertilization rates, weeding practices,
ete. Ail these agronomic practices, and more, are influenced by water expectations.

Response farming is a term coined by the author to describe a flexible farming system
based on a rainfall (season total, duration) forecast followed by an appropriate agronomic
response. The system was evolved within the USDA/USAID/Kenya Agricultural Research
Institute Dryland Cropping Systems Research Project between 1977 and 1983, following
the finding that the monsoonal rainfall of castern Kenya exhibited a highly usable degree
of predictability, similar to that to be described (Stewart. 1980; Stewart and Hash, 1982;
Stewart and Kashasha, 1984; Stewart and Faught, 1984). A furthcr analysis in neighboring
Rwanda indicated similar predictability there in the same monsoonal climate. Recent
analyses in the wholly different Mediterranean climate of Moroceo, Cyprus, and Jordan
also show similar predictability, which is the topic of this paper.

Throughout the Near East region. rainted agriculture is dominant, occupying 88 percent of
the total cultivated land in eleven countries studied in depth by the Food and Agriculture
Organization of the United Nations (FAO, 1982). In nearly all of these countries, wheat is
the principal rainfed crop. Therefore, the present analyses are made with respect to wheat
production.

Yields of rainfed wheat in the study countries cited above were found to be low, less than
It hat, and the cropping intensity in the rainfed sector was only 57 percent. The present
study develops information to alleviate both of these problems. Guidance can be provided
to farmers both for reduced-risk selection among alternative crops to plant, and for
improving their levels of inputs, particularly fertilizers, to more closely match rainfall
levels for yield maximization per unit of water.
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Rainfall Characteristics at
Selected Wheat Production
Sites

Defining the Rainy Season
for Wheat Production

Table 1. Long Term Mean Rainfall (mm) at Three
Selected Wheat Produciag Locations in the Near
East Region, Monthly and Annual.

Sites Sep Oc¢t Nov Dec Jan Feb Mar Apr May Jun Jul Aug Year

............................ 2212 2 S
Scttat 8 44 S50 68 64 67 S50 45 17 3 0 0 416
Nicosia 100 26 35 75 69 48 36 20 18 1l 2 6 356
Amman 0 6 30 52 66 57 52 16 4 0 0 0 283

Long term daily rainfall records were obtained trom three wheat production sites which
form a transect across the Mediterrancan Basin. The first recora s from Settat, Morocco
(1908 1o 1982). supp.icd by courtesy of Dr. Darrell Watts, Leader, USAID/INRA Dryland
Agriculture Applicd Research Project. The second record is from Nicosia, Cyprus (1916 to
1979). sapplied courtesy of the Cyprus Meteorological Department, and the hird is from
Old Amman Airport, Jordan (1937 to 1984). supplied courtesy of the Wate: Authority of
Jordan.

Some data are missing from cach record. so for sake of direct comparison. only the 31
years common (o all three records were analyzed in the present study. These bepin with
1937/38 and end with 1978/79. Nine years within this period are missing. Long term
mean rainfall figures for the three selected locations are shown in Table I by months as
well as annually.

It is simple coincidence that the three selected sites in Table | decline in normal rainfall
amount as one proceeds from Moroceo in the west to Jordan in the cast. Different
selections might reverse or change this order. However, it is of direct interest to note that
rainfall in the main part of the rainy season (December, January, February. March) is
nearly equal at all three sites. being 249, 228 and 227 mm. respectively. Thus there s a
dectine in both carly and late raintall as one proceceds from west to cast.

A key concept in derining the date of onset of the rainy season for crop production is that
rainfal' accumulated in the surface soil layer must be sufficient to penetrate beyond the
seeding derth such that it can both germinate the seed and fulfill the needs of the young
seedlings urdil turther rains are assured (with a very high degree of probability). This is
approximately how farmers define the start of the rains because it suits their needs for
crop production purposes. Hence. it suits our analytical needs also.

This introduces the other meteorological parameters which together determine the
evaporative conditions of the atmosphere - primarily sunshine, temperature. wind, and
humidity. It also introduces soil factors affecting runoff and infiltration such as slope,
crusting, cte. These weather and soil factors play a part in determining the balance
between water accumulation in the surface soil and raintall.

In the present analyses, the dute of onset is defined as the first day when accumulated soil
water reaches 30 mm or more. Runoft losses are assumed to be zero, so a 30+ mm rain
in one day meets the criterion for onset. However, if the 30 mm must be accumulated
over a period of two or more days. then appropriate evaporation losses are applied,
making the total rainfall required more than 30 mm. This requires simple water balance
calculations based on knowledge of how evaporation from the soil surface proceeds in
different wetting/drying sequences. It helps to explain why many previous analysts have
not taken the sime approach to raintall analysis.



For the end of the season, the present analysis assumes wheat in the region is
physiologically mature as of May 31 and can no longer gainfully utilize water.
Additionally, the amount which can be evapotranspired in the last montk: or particularly
half-month, is distinctly limited due to rapidly progressing leaf senescence. Once again
some specialized knowledge is required to evaluate the possible effectiveness of heavy May
rains. In fact though, May rains are only rarely heavy in the locations analyzed, so in
most cases all May rain is considered part of the gross seasonal rainfall. Thus the wheat
season rainfall here is the total from the date of onset (including the accumulated soil
water on that date) through May 31. The duration of the rainy season is the number of
days from onset to the last date prior to June 1 when rain equals or exceeds 1.0 mm.,
Thus wheat season rainfo!l approaches, but is almost invariably somewhat less than total
annual rainfall,

Correlating Season Figures 1. 2, and 3. respectively, show how total season rainfall amount over the 31

Rainfall Amount and _ common years of record relates to the date of onset for wheat production in Morocco,

3“"3:'0" with Date of Cyprus. and Jordan. Each of these three s dter diagrams shows a similar downward trend
nse

in seasonal rainfall expectation with later onset of the rains. This has important
implications for guiding decisions by farmers. The companion paper (op cit) describes 1)
how farmers in that country today (and historically) cespond to different dates of onset of
the rains and. 2) how we can assist them further by quantifying both the rainfall predictors
and the optimal responses.

In Figures 1.2, and 3. vertical lines scparate the months from September through
February when onset might occur. Two horizontal lines are drawn at seasonal rainfall
fevels of 205 mm and 335 mm. to indicate wheat vield expectations. These lines are
indicative only. because there s no direct relationship between crop yields and rainfall
levels, and the indirect relationship which does exist is highly dependent on other factors
such as fertilizer usage.
Settat, Morocco
Mean annual rainfall = 416 mm

700 — 1 A| 1 ] ! !
| I I | I I
600 [ | a | I N I I
£ I a2 | | | | |
E I I ! I I
= 00 | al | Rain=567-2.52xdays
S | I n=230, rz=.34 |
3 400 la I I I
5 (335 mm) | | | .
c $ i .| Yleld,.-P,t=2000 kg ha-!
§ 300 — I I I A Al I
& (205 mm) | [ 1€ |
©@ 200 | Yieldynserr =300 kg ha -
8 I 1 51 ] Sl
2 I [ I [ | ~4
100 - | I | | 2 | |
p O_nsel (days _after Aug 3!) I I
1
2 %, e w0
f 1 T T T T 1
Sep Oct Nov Dec Jan Feb
Month

Figure 1. Decline of Wheat Season Rainfall Expectancy with Later
Onset of the Rains at Settat, Morocco.



Nicosia, Cyprus
Mean annual rainfall = 356 mm
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Figure 2. Decline of Wheat Season Rainfall Expectancy with Later
Onset of the Rains at Nicosia, Cyprus.

Old Amman Airport, Jordan
Mean annual rainfall = 283 mm
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Figure 3. Decline of Wheat Season Rainfall Expectancy with Later
Onset of the Rains at Old Amman Airport, Jordan.

Yieldgen = 2000 kg ha-!



Water Production
Functions: Practical
Interpretations

Nevertheless, the lines as drawn are based on real data from Jordan and elsewhere, and
the important factor of fertility is at least cursorily dealt with. For example, farmers in
rainfall zones dipping below 205 mm generally do not fertilize. This is the case in Jordan
where such a season should produce about 300 kg ha'l of wheat, below which the crop is
considered to be a total failure in that country. On the other hand, Mediterranean farmers
expeeting around 335 mm of rain would often fertilize. and could expect o yield like 2000
kg hal. Yields higher than this would be considered good, while between 2000 and 300
kg hat would be considered fair to poor,

In this regard. it is interesting to compare the above Jjudgements by the writer with the
perception of the wheat farmers in Cyprus. as put torth by the team of FAO experts who
carried out the Regiona! Study on Rainfed Agriculture (FAO, 1982). They say **Cereal
farmers in Cyprus expect that in every 10 years, they may have three good seasons, four
moderate seasens. two poor and one very dry year.™ Figure 2 shows for 31 years, 10
good years, 13 fair years. 3 poor years. and 5 very dry years. Note the number 1 in the
inverted triangle at the far vight of Figure 2. This may also he seen in Figure | for
Morocco, and indicates that m 1 of the 31 years there was no onset under the present
definition, thus a otal crop failure.

The important findings illustrated in Figures 1, 2, and 3 are summarized in Table 2. For
cach of the three study sites. Table 2 shows how many years onset occurred in each
month from October o February (the single September onset in Cyprus is included in
October). Neat. the frequencey of onset in each month is given, expressed as a percentage
of all years. After that the actual mean wheat season rainfall total is shown separately for
years grouped on the basis of month of enset. The final row shows (not seen in the
figuresy tie mean duration of the rainy period lor the groups of years above.

Table 2 reveals some interesting findings. as follow:

I} The median date of onset becomes later as one moves from west to east. Actual dates
are November 24 in Moroceo, December 3 in Cyprus and December 15 in Jordan.

2)The median date of the Tast wheat season rain is much carlier in Jordan (April 20)
than in Cyprus (May 160 or Moroceo (May 9). Thus the duration of the rainy period
following onset in any given month is markedly less in Jordan than at the other more
westerly sites,

3)  Atall three locations. mean season duration declines approximately one day with each
day’s delay in onset. This indicates that timing of the last rain is essentially unaffected
by the date of onset.

4)  Overall mean wheat scason rainfall amounts 1 the three locations are Settat, 361 mm:
Nicosia, 303 mm: and Amman, 252 mm. In Moroceo and Cyprus, October onset
scasons average well above these means, while November and December onset
scasons average close to the overall means and January onsct seasons average far
below - at or below the tailure level. In Jordan. where onset is later. November onset
seasons average well above the overall mean. December onsets are near the mean,
January is far below. essentially at the failure level, while February is far below the
failure level.

Tables 3.4 and 5 are based on all the previous information. and on two additional
interpretations. The first of these are wheat water production functions for both traditional
(unfertilized) and advanced fertilized) wheat cropping conditions. The second
interpretation estimates the amount of fertilizer nitrogen (N) required to bridge the yield
gap between the traditional and advanced systems.



Table 2. Rainfall Transect from Morocco to Jordan via
Cyprus, Based on 31 Commion Years of Record
Starting in 1937/38 and Ending in 1978/79.
Showing Numbers and Percentages of Years with
Onset in Each Month, Together with Associated
Wheat Season Rainfall Averages and Durations.

Location Findings Montk: of Rainfall Onset for Wheat
Oct Nov Dec Jan Feb  None
Morocco No. of onsetsi 9 9 8 4 0 1
(Seitat) Onset. % of years 29 29 26 13 0 3
Rt = 416 mm  Mecan rainfall. mm§ S00 343 345 208 —
Mecan duration, days® 202 177 145 117 —
Cyprus  No. of onsets 8 6 14 2 0 1
(Nicosia) Onset, % of years 26 19 45 7 0 3
R = 356 mm  Mcan rainfall, mm 389 307 302 112 —
Mean duration. days 200 187 148 120 -
Jordan No.of onsets 0 8§ 12 9 2 0
(Amman Onset. 5 ol years 0 26 38 29 7 0
Airport)
R =283 mm  Mcun rainfall. mm — 332 246 213 150 —
Mean duration. days — 161 133 98 38 —
Rois total mean rantdl imeisured mthe 31 vears of record.

T

T Onset of the vy season for wheat production, defined here as the first date sehen 30 mm or more of rainfall
have accumulated mothe ot

§ Mean runtall here reters to the wheat season rainfalt, heginning with the accumulation at onset and ending

Mav 31

Meian duration ot the wheat season s the number ot davs ftom onset 1o the last rain of 1 mm or more prior to

-

June |

The water production functions used are shown in the footnotes of Table 3. The function
for traditional agriculture derives from actual data on yields and rainfall over a series of
years in selected arcas of Jordan. The wnderlying data were collected and published by the
Arab Organication for Agricultaral Development (AOAD, 1977) and the Water Authority
of Jordun (1985).

The function for advanced agriculture derives from a synthesis by the writer of research
findings from many sources. It fits the conditions in Jordan best, but is also reasonable for
Morocco and Cyprus. A key consideration is that the yield vs. evapotranspiration (ET)
function for wheat is lincar, starting with zero yield at approximately 100 mm ET, (actual
evapotranspiration) and rising to a maxitmum yield of 6400 kg ha'! when the water
requirement is satisficd (BT, < ET - tmaximum E'T)). The water requirement estimated for
Amnwn i 397 mm- (somewhat less in Moroceo and Cyprus). so yield per unit of ET, is
12,9 kg har b et But rainfall s not 10O percent efficient, so an estimate of efficiency is
required.

I



Table 3. Settat, Morocco: Historical Pattern of Rainy

Season Onset for Wheat Production by Months,
and Rainfall Means for Seasons Beginning Each
Month. Additionally, for Both Unfertilized and
Fertilized Conditious, Estimates =re Presented of
Wheat Yicld Potentials and Corresponding
Nitrogen Requirements for Scasons with Onset

in Each Month.

Practices Findings Month of Rainfall Onset for Wheatt
Oct Nov Dec Jan None
No added No. of 9 9 8 4 1
fertilizer onsets
(Normal fallow
& rotations) No. success- 9 8 8 2 0
ful cropst
Success 100 89 100 50 —
rate, %
Mean rain- 500 343 345 208 —
fall, mm
Mean potential
yield, kg ha'§ 1,200 925 935 325 —
Nitrogen No. success- 9 9 8 3 0
added as ful crops
ingicated,
plus phos- Success 100 100 100 75 0
phorus as rate, %
required
(Rescarch Mecan potential 3470 1,980 2,000 695
needed) wheat yield, kg ha!
Nitrogen 114 53 53 18 —

requirement, kg ha'!§

T Onset of the rainy season for wheat production is here defined as the first date (from | Oct onward) when
rainfall accumulation in the soil, over and above evaporation during the accumulation period, equals or exceeds

30 mm.

1 A successtul wheat yield is here defined at 300 + kg ha'l. Water production function research indicutes a

wheat season rainfail ol of approximately 205 mmy or 165 mm is required for a 300 kg ha'! yield,

respectively, in unfertilized versus fertilized conditions.

§ Potential wheat yields are estimated using the tollowing water production functions, The function for

unfertilized wheat derives from empirical findings in Jordan (Data from AOAD. 1977 and he Water Authority
of Jordan, 1985). The function for fertilized wheat assumes only 74% of rainfall is actually evapotranspired,
Unfertitized: Yekg ha ') 4,45 « Rain (mm) - 602, Yo = 1,200

Fertilized: Ytkg ha 'y =9.5 % Rain (mmy) - 1280, Y.,

1

= 6400

§ The nitrogen rates shown incorporate the following assumptions:
1) Nitrogen required is that which is sufficient t increase the wheat yield from the unfertilized potential to the

fertilized potential,
2) Wheat straw =

1-1/2 % wheat grain;



3) Wheat straw = 0.5 percent N, wheat grain = 1.8 percent N;
4) Efficiency of N uptake and utilization is 50 percent;
5) Considering all of the above, N fertilizer requirement is approximately S percent of the increase in grain

yield.

Table 4. Nicosia, Cyprus: Historical Pattern of Rainy
Season Onset for Wheat Production by Months,
and Rainfall Means for Seasons Beginning Each
Month. Additionally, for Both Unfertilized and
Fertilized Conditions, Estimates are Presented of
Wheat Yield Potentials and Corresponding
Nitrogen Requir _ments for Seasons with Onset
in Each Month.

Fertilization Analytical Month of Rainfall Onset for Wheat
Practices Findings
Oct Nov Dec Jan Feb  None
No added No. of 8 6 14 2 0 1
fertihzer onsets
(Normal fallow
& rotations) No. success- 8 6 12 0 0 0
ful crops
Success 100 100 86 0 0 0
rate, %
Muean rainfall, mm 389 307 302 112 — —
Mean potential yield,
kg hal 1,130 765 740 NA —_ —
Nitrogen T No. suceess- 8 6 13 0 0 0
added as ful crops
indicated,
plus phos- Suceess 100 100 93 0 0 0
phorus as rate, %
required
(Research Mecun potential 2,415 1,035 1,590 NA — —
needed) wheat yicld, kg hal
Nitrogen 64 43 42 NA — —

requirement, kg hal

13



Table 5. Old Amman Airport, Jordan: Historical Pattern
of Rainy Season Onset for Wheat Production hy
Months, and Rainfall Means for Seasons
Beginning in Each Month. Additionally, for Both
Unfertilized and Fertilized Conditions, Estimates
are Presented for Wheat Yield Potentials and
Corresponding Nitrogen Requirements for
Seasons with Onset in Each Month.

Fertilization Analytical Moanth of Rainfall Guset for Wheat
Practices Findings

Oct Nov Dec Jan Feb None

No added No. of 0 8 12 9 2 0
fertilizer onsets
(Normal fallow
& rotations) No. suceess- 0 8 9 4 0 0
ful crops
Success 0 100 75 44 0 0
rate, %
Mean rainfall, mm — 332 246 213 150 —
Mean potential — 875 495 345 NA -
Yield, kg hal
Nitrogen No. success- 0 8 10 6 0 0
added as ful crops
indicated,
plus phos- Success 0 100 83 67 0 Y
phorus as rate, %
required
(Research Mean potential - 1,875 1,055 745 NA —
needed) wheat yield, kg ha'!
Nitrogen — 50 28 20 NA —_

requirement, kg ha'!

Returning to the wraditional function. based on actual data. the zero yield intercept is at
135 mm of rainfall. Assuming 100 mm represents ET, (above). 135 mm suggests an
efficiency of 74 percent. Of course, as ET, approaches ET,, and yield approaches the
potential yield. this cfficiency would decline. However, our interest here is only in the
lower portion of the yield curve. so the suggesied efficiency of 74 percent is adopted for
purposes of this paper. Therefore, the advanced agriculure function rises at a rate of 9.5
kg hal wheat per mm of raintalt.

The last footnote of Table 3 explains the considerations taken in estimating nitrogen
fertilizer requirements to bridge the gap between yields expected in advanced agriculture
versus traditional agriculture. The key factors are the weight relations between grain and
straw and their respective N contents. and an assumed utilization efficiency of 50 percent.
In the end these considerations suggest that the weight of applied N should be
approximately 5 percent of the weight of anticipated grain vield increase.



Generalized Response
Farming Considerations

The information in Tables 3. 4, and 5 addresses a number of decisions farmers must make
each season. A sampling of these might be:

1) Should I plant dry or wait for the rains?

2) Skould I plant wheat or some other crop?

3) On what signil should I switch to another crop? Whae other crop?
4) I planting wheat, what variety? What seeding rate?

5)  What portion of my overall wheat hectarage should be planted?

6) Should N fertilizer be applied? If yes. when and at what rates?

The real question is whether the farmer s better served by a single set of answers to the
above and otier questions - a package of practices so to speak, to be followed every year,
based presumably on overall mean rainfall conditions - or by more than one set, i.c., a
flexible set of answers which change whenever the expected rainfall conditions in the
season at hand have shifted markedly away from the long term norm. To answer this
question, let us think a bit about how the information presented in this paper might
influence decisions in the questions above,

With respect to question |, dry planting, i.c.. planting before the onset of the rainy
period. is an important decision because it preempts most if not all of the other decisions.
It implices the adoption of a single set of practices every year no matter what the actual
rainfall conditions may be thereafter. The principal adjustment which might then be made
for actual conditions would be the application of additional N fertilizer at say tillering
time. proviacd rains bad been normal or better.

This is not meant o be a criticism of dry planting but rather a simple statement of fact.
Of course there could also be modified programs in which some minima! hectarage is dry
planted with practices for the rest of the area dependent on how and when the rainfall
season begins.,

In any case dry planting means that the risk of total crop failure, and the loss of all costs
associated with establishing and tending the crop. is accepted. It is informative to see just
how great this risk is and. because most years of total failure have late (or no) onset of
the rains, how the level of risk mounts with later onset. Table 6 shows first the overall
risks of failure at the three locations prior to any possible onset (as of October 1 at Settat
and Nicosia; November 1 at Amman), then how the level of risk climbs with delayed
onset thereafier.

Tuble 6 suggests caution may be in order when dry planting wheat in Mediterrancan
climates. It tells us that if planting October 1 in Settat or Nicosia one would expect to lose
everything one year in 10 or two years in 10, respectively. At Amman (November 1) the
expected failure rate is three years in 10, These failure rates can be ameliorated somewhat
with the use of advanced technology including fertilizers.,

The risks of failure rise with delayed onset. For example, if January 1 arrives and onset
has not occurred, the decision to plant some other crop is probably in order at all three
sites. This will happen at Settat one year in six. at Nicosia, one year in 10, and at
Amman, one year in three. When it happens. the risks of losing all have risen to 60
percent at Settat and Amman and 100 percent at Nicosia. Advanced technology reduces
these risks a little bit at Settat and Amman, to 40 percent and 50 pereent, respectively. At
Nicosia the rate remains 100 percent.



Table 6. Risks of Total Wheat Crop Failure Due to
Limited Rainfall at Three Mediterrancan
Locations, as of Specified Dates - Assuming in
Each Case that Onset of the Rainy Season Has
not Occurred. Risks are Expressed as Numbers of
Years of Expected Failure in a 10 Year Period, and
Are Shown Separately for Traditional (Unfertilized)
and Advanced (Fertilized, Etc.) Levels of

Technology.
Date Traditional Advanced
Settat Nicosia Amman Settat Nicosia Amman
Oct. 1 I 2 NA 1 | NA
Nov. | 2 2 3 1 2 2
Dec. | 2 3 4 2 2 3
Jan. 1 6 10 6 4 10 5
Feb. 1 NAT NA 10 NA NA 10
t NA, not available.
Dustrative Response This paper shows a relationship exists between seasonal rainfall expectation and the date of
Farming Stratcglcs for onset. It one were to follow a response farming strategy, dry planting would be ¢liminated
Wheat Production because the predictor of future rainfall is onset, which by definition means the rains have

started and the scedbed is moist. Of course this does not in any way preclude carlier
working of the soil for purposes of land forming or seedbed preparation. Generally
speaking, this would be desirable so that planting, once begun, could proceed
cxpeditiously.

The companion paper (op cir) discusses the situation in Jordan and strategies for dealing
with it in considerable detail. Thercfore, illustrations of how response farming
recommendations might appear are shown here for Settat and Nicosia only. The reader is
cautioned that this paper is based solely on only one preliminary rainfall analysis in each
country, and is not intended for use in guiding farm operations at this state. Rmher, it is
intended to set the stage for further rescarch oriented toward dealing with the highly
variable rainfall conditions farmers must deal with.

Tables 7 and 8 outline ways in which rainfall variability might be dealt with on a season
by season basis at Settat. Morocco and Nicosia, Cyprus, respectively.

The two big advantages of response farming as indicated in Tables 7 and 8 are 1) that
total wheat crop failures are eliminated and, 2) that inputs. especially fertilizer N levels
and seeding rates, arc more closely linked to actual rainfall and yield expectations.

Each of these advantages is linked 1o a disadvantage. While eliminating crop failures,
some small to modest (but nevertheless suceessful) crop yields are also missed by not
planting the most desired crop. For example, if’ the program in Table 7 were followed,
wheat would not be planted in § of 31 vears. Only 2 of those years were total failures,
while the other 3 would have produced average yields of 1t hal, provided they were
fertilized.

Similarly. S of 31 years would not have been planted in Nicosia (Table 8). However, 4 of
those would have been total failures. Only | year would have produced a modest yield
about 1.25 t ha-!. Thus the value of the response farming approach is more casily
recognized in lower rainfall zones.



Table 7. Response Farming Strategy for Wheat
Production at Settat, Morocco (Illustrative

Only).
Date of Onset
Response
Oct Nov Dec Jan Onward
Start planting Onset Onset Onset Alternative
crop
Seeding ratet Y =2500- Y = 1900- Y =1100- NA
4000 kg ha''f 2500 kg ha'! 2500 kg ha-!
Initial N rate, 70 50 30 NA
kg ha'lf
Tiller N rate, 70 20 40 NA
kg ha'l§

T Use seeding rate shown by localized research to be optimal for the expected yield range shown here (Y).

F Initial N rate is applied every season at planting time. Fertilizer requirements other than N require localized
research.

§ Tiller N rate is added at the tillering stage, provided rainfall is above a specified level 1o be determined in a
more rigorous analysis.

Table 8. Response Farming Strategy for Wheat
Production at Nicosia, Cyprus (Illustrative:

Only).
Date of Onset
Response
By Oct 31 By Dec 20 Dee 2 Onward
Start planting Onset Onset Alternative crop
Seeding ratet Y =1600-2400 Y =1600 kg ha'! NA
kg ha'!
Initial N rate, ¥ 40 40 NA
kg ha'!
Tiller N rate§, 20 None NA
kg ha'!

T Use seeding rate shown by localized research to be optimal for the expected yield range shown here (Y).

$ Initial N rate is applicd every season at planting time. Fertilizer requaements other than N require localized
rescarch,

§ Tiller N rate is added at the tillering stage, provided rainfall is above a specified level to be determined in a
more rigorous analysis.
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Summary

The disadvantage of more closely fiting input levels to requirements is that it is more
troublesome than using fixed levels - more troublesome for the farmer and perhaps even
more so for the supplicrs of inputs - probably most so for fertilizer suppliers. To be
practical about these realities of life, it might well be best to recommend some
compromise mode of fertilization which incorporates whatever flexibility exists in the
supply system, then relies on a basic fixed rate of fertilizer for the rest.

An additional advantage to the response farming approach, whether fertilizer rates are
compromised or not. is that better planning can be done for the planting of alternative
crops when that becomes necessary. It will no longer be a case of wheat dying, so what
do we do now? The action to be taken will be clear the moment it is found that the rains
have not begun by the target dates established.

Data preseated for three locations which transect the Mediterranean from west to cast
show that in all three cases. rainfall amount in the wheat production season, and the
duration of rainfall from onset to crop maturity both decline with later onset of the rains.

For example, mean annual rainfall at Settat. Moroceo is 416 mm, and mean wheat scasor,
rainfall is 361 mm. But il Qctober passes without onset oceurring, the farmer faces a
much different situation. The raintall record shows for all years with onset after October
the mean wheat season roinfall is 304 mm. As of December | this figure has declined to
277 mm and on January 1 it ts 166 mm. The same trend is true for Nicosia, Cyprus and
for Ammun, Jordan,

In real lite this means that the probubility figures seen in our usual rainfall analyses are
only valid for a short period (swrictly speaking. one day) during the possible time table for
onsct. In nearly all vears, the reality is that published probabilities are either too
pessimistic (when onset is carly) or too optimistic (when onset is late).

For example. at Scttat, the mean wheat season rainfall for all years with onset in October
is not 361 mm. but 500 mm. It then declines o 343 mm for years with November onsets.
The figure is nearly identical for December onsets, then falls to 208 mm for January
onsets. Clearly one would wish to do things differently if mean rainfall is 500 mm than if
it is 208 mm.

The response farming approach is to take cognizance of the types of findings described
above, in order to provide farmers more meaningful guidance about the real rainfall
expectation in the season just beginning, and the steps Le might take to maximize his
yields and returns with the expected water supply.

Details of altered rainfall expectations with later onset are presented for all three locations.
Hlustrative guidelines for farmer response o optimize wheat production are developed for
Settat and Nicosia. The companion paper constitutes a case study for Jordan and shows
similar information for Amman.

The indicated response when onset is very late is to switch from wheat to an alternative
crop. At Settat the appropriate date for switching crops is January 1 and at Nicosia it is
December 20. At both locations the record indicates alternative crops should be planted 5
years out of 31 At both locations this would eliminate total crop failures which would
oceur with wheat in two of the S years at Settat and 4 of the 5 years at Nicosia. The other
years should have produced modest wheat crops of the order of 1t hal.

Three principal advantages of the response farming approach are as follows:

1) Total wheat crop failure assoctated with very late onset is climinated ihrough
switching to alternative crops.
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Rainfed Farming Systems of the Near East Region

D. Tully
International Center for Agriculural Rescarch in the Dry
Areas, Aleppo, Svria.

ABSTRACT. Agriculture is a major sector of the economy of the Near ast region, and
approximately half of the population lives in rural areas. Nevertheless, agriculture’s share
in national cconomies has been shrinking, and in many countries food production per
capita has been in decline. This has sparked a renewed interest in agriculture in the
region, including rainfed crop production.

The Near Fast is marked by u duality benween large farms, ofien state-run, and small
private holdings. The large farmy are usually involved in commercial crop production,
while the small farms are more ofien subsistence-oriented. Small Jarmers invest more in
livestock, swhich may contribute half of their incomes, and they also work off-farm. Small

Jarmers produce much of their crops Jor home consumption, particularty durum wheat,

dairy products, and pulses.

The most common crops are wheat, barley, and pulses, usually grown in cereal-f=llow or
cercal-legume rotations. Weedv fallows are popular among small farmers because they
provide livestock feed, but large furms often cultivate Jallows 1o maximize moisture
storage. Livestock graze croplaids after harvest and through the subsequent fallow year,
and this provides the bulk of their feed intake.

Mechanization has been extensive, affecting both small and large farms. Small farmers
uswally hire custom operators. Machinery used for tillage and sowing is diverse, and could
likely be improved.

Policy towards agriculiere is a critical factor in determining production. Rainfed
agriculture, particularly in dryvlands, may be neglected relative to other crop production;
simtlarly, small farmers may be given less incentives than large farmers. However, with
encouragement the small farmers and dry arecs should be able to achieve substantial
increases in productivity.

It would be presumptuous to try to describe all farming systems of the Near East in a
single short paper: this is a topic for several books. I will draw out some of the features
that are most common in the region, and of greatest importance. In keeping with the
purposes of this Workshop, I will concentrate on rainfed farming systems, and will give
greater attention to the cultivation of ficld crops rather than trees. | rely on my colleagues
to discuss soils. water, and climate in detail, but would like to note that these are also
important parts of farming systems.

The geographical focus of the paper must be clearly defined. In looking across the region,
the greatest similarity in rainfed farming systems is found among the countries of the Arab
Mediterrancan and Irag. In these countries a common pattern of rainfall, both in time and
space, combines with many shared aspects of history and policy. To a large extent, the
climate and farming systems are similar to those found m Cyprus and Turkey, although
there are differences which will be discussed as we go along. The farming systems of the
Arabian peninsula are rather more distinet, being based on spring and summer rainfall
and, to a large extent, different crops than the Mediterranean: therefore, the Yemens and
Saudi- Arabia will receive less attention. Countries with extremely small rainfed areas, such
as gypi, Goan, and Bahrain, will be omitted.

It would be desirable to include those countries of sub-Saharan Africa which may be
considered part of the region, as well as Iran, Afghanistan, and Pakistan, which include
extensive rainfed crop lands. 1 have regretfully not done so because it would involve too
many diverse farming systems for one paper.
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Rainfed Farming Areas of
the Near East Region

The Social Context of
Farming

Agriculture is an economically important, but secondary sector in the countries we will be
discussing. Statistics are incomplete, but in most countrics with substantial land resources,
agriculture represents approximately 15-20 percent o1 Gross Domestic Product (GDP)
(Table 1). At 6 percent, Algeria is particularly low for a country with over 7 million ha of
arable land; this would seem to be a result of its heavy emphasis on industrialization and
development of oil resources in recent decades. In general GDP figures underestimate the
importance of agriculture because they do not adequately value subsistence production or
houschold labor. Approximately half of the population lives in rural arcas, and in most
countrics one-third to one-half of the workforce is primarily engaged in agriculture.
Providing employment and most of the food requirements for half of the population is
chviously an important, if undercounted. contribution tu the economy of the region.

The importance of agriculture has been recognized by many countries in the M ddle East
in recent decades, stimulated by sharp declines in taeir ability to feed their poputations
from their own resources. Turkey was the first country of the region to focus on this issue
and has now reached self-sufficiency in food (Hanson er af.. 1982). Over the last 15
years, sclf-sufficiency of the Arab countries, individually and as a group, has declined for
a broau range of commoditics. particularly cercals (AOAD. 1983). In response, recent
development plans from Algeria, Jordan, Libya, Morocco, Syria, Tunisia, and other
countries show an increased emphasis on agriculture, and many countries have maintained
or adopted policies which stimulate part or all of the agricultural sector. The potentials of
rainfed arcas as well as rangelands and ifrrigated arcas are being considered with new
appreciation (Butter, 1985; Europa Publications, 1984; USDA, 1985).

The Mediterrancan climate is well-known. Rainfall comes in winter and carly spring, and
fatls in greatest quantity near the sea. Rainfall decreases as one goes inland, and in all
countries but Turkey and Cypras the farmlands give way to large expanses of arid grazing
lands or desert. In the Arabian peninsula, most rainfed areas are in the southwestern
highlands. and have spring and summer rainfall. Rainfed farming systems generally occur
in arcas with 200 to 600 mm mean annual rainfall. In the small arcas with more than 600
mm, either irrigation or tree crops usually predominate; on the other hand, with less than
200 mm, crop production is rarely cconomically feasible. With the notable exception of
Iraq, countries with sizable rainfed arcas have irrigation on only 2 to 10 percent of their
Crop areas.

Holding Size

Before discussing more technical aspects of the farming systems, it is useful to ask whe
the farmers are and to consider their circumstances. One of the most important factors in
undurstanding farmer practices is the farm size. Holding size distributions are given in
Table 2. The data do not distinguish land by productivity, rainfall group, or irrigation, but
they give a general idea of the patterns of land ownership.

In all countries of the region, the vast majority of tarmers are cultivating arcas of t0 ha or
less, often as little as one or two ha. However, such farms frequently make up less than
25 percent of the arable land. At the other extreme, fanes of 50 ha and over are a small
percentage of the total number of farms, but occupy from 14 to 45 percent of the land in
all but one country. Since most of these countries have carried out land reforms involving
expropriation of large farms. these large holdings are usuatly found on land expropriated
from urban landlords or foreign settlers. They are frequently under direct or indirect
government administratien, as collectives, cooperatives, or state farms. and occasionally as
government land leased to commercial farmers. The land on the large farms is generally of
higher quality and m the most favored arcas. In some countries, such land is scheduled for
eventual redistribution in small plots, but governments are often slow to release control of
these resources.
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Table 1. Agriculture in the National Economies (World
Bank, 1984).

Country Agriculture Agriculture Urban % of Food Prod
% of GDP % of Labor Population Per Cap

1960 1981 1960 1980 1960 1982 80/82 as
% of 69/71

Algeria 16 6 67 25 30 45 75
Libya 2 53 19 23 58 127
Moroceo 23 18 62 52 29 42 84
Tunista 24 15 56 35 36 54 128
Irag 17 53 42 43 70 87
Jordan 7 44 20 43 60 70
Lebanon 11 3R 11 40 77 134
Syria 19 54 33 37 49 168
Turkey 4] 21 79 54 30 44 115
Saudi Arabia i 71 61 30 69 9
Y.A.R. 26 83 75 3 14 93
P.D.R.Y. 12 70 45 28 38 92

In between these two extremes lie middle-sized farms of 10 to 50 ha; they form a
substantial minority of farms and land arca in all countries. Farniers in this category may
have a similar orientation and background to the small farmers, but they get a greater
share of their income from crop production. and may have more resources to call upon.
For example. such farmers more often own tractors in Turkey (Aricanli and Somel, 1979)
and they have better access to eredit and extension setvices in most countries.

Thus. there s a duality in the agricultural sector of most countries, between small (and
very small) farms vith much of the rural population but little of the land, and big farms
with few farmers. This is essential 10 an understanding of the diverse farming practices
which will be discussed below. This duality often presents a difficult policy choice for
governments and donors: whether o invest in greater crop production on the large, easily
reached farms. or to focus on improving rural incomes for the largest number of people.
Earlier projects. such as the Increase in Cereals Production Project in Morocceo initiated in
1968. often chose to ignore the small farmers in the beliet that the economic returns of
working with them were not worth the cost (Hogan et al.. 1984). Currently there is a
greater appreciation of equity issues and the importance of increasing the security of rural
It and small farmers are more often included in development programs.

Holding size is a simple measure that obscures other factors. Patterns of joint ownerships,
leasing, tenancy. and sharecropping also affect the nature of land holdings. Large farms
may be sharecropped by small farmers. but small farms may also be leased on a cash or
sharecropping basis 1o large operators. Small farmers may lease land from other small
farmers to bring the holding size to an aceeptable level (Hogan and Hansen, 1983: Hogan
et al.. 1984: Johnson er al., 1983). Contract services may also be provided on a share
basis. More rescarch is needed on the effect of these structures on farm decisions,
pirticularly decisions o adopt new technology. It is clear, however, that they may involve
several parties with differing goals in the decision process, and may divide limited farm
income into very small amounts per party. Extension efforts need to be aware of local
patterns of land access and design incentives accordingly.



Table 2. Distribution of Land Holdings (AOAD, 1984: for Turkey, offi-
cial statistics cited in Ulusan, 1980; for Lebanon. Saab. 1973).
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Country Percentage of Farms Percentage of Land
0-5ha  5-10 ha 10-50 ha 30-100 ha 100+ ha 0-5ha  5-10 ha 10-50 ha 350-100 ha 100+ ha

Algeria 61.6 17.6 18.9 1.4 0.5 14.2 15.7 47.0 11.8 1.4
Libya 46.8 20.6 29.4 2.4 0.8 6.5 9.8 40.8 10.8 32.1
Morocco 73.7 14.9 10.7 0.5 0.2 245 20.7 37.7 7.2 10.0
Tunisia 42.1 21.3 32.3 3.0 1.2 6.6 10.5 43.9 13.3 25.7
Iraq 39.7 254 326 1.2 1.2 6.9 12.4 39.7 6.3 348
Jordan 63.5 17.0 17.4 1.4 0.7 13.6 14.6 419 11.6 18.3
Lebanon 92 6 3 0.5 44.0 16.0 25.¢ 15.0

Syria 56.4 17.4 235 1.8 0.9 10.7 11.3 45.7 11.1 21.1
Turkey 72.9 19.2 7.0 0.6 0.2 26.6 39.5 19.8 5.8 5.3
Saudi Arabia 754 11.1 12.1 1.0 0.8 14.3 10.4 31.5 8.7 35.0
Y.A.R. 88.5 7.4 4.0 0.1 435 2235 204 1.2 33
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Small farmers are sometimes considered an obstacle to change. However, small farmers
have been ready to adopt new practices when suitable technologies have been developed,
and when both information and financing are made available. Turkey’s farmers, 73 percent
of whom cultivate five ha or less. are among the highest input users of the region; Syria’s
small-scale wheat farmers also show high rates of use of fertilizers, herbicides, and
improved seed: and other examples could be cited (Aricanli and Somel, 1979; Rassam and
Tully, 1986a). The key factor is the development of an appropriate technology which
meets farmers’ needs. There is no reason that improved seed, fertilizers, herbicides, and
tillage practices cannot improve yields on small farms as well as large., if they are made
available in a reasonable form.

Houschold Strategies

Farm houscholds are large, due both 10 large family sizes and the common occurrence of
extended families. usually composed of married children and their parents. Mean
houschold sizes of 10 or more are commonly reported. Some observers, however, have
noted a growing number of nuclear family houscholds, which may be related to increasing
wage employment (Bates and Rassam, 1983). In some countries, the young are cmigrating
from rural arcas. leaving farming in the hands of the older generation (Papachristodoulou,
1979; USDA, 1985).

With large families on small farm areas., it is inevitable that subsistence production
accounts for a considerable amount of farm output, and therefore has an important effect
on the nutritional status of a large part of the population. Surveys have shown substantial
on-farm consumption of farm produce (Arabiat ef al., 1983; D. Nygaard, unpublished data
from Tunisia). The FAO food balance figures give an indication of food consumption
patterns on a national basis (Table 3). Cereal consumption in this region is approximately
200 kg yv-! persont!, providing over half of both calories and protein in most cases. This is
primarily made up of wheat, although considerable barley is consumed in Morocco and
Algeria, imported rice in Saudi Arabia, and millet and sorghum in Yemen. Milk products,
mostly produced on-farm, are the main source of high-quality protein; meat consumption is
limited to 15 to 20 kg y-! person!, exeef:in the oil-rich countries. Rural neople oficn
consume less than these figures indicate, and it appears that deficiencies in nutritional
levels and caloric intake are endemic in many rural arcas (Fikry, 19§3: Miladi, 1983;
Mokbel, 1985).

Table 3. Sourees of Nutrition (FAO, 1984c¢).

Country Percentage of Calories Percentage of Protein
Y i

Cereal Pulses Meat Milk Fat & Cereal Pulses Meat Milk

Ete.  Ghee Etc.
Algeria 56.8 2.0 2.0 6.0 2.0 66.5 5.3 6.3 12.5
Libya 40.3 1.5 6.0 6.2 2.2 45.4 4.1 21.1 12.9
Morocco 63.0 '8 2.6 1.7 1.8 71.6 4.6 8.4 4.4
Tunisia 55.8 2.6 2.7 3.7 1.3 60.8 6.0 8.4 8.5
Syria 50.4 3.3 4.0 4.6 3.9 51.0 6.9 9.6 12.8
Turkey 53.7 2.3 3.5 3.8 2.3 55.9 5.1 10.3 10.4
Saudi Arabia 44.7 1.0 7.7 7.2 8.6 41.0 2.5 21.1 17.1
Y.A.R. 67.3 4.7 4.3 4.0 1.4 62.6 9.8 10.4 8.3
P.D.R.Y. 60.3 0.3 2.9 4.5 5.6 60.5 0.7 7.5 13.1




Crop Production

Large farms are usually focused on crop production, but small farmers typically try to
manage risk and increase income by diversifying out of crop production into livestock and
off-farm employment (Hogan er «l., 1984). In addition to their valuable dictary
contribution, livestock provide an income through the sale of lambs and dairy products,
and they provide a hedge against bad crop years and poor prices. The role of livestock
will be discussed in more detail below.,

Off-farm employment has become increasingly available in the region, as a result of rapid
development of industrial and service sectors in urban areas, as well as the increased
opportunities for international migration. Income from this source has been estimated at 24
to 37 percent of houschold income in several studies in Syria (Rassam, 1984 Rassam and
Tully, 1986b: Somel er al., 1984). In Cyprus the majority of farmers consider agriculture
a sccondary occupation (Papachristodoulou. 1979), while in a Tunisian survey 67 pereent
of households with fess than 10 ha had oft-farm income (ICARDA. 1985).

Off-farm criployment adds stabitity to rural incomes, but it also has an cffect on the
availability of labor (Hogan and Hansen. 1983). This has partly been offset by
mechanization of the major agricultural tasks, as will be deseribed below. The remaining
nonmechanized tasks, such as weeding, animal care, and dairy activities, are carried out to
a large extent by houschold fabor on smiail tarms. Women, who work off-furm much less
frequently than men. represent an increasing part ol available houschold labor. Women
have always worked in agriculture in the Near East, and their work load appears to be
increasing in many arcas (Hammam. 19810 Youseft er al. . 1979).

When hired labor is necded for scasonad nonmechanized tasks. such as harvesting legumes
or tree crops. there may be scarcity or high cost due to competition with urban
employment. In Syria the proportion of males in the unskilled rural labor force is low due
to competition with urpan jobs (Rassam and Tully. 1980b). As mechanization has
increased the scasonality of labor demand, rural workers have been unable to sustain
themselves and have moved to cities (Bates and Rassam, 1983, citing unpublished material
from N. Hopkins). Thas the impetas to continue mechanization of agriculture is high.

The previiling crops in areas of winter rainfall are cereals. primarily wheat and barley,
with small arcas of rye or oats in some countries. On the other hand, millet and sorghum
are the dominant cereals ot the Arabian peninsula. In Turkey, bread wheat predominates,
but in the Arab countries most of the wheat is durein, which is the basis of the fat
breads, bulgher, and couscous that form the core of diets. Both durum and soft wheat are
grown in wet arcas as well as dry. with the wet arcas more often using high-yielding
varicties. Durum is grown in large pari for consuniption by the farm houschold, but may
be replaced by soft wheat on larger. surplus-oriented farms. In Algera, for example, only
12 percent of private sector cereal arca is soft wheat, compared to 43 percent in the
socialist (government controlled) sector (Benzaghou, 19790 ¢f. ICARDA, 1985 for
Tunisia). Soft wheat is more often consumed in cities, often as a component of subsidized
bread made with imported wheat.

Barfey is grown primarily for livestock feed. but it is also » signilicant food crop in
Moroceo and Algeria. Grazing resoarees hiave been deereasing while demand from the
urban population for animal products has grown: thus demand for barley to feed animals
has been strong. In many countries barley arca increased in the 1974 w1983 period while
wheat arca deercased or remained stable (Table ). Barley is often considered a crop for
dry or infertile conditions. However, international statistics show no strong pattern of
planting barley in dry areas (MAAR, 1979), and a survey in northwestern Syria showed
no significant relationship between cereal choice and rainfall or soil type (unpublished
data). Indeed, in Irag 53 pereent of the barfey area is irrigated (Hermis and Hussain,
1979), and in Turkey 41 percent (MAAR, 1979).

25



26

Table 4. Use of Land (FAO., 1984%2).

Country  Arable Perma- Total  Irri-  Rain-  Wheat Area Barley Area Pulses
Crops nent  Crops pated fed Area
Crops Crops  Total

1974- 1981- 1974- 1981- 1981-
76 83 76 83 83

Algeria 6.827 642 7469 310 5902240 1741 826 880 122

7.15

Libya 1,738 R 2053 200 1.853 200 266 374 264 9
Moroceo 7.269 430 T.099 426 7273 1,843 1,770 2,026 2.142 347
Tunisia 4400 1.420 4.860 123 4.737 967  BOY 367 490 144
Iraq S.100 187 5.287 1.572 Y715 1513 1,187 554 958 46
Jordan 357 RE' 391 36 355 158 104 57 52 16
L.ebanon 240 108 348 85 263 37 18 13 5 10
Syria 5,350 3069 5.725 547 S078 1607 1,256 960 1485 20|
Cyprus 365 67 432 04 338 o4 14 56 50 6
Turkey 24977 287 27,764 1,983 25781 9142 9.040 2,599 2951 909
Saudi

Aribia 1108 71 1179 382 797 73 173 9 7 4
Y.AR. 2737 430 187 230 2.957 68 66 57 52 70
P.D.R.Y. 175 20 195 53 142 1 15 | 2

The next most important category after cereals s pulses. Although they only ocecupy 5 to
1O percent of the area planted 10 cereals., they largely meet local demand and are exported
from Turkey. Svria. Tunisia. and Moroceo. The most important pulses are broad bean,
chickpea. and lentil in winter rainfall arcas. and cowpea under summer rainfall. Broad
bean is commonly irrigated or tmited 1o the weltest zones: chickpea and lentil may benefit
from irrigation but can tolerate somewhat lower rainfall. These legumes are most
conmonly grown in rotation with cereals. They are usually not grown in arcas of low
ramnfall or on poor soils. because vields are low and risky while costs are high (Tully,
1984). Local economic conditions would appear to determine how good yields have to be
0 make fegume celtivation worthwhile, The current limit of legume cultivation in Syria is
atapproximately 300 10 350 mm mean annual rainfull. In Moroceo 70 pereent of the
legume area s found inarcas with at least 400 mm of rainfall (Newberg er al., 1982) and
i Tunisia legumes are also limited 1o the wetter arcas (Ketata ef al., 1979).

Expansion of legume arca as a replacement for fallow s often put forward as a way o
mcrease output. However most tallow is in dry areas and includes large arcas of shallow
and stony soils - Inereases inlegume area will depend upon the development of techniques
which increase the value of fegumnie crops 1o aceeptahle levels under relatively poor
conditions (Tullv, 1984,

Other crops are very diverse, and mostly fall in the category of summer crops suitable for
rotation with cereals. These will usually be planted in spring after a winter fallow. and
grow through summer on stored moisture. Such crops include watermelon, cantaloupe,
sesame.and suntlower. Irrigated crops may also be grown in rotation with rainfed wheat,
possibly in-a double-crop system. Rainfed potatoes and other vegeables are sometimes
found in wetter areas. As shown in Table 5. tree crops are also a regular component of
agriculture in this region. and include citrus and other fruits. olives, and nuts. Tree crops
are important exports in several countrics.



Table 5. Machinery and Fertilizer Use (Tractors,
Combines, FAO, 1984a; Fertilizer per Ha, World
Bank, 1984: T Fertilizer, FAO, 1984b).

Country Tractors Combines Fertilizer N P,04
174/76 1982 1974/76 1982 1970 1981 R0-83 80-83

Avg.,  Avg.

100 g ha'! ! !
Algeria 41,5- 45,000 3.850 4,200 174 262 65,985 90,964
Libya 6,767 16.000 64 375 29,435 42,170
Morocco 19,992 25,100 2,708 3,400 130 239 99,225 83,250
Tunisia 29,000 36.200 3267 3,659 82 180 30,300 38,020
Irag 19,741 29956 5,028 5,490 35 141 66,109 18,584
Jordan 3736 4.600 190 280 20 53 5,549 5712
Lebanon 3.000 3,000 90 90 1,279 1,006 16.050 12,600
Syria 15,548 35,533 1901 2958 67 232 84.435 47,201
Cyprus 9,767 11.000 300 420 9,502 6,045
Turkey 241,339 489,813 11,542 13,477 166 454 788,820 565,711
Saudi Arabia 800 1.400 277 480 44 602 35,425 19,159
Y.A.R. 1010 2,100 ] 43 10,530 763
P.D.R.Y. 1,190 1.270 12 15 88 1,622 176

The most common crop rotation in the region is cereal-fallow. However, the word fallow
has ditferent meanings. In the central platean of Turkey, wheat researchers in the 1960s
and 1970s developed a technique ot shallow cultivations in the fallow year to reduce weeds
and maximize moisture storage. This has allowed the high-yielding varieties to perform
well, increasing output considerably (Guler v« al.. 1979; Hanson et al., 1982). A similar
practice is used in the socialist sector of Algeria, although moisture storage appears 1o be
of minor importance compared 1o weed control in this case (Benzaghou, 1979).
Presumably this is because higher temperiatures encourage weed populations while making
moisture storage more dilficult. Cultivated fallows are also practiced in some areas of
Tunisia, Syria, and other countries.

However, the more common practice. especially for small farmers, is an uncultivated
fallow. Particularly in North Africa. the weeds and volunteer crops on the fallow land are
considered a valuable livestock feed in spring. Note that this is the time when lambs are
weaned, and also the time of greatest milk production by the ewes: thus a green fodder
has a high value at this time. Farmers’ adherence to the uncultivated fallow regime
indicates a preference to maintain this livestoek feed even at the cost of reduced cereal
yields.

Finally, in some arcas cultivation of the fallow is more related to equipment cost and
availability than to other factors. In arcas of Syria with less than 300 mm mean annual
rainfall, for example, weed levels are low, and moisture storage under fallow is minimal
(ICARDA. 1983). Some_farmers cultivate to prepare the seed bed in spring, some in
autumn, while others merely sow on uncultivated land (Somel er al., 1984). The latter is
especially true on shallow soils.
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As mentioned carlier, rotations of legumes and other crops with cereals are much less
common. In part this reflects the value of a weedy fallow, but also the higher costs
associaled with noncereal crops. ICARDA is working to develop erect legume species and
appropriate mechanical harvesters for this region; if successful, the arca sown to legumes
can be expected to increase. Work is also under way at ICARDA 1o test the feasibility of
self-regenerating and annually sown legemes as grazing crops iu rotation with cereals
(ICARDA, 1985). Cyprus has had some success in encouraging rotations with forage
legumes (Photiades, 1979), and this strategy contindes 1o attract interest throughout the
region.

Three course rotations are less common. They may include one or two years of cereal, in
rotation with fallow, legumes, and/or summer crops. Continuous cercal cultivation is also
found, and fertilizers may allow yiclds to be sustained for several years in this regime;
however, productivity eventually declines (Cooper, 1986).

Crop production is extensively mechanized in the Near East compared to other regions of
the world. Tractors and other machinery were introduced by settlers, colonial agencices
during the Second World War. and the Marshall Plan in Turkey. Agricultural machinery
led to an expansion of crop areas in virtually the entire region, and tucled the movement
of rural populations (o cities and other countries. The pace of mechanicotion has varied
from country to country, but at this stage it is possible o say that mechanized tillage is the
norm in the region. with mechanization of other operations proceeding briskly. Animal
tillage continues in some arcas. most often in drier or mountainous regions and on small
farms (Aricanli and Somel, 1979: Canmpbell 7 al., 1977),

Tillage practices are extremely diverse. As indicated. fallows may be cultivated or not,
and seed beds may be prepared in autumn. in spring, or not at all. A wide variety of
implements is employed in tiltkage, including discs, moldboard plows, chisel plows, and
sweeps. Aside from the Turkish wheat project which focused on tillage, 1 have seen very
fittle reported research on the relative merits of various cultivation regimes. However, a
constant theme in the expatriate development literature is the inappropriateness of deep
cultivations in these low rainfall areas (Carter, 1975; Hogan er af., 1984 Newberg et al.,
F982). Deep tillage is said to reduce moisture storage, encourage weeds, bury desirable
pasture species, and increase crosion. It has been sugpested that plows developed for high
rainfall European conditions were introduced along with tractors, without proper
consideration of the needs of the area. Nevertheless, deep tillage appears to be general in
North Africa, Jordan. and Iraq and is carried out on the majority of wheat fields in wetter
arcas ol Syria.

Sowing is also highly variable. Where animal traction is used, seed may be covered with a
shallow plovs or a spike-tooth harrow (Campbell er al., 1977). In North Africa and
Jordan, the most common practice appears to be hand broadcasting followed by a disc
harrow, which leads to a fairly crratic crop geometry and poor fertilizer placement
(Arabiat er al.. 1983 Campbell ¢r al., 1977). Drilling is common in Iraq and Turkey,
while in Syria & common practice is 10 broadeast over shallow ridges and cover the seed
by splitting or flattening the ridges with a cultivator or bar, Again, it seems highly likely
that practices are being determined by cquipment availability rather than yield
maximization (Hogan and Hansen, 1983).

Thus, tillage and planting techniques are extremely varied, and there appears to be no
good evidence that current techniques are advantageous in terms of yields or other factors.
This would appear to be a fertile field for rescarch to devise better systems, and for
polizies to bring these systems to the farmers. The issue of equipment availability is vital;
for example, shallow tillage practices recommended by the Jordan Wheat Research and
Development Project (1967 1o 1975) could not be adopted by farmers because of lack of
tools (Hogan and Furtick, 1983).



Livestock

Harvest mechanization is a bit less general than tillage. Cereal harvesting by combine is
fairly common in most countries but is limited by the lack of suitable machinery for stony
or sloping ficlds, and by many farmers’ desire to collect the maximum biological yield by
hand pulling or cutting in order to provide winter feed. In Iraq 20 percent of cercal is
hand harvested (Hermis and Hussain, 1979), while in the barley fields of northern Syria
the figure is 31 percent (Somel er al.. 1984). Even in most arcas where cereals are hand
harvested, however, mechanical threshing is common. Legume harvesting is mechanized to
some degree in Turkey, but because of inappropriate equipment, is largely manual in the
region; similarly, legume threshing is rarely done by machine. Summer crops and tree
crops are generally harvested manually.

It is often assumed that mechanical operations are not feasibie if farm sizes are small.
However, the Near East has seen widespread adoption of custom services, in which
farmers hirc equipment operators as needed (Arabiat er al., 1983; ICARDA, 1985;
Johnson er al., 1983). Rented and owned tractors were found to operate with equal
technical and cconomic efficiency in Turkey (Somel, 1979). The availability of custom
tillage has led to a rapid spread of mechanization to pooter farms in Morocco, Tunisia,
Turkey, Syria, and clsewhere.

In terms of other agricultural inputs, practices are also diverse. Fertilizer use is low to
moderate by world standards, but clearly has been increasing in alt countries (Table 5).
Many of the countries have phosphate or oil resources which are utilized in fertilizer
plants. Herbicide use on cereals is quite popular on small farms in Turkey and Syria, and
on large farms everywhere, but ‘t is not as common as fertilizer use on small farms in
North Africa (ICARDA, 1985). This may be related to the economic value of weeds as
livestock feed. The use of high-vielding varieties is also variable. Their use depends very
much on access to the seed, which is often limited for small farmers (Newburg et al.,
1982).

The importance of livestock is indicated by the fact that we have been unable to discuss
three central issues - nutrition, income, and crop rotations - without reference to them. At
this stage let us focus on livestock and consider more fully their place in the system.

Sheep, goats, and ~tle are the most important livestock species in the region (Table 6).
Sheep and goats combined are about six times more numerous than cattle, but the latter
are more important for dairy production than the small stock, and in some countries they
contribute more red meat as well, The statistics are not broken down by location of stock,
but in general one can say that « substantial number of the sheep are found in steppe
areas, while many of the catde are in dairies or irrigated areas. Of stock kept on farms,
cattle tend to be more common in wetter areas and sheep in drier zones. Some of the
cattle are draft animals, although this is be~~mng less common.

Livestock play a key role in the mixed farming arcas, particularly for small farmers in dry
zones. Livestock contribute as much income as crops in dry areas of Morocco and Cyprus
(Campbell er al., 1977; Papachristodoulou, 1979), and this is probably typical of the
region. Nevertheless, they arc often undernourished, and programs to support livestock
production in mixed farming systems arc rare.

Fecding of livestock follows a yearly cycle. The rains begin in October or November, and
fresh fodder is first available in winter or early spring, depending on temperatures. Thus
spring is a time of relatively abundant livestock feed. Fallow arcas and grazing lands are
at their most productive, supplemented by weeds pulled from crops; indeed, weeding may
be delayed to increase the amount of fodder (Newberg er al., 1982). Cereal crops may be
grazed as well, which some farmers claim is beneficial to the crops. Income from stock
sales and dairy products is at a peak; this sustains many farmers until the crop harvest.
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Table 6. Livestock Production (FAQ, 19%ta).

Country Animals Meat Milk
81/83 81/83 81/83
Sheep  Goats Cattle  Sheep  Goats  Cattle Sheep  Cow
Goats
......... 105 108 LA
Algeria 13730 2763 1.38Y 08 13 43 316 530
Libya 4598 1412 175 53 2 29 54 64
Morocco 4913 6240 3.047 59 23 116 50 790
Tunisia 4,980 875 572 24 3 34 30 226
Irag I1.883 3,707 3.033 43 15 55 234 1,075
Jordun 1,021 54¢) 37 6 7 2 40 4
Lebanon 143 442 53 Il 4 9 56 91
Syria 10,969 1,103 799 88 7 34 539 599
Cyprus S8 300 43 6 4 4 64 51
Turkey 40288 18,727 17.003 294 108 211 1,865 3,613
Saudi Arabia - 3,333 2200 430 102 8 22 [64 252
Y.AR. 3150 7.500 950 13 38 14 183 64
P.D.RY. 997 1.350 120 6 5 2 37 8

After harvesting in May and June, crop stubbles and aftermath become available. This
consists of weeds and a few inches of straw. The rest of the straw s gathered up after
combine harvesting 1o be stored for winter use. After hand harvesting, only weeds remain.
The stubble is enougin in some areas o sustain small stock through the summer months.
Standing crops of grain. mostls poor crops o short for combine harvesting, supplement
the stubble in other areas. Dairy cattle may require additional feed at this time. sometimes
provided i the form of agro indostrial by -products.

Depending on the location, irvigated or summer crop residues may be available towards
the end of summer. Tocally or at some distance. These tend to be fairly high in nutritive
value, but are the ast fresh fodder until the subsequent spring. With the beginning of the
rains, livestoeh feeding is at its most difficult point. Depending on temperature, winter
grazing may e good, but it is unreliable. In colder arcas animals need 1o be fed
conserved feeds for two 1o five months. This feed is largely composed of barley grain plus
cereal straws where available, legume straw is also highly valued. The potential of cereal
straw should not be underestimated: in a Syrian mixed-farming area, it provided 30 to 43
pereent of metabolizable energy and 16 10 24 percent of crude protein o farmers” flocks
in the winter feeding period *Jaubert and Oglah, 1985). In some countries with irrigated
cotton or beet crops. agro-industrial by -products may also be available at reasonable cost.

Thus i normal year, livestock make use of cereal straw and stubble as well as some of
the grain crop. graze associated fallows. and failed crops, provide income and valuable
nutrients before the harvest, and act as a repository ol value. In a poor crop year,
tivestock actus a buffer. Pastures are poor in such a year, but the higher proportion of
failed crops provides spring and summer feed for the livestock. Usually the price is less
than the value of a4 good harvest but still sufficient to offset planting costs and provide a
portion of the normal harvest income to farmers. Crop grazing also allows livestock
owners o reduce their herds gradually over several months. and permits officials
responsible for livestock to prepare for a grain shortage in winter rather than an immediate
shortage at harvest time.



Rainfed Farming in the
Larger System

The value of manure is widely appreciated in sub-Saharan Africa, but it is not clear how
great its importance is in the Near East. Certainly some organic matter is added to soils

by grazing practices, and some farmers collect and apply manure to their fields. It would
be useful to know how effective current practices are in this respect, and whether better

management ol manure could be used to tmprove the fertility of the land.

Some agricultural strategies call for a reduction in the role of livestock in mixed farming
arcas, or @ decrcase in their current feed resourees. This is true of systems of cultivated
fallow and. to some extent, herbicide use. These technologies have been aceeptable on
large furms oricnted to commercial coreal production. However, widespread adoption of
such strategies could encounter several obstacles. First. how will the increasing demands
for meat and dairy products by urban consumers and a growing population be met?
Specialized meat and duiry operations will be hard pressed o compete with the
opporiunistic use of free or cheap feeds by mixed farming houscholds. Second, the
nutrition. income. and risk aversion aspects of mixed farming are difficult to replace. Even
where substantial cash from off-tarm cmployiment is available. the distribution systen is
not adequate in the vast majority of countries o provide fresh dairy products on a regular
basis. Crop insurance or compensation is rare. avatlable only in Cyprus to my knowledge
(Samios. 1979). Thus a crop production technology which operates to the detriment of
livestock has Bigh opportunity costs for both farmers and arban consumers, and may
require substantial indireet support to he viable,

However, new systems which increase cereal production while also increasing the
availability of spring and summer feed resources might avoid these problems. Rotations
with legume pastures are. in theory, the most promising possibility; they will provide
fodder and also allow w Tevel of weed control. It remains to be seen whether farmers will

Judge them o be more cconomically attractive than weedy fallows.,

Rainfea crop and livestock production iiakes place m a larger context. The expansion of
cultivated arca, occurring almost universally in this region in the war and post-war years,
has been fucted by urban investment in mechanization and urban demands for foods and
exports. Policies for investment. pricing ol goods. extension of new technologices,
provision of agricultural inputs. and research priorities all affect the vitality of the farming
sector. As mentioned carlier. there s a high awareness of the importance of agriculture by
most governments inthe region. Nevertheless, policies which are pro-agriculture may still
discourage development of parts of the sector. Policies have often been. officizlly or
pracucally. structured to favor farge farms over small. irrigated agriculture over rainfed.,
and high rainfall arcas over low (Campbell ez ol 1977; Hogan e al.. 1984). This applies
to the availability of inputs, credit. and extension, as well as rescarch.

While such an approach may niximize short-term food production for the market, it
leaves a large part of the population. namely the poorest Tarmers, facing a declining
standard of living. Furthermore, policies toward provision of services and construction in
rural arcas affect the guality of tife and the destrabilits of continuing to live on farms. The
overly rapid urban growth in the region. with associated housing, food, and social
problems. is i large part the cost of having neglected small-scale farming in the past.

These factors are currently being given greater consideration. In Tunisia. for example, the
last development plan hoks agriculural peticy 1o improving rural life rather than just
ncreasing production. with the explicit goal of stemming rural depopulation (Europa
Publications. 1984). In Syrn the extension of rural roads and services, particularly in the
1970s, cacouraged relatively slow urban growth while giving rural people aceess to new
employment opportunitics (Tully. T985) Efforts such as the Highland Agricultural
Developmient Project in Jordan and the Mid-America Internations’ Agricultural Consortium
(MIAC) project in Moroceo, and tndeed this Workshop. show a heightened interest in
developing the fow productivity farm arcas.

This should help to establish o more secure basis for rural life, and benefit urban residents
as well.
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Introduction

Analysis of Agricultural Policy in the Jordan Dryiands

M.H. El-Hurani

University of Jordan, Amman, Jordan

ABSTRACT. This paper addresses the problem of the Jordan dryland region from a
macrocconomic view to measure the impact of poor production conditions in this rai fed
subsector on Jordan’s food deficit and other macroeconomic indicators, Some important
aspects of the production environment in the drvland region of dordan such as small farm
size and land fragmentation, conditions of drvland farmers, and availability of improved
inputs are analvzed. Jordan’s long experience witly dryland agricultural rescarch iy
reviewed and factors responsible for the low vields and the low rate of adoption of
improved inputs are critically analvzed. The study concludes that the issue of profitability
provides a meaningful explanation for poor cereal vields and the low adoption rate of
modern and recommended inputs, Low profitability is caused by a high cost of production,
and this hich cosi is a result of low vield, and this low yield is caused by a lack of
improved inputs. Wheat farmers do not use these modern inputs because of their hieh cost.
It is the responsibility of government 1o interrupt ihis vicious circle. The government needs
1o provide inputs and agricultural services ar the right times and at reasonable prices,
especially fertilizers, herbicides, and machinery, The subsidy of inputs is supported here
rather than subsidizing the price of bread to consumers. Estimates of future food
requirements stress the need for Jordan to work toward long-rerm solutions to satisfy a
higher percentuge of food self-sufficiency. dordan needs 1o set apda more consistent
national agricultural and food policy which identifies macrocconomic conditions in Jordan.

The cconomic contribution of the agricubtural dryland subscctor in Jordan has been poor
during the past 30 years, and the farmers who live in these dry areas receive the lowest
income level in the country. The rainfed land resources are not producing their biological
or cconomic potential. In defining the Jordan dryland subsector we may classify it as a
traditional agriculural system because of the dominant use of old cultural practices over
many years. For example, the national average wheat yield is considered very low,
ranging between 8 and 10 bu acre !, or 0.6 to 0.8 1 ha'!. This simply means Jordan’s
yield is only one-fourth or less of that of the dry region in the northwest of the United
States. Dryland wheat exhibite arnual tivetuation in total production and has had a
downward trend for the last 10-year period. 1975 to 1984, Because of this wide variation
and low annual production, a gap (shortage) has existed between food demand and cereal
production since the carly 1950s with the exeeption of i few years. Since 1968 this gap
has been widening, to reach @ maximum in 1984,

Although most of the problems that Jordan's dry arcas suffer are strongly related to the
environment and production conditions. we believe that Jordan must take a comprehensive
look at the whole operation of the dryland subsector which includes cereal production,
marketing and processing, consumption. and food policy. The weak outcomes of previous
projects should demonstrate the need for this approach. In order to make a full assessment
of Jordan's dryland production we need to study the interrelationships and interactions
between these major activities, Figure 1 shows the interrelationships among production
environment. marketing, processing, and food policy. There is strong evidence to show
that Jordan government policy impacts on doniestic cereal production. Analyses of
government intervention in the internal and external marketing of wheat, importing,
processing. pricing. and even the study of the changing pattern of bread consumption show
a strong influence on the Jordan wheat farmer’s decision to cultivate his farm with wheat.

This paper will address seveeal aspects of agricultural policies in the Jordan drylands. First
it will take a macrocconomic view of the problems of the Jordan dryland region from a
food policy approach in order to demonstrate the significance of this rainfed subsector to
the Jordanian cconomy. Section 2 will tocus more closely on the production environment
in the dryland region of Jordan mcluding the rainfed land area, its policy issues related to
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Figure I. Interrelationships among Production Environment,
Marketing, Processing, and Food Policy in the Jordan
Wheat Subsector,

land fragmentation, cconomic conditions of farmers, and avuilability of inputs. In Section 3
Jordan historical experience with dryland agricultural research is analyzed and the issue of
low rate of adoption of improved inputs by cereal farmers critically discussed. Previous
efforts to develop the rainfed region of Jordan will also be assessed. A more specific
analysis of agricultural nolicies in the Jordan drylands appears in Section 4 and finally,
conclusions and recemriendations for future projects and policy formulation for the
development of Jordan’s rainfed subsector in Section 5.

To appreciate the significant role of developing better policies for the improvement of the
Jordan rainfed subsector, and to recognize the importance of the dryland region in the
lordanian cconomy we must look at the problem of the dryland production from a
macroeconomic view and tood policy approach.

A 20-year performance record of the gross domestic product (GDP) (1960-1980) indicates
that Jordan's cconomy has enjoyed a high real growth rate. For example, during the
period 1960 to 1966, the average annual real growth rate of GDP was estimated at 7
percent (Mazur. 1979). During the period 1973 to 1981, it was estimated at 8.7 percent,
and during the two-year period 1982 to 1983 Jordan’s economy has witnessed a slowed
growth rate reaching 5.7 and 5.4 percent, respectively (Central Bank of Jordan, 1983).
However, despite this good performance, Jordan's economy suffers from major structural
economic shortcomings which have their roots in the country’s food and agricultural
policies. A brief review of some of these macroeconomic indicators would help us to think
more broadly when analyzing aspects of Jordan’s food and agricultural policies in general,
and dryland policies in particular. Also, these economic characteristics may shed light on
the importance of increasing dryland production and may suggest some policy measures
for supporting investment in agriculture. Agriculture’s share in Jordan’s gross fixed
investment appears low in comparison with other LDCs (Mazur, 1979).

The structure of the economy has imbalances among producing sectors with the services

sector maintaining a long standing high share of the GDP. Total commodity sectors
contributed 39 percent of the GDP in 1983, while the services™ share was 61 percent.
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Table 1. The Relative Shares of the Commodity and
Service Sector to the Gross Domestic Product
(GDP) during 1964-1983 (Central Bank of Jordan,

1984).
Year Agriculture Total Total GDP
Commodity Serviee
Sector Sector

Million % of Million % of Million % of Million

J.D.  GDP J.D.  GDP J.D. GDP 1D, %
1964 34.1 252 529 390 82.6 61.0 1355 100
1965 34.1 22.6 599 396 91.1 60.3  I51.0 100
1966 27.6 18.4 56.2 376 93.4 62.4  149.6 100
1967 234 202 4.5 38.5 7H.1 61.5 1156 100
1968 16.2 11.7 435 313 94.6 68.5 1382 100
1969 22.5 13.8 536 330 108.9 67.0 162.5 100
1970 15.6 10.0 41.1 26.5 113.6 734 1547 100
1971 239 14.4 49.9  30.0 116.1 69.9 166.0 100
1972 26.6 14.5 56.8 310 126.0 689 182.8 100
1973 17.9 9.5 57.1 30.2 131.8 69.8 1889 100
1974 30.3 12.5 90.6 374 151.8 62.7 2424 100
1975 26.0 8.6 Id.4 344 198.7 65.6 303.1 100
1976 37.3 9.8 1356 35.8 242.8 64.2 3784 100
1977 41.7 9.5 162.1 36.8 277.8 63.2 4399 100
1978 58.6 10.6 2111 38.3 340.1 61.7 551.2 100
1979 43.6 6.5 2458 368 422.8 63.2 668.6 100
1980 64.6 7.3 3463 39.0 542.1 61.0 8884 100
1981 76.6 7.2 416.5 393 642.9 60.7 10594 100
1982 83.8 7.0 461.3 384 739.9 61.6 1201.2 100
1983 99.1 1.5 512 388 806.8 61.2 13180 100

Table I shows the relative shares of both sectors during the period 1964 10 1983, The
relative share of the agriculture sector to the GDP is decreasing. In 1964, its share was
25.2 percent of the GDP and since then has continued to decrease to its lowest share in
1979, 6.5 percent. Table | also shows this share of agriculture to the GDP during 1964 to
1983.

Jordau’s foreign trade has continued 10 show an increasing chronic deficit over a long
period of years. Table 2 shows the balance of trade for the period of 1964 to 1983 when
the deficit grew at 16 percent annually. Jordan also has a chronic food deficit. 1t is
estimated that 25 10 30 percent oi the total food requirements are produced domestically
while 70 to 75 percent are imported. Table 3 shows the 1otal food imports, cxports, and
the food trade balance for the period 1964 10 1983, The food deficit grew at 12.6 percent
annually.

Generally speaking Jordan *mports all food items. However, wheat import costs rank the
largest among all imported food items., Imports of Tive animals and dairy products also are
rising. An annual population growth rate of 3.4 percent, and a real improvement in per
capita income have enhanced the demand for imported food. Table 4 shows a record of
strategic food imports for the period 1964 10 1983, This table demonstrates the need for an
integrated approach to the development of Jordan's dryland subsector to increase the
volume of grains and animal production.



Table 2. Jordan’s Foreign Trade (1964-1983) (Central
Bank of Jordan, 1983, Tables 29 and 30).

Year Imports Exports Trade Balance

................. Million J.D. .................

1064 50.35 7.01 -43.34
1965 56.05 7.75 -48.30
1966 68.21 8.76 -59.45
1967 55.05 9.98 -45.07
1968 57.49 12.17 -45.32
1969 ' 67.75 11.92 -55.83
1970 65.88 9.32 -56.56
1971 76.63 8.82 -67.81
1972 95.31 12.61 -82.70
1973 108.20 14.01 -94.19
1974 156.51 39.44 -117.07
1975 234.01 40.08 -193.93
1976 339.54 49.55 -289.99
1977 454 .42 60.25 -394.17
1978 458.83 64.13 -394.70
1979 589.52 82.56 -506.96
1980 715.98 120.11 -598.87
1981 1047.50 169.03 -878.47
1982 1142.49 185.58 -956.91
1983 1103.31 160.09 -943.22

Table 3. Jordan’s Foreign Food Trade (1964-1983)
(Central Bank of Jordan, 1983, Tables 27 and 28).

Year Food Exports Food Imports Trade Balance

................. Million J.D. .................

1964 3.150 14.241 -11.091
1965 3.733 14.974 -11.241
1966 4.062 18.202 -14.140
1967 4.839 14.097 -9.258
1968 5.749 16.238 -10.489
1969 5.743 18.093 -12.350
1970 4.751 18.884 -14.133
1971 3.978 21.465 -17.487
1972 5.003 27.600 -22.597
1973 4.709 30.843 -26.134
1974 10.062 42.360 -32.298
1975 10.732 49.299 -38.567
1976 16.411 81.546 -65.135
1977 18.537 72.216 -53.679
1978 16.892 85.616 -68.724
1979 21.551 100.632 -79.081
1980 24.293 112.636 -88.343
1981 34.040 156.468 -122.428
1982 40.088 177.329 -137.241
1983 36.080 157.103 -121.023
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Table 4. Jordan’s Food Imports, 1964-1983 (Central Bank of Jordan.

1984, Table 30).

Year Imports
Live Dairy Wheat Rice Sugar Fruits, Coftee. Total Total Relative Share
Animals Products & Wheat Vege- Tea & Feod Imports  of Food Imports
& Eggs Flour tables Spices & Live io Total

& Nuts Animals imports in %
........................................... e Million JUDC
1964 1.46 0.82 2.87 1.27 1.94 1.64 1.36 13.00 30.35 27.01
1965 1.22 1.06 2.28 1.47 204 219 1.57 14.20 56.05 25.22
1966 1.34 1.06 4.31 i.47 1.96 1.91 175 17.54 68.21 23.71
1967 1.15 1.20 2.51 1.34 1.52 1.74 1.58 13.64 55.05 24.77
1963 1.75 1.43 3.46 1.14 1.85 2.82 1.82 15.75 57.49 27.40
1969 3.13 1.88 1.78 1.26 2.29 2.52 2.00 17.84 67.75 25.80
1970 1.61 2.14 3.99 0.79 2.2 2.03 1.72 18.68 65.88 28.35
1971 0.78 245 3.84 1.31 2.9 3.96 2.08 20.13 76.63 26.26
1972 1. 18 3.24 6.10 1.29 5.19 3.89 2.00 27.30 95.31 28.64
1973 2.96 3.31 7.04 1.39 1.78 6.4+ 2.52 30.81 108.20 28.47
1974 2.37 3.88 7.14 +4.28 6.76 8.67 2.34 42.74 156.51 27.30
1975 3.19 4.82 6.82 1.87 11.53 9.57 2.93 49.42 234.01 21.11
1976 2.14 6.47 14.80 +4.54 20.20 15.92 2.55 81.38 23054 33.97
1977 2.56 7.43 13.87 2.75 6.56 15.69 5.30 75.92 454.42 16.70
1978 3.95 8.25 14.58 3.46 8.37 16.68 6.52 87.57 458.83 19.08
1979 3.89 10.54 19.57 4.92 9.94 21.40 6.12 108.28 589.52 18.36
1980 6.90 12.55 23.00 6.10 .17 22.71 6.67 113.75 715.98 16.59
1981 8.64 10.74 23.43 5.41 21.39 25.52 7.08 167.93 1047.50 16.03
1982 12.61 13.85 31.15 8.36 19.11 31.82 4.13 191.92 1142.49 16.80
1983 21.56 15.46 32.84 4.42 6.51 32.27 5.64 180.37 1103.31 16.34




Table 5. Jordan Wheat Requirement, Actual Production,
and Annual Shortage or Surplus, 1954-1984
(Ministry of Agriculture, Department of Statistics).

No. Year Population Annual Wheat  Actual Annual

Requirement Production  Shortage
or Surplus

.......... TON o i e e
1 1954 620,342 93,051 179,018 +85,967
2 1955 642 147 96,322 60,284 -36,038
3 1956 062,832 99424 186,756 +87,332
4 1957 686,791 103.018 182,656 +79,638
5 1958 720,000 108,000 46,001 -61,999
6 1959 746,770 112,015 79,683 -32,332
7 1960 781,136 H7.170 29,599 -87,571
8 1961 900,776 135,116 106,121 -28.995
9 1962 932.000 139,800 96,547 -43,253
10 1963 961.500 141,225 50,038 -94,187
11 1964 992,000 148.800 224,788 +75,988
12 1965 1.024,000 153,600 224,492 +70,892
13 1966 1.059.000 158.850 71.453 -87,397
14 1967 1.094.000 164,100 196,086 +31,986
15 1968 1,126,000 168,900 111.461 -57,439
10 1669 1,600,000 240.000 201,054 -38,946
17 1970 1,668,000 250,000 45,183 -205,017
18 1971 1.723.000 258450 148,477 -109,973
19 1972 1,774,000 266,100 160,914 -105,186
20 1973 1,831,000 274,650 37.652 -236,998
21 1974 [.889.502 283,438 180,000 -103,438
22 1975 1,950.071 292,510 60,000 -232,510
23 1976 2,012.473 301,870 58,441 -243,429
24 1977 2,070 872 31529 56.036 -255,493
25 1978 2,143,332 321498 53,743 -267,755
26 1979 2211918 331,786 16,401 -315,385
27 1980 2,282,700 342,403 139 007 -203,396
28 1981 2,355,746 353.360 59,687 -293.673
29 1982 2,431,130 3od.667 20,100 -335,567
30 1983 2.508.9260 376,336 115,613 -251,723
31 1984 2.589.211 88378 5.000 -383,378

With respect to the problem of cereal production. Jordan’s major wheat requirements are
met through imports. It is estimated that domestic wheat covers on average only one-fifth
(20 pereent) of the total requirements, and most of this domestic wheat is cither consumed
at the village level or stored for seced JCARDAL 1981, Table 5 shows for the period
1954 to 1984 wheat production, estimited wheat requirements. and annual shortage. Figure
2 is a graphical presentation of Table 3 which illustrates the increase in the cereal gap
since 1968, It is very important to reduce this tood gap in order to raise food selt-
suftficiency and deerease the pressure on Jordan's foreign currency reserve. Jordan depends
heavily on foreign currency sources such as loiuns, assistances, remittances, and exports
resulting in the vulnerability of Jordan's ecosonty to internationad climate. Table 6 depicts
external public debts during the period 1964 to 1983 which grew at an annual rate of 18.8

percent.
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Figure 2. Jordan Wheat Requirement and Production.

Agricultural land suitable for year-round cultivation is scarce in Jordan. The major
constraining factor is limited and variable rainfall. About 91 percent of total land arca
(92,600 km?) receives less than 200 mm annually. The area is technically considered an
arid desert and s utilized for natural grazing ground. The remaining 9 percent of total
land arca. which receives more than 200 mm of rainfall. is divide. between three
agroclimatic zones:

1) Marginal land receives from 200 to 350 mm and is estimated at 563,000 ha.
2) Semiarid land receives from 350 to 500 mm and is estimated at 136.000 ha.

3) Semihumid land receives from 500 10 600 mm and is estimated at 99,000 ha.

Duce to limited precipitation. total cultivated area is about - pereent of Jordans total area
or 400,000 ha. Ninety-four percent of this area is considered dryland and 7 pereent is
partially or completely irrigated. Field crops are the major agricultural commodities
oceupying 80 pereent of the total cultivated dryland area; wheat and barley constitute 92
pereent of the total rainfed field crops. Figures 3 and 4 show the relative importance of
major crops in Jordan's “Iry areas. The actual cultivated arca of ficld crops varies from
year to year because of variable rainfall. Table 7 shows this wide fluctuation in the area of
rainfed ficld crops for the period 1974 10 1982,

Three major factors play a substantial role in the process of development of the rainfed
subscetor of Jordan. These factors are: small farm size and land fragmentation, conditions
of dryland farmers. and availability of improved inputs in the dry arcas of Jordan.

Sl Farm Size and Land Fragmentation
Small farm size and land fragmentation exist very widely in the dry arcas of Jordan. These

phenomena have adversely affected the technical and economic feasibility of using modern
inputs and services in the rainfed arcas. They are believed to be the principal causes of



Table 6. Jordan’s External Public Debts, 1964-1983
(Central Bank of Jorcwi, 1983, Table 40).

Year External Public Debts

Million J.D.

1964 21.287
1965 23.716
1966 26.886
1967 31.077
1968 35.856
1969 39.899
1970 41.784
1971 49.583
1972 61.228
1973 68.306
1974 79.842
1975 108.007
1976 132.582
1977 194.320
1978 244.449
1979 306.264
1980 382.742
1981 512.792
1982 616.592
1983 762.867

Jordan’s low productivity and the major obstacles to the development of the rainfed
subsector. Available data indicate that the average size of a landholding in the dry areas is
8 ha, and that ttds one landholding is divided into 2.5 pieces. This would reduce the farm
size in one location to 3.3 ha. (The average size of a wheat farm in the dryland region of
the Northwest of the United States is about 1000 ha.) Field crop production requires large-
scale acreage for the use of improved inputs and services such as modern agricultural
machinery. Existing laws give an individual the right to own land which can be as small
as one dunum (0.1 ha). Another aspect of land fragmentation is the law which governs the
partitioning of land into a single landholding with defined borders and location. The
minimum size of a landholding which can be partitioned into a separate holding is 1 ha
outside city or village limits. This law allows for common ownership of one single piece
of land. Common ownership is a result of inheritance under Islamic law or purchase. Land
owned by an individual passes to his heirs after his death. In 1975 the agricultural census
reported the distribution of landholdings by size, summarized in Table 8. The situation
since 1975 has worsened. The annual reports of the Department of Land and Survey
indicate that as many as 8830 partitioning wransactions took place during the period from
1976 to 1981, Table 9 shows the number of landholdings before and after partitioning for
1976 to 1981, illustrating clearly the trend toward land fragmentation in Jordan. On the
average cach landholding was divided into 3.34 new landholdings during the 6-year period
(59,070/17,668 = 3.34). The majority of these transactions were the result of land sales to
new owners. Another study reported that the number of landholdings with an area of less
than 20 dunums (less than 2 ha) was 18,000 in 1975, and increased to 23,000 landholdings
in 1983, This means a 28 pereent increase in small infeasible landholdings during 8 years
(E1-Hurani and Duwayri. 1986).
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Tota! Area 400,000 hectares
(988,400 acres)

7%
Irrigated partially
or completely
28,000 hectares
(69,188 acres)

93%
Drylands
372,000 hectares
(919,218 acres)

80%

Field Crops
Wheat, barley, lentils,
chizkpeas, e:c.
297,000 hecfares
(733,887 acres)

14%

Fruit Trees
Mainly olives, grapes
and nuts
52,080 hectares
(128,689 acres)

6%
Vegetables
Tomatoes, eggplant
cucumber, etc.
22,320 hectares
(65,162 acres)

920%p 8%
Wheat and barley Other field crops
273,240 hectare- such as lentils,

(675,176 acres) chickpeas, stc.
23,760 hectares
(68,711 acres)

CONCLUSION: Wheat and barley occupy 2 of total agricultural
land and ¥, of total dryland.

Figure 3. Jordan’s Agricultural Land.

The expansion of urban areas, construction of new municipalities in the heart of fertile
land, and the establishment of more infrastructure for these emerging municipalities have
led to the loss of the best quality land from field crop production to other urban uses,
Available data indicate that abou: 20,000 ha of high quality agricultural land have been
transferred into urban uses. The rise of land prices around villages and towns since 1973
has reflected this impact on the utilization of Jordan's dryland, and made the economic
returns from rainfed cultivation unattractive. Moreover, farmers now use their fertile, level
land for the production of fruits and vegetables instead of field crops.

In conclusion. the preser laws allow the creation of new landholdings which are not
cconomically feasible. These laws treat all drylands the same regardless of availability of
water resources, agroclimatic zone, or degree of slope. Undoubtedly, these factors affect
productivity and should be taken into consideration when determining the minimum size of
a Jandholding (E!-Hurani and Duwayri, 1986). Qasem estimated the minimum farm sizes
which could generate enough income to keep families on the farm. For example, he
suggests in zones where annual rainfall is 300 0 400 mm. 200 dunums should be
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Figure 4. The Use of Jordan’s Agricultural Lands.

Table 7. Total Cultivated Area of Dryland Field Crops
for 1974-1982 (Department of Statistics,
1974-1982).

Ficld Yeur
Crops

1974 1975 1976 1977 1978 1979 1980 1981 1982

................. 103 dunum o...............

Wheat 2,355 LU0 L3070 1,212 1303 961 1,301 970 995
Barley 623 512 515 446 506 445 502 467 479
Lentils 216 148 229 133 143 73 86 105 108
Chickpeas — 36 16 14 13 20 29 20 20
Total 3,194 1,807 2,067 1805 1965 1,505 1918 1,567 1,602
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Table 8. Distribution of Landholdings by Size in Jordan,
1975 (Qasem, 1985).

Size of Landholding Number of Landholdings % of Total
dunum

Less than 10 12,374 24
10-29 12,226 24
3049 7,634 15
50-199 14,123 28
200499 3,359 7
500+ 1,075 2
Total number 50,791 100
Total arca (ha) 3,904,031

Average size of a landholding 77

(dunum)

considered a minimal farm size if the farmer uses improved inputs. In zones with less than
300 mm rainfall, 600 dunums is seen as a minimal farm size that can support a family
(Qasem, 1985). Qasem’s analysis and estimation of a feasible farm unit confirms the need
to stop any further fragmentation and strongly suggests that the government should issue
an agricultural law which will prohibit the sale or misuse of designated agriculral land.
To overcome the problem of fragmentation would require comprehensive investigation and
assessment of all available aliernatives. One suggestion is (o reaggregate landholdings on a
sound farming basis without changing legal ownership, such as forming better organized
cooperatives which lead to a system of farm size restructuring and a better decision-
making mechanism.

Another option is sharecropping on a large scale. such as leasing & number of adjacent
farms 1o a custom farmer who grows field crops on a large scale and uses better inputs.
Previous experience indicates that custom farming operations might not create a better
production environment for the application of imnroved technology because the lease
arrangements usually run for only short terms such as one or two seasons and,
consequently. do not motivate custom farmers to employ modern inputs. Therefore, leasing
arrangements must be contracted for a longer period to encourage custom farmers to
develop these dryland farms and improve cereal yields. The development of adequate
contract farming practices and marketing activities would also make it possible for
abandoned farm land 10 be put back into productive use. There is evidence that 34 percent
of agricultural drylands have been left each year without cultivation. Part of this area is
fallowed while a larger part located in higher rainfall zones is simply not utilized because
of absentee owners and small landholdings.

Conditions of Dryland Farmers

In investigating the dryland production environment, one niust inquire about conditions of
Jordanian growers, their attitudes toward dryland production, and their standard of living.
Dryland farmers are essentially the ultimate decision-makers when it comes to production
and adoption of improved inputs. One interesting comment made by the head of the
government agricultural department in Irbid might explain the present tarmer's conditions.
He simply said, “*There are no longer wheat growers in Jordan.” What he meant was
there are no professional or full-time wheat farme. in Jordan. Because of the low returns
on dryland farming, farmers seek other job opportunitics in the urban arcas. 1t is reported
that the population of the Jordan drylands region is the poorest class of Jordan's total



Table 9. Number of Landholdings before and after
Partitioning during 1976-81 (Qasem, 1985).

Year Num.ber of Landholdings Number of Landholdings
before Partitioning after Partitioning
1976 2,657 7,033
1977 2,445 8,313
1978 2,898 9,853
1979 3,028 10,295
1980 3,160 10,744
1681 3,480 11,832
Total 17,668 59,070

population. This poor standard of living within the dryland arcas in developing countrics is
a general phenomenon, especially in the Middle East and North Africa (Gotsch. 1980).
Apparently, the farmers™ financial ability to invest in improving their land is very low.
The outstanding expansion of education in the rural arcas led to the emergence of a young,
educated generasion who sought employment in urban areas. This has created a situation
where elderly people have the responsibility of farming. Furthermore, the availability of
good job opportunities in off-farm employment has reduced the supply of labor in these
dry areas.

The cconomic returns from field crop production are also considered very low. This is
basically duc to the low yield per planted ha of wheat. It is estimated that the cash
operating cost for planting 1 ha of wheat by traditional methods is $152. Based on the
assumption that the averase yield is 1t ha !, if the price received by a farmer is $275 !,
the gross profit margin would be $123 ha'! or about JD 4.92 dunum! (Watkins ¢ al.
1983). A rough comparisor with cost of production in the dryland region of the Northwest
United States (Eastern Oregon) shows that the cash operating cost per planied acre is
$56.10 or $136.60 ha'! (Cook er al., 1984).

The highest yields for a dryland farm are estimated at 34 bu acre! or 2.3 t ha! reducing
the average cost of producing 1 t of wheat to $60. Low yield conditions in Jordan’s dry
areas reflect negatively on the cost of production, making farmers hesitant decision-makers
with respect to using modern inputs. Due to low economic returns from wheat cultivation,
farmers hove been shifting increasingly toward planting trees, especially olives and grapes.
It is reported that farmers” attitudes toward new dryland cultivation techniques are positive
and that they «ppreciate the benefits obtained from these modern inputs. Also. they are
aware of the effectiveness of the recommended techniques, but do not adopt them due to
many factors. among which is the profitability of these inputs. This issuc will be discussed
later in the analysis of Jordan’s experience with dryland agricultural research.

Availability of Improved Inputs

One of the main requirements for improving dryland agriculture is that inputs and
agricultural services be available in the rural arcas where farmers can casily obtain them.
These inputs include improved seeds, herbicides, fertilizers, and proper machinery.
Unfortunately, private agribusiness was not as motivated to serve the dry areas as it was
the irrigated sector. Reports indicate that the tractor operators are very traditional and run
old equipment. Private agribusiness in the rainfed areas did not show any interest in
providing proper machinery such as grain drills and plows. The Jordan Cooperative
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Organization (JCO) runs three machinery stations and provides seed drilling and tillage
services to field crop farmers. However, the magnitude of efforts provided by JCO is still
small. Therefore, shortages of proper agricultural equipment, as well as the technical
sufficiency of how to use and maintain them., still exist in Jordan dry areas. The use of
chemical fertilizer is still very modest. It is estimated that only 8 percent of farme:s
applied nitrogen and 5 percent of farmers applied phosphate to their fields. The total arca
fertilized annually is estimated to be only 300 ha. The present fertilizer production plants
in Jordan operate for export rather than to fulfill the needs of the dry areas of Jordan. The
Jordan Fertilizer Industry Company (JFI} produces diammonium phosphate fertilizer.
Fertilizer requirements for wheat growing were estimated by Duwayri et al. (1984). It is
interesting to note that tocally manufactured fertilizer does not provide the required mix of
nitrogen and phosphorus so fertilizer must be imported. The adopticn of herbicide use is
also very low in the dry arca. It is reported that more research is required 10 determine
the best and most effective weed control,

In general it is the high cost of improved inputs to dryland farmers that forestalls their
use. It is believed that cooperatives are more capable of providing improved inputs,
especially fertilizer and herbicides. to farmers at lower costs.

Jordan has good experience in technically improving dryland farming, especially with
respect o the production of wheat and barley. This is due to a long history of research
which has been conducted since the inception of the State of Jordan.

The first rescarch efforts 0 improve cereal production were initiated i 1951 and 1952
when varietal testing and fertilizer experiments were conducted by the Jordan Ministry of
Agriculture (MOA) in cooperation with FAQ (ICARDA, 1981). The variability of results
over sites made interpretation difficult. However, responses to nitrogen application and
nitrogen/phosphorus interaction were reported at some sites, In 1964, a breeding program
was undertaken at the Deir Alla station in the Jordan Valley with the assistance of the
Ford Foundation and CIMMY'T'.

More intensive efforts 10 increase wheat production were begun in 1967 when the MOA
started a comprehensive project with Oregon State University and funded by USAID. The
basic clements of this project were 1o increase wheat yield through the adoption of a
package of better culiural practices. namely, soil moisture, conservation, proper tillage,
weed control, fertilizer, improved seeds. and seed drilling. Most of the activities of this
project were concentrated on conducting agricultural demonstrations throughout the dryland
arcas to show, teach, and encourage wheat farmers 1o use better inputs and improved
farming methods in order to obtain higher wheat yields (El-Hurani, 1975). The project was
in operation until 1973,

In 1974, the Faculty of Agriculture of the University of Jordan launched a research
program in cooperation with FAO. Its purpose was to provide a format for training
scientists as well as 1o supply materials for varietal improvement. This program has dealt
primarily with varictal testing. fertilizers. and other cultural experiments.

In 1976, the Ministry of Agriculture launcied an intcgrated dryland farming development
project in cooperation with FAQ. The goal of this project was to increase productivity in
the principal crop arca of northern Irbid to be implemented in the five-year period from
1976 10 1980. This project focused on soil and moisture conservation practices ranging
from simple contouring to rock terracing, and a package of improved technology (2abb,
1967). This project showed that it is difficult to store moisture under Jordanian conditions
in the fallow year, and that the suggested technology package would be profitable on large
farms about 50 to 75 pereent of the time in the long run.
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In 1978, ICARDA cooperated with the Faculty of Agriculture and the MOA to conduct
the Jordan Cooperative Cereal Improvement Project. This project was funded by the Ford
Foundation for a period of 5 years, 1978 to 1983. The purpose was to define with greater
certainty, in a variable environment, those combinations of options which offer the farmer
the best chance of making the most effective use of his limited resources of land, labor,
and capital. More specifically, the project was designed to develop and demonstrate a
packge of agronomic technologies. ICARDA reported that the project developed a set of
recommended best-bet production practices with respect to variety, seed rate, fertilizer,
method and date of sowing, and weed control for wheat and barley in the different raiafall
zones of Jordan. This project has demonstrated that an increase in yield of 20 to 30
percent can be achieved even in relatively dry environments. But this yield increase can be
achieved only if the lessons of this project are extended to the farming community, and
provided that the necessary capital and supplies of inputs (seeds, fertilizers, and chemicals)
are made availabic. This project made clear recommendations for future research on tillage
practices, conservation of moisture, choice of variety, use of fertilizer, control of weeds,
the establishment and management of pasture, and the study of farming systems that
integrate the production of cereal crops and livestock (ICARDA, 1984).

Rescarch on food legume production started late in Jordan. In 1978, the Faculty of
Agriculture launched a research program to develop better cultural practices. The program
has focused on developing means for mechanical harvesting of lentils. In 1980, a
Jordanian-Australian dryland project commenced operation until 1984. The basic objective
of this project was 1o improve the productivity of the cereal growing areas of Jordan by
the introduction of fodder legumes into the cropping rotation and by the extension of
improved crop management techniques (Jordan-Australia Dryland Farming Project, 1984).
The project utilized on-farm trials of improved cereal and forage production.

Other projects to increase cereal production include one funded by International Funds for
Agriculiural Development (IFAD) in cooperation with the JCO. The objective of this
project is to increase agricultural production and farm incomes. It provides medium-size
seasonal loans to farmers, marketing services, supply of inputs, new agricultural
machinery, and technical assistance. Another project is supervised by the Arab Center for
Studies in the Arid Zones and Drylands (ACSAD) for the production of improved wheat
seeds. It provides all the requirements for the production and distribution of improved
seeds.

It can be concluded that there has been an accumulation of agronomic information,
technical experience, and research to improve Jordanian cereal production, but the results
so far have been somewhat disappointing. Jordan wheat yield did not show any significant
improvement, and total production has been decreasing for the past ten years. The most
comprehensive project Jordan had a few years ago was the USAID/Oregon State
University Project from 1967 to 1975. This project focused on demonstrations to teach,
inform, and encourage farmers to use these improved inputs. Unfortunately, farmers’
adoption of these recommended inputs was minimal. Other comprehensive research
indicated that farmers do know that better tillage, fertilizer, weed control, and all other
recommended inputs will increase wheat yield. Furthermore, this study reported that
farmers could express their knowledge in clear terms, since they could formulate
quantitative rates of return which they perceived from cach input (El-Hurani, 1975). So
basically tarmers did not lack knowledge concerning the benefits expected from the
technologies in the package bui still decided not to invest in these improved inputs.
Another inquiry addressed the issue of low adoption rate and found that a logical
interpretation lay in the issue of profitability (El-Hurani, 1980). A detailed calculation of
benefit/cost ratios for these inputs showed that farmers are rational, in the sense that the
economic returns from using these inputs were not attractive enough to cause farmers to
apply improved inputs. The issue of profitability provided a meaningful explanation of the

49



Review of Agricultural
Dryland Policies

50

behavior of Jordanian wheat farmers. The profitability of wheat production is basically
determined by the prices of these inputs (cost side), by the wheat yield (technical side),
and by the price of wheat output (determined by market or government price policy).

The real issue that needs to ve tackled is how 1o get farmers interested and motivated to
use these inputs. A long list of research results and reports indicates clearly that farmers’
readiness to use the inputs depends on the availability of these recommended inputs at the
right time, place, and prices. The issue of availability of inputs in the dryland areas is
discussed in Section 2.

Farmers® financial ability is another constraint. As indicated earlier, farmers in the
traditionally rural areas are the poorest class in Jordan, Any amount of capital investment
requires some kind of support, such as a short-term seasonal credit, and these loans should
be provided in kind to guarantee a proper use of the Joan.

The government recognizes the important role of the agricultural rainfed subsector to the
Jordanian economy since 93 percent of the total agricultural lands are considered rainfed
land resources. As Section 3 has shown, the government has a long history of efforts to
improve the productivity of these drylands through the implementation of several research
projects.

The first five-year economic development plan (1976 to 1980) specifically set the following
national goals to improve production conditions and 1o increase food production:

1) Increasing the production of the principal dryland crops by 1980 as follows: wheat, 36
pereent; barley, 25 percent; lentils, 25 percent; olives, 115 pereent; grapes, 110
pereent; and vegetables which are partly produced in rainfed areas by 50 percent.

2) Increasing fodder and forage crop production,

3)  Developing agricultural methods, supporting services, and extension.

4) Changing the pattern of utilizing rainfed lands by relating the crops planted to the
agroclimatic conditions. Reducing the grain-growing area from 340,000 ha to 240,000
ha, saifting about 90,000 ha from wheat to barley. and increasing tree plantings.

5) Promoting the establishment of agricultural cooperatives in the rainfed areas.

6) Increasing livestock production. beef by 100 percent and mutton by 20 percent.

However, this five-year plan did not allocate enough capital resources to improve the
production environment in the rainfed subsector. 1t is reported that the largest proportion
of agricultural investment (about three-fourths of total agricultural investment) was spent
on irrigation projects. The second five-year cconomic development plan (1981 to 1985) has
almost repeated the same national goals of the first five-year plan for the rainfed
subsector. For example. it stated the following national goals:

1) To increase productivity of the dryland sector and speed up the introduction of farm
mechanization.

2) To increase average production of the main field crops (wheat, barley, lentils) by 30
percent during the period 1981-1985.

3) To limit the production of these field crops to areas most suitable for them.

4) To plant 245,000 dunum with fruit trees. giving priority to land with more than 9
percent slope.



With respect to field crops, this plan expected to increase total production from 109,000 t
in 1980 to 142,000 t in 1985, achieving a total production growth rate of 30 percent for
this period. However, actual production averaged 90,000 t during 1981 10 1985, which
indicates a decrease of 18 pereent from previous production. This simply means that total
production of field crops has deteriorated over the past 10-year period. To obtain a better
understanding of the presently stagnating dryland sector, we need to review the prevailing
agricaltural dryland and food policies in Jordan. There are three significant policies:
agricultural input price subsidies, wheat output price support policy, and finally,
consumption subsidies on wheat and bread prices. A brief discussion of these policies
follows.

Agricultural Input Price Subsidies

The Jordan government provides some general subsidies to the agricultural sector in the
form: of duty-free importation of agricultural inputs and machinery. However, all
agricultural inputs are sold by private firms who import directly from international
companics, so the prices of all these inputs retlect the international supply and demand
conditions. Some specific government projects promote planting fruit trees in hilly rainfed
arcas with a slope of 9 10 25 pereent. For example. the government in cooperation with
FAO/UNDP provides farmers with subsidized frait tree seedlings and food material
assistance for terrace building. Also JCO provides some inputs to dryland farmers at
subsidized prices. But this support is very limited with respect to the scope of the
Jordanian rainfed sector. Fertilizers, herbicides. and machinery are sold to the dryland
farmers at high prices. A serious concern was raised by an important study in 1980
(Gotsch, 1980). It was concluded that output-input relative prices were moving against
purchased modern inputs. Gotsch caleulited the ratios of wheat-fertilizer prices for the
period 1967 to 1976 and found that these relative prices were preventing farmers from
using fertilizers. The diffusion of the improved package could be accelerated by applying a
subsidy directly 1o the input itself. We believe the government of Jordan might be well
advised to subsidize fertilizer if the alternative is to subsidize large-scale wheat purchases
from abroad. There must be an emphasis on the provision of inputs and services at prices
which guarantee a reasonable profit margin to dryland farmers. Input price policy for the
dry arcas must receive more attention by decision-makers, since the slow adoption rate of
recommended inputs is the resalt of factors such as the high prices of inputs.

What Output Price Support Policy?

The Jordan governiment encourages dryland farmers to produce wheat in rainfall zones of
300 mm and above, and in arcas with a slope of 0 to 8 percent. The goal of this is to
increase wheat produ Son in order to reduce the size of imported wheat annually. For
many years the government adopted wheat price support policy by offering to purchase the
domestically produced wheat at higher prices than the international price. Although this
price support program has been practiced by the government over many years, it has never
achiceved its desired purpose due to the inefficiency and poor timing of its implementation.
Farmers usually have the freedom to sell either to the local merchants or the government,
Over numy years, this support price has not been attrictive to farmers nor effective in
motivating farmers to increase their wheat acreage.

Previous studies asserted that farmers prefer selling to local merchants rather than to the
government because:
1) The difference between the government support price and local market is negligible.

2)  The government has requirements for quality. procedures of procurement, and routine
of payment. These strictures do not motivate tarmers to sell to the government.

3) The local wholesale merchants asually piy cash to farmers, and carry the purchased
wheat from the farm.
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Table 10. Size of Government Purchases of Domestic
Wheat from 1980-1983 (Rccords of Ministry of
Supply, Amman, Jordan.)

Year Size of Local Size of Total Percent of Purchase
Wheat Wheat Production to Local Production
Purchased by
Governmert

................ on ........cooeee..

1980 25.508 139,007 18.4

1981 20,188 59,687 33.8

1982 3.871 29,100 13.3

1983 34,947 115,613 30.2

Table 10 shows the percent of government purchases of domestic wheat during the period
1980 1o 1983 and the ratio of these purchases to total domestic production. The Ministry
of Supply hought only a small proportion of Jordanian wheat, ranging from 13 to 34
pereent of wotal domestic production. Apparently. the povernment d'd not work hard in
purchasing local wheat simply because it costs much more than imported wheat. Since the
government bought only a small proportion (13 10 34 percent), the logical question is what
happened 1o the rest of the domestic wheat. About 50 pereent of domestic wheat is
retained on the farm for household consumption, seed requirements, and feed for animals.
It s believed that a high percentage of the remarning domestic wheat is marketed through
private channels as animal and poultry feeds. I this is true, it means that Jordan will have
o import more wheat as the availability of local wheat diminishes. The total srea of wheat
cultivation has decreased during the last several years reaching its fowest level to date in
1984, 700.000 dunums.

IUis strongly argued that Tack of rainfall is not responsible for this decrease. Qasem
provides pood examples on this matter. For instance. the year 1974 was considered an
excellent raintull season and the wheat area was 2.3 million dunum., In 1980, however, the
cultivated wheat arca was only 1.3 million dunum. a 43 pereent decrease from 1974,
although it was an equally excellent rainfall scason. Also. 1976 was considered an average
rainfall season. with the cultivated wheat area at 1.3 million dunum, but in 1984, an
equivalent raintall sease ., the cultivated wheat area was 700,000 dunum, a 46 percent
deerease from 1976,

This simply means that wheat cultivation has become a low priority for farmers. Because
wheat is usually cultivated in high to medium rainfall arcas (300 mm annual rainfall) these
areas are also suitable for fruit trees and vegetable production. If farmers have the
financial resources they might as well establish fruit orchards which have a higher net
meome and less financial risk (Quasem, in press).

Consumption Subsidics on Wheat and Bre«' Prices

The Jordanian government provides sizable subsidies for the wheat consumed by
Jordanians. "This policy has been practiced by the government for many years. The
purpose of this market intervention is to provide bread to Jordanians living in urban arcas,
at low cost. The government imports most of the needed wheat Trom the world market and
sells it to mills at a reduced price to control the price of flour, and consequently, to
stabilize the price of bread.



Table 11. Government Consumption Subsidy on
Imported Wheat for the Period 1981-83
(ACSAD, 1984, Tuble 14.)

Item Year

1981 1982 1983

............. JDo

Price of imported wheat CIF Agaba 67.25 64.63 62.43
Total cost of handling 10.37 10.34 9.46
Total cost of imported wheat 77.62 74.97 71.89
Government subsidized sales price to millers 40.00 38.40 37.40
Government subsidy per imported ton of wheat 37.62 36.54 34.49
Amount of imported wheat (103 1on) 199.1 2499 290.6
Total government subsidy for imported wheat
{mitlion 1.D.) 7.490 9.139 10.023

Itis noteworthy that during the 19505 and 19605 about half of Jordan's total wheat
requirements were met by domestic production. Foreign donations of wheat fulfilled 25
percent of the need. This means that Jordan imported around 25 percent of its
requirements. However, since the 1970s, Jordan's direct imports of wheat have risen to 70
pereent of total annual needs because the relative share of local production has fallen to
only 20 percent and wheat donations have decreased to 10 to 12 pereent of the total wheat
demand. The consequences of such u trend are a greater burden on the government budget
and more foreign currency allocated to purchase an increasing amount of wheat.

In 1983, more money was spent to import wheat than any other food item, J.D. 32
million, or about $95 million. In 1984, the estimated cost for imported wheat was $30
million while in 1973 it was only $9 million. To attain a better understanding of the
Jordanian consumpiion subsidy, Table 11 shows caleulations of the budgeted cost of
imported wheat for 1981 1o 1983, Government budgetary support increased from J.D. 7.5
million in 1981 to 10 million in 1583, a0 33% pereent increase in budget support during
three years.

In addition to support for imported wheat. the government of Jordan buys domestic wheat.
Although this purchase is small. it represents a very interesting case as the government
supports two groups of Jordunians: dryland wheat farmers and urban consumers. The
government buys wheat from farmers at a price perceived to support farmers since the
government could buy wheat abroad at a much lower cost. Table 12 shows the budget for
purchases of domestic wheut trom 1981 10 1983,

Government support rose from 1.1, 1.5 million in 1981 1o 1.D. 2.6 million in 1983. To
evaluate the government efforts to buy domestic wheat, Table 13 shows wheat prices, both
imported and domestic, and the price differential from 1981 10 1983,

The world market price was lower than the local price over all years and increased with

time. For example, the government paid more than 41.5 percent of the imported price in
1981 for local wheat. increasing to 50 percent in 1982, and 74 percent in 1983.
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Table 12. Government Consumption Subsidy on Locally
Purchased Wheat (ACSAD, 1984).

Item Year
1981 1982 1983
............. JD.
Price of a ton of puarchased domestic wheat 9520 96.45 108.45
Total cost of handling 4.27 4.36 4.2]
Total cost of purchased wheat 99.47 100.81 112.68
Government subsidized sales price o millers 40.00 38.40 37.40
Government subsidv per ton 5947 62.41 75.28
Amount of purchased wheat (ton) 25,510 19410 37,760
Total government subsidy and support for local
wheat (million 1.D.) 1.517  1.212 2.624
Table 13. A Price Differential between Imported and
Domestic Wheat (ACSAD, Table 11 and Table
12).
Item Year
1981 1982 1983
............... JD.
Price of domestic wheat per ton 95.20 96.45 108.45
Price of imported wheat per ton 67.25 64.63 62.43
Price differential per ton 27.95 31.82 46.04
Percentage price differential over imported price (%) 41.5 49.2 73.8
An Assessment of Jordan All Jordan development plans have placed emphasis on the importance of the developing
Agl:lt:ll"lll‘al Dry!und agricultural sector. Although actual farming is done by the private sector, the government
ll;ol‘lues: Conclusions and of Jordan assumed the responsibility of providing infrastructure as well as basic services to
ecommendations facilitate and accelerate agricultural growth. As mentioned previously, the government

grants full exemption of import duties on all agricubuzal materials obtained from
international markets. For the purpose of protecting farmers from the use of low quality
imported inputs or potential health hazards. the gov.nment instituted measures for
regulating and controlling the import of pesticides and other chemical materials. The
government also provides a number of public sources of credit on casy terms to encourage
the private sector o enter the farming business.
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Despite these efforts, the performance of the agricultural sectoi is still weak, and more
efforts arc apparently needed to bring about more positive responses in production,
particularly in the rainfed subsector. As reported earlier, agriculture’s share of Jordan's
gross fixed investment appears low, and most of this investment is channeled into the
irrigated sector. The rationale of previous government policy was to concentrate
development efforts more on irrigated agriculture and this is quite understandable. After
experiencing several years of drought which adversely affected dryland agriculture,
Jordan’s solution has been to turn its efforts to the Jordan Valley, a unique irrigable area
of high potential. Also, it is in irrigated agriculture that the international community offers
the best opportunitics for financial support and assistance.

The present food and agriculture conditions demonstrate the necessity to reactivate efforts
for the development of the rainfed sector. There will be an even greater need to develop
the dryland subsector as the demands for food grains and meat increase at higher rates in
the future.

The dryland subsector has been showing signs of deterioration over the years. The general
assessment is that the government has made only minimal efforts to improve the
production conditions in the dry regions. Previous efforts were primarily research and
technology transfers. Dryland agriculture appears to be a low priority for resource
allocation. | believe the Jordan rainfed subscctor requires more public investment, as well
as the devotion and dedication of Jordan's higher officials. What is required now is to
develop more specific projects in actual agricultural production such as the Jordan
Highlands Agricultural Development Project (JHADP). The proposed JHADP utilizes a
fresh approach in dealing with the issucs of production in rainfed agriculture, especially
for inputs and services.

Research efforts have been directed toward the improvement of the drylands since 1952,
However, all these years of rescarch did not bring prosperity to the rainfed subsector. The
farmers plant wheat with minimum inputs. The adoption rate of modern technology is very
low, and the arca cultivated with field crops is decreasing. T believe that significant
progress in the dryland subsecior of Jordan will be a real challenge, along with
formulating « strategy to increase production. Increasing the cereal yicld is not impossible,
bocause it is a result of using proper inputs such as fertilizer, herbicides, and proper
machinery. As illustrated in Section 3, the issue of profitability would provide a
meaningful reason for the low adoption rate behavior of Jordan wheat farmers.

The high cost of production of 1 t of domestic wheat is due to the low yield per dunum of
Jordan’s drylands. This low yield is caused by the lack of application of imprcved inputs.
Farmers do not use improved inputs because of high prices and the unavailability of these
inputs. This scems like a vicious circle where low profitability is caused by the high cost
of production. This high cost of production is caused by low yield, and this low yield is
caused by lack of use of improved inputs, and wheat farmers do not use these modern
inputs because of high cost. To break this vicious circle is the responsibility of the
government. | believe the most important task of the government is to provide inputs and
agricultural services to dryland farmers at the right time, and at reasonable prices,
especially with regard to fertilizers, herbicides, and machinery. We stress subsidized inputs
rather than the subsidized price of bread to consumers. Generally, it is recognized that the
expenditure which food subsidies may reguire in LDCs is often immense and may come at
the expense of investment in focd production. which provides the lower income people
with even more food than the subsidies themselves (Knutson er al., 1982). [n Jordan, it is
realized that providing cheap bread through strong government intervention in marketing,
processing, and pricing of wheat, flour, and bread undoubtedly has adversely affected
domestic wheat production. Therefore, in addition to improving the conditions of Jordan’s
production environment, the government must recognize all the factors which influence the
farmers” decision to produce field crops, including marketing, processing, pricing of inputs
and outputs, and focd policy.
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Introduction

Research and Extension

Ley Farining Research

Jordan/Australia Dryland Farming Project Background, Aims
and Some Early Results

C.S. Heysen and P. Tow

Jordan/Australia Dryland Faring Project, Anman, Jordan

ABSTRACT. The ley furming system, in which the fallow in the cereal/fallow rotation is
replaced with a self-perpetiating annual legume pasture, may be a good method of
increasing production in Jordan’s rainfed farming sector. The Jordan/Australia Dryland
Farming Project is doing research o adapt ley furming to Jordanian conditions, and
extension to encourage adoption of new, productive agronomic practices. The Project has
identificd a number of annual medics which fix nitrogen and are self-seeding. Research on
their potential for inclusion in the dordanian cereal-based farming svstem will continue.

The Jordan/Australia Dryland Farming Project is designed to improve the productivity and
profitability of rainfed farming tn the 200 (0 300 mm rainfall zone of Jordan through the
closer integration of cereai and hvestock production utilizing methods adapted from the
southern Australian ley farming systen.

The essential feature of this system is the replacement of fallow in the cereal/fallow
rotation with a self-regenerating annual tegume pasture. Benefits include improved

livestock production, increased soil nitrogen. and organic matter with a consequent
beneficial effect on tertility and soil structure,

The project has two main programs:
1) Rescarch, and

2)  Extension and training.

The goal of the research program is o define the optimum production system given the
existing physical and social environment of Jordan. It comprises agroaomic and livestock
rescarch, a sociolosical survey, and cconomic evaluation. The objective of the extension
program is to cducate the rural community in the means of achieving the production
possibilitics defined by the rescarch program. Since the research process is dynamic the
two programs are run concurrently with research results incorporated into the extension
program as they are obtained.

Achicvement of these goals witl rely on the development of a cohesive farm system
approach. The framework deseribed in this paper is used to define cach aspect of the
work. The basis of the framework is for activity to be centered on the farm; the program
is designed to support the implementation of project goals at the farm level. Where
necessiry, specialist support is employed from outside the participating organizations of the
project. However, essential ingredients for long-term suceess of the program are the
participation of focal agriculturists in all stages of the work and cooperation among
Jordanian institutions involved in agriculture.

Because large cereal improvement programs are in progress in Jordan, the project is
concentrating its efforts on the incorporation of an annual legume phase in cereal-based
farm rotations. The following results from the first three years of the work support the
view that such a pasture phase will be feasible:

D A mixture of commercial annual meaie cultivars has yiclded as much dry matter as
cercal-vetch mixtures in small plots. M. scutellata is the most productive commercial
cultivar.

2)  Other, noncommiercial medics, particularly M. rotata, have been more productive in
small plots than many commercial cultivars.
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3) Annual medics have repeatedly responded to inoculation with commercial Rhizobium
cultures, demonstrating reasonable nitrogen fixation.

4) Several medics have given good seed yields in small plots, particuiarly M. rorara, M.
scutellata, M. aculeara, and M. blacheata.

3)  Medics regenerate in subsequent years, provided pods are not plowed in, taken by
rodents or ants. or caten by sheep.

The current pasture research program is designed to continue the evaluation of a range of
annual legumes in terms of their adaptation to climate and soil, their utilization for
livestock production, and their compatibility with Jordanian cereal-based farming systems.
Farm demonstrations are continuing but extension and education programs will be
expanded as practical information becomes available. This nrogram and these plans will be
guided by the results of a sociological survey now being undertaken.
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Introduction

Climate

Soils

Soil Management, Water Conservation, and Crop Production in
the Dryland Regions of Turkey

N. Durutan, M. Pala, M. Karaca and M.S. Yesilsoy
Central Anatolian Agricultural Research Institute, Ankara, and
University of Cukurova, Adana, Turkey

ABSTRACT. In order 1o stabilize cereal production against unpredictable precipitation in
the Central Anatolia, Turkey, available soil water must be increased during the fallow
period through improved soil and water management. Four tillage systems were compared
to determine theiic effeets on soil properties, moisture conservation, and weed conrrol. The
sod mulch system had the highest water infiltration, the most effective weed control, and
the highest fallow efficiency. It was superior to the stubble mulch, modified soil mulch,
and modificd stubble muleh systems. A package of agronomic practices based on these
studies has been recommended for adoption by farmers in the wheat/fallow areas.

In Turkey, although semiarid areas are mostly concentrated in the Central Anatolia there
are a number of small arcas scattered outside of the major zones (Figure 1) (Basbakanlik
Devlet Meteoroloji Isleri Genel Mudurlugu, 1984). The semiarid regions are approximately
40 pereent of the total area: acarly 60 percent of the total semiarid arca exists in the
Central Plateau. The major dry-farmed cropland is bounded by longitudes 30.5° and 38° E
and latitudes 37° and 40.6° N.

It should be emphasized that any management system that will increase production in an
arca will be closcly linked to the ecology of that area. In other words, the ecological
conditions of a given region determine the agricultural system for that part of the country,

The inner arcas of the country, particularly the Central Anatolian Plateau, are dryland in
nature. However, due to the topography of the region, climatic conditions vary. Figure 2
shows four types of climate occurring in the Central Plateau. Although there is some
variation among the provinces in annual precipitation, scarcity of rainfall and scasonal
distribution of rainfall arc the most important characteristics of the region.

The average annual precipitation ranges from 250 mm to 459 mm depending on the
region. There are also gieat differences among the years. For instance, in one location the
annual rainfall was 195 mm one year, and in another year it was 557 mm. This
unpredictability always carries the threat of drought.

The scasonal distribution of precipitation is given in Fisure 3. Nearly 70 percent of
precipitation occurs in winter and spring. The dry season begins around mid-June and
continues until the end of October. This period is the most important for cereal production
from the point of view of water storage. It has very limited total rainfall accompanied by
high temperatures and low humidity.

Soils of the Central Plateau belong to the Brown great soil group. Fifty-six percent of the
Central drylands have clay and clay loam soils (Tables 1 and 2). Approximately 40 percent
of the soils are loam soils: only 4 percent are coarse-textured soils.

Most soils are limited in their water holding capacity since the soil depth is just a meter
over the calcarcous parent material. These soils have a low water infiltration rate with
very slow downward movement into the subsoil but considerable upward movement occurs
when evaporation takes place at the soil surface.



Cropping Systems

Major Problems and Main
Approaches

Semiarid areas

Figure 1. Semiarid Areas of Turkey (Basbakanlik Devlet
Meteoroloji Isleri Genel Miudurligii, 1984).

Generally, the soils are poor in organic matter content; 75 percent of the soil contains only
110 2 percent organic matter. Since nearly 70 percent of the soils are poor in P,0s,
phosphorus and nitrogen fertilizer applications arce standard practice in most areas. Most
soils are rich in CilCO} and K5O (Ulgen and Yurtsever, 1984).

Soil salinity and alkalinity are not serious problems in the Central Plateau. According to
the latest statistics, only 3.5 percent of the total arable land is saline or alkaline.

In winter-dominant, low rainfall arcas (250-400 mm), cropping is based on a fallow-cereal
rotation using a I4-month fallow period. Wheat and barley are the most important cereals.
According to the latest statistics almost 60 percent of the total wheat yield is produced in
this area by dryfarming.

In the transitional zones high annual precipitation allows meie intensive cropping.
Legumes are usually grown in rotation with cereals.

The main factor limiting yield in the Plateau is insuiticient moisture. If moisture is the
most important factor limiting yicld in a region, the efficicat use of water should be the
guiding principle in sclecting the package of crop and soil management practices (Bolton
and Booster, 1977). Crop management practices under dryland conditions are:

1) Good soil management to conserve the maximum amount of water in the soil profile
and to provide optimum seedbed conditions during the fallow period.

2) O dmum date and rate of seeding that enable the plant to efficiently utilize the
available moisture for maximum yields,

3) In relating moistare supply in the soil to crop demand, careful fertilization must be
practiced (in addition to phosphorus fertilizer, nitrogenous fertilizer is also required).

4) High-yiclding cultivars (well-adapted to drought and cold, and discase and insect
resistant) are needed.,

5) Control of weeds, both in the fallow and crop year, is essential to conserve moisture
in the fallow and make more water available to the crop in the crop year.
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Figure 2. Fou - Types of Climates Occurring in the Central
Plateau (Mizrak, 1983).

In order to stabilize cereal production against unpredictable precipitation, available soil
water must be increased during the fallow period through improved soil management.
Primary emphasis should be airected toward increasing infiltration and preventing
evapotranspiration. Since the water infiltration rate is slow in the Plateau and the
downward movement into the subsoil is very slow, soil must be tilled so that the
infiltration rate is enhanced during the intensive rainfall period. Intensive rainfall occurs
during spring, particularly in April and May. After this humid period, the drought period
begins with the onset of dry and hot weather. Water loss by transpiration and cvaporation
also increases at this time.

Weed growth on fallow land is the priraary cause of water loss by transpiration.
Conscquently, fields must be kept clean throughout the fallow period, from the beginning
of spring until planting time. This can be done by tillage or use of herbicides.
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Figure 3. Yearly Precipitation Distribution in Main Dryland Area
from 1930 to 1980 (Basbakanlik Devlet Meteoroloji Isleri
Genel Miidurlugti. 1974).

During long, dry periods, capillary continuity causes evaporative moisture loss. Therefore,
cvaporation rate may be reduced by disrupting capillary continuity with the deeper soil
layers. Since the upward flow of water is high in the fine-textured soils of the region, a
layer must be formed on the surface to increase the resistance to upward movement. This
layer must also thermally insulate the deeper soil layers during the dry season.

Water Erosion

Water runoff is an erosive agent. In soils having low infiltration rates svil losses can occur
during high intensity rainfall.

In order to decrease runoff from high intensity rains on slowly permeable soils, the water
retention period on the soil surface raust be extended. Second, the water intake rate must
be improved. Both can be accomplished through increasing surface roughness and total
porosity. Soil management practices that have these results are part of the proper
management system for soils of the Central Plateau. The frequency of cerosive rainfall,
however, is somewhat low in this region (Figure 4).

Soil losses caused by runoft are also closely related to the percent of slope. In the Platcau,
cereal production is recommended for arcas with slopes of less than 8 percent. Perennial
forage-crop production is encouraged for steeper areas.

A 5-year runoft study was conducted on a clay loam soil with 10 percent slope in the
transitional zone and an anaual precipitation of 450 mm. During experimentation years, 19
percent of the annual precipitation was found to be erosive. Under these conditions, tilling
up and down hill caused 3.5 percent runoft while only 1.9 percent runoff occurred with
contour tillage (Kuse and Sayin, 1978).

Wind Erosion
With the practice of fallow, soil is left without vegetative cover and is exposed to the
wind. The hazard is greatest during the dry season when the soil surface is dry and high

winds are common. According to Ask (1977), wind speed higher than 5.5 m s} is
accepted as erosive. In the Central Plateau, only 3.4 percent of the total crop land is
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Table 1. Some Physical and Chemical Properties of Central Anatolian
Soils, Altinova State Farm (Yesilsoy. 1974).

Soil Particle Size Distribution pH Bulk Field  Wilting Organic Total Lime  Available
Depth Density Cap. Point Matter Soluble
Sand Silt Clay  Texture+ Salts P,O; K0
omo . . gomd L %o . kg dal ..
0-5 30.2 30.0 39.8 CL 7.40 — 16.6 10.6 2.27 0.054 9.97 6.61 193
5-10 30.6 293 40.0 C 7.40 - 16.9 11.2 2.20 0.060 9.29 2.13 148
10-30 27.9 26.7 454 C 7.28 1.15 69.5 47.8 212 0.059 10.5 0.77 99.3
30-60 25.2 23.2 51.5 C 7.35 1.07 100.1 69.9 1.51 0.054 16.2 0.77 45.6
60-90 23.0 25.3 53.0 C 7.47 1.20 111.7 67.5 0.93 0.044 32.7 0.77 31.6
90-120 37.8 284 35.8 CL 7.61 1.16 108.6 54.7 0.47 0.033 51.3 0.77 17.3
120-150 43.5 30.2 26.2 L 7.88 1.12 99.6 55.3 0.31 0.059 39.4 0.77 18.4
+ C. clay: CL, clay loam: L. loum.
Table 2. Some Physical and Chemical Properties of Central Anatolian
Soils, Karapinar, Konya (Abali. 1930).
Soil Particle Size Distribution pH Bulk Field Organic EC 25°C Lime
Depth Density Cap. Matter
Sand Silt Clay Texture+
cmo L, % e g cm3 mm % mmhos cm! %
0-15 68.1 15.3 16.6 SL 8.1 1.10 23.3 1.9 0.62 447
15-30 57.2 227 20.1 SCL 8.1 1.09 32.9 1.6 0.45 48.6
30-60 31.0 26.0 43.0 C 8.2 1.01 79.6 1.5 0.45 53.5
60-90 16.0 244 59.6 C 8.3 1.06 88.6 1.3 0.85 54.6
90-120 12.5 423 45.2 SIC 8.0 1.18 85.7 1.2 1.10 55.3

* C, clay: SCL. sandy clay loam: SIC, zilty clay: SL, sandy loam.
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Figure 4. Maximnm Rainfall in Central Aaatolia (Colasan, 1969).

affected by wind crosion (Topraksu, 1980). Within this arca the monthly average wind
speed is less than the limit aceepted as erosive. Therefore, wind erosion is not a problem
except in specific arcas.

To prevent wind erosion, soil should be protected during the fallow months, particularly in
dry periods, b ecither a residue cover or a soil layer of erosion-resistant clods. Soil clods
1 10 8 e in diwmeter on the soil surtace improve crosion control (Greb et al., 1979).

A soil management system that mects these requirements can reduce wind crosion in the
dryfarmed croplands of the Plateau.

Much research on the fallow-wheat arcas of Central Anatolia has been conducted since the
1930s with valuable results. With the initiation of the National Wheat Research Project in
1969 special emphasis was placed on soil moisture conservation in the dryland arcas of
Turkey. paralleting the soil tillage research carried out in other dryland arcas of the world.
Rescarch since 1969 has been based on experimental findings of the work from 1930 to
1968 (Berkmen. 1961; Gerek. 1968).

Time and depth of tillage and implements for initial and succeeding tillages were

determined by a series of experiments conducted at research farms, State Farms, and on
farmers™ fields in various locations.
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In the first phase, rescarch was directed toward determination of various components of
the seil management system such as time, depth, and type of implement. The
recommended system was established and named the soil mulch system. This system was
determined through basic and adaptive research trials carried out in various locations of
the Central Platcau.

In the second phase. the recommuended system was tested against some other systems and
its effects on yield and on various soil properties were investigated in detail.

The soil mulch systen for dryland arcas of the Central Plateau is summarized below.,

I}y The effect of fall ullage by chisel or moldboard plow versus no tillage on wheat yield
is not significant. Initial tllage can be practiced in the fall in arcas where heavy
spring rains do not allow plowing in the carly spring.

2) To get the maximum benefit from spring rains, initial tillage must be practiced in
carly spring as soon as the soil reaches the proper condition for tillage. Early tillage
also provides lower weed density in the crop year, 20 and 84 weeds m2 for early and
late initial tillage. respectively. Early tillage results in a 75 perecent greater yield than
late tllage.

3) The moldbeard plow is the best initial tillage implement, resulting in higher total soil
porosity. higher random «oil roughness. better infiltration, lower weed density, and
higher grain yields than the sweep, chisel plow. or no tillage, in that order.

Plowing is the first step in creating a soil mulch layer on the soil surface to prevent
moisture losses during dry periods. When soil is in the proper condition, plowing
facilitare: good aggregation and granulation which work as barriers to wind erosion.

4) Fhe moldbourd plow, used at a depth of 18 to 20 em, provides higher random soil
roughness. higher total soil porosity, higher infiltration rates, lower weed density, and
better yiclds than shallow plowing.

5) A sweep and harrow combination at a soil depth of 8 to 10 em at the beginning of the
dry period is required to prevent evapotranspiration. Depending on weed density and
crust formation. several summier tillages should be practiced. This can result in an 86
percent yield increase over the vontrol (no summer tillage). In order to keep the
conserved moisture closer to the surfiace ol the seedbed, the depth of tillages
subsequent 1o the second tillage should be decreased to 6 to 8 e,

The soil management system devised for the Central Plateau has been tested for five years
at difterent locations of the region. The experimental yields were compared with that of
adjacent farmer’s ficlds (Figures 5 and 6). The five-ycar average of the recommended
practices for five provinces was 88 percent greater than the average farmers’ yield.

A series of detailed experiments was conducted at one location for six years to cvaluite
various soil nunagement systems. The treatiments were:

1) Stubble mulch system: Initial tillage and succeeding tillages with a large sweep at a
depth of 510 8 ¢ (Figure 7).

2)  Madified stubble muleh system: Initial tillage with & common sweep at a depth of 18
to 20 em and succeeding titlages with a sweep and harrow combination at a depth of 8
to 10 em (Figure 8).

3) Soil muleh system: Initial tillage with a moldboard plow at a depth of 18 to 20 ¢m
and succeeding tilkages with a sweep and harrow combination at a depth of 8 10 10 cm
(Figure 9 and 10).

4)  Maodified soil mulch system: Initial tillage with a reduced surface moldboard plow at a
depth of 18 1o 20 ¢ and succeeding tillages with a sweep and harrow combination at
a depth of 8 to 10 em (Figare 11).
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Figure 7. Large Sweep Which Is Used as the Initial Tillage
Implement and for Succeeding Tillages (Dogan e al.,
1977).

Figure 8. Common Sweep Which is Used in the Modified Stubble
Mulch System (Dogan er al., 1977).



Figure 9. Moldboard Plow Which Is Used as the Initial Tillage
Implement in the Soil Mulch System (Dogan et al.,
1977).

Figure 10. Sweep and Harrow Combination Which Is Used as the
Summer Tillage Implement for the Soil Mulch, the
Modified Soil Mulch, and the Modified Stubble Mulch
Systems (Dogan er al., 1977).
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Figure 11. Reduced Surface Moldboard Plow Which Is Used as the
Initial ‘Tillage Implement for the Modified Soil Mulch
System (Dogan er al.. 1977).

Physical and chemical properties of the experimental field are given in Table 3.

The soil mulch system was found to be the most effective soil management system
resulting in the highest infiltration rate after both initial tillage and the second operation.
The modified soil mulch and modified stubble mulch systems, respectively, ranked second
and third in cffectiveness. The stubble mulch system was the least effective system in
increasing the infiltration rate (Figure 12).

The cumulative infiltration at the end of 3 hours for no-till soil was found to be 551 mm
in an experiment conducted in the same year at a neighboring field. The stubble mulch
system remained below that level with a cumulative infiltration of 249 mum. The soil mulch
system reached to a level of 1090 mm.

A soil management system which provides moisture accumulation above the wilting poin:
in the seed germination zone at seeding time gives an advantage to the crop through the
vegetative period. This is reflected in higher yields. Data obtained from the soil
management system studies indicated that the soil mulch system provided these advantages.
As seen in Figure 13, this system helped to accumulate moisture above the wilting point
particularly in the scedbed zone. This is important for early fall establishiment of winter
wheat. The stubble mulch system was the least effective system for moisture conservation.
At seeding time the moisture conserved by this system was above the wilting point at
depths of 23 ¢cm and below. The soil mulch system also provided the highest fallow
efficiency (Figure 14).

Water stable aggregates were measured at the end of the research period of year 6 just
before the initial tillage (Ozkan er al., 1984). The data in Figure 15 indicate that the
stubble mulch system keeps the pereent of water stable aggregates about the same at
depths of 0 to 10 em and 10 1o 20 em. In the soil mulch system, however, the percentage
of water stable aggregates is the lowest at 0 10 10 em and the highest at 10 to 20 ¢m
depth. This system brings stable a 1gregates to the surface layer later due to the turnover
function of plowing.

Stubble mulch encouraged weed growth, particularly the grassy weed population (B.
fectorum and Aegilops spp.). The moldboard plow is the most effective initial tillage
implement in decreasing weed population compared to sweep type implements. Therefore,
the soil mulch system is recommended to control the grassy weeds.



Table 3. Physical and Chemical Properties of the Soils of the Research
Farm at Haymana.
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Soil Particle Size Distribution pH Bulk Field Wilting Organic Total Lime Available
Depth Density Cap. Point Matter Soluble

Sand Silt Clay Texturet Salts P,0; K,O0

om ... B gomd ... Mmoo e P .. kg da’!

0-10 20.8 30.2 49.0 C 7.50 1 08 38 22 2.10 0.053 23.1 3.74 137
10-30 19.7 24.6 55.7 C 7.50 1.08 79 49 1.79 0.057 229 1.55 88
30-60 17.1 20.9 61.0 C 7.60 1.11 123 72 1.10 0.053 30.2 0.73 49
60-90 16.9 19.7 63.4 C 7.65 1.12 127 74 0.87 0.052 3222 0.87 55
90-120 16.9 18.5 64.9 C 7.75 1.14 131 72 0.43 0.050 38.0 0.61 43

T C, clay.
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Due to improved soil properties, effective moisture conservation, and weed control, the
soil mulch system produced remarkable yield increases compared to the stubble mulch
system. The modified soil mulch and modified stubble mulch systems produced
intermediate yiclds. Results were strongly dependent on the year.

In the crop year efforts are made to provide cfficient use of previously stored moisture.
For this purpose experiments have been conducted to determine optimum seeding time and
method, proper seed and fertilizer rates, optimum time and method of efficient weed
control, and oplimum varietics.

With these trials. a proper package of practices was developed for the fallow-wheat areas
of the Central Platcau. Information was transferred (o the farmers through demonstrations
in farmers® fields. Figure 16 shows the effects of high-yielding varicties and the
recommended management system on farmers' yields in various locations.

This work is continuing in all provinces of the Plateau. Since different components of the
improved package are missing in different management locations, demonstrations are being
carried out to complete the packages.

In 1980. a rescarch and extension project was organized by the Ministry of Agriculture,
Forestry. and Rural Affairs to utilize the fallow arcas. The Central Anatolian Regional
Agriculwral Research Institute carried out work to determine the possible boundaries of
fallow arcas. For this purpose. meteorological data from a large number of locations were
used to caleulate an index for cach location. The results of this work were (Giiler er al.,
1981):

) In the Central Platcau it is possible to give up the fallow practice where annual
precipitation is higher than 410 mm.

2} In shallow soils annual cropping appears to be more economical.

3) The Aydeniz Aridity Index (Aydeniz, 1973) can be used to determine boundaries of
fullow arcas. According 1o tiis index. fallow shouid be practiced when its value is
above 0.90.

The arcas suitable for annual cropping and fallow-cereal rotation according to calculated
indices are shown in Figure 17.

With the initiation of the project, research and extension for annual cropping areas has
been improved. At present. lentils. chickpeas, vetch, sunflower, and cumin are grown in
rotation with cereals, mainly wheat. Several institutions are conducting rescarch to
determine the most profitable crop rotations and suitable growing techniques for the crops
in the rotation.
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A Summary of Adaptive Research and Demonstrations in the
Central Anatolian Plateau of Turkey

N. Durutan, M. Karaca, M. Avci, H. Eyuboglu
Central Anatolian Regional Agricultural Research Institute,
Ankara, Turkey

ABSTRACT. Since whear is produced in Turkey primarily under drvland conditions,
research priority has been assigned 10 dryland agriculture. The National Wheat Research
Project emplasizes developing a package of suitable agronomic practices for dryland
wheat and an effective extension and Jarmer education program to encourage its adoption.
Adaptive research has resudied in recommended practices which differ with location, but
generally include early tillage, carly planting, and the use of herbicides. Demonstrations
by cownty agents show that vields can be increased as much as threefold by recommended
agronomic practices and fivefold witl improved wheat cultivars and cultural practices.

In Turkey wheat has been the primary crop for years, particularly in dryfarmed cropland.
In-order to increase the country’s yields, agronomic research was started in 1926, after the
establishment of the Republic. Many experiments were conducted and valuable results
were oblained.

With the initiation of the National Wheat Rescarch Project in 1969, primary emphasis was
given to developing a package of practices suitable for cach region and an effective
extension and furmer education program,

Since most wheat is produced under dryland conditions, research priority has been given
to dryland agriculture. Due to variation in annual precipitation among years and locations,
drought poses a constant threat to production. In order to stabilize cereal production
against unpredictable precipitation, sufficient moisture must be accumulated during the
fallow period. Consequ iy, in the carly 1970s research focused on the development of
techniques for moisture conservation.,

The National Project brought the concept of a package of practices which comprised
cultural operations from initial tillage to harvest. The achievement of increased production
required the application of the entire combination of practices rather than the application of
any mdividual practice.

Busic research was carried out at the Central Anatolian Regional Agricultural Research
Institute 1o determine the package proper for the dryland arcas of the Central Plateau. In
order to hasten the transfer of newly obtained information to the farmers, special emphasis
was given to adaptive research trials and demonstrations. The objectives were:

1) To test the adaptation of the results obtained from experiments conducted at the
Rescarch Institute in various locations of the Central Plateau;

2) To strengthen the communication link between rescarch and extension;

3y To demonstrate the improved package of practices to the extension staff and 10 the
farmers;

4) To demonstrate the wheat production potential of the Central Plateau by comparing the
yields obtained from the trials with that of adjacent farmers® fields; and

5) To determine the problems responsible for low yields in the Central Plateau through
cooperation with the extension service.
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Figure 1. Central Anatolian Plateau of Turkey and the Locations
Where Adaptive Research Trials Were Carried Out
During 1973 to 1977.

Adaptive Research

In 1972 adaptive research trials involving various improved techniques found promising in
busic research weie established on farmers’ fields in five provinces of the Central Plateau,
Ankara. Afyon, Kayseri, Konya, Yozgat (Figure 1). In the trials, primary emphasis was
given to tillage practices. The effects of the spring tillage implement and succeeding tillage
implement on wheat yield were tested. After the completion of the studies, proper tillage
implements were determined for cach location. In these experiments, the remainder of the
components of the package applied as blanket applications were the recommended practices
determined through basic research.

During the period from 1973 to 1577, the highest yielding treatment determined as the
recommendable system in the adaptive research trials was compared with the yields of the
adjacent farmers” fields. This was done for 5 years in five provinces of the Central
Platcau. The results are given in Figures 2 and 3.

As scen in Figure 2. although yield levels changed over the years, the recommended
system always yielded higher than the farmers’ practices. It was interesting to observe that
there was a gradual increase in farnirs’ yield over years. The main reason for this was
the adoption of the new teciinanes by the locai farmers.

Figure 3 indicates that the recommended system always yielded more despite locational
differences. The overall average yield over 5 years and five provinces was 88 percent
greater with the recommended system than with the farmers” traditional practices. The data
showed that with the application of the recommended system and the currently available
variety it was possible to almost gouble yields in the Central Plateau.

Beginning in 1977, the adaptive research trials were carried out with a different approach.
In the areas where a particular component of the package was misapplied, the
recommended technigue for that particular component was tested against the local common
practice. In addition to data collection, the experimental plots were also utilized for
demonstrative purposes (Figures 4. 5, and 6).
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Demonstration Plots Using the Recommended System.
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Figure 6. The Effect of Herbicide Application on Wheat Yield in
Different Locations of the Central Plateau, 1978.
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The trials for determination of optimum initial tillage time resulted in favor of early
tillage. Timing was found to be important in initial tillage. Although the yield increase due
to carly tillage differed widely among the locations, the data showed that it could be as
high as 36 percent (Figure 4).

Planting time experiments indicated the advantage of early planting (carly October)
compared to late planticg (mid-November), a common practice among. the farmers in the
region. Early planting provided a vield increase of more than 100 pereent (Figure 5).

Chemical weed control L ials demonstrated the benefit of herbicide application. As scen in
Figure 6, the average Ldeld increase was about 22 pereent, I fallow practices had not been
applied properly. the yield increase due to herbicide usage would be even higher since
suceess of the weed control in the fallow year strongly influences the weed density in the
crop year. The effect of herbicide application on yield is more pronounced as the weed
density inereases in wheat fields.

In 1983, the study area was extended throughout the Central Anatolian Plateau (Figure 7).
The adaptive rescarch and demonstration program was carried out in 13 provinces with the
inclusion of cight new ones.

Extension and Farmer Education

In the spring of” 1983, meetings were organized in 13 provinces by the Rescarch Institute.
In these meetings. vield limiting factors were determined by consultation with county
agents.

In order to determine the current agronomic practices in the Central Plateau, survey forms
were prepared by the rescarch specialists for the county agents. Based on the information
gathered in these mectings, plus observations. several maps were prepared indicating the
extent of application of various components of the package of practices. Some examples
from that work are given in Figures 8 and 9.

In the mectings the need tor ficld training of the extension staff was noted. It was agreed
that to improve the practical skills of the extension personnel one demonstration would be
conducted by rescarch specialists incach provinee, and at every operation the county
agents would attend e vork with the speciadists. The program was implemented
smoothly

Durng the spring. @ one-week trainme program was organized at the Central Anatolian
Agricultural Rescarch Institute for the extension specialists in which recommended
practices and practical clues for conducting demonstrations were given,

In the fall of 1983, demonstration plans were prepared by agronomists and sent to the
provinces. Varicties usad i these demonstrations were cultivars newly developed by the
Research Institutes methe region. Seeds were provided by these institutes. Some results are
shown in Figure 10

As seenin Figure 10 the vield potentials of the agriculurally less developed provinees are
much higher than the level indicated by the actual average vield of the provinces. It is
possible to reach the potential yiell levels by changing the Tocal growing practices and the
loval varicties grown. First, farmers™ vield levels can be increased by prowing the local
variety with the recommended system. The vield increase achieved in this way varied from
[ to 33 percent, depending on the vields of the particular farmer. As the agricultural
level of the fanmer decreases., the yvield increase provided by just the change in cultural
practices increases. In the case of Cankiri, the yield increase was 338 percent (Figure 10).

83
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Figure 8. Early Planting Habits of Wheat Farmers at the County
Level in the Central Anatolian Plateau, 1983,

As the level of the farmer increases, a significant yield inerease shouldn't be expected

since slight changes in the practices provide small increases. This was the case in Kayseri
(Figure 10).

Second. the growing technique plus the variety can be changed. All of the high-yiclding
varicties (HYVs) improved for dryland conditions can provide yield increas.s. In the case
of growing a HYV best adapted o a particular eavironment with the recommended
agronomic system, the yie! bincrease can be as high as 547 percent. Data showed that in
agriculturally less developed arcas, tremendous vield inereases could be obtained by
introducing the recommended system and a proper variety for that environment.

After examining the 1984 data. it was decided that in order 1o reach the potential yield
levels in certain arcas demonstration activities should be intensified. For this purpose nine
types of demonstrations were planned:

1) Fallow operations: Recommended system v, traditional practice;
2)  Seeding time: Early vs. late;

3)  Sceding methods: Drilling vs. broadcasting;

4) Secding rate: Recommended rate vs. higher rate;

5) Phosphorus rate: Recommended rate vs. higher rate;



Conclusions

m_u_ 0-30% of the farmers spraying

30-60% of the farmers spraying

_S S mere than 60% are spraying

Figure 9. Herbicide Spraving Habits of Wheat Farmers at the
County Level in the Central Anatoliar. Plateau, 1983,

€) Nitrogen cate: Pecommended rate vs. Jower rate:

Ty Application of herbicide: Weedy v, cleun:

8)  Different sources of Py DAP s TSP vy 20:20: and

9)  Dilferent seurces of Nt Anunonium nitrate vs, ammoninm salphates vs. urea.

All of the demonstration types were planied at <ix tocations by the Research Institute and

certam types selected onthe basis of local needs were carried out by county agents at
virions villeges. The results were demorstrated o local farmers at field days.

The average yields of demonstrations and the farmess™ fields are presented in Figure 11.
This data indicated that ¢y rension activities should Fe intensifizc in these arcas. However,
it has to be emphasized thi the yoelds were very low due to a severe drought in 1985,

[ 1984 there was no fall cmergence due 1o a0 65 pereent reduction in fall rain compared to
Jong-term uverages. In the period from June o July. the rainfall was also very low, 45

percent less than the long-frarm average.

[t is interesting w0 see that the farmers” average yiells were almost the same, even slightly
higher than that from 1973 10 1977, despite very limited rainfall in 1984/85 crop year
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(Figure 12). The comparison indicates (hat in recent years the farmers improved their
practices to such a point that the negative weather conditions did not significantly affect
the yield levels. It can also be seen in Figure 12 that the yicld level of the recommended
system was also higher compared to the level from 1973 to 1977. This was mainly due to
the improved cultivars of the National Research Project with higher yield potential.

':J Average wheat yield of the province
[:] Local variety + local practice

Local variety + recommended system
Avg. of HYV's + recommended system

The higtest yielding variety + recommended syster

550
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Figure 10. The Effect of Variety and Growing Techniques on
- Wheat Grain Yield in Sivas, Kayseri, and Cankiri,
1984.
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A Country Paper cn Soil, Water and Crop Management
Systems for Dryland Agriculture in Pakistan

A.R. Khan, A. Qayyum and G.A. Chaudhary

BARD Project, Pakistan Agriculiural Research Council,
Islamabad, and Barani Agricultural Research Institute,

Chakwal, Puakisian

ABSTRACT. Pakistan is predominamly an agriculture! country. There are 4.9 million ha of
cultivated agricultural land that depend on rainfall. In addition, there are another 10 1o 12
million ha of arid range tand. Some 14 10 15 million people eke out a subsistence living in
these rainfed (haraii) lands. There is no doubt thar by improving management of these
areas and eriploving appropriate tecanology productiviry can be greatly increased.

It has been established tiat vield increases of 2 1o 4 times that normally obtained with
traditional methods can be obtained for wheat, groundnu:s, pulses, maize, and other crops
by adopting an improved package of technology. This would include: b beter varieries of
crops adapted to rainfed conditions; 2) better and timely cultivation, Jor moisture
conservation; and 3) the wse of balanced fertilizers ar the right times.

More sophisticated agronomic practices, as well as agricultural machinery, are needed to
improve moisture conservation. In addition, a shift in cropping patterns may be desirable
in order to bring about significant improvements in agricultural production.

Land and w.ater are grear nawral resources in Pakistan, The projects undertaken have
hielped 1o manipulate these resources for greater productivity. Useful information has been
gathered on the use of macro- and micronutrients 1o improve soil fertility, moisture
conservation, and cropping systems for dryland areas of Pakistan.

Pakistan is situated between taiitudes 242 and 37° N and longitudes 62° and 75° E. It
stretehes over 1600 km from north to south and 885 km from cast to west with a total
arca of 796,000 km* and has a subtropical, semiarid climate.

Agriculture is the predominant cconomic activity of the people of Pakistan. It accounts for
29 percent of the Gross Domestic Product (GDP), provides Jjobs for 55 percent of the
labor force and supports 70 percent of the population directly or indirectly. Its share in the
forcign exchange carnings from the export of agricultural raw materials and processed
goods from the agro-based industries is 80 pereent.

Agriculture in Pakistan is complex and diversificd in terms of climatic conditions, soil
heterogenei.y. farming systems. and production patterns. Agricultural activities are
influenced by an alpine-type climate at high elevations, extreme weather in the plains, and
milder subtropical conditions in the South. Agriculture varies from irrigated to arid
farming and is further characterized by great diversity in the size of holdings, ranging
from very small farms to fairly large size acreages and ranches. Suitable climatic
conditions. vast areas of deep soils. favorable topography and water resources allow
production of wheat. cotton, rice. sugarcane. oilseeds, maize, millets. pulses. tobacco.
fruits and v wtabies, and many miner crops (Chaudhri, 1985).

Only 25 percent of the total arca of 79.6 million ha is celtivated (20.4 million ha).
Irvigated and barani (rainfed) areas constitute 76 percent (15.5 million ha) and 24 pereent
(4.9 million ha) of the wtal, respectively  The average farm size is 5.3 ha. In addition
there are another 10 10 12 million ha of arid range lands.

Pakistan is divided into ten ccological zones on the basis of physiography . geology,
climate, agricvltural land use and water availability. research infrastructure, and population
(Figure 1).
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Figure 1. Agroecological Regions of Pakistan (PARC, 1980).

Annual rainfall ranges from 125 mm in the extreme southern plains to 500 to 875 mm in
submountainous arcas and the northern plains. Seventy percent of the total rain falls as
heavy downpours in summer from July to September and 30 percent falls in winter.
Except in the mountamous arcas, the summers are very hot with a maximnm temperature
of more than 40°C, and the winters are mild with & maximum temperature around 20°C
and the niinimum a few degrees above freezing (Government of Pakistan, 1979),

The Soil Survey of Pakistan has done excellent work in Pakistan. Valuable information
was coliected and made available to researchers, extension workers, and planners in the
form of reports, snaps, bulleting, and other publications. This information can be the
scientific base for improving agricultural practices. The Soil Survey of Pakistan has
identified seven categorics of land, determined by soil characteristics and moisture
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Table 1. Land Capability Classes in Pakistan (NFDC,

1982).
Land Capability Class Area Soil Type
million ha

Very good agricultural land 5.0 Loam and silt loam
irrigated soils.

Good ugricul!uﬂ(] land 0.5 75% clay loam to
clay; 75% sandy/saline.

Moderate agriculturar land 4.3 One million ha
irrigated; salinity
with minor problem of
sodicity. About 2
million ha under dry
farming. Rest
uncultivated.

Poor agricultural land 1.7 Sandy and salinity
problem

Good grazing land 0.4

Poor grazing land 4.7 Half mountains and sandy
descrts anu other half
problem of erosion.

Agriculturally unproductive land 6.1 Sand dunes, strong

saline, sodic soils.

availability, and has classified them as to land capability (NFDC, 19€2). These land
capability cluasses are shown in Table 1

The soils are alkaline, with pH ranging from 7.8 to 8.1, and calcareous (8 percent free
CaCOy content). They are poor in nitrogen. The organic matter content is u<ually less than
I percent and about 90 percent of the soils are deficient in phosphorus. There is
information availuble in the country on the response of field crops to nitrogen and
phosphorus.

The concentrations of the macio- and micronutrients measured frequently in Pakistan soils
o]

appear in Table 2.
The dryland area is presently being managed at extremeiy primitive levels of technology .
But there are bright possibilities of securing manifold increases in agricultural production
by the application of more productive and appropriate technologies. There are many
constraints to progress in dryland agriculture which will be mentioned under specific
topics. However, a few of the most important soil, water, and crop management
problems/constraints follow,



Table 2. Concentrations of Nutrients Frequently
Measured in Pakistani Soils (NFDC, 1985).

Nutrient Concentration Limit Extractantt
N 0.08% Lowest
P 6 mg 1 Lowest NaHCO,
K 225 my 1! Medium CH,COONH,
Ca 4000 mg 1+ Sufficient -do-
Mg 000 mg 17! Medium -do-
Mo 0.2 g 1! Medium NH;-Ozalate
0.6 mg 1! Highest Oxalic acid
(pH corrected)
B 0.7 mg 1! Medium Hot water
Cu 5mg I Medium AO-OA + EDTA
Fe 110 mg 1! -do-
Mn 10 mg 1! Low DTPA
Zn 2mg I Low AAAc + EDTA
0.8 mg 1! Low DTPA
2mg 17! Low -do-

(pH corrected)

T AAAC Acid Ammonium Acetate: EDTA, Ethy lene diaminetetracetic acid: AO-OA, Anmoniun acetate-oxalic
acid: DTPAL Dicthvlene trianune pentacetic acid.
# For conversion ol mg 11 mte ppimomuabtply by 1000,

T

Soil Management

Erosion. Wind and warer erosion constitute two of the major problems of the land.
Estimates of losses of Jand from erosion in Punjab provinee vary from 4800 to 12,000 ha
per year. Wind crosion, has led to desertification of vast arcas in the country where
rainfall is low. summer temperatures are high, and the soil is loose and sandy. Dust
storms and shifting sands damage crops, choke waterways, and leave behind infertile,
sandy wastes. Water erosion is also severe. Millions of tons of fertile topsoil get washed
away 1o the seacand silt nivers and irrigation structures. The Barani tract presents a
stunning picture of sheet and aully erosion,

The basic probleny is one of restoring the ecological bakunee and involves numerous
adjustments which only an enlightened and informed approach can bring about. In fact,
there is great danger in disturbing such lands by mechanical means without simultaneously
implementing carcfully planned land use and water management schemes. The gullied land
in its natural state is more or less stable. but when disturbed by land-leveling. is subjected
1o active erosion (Government of Pakistan. 1979),

Low Soil Fertility. Low soil fertility is the most important problem of the barani tract. It
is the cause of low crop vields. resalting in food deficits and prevailing poverty. On the
basis ol 8.000 soil samples, 95 pereent showed deficiencies in nitrogen, 75 pereent in
phosphorus. and 10 pereent in potassivim. Thus, all soils are short of essential nutrients,
particularly nitrogen. In arcas where groundnut is cultivated. a rapid depletion of
phosphorus from the soil takes place: unless phosphatic iertitizers are used. crop yields
decrease significantly. The soils are low in organic matter because of deforestation,
overgrazing, and removal of most of the manure for fuel. No part of a crop is returned to
the soil. Even the stubble is grazed by the livestock and an exhausting cropping pattern
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emphasizing cereals is practiced. Almost 50 percent of the land is fallow and the lack of
ground cover permits erosicn of the soil. The hardpan created by the continued use of the
incfficient country plow exacerbates runoff and results in low fertility levels. The
proportion of leguminous species in the crop rotations is very small, although the potential
for growing soybeans. pulses, groundnuts, and other soil-enriching leguminous crops is
great. The adoption of more suitable cropping paticrns which would include leguminous
fodders such as the ley-farming system practiced in Australia, could add 60 to 80 kg of
nitrogen ha'! annually 1o the soil by nitrogen fixation.

Most of the dung and droppings from livestock, an excellent source of soil nutrition, are
presently wasted or burned for fuel The recycling of manure and other organic matier
could provide the major part of fertilizer needed in the area. Very cheap bio-gas plants,
both farm and village community size, have successiully evolved for the fermentation and
conversion of farmyard manure and other biological materials into methane gas and
residual sludge, an excellent fertilizer. Hundreds of thousands of these bio-gas planis are
in operation in India, China, and the Philippines.

Salinity and Waterlogging. Large arcas in Pakistan have severe salinity and waterlogging
problems. Salinity ranks high among a mubltitude of problems with which agricalture in
Pakistan is confronted. Of 15.5 million ha of irrigated land, 25 percent is salinized to

var, ing degrees on the surface. Salinity and sodicity affect 38 percent of arable land. Even
the best agricultural land is being rendered unfit for cultivation at a rapid pace every year
due to salinity and waterlogging.

The main cause of salinity and sodicity is the shallow, saline groundwater table. About 6.G
million ha are affected by waterlogging and 55 percent of the total arca in the country has
water tables within 3.05 m of ground surface. Fourteen percent of this area is poorly
drained with water tables ranging from 0 to 1.52 m (Zia and Khan, 1985).

Water Management—Wat~r Losses

Water is one of the major constraints to agricultural production in the barani lands and
effective water management is perhaps the biggest chatlenge in producing rapid yield
increases. Although total rainfail in many arcas is adequate for crop production, the
seasonal pattern of prezipitation often does not coincide with plant growth requirements.
Great difficultics arise from the variability of the ramy scason, causing uncertain and
intermittent water supplies to crops. Periodic droughts result in the reduction of grazing
and losses to livestock. Much of the rainfall is lost through runoff, estimated to be as
much as 50 pereent. I the loss is assumed to be 25 percent of the average precipitation, it
approximates 1.2 million ha ft of water when extended to all of the barani crop land.
Extremely cffective water harvesting techniques have been developed in Australia, the
United States. and a number of other countries. Such technology needs to be adapted to
conditions in the various ccological zones of the barani lands.

Crop Management

The factors which determine crop production are area and yield per unit area. The
cultivated area is determined by overall economic considerations, whereas the yield is
affected primarily by irrigation, crop variety, and agronomic practices.

Three yield levels are recognized: experiment station yields. potential farm yields, and
actual farm yiclds or farmer’s average yields (Figure 2). The yicld gap between the
experiment stations and the potential farm yields is due to physical factors (environmental
change), whereas the gip between the farmers potential and their average yield is due to
biological and socioeconomic constraints. Biological constraints contribute 60 percent to
the yield gap and socioeconomic constraints, 40 percent (Biggs, 1981). The results of a
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Figure 2. Wheat Yields from On-Farm Experiments (NARC,
1985).

research study on constraints to agricultural production in Pakistan, presented in Table 3,
indicate that fertilizer, weeding, and variety greatly influenced crop yields in Pakistan
(Malik, 1681). There arc considerable yield gaps between the yields obtained with the
recommended innuts and the farmers” iupats.

The yiceld gap tetween the average yield and the yield obtained by the progressive farmers
caused the Pakistan Agricultural Research Council (PARC) to try to transfer technology at
the farm level. They selected a district and enscred joint collaboration of all the refated
agencies within that arca, i.c.. rescarch, extension, irrigation, credit, lertilizer distribution,
district administration, ete. In one model district, an average rice (ev. IR-6) yield of 6.8 1
ha! was obtained 7 the villages during the 1979-80 scason: the highest yield was 9.0t
Ka-! in contrast to at average yield of 3.4 ¢ ha'l in the project arca for the previous year
(Amir, 1979). A similar approach was followed in Gujranwala district during kharit’ 1980
with success. This approach is also desirable for barani arcas.

This approach has highlighted the fact that it is not the alleviation of biologicai constraints
alone which can increase crop productivity, but the management of the technology at the
farm level is also liniting. The yield gap between the average yield and the vield obtained
with improved crop production technology is obviously high and can be bridged by the
application of improved technology and management at the farm level, The biological
constraints can be overcome with the package of improved technology. It is, however, the
physical and management constraints such as availability of inputs at the right time and
place, credit facilities. supply of clectricity. dissemination of knowledge, cte.. which do
rot allow the entire production system to function properly.
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Table 3. The Yield Gap between Recommended
Technology Inputs and Farmers’ Inputs (Soil
Fertility and Soil Testing Institute, 1981).

Conditions  Yield Yield Yield Contribution
Gap
Recomi-  Farmer’s Ferti- Variety Weed Resid-
mended  Inputsi lizer Control ual
lisputs
............................. kg hal oo
Irrigated 4610 2790 1250 703 201 269 86
(30)§ (56 %) (16%) (21%)
Barani 2280 1010 1270 644 462 160 0
(5) (51%) (36%) (13%)

¥ Recommended inputs incuded the use of the recommended variety (PARI-73). fertilizers 114:84:0
(N:PLOCK,0) kg ha!', and and complete weeding.

$ Farmer's own variety, ferilizer, and weeding practices.

& No. of trials conducted in farmers” fields

Year of deep

tillage: 1984 1984 1983 + 84 1983 1983
Cultivar: Gohar Azam Gohar Gohar Azam
C.V. %: 14,2 12.9 8.4 6.7 12.0
5
B [ ] MB =Moldboard plow
CP =Chisel plow
41— C =Llocal tyne cultivator
o
T3 r 2
«
=
=
4]
s 2
1 f—
7
Z
0 A

MBCP C MBCP C MBCP C MBCP C MBCP C
Implement employed

Figure 3. Effect of Implements and Deep Tillage on Yields of
Grain from Two Maize Cultivars at Haripur, 1984.
Columns Within a Trio Headed by the Same Letter are Not
Different at the 5% Leve! of Probability.



Strategies Used in
Preduction Improvement

Year of deep

tillage: 1984 1984 1983 + 84 1983 1983
Cultivar: Gohar Azam Gohar Gohar Azam
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Figure 4. Effect of Implement and Deep Tillage on Yields of Stalk
from Two Maize Cultivars at Haripur, 1984. Cclumns
Within a Trio Headed by the Same Letter are Not
Different at the 5% Level of Probability.

Recently there has been an increased emphasis placed on the development of barani areas.
The most limiting factors have been identified: a need for improved cultivars of the
important crops: avaiilability of a continuing source of quality seed: and information on
optimum fertilizer rates, weed control, wnd n oisture conservation. Appropriate farm
machinery is essential if the dryland farmer expects to maximize returns from his meager
resources. Research and development have been conducted in ditterent parts of the
country. Pertinent rescarch findings follow.

Soil Management

Increased Production Through Deep Tillage. To determine the benefits of deep tillage,
land was deep-tilled in Junc 1984 with the moldboard plow penetrating to 25 cm and the
chisel plow to 45 cm. Nine new ficlds were deep-tilled in 1984 and four fields that had
been deep-tilled in 1983 were tilled with the traditional tractor-mounted tyne cultivator in
1984. Ficlds that had received only traditional tillage served as controls.

Figures 3 and 4 show that the effects of tillage ecuipment are consisicnt over maize
cultivars for both stalks and grain yield. In all instances the moldboard piow treatment had
the highest yields. The deep tillage effect was complementary when practiced in both 1983
and 1984. When deep-tillage in 1983 was followed by traditionzl cultivation in 1984, the
benefits were no longer evident. From these results it appears that the moldboard plow is
the best implement and it should be used annually since residual effects are limited. These
results suggest that the greatest benefits accrue when the land is deep-tilled the year that
the crop is planted.
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Table 4. Comparison of Yields of Maize (cv. Azam) 1984
Planting After Moldboard Plowing (30 cm) and
Traditional Tillage with Tractor-Mounted
Cultivator at Haripur.

Preseeding Tillage Treatment-1983
Treatment-1984
Moldboard Plow Cultivaior
................... ke hal Lo
Moldbourd plow 5.700 4.570
Cultivator 3,290 3,220

Land preparation prior o seeding is always a very important practice in farming, but
particularly under barani conditions where moisture conservation is so important.
Traditionally all tillage, primary as well as sccondary, has been done with either a tractor-
mounted cultivator with chisel tynes or the bullock drawn plow with a pora-funnpel.
Frequent passes are made with the implement often resulting in significant moisture loss
despite subsequent planking.

In our experiments with maize, deep tillage has proven to be very beneficial, especially
with a moldboard plow. Hobbs (PARC, 1985) has shown a similar beneficial effect on
wheat preduction. Maize yields were greater from land that had been deep plowed two
consecutive years than when the soil was deep plowed in only the current year or tilled
with the traditional cultivator (Table 4).

Soil Fertility. The usual practice of fallow with leguminous weeds helps to maintain the
fertility of the soil but the benefits are low and the cost high. It is estimated that fallowing
the land for one year with frequent cultivation results in an additional 45 kg ha'! nitrogen
in the soit (Government of Punjab, 1976). The practice is even less effective in increasing
phosphate levels. There is great potential for using fertilizers to increase agricultural
production in rainfed arcas. Fertilizer experiments conducted in rainfed arcas have shown
that crop yiclds can be increased substantially by applying proper levels of balanced
fertilizers.

Fertilizer tests were established on farmers® fields. The results of 119 rainfed wheat trials
from 1970 to 1977 showed a 120 percent yield increase from 1060 to 2330 kg ha-! with
60:60:30 (N: P,05:K,0) kg ha'! application. The response curve is shown in Figure 5.

Using the yield data from no-fertilizer ficlds. fertilized wheat ficlds. and yield contest
farmers (combining fertilizer in a package of improved technology with good management)
the achievable yield potential in both irrigated and rainfed wheat in Pakistan can be
esiimated. Figure 6 shows that a 130 10 144 percent increase in yield could be attributed
to fertilizer and another 43 10 54 percent increase to good management under rainfed apd
trrigated conditions. Proper maagement. then. is both 4 challenge and a promise for the
future (Saleem, 1983).

There are two important measures of the profitability of fertilizer use: the value-cost ratio
(VCR), i.c.. the ratio of the value of the additional wheat yield to the cost of fertilizer:
and net return, i.c., the value of the additional wheat yield minus the cost of fertilizer.
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Figure 6. Yield Potential in Wheat Production (Salecm, 1983).

97



98

Table 5. Economics of Fertilizer Use (Saleem, 1983).

Treatments Response VCR+t Net Profit
N:PZOS:KZ()

ke ha! Rs ha!
30: 0: 0 460 4.8 582
60: 0: 0 520 2.7 524
30:30: 0 670 4.2 819
60:30: 0 920 2.9 1065
60:60: 0 1130 3.6 1302
90:60: 0 1200 2.9 1263
60:60:30 1260 3.7 1468

¥ The prices used are. as of tebruary 1983:
1
Noat R S.03 ke-!s PO at Ry 3,330 ke 1 K20t Rs 140 ke-o wheat at R 1.60 kg-*, and 1S + 12.75
Rupees (Ry).

Table 6. Effect of Ridge and Furrow Planting During
Kharif Season on Soil Moisture Available to
Subsequent Rabi Crop Planted at NARC, 1984,

Depth of Soil Soil Moisture
Sample

Ridge-Furrow Flat Planting

Maize Fallow Maize Fallow
cmeo To
0-12.5 8.99 8.99 5.34 7.38
12.5-25 1.8 1.9 7.6 9.70
25-50 15.6 16.1 12.7 14.4

The VCRs and net profits for different fertilizer treatments under rainfed conditions are
given in Table 5. VCRs are highest for 30 kg has! N and 30:30 (N: P,05) kg ha'l
treatments whereas net profit is highest for the 60:60:30 (N: P,05 : K50) kg ha'!
treatment. Thus, consudering both the VCR and the net profit, 60:60:30 is the most
profitable fertilizer for rainfed wheat in this study (Saleem, 1983).

Water Management

Moisture conservation is fundamental 1o successtul production under barani conditions.
Regardless of which crops are grown, fallowing land is the principal means of conserving
soil moisture. Experiments. however. indicate that there is no difference in s0il moisture
with fallow or without. and with a proper soil moisture conservation system. A technique
used successfully in many parts of the world for moisture conservation consists of planting
in-a ridge and furrow configuration. Tests conducted at the National Agricultural Research
Center (NARC) have confirmed its value in Pakistan, Table 6 shows that the moisture
available in mid-October (rabi planting time). afier @ summer crop was planted in the ridge
and furrow configuration. is greater than moisture available in flat beds after summer
fallow (PARC. 1985).



Table 7. Approved Varieties of Different Crops for
Barani Areas «f Punjab.

Crop Recommended Varicties N2w Varieties/Lines
© Wheat Latlpur-73: PAK 81 K-342 (B-83)
(carty sowing)
Ary (mid-season) V-80001; V-81188;
Blue Silver (late V-80099; V-8116:
season) V-80067
Gram C-d4: CM-72; €235 C-141: E-23.6; £:2283;
C-88: C-89: C-91
Masoor 6-9 ~ AARI 337: 355
Mung 66.1: 66.2: M-28 No. 41: No. 87: E
Mash CNo. 48 No. 80 No. 59: No. 216
Groundnut ?.(T-ﬁv N . 334 Banki Ne-6: Ne-7-
Sunflower h - ) Sankum ‘)(i“:'v-lwlO
Toria o Rl\ll()lll C BCurinata, Poorbi-Raya 80;
Selection Yellow Raya 00

AT Raya L-18

These experiments are being repeated. but they are sufficiently impressive to deserve
testing on-tarm. 1t the ridge and furrow system is to be practiced, appropriate equipment
must be available o the Lumer.

Crop Management

Wheat is the most important crop grown under rainfed conditions: it is followed by rape,
mustard. and groundnut. Nhllets, gram, lentils, pulses. and sunflower are minor crops.

The net income under rainfed conditions is not as high as under irrigated conditions,
making it increasingly ditticult tor the dryland farmer to compete with his counterpart in
the irrigated arcas. Wheat cultivation requires the use of nitrogen and phosphate fertilizers,
whereas a cropping svstem with leguminous crops (groundnut, summer pulses, winter
pulses) can greatly reduce the need for expensive nitrogenous fertilizers.

Suitable Varictics. High-vielding varicties ol different ciops suitable for barani arcas are
available (Table 7y, However, the barani tarmer must be consiantly prodded to cultivate
improved varicties which are better adapted to barani conditions and have a high capacity
to utilize fertilizers.

The Barani Agricuttural Rescarch and Development (BARD) Project has conducted various

trials under barani conditions.

1) Rapeseed/Mustard. Canadian double-tow varicties do well in the northern areas and
in Islamabad Capital Territory. Farmers like the low glucosinofate trait and are rapidly
aceepting the Canadian variety Westar (300 packages of seed distributed for the rabi
scason in 1985). Locad varieties and Brassica jineea are more drought and heat
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tolerant than the Canadian rapeseed varieties. There are three areas for improvement:
a) develop low glucosinolate B. juncea; b) identify a B. napus variety which yields
better under barani conditions; and ¢) modify local oilseed processing for better oil.

2) Sunflower. A major constraint to developmental work on this crop has been the
devastating discase charcoal rot. The project has identified a resistant hybrid, NK 212,
which has good yield and other desirable agronomic characteristics. The inbred lines
required to produce this hybrid are now in Pakistan. NK 212 has been widely tested
in the country and is satisfactory for release to farmers.

3) Groundnut. The primary objective of the varietal improvement project is to find a
short duration (120 days or less to maturity) variety to permit the development of an
annual two-crop system where groundnuts are produced. Present varicties take 170 or
more days to mature. and land is left falow for up to 11 months between Crops.

Collections {rom ICRISAT. Senegal. and the United States have been evaluated.
Several Tines with less than 100-day maturity. high yields, and good nut size have
been identified. These lines are being increased for more comprehensive testing before
releasing themy for on-farm production.

Intercropping and Planting Conliguration. Intercropping is another agricultural practice
used successfully in other countries to increase economic returns to the farmer. This
technique consists of alternating crops froni row to row. The crops and the ratio of rows
of one crop relative 1o those of the other crop are both important aspects of attaining an
acceptable intercropping pattern. I intercropping is to be successful, it must provide more
rupees hat (net) than when monocrops of cither crop are grown on the same land. One of
the successful intercropping combinations identified to date is sunflower and groundnut
(I:1). Table 8 shows that with Banki, the bunch type ol groundnut. dry matter production
1s greater when it is intercropped with suntlower than when it is grown as a sole crop.

Similar results were obtained when the spreading type of groundnut was intcreropped with
sunflower. The advantage of the ridge and furrow configuration over flat planting was also
confirmed (Tuable 9).

Weed Control. It is well-known that weed control is essential if the farmer is to obtain
the best yields. It is less well-known that the time of weed removal is very important in
maximizing crop vields. Table 10 shows the beneficial effeci of weed control. If the
farmer is 1o get the most from his weed control activities, he must remove them no later
than the fourth weck aiter planting.

Experimental results from kharif scason in 1984 show how seriously weeds can affect
maize yield in the farmer’s fields (Table 11). The crop treated with herbicide produced
almost double the yield of both grain and stalks compared to that treated in the traditional
scal fashion.

Table 8. Yicld Comparison for Groundnut and Sunfiower
Intercropped Under Ridge-Furrow and Flat
Planting Conditions at NARC, 1984,

Crop Planting Configuration

Ridge-Furrow Flat Planting

Sole Intercrop Sole Intercrop

................ . kg hal oo o o
Sunflower 1070 1250 681 678
Groundnut 1440 1610 291 305




Table 9. Effect of Planting Configuration, Cultivar, and
Row Spacing on Groundnut Yield at NARC,

1984.
Planting Cultivar
Coxiguration _
Banki C-334
60 cm 75 em 60 cm 75 cm
..................... ke hal oo o
Ridge 973 1150 1360 1090
Furrow 1030 1060 1170 905
Flat 757 732 1080 788

Table 10. Effect of Time of Weed Removal After
Planting on Soybean Biomass at NARC, 1984.

Weed Removal Soybean Biomass
weeks after planting ke ha!
2 2730 at
3 2820 a
4 2640 a
5 2070 b
6 2140 b
2 and 4 2910 a
Jand 5 2850 a
2,4 and 6 2830 a
No weeding 1410 ¢

¥ Column values followed by the same letter are not significantly
different at the 5% probability level,

Table 11. Effect of Weed Control on Maize (cv. Azam )
Yield at Haripur (NWFP), 1984.

Treatment Yield
Grain Stalk Total
................ kg hal oo oo
Primextra ¥ 4810 14600 19400
Scal+ 2580 8330 10900

+ Applied with knapsack sprayer at the rate of 2.5 1 ha'!
1 A post-emergence cultivation that reduces populations of both maize & weeds.
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Introduction

Land Management, Crop Rotations, and the Effect of Weeds
on Soil Moisture and Crop Production in Arid Zones

M. J. Al-Ahmad
Arab Center for Studies in the Arid Zones and Drylands,
Damascus, Syria

ABSTRACT. Weeds reduce crop yields through their consumption of limited water and
nutrient supplies. Their effect is particularly evident in arid and . emiarid regions where
rainfall is low. In the 1983/84 growing season, a study was conducted at the Izraa
research station in Svria (290 mm annual rainfall) to determine the effects of crop
roiations, tillage, and weed control on yicld wnder rainfed conditions. Wheat. fallow and
wheat/lentil rotations were examined it a split-plor experiment with 3 tillage treatments, no
tillage, medium (5-10-cm), and deep (20-emy tillage, and 3 weed control treatments,
herbicide, manual weeding, and no weeding. Yields were greatest with medium tilluge and
manual weeding in botlh crop rotations. Water consumption and cconomic returns were
higher in the wheat/lentil rotation than in the wheat/fallow rotation. Continued studies are
needed to establish agronomic recommendations for maximum economic vield due to
erratic rainfall in this region.

Productivity of agricultural crops in the Arab world is low in comparison with that of the
world at large due 1o the fact that most cropped arcas (70.5 pereent) depend on rainfall,
Rainfed agriculture is characterized by low intensity agriculture, usuatly & monocrop
rotation which includes fallow. Moisture and moisture conservation play an important role
in rainfed agriculture in the Arab world and therefore agriculturalists are making efforts to
improve productivity in arid zones through:

1) Expansion of agricultural mechanization:

2)  Improved varieties:

3) Improvement of fertilization and its application; and

4) Crop protection and weed control,

Agricultural mechanization helps farmers to carry out agricultural operations rapidly and
with minor costs. The improved varieties should be suitable for mechanical harvesting, of
high physiological ability. high-yielding. and have good characteristics in using moisture.
Appropriate fertilization will improve production in cases where moisture is sufficient
during growth (Alkimper, 1967). Crop protection and weed control increase production
indirectly through conserving moisture and nutrients. It should be noted that losses caused
by weeds in arid regions are higher than those in areas receiving moderate rainfall.
Cramer (1967) noted that average losses caused by weeds were 9.8 perceent for wheat, 8.6
percent for harley and 13 percent for corn. In general. when the number of weeds per unit
arca increases. losses in crop yields also increase as shown in Figure 1.

In arid arcas moisture is the most limiting factor affecting production. It is important to
make use of moisture through sound means such as:

I) Land management by weeding and appropriate tillage operations.

2)  Chemical and manual weed controls.

Research on the amount of moisture used by weeds is limited. Korsomo (1930) mentioned

that 1 g of weed dry matter requires 6.57 g of water and that 1 g of wheat, oats, or
potatoes requires 3.3 g of water.

Christiansen-Weniger (1970) reported that weeds have great effects on soil moisture,

nitrogen, and crop production. Wheat crop losses resulting from weeds were 68 percent in
fallow lands.
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Figure 1. Effect of Weeds on Produetion of Wheat and Barley
(Alkiamper, 1972).

The effect of weeds on soil moisture conservation is great in fallow lands, particularly on
the soil surface. Weeds consume about 75 percent of the available nitrogen, causing a
decrease in production of 70 percent. The nutrients used by weeds were studied by a
number of scientists and rescarchers (Henrich, 1981: Kiessling, 1963; Koch and Kocher,
1968).

Weeds use the largest quantity of nutrients during carly growth and this competition
weakens field plants (Koch and Kocher, 1968). Pessios (1979) reported that nutrients taken
up by weeds in a ficld planted with corn were 150, 26. and 175 kg ha'! N, P,0s, and
K>0. respectively.

The loss of these quantities has been demonstrated by a number of researchers ((Alkdmper,
1967 Henrich, 1981; Koch and Kocher, 1968: Pande and Bhan, 1966; Pessios, 1979: Do
Vanlong. 1978). Weeds use more nutrients than field crops, proving the importance of
weed control. To avoid crop losses, the Arab Center for Studies in the Arid Zones and
Drylands (ACSAD) has conducted a land management program with the following
objectives:

1) Conserve moisture in arid regions through: (a) use of appropriate agricultural
machinery; (b) identification of the effect of tilage depth on productivity; and (¢)
weed control by mechanical weeding and the use of chemicals.

2) Compensate for labor shortages through the use of agricultural mechanization.
3) Practice the best crop rotations with the objective of increasing production.
4) Adopt varieties which prove o be superior in dry arcas.

5) Increase productivity through optimal fertilizer treatments.

6)  Apply rescarch findings concerning rangeland and land management.



Table 1. Materials Used in Wheat and Lentil

Experiments.
Material Wheat ' Lentil
Variety ACSAD 65 Horani (local)
Seed rate 80 kg ha'! 80 kg ha'!
Phosphate fertilizers 50 kgt ha triple 50 kg ha'!
super phosphate 46% P triple super
phosphate 46% P
Nitrogen fertilizers 160 kg ha! NH,NO; 20 kg ha'!
33.5% N. 1wo doses NH4NO4
(at planting and 33.5% N. All
tillering) fertilizers
were applied
at planting
Herbicides 24D at a rate of Bladex 50% at
1 1 ha! on 2/27/83 a rate of 1 kg
by tractor-mounted ha'! on
sprayer 11724783 with
300 | ha'!
water

Work on this program started in 1982/83 at Izraa station in Syria. The results of 1982/83
were considered preliminary because of the unavailability of the variable lands needed to
apply crop rotations. Therefore. the results of 1983/84 have been presented.

Materials and Methods Materials used in experiments on wheat and lentil are shown in Table 1.

An arca of 6 ha was divided into two plots, cach consisting of one crop rotation: a) a
wheat/lentil rotation: and b} a wheat/fallow rotation,

A split-plot design vith the land divided in long strips was used in order o aliow the use
of machinery. There were 3 tillage treatments X 3 weed control treatments X 4
replications and plots for observation. Each plot was 50 m X 4 m (200 m?).

The main treatments were:

1) No tllage (zero tillage):

2)  Medium tillage (5-10-cm); and

3)  Deep tillage (20-cn).

The secondary treatments were:

1)  Hearbicides:

2) Manual weeding: and

3) Control (without treatment).
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Table 2. Dates of Critical Developmental Stages for
Wheat and Lentil Grown in 1983-1984.

Developmental Stage Date
Wheat Lentil

Germination 12/22/83 12/17/83
Tillering 03/26/84 —
Heading 04/18/84 —
Flowering — 04/03/84
Milk stage 04/30/84 —
Dough stage 05/10/84 —
Maturity 06/07/84 05/29/84
Harvest 06/24/84 05/19/84

Wheat was planted by drill and fertilized on November 23, 1983. The second dose of
nitrogen fertilizer was applied on March 26. 1984, Wheat and weeds were sumpled on
April 15, 1984, and again at harvest.

Lentit was planted by drill and fertilized on November 24, 1983, Crap and weeds were
sampled on April 8. 1984, and again at harvest.

All plant samples were dried in an oven at 70°C, weighed, and the nutrients analyzed.

Rainfall averaged 398 mm in 198283 and 282 mm in 1983/84. Soil moisture was
measured in hoth crops after cach rain at depths of 0 10 20 em. 20 to 40 ¢m, and 40 to 60
entin order to determine total soil water content and water consumption.

The dates that the two crops entered critical developmental stages are shown in Table 2.
Wheat

The highest quantity of weeds in the first cut was in the control treat.aent and in the 5 10
[0 em tillage treatment with herbicide of the wheat/fallow rotation (Figure 2). A
comparison of weed production in the two crop rotations shows that weed production in
the wheat/fallow rotaiion was higher than that in the wheat/lentil rotation by 30 percent.
The highest quantity of weeds in the wheat/fallow rotation was in the no-tillage treatment
(zero-titlage) while the weed production in the wheat/lentil rotation was fighest in the §
emand 20 em tillage teatments. The high weed productivities were reflected in the
consumption of soil moirture in the fllow rotation where weed dry matter was 2771 and
PS28 kg ha b in TOR2/S3 and 1983784, respectively,

Statistical analysrs reveated that:

By Herbicide was superior to the control treatment at both the 1 and 5 pereent levels of
probability in the wheat tullow and wheat/lentil rotations., respectively.

2) Hand weeding was superior to both the herbicide and control treatments at the |
percent probubility level in the wheat/fallow rotation.

3y There were no significant differences between the 5 cem and 20 em tillage treatments.
The 5 emand 20 e tillage treatments differed significantly from the no tillage (zero
tillage) treatment at the 1 pereent level of probability.
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Figure 2. Yicid of Wheat and Weeds (A) and Water Use (B) in
V heat/Lentil and Wheat/Fallow Rotations at Izraa’,
1983/84.

Uptake of nutrienis by weeds is shown in Figures 3, 4. and 5. The highest consumption of
nutrients by weeds was in the wheat/fallow rotation with herbicide and 5 ¢m tillage
treatment: weeds accumualated 53.6 kg ha! N. 74.4 kg ha'! K50, and 6.2 kg ha'! P2Os.
In the control treatment. the highest accumulation of nutrients by weeds was also found in
the wheat/fullow rotation with no tillage: weeds accumulated 24.2 kg hat N, 56.7 kg ha!
K0, and 4 kg ha ' P05,

Water consumption in the wheat/lentil rotation was much higher than that in the
wheat/fallow rotation. ranging from 3600 1o 4000 m? ha-!, in contrast to 3100 m3 hal,
respectively (Figure 3). Water consumption was much lower than in the previous year,
about 4100 m¥ ha . Productivity in 1982/83 was 40 pereent higher than in 1983/84. This
could be related 1o poor distribution of rainfall during the cropping scason. An economic
feasibility study (Figure 6) showed that the best economic return for wheat with 5 ¢m
tillage ranged from 3700 to 4000 Syrian pounds ha!. Yield per hectare in the wheat/lentil
rotation was about 4021 Syrian pounds ha'! in the herbicide treatment and about 2439
Syrian pounds ha! in the control treatment, i.c.. herbicides increased Hrofits by 60
percent. These results were similar to those in the wheat/fallow rotation.
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Figure 3. Nitrogen Uptake of Weeds in Wheat/Lentil and
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A comparison of the two rotations showed no significant differences in net profits, 3209
Syrian pounds ha'! for the wheat/lentil rotation and 3317 Syrian pounds ha'! for the
wheat/fallow rotation. When profits from both wheat and lentil yields in the wheat/lentil
rotations were totaled and compared with the profit from the wheat/fallow rotation,
differences appeared. Total profits for the wheat/lentil rotation with 5 c¢m tillage and
herbicide treatment were 9116.6 Syrian pounds ha ! in contrast to a maximum profit for
wheat in a wheat/fallow rotation of 3562.5 Syrian pounds ha! These figures are very
important in terms of economic returns to rainfed iarming. It is important to continue
these studies in order to determine the most profuable crop rotations in rainfed regions.

Lentils

Hand weeding resulted in lentil vields that were twice that of the control treatment, 787 kg
ha'l and 379 kg ha'!, respectively (Figure 7). Yields in the herbicide treatment averaged
568 kg ha'!. The S em tllage treatment was superior to the others. resulting in yield 1.58
times that in the zero tillage treatment and 1.2 times that in the 20 em tillage treatment,

Although production among treatments was variable. there were no significant differences
in consumption of soil moisture.

The Towest consumption of soil moisture was in the 5 cm tillage treatment compared to
other tillage treatments.

Figure 8 shows that weed production was very high in both the herbicide treatment and
the control. The Towest production of weeds oceurred in the 5 em tillage treatment and the
highest production was in the 20 ¢m tillage treatment with herbicide, 5600 kg ha'! dry
matter. Herbicides were not effective during this year so mechanical weeding was used in
addition to the herbicide.
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Figure 7. Yield of Weeds and Grain and Straw, and Water Use
for Lentils in 1983/84,
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Figure 8. Dry Matter Yield for Weeds in Lentils for Two
Harvests, April 2, 1984, and May 28, 1984, in 1983/84.

Figures 9. 10, and 11 show weed uptake of N, P, and K. Total consumption of N by
weeds from both harvests ranged from a high of 252 kg ha! in the 20 ¢m tillage treatment
with herbicide. to the lowest consumption in the 5 cm tillage treatment with herbicide, 48
kg ha'l. Accumulation of P and K by weeds reflected the same patterns as N,

Statistical analysis revealed that:

1) Manual weeding was significantly different from the control at the 1 percent
probubility level and the herbicide treatment at the 5 pereent level.

2) The 5 em tillage treatment was superior to zero tillage at the 1 perceat probability
fevel and the 20 ¢m tillage treatment at the S pereent level.

3) The 20 em tillage treatment had significantly higher yields than the zero tillage
treatment at the S pereent level of probability.

4y The herbicide and 5 ¢m tillage treatment had significantly higher yiclds than the
herbicide and control treatment with zero tillage. The herbicide and 5 e¢m tillage
treatment also had significantly higher yiclds than the 20 cm tillage treatment at 1
pereent level.

5) The manual weeding and 5 ¢m tillage treatment outyielded the herbicide and control
treatments at the | percent level of probability.
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Figure 10. K,0 Uptake by Weeds Associated with Lentils in Two
Harvests, April 2, 1984, and May 28, 1984, in 1983/84.
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Figure 11. P,05 Uptake by Weeds Associated with Lentils in Two
Harvests, April 2, 1984, and May 2, 1984, in 1983/84.

Table 3 shows that the average net income per ha in the manual weeding treatment was
2430 Syrian pounds. This is more than twice that of the control treatment. The average
net profit for the herbicide treatment is 80 percent greater than that for the control
treatment.

With respect to tillage treatments, the best lentil yields were in the 5 cm and 20 ¢m tillage
treatments. Weed production was influenced by tillage with the lowest production of weeds
found in the § em tillage treatment. Water consumption was also lowest in the 5 cm tillage
treatment. Grain production and economic returns were nighest in the 5 em tillage
treatment. Weeding increased yields and economic returns. Mechanical and manual
weedings should be done several times during the growing season and row spacing should
be wider to allow the use of machinery for weeding. Herbicide use should be given more
attention.

Recommendations for The following agronomic recommendations are made for wheat.

Wheat Crops
weat Lrops 1) Use of herbicides.

2) Continuation of the practice of 5 ¢m tillage which proved to be superior to other
tillage practices in these experiments.

3) Continuation of the practice and study of the wheat/lentil rotation which proved to
have superior cconomic returns.

4) Provision for machinery to carry out agriculural operations and make comparisons of
the use of such machinery in different sites in each country.
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Recommendations for
Lentil Crops.
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Table 3. Summary of Yield and Economic Feasibility for
Lentil Crop in Syrian Pounds Ila-l,

Treatment Depth Cost Income  Income Total Net
of Grains of Straw  Income Profit

................. SLohal oo oo

Herbicide 7ero 994 736 816 1552 558
Sem 1009 2003 3400 5493 4484

20 em 1037 10006 (46 2052 1015

Hand ' 7ero s 481 T} 4312 1874
weeding Scem 1552 16Y2 2153 3845 2263
20 em 1581 2142 2560 4702 3121

Control Hg—”}.‘&()' 978 sy 3 1915 937
Scem 992 956 1231 2187 1195

20 ¢em 1021 824 1415 2239 1218

The following agronomic recommenditions are made for lentil,

1) Use of herbicides and mechanical weeding.

2) Use of mechanical weeding several times during the growing season.
3) Spraying herbicides with more care and atiention.

B Row spacing should be wider 1o allow Tor mechsnical weeding,

5)  Use of varicties suitable for mechanical harvesting.
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Introduction

Physical Resources for
Agriculture in the
Northwest Coast Region

An Overview of Soil, Water aiid Crop Management Systems
for Dryland Agriculture in Egypt

A FAL Moustafa
Sty and Warer Researel Instituie, Agriculiral Research
Centre, Ministry of Agriculiure, Avab Republic of Egypt

ABSTRACT. Ruainfed agriculture in Egypt is mainly concentrated in the northwest coast. As
a result of the grovwing poputation in Exxpt, the coastal zone of the western desert
attracted the attention of the Government. Many studies, including soil and water resource
surveys, were conducted. Inthe lase fevwe years, researcht on rainfed agriculture in this area
has also been conducied. e resulting recommendations are praciced now in some
locations. Oneoing and proposed research activities deal maindy with maximizing
agricultwral production witl availuble resources. For proper planing, detailed research,
evaluating the water vesowrces in the area, is necded. Currently, some estimates are used
to caleulare available water rescurces.

Egypt ties in the northeastern corner of Africa occupying nearly 3 pereent of the continent.
Ieextends over ten degrees of atitude. from 229N 1o 329N, with one-fourth of its arca
south of the Tropic of Cancer. Lgyptis H073 ki in length from north to south and 1262
km in breadth from west to cast with a otal area of almost one million km?2 (Ali. 1982).

Most o Egypt falls within Africa’s dry desert region exeept for a narrow strip of land in
the north which has a Mediterrancan type of climate. Rainfed agriculture in Egypt is
concentrated mainly on the northwest coast which has a rather special climate, differing
from the inland desert arca o the south.,

As a result of the growing population in Egypt. the northwest cowe : region has attracted
the attention of many government organizations planning several sgricultural and settlement
projects. Rescarch on soils. water resources. geology, and other subjects has been initiated
at many sites along the coast.

The northwest coust of Egypt extends westward about 600 km from Alexandria to
fongitude 29507 in the cast o longitude 25107 at EI-Sallum in the west. A succession of
ridges and depressions from the sei to the Libyan Plateau characterize the topography of
the arca.

Climate

The northwest coast has o rather special climate which differs from the inland desert arcas
to the south. Rainfall varies over the region and ranges from 100 to 150 mm per year.
Rainfall varies considerably from month to month at the same site and may also differ
widely at two neighbormg sites in the same month or season. Alexandria. the rainiest city,
may have precipitation as low as 5 mm during the winter months (December, January, and
Februaryy while in another year it may receive over 100 mm in a single month. October is
the first month that can be considered wet or rainy. By this month the whole
Mediterrancan coasal region has received at least 10 percent of its annual precipitation.
From November to March the coastal region receives at least 75 percent of its annual
rainfall. Rainfall is uncevenly distributed along the coast, and this can be explained by the
configuration of the coustline (Ali. 1982). Figure | shows the rainfall distribution map for
the northern coast,

Air temperatures are mild. with @ mean annual maximum ot 25°C and mean annual
minimum of 15°C. The mean minimum temperatare in July is 29°C and the mean
minimum in fanuary. 9°C. Relative humidity does not vary greatly throughout the ycar,
ranging from 50 to 60 pereent at noon and from 60 to 70 percent in the morning and
evening. Potential evaporation appears to be faicly constant from year to year and totals
1500 mm.
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Figure 1. Isohyets (mm) for the Northern Coast of Egypt (Hamdi
et al., 1980).

Land

Along the north coast, one or more parallel ridges of dunes lie separated by narrow,
clongated plains. Just south of these, windblown soils and alluvial fans deposited by the
wadis occur. Further south, the rochy Libyan Plateau rises at varying distances from the
coast.

Soils suitable for agricuiture are found in small areas surrounded by nonarable land.
Generally, the soils are underlain by caliche or rock which determines the depth of the soil
(Ismail et al., 1976).

Arar (1980) estimated that under the most favorable conditions the present rainfed areas
with expected increases would total 10,000 ha by 1985; Ismail (1985) estimated 20,700 ha.

Seme soil surveys and classifications have been conducted in this region (Abd El-Samic er
al., 1957; Balba and El-Gabaly, 1965: Hamdi ¢f ai, 1980: Harga and Rabie, 1974). The
main factors used in grouping the soils of the area are:

1) Depth of profile to hard rock or water table.

2) Some characteristics of profile layers including. texture, structure, color, and
stoniness.

3) Salinity of the saturated extract.

4) Presence and depth of caliche and gypsic horizons.

S} Calcium carbonate concentration.

6) Position and topography.

As an example of the variability of these soils, Abd El-Samie er al. (1957) found cight

different soil types in an arca of 2270 ha. These were scattered and intermingled with one
another (Figure 2).
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Figure 2. Soil Map of Ras El-Ifekma (Abd El-Samie ef al., 1957).
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Surface Water

The main source of water is rainfall. In winter water accumulates naturally in:
1) The depressions where the topography favors the accumulation of the runoff of wadis
or the surface runoft from the higher areas; and

2) The water spreading 7ones where the runoff of wadis is spread freely, flowing down
slopes and accumulating behind natural obstacles (sand dunes or rocky hills).

This natural wetting is very irregular, depending mainly on the topography. In addition,
water collection is carried out on a small scale through:

1) Constructing dikes to prevent the flow of the runoff from wadis to the sea.

2) Constructing dikes in the flood plains to divert runoff from the wadis. Small channels
can be opened which carry the runoff to isolated fields.

3)  Constructing traversal stone or carth barrages in the beds of small wadis to facilitate
sedimentation. creating terraces which collect runoff from the wadis.

4) Constructing small dikes parailel to the contour lines to retain surface runoff.
Surface water can be used to supplement rainfall in several ways.

Flooding. This is suggested for gently sloping arcas which are free from gullies or
depressions,

Water Spreading. This method is suggested for arcas with greater slope and when runoff
is not sufficient to submerge the entire field.

Terracing. In the wadis with even bank-slopes and in cases where there is no land suitable
for cultivation downstream of the wadis terracing is sug:zested.

Sheet Runoff. In the flat arcas where there are no wad.s, sheet runoff can be collected for
immediate use. The water harvesting system should conduct the sheet runoff onto restricted
arcas of good soil. By reducing the arca which receives the sheet runoff, the amount of
water per surface arca is increased.

Also, sheet runoff can be stored in the numerous cisterns which exist in the coastal region.
More than 3000 cisterns. dating back to the Roman period, have been excavated in the
rock. Their capacity varies from 100 to 3000 m?. Once the cisterns have been cleaned and
repaired, water stored in them can be used for human and animal consumption. In some
cases, tree plantations can be established by supplying young trees with small amounts of
water during the dry scason. Small dikes or ditches may be necessary to conduct the sheet
runoff into the cisterns,

Groundwater

Groundwater in the region can be exploited in three ways.

) Dug Wells. To avoid salinization of groundwater, wells equipped with windmills
should not be pumped beyond their capacity.

2)  Drilled Wells. Wells deeper than 20 m are usually drilled by the rotary method.

3)  Collecting Galleries. Groundwater stored in coastal sand dunes is exploited by means
of collecting galleries.,



Traditiona: Agricultural
Production

Constraints to Soil
Productivity

Rescarch to Overcome Soil
Production Constraints

Rainfed Barley

Rainfed barley is produced by the Bedouin farmers using the traditional methods of land
preparation and harvesting, mainly with animal traction and hired labor. Cereal production
originally served a double function: 1) to meet the basic food needs of the Bedouin
families: and 2) to meet the need for supplementary feed for the Bedouins® animals, i.e.,
sheep and goats. Rainied barley yield is just 10 percent of irrigated yield.

Fruit Orchards

Olives, figs, and almonds are found at various locations scattered along the coast. Figs and
almonds are mostly found on slopes of sand dunes where groundwater accumulates.
Tradivonatly. fiuit trees are irrigated only during their first 3 to 4 years. Subsequently,
they survive with rainfall and groundwater. Productivity under these conditions is low;
olive yield iy one-fourth that of irrigated trees. The trees are widely spaced with as few as
200to 70 trees per ha compared to 500 trees per ha under firigated conditions. The low
density allows for optimal use of rainfall and surface runoff.

Animal Production

Sheep and goats are the main livestock in this region along with camels and donkeys. The
overgrazing of rangelands s the main problem.

Based on studies carried out in this region the main constraints to soil productivity are:
soil topography: soil sloper soil stratitication: the depth of soil profile to bedrock or the
wader tables soil texture and calcium carbonate content: soil salinity: soil fertility: and soil
crosion (wind and witer).

These constraints affect soil productivity through their effects on soil physical properties.,
soil chenvical properties. soil-water-plant relations, rooting zone and depth, ete. One
usually finds one or more of these constraints at any given site because of the great
heterogenetty of the seils of the region.

The objectives of the Government are to maintain a suable society, and increase food
production, emplovimert and income. Toward these ends. the Ministry of Agriculture
established o farm wt Burg El-Arab to conduct regional research and distribute crop
cultivars which proved suceesstul along the northwest coust,

Trials of coatrolled grazing and other sgricubural practices of dryland farming were
conducted at the Ras El-Hekma Project tocated 200 km west of Alexandria. Other
objectives of this project are to identity natoral and introduced vegetation with better
nutrinve quality. and show the Bedouins how to improve torage and increase their
livestock.

Other rescarch has been carried out i the arca to identify the constraints in specific
locales and solutions to overcome them. Examples are: improving grazing in Ras El-
Hekeue sand dune fixation (through plantings): soit and water conservation through

spreading and distributing the water: and improvement oi” water resourees.

Ongoing reserreh includes: introducing new varieties of trees which can tolerate the
prevaiting climate and soil: evaluating soil resources: developing uses and management
systems for calcarcous soils: evaluating different irrigation systems for use in newly
reclaimed lands: and the Arid Land Proizet for the agricultural development of the
northiwest coast.
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Other projects which have been proposed are the improvement of rainfed agriculture,
development of an extension service for the Bedouins, range improvement, in addition to
continued development of the northwest coast.

Rescarch on the northwest coast of Egypt has resubied in numerous recommendations.
Some which have been successtully implemented are:

) The use ol mechanical Fand preparation and harvesting for rainfed barley.

2)  Supplemental irrigation for olive orchards. Yield can be increased from 1 to 4 t when
the trees are property irrigaied 2nd waistaineg.

3) Weniification of arcas suitable for grewing fruit trees, especially olive, based on soil
and underground water availability.

4)  Redistribution of raintall by carth dikes designed o move the water to selected areas,
control soil erosion. and reduce water loss.

5)  The use of windbreaks to reduce wind erosion and limit the loss of crop and tree
flowers.

6) The use of groundwater supplies by digging surface wells and pumping the water with
windmills.

7) Soil and water conservation practices which limit surface runoff and consequently soil
crosion. and ncrease water infiltration into the soil.

Rescarch has also indicated arcas where more information is needed. For example, the
grazing project in Ras Fl-Hekma found that controlled grazing and the use of both rainfall
and water reservoirs improved productivity. However, there is still a critical need for
summer fodders for summer and autumn animal feeding. The introduction of wells and
windmills failed miserably among the farmers in the northwest although the technology
was sound: less than 5 pereent of the 1000 windmills established in 1967 are now in
operation. As i result. farmers are unwilling to embark again upon a windmill
development program. This demonstrates the need for sociocconomic studies and extension
activities in the region,

Currently. rescarch is underway to:

1) Develop and introduce new varieties which can tolerate drought and salinity, and can
be grown in a short season:

19

) Introduce new field and forage crops with potential as industrial material:

Lo%)

) Recommend the proper use and management of the soils in the area: and

4)  Recommend a range improvement program,

But gaps still exist in our knowledge of soils, water, crops. and their interrelationships.
Recommendations for tuture research are:

) To quantify the relationship between precipitation and runoff on a per area basis.
2} To measure recharge to groundwater.

3 To monitor the salinity of the groundwater.

4 To determine the effects of dew and relative humidity on crop growth and yield.

There is also a need tor a detailed map of the soils and topography of the northwest coast.
This information would be valuable for land use evaluation and planning,
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An Overview of Agriculture Research at the Arab Scientific
Institute for Research and Transfer of Technology in the
Occupied West Bank

S.A. Assaf

Arab Scientific Instinae for Research, Jerusalem, Israel

ABSTRACT. The Arab Scientific Institute for Research was established to assist the
development of the Palestinian people in the occupied West Bank and Gaza Strip. The
Institute stimulates technology transfer and applied research in the agricultural sciences,
nitrition, public health, and environmental science, Agricultural activities include research
on jojoba, thyme, the Assaf sheep, broom-rape, and olive oil, among others,

The Arab Scientific stitute for Rescarch (ASIR) is a nonprofit technical rescarch institute
established in EI-Birch. West Bank by Arab and Arab-American scientists. It has an office
in Amnun and a mailing office in Houston. The aim of the Institute is to generate applied
science rescarch activity in the fields of agriculture, food, water. health, and the
environmental sciences in general with the overall objective of achieving better
development of the Palestinian people in the occupied West Bank and Gaza Strip.

The Institute began with the creation of o data base on the West Bank and Gaza Strip
using a mini IBM computer. The scientists and engineers working with ASIR realize that
the Institute is self-supporting with very few international, local, and Arab grants for
equipment and specific research projects. Therefore, compensation for work done at ASIR
depends only on the grants and contracts that it obtains and on what the Institute gencrates
from consulting and from the agricultural experiment stations in the Jenin district north of
the West Bank.

If ASIR is to be described in one sentence. it is “a Technology Transfer Institute with
concentration on agriculture technology and matters related to farmer development’.

The agricultural activities of ASIR include the following.

A Field Investigation of the Feasibility of Planting Jojoba in the West Bank and other
Arab Countries

The Institute has planted this oil producing desert bush in the hills and semiarid field crop
arcas of the West Bank. A comparison will be made with similar experiments conducted
by the Institute in Jordan’s Yarmouk University and in the Industrial Technical Center of
Qatar in Doha.

The trees in the West Bank cover an arca totaling 50 dunums (5 ha). They are doing well
and some lots have actually produced after only three years of growth,

A summary of this research project will be submitted to ICARDA. The Institute now has
50,000 seedlings of jujoba ready for planting between February 1986 and May 1986,
Seedlings may be obtained for joint projects by interested institutes or agencies. The
Institute holds a certiticate of Arab origin from the Government of Jordan.

Production of Thyme (Za'atar) Seedlings and Field Cultivation
The Institute has been able to produce 250,000 scedlings per year and is supplying them to

farmers at cost with subsidies from the Save the Children Foundation-USAID program.
The Institute hopes to do this m other Arab and foreign countries.



A Field Investigation of the Feasibility of the Assat Hybrid Sheep

The Assaf hybrid sheep is a repetitive cross between the imported Friesian sheep and the
local Awasst sheep. The Institute has 90 head of this hybrid as well as another ten of a
cross between the Keos sheep imported from Cyprus and the Assaf. This new hybrid is
called Kesaf. These hybrids produce two times more milk, meat, and lambs than the local
Awassi sheep. However, they require intensive husbandry including drugs and feed. This
research was presented at the 1984 Sheep Conference in Amman at the University of
Jordan.

Rescarch on the Eradication of the Parasitic Plant Broom-Rape which Attacks
Vegetable Crops

Experiments were conducted in the West Bank in collaboration with a Palestinian plant
protection professor on sabbatical from the University of Jordan. Methods of controlling
broom-rape on cabbage were evaluated.

Investigation of the Physical and Chemical Properties of West Bank Olive Gil

This work encompassed ASIR™s analysis of olive oil samples taken from nearly 300 olive
oil mills in the West Bank. The olives have been harvested. handled, and pressed in
various agricultural arcas under different conditions. The results were presented to the

International Olive Oil Council at & conterence sponsored in 1982 by the Union of Arab
Food Industries.

A Study of Wells

A chemienl and hydrological study of the wells of the Arab Development Society Project
in Jericho is supported by the Swedish Consulate General.

Evaluation of Drinking Water Projects

A field evaluation of drinking water projects in villages of the West Bank and Gaza Strip
was funded by the Save the Children Foundation.

Food Security Issues in the West Bank and Gaza Strip

This study included the following topies: human, land. and water resources; plant and
animal production; the role of the private and public sectors: consumption; and export. Tt
wits submiited in 1984 to the joint United Nations ECWA/FAQO Division.

The Water Sitaation in the West Bank and Gaza Strip

This study was presented at the Arab Waters Conference which was sponsored by the
Arab Fund for Sociat and Economic Development and held in Kuwait in February 1986. It
is o detailed study of the water resources, utilization problems, and rules and regulations
in the occupied territories.

Research on the Agricultural Plant Production in the Occupicd Territories

This study was submitted 1o the Sixth Conference of the Union of Arab Agricultural
Engincers in Amman in November 1984,
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Feasibility Studies

A feasibility study for the development of a complete agricultural project on 3000 dunums
of land in the Jordan Valley was conducted in 1983. Plant and animal production on
private lund in Fesayel in the Jordan Valley were evaluated.

A study was conducted to determine the feasibility of developing a large egg-laying farm
in Ramallah District in the West Bank.

A study was undertaken to justify the development of an agricultural implements factory in
Jenin. This factory has now been enlarged and is valued at several million dollars. It is the

largest in the West Bank and Gaza Strip.

The report on an investigation into the feasibility of establishing an Arab University of
Technology was submitted to the Higher Council of Education in the West Bank.

Study of the Technology Gap hetween the Occupied Territories and Israel

This study emphasized technical education and research centers, the brain drain, and
absorption. The research was done for the Joint Committee in Jordan and submitted to the
Office of the Deputy Minister of Occupied Territories in Amman, Jordan in 1985,
Transfer of Technology in the Hands of Expatriates

This study was submitted to the Expatriate Conference in Amman in 1985.

Status of Agricultural Education and Workers

A study on the status of agricultural education and agricultural workers in the occupied
territories and a proposal for establishing a college of agriculture in the West Bank were
commissioned and submitted to ALECO, the Areb League in January 1986.

The Role of Olive Oil in the Prevention of Thrombotic Disease

This study showed statistical data that olive oil actually prevents heart discase in humans

compared to other fats and oils. The paper was presented to the Kuwait Medical Society
Conference in 1984,
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Introduction

Erosion Measurement

Mechanics of Water Erosion: Measurement, Prediction and
Control

D.K. McCooal
U.S. Department of Agriculire, Agriculural Research Service,
Pullman, Washingion, USA

ABSTRACT. Accelerated soil erosion is a constant threat to the ubility to feed and clothe
the world's population. With growing population in many developing nations, the need to
increase production by cultivating unsuitable lands increases erosion rates. Research on
erosion rates with current farming methods, on the effect of erosion comrol practices, and
on improving prediction technology is important to assess current status and Suture trends,
evaluate specific practices, and develop policies and strategies.

Technigues and methods for planning and conducting erosion research are discussed,
along with a number of current prediction models. Erosion prevention and control
techniques are discussed.

Erosion can severely affect the productivity of cropland, particularly where cultivated
topsoils are shallow and subsurface fayers impede root penetration, have low water-holding
capacity, or are otherwise inhospitable to plant growth. The major causes of productivity
decreases due o erosion are nutrient losses and changes in soil structure which control
infiltration and retention of soil moisture (Wolman. 1985). Williams ¢f al. (1981)
identified the loss of plant available soil water capacity as the major reason erosjon
reduces productivity.

Erosion rites range from negligible to severe, depending upon climate, topography, soil,
and management fectors. An inventory of cultivated cropland in the United States in 1982
(National Rescarch Council, 1986) indicated an average sheet and rill water erosion rate of
10.8 Mg ha'ly-1. However, about 40 million ha, or about 25 pereent, had rates of greater
than 11.2 Mg ha-'y-1: this is often considered to be the erosion level at which productivity
can be sustained over a long period of time on a renewable soil. Erosion rates in other
parts of the world are much higher (El-Swaify. 1982). Frequently, overpopulation and the
accompanying necessity to cultivate unsuitable lands increases erosion rates. This is
particularly true in the humid tropics, where deneding steep, forested lands results in
severe crosion rates. In some places such as in Haiti, the process is so severe as to be
considered virtually irreversible (Wolman, 1985).

Erosion can undermine efforts to feed a growing world population. Research on the
measurement. prediction, and control of crosion is essential. Predictive capability s
necessary to select strategies to optimize food and fiber production and prevent irreversible
degradation of the soil resource base.

Erosion measurements are made for a number of purposes. Measurements have
traditionally been used to direetly compare specific treatments and for monitoring
particular arcas: more recent emphasis has been for model calibration and verification.
Methodology depends upon the purpose of the project. Runoff plots are used to measure
hillslope soil loss. Instrumented watersheds are used to calibrate larger scale models that
include channel hydraulics or delivery ratio con epts. Instrumentation is frequently based
on the complexity and resolution of the models to be calibrated. Plots for comparison of
specific treatments or for calibration of lumping and averaging models such as the
Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1965; 1978) require less
extensive instrumentation than those used in calibrating and verifying more complex
models that predicet erosion from individual events.



Available resources may control the type of research conducted. In developing countries
with a lack of capital and ar abundance of labor, manpower is frequently substituted for
expensive equipment and instrumentation. Thus, plot borders may be simple and installed
by hand, 2nd catchments may be of rock and mortar rather than concrete or steel. Manual
readings may be substituted for recording equipment. With proper training and
supervision, good quality data can be collected with rather simple equipment.

In many areas of the world, baseline data on precipitation quantities and rates may be
limited. This makes plot and wutershed design difficult and uncertain, and also hampers
madeling efforts. References are available that provide broad-scale estimates of
preeipitation, runoff, and other hydrologic parameters (Landsberg, 1985; UNESCO, 1977,
1978). Whenever possible, more detailed information should be located.

Runoff Plots

Runoft plots are small hillslope areas artificially bounded so that only runoff from that
specific arca will enter a coliection system (Figure 1). A number of configurations have
been used but i standard size installed at the original crosion stations established in the
United States in the carly 1930s was 22.1 m long by 1.8 m wide, giving an arca of 0.004
ha (0.01 acre). Plots subjected to nawral rainfall are still frequently 22,1 m long by 1.8 m
or more wide. Borders can be of sheet metal, wood, plastic. bermed carth, or other
material. Termite activity precludes the use of wood in some areas. The artificial borders
are frequently 150 to 250 mm high with half of the border buried in the soil.

In order to speed data collection and h nce shorten project time and costs. rainfall
simulators are frequently used. These simuiators should be selected or designed to apply
water at rates and with drop size and eaergy charucteristics of the local precipitation
(McCool, 1979). In general, the plots will be smaller than those 1o be subjected to natural
rainfall. A wide range of rainfall simulators are available (USDA, 1979).

e
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Figure 1. Typical Runoff Plot Installation.
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can then be folded and carried lil:e a stretcher.

Figure 2. Photographically Recording Rill Meter.

The runoff from a plot usually flows over an adjustable end sill into a collector. Total
runoft can then be collected ina tank, a portion can be collected after passing through a
divisor or splitting box. or a measuring flume with a sampling device can be used
(Brakensick er al.. 1979 Mutchler. 1963).

Where rilling is severe. a rill meter or surface profile meter (Figure 2) can be used to
measure the croded arca in the rill (McCool er af., 1981). Only if both rill and interrill
crosion are severe can s device be used to measure total soil loss, and then only if a
reliable datum can be established and bulk density does not change with time.

I a tank is used 1o collect runoff, proper sampling of the sediment is essential. If the
liquid is low in suspended solids. the major portion of the selids can be allowed to settle
and the liguid siphoned off. A representative sample of the remaining material can be
collected and dried. Stirring o large tank and obtaining a representative suspended
sediment sumple is very difficult. it not impossible. Pumps and splitters are sometimes
used to accomplish this task.

Tipping bucket measuring devices are sometimes used to measure runoff. Results have
been mixed. Some researchers indicate that tip rate must be kept within specitied limits for
relinble operation (Barfield and Hirschi, 1987).
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Figure 3. Typical Flume Installation for a Small Watershed.
Watersheds

Watersheds are usually naturally bounded arcas and can range in size from a fraction of a
ha to several km2. The known or expected range in runoff rates and conditions influences
the type of measuring device. Commonly used devices are flumes, weirs, bridges,
culverts. and natural controls (Brakensick er al., 1979; Buchanan and Somers, 1969;
Carter and Davidian, 1968; U.S. Geological Survey, 1977).

Relatively small watersheds can be equipped with temporary or permanent flow measuring
devices of various kinds (Figure 3). Flumes can be made of sheet metal, plastic, or
fiberglass and can be moved to other locations at the conclusion of a project. Measuring
devices for large catchments must be permanently installed. In order to reduce expenses,
existing structures that control the flow, such as bridges and culverts, are used wherever
feasible. Frequently, an auxiliary low-head control must be installed in addition to the
existing structure (Brakensick er al., 1979; Holtan er al., 1962).

Measurement of the suspended sediment passing the station is accomplished by a sampling
technique (Brakensick er al.. 1979; Guy and Norman, 1970; U.S. Geological Survey,
1977). The sediment concentration of the swuple is determined and multiplied by the flow
rate to determine the sediment discharge rate. Sampling of large flows can be done
manually or by an automatic device that pumps a small sample from the stream
(Brakensick er «l.. 1979, U.S. Geological Survey, 1977). For small watersheds a flow-
splitting device or a flow driven sampler can be used.
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In some streams the bedload must be measured. The bedload is the sediment that moves at
velocities less than the surrounding flow vy sliding, rolling, or bounding on or very near
the streambed. The bedload is difficult to measure because the presence of any mechanical
device will disturb the flow and the rate of bedload movement. Nevertheless, a number of
samplers have been devised to colleet bedload samples (Brakensick er al., 1979; Guy and
Norman, 1970: U.S. Geological Survey. 1977). Brakensick e al. (1979} mention that no
sampler developed 1o that time had proved entirely satisfactory for all conditions, and that
the selection of a bedload sampler was highly dependent upon <ondition.s at the sampling
site.

Sediment Determination

Several methods are available 1o determine sediment concentration. Two of the most
common are eveporation and filtration (Brakensiek er al., 1979: Guy, 1969). Filtration is
generally more suitable for low concentrations. Evaporation is better for higher
concentrations that would plug the filter. The evaporation method may require an
adjustment for dissolved solids. To speed up the evaporation method a flocculant is
sometimes used and the supernate siphoned off. However, floceulant cannot be used on a
sample on which ageregate size is 1o be determined. because agpregates will be broken
down. In cither case the sediment or filter paper containing the sediment is dried in an
oven. In selecting balances and setting up procedures for determining sediment
coneentration, the aceuracy of all phases must be considered.

Knowledge of particle size distribution is necessary for caibration and verification of
many runofl and crosion models and for studies of chemical movement, Techniques for
determming particle size distribution are desceribed by Brakensick ef al. (1979) and by Guy
(1909).

Meteorological Observations

Mecteorological observations are an important part of any crosion research project. The
very simplest installation should include # standard ronrecording raingauge and max/min
thermometer. For calibration of even very simple models, a recording raingauge is
necessary. For more complex models more elaborate instrumentation is required, including
solar radiation and soil temperature data, For a more detaited discussion of meteorological
observations and technigues see Brakensick er af. (1979).

Erosion prediction is used for farm nanagement planning, projecting long-term effects of
farming practices. assessing the status of the nataral resource base. and as an aid in
planning governmental policies with regard 1o Land use, resettlement. and financial support
of conservation practices. Prediction technology ranges from the Universal Soil Loss
Equation (USLE) (Wischmeier and Smith. 1965 1978). o relatively simple niodel for
predicting average annual hillslope erosion over « long period. through more complex
models capable of predicting soil Joss and nutrient movement on an event basis and
including stream channel as well as hillslope erosion (Beasley, 1977 Simons er al., 1977;
Foster, 1987).



The USLE is a general equation containing variabies derived from empirical relationships.
The general cquation is:

A =  RKLSCP [1]
where:

A = soil loss per unit area, Mg ha'ly!;

R = rainfall and runoff crosivity factor, MI mm ha-th-ly-l;

K = soil-crodibility factor, Mg h MJ-'mm-;

L = slope length factor:

S = slope-steepness factor:

C = cover and management factor: and

P = upporting conservation practice factor.

The empirical relationships for the variables were developed from data collected from
runtt plots located cast of the Rocky Mountains in the United States. Since the
deveiopment of the USLEL it has been found that regional relationships may be required
for some of the factors. For example, the R fuctor, as developed from the kinetic energy
and intensity of rain. correlates poorry with the high wintsr erosion rates of the Pacific
Northwest rainfed cropland. In il Pacific Northwest erosion is helieved to be better
correliated o runoft and low soil strength during the thawing of “ozen soil. Similarly,
research in Mediterrancan and Saharan zones has indicated deficiencies in the R factor
under these conditions (Roose. 1977). Research in the Pacific Northwest of the United
States also indicates that the S factor for this region diiters somewhat from that in the
USLE. In this region erosion has been found to be regated to slope steepness:

0.6

(2]

where S = slope steepness factor: and 8 = field slope gradient in degrees.

Thus. the USLE should be used with some caution in arcas that have no crosion data
against which to compare the predictions. Currently the USLE is perhaps the most used
erosion prediction cquation in the world. and a fiterature search may find an application
for a sitation similar to nearly any that one will encounter. A major problem may be in
finding suffici=nt precipitation daa to drive even this simple model.

The Moditied Universal Soil Loss Equation (MUSLE) (Williams. 1975) was developed to
determine sediment yield from small watersheds. The equation is:

SY = atQ g, K LSCP (3]

where SY == sediment yield tfrom an individual storm, Mg; Q = storm runoff volume,
nY . = peak runoft e, ms o K= erodibility factor, Mg h ha"!N-'0 LSCP = factors
from {JSI,I‘Z: and a.b o fitted coetticients.

Williams found values of a and b to be 9.05 and 0.56, respectively (Foster, 1982). Note
that this equation uses most of the parameters of the USLE. replacing only the R factor
with a term containing runoft parameters.

The Erosion Productivity Impact Caleulator (EPIC) (Williams er al., 1983) was developed

to investigate, on a United States-wide basis, the effects of soil erosion on crop
production. The EPIC model predicts erosion event by event by the MUSLE (Williams,

131



Erosion Prevention and
Control

132

1975), the Onstad-Foster Equation (Onstad and Foster, 1975), or the USLE (Wischmeier
and Smith, 1978). It includes a crop growth moder and operates on computer-generated
rainfall data. The model may require calibration for local conditions.

Another model is the Chemicals, Runoff, and Erosion from Agricultural Management
Systems (CREAMS) model (Knisel, 1980). The CREAMS model was developed to
estimate runoff, erosion, and chemical losses from field scale areas. It operates on an
event basis using overland flow, channel flow, and impoundment concepts. The model
includes several parameters from the USLE and has been succeasiuily used in most areas
of the United States.

Two models more recent than CREAMS are GLEAMS (Leonard et al., 1987) and OPUS
(Smith and Ferreira, 1986). Both are best used on watersheds of less than 40 ha because
they use rainfall input from a single gauge. GLEAMS routes surface flow, but its major
strength is its capability of routing infiltrated water through the root zone 1o ground water.
OPUS routes surface runoff using a physically based infiltration and runoff model with
solution by a finite difference technique, rather than by runoff curve number as CREAMS
does,

Of all the models mentioned to this point, only the USLE can be used without at least a
microcomputer. Using previously developed charts, an erosion prediction with the USLE
can be made by hand calculation.

The Agricultural Research Service of “he USDA is currently developing a replacement for
the USLE. The Water Erosion Prediction Project (WEPP) is intended 1o produce a
completed model by 1989. The WEPP Model is intended to be event-based, but will be
capable of operation on small, portable personal computers so that results can be obtained
cven in the ficld (Foster, 1987).

I the goal of sustainable agricultural production is to be accomplished. erosion prevention
and control are essential. Otherwise soil losses will exceed tolerable limits, particularly in
arcas where population pressures cause cropping of steep, highly crodible land.

Agronomic measures such as cover crops, multiple cropping, sirip-cropping, and surface
mulches. are kighly effective means of preventing crosion. A surface mulch of 1.1 Mg
ha'! has been found 1o reduce erosion to 18 percent of that when no mulceh is present
(Laflen et al., 1985). Cover crops or intercropping can protect the soil while a crop is
being established.

Vegetative measures. while highly effective in reducing crosion and maintaining a
desirable soil structure, may be difficult 1o apply. Fodder may be used as livestock feed,
fuel. or building material, so the farmer may be reluctant to leave these materials in the
ficld. Furthermore, they may interfere with cultivation and may increase discase problems.
Cultural and societal influences may override other considerations. For example, nomadic
herdsmen snay use crop residues to feed their herds during certain times of the year.
Farmers may also be reluctant o try new and relatively unproven techniques that require
investments of time and energy, and from which the returns are not immediate.

While cultural and vegetative measures are considered the most desirable means of erosion
control, mechanical measures may also be necessary. This is true if slope steepness is
great, if rainfall quantities are excessive. or if vegetative measures are not acceptable 1o
the farmer. Mechanical practices may include terraces. contour bunds. contour furrows,
and furrow dikes.



Summary
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Terraces are embankments or channels constructed across a slope at regular intervals to
reduce slope length and control runoff. In semiarid regions they may be designed to
collect all runoft for infiltration. In wet areas they are designed to channel the runoff to an
established channel or pipc system. A number of terrace systems have been developed,
including bench terraces. hillside ditches, basins, orchard terraces, mini-convertible
terraces, and a hexagonal system (EI-Swaify er al.. 1982).

The term contour bunds has been applied to more than one mechanical practice (Hudson,
1971). In this paper it refers te a low bank pushed up by hand or with a machine, with
the excavated channel upslope. Its purpose is to intercept and infiltrate runoft. If the
channe! is too smalf to collect and retain all runoft, progressive failures will ruin the
system (Hudson. 1971).

Contour turrows or contour ridges involve tillage with a lister or ridger on the contour.
The crop is seeded in the furrow or on the ridge. depending upon specific conditions. The
practice is effective unless runoft exceeds the water storage capacity of the ridges. Should
this occur. progressive failures of the ridges may result in more crosion than if up- and
downhill sceding had been used.

Tied ridges or busin listing is a praciice in which dikes are formed across furrows at
regular intervals. Water collected in the basins will ultimately infiltrate the soil. The small
dims must be reestablished cach time cultivation oceurs and, in sandy soils, after each
heavy rain. Hudson (1971} suggests placing the furrows on a grade with a suitable
protected outlet, and forming the ties shightly lower than tie ridge. In case of an extreme
rainfall event. massive progressive failure is thus avoided.

Lack of resources constrains the application of mechanical measures, particularly those
requiring heavy or special equipnent. Also, there is little incentive for a farmer using
communal lands to apply such measures. For application of mechanical measures incentive
and support programs are required.

Soil erosion requires constant attention, particularly in times of increasing world
population and intensity of agriculture. Research on gross eroston rate, comparison of
practices. and prediction technology is important to assess current status, future trends,
evaluate specific practices. and develop overall policy and management strategics.
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Mechanics of Erosion: Measurement, Prediction and Control

D.W, Fryrear
U.S. Department of Agriculture, Agricultural Research Service,
Big Spring, Texas, USA

ABSTRACT. Erosion of soil by wind is an annual problem in semiarid and arid regions of
the world. The mechanics of wind erosion have been researched, but the field measurement
of wind erosion has been historically difficult because of inadequate equipment. New
equipment has been developed thar will collect samples of airborne dust from eroding
Sields. Soil particle movement, composition, and nutrient concentration can he determined
Srom the samples.

Estimates of annual wind erosion can be made using the USDA Wind Erosion Equation.
The equation works hest in the small grain production area of the Grear Plains, but it can
be used to compare wind erosion control practices at any location. Estimates of the
number of dust storms can he made using climatic models and these estimates will warn of
potentially severe erosion.

Management of surface residues, tillage, or wind barriers are the major methods used to
control wind erosion. Lack of rainfall will influence the selection of erosion control
techniques and limit the quantity of residue produced. If even 30 percent of the soil surface
is protected with nonerodible material, wind erosion losses will be reduced 80 pereent,
Soil ridges at least 10 cm high will reduce wind erosion losses 85 pereent, except on deep
sands. The timing of wind erosion control cefforts with available soil water is important
because ridging a moist noneroding soil is much more effective than ridging a dry eroding
soil.

The hazards of wind erosion on agricultural lands extend back into ancient history (Wilson
and Cooke. 1980). Wind crosion received internatioral notoriety when the Great Plains of
the United States experienced serious wind erosion during the prolonged drought of the
1930s. It was this spectacular period that prompted the initiation of research into the
nature of the wind erosion process and the development of effective wind erosion control
practices.

Wind erosion is 4 unique erosion process. The wind-eroded material can be seen and the
impact of windblown soil particles can be felt. Windblown soil particles physically damage
plant tissue and if the exposure continues long enough, damaged plants will die. '

Wind crosion can occur whenever bare, erodible soils are exposed to erosive winds. While
coarse-textured, sandy soils are most susceptible, any unprotected soil that has erodible
material on the surtace can be eroded by the wind. In the United States every state has
arcas susceptible *o wind erosion, but the nxijority of severe wind erosion occurs in the
Great Plains region. The tremendous expanse of unprotected erodible soils and erosive
winds during the spring months makes the Great Plains particularly susceptible (¢ extensive
wind crosion.

Whenever the wind speed exceeds the minimum threshold velocity, loose soil particles
become unstable. are injected into the wind stream, and may return to the soil surface to
dislodge additional particles. The process of detachment and transport will continue until
the wind stream becomes saturated with soil particles. The absolute size and percentage
will depend on the velocity and wrbulence of the wind. Generally, 7 10 25 percent of the
total soil movement will be particles 500 1o 1000 mo» ing as surface creep, 50 o 80
pereent will be particles 100 to 500 moving in saltation, and 3 to 38 percent will be
particles 2 to 100 moving in suspension (Lyles ef l., 1985). Particles in suspension may
be transported great distances and will contain the nighest percentage of soil nutrients.



Measurement

Collecting Samplers

Controlled Erosion

Prediction

Wind erosion can be observed via dust clouds that are gencrated, but actual g:antitive
measurements of wind erosion are difficult. Under extreme wind erosion conditions soil
losses can be measured by the decrease in surface elevation, but this is usually not an
acceptable procedure because a few mm of soil are equivalent to several tons of soil loss
per ha. If vegetated areas are adjacent to the eroding fields, the volume of eroded material
collected in the entrapment zone will be a partial measure of erosion. This will be a
conservative measure because not all eroded material will be collected. Very fine eroded
material can be transported hundreds of kilometers before being deposited. If data are
available, changes in crop yields may be correlated with the soil loss that has occurred,
but 30 to 50 yeurs of record may be required depending on the severity of the annual
erosion. Changes in crop yields may also reflect the impact of continuous cropping,
decreased fertility level of the soil, changes in management, or possibly changes in
discases or inseets. It is very difficult to separate the impact of crosion from other factors
that influence yields without complete records of cach factor.

With the development of dust sampling or other erosion measurement equipment it is
possible 10 collect samples of material croded by wind. Wind crosion samplers have been
developed by Bagnold (19413, Armbrust (1967). Merva and Peterson (1983). Steen (1977),
Leatherman (1978). and Bocharov (1984). The most recent is the Big Spring Number
Eight (BSNE) developed by USDA-ARS at Big Spring, Texas (Fryrear, 1985). The BSNE
is not expensive, will operate unattended for weeks, and will colleet at least 86 percent of
the material passing the sampler. BSNE samplers can be located at various heights to
determine the vertical distribution of eroded material and sufficient sample may be
collected for detailed physical and chemical analysis. Details of the BSNE sampler are
deseribed in Appendix A.

With laboratory wind tunnels. studies of wind crosion can be conducted by holding all but
one or wo factors constant. This technique has been used to identify the influence of
cover, roughness, nonerodible elements, plant injury, and to simulate wind barrier
influences. Field wind erosion can be measured by using pertable wind tunnels on field
plots. Various soil and vegetation treauments can be established under natural rainfall and
weather conditions and the changes in erosion eviduated. Field wind tunnel tests do not
require that soil or plant conditions be simulated as in laboratory conditions, but the
investigator has no control over the rainfiil or weather conditions. Field wind tunnel tests
represent only the extreme windward edge of the field unless croded material is introduced
into the tunnel.

Annual Soil Loss

Wind and sand movement reported by Bagnold (194 1) fit a log (sand movement)-lincar
(wind velocity) relationship (Figure 1). With cultivated soils the relations developed by
Bagnold may not be valid because of surfuce aggregation, roughness, and vegetation.
Much of the carly research on wind and soil conditions was conducted by W.S, Chepil
and N.P. Woodruff. Chepil and Woodruft (1963) prepared an excellent summary of wind
erosion rescarch. This publication contains the majority of the information used to develop
the initial Wind Erosion Equation (Woodruff & Siddoway, 1965). This equation is used
throughout the United States to predict wind erosion under a wide variety of soil and
climatic conditions. The Wind Erosion Equation (Appendix By is empirical and assumes no
interaction between the various factors. Its solution requires several tables and figures.

V. Pasak (1973) also developed an equation to describe the intensity of wind crosion.
Pasak's equation (Appendix C) contains terms for velocity, nonerodible particles in the
soil, and the moisture content of the soil. There are no parameters that introduce the
influence of soil roughness or soil cover except wind velocity at S ¢m above the soil
surface. The Wind Erosion Equation and Pasak’s equation have not been verified with
ficld measurements.
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Figure 1. Relation between Wind Velocity and Rate of Sand
Movement (Bagnold. 1941).

Number of Dust Storms

Prediction of the number of dust storms can be made using the climatic model of Chepil er
al. (1963) or the Big Spring Index of Fryrear (1981). Thesc equations (Appendix D) can
be used to warn of potentially severe erosion several months in advance. Both cquations
are site or area specific and are not intended to apply to all arcas. They do identify the
major factors influencing dust storms in specific areas.

Wind erosion can be controlled by reducing wind velocity at the soil surface or by
creating it soil surface that will not be susceptible to wind erosion. At this time it is not
possible o reduce wind velocities over farge land masses. but it is possible to reduce the
wind velocity at the soil surface with standing vegetation, wind barriers. or nonerodible
materials on the soil surface. Nonerodible materials could include flat residues., soil clods,
or small stones. Erodibility of the soil surface can be reduced by increasing the fraction of
the soil surface covered with nonerodible miaterial. ¢.g.. by roughening the soil with tillage
implements. Soil erodibility can also be reduced by growing residue crops that will
increase the organic matter content of the soil, or by applying soil stabilizers :uch as
asphaltic mulches,



Standing Vegetation

Standing vegetation is several times more effective in reducing wind erosion losses than
the same quantity of vegetation laying flat on the soil surface (Siddoway et al., 1965).
Because of weed problems or its use as fodder by livestock, it is not always possible to
leave vegetation standing for extended periods of time. In many countries the vegetation
remaining after crops are harvested is used for animal feed and is not available for
controlling wind crosion in the field.

Wind Barriers

The eifectiveness of a wind barrier will depend on the density and shape of the barrier
(Woodrutt er al.. 1963). 1f the major objective is to reduce wind velocities over the
greatest distance leeward of the barrier. the barrier should have about 40 percent poroeity.
This will provide good protection for a distance about 10 times the height of the barrier
(H) and will reduce wind crosion for a distance about 20 times the height of the barrier
(Hagen. 1976). The denser the barrier, the greater the wind reduction is adjacent to the
barrier but the shorter the distance which is protected. The desired density may also
depend on the protection required. For example, if the crop between the barriers is
susceptible to wind damage. the barrier must provide the maximum protection possible and
the barriers may be spaced closer than 10 times H.

Nonerodible Flements

Nonerodible clemenis are any materials on the soil surface that will not be moved or
transported by crusive winds. This includes stable soil aggregates (sometimes called clods),
gravel or rock fragments larger than the maximum size that can be transported by wind,
or may be large sections of plant material that have not decomposed. Soil loss will be
reduced %0 pereent i 30 pereent of the soil surface is protected with nonerodible material.
Figure 2 illustrates that soil loss from wind can be significantly reduced with a partial
cover on the soil surface (Fryrear, 1985).

Roughness

Wind crosion losses will be reduced if the soil surface is ridged with tillage impleiments
(Figure 3). i ¢ larger the ridge the greater the reduction in soil loss except for decp
sands. Tillage implements will not control wind erosion on deep sands because the ridges
are not stable. Soil roughness will reduce wind erosion until additional rain is received or
the field is irrigated. Once the surface has been consolidated or crusted, soil roughness can
be increased with subsequent tillage if the tillage is performed while the surface soil is
moist.

Soil Amendments

Several chemiical products have been tested that will successfully control wind erosion for
a few weeks, but most were more expensive than anchored small grain straw (Chepil et
al.. 1963). Armbrust and Lyles (1975} identified five polymers and one resin-in-water
emulsion that reduce wind cerosion for two months. The large volumes of material
necessary. the expense. and reliable chemical weed control are problems that prevent the
use of soil amendments except tor high value crops.
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Figure 2. Relation between Soil Loss Ratio and Percent Soil Cover
(Soil Loss with No Cover Equal to 1), when Various
Percentages of Soil Surface Are Covered with Flat
Nonerodible Material (Fryrear, 1985).

Plant Injury

Wind crosion during the crop establishment period can destroy young seedlings, reduce
crop quality, or delay crop growth. All crops are not equally susceptible to wind damage
(Table 1). As crops mature, their susceptibility to wind dumage decreases. Exceptions are
crops such as tobacco and cabbage in which crop quality and marketability may be
decreased because of tissue damage and the presence of sand grains. To protect young
seedlings farmers may use tillage implements to maintain soil roughness, or may grow
wind-resistant, tall crops adjacent (o the susceptible crop.

Wind crosion continues 1o be an annual problem in sandy land arcas with a semiarid
climate. The major factors involved have been identified and effective wind erosion controi
systems have been developed for high residue crops. Without surface residues, the soil
surface must be roughened with tillage after cach rainstorm. The effectiveness of the
tillage system will depend on the timeliness and type of tillage. Wind erosion losses can be
reduced 80 percent if 30 percent of the soil surface is protected with noncrodible material



Table 1. Crop Survival as Influenced by Duration of
Exposure to a 15 m s Wind with Sand Flux of

0.05 kg m! width ! on Plants 9 or 10 Days Old

(Fryrear and Downes, 1975

Crop Survival Rates at Three Exposure Times (min)
5 10 20
...................... /2

Pepper 75 8 0
Onion 100 100 100
Cabbage 100 87 56
Southern pea 100 94 72
Carrot 91 10 4
Cucumber 100 100 46
Cotton 100 85 15
Sunflower 91 88 72
Avg. 95 72 46
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Appendix A

Big Spring Number Eight
Note: Tolerances on sample slot are + 0.1 mm. All other dimensions are + 2 mm. Sixty

mesh screen must be stainless steel and 18 mesh screen must be steel. All joints and seams
will be soldered. Rubber band cut from 9:50 X 15 inner tube.

Big Spring Number Eight (BSNE)
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Note: The 18 mm diameter pipe and cotter pin will be supplied by USDA. All dimensions
are + 2 mm.

18 mm diameter pipe
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Wood block 80x81 mm
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Appendix B USDA Wind Erosion Equation

E=fd,K,C,L,V)
where:
E = Computed soil loss (short tons per acre per ycar);
I' = Erodibility index, obtained from two components: I - soil erodibility, dependent

upon soil cloddiness (specifically percentage of soil fractions with diameter
>0.84 mm), and knoll erodibility, which varies with length and degree of
slope;

K’ = A soil ridge factor which quantifies that contribution to surface roughness not
due to clods or vegetation;

C' =A climatic factor = 34.483 v3
(P/E)?

where v = wind speed at 10 m above ground; and
P/E = Thornthwaite's ratio:

L' = Equivalent ficld length - distance (e.g. ficld width) along the prevailing wind
direction less that under the influence of any shelter barrier (this zone is about
ten times the height of the barrier if oriented at right angles to the wind o
within + 30° (<) of wind direction, and proportional to cos & otherwite);

V = Equivalent vegetation cover, itself a function of quantity, kind and orien‘ation
of vegetative cover.

For additional information the reader is referred to Woodruff and Siddoway (1965) or
World Meteorological Organization (1983).

Appendix C V. Pasak (1973) Derived Equation for the Determination of Wind Erosion Intensity
Ep =22.02-0.72 P" - 1.6YV + 2.64v
where: Ej is soil eroded during wind action in time t = 15 min (g m2);
P" is the content of nonerodible particles in the soil (>0.8 mm) (%);

V s relative soil moisture and is determined by the relation of instantaneous
moisture cor. 2sponding to the wilting point; and

\ is wind velocity at ground surface level (5 cm above soil surface) (m s-hy.
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Appendix D Chepil, Siddoway and Armbrust (1963) Method of Estimating Number of Dust Storm
Days during a Calendar Year from the Wind Erosion Climatic Index

N

il

1+ 024 (Cy) (r = 0.68)
where:

N

it

Number of dust storm days; and
Cy =Previous three-year average of climatic index C.

C, =34.483 V?
(P-E)?

where:
Cy =Annual wind erosion climatic index:
Vo= Average annual wind velocity in mph corrected to a height of 30 feet; and
P-I: = Thornthwaite effective precipitation index.

This method is primarily used where residue crops are grown each year.

Fryrear (1981) Method of Fstimating Number of Dust Storm Days

Y = 979 + 0.0265 (BSH r = 0.69)

where:
Y = Number of dust storm days.
Dec
BSI = Big Spring Index = X (= = W)
Sep
where:
E = Monthly wtal evaporation from open pan;

—
[}

= Monthiy total precipitation: and

W = Monthly ol of daily average wind velocity at 2 feet.,
The Fryrear method is satistactory for arcas where litle or no surface residue is produced
and where spring tillage is used 1o control wind erosion. 1f precipitation is above normal

for the months of September through December. there will be sufficient soil maisture such
that tillage will be very etfective.
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Introduction

Methods for Measuring
Soil Water Content

Measurement and Characterization of Soil-Water Relationships

D.J. Mulla

Washington State University, Pullman, Washington, USA

ABSTRACYE. 1l measurement of soil water content and soil water potential are critical for
efficient wanagement of agriculural lands. A knowledge of these soil-water relationships

Jacilitates improved irrigation scheduling and cropping decisions. In ad-lition, physical

properties of soil such as soil strength and permeability, and the partitioning of
components of the water budget into evaporation, runoff, drainage, and storage are related
to values for the soil weaer content and potential. n this paper, methods for measuring
water content and water potential are discussed. A brief description of instrumentation is
given along it a discussion of the principles upon which cacl method is based.
Recommendations are made regarding the tvpes of operating conditions in which each
technique is uscable, and a list of advantages and disadvantages for each method i given.
Methods discussed Jor measuring soil moisture content include gravimetric, neutron probe,
and microwave techniques. The measurement of soil water potential using tensiometers,
pressure plates, moisture blocks, and thermocouple psvelmometers is discussed. In
addition, the wse of an cimpirical expression i described for estimating soil matric
potential from a knowledee of soil water content and soil texture.,

The importance of monitoring soil moisture content and the energy with which it is held in
the soil should not be underestimated. Without a proper understanding of these soil-water
relationships. it s Tikely thata poor understanding of agriculral . hydrological. and
meteorological processes will result. Soib water i essential for the germination of seeds,
the growth of crops and microorganisms. and largely determines the crop yield in semiarid
regions. 10is also the medium in which solute transport occurs, and the substance used in
irrigation and inreclimation of saline soils. Water is a dyvnamic quantity. which is
partitioned among that stored in the soil. draining through the profile. evaporating to the
atmosphere. or running offat the soil surtace. Water in soils affects physical properties
such as soil permeability . strength. albedo, and iemperature,

Methods for measuring water content and potential in soils have been reviewed in several
texts and papers (Gardner, 19650 Hanhs and Asheroft, 1980: Holmes er al.. 1967;
Marshall and Holmes. 19792 Papendick and Campbell, 1981: Schmugge er al.. 1980). In
this paper. a comparison and contrast of the most popular techniques for measuring water
content and potenttal will be presented. The emphasis will be on general principles,
instrumentation. and advantages or disadvantages of the techniques. Gravimetric, neutron
probe. and microwave technigues for monitoring soil water content will be discussed. The
use of tensiometers, pressure plates. moisture blocks. and thermocouple psychrometers will
e discussed for measuring soil water potential.

Gravimetric Methods

Gravimetric methads for measuring soil water content are among the most direet and
accurate of all methods available. A summary of their uses and advantages appears in
Table 1. Two types of gravimetric measurements may be obtained. depending upon the
method used to colleet soil from the field.

When soil samples are collected with an auger. shovel, or King tube. the normal approach
is to determine the wemness of the sample on i mass basis (kg kg''). The value is obtained
by determining the nuass of the sample when it is collected from the field, as well as the
mass of the sample atter oven-dryving at 105 C tor 12 h. The mass weiness (w) is:

wos (M M) - MM, [1]

where M represents the mass of water in the sample and M_ is the mass of its solid
particles. The mass wetness s thus equivalent to the quantity (wet mass - dry mass)/dry

Aass.
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Table 1. Summary of the Uses and Advantages of the
Gravimetric Method of Measuring Soil Water
Content.

Gravimetric Method

Works best for:  Infrequent sampling in uniform, medium texturcd soils.
Not suited for: Frequent sampling work in rocky, gravelly snils.
Advantages: Accurate and inexpensive.,

Disadvantages: Time consuming, destructive sampling required. Care must be taken in
heterogencous profiles to take representative samples from cach soil
layer.

When undisturbed soil samples are collected from the field using a core sampler, the
moisture content is usually expressed as a volume per unit volume of soil (m3 m3),
Volumetric water content (8) is determined from a knowledge of the sample mass before
and after oven-drying at 105°C for 12 h and from the known volume of the undisturbed
core sample (V)):

8 = (M, + M) - M)/(p,V,) 2]

where p,, is the density of liquid water (approximately i.0 Mg m-). Alternatively, the
volumetric water content can be caleulated if the mass wetness and soil bulk density (py,)
are known, using the relation:

8 = (p,/puw. [3]
Radiation Methods

Two popular radiation methods for measuring volumetric water content are the gamma ray
attenuation and neutron scattering techniques. Of these, the neutron scattering method is
far casicer, cheaper, and safer to use in the field than the gamma ray method. For an
explanation of the gamma ray method the reader is referred to articles by Nofziger and
Swartzendruber (1974), Schmugge e al. (1980), and Marshall and Holmes (1979).

In the neutron scattering method, a probe containing a source of fast neutrons is lowered
into ap access tube to a desired depth in the soil profile. The access tube must fit tightly
into a hole drilled into the soil 1o insure good contact between soil and access tube. As
fast neutrons collide with and are scattered from protons of water molecules in the soil
surrounding the access tube, their Kinetic motion is gradually reduced. After approximately
18 clastic collisions with hydrogen nuclei the neutrons, if scatiered back t¢ the probe, will
be slowed down sufficiently 1o be detected. The number of thermalized neutrons returning
to the detector per unit time is directly proportional to volumetric water content of the
soil. As a consequence of this relationship, the sphere of influence of the measurements
depends on soil water content. As soil water content increases. the volume of soil
accessible to the neutrons and the sphere of influence decreases.

Typically. the source of radiation consists of 50 milliCuric (mCi) of a mixture of
Americium and Beryllium. Neutrons emitted from such a source have an energy of
approximately 2 million electron volts (MeV) and a velocity of 1600 km s, The detector
is only capable of sensing scattered neutrons having an energy of 0.03 ¢V, which



Table 2. A Summary of the Uses and Advantages of the
Neuiron Scattering Method of Measuring Soil
Water Content.

Neutron Probe Method

Works best for:  Uniform, medium-textured soils. Long-term experiments at fixed
locations.

Not suited for: Mcasurements near the soil surface or in shallow soils without
specialized equipment. Rocky or gravelly soils. Soils containing
appreciable boron or chloride. Highly stratifted soils.

Advantages: Frequent sampling at one location possible. Measurements are made in
situ and are nondestructive. Results do not vary with temperature and
pressure.

Disadvantages: Radiation hazard to operator. Limited. variable spatial resolution
(10-25 ¢m radius). Expensive equipment. Unable to distinguish
between hquid water and ice.

corresponds to a veloeity of 2.7 km s™'. The detector s suspended on a cable which
transmits the resulting signal to an amplifier. discriminator. and counting device at the soil
surface.

The number of counts mir © obtained with the neutron probe in the field is used along
with a calibration curve to compute volumetric water content. A calibration curve usually
can be described using @ lincar regression expression of the form:

8 = (R/R Wb -j (4]

where R is the counting rate in the tield; R, is the counting rate for an access tube
placed in pure water: b is the slope of the regression line: and j is a constant that accounts
for background corrections and instrument dead time. Although manufacturers gencrally
supply calibration curves with the purchase of their instruments, the rescarcher should
p.riodically establish new curves in order o correet for changes due to clectronic drift and
1o variations in soil properties. Special precautions are required in constructing calibration
curves in swelling sails Jaywardane er al.. 1983). For measurements near the soil surface
(within about 25 em) neutron prebe measurements are inaceurate, and should be replaced
by gravimetric measurements. A summary of the uses and advantages of the neutron probe
appears in Table 2.

Time Domain Reflectometry

TDR is & method for measuring the volumetric water content of a soil. It is based on the
principle that the time required for a pulse of microwave energy to travel between two
parallel probes inserted into the soil will inerease as the soil water content and dielectric
constant increase. The transmission time depends upon the probe length as well as upon
the dielectric constant of the soil, and these two factors can be used 10 compute the
diclectric constant of the soil medium, K, using the relation:

K = [ct/(21))° (5]

where ¢ is the speed of lights tis the measured transmission time; and L is the probe
length. A calibration curve cin be constructed to determine the relation between the soil
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Figure 1. TDR Calibration Curve From Data of Topp et al.
(1980) and Mulla (1985) Showing the Relation between
Soil Water Content and the Dielectric Constant of the
Soil Medium.

dielectric constant and soil volumetric water content, Numerous experiments (Mulla, 1985;
Topp et al., 1980) have shown that the form of this calibration curve (Figure 1) is given
by the relation:

B = -53 X 107 + 292 x 102K - 5.5 x 104K2 + 4.3 x 100K3, [6]

An advantage of the TDR method is that the form of this calibration curve is unaffected
by factors such as soil texture, salinity, bulk density, temperature, and organic matter
content. A recent investigation by Dalton e af. (1984) has show that the TDR method can
also be used for simultancous measurements of soil water content and clectrical
conductivity.

Physically, the TDR unit consists of a signal generator for the broadband microwave pulse
(1 MHz 10 500 MHz). a sampling head. and an oscilloscope to display the reflected
waveform (Figure 2). This unit is connected via a coaxial transmission line and an
impedznce matching transformer to two parallel 1/4 in stainless steel probes which are
inserted into the soil at a separation distance ranging from 3 to 7 cm. The length of the
probes may vary from 8 cm to 50 ¢cm. with a length < 30 ¢m being optimal for
measurements in the rooting zone. Good contact between the probes and soil is essential as
the method is sensitive to the diclectric propertics of the entire medium between the
parallel probes, including air. The method yields an average value for the water content of
the soil volume contained between the probes along their entire length.
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Figure 2. Schematic Diagram Showing Typical Instrumentation
Used in Time Domain Reflectometry. V,,, V; and Vg
Represent the Voltage of the Step Pulse Generated by the
TDR Unit. the Voltage of the Pulse Entering the Probes,
and the Voltage of the Pulse Reflected From the Bottom of
the Probes. Respectively.

The probes are casily inserted into moist soil and a reading may be obtained with some
commercial instruments in as little as 5 s, Measurements in rocky, gravelly, or
exceedingly dry clayey soils may be difticult due to problems in inserting probes into the
soil. A summary of uses and advantages of time domain reflectometry appears in Table 3.
Soil Moistare Equipment Corp. (P.O. Box 30025, Santa Barbara, California 93105) is a
commerctal supplier of a TDR unit (IRAMS unit) which is portable and automatically
displays soil volumetric water content at cach sampling location. Tektronix, Inc. supplies a
TDR unit (Model 1502) which is suitable for theoretical rescarch in the laboratory.

Soil Water Potential Whereas soil water content is a measure of the amount of water held in soil, soil water
potential is a measure of the potential energy with which a una mass, volume, or weight
of water is held in the soil matrix. The SI units for water potential expressed per unit
mass. volume. or weight of water are joule kg''(J kg'!). megapascals (MPa), or meters
(m}, respectively. Note that soil scientists traditionally have used the units of Lars to
express water potential. In the SI system, 100 ) kg'! = 0.1 MPu = | bar,
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Table 3. A Summary of the Uses and Advantages of the
Time Domain Reflectometry Method of
Measuring Soil Water Content.

Time Domain Reflectometry

Works best for:  Measurement in uniform, medium-textured soils. Rapid soil survey
measurements,

Not suited for: Highly stratified soils. Rocky or gravelly soils.

Advantages: One calibration curve applies to all soils. Rapid, easy technique.
Nondestructive, in situ measurements. Can measure water content and
clectrical conductivity simuttaneously. Distinguishes between liquid
water and ice.

Disadvantages: Limited spatial resolution with depth. Expensive equipment. Limited
testing in field experiments.

Plant stress is dependent primarily upon the water potential of the soil; i.c., the energy of
water held by the soil. Water stress may be cquivalent in a coarse-textured soil having a
volumetric water content of 0.05 and a fine-textured soil having a volumetric water content
of 0.15 if the water potentials of both soils are equal.

By definition, the water potential is measured relative to the energy of a reference pool of
pure water at a specitied elevation, pressure, and temperature (Papendick and Mulla,
1986). Conventionally, this reference pool is assigned a potential energy of zero. Water
will be at equilibrium in the soil when the water potential is equal at all depths.
Conversely. when water flows from one depth to another, it flows from a region of higher
to lower (more negative) total water potential. Conventionally, field capacity water content
corresponds to a water potential ranging from -2.01 to -0.03 MPa, while the permanent
wilting point (PWP) corresponds to a water potential of about -1.5 MPa. Hence, water
potential is a quantity which is useful in predicting the movement of water in soil and the
ability with which plants can extract water from the soil.

Total water potential, . refers to the total potential energy of water in the soil. In
unsaturated soils @ is normally a negative quantity, since energy must be expended to
remove the water from the soil. The total energy of the soil water may be determined by
several different types of forees acting upon it, including the forces of gravity, ion
solvation, hydrostatic pressure., adeorption, and cohesion between water molecules. Each
force can be associated with measurable components of the total water potential using the
expression:

Vo= g, gy, Ry, 7]

where the symbols Wee Wy Wy, and W, refer to soil gravity potential, pressure potential,
matric potential. and osmotic potential, respectively. The gravity potential results from the
force of gravity. It is zero at the reference clevation, positiv - above it, and negative below
it. The pressure potential results from the hydrostatic pressure of water and is positive
below the water table and zero above and at the water table surface. Matric potential
results from the forees between soil particles and water. It is negative in unsaturated soil
and zero below the water table or in saturated soil. Osmotic potential results from the
forces between water and the ions or solutes in the soil. and is always a negative quantity,



Methods for Measuring
Soil Water Potential

The osmotic potential at saturation, Yo, can be estimated from measurements of electrical
conductivity (E.C.) on a saturation paste extract using the expression:

Y, = -0.036 x E.C. 18]

where E.C. is measured in mmhos em™! and osmotic potential is expressed in MPa.
Papendick and Campbell (1981) give an expression which can be used with Eq. [8] to
compute the osmotic potential at any water content:

w() = w()ﬁ (e\/e) [()l

where 6, is the volumetric water content at saturation. In Eq. [9} it is assnmed that no
changes in ion activity occur and that no precipitation oceurs; therefore Eq. [9] gives only
approximate results,

Most methads for measuring water potential involve instruments that are specifically
designed to cevaluate only the matric component of the total soil water potential. Estimates
of the osmotic component may be obtained from Eq. |8] and [9]. The gravity component
can be estimated (in Pa) from the expression:

g, = gz {10]

where g is aceeleration due to gravity (9.8 m?2 sy and 2 is the distance in m between the
specified depth in the soil and a reference plane at the soil surface where z=0. The
pressure potential may be estimated rom the expression:

W, = [11]

where z is the distance below the water table. The remainder of the discussion below will
deal primarily with methods for measuring the soil matric potential.

Tensiometer

Tensiometers are widely used in situations where soils are not allowed to become drier
than -0.08 MPa; they are particularly useful in helping farmers to schedule crop irrigation
(Hanks and Ashcroft, 1980). A tensiometer consists of a ceramic cup connected via a
continuous column of water to a vacuwii gauge which reads from 0 o 100 centibars
vebar). The tensiometer is installed in the soil so that the cup is in good contact with soil.
Equilibrium between the tensiometer and the soil water is established by the movement of
water and ions through the porous cup. The vacuum established inside the tensiometer is
read on the vacuum gauge and converted to matric potential using the expression:

W, = -0.001 x (gauge reading) + gz, [12]

where 7y is the distance in m between the gauge and the middle of the porous cup and Yy
is expressed in MPa. In practice. the last term in Eq. [11] is small and can be omitted
with little loss of accuracy.

Air bubbles inside the tensiometer column must be completely eliminated for the system to
work properly. To achieve this, the column must be filled with degassed water obtained by
boiling the water for several minutes during evacuation. Tensiometers are not usable in
dry soils having a matric potential less than -0.08 MPa due to cavitation in the hanging
water column. Hence, the range of operation for tensiometers is limited to soil water
potentials from 0 1o -0.08 MPu: this range is characteristic of fairly wet soils. Another
limitation of tensiometers is that they are sensitive to temperature fluctuations (Taylor er
al., 1961). and readings at different times of the day may vary. A summary of the uses
and advantages of tensiometers in measuring soil water potential appears in Table 4. For

153



154

automated recording of tensiometers, the vacuum gauge may be replaced with pressure
transducers sensitive to pressure changes in the water column (Schmugge er al., 1980),
and a datalogger may be used to record the measurements.

Pressure Plate

The pressure plate is used in the laboratory to monitor water content in soils that may be
much dricr than those monitored with tensiometers. Soils that have matric potentials as
low as -1.5 MPa may be studied with this technique. A summiry of the uses and
advantages of the pressure plate in nieasuring soil water potential appears in Table 5.

The pressure plate method involves the following steps. A dry disturbed soil sample or an
vndisturbed soil core is placed on the pressure plate and very slowly wet until saturated,
The porous plate is placed in a sturdy steel chamber which can withstand as much as 1.5
MPa of applied pressure. The chamber is scaled. and air or nitrogen gas is applied to the
chamber using a vegulator to control pressure.

Table 4. Summary of the Uses and Advantages of
Tensiometers in Mcasuring Soil Water Potential.

Tensiometers

Works best for:  Moist so'l. Trrigation scheduling. Repeated measurements at fixed
locations. Rapid survey measurements.

Not suited for: Dry soil.

Advantages: Inexpensive and casy to install. Rapid and accurate measurements.
Measurements are nondestructive and in situ. Automated readings
possible with pressure transducers.

Disadvantages: Limited to a range of from O to -0.08 MPa. Porous cups are casily
broken during installation. Pores in cup may become clogged over
time. Water in column must be refilled periodically. Readings are
sensitive to temperature Nuctuations,

Table 5. Summary of the Uses and Advantages of the
Pressure Plate in Measuring Soil Water
Potential.

Pressure Plate

Works besi for:  Disturbed soil samples.
Not suited for: Rapid measurements.,

Advantases: Used for determining soil moisture characteristic curves. Large range
of matric potentials (0 1o -1.5 MPa). Several samples may be analyzed
simultancously.

Disadvantages: De.tructive sampling required. Time consuming measurements. In situ
measurements not possible. Moderately expensive equipment required.




Once the gas pressure is fixed, water and solutes in the soil will pass through the plate
into a body of free water helow it at aunospheric pressure. When equilibrium is attained
and water ceases to fow through the plate. the total water potential of the soil water is
zero relative o the free water below the plate. Hencee, the matric poteatial at equilibrium
is given by

qu = P “3]

where P s the applied (constant) gas pressure in MPa. Attainment of equilibrium generally
reguires at least one and osually two days from the onset of pressure application. When
equilibrivm is reached the gas pressure iy released. the soil samples are removed, and their
mass hasis water content s obtained using Eq. 1] New samples can be prepared 1o
determine their moisture content at other miatric potentials.

The relation between moisture cantent and nustric potential over the range from 0 to -1.5
MPa is casily determmed s outlined above using o pressure plate. This relationship,
kKuown us the monsture characteristie curve (Figure 3). iy one of the most fundamental and
important of all relations i agriculture. Tt is used m determining the amount of plant
availuble water i soiland stlustrates the profound differences in water holding capacity
hetween soils of different testures. Onee a field measurement of soil matric potential is
made tor a sorll whose moistare characteristic curve is known, the water content of the soil
at that matric potential can be determmed tor vice-versa).

Moisture Blocks

Electrodes placed ina porous block of fiberglass, gypsum, or ceramic are used to monitor
the resistance (ohnn or cenductance tmmho) of water in equilibrivm with soil water
outside the block. As external water content changes. water and solutes arc free to move
through the porous block until equilibrium s reestablished. Thus. the moisture block
readings are indirectly refated 1o sotl matric potential. A calibration curve relating
conductance to natrie potential for the moisture block (Figure <) can be casily determined
in the laboratory by placimg saturated moisture blocks on a ceramie plate in a pressure
chamber and recording their conductanee at cach of several applied gas pressures.,

Gypsum blocks have the advantage of being able to buffer changes in solute concentration
of the soil solution so that the readings are less affected by changes in solution
coneentration ol solutes than readings with fiberglass blocks. Fiberglass blocks have the
advantage of not distntegrating during fong-rerm usage in the field. The blocks must be
instatled in the soil. and good contact between the soil and blocks is essential. Readings
are very sensitive o the eftects of temperature fluctuations, and special precautions must
be tiken o compensate for them (Witloughby and Cuming, 1985).

Gypsum hlocks wre aseful tfor monitoring soil water potential in the field for decisions
affecting irrigation scheduling. Cary and Fisher (1983) have described a simple electronic
system capable of controlling irrigation decisions with a network of gypsum blocks. A
summary of the uses and advantages of gypsum blocks in measuring soil water potential
appeais in Tabie 6.
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Figure 3. Typical Moisture Characteristic Curves for Soils with
Sandy, Silt Loam, and Clayey Textures.

Thermocouple Psychrometers

A thermocouple psychrometer differs from the previous methods discussed in that it is a
method for measuring the sum of the matric and osmotic components of soil water
potential. It operates on the principle that the relative humidity, rh, of the air in
equilibrium with a soil sample is related to the water potential through:

lpn] + lp() = (RT/VW) ln(rh). [14]

In Eq. {14] the symbols R, T, and V. represent the universal gas constant (8.31 x 106
m3 MPa mol-'K"!), the absolute temperature, and the partial molal volume of water (1.8
X 105 m3 mol-1), respectively. Thermocouple psychrometry is a very aceurate method
for determining the relative humidity to within | part in 10,000. This determination, along
with the cxpression in Eq. [14] allows the soil water potential to be computed over a wide
range of values (at least from -0.05 to -50 MPa).
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Figure 4. Typical Gypsum Block Calibration Curve, Showing the
Relation Between Conductivity and Matric Potential.

Table 6. Summary of the Uses and Advantages of
Gypsum Blocks in Determining Soil Water
Potential.

Gypsum Blocks

Works best for:  Medium-textured soils. Repeated in situ measurements at a fixed
location.

Not suited for: Very wet or very saline soils. Rocky or gravelly soils. Acidic soils
(blocks may dissolve).

Advantages: Inexpensive. Nondestructive, in situ measurements. May be used with
datalogger for automated measurements. Gypsum in blocks buffers
small changes in salt content.

Disadvantages: Blocks disintegrate with time. Calibration curve changes with time and
is nonlinear. Sensitive to temperature fluctuations. Each block must be
calibrated individually.
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The basic component of thermocouple psychrometers consists of two junctions of
dissimilar metals. Cominonly, a chromel-constantan junction is used for measuring the wet
bulb temperature of the sample chamber in which the soil sample is placed, while cither a
chromel-constantan or a copper-constantan Junction measures the dry bulb temperature of
the sample itself. The reason for measuring wet and dry bulb temperatures is that they arc
related to the relative humidity through the expression;

th = (0" /p'y) - 0.495(T, - T,p’, [15]

where T, and T, arc the dry and wet bulb temperatures, respectively, and p',,, and p’y
are the saturated vapor densities at the wet and dry bulb temperatures, respectively. The
temperature difference between dry and wet bulb chromel-constantan Junctions is directly
proportional to the voltage output of the thermocouple psychrometer as shown by the
relation:

V = (60 uV/°C)T, - T,,). [16]

In practice. the following approach is used to determine the water potential of a soil
sample in the laboratory. Tables given by Wiebe ef al. (1971) are used to determine the
water potential of salt solutions at known concentrations. As an example, a range of
concentrations in KC1 solutions can be used to obtain a calibration curve of water
potential versus output voltage for the thermocouple psychrometer (Figure 5). Using linear
regression, the relation between output voltage (V) and water potential in Figure 5 was
found to be:

= -5.08Q + 0.521. [17]

Output voltage (uV)

0 I ] 1 ] L l 1 ] 1 I
0 1 2 3 4 5

Water potential x -1 (MPa)

Figure 5. Typical Thermocouple Psychrometer Calibration Curve
at 22 Degrees Celsius, Showing the Relation Between
Output Voltage and Water Potential in a Series of KCI
Solutions. The KC1 Concentrations Used for this Curve
were 0.025, 0.046, 0.066, 0.085, 0.118, 0.214, 0.319.
0.411, 0.505, 0.620, 0.934 and 1.053 Molal.



Empirical Form of the
Moisture Characteristic
Curve

Table 7. Summary of the Uses and Advantages of the
Thermocouple Psychrometer in Measuring Soil
Water Potential.

Thermocouple Psychrometer

Works best for:  Laboratory measurements of soils or solutions. Water potentials less
than -0.05 MPa.

Not suited for: Field measurements.
Advantages: Accurate for water potentials from -0.05 to -50 MPa.

Disadvantages: Very sensitive to contamination by dust or oil. Very sensitive to
temperature fluctuations. Moderately expensive cquipment.

Once the form of the calibration curve is known, scil samples may be placed in the
sample chamber of the thermocouple psychrometer, and the voltage output can be directly
used to infer water potential from the calibration curve.

Wet bulb depressions in the thermocouple psychrometer may be obtained using the Peltier
effect (Wiebe er al., 1971) in which cooling of the wet bulb junction occurs when current
is passed through it. Water condenses on this junction when it reaches the wet bulb
temperature. At this point the current is shut off. As the junction warms up, the
temperature again reaches the wet bulb temperature, and evaporation of water then czuses
the junction to remain at the wet bulb temperature. When this occurs the psychrometer
displays the output voltage corresponding to the temperature difference between the wet
and dry bulb junctions. Wet bulb depressions may also be obtained using Richards-type
psychrometers in which the wet bulb junction is actually dipped into distilled water and
allowed to evaporate in the chamber containing the soil sample.

To avoid errors in making measurements with psychrometers, the sample chamber must be
kept free of contamination to prevent adsorption of water vapor on its sides. Also, the
chamber must he constructed of materials having high thermal conductivity and high heat
capacity in order to maintain constant temperature in the chamiber and prevent temperature
fluctuations. Decagon Devices Incorporated (N.W. 115 State St., Pullman, Washington) is
a commercial supplier of a thermocouple psychrometer (imodel SC-10) which conforms to
these rigorous specifications. Thermocouple psychrometers for making in situ
measurements of water potential in the field are available (Merrill and Rawlins, 1972;
Campbell, 1979}, but have never been very reliable or casy to use due to extreme
sensitivity to temperature fluctuations which occur in the field. A summary of the uses and
advantages of the thermocouple psychrometer appears in Table 7.

As mentioned previously, the refation between water content and matric potential is known
as the moistur . characteris tic curve. The form of this curve has been correlated to the
physical properties of scils by many researchers (Campbell, 1974; Rawls er al., 1982). A
commonly used empirical expression for the moisture characteristic curve has tne form:

g, = -ABB [18]
where A and B are empirical constants which are related to the physical properties of
soils. Since it is often difficult to measure matric potential in the ficld, the use of Eq. {18}

along with a measurcment of field water content offers an alternative method for
estimating soil matric potential.
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Crop Water Use Efficiency

P.J. Gregory

University of Reading, Reading. England

ABSTRACT. The cfficient use of water is crucial to improving crop vields in the Near East
and North Africa where 935 percent of the cultivated land receives less than 400 nm
rainfall annually. in order 1o increase dey mater production and crop yields, farmers must
inercase the amount of water available 1o the crop, the water use efficiency (WUE) of a
crop, that is, the vatio of aboveground dry matter production 1o the crop's
evapotranspiration. or both. flarvesting water or selecting deep rooting crop varieties such
as the barley varvicty Arabic Abiad, which can exploit soil swater stored below the depth of
wetting, are two methods of increasing the water available for crop growth. Proper crop
selection and management can also increase WUE, Sinee WUE iy directly related 1o the
water vapor saturation deficit, it can be increased in Mediterranean climates by growing
crops during the rainy scason when the saturation deficir is low. WUE as defined here can
also be increased by maximizing transpiration relative 1o soil waier evaporarion, This can
he accomplished through the use of mulches, minimum iillage, and other soil and water
conservation practices whicl decrease soil water evaporation, Oprtimal plant populations
and fertilizer application vesult in rapid canopy development, also reducing eveporative
loss fron ihe soil. These agricufural practices are seen as alternatives 1o the traditional

Jallony sysiem which can sustain and improse crop production in the semiarid lands of the

Mediterrancan.

Transpiration is o necessary consequence of plint growth. In rainfed arcas where water
frequently linits agricultural production the efficient use of waier is crucial in improving
yiekds. In the Near East and North Africa. the area under cultivation is about 87 mitlion
B, 60 percent of which is rainfed and 95 pereent of which receives annual rainfall less
than 00 mm (Arar. 19801 Although 60 percent of the 250 million people inhabiting the
and ands wround the Mediterranean are engaged in rainfed agriculture. these arcas
contribute less than one-third of the total agricultural output. The increasing population and
pressure on the land require that production is improved.

In addition to low rainfall. there is the problem of seasonal variability in the amount of
rainfall received tsee Dennett er al . 1983, for an example in Northern Syria). Variable
amouns of ran mean that in the past agricoltural practices have been designed to conserve
water and ensure Jong-term production in the region. I there are to be future increases in
production. then water will have to be used as efficiently as possible. In this paper | shall
outline the theoretical basis of the relation hetween growth and water use and show how
management can change the wamount of growth per unit of water used.

Water use etficiency (WUEY has been defined in many wiys but is most commonly
written;

Yield per unit area
WU = - — (1]

Water used 10 produce yield

Yield is frequently given as gram vield. but in many agricultural systems the straw also
has important cconomic vadue, especially i the barley/sheep and goat system commonly
practiced in the Near East and North Africa (ICARDA. 1985). When yield is expressed as
aboveground dry matter. the dry matter of the root system s ignored, The ratio of root
weight to total plant werght is typically 0.1 at matarity in cereal Crops grown in temperate
regions (Gregory ez al.. 1978, but in drier environments with no fertilizer applied (grain
vield ot barley = 1.4 tha Yy the ratio mcreases o about 0.2 (Gregory et al., 1984). The
water use term tdenommator) may be expressed in a4 number of ways. It is most usually
denoted as the total water use tevapotranspiration) during the growing scason and less
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frequently as the amount of water transpired. It may also be expressed in terms of rainfall,
either as the rainfall within a crop rotation. e.g.. tallow/barley (Bolton, 1981); as the
rainfall between pluanting in one year and planting on the next oceasion: or as the rainfall
in the growing period of the crop. Strictly the use of the word efticiency is a misnomer
since efficiency is a comparative term i.e.. dimensionless, requiring a knowledge of the
theoretical maximum value. Some workers therefore prefer to use the term water use
coefficient rather than water use efficiency.

The carly pioneering work of Lawes (1850) established that the amount of water transpired
by plants in the production of dry mutter atfered and that the addition of manure
generally inereased dry matter production per unit of water use. For example. wheat and
peas produced 3.04 < 10 and 3.86 > 101 ¢ dry matter ¢! water transpired,
respectively. when unmanured. but 4.50 > 104 and 4.74 % 103 g1, respectively. when
manured. Similarly, Table 1 shows a wide range of water use per unit weight of dry
matter produced and that variations in climatic and soil conditions affect this value. de Wit
(1958) reviewed many experiments in several countries and established that crop growth
and water use could be empirically related by

Y o= mln 2]

where Y ois the dry matter vield. T s the water transpired. By is the average rate of
evaporation fron an open pan. and m oand n are constants dependent on the crop and
location respeciivedy . The analysis was apphied to crops from sowing to harvest. Table 2
shows values of mand n derived for different crops in two countries. In temperate
regions, ¢, The Netherlands, noequaded 0 but in more arid environments n equaled 1,
indicating that water use etficiency was direetly related to evaporative demand. The
theoretical basis of these relations has recently become clearer: it helps to explain the
results cited previousty and also to indicate the effects that different management practices
miy have.

Table 1. Estimates of the Amount of Water 'l‘runspircd in
Producing a Unit of Dry Weight (results Trom
Briggs and Shantz. 1913).

Crop Water Transpired per Comments
Dry Weight Produced

gy
Wheat 507 Mean result for all
Barley 5319 varieties grown at
Sorghum 306 Akron. Colorado
Peca 800 1911
Potato 448

Mean of 1910 and 1911

Wheat 556 Akron, Colorado

763 Dalhart, Texas
Sorghum 327 Akron, Colorado

330 Dalhart, Texas
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Table 2. Values of Constants m and n
Determined by de Wit (1958).

Country Crop m n

kg ha! mmn!

The Netherland Oats 26 0
Sugar beet 61 0
Peas 34 0

kg hal d-!
United States Sorghum 207 I
(Great Plains) Wheat 115 |
Alfalfa 55 ]

Transpiration (T}) and photosynthesis (Np) of leaves can be described in terms of the
vapor pressure gradient and difference in €O, concentration between the intercellular
spaces and the ambient air, and the resistances to diffusion (Penman and Schofield, 1951):

T, = EP i~ G und 3]
por o+,

Nl = En TG
oo, (4]

where € is the ratio of the molecular weights of vapor and dry air; p is the density of
moist air; p is the aumospheric pressure; ¢; is the saturated water vapor pressure in the
substomatal cavity; ¢, is the vapor pressure in the air; ¢, and ¢; are the concentrations of
CO, in the air and intercellular spaces, respectively; and rg and r, are the stomatal and
boundary layer resistances to water vapor (r,"and r," for CO,). It follows that the ratio of
photosynthesis to transpiration can be written:

Neo e - v po (5]
TL (Ci - Cn) (rh’ + r“ ') Sp

This expression can be simplified in several ways. First, the stomatal and boundary layer
resistances to both CO, and water transfer are inversely proportional to the diffusion
cocfficients and the square roots of molecular weights of the two gases. Therefore the
ratio of re +orytor” + r'is approximately constant with a value of 1.6. Second, the
concentration gradicnt of CO; is often maintained by stomata at an almost constant value
for a given species (Wong er al., 1979). Finally, because the daily average temperature of
a leaf is frequently close to the mean air temperature, ¢;-¢c, can be approximated by the
saturation deficit of the air (e,-¢,) where ¢, is the saturation vapor pressure of the air,
With thesc assumptions and further assuming that crops and individual leaves behave
similarly, Eq. [5] can be simplified to:

N =k [6]




Crop Growth and Soil
Water Use

Increasing Total Water
Use

where k, the constant of proportionality, is crop specific (Bierhuizen and Slatyer, 1965).
The validity of this expression must be tested but initial analyses suggest that the
differences in saturation deficit between years may explain year-to-year differences in
transpiration efficiency (dry matter/unit water transpired). Figure | shows such an analysis
for barley crops grown in England in two contrasting years; similar analyses have been
piesented for potatoes in the United States (Tanner, 1981) and The Netherlands (Rijtema
and Endrodi. 1970). A review by Tanner and Sinclair (1983) summarizes results from
ficld experiments and explores the uncertainties in caleulating the saturation deficit term.

Three aspects of practicai importance follow from this analysis. First, it is clear from Eq.
[6] that transpiration efficiency will be higher in humid regions where ¢ -¢, is low than in
arid regions where e -e, is high. Crops growing in arid regions normally use more water
than the same crops growing in temperate regions to produce the same dry matter (see
Fischer. 1980). Similarly. in Mediterrancan environments where saturation deficits are low
in winter and increase rapidly during March and April, transpiration efficiency will be
higher in carly growth than during the grain-filling period. Second, Eq. [4] shows the
importance of the CO, gradient. Recent measurements (see the review by Pearcy and
Ehleringer. 1984) show that C; plants such as maize and sorghum can maintain lower
internal CO5 concentrations (100 10 150 ppm) than Cj plants such as barley and legumes
(220 to 260 ppm). The CO, concentration gradient between the intercellelar spaces and the
ambicent air is therefore greater in Cy plants than Cy plants: Cy plants will have a higher
transpiration cificiency. As shown in Tables 1 and 2. sorghum (Cy) produced more dry
matter per unit of water transpired than the Cy crops. The higher transpiration cfficiency
of Cy plants does not mean greater drought tolerance since the ability to withstand low
water potentials is not directly related to the photosynthetic pathway. Finally, Eq. (6] is
physiologically based so transpiration efficiency can be influenced only slightly by cultivar,
Wwater stress, or agronomic practice.

Water is used by crops directly in transpiration (T) from the leaves and indirectly in
evaporation (1) from the soil surface: this is commonly referred to as evapotranspiration
(ET). Although the transpiration cfficiency for a crop species does not vary widely, the
WUE based on ET will viry considerably because it depends upon numerous crop,
climate, and soil factors, WUE (Cooper, 1983) may be written as:

N
WUl . 71

I+ BT

Because the transpiration efficiency is constant for a given saturation deficit and crop,
increasing dry matter production in arid regions will depend on increasing the total amount
of water used by a crop, maximizing T relative to E for a given amount of water available
to a crop. or both. A range of agroromic and management practices can be used for
changing cither total water use or the balance between T and E, and the precise form will
depend on local soil and climatic conditions.

In many arid regions water harvesting is used as a means of increasing the total water
supply available to a crop. Figure 2 shows such a practice near the ancient city of Petra in
Jordan. Water is allowed to run off the higher slopes where soils are shallow and crop
growth very poor. onto the terraced vatley bottom where soils are deeper and able to store
the water. On deeper soils, the control of runoft is important to increase infiltration of
water and improve crop growth, Kilewe and Ulsaker (1984) studied Alfisols in Kenya
where infiltration is reduced during the carly part of the rainy scason by surface sealing
caused by raindrop impact. They showed that cultivation in wide furrows decreased runoff,
increased yields of maize. and increased WUE. Work at ICARDA has shown that
cultivation on shallow slopes may also reduce runoff and erosion (Table 3).
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Fioure 2. Collection of Runoff (Rain Harvesting) near Petra,
Jordan.

Table 3. Effect of Tillage on Runoff and Soil Loss
Downslope on a 5% Slope at Tel Hadya (Syria)
during Application of Water at a Rate of 50 m
! (ICARDA. 1986).

Time Duckfoot Cultivator Chisel Plow Disc Plow

Runoff Soil Loss  Runoff Soil Loss  Runoff Soil Loss

min mm em? mm g2 mm g m?
30 0.1 0.5 0 0 0 0
36 0.2 | 0 0 0 0
42 0.45 2 0.1 ] 0.1 1.5
48 0.8 9 0.25 3 0.3 6
54 1.6 22 0.5 9 0.7 10
60 3.0 38 1.0 22 114 22
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Deep plowing and fallowing are ofien employed in Mediterranean-type climates to ensure
infiltration and the storage of water for the next growing season. However, the amount of
water available for succeeding crops is dependent upon soil depth and soil type. As an
example, soils in northern Syria often contain appreciable quantities of swelling clay.
Figure 3 shows that although water may be stored in the profile during the winter period,
it is lost by evaporation during the hot, dry summer and only a small proportion is
available to the succeeding winter cereal crop (15 to 25 percent of the season’s rainfall
depending on locationy. Summer crops (sesame and watermelons), however, may be
successfully grown on this stored water. In contrast, sandy soils may form a dry mulch at
the surface, effectively sealing in more of the stored water. This, together with stubble-
mulching, may improve water storage; it may also increase T relative to E (for examples
in the Pacitic Northwest, United States sce Bolton, 1981 and Caprio et al., 1985).

In some dryland arcas, applications of fertilizer, particularly nitrogen, to crops may
increase yields and also increase the total water use by increasing the deptn of water
extraction through increased rooting depih (Brown, 1971). Table 4 shows that fertilizer
applications have increased slightly the amount of water used in three of the four growing
seasons at two sites in northern Syria.

It is frequently observed that water remains in the soil profile at the end of crop growth
even in dry areas (Figure 4). Such observations have led to the suggestion that crops with
deep root systems ought to be able to extract this water and thereby enhance growth.
While this strategy may be beneficial to growth, it will be sustainable only if the annual
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T 1 T T I T f F— T T 1
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£
)
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120 e | stored 26 mm
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stored 36 mm
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Figure 3. Changes in Water Content under Fallow at 5 Sites in
Northern Syria Measured (1) at the Start of the Season,
(2) at Maximum Profile Recharge, and (3) at 2 Months
before Sowing the Succeeding Crop (ICARDA, 1983).



depth of wetting by rain exceeds, or is equal to, the depth of drying. Water below this
depth of wetting must be regarded as fossil water and only extractable once, or only once
between yecars of high rainfall. In many arid regions, then, the water below the depth of
wetting must be regarded as unexpivitable and deep rooting will not provide a means of
increasing water usc.

Water content (mm water 150 mm - layer)

0 20 40 60 0 20 40 60
I I J I I |
1y 4 3 2 1 4,3 2
0.6 — —
1.2 — —
E a
£
Q1.8 — —
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1 4 3 \2 18 VW3 2
0.6 — —
1.2 — —
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Zero fertilizer P tertilizer

Figure 4. Changes in Water Content under Barley Crops at a)
Jindiress and b) Breda during the 1981/82 Growing
Season. Water Measured (1) before Sowing, (2) at
Maximum Profile Recharge, (3) Anthesis and (4)
Physiological Maturity (Gregory et al., 1984).
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Soil evaporation is a very important component of the total water use of crops grown in
Mediterranean environments. Cooper ef al. (1983) have shown that E is about 35 and 55
pereent of the scasonal ET for crops of bhurley at Tel Hoyda and Breda in northern Syria,
respectively. Similarly, French and Schuliz ¢;984), working with wheat on & range of soil
types in south Australia. calculated that 15 was 23 percent of ET. In Mediterrancan
climates it is common for winter-sown crops o commence their growth in cool, damp
conditions with a moist soil serface and 10 complete their reproductive growth under
conditions of depleted soil water and an increasing atmaspheric demand for water.,

One means of reducing E s 1o use @ muleh. Mulching materials. however, are usually
scarce in dry arcas because of low dry matter production and they are used as fodder for
livestock. fuel. and building materials, Mulching on a large scale is therefore unlikely
although stubble-muleching may be ppropriate where livestock are not kept.

Trials at ICARDA have shown that applications of fertilizer increase barley yields and also
increase WUL (Table 4y, The principal reason for the increased WUE was that fertilizer
incicased the carly growth of barley by allowing more rapid growth of the leaves (see
Gregory et al - 19a4 and Coop 1 al. 1987 for actails). The increased leaf arca shaded
the soil surface intereepting me o the incident radiation so that water which would
othervise have evaporated instead was trunspired. In the cold winter months. saturation
deficits are small wo that as Fischer (1981) concluded “growth during the cool winter
months is cheap in erms of the transpiration cost.™ The additional growth, then, resulted
from changing e balance of 1 and T thereby increasing the WU,

It is uncertun at present whether fertilizers may also change the transpiration efficiency.
Kallsen er al. (198:4) grew spring barley on a sandy loam in New Mexico. United States
for two years with rates ol nitrogen fertilizer ranging from 30 to 300 kg N ha'!. They
found that grain yicld and tanspiration were lincarly related irrespective of the rate of
nrogen application. Simitarly . Walker and Richards (1985) have shown no effects of
potussium “leficiency on the transpiration efiiciency of alfalfa and maize. In contrast,
Tanner and Sinclair (1983y conclided that increases in transpiration efficiency occurred as
long as dry matter production was less than 50 pereent of that possible when nutrients
were nonlimiting

Once other effect of fettilizers on WUE s noteworthy. Applications of phosphorus fertilizer
on severely P-dehicient soils in northern Syria generally advance the dar: of anthesis and
maturity by up 1o 10 days depending upon the season. This provides a mechanism of
drought avoidance but also means that the crop experiences iower saturation deficits at any
given developmental stage and thus has a higher transpirauon efficiency. The data of
Cooper e al. (1983) and Cooper ef al. (1987) show slightly higher transpirational
efficiencies vor crops given fertilizer G increase of between 0 and 9 kg ha'l mm),
though the errors associated with their caleulations are uncertain.

Differences between varicties in the distribution of roots and timing of water extraction
ity also contribute o differences in WU Brown ¢ al. (1987) showed that a local
landrace barley. Arabic Abiad, had « longer root system below a IS ¢m soil depth than
the variety Beecher after carly stem clongation (Figure 5). This longer root system was
associted with carlier and slightly greater water use from the deeper soil layers and
resulted in higher grain yields of Arabic Abiad.

Establishing the optimum plant population provides another way of maximizing WUE.
Populations should be high cnough 1o ensure that the maximum amount of water is
transpired without all available water being used before grain-filling commences. In areas
with high variability in the scasonal rainfall, achieving the optimum population to
maximize transpiration may be. in practice. very difficult. For example, Anderson (1984)
showed that the aptimum population of triticale (the population giving maximum grain



Table 4. Effects of Fertilizer on Yield and Water Use of Barley (cv.
Beecher) Grown at Two Sites on Northern Syria.

Site Breda (35° 55’ N, 37° 10’ E) Jindiress (36° 23’ N, 36° 41’ E)
Year

1979/80 1980/81 1981/82 1982/83 1979/80 1980/81 1981/82 1982/83
Rainfall (mm) 268 299 318 254 367 454 319 360
Fertilizer - + - + - + - + - + - + - + - +
Total shoot dry wt
(t ha'h 32 63 38 75 39 62 20 34 38 6.6 54 125 44 87 6.6 110
Grain dry wt (t ha'l) 1.5 2.8 1.6 2.6 1.3 22 09 1.5 1.7 29 235 50 14 29 3.1 4.7
Total water use
(evapotranspiration,
mm) 259 285 234 225 225 232 227 240 272 322 323 376 323 316 333 336
WUE (kg ha'! mm'Y) 124 221 162 333 17.3 26.7 88 4.2 14.0 205 167 332 13.6 275 19.8 30.1
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Figure 5. Distribution of Root Length Between Anthesis and
Maturity for Two Varieties of Barley. a) Beecher and b)
Arabic Abiad Grown at Jindiress (Brown et al., 1987).

yicld) varied between 80 and 190 plants m-2 (corresponding to seeding rates of 30 to 150
kg ha'l) for grain yiclds ranging from 2.1 to 6.9 t ha'!. However, yield at the optimum
population was closely related to the water supply available for the growing season,
Without prior knowledge of the rainfall, then, it is difficult to optimize plant population in
a particular scason.

Dry matter production in arid regions may be increased in two ways. Either the total
amount of crop available water stored in the soil profile must be increased by tillage or
conservation practices or the amount of water transpired must be maximized by crop
management practices.

Currently fallowing is used as the major water conservation practice (also tencing to
conserve soil nitrogen; Seligman et al., 1985) but this generally conserves a small
proportion of the total rzinfll for suvsequent scason. As human populations increase, the
amount of fallowing decreases, contributing to the recent decline in cereal yields in the dry
regions.

Application of fertilizer increases WUE by promoting carly leaf growth; this reduces
evaporative loss from the soil surface. It might also be possible to select varieties with
rapid carly leaf growth to enhance this effect, It is important to adopt carly varieties and
practices which ensure that grain-filling is completed before saturation deficits and
tempcratures become very large. Optimizing plant population will be difficult without
knowledge of the probability of various amounts of rainfall.,
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Introduction

Steps in Experimentation

Data Acquisition and Processing Tec’ ~iques for Agricultural
Research

A.A. Jaradat

Jordan University of Science und Technology, Irbid, Jordan

ABSTRACT. Developments in the field of data acquisition and processing are occi:rring at
a rapid pace, with the use of computers at the core. Automated data capture and computer
processing promise to facilitate agricultural research in developing countries.
Microcomputer software packages necessary to integrate research design, management,
and data analysis functions are available and flexible enough to handle any experimental
design. This paper attempts to give the reader an idea about data acquisition and
processing techniques, wsing computers at varving levels of sophistication from simple data
storage and retrieval to complex statistical analysis and modeling.

Today. the management of large volum s of data by computers has become necessary and
commonplace. The need to deal with large and more complex data sets is widespread.
Many, if not most, rescarch projects in agronomy, soils, horticulture, and other disciplines
are complemented by computers. The corresponding development of database management
systems and other data handling tools is becoming increasingly important as information
needs grow.

Microcomputers simplily the work of agricultural researchers in many parts of the world,
especially in developing countries. Developments in the field of data acquisition and
precessing techniques are oceurring rapidly. with the use of computers at the core
(National Research Council. 1986). It is possible, today, to perform functions ranging
from the collection and processing of agricultural survey data to the statistical analysis of
experimental ficld data and the building of sophisticated simulation models of agricultural
systems (Michigan State University, 1985; O'Toole and Jones, 1986).

This paper presents data acquisition and processing techniques using tae computer at
varying levels of sophistication. from simple data storage and retrieval to complex
statistical analysis and modeling.

The work of researchers in any agricultural discipline is information intensive. Research
experiments are designed to generate enongh data which can be translated into information.
The new information could be used to bring about a more productive agricultural system
or one of its components.

Generally, there are five recognized steps in agricultural rescarch (Michigan State
University, 1985):
1) The researcher characterizes a certain practice (c.gz. a farmer’s practice), identifies a
. . . b
problem, lists priorities, and recommends solutions to the problem.

2) Experiments are designed to test and/or verify a new technology, based on known or
projected requirements of the end users (c.g. extension agents, farmers, policy
makers).

3) For the recommendations to be applicable in a range of environments or situations, a
number of experiments must be conducted and managed systematically.

4) Accurate and appropriate techniques are required to collect and analvzz the normally
large body of data.

5) Results of the research are reported or communicated to the end users (c.g., farmers).
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Agricultural rescarch has traditionally been in research stations where facilities for
experimentation are excellent and aceessibility to researchers is favorable. However,
selection of the best technology for farmers cannot be bascd only on experimental results
obtained in rescarch stations. This is mainly because of the inconsistency in technology
performance between rescarch stations and farmers” ficlds.

Two major types of experinients can be recognized. These are (Gomez and Gomez, 1984);
1) Technology-gencration expertinents, and

2)  Technology-veritication cxperients.,
Planning of Technology-Genceration Loxperiments

This Kind of experiment can be initiated in a research station or a farmer’s field. Special
care should be taken in selecting a test site, experimental design, and layout of such
experiments. especially it these are 1o be conducted in a farmer's field. The test site is
selected such that it provides i set of physical and biological conditions under which the
experiment is to be developed.

A suitable experimental design and lavout of the experiment are necessary prerequisites for
obtaining reliable results. The design of experiments in a farmer's field must aim at
keeping the size ot the experiment small. This can be done by keeping the number of
treatments and number of replicates at a minimum, thus minimizing the experimental
error. However, in a researeh station the need nuay arise for large experiments, both in
size and number of treatments (e.g.varieties) tested (Gomez and Gomez, 1984 Little #nd
Hill, 1878).

Planning of Technology-Verifica'ion Experiments

The main objective of verificarion =xperiments is to compare the performance of a
farmer’s technology and a newly developed technology in a farmer’s field. The most
important parameters {or comparison are biological yield and profitability.

For the purpose of technology-verification. test farms should adequately represent the
farms in the target area. This makes it fecessiry 1o choose the appropriate sampling
technique for tarm selection. Certain eriteria. such as farm size and cropping pattern
should be taken into consuderation (Gomes and Gomez, 1984).

The rescarcher who designs an cxperiment and collects the data is basically concerned with
formulating hypotheses. working out an appropriate rescarch design, and interpreting the
results (Figure 1), Once a hypothesis is formed. the next step is to design a procedure for
its verification. This usually involves (Brand. 1970 Mead and Curnow, 1983);

1) Selecting the appropriate material to be tested:

2) Specifying the characters 10 be measured:

3)  Selecting the procedure to measure those characters; and

4)  Spccifying the procedure 1o determine whether the measurements made support the
‘othesis.

The last two points constitute most of what is generally termed the design of experiments.

Experimental design has the following components:

1) Estimate and control of error, and

2)  Proper interpretation of results.


http:Tecchnolol.gy

Formulation of a hypothesis

Solution
1
Refined hypothesis | Research design
i |
Interpretation of Collection of
results data
1 Y
Data analysis s Display of data

Figure 1. A Flow Chart Showing the Procedure of Hypothesis
Testing as a Part of the Scientific Method of Research.

Computers, in general, and microcomputers. in particular, have simplified the work of
rescarchers in agriculture. Microcomputers are now used to perform several functions in
agricultural experimentation, ranging from the design of experiments to the statistical
analysis of such experiments.

Experimental Design Generation

A number of specific software programs | «we been developed to support the
multidisciplinary applied research which agronomists, plant breeders, agricultural
economists, etc. conduct to develop improved production technologies.

These software programs (¢.g., MSTAT, MSUSTAT, SYSTAT, and CRISP) have the
capabiiity of generating experimental designs for ficld and laboratory experiments. Most
software programs share the following steps in generating experimental design (ICARDA,
1985a, 1985b; Michigan State University, 1985; SYSTAT, 1986):

1) Initializing and performing randomization for the required experimental design;

2) Converting the randomization file, created in the first step, to a data file for data
input; and

3) Generating and printing field books, field maps, and labels.
Two general types of experimental designs arc used in agriculture. These are:

1) Randomized block designs, and

2) Statistical designs for varietal testing or for verifying technologics.

The latter type includes, but is not limited to, lattice, augmented, and nearest neighbor
designs.
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After a certain experimental design has been generated, treatments (e.g., varieties and
entries) have to be randomized and factors and variables have to be defined before data
entry.

File Management

A wide range of file management options is available to researchers using specialized
statistical software programs. A data file can be updated at anytime after it has been
created. Factors, levels of factors. variables. and observations can be added 1o the original
list.

Factor-setting for data can be generated automatically by invoking a special option, or can
be entered manually by the rescarcher. Factors, factor levels, vartables, or observations
can also be deleted fronm a file ws desired.

Researchers can check the data stored i a file using specitic minimum and maximum
allowable values for cach variable in the dati file.

The need may arise. in some experimental situations. 1o seleet rows of data from an input
file. This can be pertormed by using togical combination of data-related conditions. One
example is selecting varieties with vield greater than specitied value.

A built-in caleulator enables rescarchers to perform complex arithmetic operations using
data of existing variables and o set of valid operators (e.g.. addition, division,
multiplication, ctc.) (ICARDA. 1985a.b: Michigan State University, 1985).

Conventional Data Collection

Untii recently. data gen oL in research station experiments used o be collected
manually. This procedure moolves @ maximum of five steps. starting with manual data
collection and ending with computer processing (Figure 2).

Data in field books is primarily arranged for case of measurements in the field. At times,
this may not be the form most convenient for computer processing and statistical analysis.
Thus transeribing the data from field books o the form required for data analysis may be
necessary. The number of times data are transcribed depends on the complexity of the
computations desired. 1t is strongly recommended that rescarchers who colleet their data
by a conventional method should minimize the number of times those data are transcribed.
This minimizes the chances of making crrors during transcription.

Several types of data are normally collected for technology-generation experiments. One
canple is the detailed data on agronomic traits, i.e.. yield and vield components of field
crops such as wheat. fentils, sorghum. and corn. However. tor techaology-verification
experiments. these detailed measurements are not necessary. Data collection for
technology-verification experiments is designed primarily to compare the new technology
and the farmer’s practice and to determine the potential for adoption of the new
technology. Because of such i specific objective, the type of data to be collected generally
differs from that of technology -generation experiments (Gomez and Gomez, 1984; Sokal
and Rohlf, 1981),

Data Collection in Digital Form
Microcomputers, in particular, have changed the methods by which research data are

collected. With the agvent of data loggers and sensors, researchers are collecting data
directly from ficld experiments in digital form.



Manual data collection

Transcription

Keypunching

Verifying

Keypunching

Computer processing

Figure 2. Steps in Manual Data Acquisition.

The weakest links in the whole data eollection-preparation-reporting cycle are the data
preparation steps: trimseribing. key punching. editing, and verifying. Researchers are able
to eliminate these weak links and create a two-link chain that takes them from data
collection 1o computerized summaries.,

A rescarcher using data loggers (e.g., Omnidatay can review, edit, and mathematically
process data i the field. Again. data stored in data loggers can be transmitted directly to a
COMpULer or a4 printer.

Certain types of sensors allow the researcher to collecet and record a large number of
observations on a number of variables. For example, in 20 to 30 seconds a photosynthesis-
measuring device automatically records up to 10 observations cach of CO, concent:ation,
relative hunudity. chamber air emperature. Ieat temperature, and photosyntheticadiy active
radiation. Data storage capacity of certain data loggers and sensors can typically be over
100 pages.

fost data acquisition systems are sold as complete systems o end users and e
configured for particular applications. Some of the sophisticated instruments mentioned
carlier are microprocessor-based but do not have the capability of running any applications
programs except those supplied by the manutacturer. However, there are a number of
excetlent software programs that can be used with data acquisition systems. The
combination of dBASE TH tor storing and arranging data. Lotus 1-2-3 for spreadshecet
analysis and graphics, and Turbo Pascal for computations is appropriate for data
acquisition systems (Munasinghe ¢r al.; National Rescarch Council, 1986).
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The skillful and expeditious handling of data is essential to the successful practice of
agricultural research. The first stage in a statistical analysis, after the data has been filed,
is a descriptive presentation of the data, often in the form of tables. It is recommended
that a summury of basic statistics is produced and printed at this stage. Examples of basic
statistics are: means, variances, standard deviations, minimum and maximum values, etc.
At this point of statistical analysis, it is possible t¢ create new variables from existing
ones. The new variables can be produced by calculations performed on basic data and
these, in turn, can be subjected to further statistical analysis (Sokal and Rohif, 1981).

Single-Factor Experiments

Experiments in which only a single factor varies while others are kept constant are called
single-factor experiments. In such a situation, the treatments consist only of the different
levels of the single variable factor. All other factors are applied uniformly to all
experimental units (or plots) at a single level. An example of a single-factor experiment is
a crop variety experiment where the single variable factor is variety and the levels are the
different varictics being compared. Other examples are fertilizer experiments where the
application of a single fertilizer element is varied; insecticide experiments where several
insccticides are tested: and plant population experiments where a range of plant densities
are compared.

There are two groups of experimental designs that are applicable to a single-factor
experiment. The first is the family of complete block designs. This group includes the
completely randomized design, the randomized complete block design, and the latin square
design. These designs are suitable for experiments with a small number of treatments and
are characterized by blocks, cach of which contains at least one complete set of
treatments,

The second family of designs is the incomplete block design. This group includes, but is
not limited to, lattice and group balanced block designs. These are suited for experiments
with large numbers of treatments and are characterized by blocks, each of which contains
only a fraction of the treatments under consideration (Little and Hill, 1978: Michigan State
University, 1985; Sokal and Rohlf, 1981).

Two-Factor Experiments

In agricultural and biological experiments, organisms are simultancously exposed to many
growth factors during their lifetime. Because an organism's response to any single factor
may vary with the level of the other factors, single-factor experiments are not applicable.
Thus, when response to the factor of interest is expected to differ under different levels of
the other factors, rescarchers should use factorial experiments which are designed to

handle simultancously two or more factors,

A two-factor experiment can be cxpanded to include a third factor and so on. However,
when more factors are added to an experiment:

1) There will be a rapid increase in the number of treatments to be tested, and

2) There will be an increase in the number and type of interaction effects.

Although a large experiment is usually not desirable because of its high cost and

complexity. the information gained from interactions among factors can be very valuable
(Gomez and Gomez, 1984, Little and Hill, 1978).



Regression and Correlation

In characterizing the relationships among variables, statistical procedures that car
simultancously handle several variables are needed.

Analysis of variance (using any one of the experimental designs mentioned ecarlier) can
evaluate treatment effects on one variable at a time. even when one variable affects
another.

Regression and correlation anaiys s allow a rescarcher o examine associations among:

1) Dependent variables, which represent the biological and physical features of the
experimental units that are expected 1o be affected by the treatments being tested,;

2)  Dependent and independent variables, c.g.. fertilizer rates, varicties, and weed control
methods. which are generated from one or more management practices and are the
primary focus of the experiment: ang

3)  Dependent variables and environment, c.g.. factors such as rainfall, solar radiation,
and temperature. which represent the part of the environment that is not within the
rescarcher’s control,

Itis necessary that selected variables be expressed quantitatively for the proper use of this
type of analysis.

Regression analysis deseribes the effeet of one or more variables (independent) on a single
variable (dependenty by expressing the latter as a function of the tormer. Correlation
analysts provides @ measure of the deeree of association between the variables under
consideration. Regression and correlation analyses can be classified according to the
number of variables mvolsed and the form of the functional relationship between the
dependent and the idependent variables. These mclude:

1)y Simiple linear regression und correlation.
2) Muluple hmear reeression and correlation,
3y Simple nonhmear regression, and

4y Multple nonhinear regression

The smaple Tmear regression e sis deads with the estimation and test of significance
concerning the ntercept and e regression coeflicient in the linear regression equation. It
shouid be neted here that because sample inear regression analysis is performed with the
assumption thit there s i fmear relationship between the independent and the dependent
variables. 1t does not provide any test as to whether the best functional relationship
between the two varables s mdeed hinear. On the other hand., simple linear correlation is
used 1o Lncastre the degree of association detween two variables with or without a well-
defined cause and ettect retationship

The simple nonhnear regression s nsed i cases where the response to a treatment s not
fincar te.g.. response ot wheat vield 1o N fertihization), or m situations where plant
response s not constant over a specttic range of the independent variable (e.g., pattern of
plant growth with timer. This techmyue has o wade application in agricultural rescarch anu
most of the nonlinear responses found i agricultural and biological systems can be
lincarized through variable transformations or creation of new variables from existing
ones.
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With the increasingly accepted perception of interdependence of factors of production in
agricultural systems, and with the availability of experimental procedures that can
simultaneously evaluate several factors. the use of factorial experiments is increasing and
there is a corresponding increase in need for use of regression procedures that can
simultancously handle several independent variables.

Multiple lincar regression is the most appropriate technique to be used in situations where
a number of independent variables are assumed to affect the dependent variable in a linear
fashion, and independently of one another However, when the relationship between the
dependent variable and one or more of the independent variables does not follow the
multiple lincar relationship, a multiple nonlincar regression techinique should be used
(Gomez and Gomez. 1984: Little and Hill, 1978; Michigan State University, 1985).

A danger inherent in modern data processing procedures is that the user entering the data
imo 4 computer may simply obtain the final statistical results without observing the
distribution of the variables. In the past. such distributions were necessary to facilitate
computations. This is no longer necessary. But such distributions could lead to interesting
new insights into the nature of the data. to the rejection of some outlying observations, or
suggest that the data do not conform to the assumptions of a particular statistical test.
However, there are now numerous data analysis programs available that carry out just
such displays (Sokal and Rohlf, 1981).

Data analysis is a recent development in the arca of biometry and experimental design. It
mvolves the systematic seech through a set of data to reveal information and relationships
of interest. The procedurer i data analysis, although essentially numcrical. are also
experimental.

Data analysis consists of such techniques as transformations. robust estimation. and
graphics techniques. Transformation techniques are used 1o see what effect they have on
the distributicn of a sample or the relationships between two variables in a sample. Robust
estimation is carried out to minimize the effects of a certain pereentage of an extreme
observation. Graphics technigues are used to look for (and prohably suggest) interesting
patterns in the data.

In fact these techniques are not new. They have been used by rescarchers and statisticians
for many years. Yet the development of high speed computers allowed rescirchers to ask
many more questions and obtain instantancous answers for them.

Data aralysis is looked at as the systematic and largely automated scrutiny of sets of data
to yield both summuaries and fresh insights into the relationships in a given study.
However, one of the problems encountered in data analysis is that the longer the
rescarcher spends adjusting the data and checking various models. the less reliable the
final statistical inferences become for those data. Some researchers apply various statistical
tests to the same data aind choose thc test results that suit them best. Such procedure is
analogous to selecting data to fit models and then presenting the results as if they emerged
from a random sample (Sokal and Rohlf, 1981).

Statistical analysis of data generated by eaperiments that are conducted at several sites and
over a number of years or crop seasons. can be handled by one or more of the statistical
procedures outlined in the previous sections. However, in certain situations. a combined
analysis of variance, regression analvsis, and‘or covariance analysis could be used.

In certain experimental siwations. results of the classical analysis of variance procedures
could be misleading. Examples are: competition effects of border plots, different fertilizer
rates of adjacent plots, and varictal competition. There are special staistical technigues
available to detect the degree of competition and corrections can be made to results of
classical analysis (ICARDA, 19854: Mead and Curnow. 1983; Sokal and Rohlf, 1981).



Mod:ling and Simulation

Mathematical modeling is the art of describing biological or physical systems with
equations, usually for the purpose of planning and decision-making. One broad class of
models is for simulating biological or physical systems, i.e., for predicting the outcome of
a system based on its characteristics. Once o model has been developed, it can be used for
simulation by inserting hypoth=ticar or real data and calculating system output.

Models can be clissified into two broad groups: stochastic or statistical madels and process
or physical models (I1BSNAT, 19365,

Stochastic maodels canonly be used widhin the limits of the universe in which they have
been developed. Withm these linits they commonly give reasonably realistic results. On
the other hand. a process model can be used anywhere where the processes used in the
model deseribe the system that is being modeled.

The availability of sottvare programs for data base managenient (DBM) enabled
researchers to use large cata bases for model building and valedation or calibration.

The recent advances m duta base managerient systems (DBMS) and other fields of
information technology ., enabled rescarchers in different agricultural ficlds to organize
large quanuties of Jate 6 simulate complex processes in agricultural systems. Crop growth
and preduction models, for example. allow researchers to predict and/or estmate (O'Toole
andt Jones, 1986: Riichic. 19861

1Y Phasic develepment or duration of growth stages as influenced by genotype and
environmental factors,

2) Biomass production and partitioning of photosynthates.,
3)  Root system dynamics. and

4)  Eftect of soil water detic 1 aad nitrogen deficiency on photosynthesis and partitioning
of photesynthates in the plant system,

Ancther group of models whicl: are soil-oriented allow researchers to predict and/or
estimate (Suxton. 1983 Williams ¢f al.. 1984):

1 Soil moisture regimes,
22 Effects of alternative management practices on chemicals and runoff in the soil profile,
3)  The effect of crosion ¢o potential soil productivity, and

4)  Economic costs of erosion Tor designated kinds of soils and the costs and benefits of
various conservation allernatives.

Vet the development of comple: agricultieal models, researchers were able to identity
some nrygor voids intheir rescarch datae As the models have been constructed., it was
common to find that many of the parameters and coetficients needed by thz model were
not contained in the rescarch deta hase. Researchers in ditferert agricultural disciplines
lecrned two facts from this. First, it s possible o construet maodels even without all the
rescarch data desired. By usmg siternative structural equations in the models, many of the
problems facing rescarchers can be solved. Second, constructing these models gave
researchers insights into the deficiencies in the'r research programs and they were able to
allocate future resources better (National Re warch Council, 1986).
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Introduction

Soil Spatial Variabiiity and Methods of Analysis

D.J. Mulla
Washington State Universiry, Pulliman, Washington, USA

ABSTRACT. The variation in soil properties is rarely random. Usually soil properties are
more similar when measured in small arcas and are more variable when measured in
larger areas. When soil properties are spatially variable, it is essential 10 determine the
nature and pattern of variability in order 1o efficiently manage the soil. Geostatistical
technigues are discussed for uptimal design of sampling schemes in spatially variable soils.
Use of efficient sampling patterns optimizes labor and equipment demands, while
facilitating quantitative understanding of the namre and pattern of variability. A linear,
unbiased, estimator technique known as kriging can be used to produce survey maps of
spatially vaniable soil patterns using a minimum nwnber of field samples. Maps of spatially
variable soil properties can be used for efficient management of many problems, including
soil salinity, plant available water, and low soil fertility. Methods of describing spatially
variable soil properties are illustrated using an example involving soil test phosphorus
levels on a commercial farm in the Columbia Basin of Washington State.

Soils are inherently variable. In situations where this spatial variation is controlled by
topographic patterns, differences in soil color, vegetative growth, or surface wetness may
indicate the extent of heterogeneity. In most cases, however, patterns of spatial variability
in soil propertics are not visually apparent. Rescarchers often make the mistake of
assuming that soil propertics are relatively homogeneous in fields which are flat and have
no obvious visual evidence cf heterogeneity. In situations such as this, the extent of spatial
variability in soi! propertics such as hydraulic conductivity (Vicira er al., 1981), moisture
content (Wicrenga, 1985), soil test phosphorus levels (Dow and James, 1973), A-horizon
depth (Wilding, 1985). or exchangeable sodium percentage (Uchara er al., 1985) may be
appreciable.

In order to determine the nature and pattern of soil variability some type of ficld sampling
or field measurcments are needed. Generally, the magnitude of variability that exists in the
field is greater than the errors that arise in typical laboratory or ficld analytical
measurements. Therefore, it is important to devise a sampling scheme which accurately
measures the range cf variability encountered at different .ocations in the sampling area
(de Gruijter, 1985). Sampling schemes which involve too few sampling locations will be
inadequate for management and mapping requirements. Sampling schemes which are too
dense may involve high labor and equipment costs, and are also undesirable. An efficient
sampling scheme is one in which a minimum number of sample locations are obtained to
sufficiently characterize the magnitude and pattern of soil heterogeneity.

If the variation in soil properties occurs randomly, so that sample variance is not a
function of sample separation distance, classical statistics can be used to analyze the data.
These are standard technigu.s for analyzing soil samples, and are well known to soil
scientists (Petersen and Calvin, 1965). The sample mean, x is estimated from the
expression:

x = (I/n) Z 2(x;), (1]
i=1

where n is the number of samplcs and z(x;) is the value of the measured soil property at a
location x;. The sample variance, s2, is:

n
(1/(n-1)] Z [z(x;)-¥2, 2]
i=1
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where s is the sample standard deviation. In order to estimate the number of samples
required to estimate the sample mean within a given level of precision, the following
expression can be used:

= 2.2/D2
n = 1y=s=/D

[3]

where t4° is the Students t value statistic based upon a given confidence level and the
number of samples used to evaluate 2. and D is the desired maximum difference between
the field means and the means of the samples. Finally, the extent of variability can also be
assessed using the coefficient o1 variation, CV, which is usually expressed as a percent:

CV = (s/n X 106%. [4]

Typically. in most soils, the variance in measured soil properties depends upon separation
distance. In such a situation, samples which are obtained from closely separated locations
are more similar in value than samples separated by a larger distance. Patterns in spatial
variability for sumples exhibiting such spatial correlation are not accurately described using
classical statistics. Instead. an analysis technique known generally as geostatistics is more
useful.

The purpose of this paper is to show how models of soil spatial variability can be used to
design sample schemes. 1o map the nature and pattern of soil variability using a minimum
of input data. and to devise cfficient management procedures for crop production. An
example involving soil test phosphorus levels will be used to illustrate the geostatistical
methodology.

Dow and Jumes (1973) measured soil test phosphorus on a commercial farm in the
Columbia Basin of Washington using a systematic sampling grid. At intervals of 100 fi, §
soil cores within a 6 fU diameter circle were collected to a depth of 10 in. These samples
were oven-dried at 707 C, combined to form one composite sample, and screened. Each
composite sample was extracted with sodium bicarbonate and analyzed for phos phorus
(Olsen e al., 1954). In the present study, statistical and geostatistical analyses of the data
were conducted using a Hewlett Packard 98165 computer and 7470A plotter.

To illustrate the use of geostatistical methods, consider an example involving soil test
phosphorus values from a commercial field in the Columbia Basin of Washington. Data for
this example come from a leveled, visually homogencous area studied by Dow and James
(1973), and arc representative of typical results for the area. Figure 1 illustrates the
variation in soil test phosphorus values on a regular grid with 40 sample locations
separated by 100 ft. Note that soil test phosphorus values do not vary randomly with
distance. but are generally similar in value over short distances.

The sample mean, variance. and coefficient of variation from Eq. [1]. |2]. and [4],
respectively, are 6.3 ppm. 4.8 ppm~. and 60 pereent A frequency distribution of soil test
phosnhorus and its best-fitting normal curve shown in Figure 2 were compared using a
Chi-squarce test and found to be significantly different. Thus, soil test phosphorus values
are not normally distributed. The use of Eq. [3] requires that the data be normally
distributed, so it is a misapplication to use Eq. {3} for predicting sampling size. Note,
howeve. that Eq. [3] predicts that 27 soil samples are required to estimate soil test
phosphorus fevels to within 2 ppm of the mean value using a confidence interval of 99
pereent and n-1=39 degrees of freedom.
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Figure 1. Soil Test Phosphorus Levels (ppm) at 40 Sampling Sites
Located at 100 Ft Intervals on a Commercial Farm in
the Columbia Basin of Washington.
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Figure 2. Frequency Distribution Diagram of Soil Test
Phosphorus Levels (ppm) at 49 Sampling Sites on a
Coramerciai Farm in the Columbia Basin of
Washington.

The results in Figure 1 could be used to design an approximate fertilizer management
scheme for crop production. Clearly. however, additional mapping detail is desirable.
Since labor and equipment constraints are often important in field experimentation, the
rescarcher may wiso want to know it less than 40 samples can be collected without
sacrificing accuracy. Geostatistical methods can be applied to provide the latter
information.

Geostatistics is usetul for interpolating between measured data points to provide additional
data for detailed mapping. This procedure invol res computing the semivariance function of
the data, fitting semivariogram models to the semivariance data, and using an interpolation
scheme known as kriging. These procedures have been outlined by Burgess and Webster
(1980) and Vieira er al. (1983), but are described in detail below for readers who may be
unfamiliar with these sources.



The Semivariogram

As stated previously, if sample variation occurs randomly in space, the total sample
variance will not depend upon the separation distance betwee.: samples. Samples which are
correlated in space, however, will have lower sample variance at smaller separation
distances than at larger separation distances. Therefore, one method for assessing the
spatial correlation of the samples is to compute sample variance as a function of sample
separation distance. For interpolation and mapping purposes, it will be useful to compute a
quantity known as semivariance, y(h), instead of computing variance. The expression for
semivariance is:

nth)
y(hy = [1Zn] Z [axp)-2(x; )% (5]
1=1

where n(h) is the number of samples separated by a distance of h; z(x;) is the value of the
measured property at location x;; and z(x;,,) is the value of the measured property at
location x; ;. Table 1 lists values of semivariance for the soil test phosphorus levels in
Figure I as a function of separation distance. Note that the number of pairs of data used
in the computations at cach separation distance are always greater than 20, and hence, are
large cnough to insure statistical accuracy of semivariance values (Journel and Huijbregts,
1978).

Table 1. Number of Pairs at Each Average Separation
Distance Used in Computing the Semivariance
for Soil Test Phosphorus Levels in Figure 1.

Avg. Distance Number of Data Pairs
fi

118.9 123

228.4 180

326.8 163

421.2 130

522.6 91

Theoretically, the semivariance equals zero if h=0 because there should be no variation in
sample values measured at the same location. As separation distance increases, the
semivariance will increase: the currelation between samples is lower as the distance
between samples increases. When the separation distance reaches a iarge critical value
(known as the range). the sample pairs lack any statistical correlation to one another and
variations occur i a truly random fashion. Only if the semivariance is relatively constant
with separation distance and varies randomly at a value approximately equal to the total
sample variance can the researcher conclude that the sample populaticn is adequately
described by classical statistical models.

Once the semivariance fuaction for the data is computed, standard semivariogram models
can be fit 1o the data by least syuares techniques. This allows the researcher to
qiantitatively model spatial variations which occur in the data. Weighted least squares
curve-fiding techniques (Cressie. 1985) take into account the fact that semivariance values
computed from a large number of sample pairs should be weighted more heavily than
those that are computed using a smaller number of sample pairs. Although the weighted
least squares technique is more accurate than the least squares technique, only the latter
approach is used here. Three common semivariogram models are:
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1. Linear modei:

y(hy =C, + Bh 0<h<a [6]

Y(h) = C() + L h?a,
2. Spherical model:

v(h)y = C + C,[1.5(h/a)-0.5(h/a)3} C<h<a 7

yihy = ¢, + C, h<a;
3. Exponential model:

yth) = Cy + Cy[I-exp(-h/ag)] 0<h; (81

where h is the separation distance between observations: a is a model parameter known as
the range: (C + Cy)is a model parameter known as the sill: and Cy is a model
parameter known as the nugget. The nugget is nonzero whenever sampling error oceurs
due to measurement error or when sample spacing is too large to detect spatial correlation
oceurring at small separation distances. In ideal situations where measurement errors are
absent and sample cvacing is small. the nugget will equal zero,

For the Tincar model. B is simply the slope of the line for a vlot of semivariance versus
separation distance. For the exponential model. w, is approximately equal to a/3,
Physically. the sill is approximately equal © the total sample variance in Eq. [2]. and is
the maximum value of semivariance which the model attaing at large separation distances,
Physically, sample observations separated by distances smaller than the range are
statistically correlated to one another. while measurements separated by a greater distance
than the range are not correlated. Classical statistical methods can be applied to the data
only if the range has a value which is smaller than the closest sampling distance,

The soil test phosphorus values in Figure 1 were used to caleulate values for the
semivariance. Presented in Figure 3 are the sample semivariance values computed from
Eq. [5]. as well as the best-fitting exponential semivariogram model from Eq. [8]. Note
that the values of the sill (C)). range (a1, and nugget (C) for this model are
approximately equal 1o 18.3 ppm3, 397.5 1. and 0. respectively. The sill is only somewhat
higher than the total sample variance. and the range of spatial correlation is approximately
400 {t. Thus. the soil phosphorus Tevels exhibit substantial spatial correlation, and classical
statistical analyses would only he usetul it samples had been collected at distances
separated by about 400 11 or more.

Kriging

The data presented in Figure | is somewhat deficient for the purposes of constructing a
detailed two-dimensional map of soil test phosphorus levels, A geostatistical technigue
Kknown as Kriging can be applied to the data to produce a detailed map. This procedure is
described below,

Kriging is an interpolation technique which uses the semivariogram model in Figure 3 and
the measured data 1o estimate values at specified locations where no measured data are
available. Estimated values. 27#(x)). are obtained from the lincar interpolaiion scheme:

N
Z:&:(x“) =.>:l )‘i 7(x;) 9]
1=
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Figure 3. Semivariance Values and Exponential Semivariogram
Maodel for 40 Soil Test Phosphorus Values on a
Comneercial Farm in the Columbia Basin of
Washington.

where xg, is a location where no samples were collected: Nois the number of neighboring
measured datum poiats used in the imterpolation scheme: A, is a weighting factor for the
measured data whizh is yet to be determined: and z(x;) is the measured datum at location
X;. Thus. krizing is a method which uses N nearest-neighbor measured data points and
their associuted weighting factors to estimate values at locations where data were not
actually measured.

An advantage of the kriging method is that when Eq. [8] is used to estimate values at a
location where actual measured data are available, the method always generates an
estimated value which is equal to the actual datum. This occurs because. for such a
situation, the weighting tactor is unity for the observation located at the same place as the
estimated value, while the weighting factors for all other neighboring data are zero.
Mathematically, when X,y is a location where an actual measured value exists the following
expressions apply:

7*(xy) = 7(xqy) and

N
2 A=1. [10]

[}
1=

Many other interpolation schemes are in use but conumonly, at locations where actual
measured observations are available, ttese do not return an estimated value which is equal
to the measurcd datum. An example of such an interpolation scheme is the lincar
regression line, which may have a high correlation coefficient, but does not pass through
all measured points.
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The kriging technique also yields a2 miniraum estimation variance, oz(xo), which can be
computed from the expression:

N

i=]

where [ is an undetermined multiplier; and Y(X;. Xg) is the value of the semivariogram
model in Figure 2 corresponding to the separation distance between the kriged point at x,
and the neighboring measured point at X;. Lower values of the estimation variance
correspond to higher accuracies in interpolation, since the estimation variance is a measure
of uncertainty in the estimation procedure.

in order to compute the interpolated value in Eq. [10] and the estimatior variance in Eq.
[11], values must be obtained for the weighting factors, A, and the undetermined constant,
H. It can be shown that these values can be computed from a system of N+1 unknowns in

N+1 simultancous algebraic equations having the form:

N
'Z] Aj Y(Xj X)) + U= Y(x;, Xg), for i=]to N, and
J:
[12]
N
j=1

where y(x;, X;) is the value of the semivariogram model in Figure 2 corresponding to the
separation distance between two neighboring observations at locations X; and X;.

To illustrate the use of the kriging Eq. [9] to {12] for interpolation and mapping purposes,
consider the 40 soil test phosphorus values in Figure 1 and the associated semivariogram
in Figure 3. For simplicity, estimate soil test phosphorus at the sampling location with
coordinates x =175 ft, y=425 ft. from the four neighboring measured values shown in
Figure 4. Once the locations of neighboring observations have been specified, the set of
simultaneous equations in Eq. [12] must be solved for the weighting factors, A;, and the
undetermined multiplicr, p. Expressing the set of N+1 simultaneous equations (N=4 in
this example) using matrix notation gives:

[FI[L} = IB] [13]
where
YXpxp) o Y(Xpxa)  Y(X.X3) Y(Xp.Xg) 1
Y(X3.X1)  Y(X5.X5) Y(Xp.X3)  Y(X5,X4) 1
[FI =1 Y(x3.x)  V(x3.%)  Y(x3.%3)  V(X3.xy) 1
Y(x4.X))  Y(x4.X5) Y(X4:X3)  Y(X4,%y) |
1 1 1 1 0




Neighbor #3 Neighbor #4
+ +
[P]=4.8 ppm [P]=9.3 ppm
X3=(100,500) X4=(200,500)

Kriged point
[P]=1
+
xg=(175,425)

Neighbor #1 Neighbor #2
+ +
[P]=7.2 ppm [P]=15.8 ppm
Xy =(100,400) X2 ={200,400)

Figure 4. Locations and Soil Test Phosphorus Levels (ppm) of
Four Neighboring Observations Around a Location
Where Soil Test Phosphorus Level is to be Estimated by

Kriging.
A Y(xg:X1)
IL) = | A and [B] = Y(xg.X2)
A Y(xg,X3)
Ay Y(Xg,X4)
u !

From these definitions it is evident that [F] is an N+1 by N+1 matrix of the
semivariances corresponding to the separation distances between all possible pairs of
neighboring observations. [B] is an N+1 by | column matrix of the semivariances
corresponding 1o the separation distances between the location of the kriged point (x=175,
y=425) and all neighboring observations. Values for the semivariances in these matrices
are obtained from caleulations with the specified semivariogram model, which in this
example is given in Ea. {8] and ploited in Figure 3. The N-+1 by 1 column matrix [L] is
the matrix of unknown consants which needs to be determined.
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The solution to Eq. [13] is obtained by matrix inversion using the expressioi:
(L] = {FI[B] [14]
where [F]t is the inverse of [F]. For this example the values for cach entry in 7} and [B]

can be obtained from the semivariogram model in Figure 3 and the appropriate separation
distances. These values are given below:

0.0 9.7 9.7 12.0 1.0 | 1] 8.2
9.7 0.0 12.0 9.7 1. 4.3
L} = 9.7 12.0 0.0 9.7 1.0 10.1 [15]
12.0 9.7 9.7 0.0 1.0 8.2
1.0 1.0 1.0 1.0 0.0 1.0

The solution to Eq. [15] is:

| 0.18

L] = |0.08 [16]

0.18

-0.15

This solution shows that the weighting factor for the closest-neighbor observation (15.8
ppm) is the largest (0.56), and the weighting factor for the farthest-neighbor observation
(4.8 ppm) is the smallest (0.08). The value of the undetermined multiplier. W, is -0.15.

Itis now possible to use Eq. [9] 1o estimate the soil test phosphorus level at location
x=175. y=425. and to calculate the estimation variance using Eq. [11]. Substituting the
values for the appropriate constants into Eq. [91 and [T yields: z*(xo) = (0.18)7.5 +
(0.56)15.8 + (0.08)4.8 + (0.18)9.3 = [2.27 ppm; and Oz(x()) = (0.18)8.2 + (0.56)4.3
+ (08101 4 (0.18)8.2 4 (<0150 = 6.0] ppm-.

The previous example illustrates how Kriging is used to estimate soil test phosphorus from
four neighboring observations at the location x =175, y =425. This procedure was used
with a computer to estimate soil test phosphorus values at 493 locations separated by 25 ft
inzrements in the study area represented by Figure 1. The results have been used to
pioduce a detailed contour map of soil test phosphorus levels, shown in Figure 5. A
detailed contour map of the estimation variances at locations in the siudy area is shown in
Figure 6. Note that estimation variances are zero at locations where actual measurements
were obtained. This shows that the kriged value at a location where an actual observation
was made is always equal to the measured value.
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Figure 5. Contour Map of 493 Soil Test Phosphorus Values (ppm)
Derived From 40 Soil Samples and Kriging at 25 Ft
Increments on a Commercial Farm in the Columbia
Basin of Washington.
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on a Commereial Farm in the Columbia Basin of
Washington.



Table Z. Percent of Maximum Crop Yield, P,O; Fertilizer
RPaguirement, and % of Area for Five Soil Test
Phosphorus Categories of a Commercizl Field in
the Columbia Basin of Washington.

Soil Test Phosphorus Category (ppm)

0-2.5 2.6-50 5.1-7.5 7.6-10.0 10.1+

% of maximum yield 50 80 95 98 100
P,05 needed (Ib acre™!) 275 206 137 69 0
% urca affected 7 31 22 23 17

Management Application

The soil test phosphorus levels in Figure 5 can be used to plan a fertility management
program for the commercial field where the samples were obtained. To achieve this, the
relation between soil test levels and suggested phosphorus fertilizer application rates must
be determived from fertility trials as described in Dow (1984). The latter information for
the Columbia Basin of Washington is given in Tabie 2, along with the percent of
maximum crop yield which could be expected if no fertilizer was added (e ¥ and Jamnes,
1473). Also shown is the percent of the arca in Figure 5 which lies in each soil test
phosphorus category. These arcal percentages were computed from the frequency
distribution plot of kriged soil test phosphorus values shown in Figure 7.

Kriged phosphorus field #7
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Figure 7. Freguency Distribution Diagram of 493 Kriged Soil Test
Phosphorus Levels (ppm) on a Commercial Farm in the
Columbia Basin of Washington.
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Three distinct types of fertility management programs can be devised. These include 1)
applying fertilizer based on the mean soil test phosphorus value (6.6 ppm) for the entire
field, 2) applying fertilizer based on the lowest soil test phosphorus value (1.6 ppm) for
the entire field, or 3) applying fertilizer according to the spatial patterns in soil test
phosphorus which exist in different portions of the field. If method 1 is used, the
recommended rate of P,Og application from Table 2 is 137 Ib acre-! for the entire field.
This approach obviously results in underproduction on approximately 38 percent of the
farm. It method 2 is used, the recommended rate of P,05 application is 275 Ib acre™! for
the entire field. Using this approach, maximum yields would be obtained, but yield
increases may be offset by increased fertilizer cost.

The third method involves using the known spatial patterns in soil test phosphorus to
manuge fertilizer applications. Figure 8 shows a contour map of kriged soil test
phosphorus levels with a S ppm contour interval. This map is identical to that in Figure 5,
exeept that fewer contour lines are drawn. The most efficient fertilizer application program
for this rield probably involves applying 275 |b P50 acre! 1o all areas having from 0 to 5
ppm soil test pkosphorus levels, and applying 137 1b P,05 acre™! 1o all arcas having from
S5 10 10 ppm soil test phosphorus levels. No fertilizer is applied to portions of the field
having greater than 10 ppm soil phosphorus. An approach such as this is not difficult to
implement. and results in efficient use of fertilizer resources as wetl as optimum crop
production.

Sampling Strategics

In the example used here. 40 soil samples were used to obtain a basic understanding of the
spatial patterns in soil phosphiorus levels. A kriging analysis in which some of the
measured observations are omitted can be used to determine if adequate mapping detail can
be obtained with fewer than 40 samples.

Consider the situation if only 20 soil samples were collected from the field using four
transects and the sample design shown in Figure 9. Eq. [5] and [8] could be used to
obtain the semivariance and semivariogram model, respectively. for these 20 samples. The
latter results are plotted in Figure 10. Note that the semivariorgram model for 20 samples
is similar to that for 40 sumples shown in Figure 3. The result of kriging 493 soil 1est
phosphorus values on a regular grid at 25 ft increments using the data in Figures 9 and 10
is shown in Figure 11. Note the qualitative similarity between the results in Figure 11 and
those in Figure 5. Kriging allows the resea cher to obtain detailed information concerning
spatial patteriis with reduced sample sizes. Estimation variances for the kriged soil
phosphorus levels are shown in Figure 12, In general, these variances are larger than those
shown in Figure 6. The decrease in sample number is accompanied by an increase in
estimation errors. It has been noted by Webster and Burgess (1984) that kriging estimation
errors are usualiy much less than errors predicted using classical statistics. Hence, fewer
samples can be collected when a geostatistical analysis is conducted than when a classical
statistical analysis is performed.

Soil properties usually vary in a systematic rather than random fashion in the natural
environment. Geostatistical methods provide a quantitative understanding of this variabilitv
using a minimum number of ficld samples. Optimal management decisions can be
formulated once these spatial patterns are understood.

The basic steps involved in the geostatistical approach include: |) collecting soil samples
ontransects or regular grids: 2) data analysis using the semivariogram model; 3) data
interpolation by the technique of kriging; 4) display of spatial patterns using contour maps
of the kriged soil property: and 5) application of knowledge concerning spatial variations
for management decisions. These steps are illustrated using an example involving
phosphorus fertility management of a commercial farm in the Columbia Basin region of
Washington.
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Reduced sampling scheme
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Figure 10. Semivariance Values and Exponential Semivariogram
Model for 20 Soil Test Phosphorus Values on a
Commercial Farm in the Columbia Basin of
Washington.

The consequences of not considering spatial patterns in soil propertics when conducting
and designing ficld experiments are as follows. First, the interpretation of fertility trials or
breeding trials may be inconclusive because classical statistical analyses cannot compensate
for the cffects of svstematic spatial variability in soil propertics. Second, management
decisions based upon insufficient soil data will contribute to incfficient use of soil, water,
crop. and fertilizer resources. hird, if sampling strategies are based upon classical
concepts, excessive inputs of lebor and cquipment may be required. Thus, significant
benefits can be expected from the application of geostatistical methods to field
experimentation.
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Figure 11. Contour Map of 493 Soil Test Phosphorus Values (ppm)
Derived from 20 Soil Samples and Kriging at 25 Ft
Increments on a Commercial Farm in the Columbia
Basin of Washington.
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Introduction

Economic Analysis of Conservation Practices

D. Colacicco and A. Barburika
U.S. Department of Agriculiure, Economic Research Service,
Washingion, DC, USA

ABSTRACT. Conservation practices must be evaluated by what they offer to the farmer in
terms of net income or risk management and what they offer to the public in terms of net
social benefits. It order to determine the net value of conservation practices, costs and
benefits can be analyzed by cither a cost-effectiveness or a benefit-cost analysis. Costs are
of two types: resource costs in labor, supplies and equipment, and opportunity costs, that
is, profits lost by employing a conservation practice. The iost cost-effective practices in
terms in amal cost and erosion reduction benefits to the farmer are, in order:
conservation tilluge, contouring, and winter cover crops. Other practices may be
recommended depending on the desired level of erosion control and the funds available.
Farmers benefit from reduced erosion by maintenance of their crop vields over the long-
term and reduced feriilizer costs. The water conservation benefits of reduced soil erosion
can also be substantial, particularly in dry arcas where they can be six times the soil
conservation benefits. Other benefits ol erosion control occur off the farm and can easily
exceed the benefits o the farmer. But the dollar value of these social benefits is difficult 1o
quantify. Determination of the most cost-effective conservation practice or sel of practices
requires more information than is ofien available. Simulation niodels have remendous
potential 1o aid in these evaluations. but for the time being, guesstimates will probably
dominate the conservation practice selection procedire of farmers.

Any discussion of the cconomics of conservation practices must begin with the observation
that conservation per se has no cconomic value. Conservation practices must be evaluated
by what they offer to the farmer in terms of net income or risk management and what they
offer the public in terms of net social benefits. This paper reviews the items that must be
considered in estimating the costs and henefits of erosion control practices and determining
the best level of erosion control, Few generalities are made on the circumstances
associated with high returns 1o investment in soil conservation. One generality is that the
return is determined by specific site circumstances that are hard to generalize. Emphasis is
on the costs and benefits to farmers, but the public perspective is also recognized.

Examples of the benefits and costs of crosion control practices will be used to demonstrate
the coneepts under discussion. The data used in the examples are drawn from the authors’
expetience analyzing the cconomics of soil conservation in the United States and are
represeniative ol the ideal data required for private or public analyses of conservation
practices.

This paper begins with a discussion of dataand procedural needs. The analyst must
recognize the intended audience. the type of required analysis, and then scramble to collect
available data. The costs of erosion control are discussed in the second section. The costs
are casier to estimate than the benetits because the farmer sees most of u.e costs as
expenses or demands on his time and equipiment. However, some of the costs may not
represent consumed resources. but rather foregone profit or opportunity costs. Adding less
crosive crops that are less profitable 1o the rotation is an example of an opportunity cost.
The cost of a practice van be negative. For example. conservation or reduced tillage has
been found to be cheaper than conventional clean tillage in many parts of the United
States. A procedure to determine the lowest cost practice or set of practices for a given
level of erosion reduction follows the cost seetion.

The benefits from installing soil conservation practices are discussed next. A major benefit
to farmers is a reduction in the negative impacts of soil erosion on farm profits. An
economic analysis ol conservation practices must recognize the long term and cumulative
nature of these benefits. A procedure is developed and used to estimate the productivity
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value of a ton of topsoil. Many practices that are considered soil conservation practices
actually improve the farm's profitability more by conserving water than soil. In addition to
these on-farm benefits which must also be incorporated into all economic analyses of
conservation practices, public analyses of conservation practices must also recognize as
benefits the reduction in damages suffered by the users of waters polluted by agricultural
activities. These offsite benefits of erosion control can be greater than the on-farm
benefits.

The fifth scction of this paper discusses the procedures 1o select the best set of
conservation practices for a particular site. An example is used to demonstrate the optimal
selection process. The final section makes 1 fow general conclusions and summarizes the
paper.

Evaluation of the impacts of the practices is dependent on whether the analysis is for the
farmer or for the government as the representative of the public. In ihe presence of full
information, a well functioning land market. and efficient capital markets, the only
difference in the conservation choices of o farmer and a wise social planner would be due
to consideration of offsite benefits (McConnel]. 1983). However, the real world has
imperfectly functioning markets and neither farmers nor social planners have all the
information needed for wise decision-making.

In-an efficient capital market, the interest rate will be both the farmers® price of capital
and the social rate of discount used in public-oriented analyses. Selection of an interest
rate is important because of the long-term nature of the benefits. To use any rate other
than the opportunity cost of capital will resalt in an unreliable analysis.

Some cconomists have argued that the planning horizon of farmers is not long enough for
wise planning. A well functioning land market makes this argument irrelevant. An efficient
land market will capitalize the productivity of the soil into the land price. Therefore, any
improvenients to soil productivity made by a furmer insalling conservation practices will
increase the selling price of land. The recognition of this c!fect by the farmer will result in
the correct consideration of the value of future soil productivity in the farmer’s soil
conservation choice.

A farmer must use the prices paid for resources in caleulating costs. A public-oriented
analysis would use estimated opportunity costs of resources in lieu of market prices if the
prices are not determined by competitive markets. Deviation from the assumptions of
perfectly functioning markets by a public analyst must be made with care since they will,
a8 a4 minimum, increase the complexity of the analysis and can greatly increase its
controversy.

Aflter the recipient of the analysis has been identified. the analyst must determine the type
of analysis. If the recipient has already determined 1o set aside a fixed amount of money
tor conservation, or if the benefits cannot be estimated, a cost-effectiveness analysis is
sufficient. A complete cconomic analysis such as benefit-cost analysis is performed if the
recipient wants to determine the optimal level of erosion control or to determine the rewrn
on investnient in erosion control,

Cost-effectiveness measures the benefits of practice installation i physical units, such as
tonnes of soil saved per dollar of expenditure. The procedure implicitly assumes that the
croded soil has the same value in ali situations. A centimeter of soil from a thin soil in
one area is worth the same as a centimeter of deep fertile soil in another arca. Also, a
tonne of soil affecting a salmon fishery is assumed to inflict the same damage to society as
a tonne of soil croding into a farm pond.



Costs of Soil Conservation

A more complete economic analysis such as benefit-cost analysis has two principal
advantages over a cost-effectiveness analysis. First, a benefit-cost analysis can incorporate
more objectives than a cost-ctfectivencss analysis in determining the best distribution of
investment by geographic arcas. soil groups, land uses, etc. Multiple objectives, such as
the maintenance of rural water qualitv, agricultural productivity, or farm income, can be
incorporated into the analysis if these can be defined in dollar terms.

The second principal advantage of benefit-cost analysis of soil conservation is its potential
to evaluate the worth of the investiment relative to other nonconservation investments. The
benefits of erosion control are primarily the damages avoided by reducing erosion. A
benefit-cost analysis that results in a high benefit/cost (B/C) ratio may be demonstrating
that a greater investment in erosion control is warranted. However, cconomic analyses in
general are only meant to be used as one picce of information, albeit an important one,
among other picces that are requited to make responsible investment decisions. Attitudes
by the analysis recipient toward risk. equity, and the ethics of conservation will affect the
decision to adopt conservation practices. For example, this paper will not incorporate any
analysis of the risk to the food system of continued erosion. It's clear that the current level
of erosion has reduced the productive potential of United States agriculture. Some may
feel that there is a level of productivity reduction which is unacceptable in terms of the
risk 10 our future food system regardless of what any B/C analysis result may show.

The quality and completeness of an economic analysis of conservation practices will be
largely determined by the available data. The economist, farmer, or extension agent
seldom have the resources. time. or inclination to develop primary data for the economic
analysis. Appropriate. scientifically valid data needed for a specific analysis are rarely
available and the analyst always faces the question of how to rationally extrapolate relevant
data 1o the needs of the analysis. Mathematical models are an excellent way for a
sophisticated analyst to adapt existing scientific knowledge to a specific analysis. Recent
development of vield/soil loss models will greatly facilitate estimaticn of the soil
productivity benefits of conversation and an example of their use is presented in this
paper. The type of data used as examples in this paper will not be available or appropriate
for many analyses. In those cases. alternative data or professional judgement will have to
be used to complete the analysis.

The costs of controlling erosion are much casier to estimate than the benefits.
Conservation practices can incur two types of costs which must be included in economic
analyses. Resource costs are the conventional costs of the inputs used to install the
practices. The equipment rental and labor costs of installing a terrace are examples of
resource costs. The profit sacriticed because of using a practice is called an opportunity
cost. The reduction in profit caused by taking land out of production in a grassed
waterway or by adding hay to a crop rotation are examples of opportunity costs.

Erosion control practices can be categorized as either management practices or structural
practices. The net cost of & conservation management practice is estimated by budgeting its
costs and returns and comparing these to the cost and return without the practice.
Available data sources are used to estimate the price and quantities of the inputs and the
output commadity. There is no substitute for this laborious chore.

Table 1 is an example of a conventional fall tillage budget for soybeans in lowa. In
comparison. Table 2 is a sample budget for soybeans in lowa when conservation titiage is
used. Both tillage practices are assumed to have identical yields of 2427 kg ha'!. In many
instances conservation tillage, which disturbs less soil, results in yield changes and changes
in revenues. In our sample case. the only difference was assumed to be in the tillage
applicd. The reduced tillage results in lower costs for all items associated with pre-harvest
machinery such as fuel. repairs. labor. interest, and ownership costs. The conservation
tillage budget shows a cost savings of $21.77 ha !t over fall tillage.
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Table 1. Sample Conventional Tillage Budget.t

Unit Price or Quantity Value or

Cost/Unit Cost per Ha
L8 L8
1. Gross receipts from production:
Soybeans ke 0.27 2427.30 664.47
Total receipts 664.47
2. Variable costs:
Preharvest:
Seed kg 0.44 67.24 29.80
Nitrogen kg 0.40 11.2] 4.42
Phosphate kg 0.62 56.03 34.47
Potash kg 0.24 56.03 13.47
Lime t 10.83 0.50 5.42
Pre-emerge herb ha 26.81 1.00 26.81
Post emerge herb ha 23.48 0.30 7.04
Herbicide appl. ha 7.14 3.00 21.42
Mach fuel & lube ha 18.95
Mach repairs ha 13.37
Machinery labor hr 3.84 3.56 13.67
Interest on op. cap. 3 0.14 80.69 10.89
Total preharvest 199.73
Haurvest
Mach fuel & lube ha 7.39
Mach repairs ha 6.82
Machinery labor hr 3.84 1.85 7.09
Interest on op. cap. § 0.14 0.00 0.00
Total harvest 21.30
Total variable costs 221.03
3. Income above variable costs 436.72
4. Ownership costs (replacement,
laxes, interest, ins.)
Tractors 25.99
Machinery 89.40
Total ownership costs 115.37
5. Other costs
Land charge (no charge) 0.00
General furm overhead 0.00
Total other costs 0.00
6. Total of above costs 343.12
7. Return to risk and management 321.35

T Prepared by the Center for Agricultural and Rural Development, lowa State University, in cooperation with
SCS. for the RCA analyses,
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Table 2. Sampie Conventional Tillage Budget. f

Unit Price or Quantity Value or
Cost/Unit Cost per Ha
L8 I
1. Gross receipts from production:
Soybeans kg 0.27 2427.30 664.47
Total receipts 664.47
2. Variable costs:
v reharvest:
Seed kg 0.44 67.24 29.80
Nitrogen kg 0.40 11.21 4.42
Phosphate kg 0.62 56.03 34.47
Potash kg 0.24 56.03 13.47
Lime t 10.83 0.50 5.42
Pre-cmerge herb ha 26.81 1.00 26.81
Post emerge herb ha 23.48 0.30 7.04
Herbicide appl. ha 7.14 3.00 2142
Mach fuel & lube ha 15.00
Mach repairs ha 10.60
Machinery labor hr .84 2.94 11.31
Interest on op. cap. $ 0.14 73.19 9.88
Total preharvest 189.64
Harvest
Mach fuel & lube ha 7.39
Mach repairs ha 6.82
Machinery labor hr .84 1.85 7.09
Interest on op. cap. $ 0.14 0.00 0.00
Total harvest 21.30
Total variable costs 210.93
3. Income above variable costs 446.81
4. Ownership costs (replacement,
taxes, interest, ins.)
Tractors 20.29
Machinery 84.56
Total ownership costs 104.84
5. Other costs
Land charge (no charge) 0.00
General farm overhead 0.00
Total other costs 0.00
6. Total of above costs 322.51
7. Return to risk and management 341.96

t Prepared by the Center for Agricultural and Rural Development, lowa State University, in cooperation with

SCS, for the RCA analyses.
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Some of the conservation management practices such as green manuring, critica! area
planting. and pasture and hayland planting may reduce revenues in the short-term if they
cause lower valued crops such as hay to be substituted into the crop rotation.

Most of the costs of structural practices such as terraces, waterways, and windbreaks are
incurred at installation. but all have operation and maintenance costs. These practices also
reduce the acreage available for crop production and this opportunity cost must be
included in the cost unalysis.

Table 3 presents the average cost per La of the most common conservation practices in the
United States. The costs can vary widely between sites and are dependent on site
characteristics, management practices. and other factors. Table 3 also shows the average
soil savings for the practices. in general. the structural practices save more soil but cost
enough more per ha to nike them more costly per ¢ of soil saved (less cost-effective) than
most management practices.

Table 3. Average Cost of Various Conservation Practices
in the United States.

Conservation Practices Average Average Cost per
Cost per rosion Metric Ton
Hat Reduction of Erosion
per Haf Reduction
. 5. ! 5.

Structural Practices

Diversion and water ctr str 165.01 108.12 1.52
Grassed waterway 445.27 213.72 2.08
Terruce 208.40 211.28 1.08
Windbreak 39.39 112.58 0.35
Management Practices

Conservation tillage -3 63 30.26 -0.12
Contour and stripcropping 13.32 85.34 0.15
Cover and green manure 25.99 8.38 3.10
Critical arca planting 65.31 108.54 0.61
Emergency tiltuge 36.57 32.36 1.12
Grasses and legumes 195.63 93.21 2.09
Pasture and hayland mtg 60.38 76.16 0.87
Pasture and hayland plt 111.91 129.43 0.95

© Present value of costs over the life of the practices,

L.
t
1 Erosion reduction over the life of the practice.



Identifying Cost-Effective
Practices
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Figure 1. Sampie Cost Curve for Erosion Reduction for Soybean
Land in Northern Missouri (Rait, 1981).

Soil savings of a number of practice combinations can be estimated for a specific arca and
then the cost-etiective combinations can be identified (Raitt, 1981 Reisen er al., 1986).
Figure | shows an example of this procedure. The annual costs and crosion reduction for
many possible combinations of practices are shown (as circles) for a soybean operation in
northern Missouri on u specific soi' group. The solid line shows the minimum costs -
achieving a given crosion reduction. The most cost-effective practice to anply first is
conservation tillage which has a negative cost and saves about 63 ¢ ha b Tie next most
cost-cflective practices to add o conservation tillage are contouring and then a winter
cover crop. All the cost-effective combinations of practices are identified in Figure 1 with
land retirement conserving the most soit. While terriaces were an option, none of the cost-
effective combinations included terraces. The particular practice chosen under a cost-
effectiveness analysis will depend on the desired level of erosion control or the funds
available. The minimum cost curve will have the general shape shown in Figure 1, with
average cost increasing with greater erosion control. A more complete economic analysis
requires an estimation of the dollar benelits as well as the costs of crosion control.
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Penefits of Soil Benefits to Farmers from Reduced Erosion

Conservation
The loss of topsoil will cause reduced yields under a given management scheme due to the
reduction of nutriciits, water-holding capacity, water infiltration, organic matter, and other
beneficial characteristics of topsoil. However, a farm operator can be expected to change
his management of the land in response to the reduced soil quality. Depending on the
specific effects of crosion on his soil. the farmer may increase purchased nutriems such as
fertilizer to maintain yields or, alternatively, the farmer may reduce his input application
rate because of the reduced yield potential. Thus, the benefits to the farmer from
conserving topsoil are the sum of the value of the yields maintained plus the cost savings
from not changing the application rate of fertilizer or other inputs.

The farmer receives benefits from maintaining topsoil long after the erosion control
practice has been discontinued. For example, suppose a farmer currently has a 6000 kg
ha-! crop and is continually losing 30 kg of yield per year due to an erosici rate of 20 t
ha'l y''. This situation is shown in Figure 2. 1f the farmer used conventional tillage, his
yield would fall to 5970 &g ha-! the first year and drop 30 kg per year thereafter,

If the farmer tried reduced tillage in year 1, there would be no yield drop and the farmer
would have that annual 30 kg advantage for as long as he was growing a crop, even if he
decided not to use reduced tillage again. In this case, the yield would be 5940 kg hal in
year 2 without having tried reduced tillage in year 1, but the yield in year 2 is 5970 kg
ha! with having tried reduced tillage in year 1. Any commensurate change in fertilizer
costs would also continue as long as e farmer grew acrop.

In the above example, a yield benetit of 30 kg ha'l was created by a one time savings of
20 t of soil. Thus there would be a 30/20 or 1.5 kg per year saving per t. If the crop
were corn worth $0.10 g1, the value of the annual yield benefit per t of soil savings
would be 1.5 x $0.10 or $0.15.

Time (yr)
1 2 3
] { |
T T 1
6000
| Yield benefit from
| saving soil in year 1
1, 5970
L
o
<
3 5640 —
>
5910 —
f
0
20 40 60

Soil loss (t ha 1)

Figure 2. Benefits over Time from Adoption of a 1-Year Practice.
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The present value of a stream of annual yield benefits would be the annual value (30.15
t1) times an annuity factor, which is dependent on the number of years the benefits last

and a discount rate. If we assume that the land will be in crop production forever, then

the annuity factor is just the multiplicative inverse of the discount rate. A discount rate of

4 percent, which approximates the real return to capital, yields an annuity factor of 25.

The present value of a stream of yield benefits of a one thne savings of a tonne of soil in

the above example would be worth 25 % $0.15 or $3.75.

Any benefits from saving fertilizer or lime could be subjected to the same procedure to

determine the present vidue of these benefits. Obviously, the total present value of saving

a tonne of soil would be the sum of the present values of the yield, fertilizer, and lime

benefits. If the fertilizer and lime effects were not present in the above example, the value
per t would remain at $3.75. The present value of the benefits from the installation of a
conservation practice is the total present value per t of soil times the number of t of soil
saved by the conservation practice. assuming that the yield response to soil loss is linear.
Thus, the total present value of benefits from the adoption of 1 year of reduced tillage in

the above example is 20 times $3.75 ha! or $75.00.

The annual benefits from the soil savings generated by practices that last more than one

year accumulate as long as the practices continue in use and then last as long as the
farmer grows a crop. For example. the yield cftects from installation of a conservation

practice that saves 20 t soil per year and lasts three years is depicted in Figure 3. After
the first year's impacts, a sccond year of the practice saves another 20 t soil and maintains

Time (yr)
1 2 3
[l | |
T T T
6000 —
o 5970
o
=3
E 5940 —
>
5910 —
//

o T

://///' Year 2

Year 3

20

40 60
Soil loss (kg ha 1)

80

Figure 3. Benefits over Time from Adoption of a 3-Year Practice.

Yield benefit from
'| saving soil in year
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another 30 kg crop production. This 30 kg of yield is added to the half bushel produced
by the soil savings the previous year, summing up to yield 60 kg more in the 2nd year
than would have existed without the conservation practice. By the 3rd year, the annual
yield would be 90 kg ha! over what it would otherwise be and remains that much higher

as long as the land is farmed.

We have assumed no vield effect due to exogenous technology changes. Technology could
increase productivity. thereby reducing conimodity prices and the benefits of crosion
control. However, technological advances could also be complementary to soil quality in
crop production, which would make the yield reduction due to erosion and the benefits of
erosion control even greater than without such advances.

1.5 I-_

Yield ratio

0.0
Total erosion over time

Figure 4. Sample Data and Regression of Yield Ratio (Eroded
Yield/Uneroded Yield) as a Function of Soil Loss.



Table 4. The Value of Average Yield and Input Losses
due to Erosion.

Region Yield  Nitrogen Phosphorus  Lime Totali

..................... Sl
Appalachian 0.29 0.02 0.03 0.01 0.35
Corn Belt 0.42 0.03 0.07 0.01 0.53
Delta States 0.09 0.01 0.03 0.01 0.14
Luke States 0.45 0.03 0.07 0.01 0.56
Mountain 0.12 011 0.04 0.02 0.30
Northeast 0.95 0.04 0.04 (.01 1.05
Northern Plains 0.22 0.09 0.04 0.03 0.39
Pacific 0.12 0.04 0.03 0.60 0.20
Southeast 0.08 0.01 0.03 0.01 0.13
Southern Plains 0.10 0.12 0.02 0.03 0.28
United States 0.25 0.06 0.04 0.02 0.37
Vo4 percent discount rate: weighted by acres i combination of terop « soil group = major Land © source area).
& Totals may not add to sun ot colimi or tow due o rounding.

Even if the loss of topsoil has only a small etfect on average yield, it may have a large
effect on the year to year variation in yield. 1t the water-holding capacity and water
infiltration rate are reduced by removal of topsoil, then the yield decline caused by low
precipitation will be greater than otherwise. This increased variation in yield will cause
increases in costs to the furmer and society which are not included in the above
presentation.

The estimate of productivity benefits from a conservation practice is sensitive to the chosen
discouiin raic Gecatise the beaclit stream s very ong. For example, a discount rate of 8
percent would cut the benetits in halt” from what they would be if a 4 percent rate were
chosen. Economic analysis should recognize that discount rates vary. A farmer facing
survival will have a much higher discount rite than other farmers or than government.

Productivity Benefits Per Tonue of Soil
Saved

Based on the concepts discussed above, we developed a procedure to estimate the
ceonomic value of the productivity benefits per t of representative soils in the United
States. The relative yield and fertilizer effects of erosion on cach representative soil were
estimated by a simulation model retlecting the relationships between yield. weather.
hydrology . crop management, and soil characteristies (Williams er af., 1984). The
stmulition was run for 100 years using representative weather data. Subsequently. the ratio
of yields on eroded to uneroded soil wis regressed on soil loss 1o estimate the marginal
effect of soil Toss on yield (Putman er af.. 1984y, Only simple lincar regression was used
in the analysis hecause unrealistic results oceurred when higher order polynomials were
tried. Simple regression resulted ina straight line. as shown in Figure 4, and presumes a
constant nurgimal productivity of soil. which may not be reasistic in all cases. Relative
fertilizer cffects were obtained from the simulation model in thie same fashion. Prices, crop
and soil distributions. starting vields. and fertilizer application rates were obtained from
VATIOUS sourees.

Table 4 presents some preliminary estiniates of the average vield and input damages per
- . . - . N . = 7 E .
per hivof soil Toss nationally and regionally for the United States. The average value of
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productivity damages in the United States is $0.37 -1, The regional averages vary from a
high of $1.05 ! in the Northeast where soils are very sensitive to soil loss, to $0.13 t-! in
the Southeast and Delta states where yields are lower and soils less sensitive to erosion.
Two-thirds of the damages came from yield losses and one-third from higher fertilizer
costs. The relatively Jow values may be surprising but are consistent with other estimates
(Benbrook er al.. 1984),

Water Conservation Benefits

Significant moisture conservation benefits often acerue to farmers with soil conservation
practices in arid and semiarid regions. or in humid regions subject to frequent droughts. In
cool, humid arcas. the benefits may be negative if yields are decreased because of excess
moisture or reduced soil temperatures caused by the conservation practices. Table 5, based
mostly on Unger (1984) indicates the effect that soil conservation practices can have on
moisture and crop vields. 1Cshows that practices often have a significant impact on
moisture. by increasing infiltration. reducing runoft. increasing water storage, or reducing
evaporation and transpiration. and may result in increased as well as decreased yields. In
addition. adoption of soil conservation practices on irrigated land can lead to reducad
water withdrawals (Troch ef af . 1978, Ch, 18).

The water conservation benefits of the conservation practices can casily be worth more to
the furmer i dry arcas than the erosion control benefits. For example, Table 5 shows
significant and consistent vield inprovements due to contour farming in dry areas. A
farmer averagi .z 363 ke cotton ha! at $1.32 kg -1, who realized only a 10 percent
increase in yields due 1o contouring, would have an increase in profit of over $48 ha-l. If
the farmer had a rapidly eroding soil that was losing 50 t ha'! b fore contouring and 25 t
ha ! after contouring, the viiae of the soil conserved would be under $8 ha-l, Thus, in
this example. which is probably common in dry arcas. the water conservation benefits of a
soil conservation practice are worth more than 6 times the soil conservation benefits.

Other Benefits to Farmers

The soil productivity and waier conservation benefits discussed above are not the only
possible benefits to farmers from adopting conservation practices. Windbreaks have
generally been observed o increase short-term yields, sometimes as much as 20 percent
(Baldwin and Johnston, 1984). Windbreaks improve short-term yields by reducing sced
and scedling loss and improving the microclimate. Several conservation practices offer
henefits by Towering certain costs of production but these effects are defined as negative
practice costs and were discussed in the cost section.

The damages from gully crosion affect the returns from farming differently than sheet, rill,
and wind crostion. Gully erosion may remove land from production and can reduce tillage
efficiencies by breaking up ficlds. Thus. the benefits generated by gully control practices
are the opporturiity cost of land retained in production and the reduced costs of production
from nuintaining field size efficiencies.

Benefits to Society

The public receives substantial benefits from the adoption of conservation practiccs on the
farm. Fhe reduction m sediment loadings to streams improves the water quality for
swimmers. fishermen. water supply systems. reservoirs, and other users of the water. The
increased water storage in the watershed can reduce flash flood damage. In the United
States the public benefits of conservation practices appear to be greater than the
productivity benetits the farmer receives. A recent study by the U.S. Departiment of
Agriculture estimated that the value of improved water quality from installation of erosion
control practices under the major conservation programs of the United States government
was almost twice the value of the soil productivity maintained (ERS, 1986).
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Table 5. Effect of Some Soil Conservation Practices on Moisture and Crop Yields.

Practice Location Crop Effect on Moisture Effeci on Yieids Reference
Contour farming Texas (USA) Cotton Runeft decreased 29% Increased 61 % Fisher and Burnett, 1953
India Potato Runoft decreased 44 % Increased 6% Singh. 1974
India Maize Runoff decreased 78 % Increased 46 % Singh. 1974
Various Various Increased available Equivalent or increased Troeh er al.. 1988 (p. 306)
(USA) moisture yields noted in Y9% of
600 sets of comparisons
Stubble mulich tillage  Texas (USA) Wheat Increased available Increased 17% and .5% Johnson and Davis, 1972
moisture
Great Plains Wheat Increased soil N.R. Smika. 1976
(USA) moisture at 7
locations by 28 %
Conservation tillage Indiana Maize N.R. No difference in 7 year Griffith er «l.. 1977
(USA) average yields
jowd Maize. N.R. No significant etfect Amiemiya. 1977
(USA) soybeans
Kansas (USA) Sorghum Increased soil water Increased by 46% to 65% Phillips. 1969
Nebraska Wheat Increased soil water Increased by 6% 10 9% Smika and Wicks. 1968
(USA) by 28% to 18%
Zero or no-tillage Indiana Maize N.R. Decreused 5 year average Griffith er @l 1977
(USA) yields 14% and 34 %
Nebraska Muize N.R. Increased 3 yeur average Amemiya, 1977
(USA) yields 6%
Kansas Sorghum N.R. Increased 4 year average Phillips. 1969
(USA) vields 4%
Nebraska Wheat Increased soil water Increased by 21% and 15%  Smika and Wicks, 1968
(USA) by 20% and 75%
Iran Barley N.R. Decreased 3 year average Hakinn and Kachi1, 1976
yiclds by 29%
. Terraces Northern Alfalfa Increased 5 year Increased 5 year average Haas and Willis, 1971
Plains average water storage vields by 1135 to 185%
(USA) by 243% to 550%
fowz Maize Decreased runoff Decreased 3 year average Spomer er al.. 1973
(US.\) vields by 4%
Texnas Couon, No decrease in Decreased yields in 3 of Armbrust and Welch, 1966
(USA) sorghum runoff during 4 years
critical pertod
Texas (USA) Cotton N.R. Increased by 24 and 59%  Burnett and Fisher. 1956
Colorado Wheat Water use efficiency Increased by 15¢% Greb. 1979
(USA) mcreased by 4%




Determining the Best Set A profit maximizing farmer will control crosion to the point where it ceases to pay. This

of Practices can be illustrated by going again to the example of soybean land in northern Missouri. The
soil in the analysis has a productivity value of $0.24 -} (ERS, 1986). Figure S shows the
productivity benefits relationship along with the minimum cost curve. A farmer receiving
only the productivity benefits would not install any conservation practices above the
benetits line because all practices above the line cost more than the benefit he would
receive. Of the five practice combinations helow the henefits line only three are on the
minimum cost curve and worthy of consideration.

The profit masimizing farmer would select conservation tillage on the contour. As shown
in Table 6 the farmer would certainly practice conservition titlage because he could reduce
costs by $33.85 ha 1. The farmer would also farm on the contour because it only costs an
extra S6.42 (margmal cost but mereases benefits by $6 86 (marginal benefits). The farmer
would not be mclined o adopt the winter cover practice with the other practices because
the marginal cost of $22.24 ¢xeeeds the $2.29 of increased benefits. If the average value
of oftsite benetits per t of erosion controlled from the USDA study (50.60) were used
(ERS. T9860). winter cover would still not be practiced. Total benefits for winter cover
would only increise o 5049 Obviously the farmer would adopt more practices if the
government shared costs or 1 witer conservation or other benefits were received from the
practices other than the long-term productivity benefits discussed here.
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Figure 5. Best Combination of Conservation Practices (Raitt,
1981).
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Table 6. Farm costs and Benefits of Minimum Cost Practices on
Soybcan Land in Northern Missouri (Raitt. 1981).
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Conservation Practices Erosion Marginal Cost Marginal Marginal Total Marginal Marginal
Reduetion  Erosion Cost Cost per T Benefits Benefits Benefits
Reduetion per T

t ha! t ha! S &) sri A S sl

None 0 0 0.00 0.00 0.00 0.00 0.00 0.00
Con: :rvation Tiltuge (CT 63 63 -33.85 -33.85 -0.54 21.34 21.34 0.34
CT + Contour (CON) 83 20 -27.43 6.42 0.32 28.19 6.86 0.34
CT + CON + Winter Cover 90 7 =519 22.24 3.31 30.48 2.29 0.34
CT + Rotation + Strip- 99 9 45.47 50.66 5.65 33.53 3.05 0.34

cropping
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Economic analyses of conservation practices must consider the goals of the decision-
makers. Farmers sceking to maximize profits are not interested in the offsite benefits of
conservation practices that may be a very important part of the beaefits in a public
analysis. Benefit and cost estimation for a farmer must reflect the input prices the farmer
pays and commadity prices the farmer receives. The planning horizon and the discount
rate can generally be assumed to be the same for both farmers and the general public
unless land or capital market failures are clearly present. The soil productivity benefits
from crosion control fast over the long-term und are cumulative, thus the present value of
these benefits is very sensitive to the chosen discount rate.

Simulation models provide a feasible method to estimate the yield and fertilizer changes
caused by crosion. These effects of erosion are needed to estimate the economic value of
the productivity benefits from crosion control. The water conservation benefits of
conservation practices can be more important to profitability in dry climates than the
crosion control benefits. However, these water conservation benefits are not as well
documented for use in economic analyses as the productivity benefits of erosion control.
Other benefits. such as increased tillage efficiencies from the elimination of gullies, are
possible and when present must be included in all economic analyses of conservation
practices. Public analvses of conservation practices must include benefits occurring off the
farm such as improvements in recreational opportunities, reduction in fload damage, and
reductions in dredging costs. The offsite benefits of crosion control can casily exceed the
benefits 1o the farmer.

The costs of conservation as required m an economic analysis are generally easier to
estimate thar the henefits because of the available cost data. All the cost of the resources
used to install the practices must be included along with the opportunity costs of any
foregone profits.

The determination of the best set of practices to install and the optimum level of erosion
control at a particular site requires development of a minimum cost curve. The minimum
cost curve relates the cost of control to the erosion reduction and portrays the least cost
combination of practices for a given level of reduction. An incremental comparison of the
benefits 1o the costs i the practices should reveal the point at which it does not pay to
control more crosion.

As we have pointed out, selection of the best practice or sct of practices requires much
information. The use of microcomputers will make estimation of a customized minimum
cost function a reality for many farmers in the near future. However, most farmers will be
lucky if they can take advantage of generic analyses to limit their budgeting 10 a few
rationally sclected alternatives. Estimation of the benefits a farmer will receive from his
specific installation of a practice is made more difficult than cost estimation by the lack of
data. Efforts are currently underway in the United States to develop yield/soil loss
simulation models that may be usetul o individual farmers, but they are expected to be
very data intensive. Large amounts of soil, weather, crop, and other data are required and
it is not clear whether the detailed effort will be cost-effective. Best guesstimates will
likely predominate the conservation practice selection procedure for some time to come.
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Small-Scale Water Harvesting Techniques

E.R. Perrier
International Center for Agricultural Rescearch in the Dry
Areas, Aleppo, Syria.

ABSTRACT. The implementation of small-scale water harvesting techniques is examined
using the concepts of probability and water balance technigues. An example is developed
using data and information from the 51 Haseke Provinee, Syria to demonstrate the methods
available for technical and economical evaluation. A general discussion describes the
catclenent basin, convexance device, storag: facility, and cultivated field type of water
harvesting systems as well as direct runojf s, stems using tied-ridges and micro-catchment
hasins.

The old saw that “*everyone tatks shout the weather but no one does anything about it,”” is
only partially true for water harvesiing systems. These systems are only as reliable as the
weather because they depend upon the stochastic nature of rainfall. Water harvesting does
not change the nature of weather but weather’s impact on dryland agriculture is less
devastating using these techniques. A well-designed water harvesting system can help in
the establishment of agriculture in most arid climates. Nonetheless. when mean annual
rainfall is less than SO mm it is extremely doubtful that this technology would be
economically feasible (Cooley ¢r al., 1973).

Even during years of drought, water harvesting systems can fail unless they have adequate
storage facilities. Collected runoff water can be stored in soils, behind dams, in wadis, or
stored in-place on terraced or tied-ridged agricultural plots. By this method, a rainfall of a
few mm collected on a catchment area can be equivalent o several hundred mm of rainfall
when supplied 1o a restricted cultivated area. The type and scale of water harvesting
system to be selected depends upon the economic eva'uation of the soil and the rainfall
quantity. distributicn, and intensity, as well as. the intended water use. site topography,
availability of construction materials, and supply of skilled labor.

The objective of thiv paper is to review water harvesting systems for small-scale
application and methods for design criteria. Water harvesting systems can be separated into
two general groups:

) Water storage in tanks or dams; and,

2)  Direct application of runoft on a cultivated field.

Water harvesting is a process of collecting rain water from a modified or treated area (o
cither maximize or minimize runoft, whichever technology is to be implemented at a
specitic site.

When runoft is maximized the technique collects water for distribution onto designated
arcas 10 supply an adequate amount of water for crop growth. For example, the soil
surface of a rainfall catchment arca could be formed into large furrows or ridges which
would direct surface water into channels. The ridged soil surface could be compacted or
sealed with cither asphalt, oil. paraffin, salt ete.. o restrict infiltration. The runoff could
be collected and stored in a pend or it coulid be immediately redistribured onto cultivated
areas. When a catchment is properly designed and constructed, runoff from light rain
showers of 3 to 4 mm can be collected.

The diagrams in Figure 1 show a water harvesting system with a catchment basin 1o
maximize runoff, conveyance device, storage facility. and cultivated field. This system
provides for a multi-usage concept when collecting and storing runoff and requires high
levels of management of resources and capital to rrovide a higher cropping intensity and
ensure economic gain,
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Figure 1. Diagram of Water Harvesting System with Catchment
Basin, Conveyance Device, Storage Facility, and
Cultivated Field.

Figure 2 shows a similar diagram but with immediate use of the runoff onto a cultivated
area. This system may be less sophisticated but provides a type of system design which
can be cconomically implemented by farmers on most fields. Cultivated ficlds are
constructed into a sloping runoff watershed arca with level conservation beneh terraces
(Jones, 1975). In some dryland arcas contour berms are made: deep furrows are dug on
the contour where soil is placed on the downhill slope to form berms which collect runoff.
In general. these techniques are better applied to Jarge or group holdings where
mechanization and land-leveling equipment is available.

In other regions, capturing water and holding it in-place serves as a simple technique to
minimize runoft for water harvesting. This concept of zero-runofl implies that rainfall
remains on the sotl surface until it infiltrates into the soil or s collected for future plant
use (Perrier, 1984). Techniques which have been used in most rainfed agricultural regions
for retaining rainfall in place are called tied-ridges (Hudson, 1971y or with slight
maodifications are called microcatchment basins (Figure 3). Tied-ridges consist of closely
spaced ridges covering the soil surfice in two directions at right angles, so that the ground
is formed into a series of rectangular depressions,

The basic criteria for designing small-scale water harvesting systems are essentially the
same irrespective of the eventual use of the water. The design has to incorporate the
constraints of the local enviromment. equipment availabitity . and socioecconomic conditions.
In addition, scparate factors which may be interrelated must be considered. precipitation,
water requirements, alternative water sources, topography. labor and materials, farmer
acceptance, and infrastructural parameters of water harvesting systems. Lach site may have
unigue characteristics which can alter the eventual design of the optimal system.
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Figure 2. Diagram of Water Harvesting Systemn vith Catchment
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Precipitation

Precipitation includes rainfall, as well as dew and sncwfall. In the arid regions where
ICARDA has principal responsibility, rainfall is the clement of major concern for plant
growth. Because precipitation is a stochastic variable, its quantity and timing are difficult
to predict; therefore, probability techniques must be used to help the farmer evaluate the
amount of risk mvolved before construction of a water harvesting system. The probability
of the amount of rainfall and timing to meet crop - quirements can be estimated from
analysis of daily raintall values, the most common data available (Perrier and Wilding,
1986). When attempting to apply various statistical methods to estimate rainfall probability,
the frequency distribution of the data must be known, e.g., normal, logarithmic, or other
skewed distribution. The frequency distribution does not quantify the variability of
measurements but distributes the values about therr relative magnitude independent of
position. The mean of a data sct, Y. is usually obtained by taking many samples so that
the population mean can be estimated.

To iHustrate various methods needed o design a water harvesting system, some analytical
results from 28 vears of daily rainfall data at El Haseke Provinee, Syria, are presented.
The catchment basin. for the example, will have a compacted soil surface which requires a
threshold of minimum raintall of 6 mm before runoft oceurs, i.e.. 6 mm of rainfall is lost
to the processes of wetting and evaporation. If the runoff surface chosen for the example
had been ridged and paved with asphalt (a4 more efficient but costly collection system) then
the threshold value would be 3 mm. For witer requirement computations, wheat is the
ficld crop ¢hosen tor the cultivated arca. General statistics are computed for the runoff
storms by month, v, using the tollowing equations:

Y = mean = Z y/n,
n = number of years
s = standard deviation = [Z (y; - \’)2/11-11”2

%CV = % cocflicient of variation = 100 X s/Y

g = skewness = n?(Zy?) - In(Zy)(Zy

n(n - in -2y 83

Table 1 shows the analysis of the rainfall data from EU Hascke Provinee, Syria, for the
example catchment basin with mean rainfall. mean number of storms, and mean runoff
cach with the standard ac tion, percent coefficient of variation and the coefficient of
skewness. The mean annual ramfudl for the region is 278 mm and, for the example, an
annual average of 15 runoff storms yielding 108 mm of runoff.

The seasonal events (October thru May) show that Januvary has the maximum rainfall, the
highest number of runoff storms, and the largest amount of runoff. However, the months
of greatest water need for wheat are in the fall at planting time (December); during the
vepgetative stuge when fertilizer top dressing s applied (March); and during the grain
filling stage (May). 1 these average values were repeated each year, production risks
could be minimized with a catchment arca of only 2:1. The percent coefficient of variation
and the skewness coctticient show the stochastic nature of the 28-year dita set. In
particular, a maximum sionthly rainfall of 223 mm (1969) and & minimum monthly
rainfall of 13 mm (1970) occurred during Junuary. The difference between the mean
monthly rainfall and the mean monthly runoft is about 36 percent; therefore, 64 percent of
the rainfall on the catchment basin would not be collected. It the runoff surface were
ridged and sealed, then a much larger percentage of the rainfall could be collected. The
months of October, November, and May are. in general, the most unstable and to design a
storage facility using these data requires evaluation of the probability analysis.
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Table 1. Mean Rainfall, Number of Storms, and Runoff,
Each with a Statistic of Standard Deviation, mm
(s), Percent Coefficient of Variation (%CYV), and
Skewness Coefficient (g) for 28 years of Daily
Rainfall Data for El Haseke by Month.

Mean Month
Values - _
Oct.  Nov.  Dec.  Jan. Feb.  ar. Apr. May

Rainfall (mn) 12 » 43 52 39 42 46 20
s (mm) 14 17 28 40 26 28 32 31
% CV 124 77 64 78 66 66 69 156
g 1.71 0.52 1.18 2.68 0.32 1.15 0.60 2.4]
No. of storms | ~li } ‘? 3 2 2 2 1
5 ] ] 2 2 2 2 2 2
% CV 147 116 60 69 75 82 73 160
g 1.15 1.29 0.37 1.14 0.50 0.83 0.15 1.82
Runoff (mm) S BT Y 14 5 18 8
s (mm) 10 8 20 29 13 16 18 19
% CV 234 122 116 136 98 109 104 242
g 2.91 1.08 1.95 2.8 0.70 1.47 0.94 3.34

Probabilities associuted with the individual number of runoff storms by month, y, can be
given by Lq. [1]:

y =Y + K. (1]

where K = numerical value of the frequency integral which is dependent on the skewness,
g (statistical tables of Pearson type I distribution or Hjelmfelt and Cassidy, 1975).

The exceedance probability, p. is the probability that a mean value, Y, will not exceed a
given p. To display the measured data using the month of December as an example, a
three-step procedure can be followed:

[y Number of runoff storms for December data. y. is sorted by magnitude. The largest y
is given order number mo= 1, and the smallest y. order number m = n, where n is
the number of years of the data set.

2} Plotting positions for the probubility. p-axis. are assigned to cach runoff storm value.
The plotting position s determined by order number, m. and the total number of
years. n. where po= mi(n + ).

3 To estimate the return runoft storm value. [, the reciprocal of the probability, p, is
used. The recurrence of retarn interval, 1. s computed by 1 = 1/p.

Table 2 shows the pereent probability and recurrence values (years) for the example data
set. The minimum storm included in the analysis of runoff is a daily rainfall of 6 mm or
more. For a probability of 2.3 percent or a recurrence of 40 years, the number of runoff
storms for the month of December would be § storms/year; whereas, for 10 percent
probability or a recurrence of 10 vears. there would be 4 storms per year. At 50 percent
probability or a recurrence of 2 years. there would be 3 storms/year or the mean monthly
rainfall (See Table 1),



Table 2. Percent Probability and Reeurrence Values

(Years) for the Means of Monthly Rainfall, mm,
Number of Runoff Storms, and Runoff, mm.

Months  Mecan Percent Probability/Recurrence (%/Years)
Value
50/2 33/3 10/10 2.5/40 1/100
Oct. Rainfuil 12 19 30 40 45
No. of storms I | 1 2 2
Runoft 4 9 16 23 26
Nov. Rainfall 22 30 43 54 60
No. of stornis | 2 3 4 4
Runoff 7 1 18 23 27
Dec Rainfall 43 58 79 98 108
No. of storms 3 3 4 5 6
Runoff 17 27 42 55 62
Jan. Raintall 52 73 104 131 146
No. of storms 3 4 6 7 8
Runoft 21 37 59 79 89
Feb. Rainfall 39 52 71 89 98
No. of storms 2 3 4 6 6
Runoff 14 21 31 40 45
Mar. Rainfall 42 56 77 96 106
No. of storms 2 3 5 6 7
Runoff 15 24 36 47 53
Apr. Rainfall 46 62 87 108 120
No. of storms 2 3 4 6 6
Runoff 18 27 41 53 60
May Rainfall 20 37 60 82 93
No. of storms 1 2 3 4 5
Runoff 8 18 32 45 5?2

The probability analysis demonstranes that at El Haseke a design storm based on runoff at
the 19 pereent probability value is the most 2asible to caleulate volume flows and storage
for the design of & water harvesting system. The design storm at 10-year recurrence is

double the mean monthly runoft and sufficient to justify selection of a water harvesting

system farge enough to manage this volume of water. Even though storm damage to the
system could be expected. design criteria for larger storms at smaller probabilities are not
considered economical. The data shows that for the months of October and November
there 1s only one fow volume storm per year which is not enough for system design.

Statistics for October and November do not indicate construction of a direct application

water harvesting system: however. if a tank or pond storage were available then water
could be stored for use during the growing season.
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Water Requirements

Water requirements for designing a water harvesung system are composed of several
factors such as crop and livestock production, domestic uses, and supplemental irrigation.
For agronomic applications of water harvesting, the growing season is that period during
which water will be needed and the supply should be adequate to support the water
requirements of & crop. Water ba. ince caleations estimate the water requirements and aid
in system deaign by determining the magnitude and distribution of expected runoff
collection. Sclected crops of the Near East are presented in Table 3. These values are
guidelines for estimating design requirements for a water harvesting system.

Plants respond positively when soil water is available during @ sensitive growth stage.
Table 4 shows the best potential use of limited water supplies for selected crops where
water application can be scheduled at the moisture sensitive stages of plant growth. For
these data, it is assumed that the soil profile is at field capacity at planting time.

Estimated water requirements for household use and stock water for various animals in the
Near East are shown in Table 5. In general, the water requirement per farm unit falls into
four classes of use with relative pereentages:

Domestic purposes oo 10%
Farm and animals o000 5%
brrigation oo 80%
Waste oo 5%

Waste is loss from the water conveyance system, e.g., open ditches, pipe joints, general
leaks. and defective equipment. Seepage and cevaporative losses of water from storage must
also be included as part of the water requirement during the design phase of the program.

Table 3. Seasonal Evapot ranspiration for Selected Crops
at Minimum 2ad Maximuen: Yields in the Near

sast.
Crop Growth Period Seasuna.
Evapotranspiration
mm

Wheat Nov. - May 300-655
Barley Dec. - Apr, 200-550
Faba beans Jan. - May 300-495
Cotton Apr. - Nov. 550-1130
Sugar beets Oct. - Jul. 450-1090
Maize Mar. - Jun. ' 400-750
Potatoes Feb. - Jun. 350-620




Table 4. Moisture Sensitive Stages of Growth for Selected

Crops.
Crop Moisture Sensitive Period
Shooting Rooting  Heading/ Flowering  Grain/Fruit
Earring Formation
Wheat e
Barley
Lentils

Broad beans
Maize
Sorghum
Millet
Groundnuts
Tomatocs
Cotton
Sugar beet

Potatoes

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

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

--------- Clearly defined sensitive phase:
----- Plant inscnsitive but responds: and,

..... No clear indication.

Table 5. Daily Water Requirements for Domestic Use and
Animals in the Near East.

Use Water Requirements
Domestic:
Per person (includes cooking, drinking, and washing) 10-60
1 d!
Animals:
Beef cattle 35
Dairy cattle 45
Mature sheep 4-10
Horses 45
Chickens (100 head) 8-15
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To insure that there a.¢ no criical periods when water will be insufficient, the size of the
catchment area and storage tank should be determined by computing an incremental water
budget of collected water versus requirement (Frasier and Myers, 1983). The water budget
or water balance for the design of a water harvesting system for field crop use is
determined by c¢otimating or measuring the major input and output components of water
movement on a catchment area. The water balance equation can bhe written as:

R = ET + RO + . 12

where R = rainfall on the collection basin, mm; ET = evapotranspiration, mm; RO =
runoff, mm: and S = soil-water storage, mm.

In general. climatic methods for predicting the water balance are used because of the
difficulty in obtaining ficld meusurements from equipment such as soil-moisture samplers,
tensiometers, neutron tube apparatus. weighing lysimeters, ete., which are used for data
verification. The crop water requirement to achieve optimal production refers to the tliming
and volume of water needed to replace moisture used by a crop growing under specific
environnental conditions. As climatic conditions vary for each year (stochastic variables),
a daily record is needed to estimate the water balanee for design requirements of water
harvesting systems.

Rainfall and water quantities are usually expressed by depth of water: therefore, it is
convenier: to express the water balance in similar terms, i.c., mm. Table 6 presents the
computatons of water balance for 11 days following germination for the required eleven
variables:

1) Daily Rainfall, mm, Rain. Daily rainfall is measured using standard rain gauges
which are monitored daily at 0800 hrs.

2)  Evaporation Data, mm, lipun. Evaporation is measured using Class A pans on
nongrassed sites which are surrounded by a short crop or bare noncultivated area to
provide the standard measurement for evaporation, Emn‘ This galvanized pan, painted
annually with aluminum paint, has fixed dimensions: 121 cm diameter by 25.5 em
depth. The pan must be mounted level on a 15 em high open-frame platform (pallet)
with a water level 7.5 em below the rim. Large open screens which cover the pan
discourage birds. dogs. and farm animals from drinking. Established weather stations,
monitored daily. provide the most reliable data.

3) Potential Evapotranspiration, mm, KTy, The pan coefficient, K,. which is estimated
for cach location, iy multiplied by the pan evaporation, Epun, data 1o obtain potential
evapotranspiration. E'T,. The pan coefficient, K... is affected by different
groundeovers, relative humidity. and wind. For the El Hascke example, a pan
coeflicient of K, = 0.0 is used: therefore,

3]

4)  Crop coefficient, K. The value of K. is related 1o the various stages of plant growth
but is affected by site specific factors such as crop characteristics, sowing date, plant
development. length of growing season, and climate. The crop coeffic.ent, K., must
be determined tor cach study location. Figure 4 shows the crop coefficient for wheat
planted in December and harvested in May at El Hascke (Doorenbos and Pruitt,
1984).

ETy = 0.6 > |

‘P{H]'



Table 6. Example Worksheet for Calculation of Water Balance
Quantities with Rainfall for Spring Wheat at El Haseke, Syria,
in December, 1981.

Water Day
Component
1 2 3 4 5 6 7 8 9 10 11
Rain 0.7 1.5 0.8 9.3
Epan 1.78 0.7 1.36 1.30 1.52 0.96 0.44 1.64 1.02 1.10 1.30
1.G7 0.42 0.82 0.78 0.91 0.58 0.25 0.98 0.61 0.84 0.78
K. 0.12 0.12 0.12 0.120  0.122 0.125 0.128 0130 0.133 0138 0.140
ET,, 0.13 0.03 0.10 0.29 0.11 0.07 0.03  0.13 0.08 0.12 0.11
RD 0.160 0.161 0.16 0.163 0.164 0.165 0.166 0.168 0.169  0.170 0.172
RZM 36.00 36.00 36.23 36.68 36.90 37.13 37.35 37.80 38.03 38.25 38.70
WB 36.00 36.00 36.00 35.90 35.81 36.50 37.13 37.10 36.97 36.89  36.77
Net Gain 36.57 37.45 3550 35.81 36.50 45.73 37.10 36.97 36.89 36.77 36.66
Pere/Runoff 0.57 1.43 8.60 N

wD 0 0 0.33 0.87 0.40 0 0.25 0.83 114 1.48 2.04
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Crop coefficient, K,

0.0 | I | ] I

Dec Jan Feb Mar Apr May
Month

Figure 4. Crop Coefficient, Kc, for Spring Wheat Planted in
December and Harvested in May.

5) Crop Evapotranspiration, mm, ET, .. The actual amount of water used by the crop,
E'}I]‘a, is related to the potential cvapotranspiration, ETy, and a crop coefficient, K.,
where

ET,, = K. x ET,

However, at the start of the season when there are no plants (RD = 0 and RZM =
0). then ET | must be computed using K. without a crop: K. = 0.1 for El Haseke.

6) Root Depth, m, RD. The root depth in m or effective depth of water use as a
function of time can be determined by: sampling roots in the soil profile; estimating
from plant height measurements: or measuring moisture desorption in the soil profile.
The root depth as a function of time for spring wheat at El Haseke is presented in
Figure §.

7)  Root Zone Moisture at Field Capacity, mm, RZM. The percent available water that
a soil will hold is estimated by the difference between the percent field capacity and
the pereent permanent wilting point on a dry weight basis (% Avail. Water = %
Field Cap. - % Wilting Point). For the El Hascke clay soil. the difference between
ficld capacity, 35.0 pereent, and wilting point, 17.0 percent, gives the available water
equal to 18.0 pereent. When the soil profile is at field capacity the total available
moisture, TA, mm mv'!, in the soil profile (1000 mm m!) is found by multiplying the
peree* available moisture by the apparent specific gravity. (Note: Soil bulk density,
BD. 1. units of g em 3 divided by the density of water which is 1.00 g em™ gives the
dimensionless apparent specitic gravity for soil,)

TA = BD x % Avail. moisture X 1,000 mm m!,
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Figure 5. Root Depth as a Function of Time to a Soil Depth of

8)

9)

1.0 m for Spring Wheat.
For the El Hascke soils,
TA = 1.25 x 18.0/100 % 1,000 mm m! = 225.0 mm mL.

If the water balance is to be caleulated prior to germination or if the soil profile is not
at field capacity at planting time, the TA must be determined by direct measurement
of soil meistire to the depth of the soil profile.

The total available moisture in the root zone, RZM, is then given by TA multiplied by
the root depth, RD:

RZM = RD » TA. (6]

For spring wheat at El Hascke, the total available water in the root zone of the soil
profile at germination (root depth equal to sceding depth) which must be available for
optimal crop growth is given by

RZM = 0.16 x 225.0 = 36.00 mn.

Water Balance, mm, WB. The daily amount of available moisture in the root zone is
estimated by the water balance. WB, which can be an indication of plant water stress.
At the start of computations, WB = RZM, but thereafter. WB is equal to the previous
daily value for net gain. If net gain exceeds RZM, the difference between the two
values is surface runoft or deep percolation: then WB becomes the previous value of
RZM. For the Ll Haseke example. the first value of WB is 36.00 mm at germination.

Net Gain, mm. The net gain is computed from the daily value of water balance plus
rainfall minus ET . Net gain is computed as

Net Gain = WB + Rain - ET . 7]
For El Hascke, the net gain at germination was computed as

Net Gain = 36.00 + 0.7 - 0.13 = 36.57 mm.
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10) Deep Percolation or Surface Runoff, mm, Pere/Runoff. The daily amount of water
lost to the plant growth system is computed from the difference between RZM and the
net gain.

1D Water Deficit, mm, WD. Amount of water needed to replenish soil moisture used by
evapotranspiration is the accumulated difference between RZM and net gain for each
day. If net gain is greater than RZM. then WD = ().

To aid in the design of a water harvesting systen. several years of water balance data can
be computed to determine various mean values to estimate the water required for a
particular crop. In addition. the dati can be used to determine probability relations and
evaluate the rish of a specitic catchment/storage design. In the caleulation of risk.,
ceonamic values of construction and maintenance can be added to further evaluate an
optimal design.

A stple caleulation can be made to design a water harvesting system showing the rainfall
cquivalent which could be expected for the El Hascke region, an average of 278 mm of
rainfall per year. At this level of rainfall, the ratio of catchment to cultivated area ranges
from 5:1 to 151 with a runoft clficiency (100 X runoft/rainfall) varying from 20 percent
to 90 percent. The ratio o catchment size to cultivated area and runoff efficiency is
dependent upon the system design. Small-scale watersheds designed for rowcrops and
small grains usually have catchment size to cultivated area ratios of 10:1 or 30:1 when the
average annual raifall is as Tow as 100 mm. For the Bl Hascke example, if a catchment
arca were designed with o watershed ratio of 5:1 and the total annual runoff from the
catchment basin were 38.8 pereent efticient (catchment basin threshold = 6 mm;
therefore, 100 < mean runoft vield/mean annual rainfall = catchment basin efficiency or
10O > TO8/278 = 38.84) then the volume of water collected from I ha (10,000 m?)
would be:

5 > 100000 m* > 27871000 m X 38.8/100 = 5,393 md.

For cach ha of cultivated land receiving the same mean annual precipitation of 278 mm,
the volume of water collected wouls be:

10,000 m - 27871000 m = 2,780 m?.

The total volume of raifall. plus the catchment basin runoff reaching the cultivated area
of the water harvesting svstem would be:

5393 md ¢ 2.780md = 8173 md: or
for cach ha of cultivated arca the raintall cquivalent would be:
B 73 mY10.000 m* = 0.817 m or 817 mm.

Table 3 shows that for scasonal evapotranspiration this would be an adequate supply of
water for most of the crops grown in the Bl Haseke region.

Alternative Water Sources

Alternative water sources such as wells., pumpback systems, and intermittent streams can
be useful to reduce the risk of 4 poor harvest during periods of low precipitation. To
insure that time and money are not wasted. alternative methods of water supply should be
considered before installation of 4 water harvesting system. Using temporary or
intermittent water sources may permit the installation of a smaller catchment arca.



Topography

Topography such as slope. gradients of channels, extent of depressions, etc., affects both
the rate and volume of surface runoff. Long, narrow catchment basins will have lower
runoff rates than more compact basins of the same areal extent. The geologic or soil
materials will determine the degree of compaction, infiltration rate, and the effective
runoff. Detailed designs and maps must be made of the terrain with reliable figures of
inputs and outputs to establish costs and returns for cach design activity separately.

A topographic survey is needed at each proposed site to evaluate the potential design of a
specific water harvesting system. ‘Fhese surveys should be sufficiently accurate for
caleulation of surface arca and of a scale to allow easy orientation within the site. They
should include the Tocation of the catchment basin and storage facility as well as the
conveyance devices needed for storm water control at the cultivated field. Wherever
possible, the maps should be prepared from acrial photographs with on-site verification
(ground truth). The degree of aceuracy of the survey is matched to the topographic
requirement ol the particular location. Topographic maps are used as a foundation for
canal and drainsge layouts as well as site plans.

Materials and Labor

Materials and labor are of primary concern when selecting a water harvesting system. The
cconomic factors of alternative water sources or materials to be used for catchment and
storage must be considered in determining the costs of construction and maintenance. Not
all catchment treatments require the same quantity and type of labor or maintenance
(Frasicer, 1975). For the compacted soil treatments on the catchment basin, weed growth
must be climinated and soil erosion prevented. The storage facility and conveyance device
must be included in o maintenanc: program. This type of maintenance on small-scale
water harvesting arcas can reguire 1o 2 man-days about 4 times per year.

Some materials and installation technigues have high capital costs and require skilled labor,
especialiy for the catchment/storage or conservation bench terrace types of systems. In
many installation designs. however. there are several combinations of catchment and
storage sizes which provide the required quantity of water without high capital costs but
are labor intensive. c.g.. ticd-ridges. micro-catchment basins. berms, ete.

Farmer Acceptance

Farmer aceeptance of water harvesting concepts is an important factor in the success of
any systen. Farming with water harvesting always requires more physical effort than
rainfed farming under comparable conditions. Farming based on small-scale water
harvesting increases the tood supply and does not involve the patterns of organization and
social control that characterize large-scale irrigated agriculture. 1 the design of the water
harvesting system presents the farmer with too big a burden and too little profit, the
system will likely fail. In arcas where witer harvesting is not fully understood or accepted
hecause ol virious sociocconomic factors. system design is exteemely critical. The system
must be designed to conform with the focal Tabor supply and implemented with materials
which have & minimum mamntenance requirement and maximum eftectiveness. The selected
water harvesting system must support i positive cconomic alternative to existing conditions
if farmer aceeptance can he expected.
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Infrastructural Parameters

Infrastructural parameters or the permanent facilities required in the support environment
must be evaluated if changes which occur through implementation of small-scale water
harvesting are to succeed. This implies a reassessment of markets and road networks as
well as access to transportation. The availability of agricultural extension services must be
altered to assist the farmer in the decisions of risk incurred by agronomic change. The
reoricntation of cooperative socicties and realignment of services must be supported to
assist those farmers whose asronomic practices are changing,

There are three types of catchment basins which can be modified to increase the quantity
of runoft:

1) Topographical,
2)  Seil, and

3) Impermeable coverings,

A specific site should have a surface treatment designed for maximum runoff and
minimum maintenance,

Topography

The simplest catchments involve some form of topographical alteration. Collection areas
can be cleared of brush and rocks with small ditches cut on the slope to divert runoff
water to direct field application or storage. Or, with a minimum of materials and labor,
large quantities of water can be stored at low cost with the placement of roch-lined ditches
at the lower edge of rock outcroppings. A more complex example of the use of
topography is the roaded catchment of western Australia (similar to Figure 1) where large
arcas of bare land are shaped and compacted into parallel ridges (Laing, 1981,

Catchments using topographical techniques may be characterized by lower initial costs but
could have low runoff efficiencies. Hollick (1982) notes that slope angles and overland
flow distances must be designed to avoid water erosion damage to the catchment surface.
Soil types and topographic features must be properly matched if these catchments are to be
elfective.

Soils

When using soil surface treatments for water harvesting catchment basins, usually the soil
is rendered sterile to plant growth. Soils unsuitable for constructing surface catchments are
loose sands and gravels or expanding lattice clays (self-mulching). To reduce infiltration,
chemical treatments are applicd to the soil surface by spraying the surface or mixing in the
top 15 em. These treatments are usually of bitumen, salt, a water repellent chemical, or
paraffin wax. Potentially, soil surface treatments can provide low-cost crop water but soil
surface treatments have not been totally satisfactory in the past (Frasier, 1984). These
treatment designs are dependent on specific soil and climatic characteristics.

Salt treatments consist of mixing a water-soluble, sodium-based salt (NaCl) at a rate of 11
thal into the top 2 em of soil to form a sodium dispersed clay system (Dutt, 1981). The
salt is thoroughly mixed with the soil, wetted and cornpacted to a firm, smooth surface,
The most cffective soils are nonexpanding lattice clay of 20 percent or more (kaolinite or
illite type). The sodiwn in the salt disperses the clay it .0 individual particulates plugging
the soil pores or holes and inhibiting water movement into the soil; the result is increased
runoff.



Storage Facilities

Water repellent chemicals which coat minute soil particles change the surface tension of
water absorbed to the soil particle, causing the soil to be hydrophobic or water repellent.
Myers (1967) noted that a long-lasting and effective treatment of a surface for maximum
runoff needed a soil binding material for water repeliency and to retard erosion. When a
chemical such as sodium silanolate is applied to a catchment surface where the clay
content is less than 15 percent, runoff increases without soil stabilization and it has an
effective life of three to five years (Frasier, 1984). Plueddemann (1975) in a laboratory
screening procedure found that certain mixtures of lutex and silicone emulsions do stabilize
the soil surface and remain witer repellant for one to three years.

Paraftin wax is used as a water repellent treatment which can be liquified by heating and
sprayed as a thin layer on a prepared soil surface. Aldon and Springfield (1975) used
granules or powdered paraffin wax sprinkled on the soil surface at a rate of 2.5 kg nv 2
The sun heats the soil surtace, remelting the thin layer of wax which moves downward
coating the soil parliglu with a water repellent wax (Fink, er al., 1973). This treatment
(Frasier. 1980) is best suited to soils of less than 20 percent clay content and where soil
surface temperature exceeds SG°C, the melting point of paraffin.

Impermeable Coverings

Conventional construction materials such as concrete, latex rubber, black polyethylene,
sheet metal, ete.. have been used as coverings for catchment basins for water harvesting
(Cooley. er al., 1975). These materials, although expensive, may last a long time, and
when properly installed and maintained may be well suited to some locations. Most thin
fivm coverings are susceptible to mechanical damage, wind damage, and sunlight
detzrioration (Clutt, 1975).

A storage facility is generally required for most water harvesting systems whether it is the
soil, tied-ridges or micro-catchment basins, a tank, or a check darn. Efﬁcicnt waler storage
is the primary objective and is associated with various water uses, e.g., livestock,
commercial, domestic, and supplemental irrigation for agricultural Lrops. Normally, the
intended use of the water will influence the design. Final recommendations for the
selection of system design will be dependent on cost and local conditions (Dedrick, 1975)
such as:

1) Chemical and physical properties of soils:

2)  Accessibility of personnel, equipment. and materials;
3)  Availability of surface scaling materials;

4) Current costs: and,

5) Maintenance requirement for effective life of system.
Soil

In some designs of small-scale water harvesting the cultivated soil is the water storage
container, i.c., direct runoff farming systems. The collected water is diverted or directed
onto the cultivated arca during rainfall. Generally, the quantity of runoff exceeds the
infiltration rate of the soil and ridges are placed around the cultivated area to retain the
water. Overflow from ficlds can be diverted by canals for storage or use on other fields.
The effectiveness of this system depends on the water demands of the crop, the amount
and distribution of rainfall, the soil infiltration rate and the water storage capacity. Specific
designs of this type of water storage could have a high risk as crops can fail in dry years
or can be badly damaged by flooding during beavy rains (UNEP, 1983).
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Runoff farming systems are used extensively for the growth of trees. In Burkina Faso
(French West Africa). long open slopes of denuded alfisolic soils are reforested with a
continuous chain of water catchment basins (Wright, 1985). Ancient runoff farming
methods have employed the collection of rocks to build low rock walls along contours to
catrap eroded soil and runof! for the farming of sorghum and millet. Trees are planted
behind these low walls and native grasses are seeded for stabilization (Chase, 1985).

Vied-Ridges and Micro-Catelinent
Basins

Ridges and depressions increase the potential Tor storage of water on the surface and
proviue for runoft trapping which increases the potential for infiltration and storage of
water in the soil profile (Boa, 1966), Tied-ridges can be an effective system but they help
to produce increased vields only when surfice runoff oceurs at @ greater rate than
infiltration.

There are o great many mechanical devices available for both animal traction and tractor
power especiatly designed to make tied-ridges in a single operation. Ridges may be formed
by tractor or oxen with ridduers (iisters), however. ties can he constructed by hand.,
Usually. ridges are formed paratlel to one another. planisd on the tops, and tied or
dammed in the furrows. Sometimes the tying. datoming, or blocking of the ridges is made
at the same height as the ridge. Hudson (1971) gives a word of caution about this
construction technigue that. it the soil becones saturated with the depressions fiiling up
and then overflowing, the ties or dams may break. On sloping ground. once one ridge
breaks it releases @ small flood which can burst the next ridee. refeasing more stored
water and so on down the stope. This can have a disastrous effect on soil erosion. To
correct this situation. ridges should be constructed or grade with the ties lower than the
ridge.

Tied-ridges can be constructed as micro-catchment basins. Figure 6 shows that the basins
can be deep (30 cm) so that all the water that falls or runs into the will be captured. If
the rainfall probability curve shows that the I5-year average stonm s, say 80 mm, then a
micro-catchment basin. if deep enough. could capture all rainfall and hold it in storage for
eventual infiltration. In general, the differences between the two systems of tied-ridges and
micro-catchment basins involve rainfall distribution and intensity. soil type. and slope, as
well as naintennce and labor requirements. In some areas the ridges are left in-place
throughout the dry season to cateh carly rains, minimize runoff, and permit carly
cultivation of the soil. Under no-till practices, the tied-ridges remain from two (o three
years with only minor maintenance. however, these systems are usually hand-seeded and
hand-weeded.

Tanks

A water storage facility can be any container capable of holding water (Frasier, 1983). In
many designs of water harvesting systems. the storage facility is the most cxpensive single
item, and may represent 50 percent of the total system cost. There are many types,
shapes. and sizes of wooden, metal. clay,and reinforeed plastic water storage facilities.

Figure 7 shows a round spread-bank dam with 4 clay liner consisting of catchment area
and tank (Laing, 1982). These have heen succeesstul in Australin because they are easy (o
build, suited 1o difficult sites. and nuintenance s Jow (Laing. er al., 1980). The
compacted clay cover of the catchment area should he about 20 ¢m thick. The radial width
ol the catchment area is normally from 20 m w0 75 m depending on location and sive of
the water harvesting catchment arca. A ratio of 5 m? of surface area of catchment to | m?3
of tank storage is used with an annual raidall of 400 mm (Stanton, 1977) or a catchment
area of 2.5 ha cim be used with o 5.000 m? dam for supplemental irrigation. The
cconomic criterion for design should result in the most efficient dam per cubic meter of
water supplied.
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Figure 6. Schematic Diagram Showing the Cross Sections of Tied-
Ridges and Micro-Catchment Basins.
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Figure 7. Cross-Section through a Spread-Bank (Flat-Batter) Dam
and One Side of the Catchment Area.
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Check Dams

Storage of water in small catchment ponds or reservoirs is a common technique to
impound storm runoff. Small dams can be constructed across flowing and intermittent
streams as well as pullies to create storage behind the dam walls. In many instances, these
dams can be handmade using rock and concrete cores with a compacted clay-earth cover
and gravelled spiliway. In general, these types of reservoirs are used for supplemental
irrigation to reduce risk and increase yield for crop production.

Small-scale water harvesting can cconomically reduce risk and increase crop production.
Water harvesting io niaximize or minimize runofl is a stabilizing factor for farming
systems which depend on natural precipitation. Runoff can be used directly on cultivated
fields or stored in soil, or used with suppl-mental irrigation when stored in excavated
ponds or small check dams. Calculation of statistical parameters and probability analysis
provide design critetia for constructing and optimizing the catchment ared, conveyance
device, storage facility. and cultivated field.

The performance of small-scale water harvesting depends upon the effectiveness of the
catchment basin to manage soil surface conditions, ¢.g.. inhibit infiltration, produce
runeff, or increase soil water storage. Effectiveness depends on several factors including
soii depth and type. surface cover. surface roughness and slope, climatic factors, labor and
material costs, water balance, water quality, and availability of materials.
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Role of U.S. Land-Grant Universities in Addressing Soil and
Water Management Problems

J.L. Ozbun

Washington State Universite, Pullman, Washington, USA

ABSTRACT. 1o identifv the role land-grant universities perform in addressing soil and
warer mmanagemeni or any specific problems, we need to look brieflv ar the origing and
structure of lancd-crant wiiversitics.

In 1862, the United States Congress ereated (he fiest land-grant universities. The federal
government provided cach state with turge grants of land to establish and maintain a land-
grant university to teach aericulture and mechanic aris, Twenty-five years later, another
federal act created o national agricultural experiment station system. individual units of
which were 1o he part of cuch states land-grant university. In 1914 still another federal
act established Cooperative Extension. the outreach arm of the tand-grant university. These
last two ets also established the federal funding support which continues today.

The tederal povernment thus created and provided funding for formal classroom instruction
i agriculture and mechanic arts: it ereated @ means (o conduct research 1o resolve
agricoltural problems: and it ereated o way to Lthe new and relevant information 1o
farmers throughout cach state. This. then is the role of U8, land-grant universities in
addressing prohlems such as soil and water management: to conduct research that
addresses agriculural concerns: o cducate and inform people about ways to use new and
relevant mformation 1o resolve their problenis,

Alter World War 11 the covernment established the LLS. Ageney for International
Development (USAID) which. with various other federal acts. provided the means for and
encouraged Land-grant universities 1o work directly with other nations in formal education,
rescarch. and extension programs. And that added the fourth dimension to the land-grant
university role.

A Land-grant university includes subject matter arcas in addition o agriculture.
Increasingly these arcas are being cmployed o address specific topics through
mterdisciplinary programs.

Climatic. soctal. and cconomic conditions influence he specilic interests of the individual
Land-grant universitios. They i wrn influence the approaches and competencies available
toaddress specific concerns. Some states are concerned with only three or four major
agricultural commodines. and their research and cducation programs focus on them.

Land-grant universities have progrant as well as funding relationships with the U.S.
Department of Agriculture (USDAY Both of these influence how land-grant universiies
approach specitic problenis, The USDA has its own rescarch service. Many of these
scientists are stationed on Land erant uniy ersity cimpuses. They receive some support from
the university and work closely wath rescarch faculty at the umversity. Their research has
aregional or national focus but it o addiesses stete Concerns. This frees land-grant
setentists 1o conduct other rescarch more specitic to the state.

USDA also has an Extension Serviee component which provides national program support
for stute extension efforts,

AUt glance. resident instraction programs at Lind-grant universities nay appear very
similar. Al students need o broud hnowledge hase on which to build their education.
While there may be similarities it the undergraduate level, gradoate programs differ
considerably. A Large number o, Frculty involved in rescarch also teach. While the
information in & basic soils course may be the sine across the nation, the substance of
graduate courses focuses on narrower and more specific arcas within soils. These areas are
determined by the instructors” research interests which are based on stte need.
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and the potential of the varieties and cultural practices we have developed. And we have
addressed milling, baking, and other processing concerns as well. Oi perhaps greater
importance, we have placed this information in the hands of farmers in ways they can
readily understand and use.

In summary, the role of the U.S. land-grant university is to educate students, conduct
research on the various problems whick oceur in its geographic area and for which it has
the expertise, and to provide citizens with new and relevant information in a way they can
understand and use. Initially, such activity focused on the state in which the land-grant was
situated. The global economy in which we now live offers the opportunity to expand such
activities beyond national boundaries.
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Improvement of Ewe
Productivity

Table 1. Livestock Numbers in the Arab World, 1982

(AOAD. 1984).

Cattle Sheep Goats Camels  Buffaloes

Total (1000 head) 37.448 103,998 57.521 14,344 2,775

% of total 17.6 4.9 27.0 5.3 1.2
Jordan (1000 head? 35 99() 590 15 0
Jordan % 2.1 60.7 36.2 1.0

Syria (1000 head) 791 11,403 1,150 7 2
Syria 5.9 85.4 8.6 0.05 0.01
Iraq (1000 head) 1.900 11.900 3,800 80 175
Iraq Y% 10.6 66.4 215 0.4 0.9

The majority of the papers at this Workshiop are related to improvement of crop
production. As all imprevements have a tinancial cost which should be covered by
increased vickds 1t one expects furmers to adopt such measures, then increased forage
production or by-product availability should be refated o increased animal productivity for
the development ot an economic agricultural industry. In this semiarid region the most
common grizing animals are sheep and goats, as shown in Tuble 1. The local breeds of
sheep are well adapted w therr environment and have a production pattern which is well
adjusted to the scasonal patiern of feedstutt availability. On-going sheep programs in
Jordan hive shown that changes in the traditional management of sheep flocks in the
Kingdom witl resudt in s significant iniprovement in red meat and mifk production from
Awisst flocks.,

This paper discusses tie cumaliative potential of various proven measures based on
commercial tarm results and attempts to assess the economic value of these gains. Only if
farm income can be improved on a2 short-term basis will farmers invest in long-term
development and improvement. The potential was discussed at the 1982 Sheep Workshop
at the University of Jordan (Goddard, T982).

As e policy of simple expansion of ewe numbers will increase the problem of feedstuff
availability . e wini of the program has been to develop methods of improving ewe
productivity i terms of namber of Lunbs weaned, weaning age. and weight and milk
production. The approach has been o measure existing productivity and to develop
management systems rathier than consider individual improvements. This review describes
the methods recommended and constders the overall resulis,

Values obtained trom iocal veports and stadies on i range o locat flocks showed that there
wis already a wide degree of variation within and among flocks (Goddard. 1Y84; Harb,
1982 Shick. T982: The tollowing manacement-reiated practices have been found to
mereise productivity

Dy Selecuve culling on ave and producivire. This is often difficult due to lack of any
records, and advice has 1o be based on comparative physical condiiion and dentition
reluted with the shepherd’s memory as to past performiance. In some flocks culling of
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2)

3)

4)

5)

over i5 percent of the ewes can be considered on these terms. The major problem is
to develop owner confidence in the economic value of this approach, and lack of
replacements within the flock structure.

Improvement of breeding flock vuerition. The establishment of a flock feeding program
based on stage of production is very difficult due to the normal management pattern of
a widespread lambing and keeoing the flock as a whole with no separation of sexes
and age groups. The general approach has been to encourage owners to improve
feeding at the mating period to tlush the ewes, and to impiove feeding in late
pregnancy and during lactation. This is possible in miany flocks due to the common
use of supplementary feeds in winter aid early spring. A number of possible ration
formulations using locally available feedstuffs have been developed for on-farm use
with initial recommendations for usage rates based on stage of production/breeding
eycle and level of production. These programs emphasize the need to produce forage
crops and to utilize them correctly to gain the maximum economic benefit in terms of
improved production.

Improvement of disease and parasite prevention. Jordanian farmers are very aware of
disease and parasite problems. however. they often are uncertain of the economic
methods of control and prevention. At present there is a development program aimed
at identifying cconomic solutions to problems s they are established as definite
problems reducing productivity. To date recommendations have been based on
individual solutions such as control of external parasites or clostridial discases rather
than as annual flock programs.

Changes in management practices. Practical changes o improve farm efficiency based
on the use o improved hasic equipment designs for feeders and drinkers are
considered o be of value as they help muke farmers aware of other problems such as
feed wastage and water requirements. Demonstrations on handling methods 1o reduce
suress have helped create interest in improved management. The potential value of ram
separation as a management tool has been discussed with wany farmers, however, the
basic problen is that the common semi-intensive grazing progrem and physical
facilitiecs make this impractical for many commercial farmers.

Improvement by selection. There is a wide degree of genetic variation within the
Awassi breed in Jordan (Goddard. 1984) and farmers often stress the importance of
good selection. However there is only liited local progress at present. On many
farms the Tack of records makes it difficult to develop a systematic approach to
selection and one has 1o rely on flock inspection and verbal reports from a shepherd.

The apjroach used 1o assess productivity has not been only to consider the number of
fambs born but 10 assess ewe flocks on the number of ewe fambs weaned and on milk
production. This is because weaned lambs are the major scllable product along with milk.
This has meant that as well as looking at ewe flock management, the program has also
stressed lamb management from birth to weaning to reduce mortality and increase growth
rates. To date craphasis has been placed on the foliowing factors:

)

2)

Ewe nutrition from late pregnancy throughout lactation. The aim is to encourage
strong healthy lambs at birth and an adequate miik supply for growth until weaning.

Reduction in carly lan'b mortality by improved management 1o

(@) reduce chilling by good building design or windbreaks:

(b) provide checks on carly feed intake and mothering, especially with twin lambs:
and

(¢) improve hygiene at birth. Initial results have shown that losses from twin births
can be reduced by greater than 50 percent by adoption of simple management
practices including adoption or fostering during this critical period.



Table 2. Improvement of Number of Lambs Weaned per
1,000 Ewes Mated.

Factor Fiock Type
Traditional Improved

Number of ewes bred (mixed age flock) 1,000 1,000
Number of rams 30 25
Number of barren ewes (including maiden ewes) 150 100
% twinning 5, 15
Number of lambs born 893 ‘ 1,035
% Lamb mortality birth to weaning 8 ’ . 4
Number of lambs weaned ., 822 , | 994
Number ewe lambs required as replacements 300 280
Number ram lambs as replacements 10 10
Average age at weaning in days 70 35
Average body weight at weaning, kg liveweight 20 20

Number of Iambs available for fattening

male 401 487
female 111 217
total 512 704
% improvement 100 138

3) Improved feeding of the lamb by encouraging use of creep feeders and creep rations
to increase growth rate and allow carly weaning. Results from the University of
Jordan have clearly shown that the average weaning age can be reduced 10 45 days
from 60 days at the same body weight. This allows for a longer milking period for
sellable milk and higher yicids per cwe of sellable milk.

The potential for increasing the number of lambs weaned per 1,000 breeding ewes is
shown in Table 2. This result is based on v.lues that have been recorded locally based on
different combinations of the various factors discussed.

These results are based on improvements in semi-intensive flocks obtained from relatively
low-cost improvement changes. The aim has been o try and produce one healthy lamb per
ewe mated, as on currently available feed supplies a high twinring rate could cause high
losses or expensive supplementary feeding. The program has also been based on one
lambing per year; it is considered that any intensification will require a significant increase
in costs and technical management skills which are noi readily available.
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Local fattening trials on commercial farms based on fattening of weaned ram lambs for 60
to 70 days on concentrate rations of whole grain barley and soybean meal mixtures have
resulted in significant improvement in red meat yields (Table 3). The system is based on
lamb selection and the adoption of a simple discase prevention program for clostridial
vaceination and treatment against internal parasites associated with good management
practices.

There have been a number of trials based on fattening lambs on cultivated pastures with
successtul results. However, the question remains as to whether the optimum use of such
pastures s for lamb fattening or as a feed souree for the breeding flocks which require
good quality roughage 1o maximize production. The results of initial development
programs organized by the Jordan Cooperative Organization have demonstrated that the
local Awassi sheep flecks under commercial management have a very high potential for
improving red meat production by imtroduction of Jow -cost changes in management
practices. The overall potential is shown in Table o by the summarized values of current
results.

Tuble 5 shows the cconomic costs of such a ewe tlock program in Jordan and the potential
returns based on use of imported feeds o gain improvement. Lamb fattening trials have
shown that a profit of over 1.1, 3,500 per lamb fattened can be achieved under good
management. These results indicate that commercial farmers could generate fuads to invest
in increased crop production rrom well-managed sheep flocks. The need to demonstrate
that farnung system changes generete higher farn incomes is an important compaonent of
success:ul extension,

Results from commercial sheep flocks in the semiarid regions of Jordan under semi-
Intensive management svstems have clearly demonstrated that there is a high potential to
increase red meat production by over 200 pereent from such ilocks by adoption of
improved management systems. Available dat also show that this improvement is
financially viable and in the long-term can be based on local resources if range areas and
cultivated forage prodastion improvements are adopted.

Table 3. Improvement in Red Meat Produetion by the
Fattening of Weaned Lambs (Goddard, 1985).

Factor Management System
Traditional Improved

Low Medium High
% mortality + culls 10 7 5 3
No. sold/1000 weaned 00 930 950 970
Average carcusse
weight. kg 12.5 15.0 16.5 18.5
Total weight sold. t 11.25 13.95 15.68 17.95
% improvement 24 KR’ 60.0




Table 4. Improvement in Red Meat Production per 1,000
Ewes Mated by Management Changes.

Factor Traditional Improved
Management Management
Number of Lanbs fattened 5i2 704
Number of Tambs sold 461 683
Average carcasse weight, kg i2.5 18.5
Red meat sold, 5.76 12.64
Improvement. 219

Table 5. Estimated Fceonomic Costs and Returns of
Increased Lamb Production.

Extra Costs J.D.

Increased concentrate feed per ewe,

100 kg X TUOD ewes = )DL 6841 6,800
Increased veterimary costs. J.D. 0250/ ¢we 250
Total cost increase 7.050

Increased income at Weaning

86 Extra ran Lanbs. 20 ke LWL

@ 1.D. 1250 ke ‘ 2,150
106 Extra ewe lambs, 20 kg LWt

@ .. 1.2007kg 2,544
13.500 kg hiquid ok

@ 1.1, 0.250/hy 3,375
Total increased meome 8.069

Increased gross margin per ewe, based
on sale of weaned Tambs, 1.02
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Effect of Weed Control on Soi! Water Conservation for Rainfed
Agriculture in the Near Easi

C.R. Fenster
Panhandle Rescarch and Extension Center, University of
Nebraska, Scousbiuff, Nebraska, US#

ABSTRACT. Weeds and volunteer crop plants compete vigorously with crops for stored
water. Weeds are strong competitors because of their vigorous growth habits and root
systems which are often more extensive than those of crops.

Mucl of the cereal production in the world occurs in semiarid regions (annual
precipitation less than 500 mm). Within these regions, traditional cildural practices 1o
control weeds have refied on repeated hand weeding, cultivations, and livestock grazing.
These traditional weed control practices often leave the soil bare and subject to wind or
water crosion and high water evaporation. Weeds groving with the crop are ofien removed”
by hand when they are 15 10 20 et high and fed 10 livestock. Weeds removed ar this stage
of growth have already reduced erop vields and removed valuable soil moisture and
mutrients. Afier harvesi, weeds and crop residues are frequently used for livestock feed,
whiclt is maritionally « low quality forage. The weeds generally have high water
requirements.

To increase the cffectiveness of precipitation in the semiarid regions of crop production,
consideration must he given 1o weed control o eliminate competition with the crop for

moisture and mutrients. Cropping svstems need 1o be developed that produce grain and
Sorage, specilicalty, and emphasize weclhnological practices that will conserve and wilize
more of the available water supplies jor crap production,

Dryfarniing has been practiced in parts of North Africa and the Middle East for centuries.
Much of this land 15 characterized by winter rainfall and hot, dry sumnmers (Brengle,
1982). The period of the year during which precipitation is received is generally short,
two to five months. Little, if any. precipitation is received during the remainder of the
vear (Figure D) (Fenster. 1980y, The precipitation is principally rainfali in the lower
latitudes and cievations. but snow is common to some arcas with high clevations,.

Small areas are tarmed by families which use animal power, wooden plows, hand
broadeast seeding, and hand harvesting. Grazing of Jand is very intense on both grassland -
and weedy fallow. As soon as green vegetation appears, often the plants are grazed
immediateiy . I plants do not have sefficient green growth, photosynthesis cannot take
place to develop more prant material. The manufacturing system of the plant is its leaves,
SO LIS necessary o naintain growth of plants te develop more plant material. H you
continue to remove the shoot of & plant. vou eventually Fill the root, even in perennial
plants. Not understanding the principle of dry matter production, farmers heavily graze
their Torage as soon as it begins o grow. Consequently. there is fittle total production of
carbohydrate for forage. Using the rule of thumb harvesting half and leaving half of a
forage plant™ would greatly increase forage production in the Middle East and North
AfTica.

Small grains are important dryland crops aad are generally growing in what is called a
wheat-fatlow system. This is o forage-doacient region in which the land is grazed during
the fallow period and no atempt is made to control weeds., for they are often the Gnly
forage plants available. Water conservation is nil in ihis system, and weed competition
with the following crop often reduces yields by 20 percent or more (Ghosheh, 1975).

Lomas (1972) reported the average yields of wheat in Iran using traditional production
methods were 300 to 400 kg ha'! in arcas receiving about 350 mm of precipitation
annually, 700 kg ha'! i arcas receiving about 450 mm annually, and could be increased
by improved weed control alone. Self-sutficiency in wheat production could be attained by
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Figure 1. Annual Cropping for Semiarid Regions with Winter
Rainfall but No Cold Season When Plants Are
Dormant.

improved nanagement and weed control. Al livestock in the country. expressed as sheep
units, is estimated 1o be about 80 million head. The capacity to produce feed is estimated
to be adequate for 20 mitlion sheep units (Shaidee, 1974). Improved munagement for crop
production cannot be implemented without improved animal and range managemeni. The
natural forages that provide 70 pereent of Tran's livestock feed are essentially crop residues
and weeds. Livestoek nutrition and range conditions are extremely poor, and crop residues
are almost completely removed from the Lind.

According to Hepworth ¢ al. (1975) the great majority of the wheat crop in Turkey
suffers severely from weed competition. Research triaks have demonsrated that weeds
reduce wheat yvields from 10 1o 30 pereent or more. Despite this great potential for
increased yvields. few farmers are obtaining maximum benefits from weed control,

In 1985 a Scientific Panel Review of Dryland Farming Applied Research in Moroceo
reported vuminant livestock are very important in the region. The main sources of forage
appear to be, in approximate order of importance: cereal crop residues (June 1o
September). weedy fallows (November o March). corn thinnings and weeds pulled from
cereal crops (January 1o April), and. on oceasion. dual-purpose barley crops. The forage
program has wdentified improvement of the weedy fallow and or sown forage crops as its
top rescarch priorities.

Most weed control in Lebanon s still done by hand pulling, hand hocing, or tillage by
various implements (Cavin er al., 1972). Often the weeds are not removed by hand until
they are about 15 10 20 ¢m high because these * weeds are fed 1o livestoek. However, the
most eritical period in crop competition is during the first [ 10 2 months in the growth of
the erop. Their method of weed control allows the weeds to grow at least 4 to 6 weceks,
producing substantial crop vield losses.

It the United States. weeds are i serious problem to all wheat farmers (Reitz, 1976).
Weeds compete with growing wheat for waer, light, and mineral nutrients. They increase
the cost of production. reduce the quaritity and quality of the grain, and harbor insects and
certain discases. Weed seeds are a major part of the dockage found in marketed wheat. A
large plant of common mustard imay use twice as much nitrogen, twice as much
phosphorus. four times as much potash. and four times as much water as a well-developed
wheat plnt,
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Yieid from 1930 to 1989.

The potential yield of cereal grain is much higher in the semiarid regions than is currently
realized with present production practices (Fenster. 1974 1980). Technological methods
have been and are being developed that conserve more precipitation for utilization in
increasing cereal grain yields. Emphasis must be placed on water use efficiency. To
increase the effectiveness of precipitation for crop production, consideration must be given
to: 1) cropping systems that take advantage of the growing scason precipitation: 2) cultural
practices during the period between crop seasons which perniit the accumulation of water
in the soil profile; and 3) weed control as weeds are heavy users of soil nutrients and
water in competiticn v, ith the crop.

In the Panhandle of Nebraska, part of the United States Great Plains. yields of winter
wheat were relatively low prior 1o 1940, averaging about 660 kg ha'l. Following the
adoption of the fallow system after 1940, the yields of winter wheat more than doubled on
an every-other-year basis and became secure frorr drought as indicated in Figure 2. Prior
o 1950, most of the winter wheat land was fenc . and pastured during the fallow period.
Frequemly, fields were shallow-tilled atter harvest 1o establish volunteer wheat for pasture.
The veiunieer wheat was pastired during the fall, winter, and into the spring. Tillage for
summer fallow would begin around June 1 or later 1o control weeds. By this time, the
weeds including the volunteer wheat had taken most or all of the soil water from the soil

profile.

In the middle 1960s. pasturing of fallow land was discontinued and more emphasis was
placed on weed control and residue retention during the fallow period. The storage of

more water in the soil profite along with improved varicties of winter wheat tripled the
yields of winter wheat in the fallow system during the late 1960s and 1970s. Yields of
winter wheat will continue to increase with technology that improves water storage.

The increase can be largely attributed to development and implementation of technological

practices for the total production system of wheat. Following is an estimate of the percent
increase in yield of winter wheat due to new and improved technology.
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Percentage Increase in Wheat Yield Due to Improved Technologies.

Improved varictics 30%
Genetic high vielding factor
Disease resistance
Insect resistance
Shorter straw

Improved storage of soil water 35%
Better weed control from harvest to
planting of wheat. No livestock grazing on
the fallow or in the growing wheat.
Weed control in the growing wheat.
Improved tillage techniques for optimum water
nfiltration and soil water storage.
Maintenance of crop residues
Runoff and crosion control

Improved planting techniques 20%
Proper rate. dates. and methods ol planting

Improved harvesting technigues 10%
More timely and efficient
Less handling of grain

Fertilizer, especially on sandy soils 5%
Low fertility soils

Crop yield losses from weeds usually are proportional to the amount of water, light, and
nutrients used by the weeds at the expense of the crep (Burnside and Wicks, 1967). One
needs 1o define fllow weeds, and forage.

Fallow is the period of ime from harvesting of one crop to the planting of the next crop.
Successiul fullow stores water. controls weeds. and prepares a seedbed.

A weed iy any plant growing out of place.
A forage crop is grown primarily lor animal feed.

If weeds ina crop are grown primarily tor forage, then they should be treated as a forage
crop and the soil water use should be charged to forage production. If not, the weeds
should be considered competition 1o the production of the crop I weeds are used for
forage, the quatity of weeds for forage must be considered. In a study by Marten and
Andersen (1975). weeds suck as common lambsquarters (Chenopodium album 1.y were as
palatable to sheep as oats. However, weeds such as wild mustard [Brassica kaber (DC.)
L.C.o Wheeler var. pinnatifida (Stokes)| were unpalatable. A number of the thistles and
many other weeds are very unpalatable o livestock, especially as they reach maturity.

Rescarch workers have found that competition begins carly from weeds that emerge with
the crop and often persists through a major portion of ihe growing scason (Burnside and
Wicks, 1907). Weeds that emerge after the crop is established cause less competition,
Knake and Slite (1960) found that if weeds in corn and soybeans were destroyed the first
3 weeks after planting. linle vield Toss resulted from subsequently emerging weeds.
Burnside and Wicks (1969) showed that the most severe weed competition to dryland
sorghum occars during the first 30 days after planting, and weeds that zenninate later
have little effect on yield.



Weeds are the major ecconomic pest of wheat (Reitz, 1976). Yicld losses to weeds depend
upon the weed species, density, time, and amount of weed growth, Wheat cultivar
selection, management, climatic conditions, and cedaphic factors also influence weed
growth and resulting cffects. Because of weed competition for moisture, nutrients, and
light, there is an inverse relationship between weed growth and wheat yields. At Alliance
and North Platie. Nebraska. Fenster and Wicks (1974) showed that a moderate infestation
of downy b-ome (Bromus tectorom 1..) (9 10 10 plants m*2) reduced winter wheat yields 30
pereent and a heavy infestation reduced vields 80 pereent.

Weeds compete carly in the life eyele of wheat and continue to compete as long as they
are allowed 1o grow (Hurst and Feltner, 1966). Winter wheat starts growth in the tall, and
unless stand reduction oceurs due to winierkill, vigorous plant growth will utilize the soil
moisture and produce sufficient foliage 1o densely shade the soil before summer annual
weeds can become estabhisted. Winter annual weeds germinate at the same time as. or
fater than, winter whew & are abie o grow unchecked.

Weeds infesting spring wheat are primarily carly mataring summer annuals, while winter
wheat is infested by winter annual weeds or broadleal” weeds that germinate in carly
spring. Perennial weed problems tend to increase as titlage decreases. Grassy weeds are a
greater problem than broadleaf weeds since control methods which use reasonably priced
herbicides are available tor broudleat weeds in wheat. Annual grasses have increased in
the spring wheat growing arcas because of semidwart wheats and reduced tillage systems.
The use of fertilizers has also inercased weed problems.

Much of the rescarch with fallow has been devoted 1o weed control systems.
Measurements have shown that uncontrolled weeds may consume soil water at about 5 imm
day! (Wicks and 5mika. 1973). Certain broadleafl weeds, such as kochia (Kochia scoparia
L. Roth) have a feeding depth and radius of root extension equal to or larger than that of
most domestic crops. After harvest. growth of weeds in undisturbed wheat siubble in the
central Great Plains of the United States has produced from 00 1o 2700 kg ha'! of dry
matter (Greb, 1974). Dry matter production of 1000 ke ha'l by weeds consumes 80 w 100
mm of water and about 30 kg ha! of available nitrogen. Good weed control resulted 1
increased wheat yields of grain and straw of about 60 and 120 kg ha!, respectively (Greb,
1974).

Mechanical implements control weeds with varying success. Tillage. however, causes 0.5
to 0.8 cm ol evaporative water foss trom cach disturbance of moist soil (Good and Smika,
1978). Herbicidal weed controi, on the other hand, does not disturb the soil. But to be
cffective. herbicides must rapidly and completely kill ol unwanted vegetation. A stunted
live weed continues to use walter,

Uncontrolled weed growth decreases water storage., and weeds and volunteer crop plants
compete strongly with planted crops for stored water. Weeds are strong competitors
because of their vigorous growth habits and because their root systems are often more
extensive than those of planted crops (Davis er al.. 1965; 1967). Weeds allowed to grow
for several weeks after crop emergence reduce soil water and crop yields. Afier harvest.
weeds and crop residues frequently used tor livestoek teed are nutritionally low quality
forage. Weeds generally have a higher water requirement than most crops,

To increase the effectiveness of precipitation in the semiarid regions ol crop preduction,
consideration must be given to weed control to eliminate conipetition with the crop for
moisture and nutrients. Cropping systems need (o be developed that produce grain and
forage specifically. and emphasis needs to be given 1o technolegical practices that will
conserve and utilize more of the precipitation that falls on the land for crop and forage
production.
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Table 1. Effect of Different Tillage Systems on Fallow
Efficiency at Akron, Colorado, United States
tGreb, 1979).

Tillage System Years in Number of Efficiencyt
Use Tillage Opzrations

Maximum tillage 1915-30 7t 10 16 to 22

plow and harrow

Conventional

bare 193145 5t07 20t0 24

shallow disk.

rodweed

or harrow

Modificd

conventional 1946-56 4006 24 to 27
disk (once)

chisel.

rodweed

Stubble mulch 1957-70 4106 27 to 33

sweep, rodweed

Minimuny tillage 1968-77 2t03 33 to 38
herbicide 1o

replace

One or more

tillages

No-till 1975-77 0 45 to 55

herbicides oniy

T Defined s the percentage of precipitation stored in the soil.

Mediterrancan climate of the Near East region, are potentially more efficient for water
storage than summer rainfall. For example, in the Sahelian countries south of the Sahara,
waler losses are increased due to higher temperature and evitparation during the rainy
period. Moreover, m the winter rainfall climate, rains tend o be more reliable and less
intense than summer rainfall and, hence, more effective for recharging the root zone.

Weed Control

The importance of weed control to water conservation in dryland agriculture cannot be
overemphasized. Before modern herbicides, weed infestations accounted for nearly 50
pereent of the crop losses from pests in the United States (Crofis, 1975). The effect of
weed control on crop vields is clearly illustrated by changes in farming practices in
western Nebraska, Prior to 1940, weeds were not controlied during the overwinter and
spring of the tallow period, and stubble and weed growth were intensively grazed by cattle
and sheep. Atter the grazing period in late spring, several spring-summier tillage operations
were carried out to kil remaining weeds and to prepare a seedbed for fall planting. Winter
wheat yields nearly tripled and became more secure from drought during the 1940s after



3000 r
2500 —
2000 +—
1500 —

1000 —

Yield (kg ha-1)

500

0 I | | | | ! ] | ] ]
1930 35 40 45 50 55 60 65 70 75 80

Yeal

Figure 1. Average Winter Wheat Yields in Western Nebraska
over Time. The Sharp Increase in Yields during the Early
1940s Occurred when the Practice of Stubble Grazing was
Decreased and Weeds were Controlled over the Whole
Iallow Scason.

farmers adopted w fallow system that climinated grazing and controlled all plant growth
between crops with cultivation and or herbicides (Figure 1. The marked increase i wheat
vields was due mainly o mercased available water and inereased ftertilizer use to take
advantage of the additional water. Although retention of surface stubble was important in
increasing stored water, there wis obviously o large foss or water in the pre-1940 system
from weed transpiation. Greb ef al. (1979) cited rescarch showing that growth of
volunteer wheat and arable kind weeds i the central Great Plains, produced from 900G to
2700 ke of dry matter in undisturbed stubble following wheat harvest and during certain
times Feavy infestations consumed S mm of water per day. Production of 1120 kg of weed
dry matter requires abont 7o mm of water that could atherwise produce 700 1o 1300 kg of
wheat grinn per ha.

For effectine vater conserviation, weeds must be controlied at an curly growth stege. With
culiivittion, weeds are castest to Kill on the first tillage pass. Poor weed controi carly in
the fallow period results moweeds developing adease root system near the soil surface.
Not only s miuch water lost but the large weeds are then very difticult 1o kill with tillage
or herbicides.

Tillage has long been the traditional method for controdling weeds during fallow. During
the recent decades. the development of new hierbicides and application micthods has made
it more practical tor many dryland farmers o use chemieals e liew of titkge Tor weed
control, and thereby conserve surfiace residues more eftectively for water conservation and
erosion controd. Moreover. cost benetits have made it advantageous o substitute herbicides
for tiluge under some drvland farming conditions,

Length ol Fallow

Generally the efficiency ol fallow decrcases with increase in length of the fallow period:
however, o be effective the twllow period must be long enough for sufficient precipitation
to recharge the root zone. In the Pacific Northwest, which has o Meditertancan type
climate, storage cificiencies during *he first winter of fallow range from 50 to 70 pereent
of the precipitation received. Efficiencies the second winter, where either winter wheat has
been Gl planted or the Tallow is carric b over for a spring crop (planted 21 months after
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harvest of the previous crop), are about one-half of this amount. First winter storage is
high because the soil is initially dry, and hence very receptive to water intake, and there is
a full complement of surface stubble (Leggett er al., 1974). There is less soil water
storage the second winter because most of the crop residues have either decomposed or
been buried by tillage. In addition, the infiltration rate continually decreases as the soil
profile recharges. Surface aggregation is also not as good the second as the first winter
because of breakdown by cultivation. These effects result in mereased runoff and greater
cvaporation fosses. Soils also freeze in the Pacific Northwest and wet soils (the second
winter) tend to remain frozen longer and are less permeable to water than dry soils, which
also increases runoft.

Figure 2 shows a relationship between antecedent soil moisture and subsequent recharge
for the Pacific Northwest. The figure shows that as the amount of water stored during the
first winter of fullow iv-reases (horizontal axis) there is a lincar decrease in the amount of
water stored the second year (vertical axis). In other words, the fallow efficiency generally
decreases as the length of the fallow period is increased.
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Figure 2. Water Stored or Lost after the First Winter of Fallow
as Related to the Amount of Water Stored during the
First Winter Period in the Pacific Northwest, United
States (Leggett ef al., 1974),



Table 2. Final Infiltration Rates on a Silt Loam Soil. A
Total of 16.25 ¢m of Water Applied Over Four
Runs at an Intensity of 5 ¢m h-'. (Mannering and
Meyer, 1962)

Mulch Rate Runoff Total Infiltration
t ha! om om
0 7.1 8.7
0.6 6.3 a.5
1.1 3.8 11.9
2.2 0.8 15.1
4.5 0.2 15.6
9.0 0 15.9

Crop Residues

Mulches of crop residues can enhanee water conservation in two ways: 1) by increasing
infiltration ol water into unsaturated soil when rainfall intensity exceeds the intake rute on
bare soil: and 2) by slowing evaporative loss when the soils are wet, hence allowing more
time for infiltration. The effectiveness of crop residucs Tor conserving water is limited in
many arcas because of the meager amounts generatly produced by dryland crops. Even
with stubble mulch, tillage. or chemical fallow, water gains are sometimes small because
the residue amounts are o low to effectively enhance infiltration and decrease
evaporation.

Neveriheless, relatively small quantities of surface residues, if properly managed. can
increase infiltration. especially during moderately intense and intense rains. Table 2 shows
that with simulaied ranfail. 0.6 1 ha ! of muleh increased infiltration compared with bare
soil and that 2.2 t ha! of mulch was as effective as greater amounts of residues
(Mannering and Meyer, 1963), With low amoums of residues, placement (flat vs. standing
stubble) may be wn important tactor in deternuning effectiveness for infiliration.

Surface residues are most eftective in suppressing evaporation during the ratny scason. As
drying proceeds. the etfect of the siraw mulch diminishes and becomes greatly reduced
once the upper soil fayers have dried. Greb (19665 showed in laboratory studies that
surtace applications of wheat straw at rates of 1.1, 2.2, and %4 ¢ ha? (equivalent 1o 30,
60, and Y0 percent surface coverage) reduced water Josses from an initially wet soil by 16,
33, and 49 pereent, respectively, over o 20-day period as compared with {oss from bare
soil. These types of experiments also shaw that the effectiveness « 7 .he mulch in
suppressing evaperation diminishes with time after drying. Black (1979) conducted ficld
studies with straw muleh rates up 1o 6.7 ¢ ha Fand found that available water an the end of
the faliow period was increased by S mm ! of straw mlch. Similarly, Unger (1978) in
the southern Great Plains., and Greb er ol £1970) in the central Great Plains, showed in
field studies that averape available stored water after the fullow period increased
sigmificantly wxd was positively correiated with increasing residue levels. The Greb e al.
(1970) study showed that most of the benefits from residues acerued during the winter and
when the interval between rains was short. ‘Their studies also showed that snow calch by
stubble was also an important source of swored water,
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"Tillage Practices

Tillage during fallow should be designed 1o facilitate water absorption during precipitation

and water retention during periods between precipifation events. Morcover. the number of
tillage operations shoukd be kept to @ minimum for the purpose of crosion control and
reducing farming costs. Where runot! is a problem, tillage may be necessary tu increase
the infiltration rate and enhance water penetration into the deeper layers. Water intake
rates and retention in the surface layers can be increased by tllage which feaves the
surface residue covered and rough with targe depressions on the surface for ponding
water. Concemratiog water temporartly in pockets proinotes deeper penctiation.

Tillage for the purpose of increasing infiltration should be accomplished ahead of the rainy
seison with best results when the soil is relatively dry. Chisel plows or blade-t pe
implements will create depiessions and leave residucs on the surface. A new ype of
implement that shows promise for reducing runotl s the Parapiow manufactured by the
Howard Company 1n the United Kingdom. The muchine is designed with an undercutiing
action o break traftic or compaction zones while creating very little disturbance to the soil
suriace and to crop residucs on the surtace, especialy appears (o have poteatial for
improving water infiltraton in areas with sloping soils. Jow amounts of surface residues.
and Jow water intake rates,

When ramfall becomes less frequent or ceases for the season. some uilage nity be
tecessary o stow evaporation and prevent losses from the deeper seil layers. Cultivation
breaks capitlary continuity with the stubsoil layers and hastens formation of a surface dry
fayer. Tillage for tiis purpose should be carried out belore high summer temperatures
oeear. Fhe Touse sorl maleh slows evaporation from the seedzone layer and Kills any
weeds that have escaped previous siliee or herbivide application. Tillage may have o be
repeited to reestablish the soil muich if rains reestablish liquid continuity through the
previous tillage layer,

Soil Tvpe

Soil type can influence water storage and retention during fallow through both water-
holding chinacteristics and conductivity properties. Sands have mach less capacity to hold
water than silts or clays, but sands generally have much higher infiltratien tes than finer
textured soils. Morcover, during extended dry periods and idgh potential ev poration.,
sands will Jose much less water than silts or clays because of their low water-holding
capacity and rapid decrease conductivity upon dryving.

Figure 3 shows a computer simulution ot change in water conteat starting wigh field
capacity for a sand, silt, and clay soil during a0 20-day period of high evaporative demand.,
Note that water foss oecurs progressively at deeper depths with shift from sand to the finer
textured soifs. This occurs becanne the st and clas sotls are at higher water contents
mitially and maintam higher unsaturated conductivitios over wider range of water
cantents than the sand and theretore maintain higher rates ef ligud flow over deeper
depths. The net effect is that sandy soils generdhy reiam water more efficiently than silts
or clay soits during extended drvieg. One reason that fallow eiticiencies are relatively high
m the Pacitic Northwest is that most of the dryland soils e coarse-textured (fine sindy
loams that border or grade mio sift Toamsy and Tose liquid continuity rather rapidly upon
drying. Water conservation is much more difficult on clay sorls because upward movement
ol water from deep fayers 1o the sarfice can continue relatively high rates for a long
time.

Firade names and company namies are inchisded for the benetit af the teader and do not smply endorsement or
preterenil treatment of the praduct by the 158, Department of Agncalture
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Because of differences i capacity and condvetivity relationships, water conservation
meastires Tor different sotls iy require different tillage managements. For example. a
tillage mulel s much niore important for conserving water for a clay soil during extended
hot. dry weather than tor o sands soil. The same is true {or infiltration during rainy
weither Becatse samds se more sorows and have higher infiltration rates than clay soils.

AN important voal mosonie des farming systeins is 1o maintain adequate water in the
seedzone during fallow Tor rapid establishment of the crop afier planting. This is
particularly so where the planting season follows a dry summer and it is desirable for
agronomic reasons o establish e crop ahead of fall or winter rains. Such is the case in
e dryland wheat reeion ot the Pacific Northwest where the ramy scason does not begin
antil Tate Tall o carly winter atter temperatures have cooled considerably. Establishment of
crops in lute summer (Augist or carly September) with deep furrow seeding can increase
winter wheat vields by 30 percent or more compared with late planting because of
improved wider use elficieney. Suceesstul carly establishment relies on carryover of
seedzone moisture fronn the previous winter through the hot, dry. summer fallow period.

Research conducted in the Pacific Northwest wheat region shows that « fine tillage mulch
is highly ¢lfective tor conserving seedzone water over summer for carly cstablishment of
winter wheat (Hammel e al. . 19812 Lindstrom er af., 1974 Pupendick et al., 1973). The
muleh must be established after the soil begins to dry in the spring and well before the
onset of hot, dry weather. Initial tillage is carried out with a sweep plow or heavy tandem

disk 1o a0 depth of 20 ¢mi. Subsequent operations are with a rodweeder, which firms the
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soil at a depth of 13 to 15 cm and leaves loose soil above. Firming the: soil below the
depth of tillage establishes liquid continuity between the seedzone and the moist subsoil
layers. The tilled layer bicaks capillary continuity between the surface layer and the
scedzone and, in additic n, thermally insulates the seedzone. The insulation effect of a fine
tillage mulch is sufficient to siow cvaporation from the scedzone so that losses of water by
diffusion through the dry layer are replenished by upward liguid Sow frou the subsoii
This keeps the seedzone from drying out and the water content fairly constant and
adequate for germination for a long time even under high cvaporative demand.

The tillage mulch is less important on sandy soils that have a tendency to self muich upon
drying. It 1s especially effective in conserving scedzone water in soils of high silt or clay
content which form cracks as they dry out.

Experiments with cariy fall establishment on chemical fallow (no-tili) have often been
unsuccesstul because the untilled soils tend to dry out too deeply by seeding time
(Lindstrom ef al., 1974). Exceptions oceur if timely rains occur Just ahead of planting to
sufficiently wet the seedzone. Research has also shown that a cloddy mulch is less
effective fo conserving seedzone waier during dry conditions than a fine mulch
(Papendic. ~ al., 1973). This is probubly a result of greater convective transfer of heat
and waler vapor in rough-tilled soil where there is 4 preponderance of large voids
interconnecting the scedzone with surface.

Conscrvation tillage is a coneept of farming designed to reduce Cnergy requirements, to
protece the soil from crosion, and increase water infiltration into soil without reducing crop
yields. It s noca new coneept and was first advocated for semiarid regions many years
ago for cconomic reasons. The U.S. Department or Agriculture definition of conservation
tliage is ““methods of farming that maintain adequate plant cover or residue on the land to
conserve soil and water while reducing labor, energy, and capital.” The main approach to
conservation tillage is 10 reduce titlage operations and use practices that conserve surface
residuces,

With today s agriculture, modern herbicides have made it possible to climinate some or all
of the tillage operations in the fallow system. In many cases this results in more effective
weed control, reduced erosion, and improved water conservation. Limitations with
conservation tillage systems are herbicide costs, broad-spectrum control of weeds with
herbicides. and inadequate cquipment for sceding through crop residues or in hard, or
rough-tilied seedbeds. Studies in the Pacific Northwest also show that there is greater
water loss in the upper 30 em of soil with chemical fallow (no-till) than with conventional
stubble mulch fallow. Because of the importance of breaking capillary continuity in the
surface layers during dry weather, chemicals will probably not replace tillage completely
for fallow for all soil typzs. However, some minimizing of tillage should be possible and
desirable for both erosion control and water conservation benefits.

There are a number of areas m dryland soil management in need of research to improve
fullow cfficicncy. These include the following:

b Determine tillage -residue manigement systems to maximize water conservation under
diffcrent soil and climatic conditions.

2)  Determine the water-conserving benefits of low amounts of crop residues typical of
uryland production, and management methods that optimize their value for water
conservation,

3) Determine how the value of crop residues for water conservation varies according to
rainfall distvibution during the fallow season and in relation to amounts of residucs
present and management metheds used.
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4) Determine the effect of weed growth (density, specics, time of growth during the
fallow period) on water loss during fallow.

5) Evaluate tillage-herbicide combinations on water conservation during fallow.
6) Determine the disappearance rate of surface residues for different crop, soil, and

climatic condivions and how these rates can be aliered by management methods to
maximize water conservation.
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Utilization of Crop Residues in Semiarid Regions for Effective
Soil and Water Conservation

C.S. Ofori
Food and Agriculiure Organizazion of the United Nations,
Rome, Iaiy

ABSTRACT. The techmology for efficient wtilization of crop residue for soil and warer
conservation in semiarid areas has heen well-developed in highly mechanized, large-scale
agriculture. Rescearch is further needed on various aspects of residue decomposivion rare,
development of appropriate tillage implements for various soil 1vpes and conditions, and
the development and tesiing ol new herbicides.

Under simall- and siedinm-scale Sarne conditions with limited adoption of mechanization,
options for the use of crop residies often exist. In such cases the integration of livestock
with crop production should be given high priority as an imtial step. Planted pasneres
using srass-lesiane nixnres shouid form « vitaf part of the Jarming system. Development
of tillage implements should he wiven high priority. Researcl showld be planned 1o find
solutions o local problems. while candiously attempting 1o iransper technology from similar
agroccological sitwations. Greater emphasis wecds 10 be divected ar the initial stages in
opimizing what the farmer can do by himself 1o enswre success and sustain production.

The role of organic matter in the maintenance of soil productivity is well-documented. It
contributes to soii physical. chemical, and biological properties and activities, the sum total
of which influences 10 o lrge extent the productivity of the soil. Soil aggregation,
acration, infiltration rate. cation exchange capacity. availability of plant nutrients, and
buffer and microbial activities are very much dependent on the level of organic matter
present in the soil.

The main sources of organic matter in cultivated soils are root remains of harvested crops
and remains of acrial parts of ciops. The latter is. however, not always left on the soil to
reeyele nutrients that have been taken up by the crops. Depending on the agroecological
zone, socioecononuic setting, and the farming systems practiced, these surface residues
may find various uses and are often lost compleiely to the farms.

The development of cropping systems in the various agroccological zones has brought with
it problems of resanree nanagement. in particular, the conservation oi' soils for optimum
production on a sustained basis. Such problems are more acute in semiarid zones where
farming under rainfed conditions has a high risk clement because of the variable weather
conditions. Soil conservation and. in particular. censervation of adequate moisture., are
essential in order 1o obtain reasonable crop yields.

Crop yields under smali farm management in semizrid zones are generally low. Soil and
walter conservation problenis on these farms limit productivity, and consequently, yields of
crop residues are low. Resources for developing effective conservation programs are
usually meeager or nonexistent. The use of crop residues could offer an opportunity to
improve soil productivity but the farmer is faced with the choice of alternate uses of the
residues produced. Possible strategies for optimizing the use of crop residues for soil and
water conservation by medium- and small-scale farmers in semiarid zones of the Near East
region are discussed in this paper.

The two important grain crops produced in the Near East region are wheat and barley.
Wheat grain yields have improved and average 1500 kg haland that of barley 1300 kg
ha ! (FAO. 19%4). These two grain crops are produced in areas with rainfall of 300 mm
or more following two-year or three-year rotations (Tamimi. 1981).+

T Inthe tworyear totation, wheat s totated with food legumes such as lentil and chickpeas, while in the three-

year rotations wheat, food legumes and sommer vepetable crops are rotated in arcas with high and reliable
rainfall, Fallowing iy i common pracoce i areas with rainfall of 250 mm or less (Tanuni, 1981).
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Crop Residues in Soil and
Water Conservation

Grain yi. «ds in semiarid agriculture are influenced by climate, soil, genotype. cropping
systems, and soil management. Particularly crucial in determining crop yield is the amount
of water available in the soil duving the cropping season. Wheat and barley yields in
semiarid agriculture could be much higher given adequate water conservation, tillage
practices. management systems. and the appropriate and requisite inputs such as fertilizers,
pesticides. and herbicides for veeed control.

The amount of crop residue produced by a crop bears a relationship to grain yield. In the
United States. residuc:grain ratios of 1.7 for wheat (Fenster and McCalla, 1970) and 1.5
for barley (USDA. 1975) have been used to estimate erop residue produced. Using these
ratios. the amount of crop residue available from wheat and barley vields in the Near East
region are 2360 kg ha band 1970 kg ha torespectivelys These quantities appear adequate
to contribu.e partiihly 1o soil crosion controb under good management and appropriate
tillage practices. However. the nain problem arises when other options for the use of crop
residues in the region sue considered.

Crop residue is the miain souree of aninial feed in the Near East region and almost all
residue from a winter wheat ¢rop is removed for livestock feeding (Rau-i, 1963). The
remaining stubble is grazed by large numbers of sheep fet into the fields ater harvesting.
The overstocking by itseil is i potential cause of soil erosion and consequent degradation.

In many arcas under rainfed small-scale agriculture in semiarid zones. the use of residues
for soil and water conservation is very limited. Tn addition to livestock feed. alternative
uses such as fuel, building. and rooling materials are attractive options which the s nall
farmers rate much higher thim the use of the residues for sotl and water conservation. In
some cases the cash returns from residues may even be higher than from the grains.

The options mentioned ubove necessarily involve exportation of plant nutrients from the
farm lands. Nutricnts are often fost to crop production sinee there is litts or no recyeling
of the nutrients in this type of 2gricubtural system. This situation is further aggravated by
the Tow level of inorganic fertilizer application in semiarid rainted agriculure. Estimates of
nutrients in wheat and barley crop residues produced in the Near East region are given in
Table 1.

Crop residue management is intrinsically associated with soil and water conservation
practices particularly i large-scale mechanized agriculture in semiarid zones. The various
management svstems such as leaving the residues on the soil surface, or shallow or deep
incorporation into the soil result m different effects on erosion control and conservation of
maisture.

Table 1. Estimates of Crop Residue Production, Wheat
and Barley, and Nutrient Renoval in the Near
cast Region,

Crop Grain Straw Nutrient Uptakey Total Area Total Yield
Yield+ Yield: U Harvestedt  of Crop
N P K Residue
.............. ke ha! o oo 0 oo L ha 107 { % 10
Wheat 1,500 2.560 17.2 1.8 RANR 21.500 55,000
Barley 1.310 1.970 14.8 a2 24.6 7.610 5,000

T FAO (198, includes irngated areas

b Straw/grain ratios are: 1.7 for wheat and 1.5 for barley.

§ Average N: P K concentrations i crop ressdues are .75, 0,11 and 1.25%, for barley and 0.07, 0.07 and
0.97% for wheat, tespectivels (National Plnt and Food Institute, 1962, USA).
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Intensive research work on tillage sysiems coupled with the development of planting and
tillage implements has contributed greatly to the effective utilization of crop residues in
dryland farming. Another major contribution is the remarkable progress made in recent
times in the development of heroicides.

The effect of crop residues on runctt has been well-covered by Onstad and Otterby
(1979). Residues left on the soil surface coritribute in various ways to water conservation
and crop production by intercepting the impuct of rain drops and thereby reducing soil
sur.ace deterioration, increasing rainfal] infiltration, decreasing evaporation from the soil
surface, and reducing excessive temperatures during hot periods. Other advantages include
provision ot organic carbon for soil microorganisms, soil organic matter, and nutrients.
St face-applied crop residues check wind and water erosion depending on the amount of
residue upplied.

Residues left on the soil surface show disadvantages such as their effect on the nitrogen
status of the soil (Smik i er al., 1967, and lowering of surface temperatures below the
optimum for germination in cold climates (Greb er al., 1970). Release of toxic substances
upon decomposition could also be o major problem to germinating seeds (Norstadt and
McCalla, 1968).

Van Doren and Allmaras (1978) pointed out that the potential benefits of residues on crop
yield depend upon initial soil physical conditions, soil drainage, precipitation quantitics and
distribution, amount, kind and disposition of crop residues, and ability to establish a
desirable crop and maintain satistictory weed control. This underscores the cautious
approach essential in transterring e results obtained under one set of conditions to other
situations without careful evaluation.

Considering the relatively scarce quantitics of residue available in semiarid regions, the
crucial question of quantity of residue required to achieve the desired soil conservation
cffect becomes important.” Woodruff er al., (1977) point out that different crops vary in
the effectiveness of their residuc 10 provide sufficient cover to prevent wind erosion as
shown in Table 2. It is evident from the data that wheat residue is more effective in
preventing wind crosion than sorghum residue.

Table 2. Kilograms of Residue Required per Ha to Hold
Wind Erosion to a Tolerable Level of 11 Mg

Ha'l Yr-I
Soil Wheat Residue Sorghum Residue Growing Wheat
Texturet - o -
Standing  Flattened Standing Flattened In On Smooth
Furrow  Ground
...................... ceenkghal Lo
Silts 500 1040 2020 2910 560 480
Clay and silty
clay 900 1790 3700 5320 1090 920
Loamy fine
sands 1180 2380 4700 6940 1340 1120

+ Silts with 50% noncrodible fraction greater than 0.84 mm in diameter, clay and silty clay with 25%
nonerodible fractions, loamy fine sand with 10% noncrodible fractions.



Strategies for Maximum
Utilization of Crop
Residues

'The quantity of straw adequate for effective moisture conservation is important. Unger
(1978) found one ton of straw per ha in sorghum fields conserves soil moisture without
decreasing soil temperature to a level where germination is affected. Black (1970) obtained
the best results with wheat yields using 1680 kg ha'!. T:quations developed by Singer and
Blackard (1977) provide an efficient method of estimating amounts of crop residues
required for different management situations.

The method of residue placement, the control of weeds, and the type and number of tillage
operations influence the effective residue coverage of the soil. Management systems,
therefore, play a decisive role in the effectiveness of the limited straw available. Under
Near East conditions, it would appear that if all the crop residue were to be used as
surface soil application (Table 1) under good management and similar climatic and soil
conditions, some degree of soil moisture conservation and crosion control could be
achieved as nracticed in the United States.

Various factors affect the quantity of residue remaining on the soil surface after its
application. Among these are climate, tillage operations, soil type, loading rate, and the
microbial biomass associated with residue decomposition. The rate of decomposition of
crop residues atfects the effective coverage of the soil surface by the residue for erosion
conirol. Residue on the surface will not decompose as rapidly as that which is ouried in or
incorporated into the soil. Chemical composition and those factors that affect the soil
environment influence the decomposition rate. Other factors that have the greatest potential
for altering the rate of decomposition in the soil are those that affect microbial growth and
activity (Parr and Papendick, 1978). Knowledge of decomposition rates is essential so that
residue management systems can be devised to control tie rate of decomposition
minimizing wind and water erosion and nutrient runoff losses (Elliott, 1986; Parr and
Papendick, 1978).

In some areas of the semiarid zones, termies play an important role in residue
decomposition, especially in warmer climates. Termites travelling below the soil surface
utilize crop residue for fond. Much of the residue left on the soil surface for erosion
control is consumed before the next cropping scason. The soil with no cover is thus left
unprotected at the start of the rains and is more vulnerable to water crosion. Termite
damage 1o growing crops could also be scrious in some arcas. Work carried out in East
Africa showed that the humus content of the soil could have much effect on the severity of
termite attack on crops. (Harris, 1954).

Crop residue management by either incorporation or burying it in the soil is largely
dependeiit on the availabil-ty of appropriate farm machinery and draught power. These
residuc management systems are less effective as soil erosion control measures. However,
residue recycling increases soil productivity through increased organic matter, improved
soil structure and water infiltration, and enhanced microbial activity and supply of plant
nutrients upon decomposition. Results of long-term experiments conducted in semiarid
areas in the United States. with annual rainfall of 280 mm for a period of 18 years,
showed a net gain of organic matter under conditions of returned residues (Smith er al.,
1946).

Mechanized Farms

Much research on the utilization of crop residue for erosion control and moisture
conservation in semiarid agriculture has been carried out in the last three decades in the
United States (Oschwald, 1978 Dregne and Willis, 1983). The development of special
tillage and planting equipment coupled with progressive adoption of no-tillage or minimum
tillage practices has contributed to the cfficient use f crop residue in soil and water
conservation. Furthermore, specialization of farm enterprises in either crop or a.imal
production has resulted in noncompetitive uses of crop residue on farm lands. In some of
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those farms excess residues are often burned causing air pollution and other environmental
problems resulting from lack of soil protection (Parr and Papendick, 1978).

Although a large volume of rescarch data is available under highly developed and
mechanized agricultural practices. more rescarch on crop residue management “inder
semiarid conditions is wdvocated 1o promote its wider application. Possible lines of
approaci have been summarized by Parr and Papendick (1978). These include:

b Evaluation of the quantity of residue actually needed to protect the soil from erosion
and o maintain its tlth and productivity.

) Athorough understnding of the factors affecting the decomposition of the residues by
IHCTOOT Zinisis,

3) Determination of the nature of phytotoxic constituents resulting from the
decomposition of crop residue and possible breeding and selecting crop varieties
specitically for conservation-tillage systems.

4> Monitoring of plant discases and insect and rodent infestation.

5) Development of tllage and harvesting machinery 1o achieve desired residue
management objectives.

Small- and Mediem-Size Farms

in farge parts of the world. food production is mainly on smll- and medium-size farms.
The use of farm machinery is very much limited on these farms. and in some cases,
nonexistent. Crop residues generated from these farims are hardly wtilized for soil erosion
control. Such residues have high vadues as feedstock or sometinies domestic fuel. In the
Near Lt tor exampic. winter wheat residue is mainly fed o sheep. There 1 at the same
time the »rgent need tor conservation practices 0 control some of the serious erosion
probilei, m the region.

One of the possible strategies of developing efficient utilization of crop residue o maintain
soil productivity in semiared arcas is through the integration of livestock into the farming
system. Planted pastures could form a part of the crop rotiation and the residue could be
fed 1o the livestock. The manure produced could be applicd to the Tand for maintenance of
soil ferility

Effect of Fallows

Fallowing i practiced in large parts of semiarid zones as @ means of conserving soil
moisture. The water storage efficiency of various falows niay differ greatly depending on
the management system. e.. weed control, straw mulch management, and the number of
tillage operations. Smika and Whittield (1966) and Smika and Wicks (1968) save water
storage efficiencies for the Central and Northern Great Plains of the United States as 2510
45 percent. Figures quoted by Fvans and Lemmon (1957) amd Legpett er al. (1974) Tor the
Great Pluns range from 15 10 33 pereent,

Large arcas of wainfed agricihural Linds are fallowed in the Near East region. Smith
(1979) estimated that 55 percent of the rainfed lands are left m fallow cach year. Loizides
(1979) pointed out that the fallow estimates for the Near East region are inflated and that
these might include land cropped at irregular intervals in the 200 to 250 mm rainfall zone
as well as nonagricultural marginal lands devoted 1o rough grazing in the higher rainfall
areas.
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Improved methads of fallowing significantly increase the yields of succeeding crops. Greb
(1980) veported that the yield of wheat from a wheat/fallow rotation in the Central Great
Plains (United States) was doub'ed in the last forty years. Similar increases in wheat yield
resutung from fallows were obtamed in Australia. Loizides (1979), however, reported that
under a Mediterrancan climate fallow does not result in any significant increase in the
amaunt of water available to the next crop. The reasons underlying this are not clear and
the subject merits greater attention. Some of the falows in the region could be profitably
replaced by plunted forage legumes such as medics and clover in rotation with winter
cereals.

The introduction of the ey farming system of Ausiralia in some ot the countries in the
region holds much promise for more effective utilization of the fallows. Such farming
systems. it well-managed, enhance organie reeyeling in the agriculural system and
mcrease soil productivity.

Tillage and Weed Control

Tillage implements have a major influence on the utilization of crop residues for soil and
water conservation. Tillige provides means by which crop residues are managed, that is,
left on the surface. mixed m the shatlow Liyers or buried beneath the soil surface. In
agricultural svstems where simiple implements are in use without even animal draught
power. crop residues, 1 available, dre usually burat to enable the farmer to reduce his
labor inpat into seedbed preparation. The development of tlfage implements and the
adoption of appropriate ttlage methods are closely linked. Strategies for efficient use of
crop residue for soil and water conservation must therefore, first and foremost, be worked
oitt 1o solve tllage problems i the specific agroccological zones. The increasing rate of
adoption of conservation tllage or no-tillige systems in the semiarid arcas of the United
States. the great advances made in the development of appropriate tillage implements, and
more cifectve herbicides have contriouted to greater and more efficient management of
crop residues for soil erosion control and conservation.

Wead control is o major probleny facing the small tarmer, particularly m semiarid zones
with severe crop weed competition for the limited amount of moisture available. Research
into suitable, less expensive herbicides needs o be carried out as @ part of conservation
tflage development.

The need for traming cannot be over-cmphasized in the overail development of
conservation tiltage and ctficient atilization ot crop residues. Tamimi (1981) pointed out
the substantial comtribution that the misuse of farming machinery and lack of training of
operators has made o the problem of soil degradation in the Near East region.

A direet transter of technology unfortunately does not always provide the appropriate
solutions o the problenss meother senarid arcas. The approach should be to develop
stttable . well-coordinated rescarch progriuns taking into consideration socioeconomic
conditions., and particularly farners” practices. Krishnamoorthy (1980) pointed out that for
technology transter to be useful o a small farmer. the first approach would be o optimize
what the farmer can de by hinisel

A research program biased on the team approach s necessary to test some of the solutions
to crop residue management probiems aready obtained under well-developed, highly
mechanized agriculural systems in other semiarid zones. At the same time new programs
should be developed based essentially on problems specifie to the local conditions.
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Traditional Use of Organie
Wastes in Agriculture

The beneficial effects of organic wastes on soil physical properties are widely known
(Allison, 1973, USDA. 1957y as evidenced by increased water infiltration, water-holding
capacity. waler content, aceration. permeability, soil aggrepation and rooting depth, and by

decreased soil erusting, runott. and bulk density.

The porpose of this paper is 10 present some new perspectives and strategies that may help
fo inst e the etficient and effective use of organic wastes 10 reduce soil erosion and to
impros = soil productiviey and tlth in both developed and developing countries.

Developing counries e traditonally used organic materials such s animal manures,
crop residues. green manures. and composts 0 maintain o inprove the productivity ., tilth,
and tertility of thewr agricultural soils. Such materials also were the principal sources of
plant nutricnts in Linted States agriculture until the fate 19405 and carly 1950s when
farmers began to replace them with chemieal fertilizers. With the beginning of the Green
Revolution in the carly 1960s . most developing countries began to replace organic
recycling practiees with chenueal tertilizers applied to high-yielding cercal varieties. which
required irrigation and freguent use of pesticides. Conseguently, the importance of
recycling orgame materials s nzintaning soil productivity and controlling soil erosion was
neglected. As aresalt the agriculturad soils in both developed and developing countries
nave und-rgone serious degradation with resalting loss of productivity because of excessive
soil erostion and nutrient runoff losses. Morcover. as soil productivity declines there is
ustally & concomitant decrease methe crop use citicieney of applied chemical fertilizers.

I the carly 19705 there was renewed aterest moreeychng organic materials in developing
countries tor sotlmprovement aid plant growth becaus of steadily rising energy costs
and the uncertan avanlabiliny of chenucal tertlizers. Subsequently . the Food and
Agriculare Orgimzation (2AO) of the United Nations convened @ series of regional
workshops o cmphasize the value and importance of organic wastes as soil amendments
and fertihzers, and 1o remroduce both established techniques as well as new methods and
pracuves tor thew utizaton onagncmtural Linds. One such workshop was held in the
Near Bistregion (A, 1978

The proper management of orgamie wastes and residues trom hoth agricultural and
muvcipal sourees) onknd provides the best means we hine for protecting agriculral
ol from wind and water eroson, preseating nutrient fosses through runof 1 and leaching,
and = nantonmg and restonmg the prodactivity of degraded soils. Haucek (1981)
estitaiad that recschng of oreime materials onagricultural lands in developing countries
could contribute more than S0 percent of the mercased food production that will be needed
worldwide i the years whead

At important concept that is otten overlooked and ilustrated in Figure 1 s that for most
agricubural sotlssdegradive processes such as soil crosion. nutrient runoft losses., and
organic matter depletion are gomg on simultancously with conservation practices such as
residuc management. crop rotations. and conservation tillage (Hornick and Parr, 1987).
The potential productivaty of patticular sorl then depends on the interaction of degradative
processes and conservation practices. On our hest agricultural soils, ¢.g.. gently sloping,
medium-testured. welb stractared, and with @ deep opsoil. i high level of productivity can
be mamtaned by arelatively iew. but essential, conservation proctices that can readily
olfset most degradative processes. However. on marginal soils, ¢.g.. steeply sloping,
coarse-teatured. poorly siructured, with shal w depth, and low fertility, soil conservation
practices must be mastized o oftset further degradation. The vital component in this
dynanuce equitibriuny s soil organic matter which is maintained and replenished through
periedic apphications of organic wastes and residues.

279



Surveys of Organic Wastes
and Residues
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Soil Degradation Soll Conservation
Processes Practices
Soil Erosion Conservation Tillage
Nutrient Runoft Crop Rotations
Waterlogging Soil Improved Drainage
Desertification = ! .- Residue Management
Acidification / P'OC’UC"V'W Water Conservation
Compaction Terracing
Crusting Contour Farming
Organic Matter Loss Chemical Fertilizers
Salinization Organic Fertilizers
—

Figure 1. Relationship of Soil Productivity to Soil Degradative
Processes and Soil Censervation Practices (Hornick and
Parr, 1987).

Most developing countries have never conducted mvertories on the types, amounts, and
availability of organic nuaterials that could be utilized as fertilizers aad soil amendments on
agricultural lands. Such information should be an essential part of national planning
documents for the development, conservation, and management of the natural resource
base (FAO, 1975).

s information is not readily available in developed countries either. For example, the
Food and Agriculture Act of 1977 (PL 95-113) mandated the U.S. Department of
Agriculture to prepare a report for the .5, Congress on the “practicability, desirability,
and feasibility of collecting. transporting, and placing of organic wastes on land to
improve soil tilth and fertility.” A sk foree was inmediately assigned to compile the
necessary, but then nonexistent. information on the hinds. amounts. and availability of
organic materials that could be used us alternative fertilizer sources. This information was
urgently needed because of the growing concern for the elfect of xeessive soil erosion on
the loss of soil productivity . and the potential tmpact of agricaliural chemicals, both
fertilizers and pesticides. on envirenmental quality (USD A, 1978).

A summary of the USDA report (Table 1 shows that approximaweiy 730 million dry Mg
OF OFZUmic Wasles. COmprismg seven major catc gories, werrs produced by the United States
m 1978 When one waleadates only the fertilizer vidue of the matersals in terms of their
content of macronetrients, Le.. nitrogen, phosphorus. and polassium, 1t represents a
national resource of significant cconomic value. More than 56 pereent of the total is
comprised of crop residues, and about 22 percent consists o+ animal mwanures. Thus,
agricultural wastes, e, crop residues and animal manures., represent about three-quarters
of the total annual production of organic wastes in the United States. The USDA report
shows tivir considerable amounts of these two wastes are already being recyeled on land,
and the probability of increased use on fand is low. Sewage <ludge and septage make up
only 0.5 percent of the total production. However. since these data were compiled, the
amount of sewage sludge currently applied o land has increased from 23 1o more than 40
pereent.

The other four waste categories listed in Table 1 have not been used extensively on
agricultural Tands because of certam comnetitive uses: high cost of collection, processing,
transportation. and application: and constraints on usage due o certain undesirable
chemical and physical properties. For example. industrial wastes may contain highly toxic
organic chemicals: Togping and wood manufacturing wastes may have ready markets as
fuel and specialized construction materials; and municip: ] reluse, even though shredded,
may detract aesthetically when applied to land because of fragments of glass, plastic, and
metal.
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Value of Urganic

Materials as Fertilizers
and Scil Couditioners

Table 1. Aunual Production of Organic Wastes in the
United States, Current Use on Land, and
Probabhility of Increased Use (USDA, 1978).

Organic Wastes Total Current Use Probability of
Production on Landt Increased Use
on Landi
dry Mg x 1000 % of total %
Animal manure 158,730 21.8 90 Low
Crop residucs 391,009 53.7 68 Low
Sewage sludge and
septage 3,963 0.5 23 Medium
Food processing 2.902 0.4 (13) Low
Industrial organic 7,452 1.0 3 Low
Logging and wcud
manufacturing 32,394 4.5 (5) Very low
Municipal rctuse 131,519 18.1 (n Low
Total 727,969 100.0 - -

1 Values in parentheses are estimates becatse of insufticient data.
1 Medium indicstes 4 likely increase of 20 0 30%, low indicates a 5 to 20% increase, and very low indicates
less than o S% ncrease.

The acral value of organic materials as fertilizers and soil covditioners is often not
properly accounted for. The «implest and most common methed of estimating the value of
orgaiic materials is to considzr them as substitutes for chemical fertilizer- that the farmer
would otherwise need to purchase. This is done by using the current market value of the
plant nutrients they contain, and is vsually limited to theiy macronutrient content, i.c.,
nitrogen, phosphorus, and potassium. This method was used to establish the value of beef
manure, ¢rop residues, sewaye sludge, and municipal refuse reported in Table 2. Of these
matertals, sewage sludge has the highest nutrient content and is worth ebout $43 ton-t.
Bee!f manure has 1 somewhat similar nutrient content and is valued at $40 ton'!. Most crop
residues an municipal reruse have considerably lower contents of the three macronutrients
and are worth caly $13.40 and $6.70 ton-!. respectively,

Table 2. Content and Value of Nutrients Per Dry Mg of
Organic Waste (USDA, 1978).

Organic Material Nutrients Value+t
N P,04 K,O
............. Do e $ Mgl
Beef manure 4.4 2.5 2.9 40.0
Crop residues 1.1 0.5 24 13.4
Sewage sludge 4. 4.6 0.5 43.0
Municipal refuse 0.70 0.5 0.4 6.7

T Value per kg of N, Py0, and K,0 was set at $0.40, 0.51, and 0.24, respectively.
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Special Management
Practices for Utilization of
Organic Materials on
Land

However, many organic materials contain other compoenents in addition to organic matter
and macronutrients (N, P, K; that can contribute significantly to higher crop yields. These
include secondary nutrients (S, Mg). micronutricnts (Cu. B3, Zn, Mn, Fe, Mo), and
sometimes lime. When these constituents can substitute for plant nutrients that the farmer
would have to purchase. the value of the organic material increases accordingly. On the
other hand. some organic materials may contain such constituents as soluble salts, heavy
metals, and hazardous organic cheniicals that could adverscely affect soils, plants, animals,
#nd the human food chain. Some organic materials such as erop residues may have very
high C:N ratios which would reflect o low N content and a slow rate of mineralization and
release of inorganic N. Other materials such as food processing wastes may have unusually
high levels of acidity or alkalinity. Such properiies would likely reduce the value of these
materials as fertilizers and soil conditioners.

In some cases. the organic components of « particular material may have a higher
monetary value than that of its wial nutrient content because of the beneficial effect of
organic mutter on soil physical propertics and improvement of soil productivity. This is
especially true when ceiain organic materials such as composted sewage sludge are used
to restore the productivity of severely eroded agricultugal soils. or 1o reclaim marginal
soils (Hornick. 1982).

The rate at which organic materials decompose or mineralize in soil is highly variable
depending on their chemical and physical propertics. and soil environmental conditions
mcluding temperature. moisture, acration, pH. and mode/method of application to soil
(Parr and Papendick. 19781, Nevertheless. oraanic materials have a greater residual effect
on soil fertility than most chemical fertilizers because of the slow-release character of the
nitrogen and phosphorus components. Thus. a signiticant portion of the value of organic
materials as fertilizers is their capacity 1o elicit vield responses from suceeeding crops.
This response must be accounted for to assess the true value of the material, Barbarika et
al (1980) estimated that the cumulative cconomic value of some organic materials applied
to agricultural soil could be as much as tive times greater in succeeding years than the
value realized during the application vear.,

There are many problems involved in handting and applying organic wastes to land
because their physical characteristios are so variable, Such wastes are almost always bulky,
and can range from liquid on one extreme 1o dry solid material on the other. Existing
application technologies are often incffective and fail 1o achieve the desired level of
crosion control or increased crop production. Thus. special management practices may be
needed to obtain the full value of organic materials as fertilizers and soil amendments.
Such methods must be simple. cost effective. energy conserving, and effective for nutrient
cycling and crosion controf.

An example of a particularly effective soil erosion control measure for sleping lund is that
of vertical mulching. a procedure which Incorporites organic materials such as erop
residues into a vertical channel 30 to 40 ¢m deep and some 1010 12 em wide at the soil
surface (Parr. 1959). The operation is usuatly conducted on the contour at intervals
ranging from 5 to 10 m. A recent modification of this procedure s referred to as slot
mulch and has been demonstrated as an effective means of controlling crosion on steeply
sloping lands in the winter wheat arca of castern Washington State (Saxton ¢r al., 1981).
Both techniques are highly effective in miereepting runofl, enhancing root penetration and
development, and providing for effecave water conservation and storage for crop use.
Although several types of machines have been designed for these operations, similar
results could be achicved using hand labor.

This concept of residue management may have application in developing countries for
restoring the productivity of sloping fands that have suftered from severe soil erosion,
Besides crop residues. other types of oreanic materials., ncluding composts, could also be
atilized i the vertical mulch or <ot mulch procedures.,



Composting to Enhance
the Usefulness and
Acceptability of Certain
Organic Materials

Anather concept that may have considerable merit for increasing the cost-effectiveness of
composted organic wastes is that of localized placement in contoured bands on sloping
lands, or in conjunction with broad bed-furrow systems. Composts are more expensive
than raw wastes, but provide an essential stable form of carbon that imparts a greater
residual effect on soil properties. Thus, rather than attempting to treat an entire tract of
cropland, it may be much more effective 1o follow a localized placement approach with
seed sowing or transplanting ot seedlings directly into the treated zone.

Some of the problems associated with the utilization of various organic wastes (e.g. odors.
human pathogens. and storage and handling constraints) can be resolved by composting.
Composting is an ancient practice whereby farmers have converted organic wastes into
useful materials that provide nutrients for crops and improve the tilth, fertility, and
productivity ol seils. Thiough composting, organic wastes are decomposed., nutrients are
made available to plants, pathogens are destroved, and malodors are abated. The historical
aspects of composting have been thoroughly discussed in reviews by Gotaas (1956 and
Golucke (1972).

The Uls. Depurtment of Agricuiture at Beltsville. Maryland has developed the highly
successtul Beltsville Acerated Rapid Composting (BARC) Mcethod for composting sewage
sludge, animal manures, municipal refuse, and pit latrine wastes (Parr er al., 1978
Willson er al.. 1980). This method has been widely adopted by both targe and small
municipalities throughout the United States for conmposting sewage sludge and solid waste.
A number of developing countries have also adopted this wehnology for composting. The
method s simple and relatively inexpensive. vet elfective, and allows considerable tradeoff
between labor and capital.

In the BARC Nethod (Figure 2y sewage sludges ranging from 15 to 25 pereent solids are
mixed with woodchips as o balking material and then composted in a stationary acrated
pile for 3 to 4 weeks. Sludges v this high moisture range will not readily compost
acrobically because sufticient air cannot penetrate the biomass, either naturally or through
forced acration. Thus. it is essential to mix the shudge with bulking material to provide the
necessary stracture and porosity (o facilitate forced aeration. The bulking material also
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fowers the moisture content of the sludge thereby ensuring rapid aerobic/thermophilic
comwosting. Aerobic conditions are maintained by drawing air through the pile with a
blower connected to a loop of perforated pipe in the pile base. Other bulking materials that
could be used include leaves, refuse, paper, peanut hulls, straw, corn cobs, and wood
bark.

As shown in Figure 2. air is drawn into and through the composting biomass and finally
exhauster! into a small pile of screened, cured compost where odorous gases are effectively
absorbed. The pile is blanketed with a 30 1o 40 em layer of screened compost for
nsulation and odor control. Uniform temperatures are maintained throughout the pile with
a timer progeammed to operate the exhaust fan on a predetermined intermittent cycle.
Within three days after composting begins, temperatures are well into the thermophilic
range (60 to 70°C) and remain there for several weeks. This ensures comiplete destruction
of enteric pathogens. There are now more than 50 BARC-type composting facilities
operating in United States cities and municipalities with 25 other in various stages of
construction and development (Goldstein, 1985).

Composts provide a more stabilized form oi organic matter than raw wastes and can vastly
improve the physical properties of soils. For example, addition of sludge compost te sandy
soils will increase their ability 1o retain water and render them less droughty. In heavy-
textured clay soils, the added organic matter will increase permeability to air, and increase
water infiltration thereby minimizing surface runoff and increasing water storage. Addition
of sludge compost to clay soils has been shown to reduce soil compaction, lower the bulk
density, and increase the rooting depth.

Hornick er al. (1984) discussed the uses of sewage sludge compost for soil improvement
and plant growth including 1) establishment, maintenance, and production of turfgrass and
sod, 2) usc in vegetable gardens, 3) productioz: of ficld crops and forage grasses, 4) use
on nursery crops and ornamentals, 5) use in potting mixes, and 6) reclamaticn and
revegetation of disturbed lands, This paper provides recommendations as to time, methods,
and rates of compost application for different soils. and management practices.

Some organic wastes may have chemical, physical, and/or microbiological properties that
would greatly limit the extent to which they could be composted alone. For example, some
wastes may have an extremely acidic or alkaline PH. others may have unusually high or
low C:N ratios, and still others may vary widely in their solids content. In such cases,
selective co-composting of these wastes with sewage sludge, pit latrine waste or night soil,
municipal solid waste (i.c.. garbage or refuse), crop residues, animal manure, food
processing wastes, and certain industrial wastes, may alleviate these limitations and
provide a readily compostable mixture and a higher quality product (Obeng and Wright,
1987).

There are .« number of factors that can affect crop quality in the rehabilitation of degraded
agriculral lands with organic wastes. These include the chemical properties of the
organic fertilizer, the soil characteristics or soil environment, and the crop cultivar.

As mentione  ecarhier, organic wastes ~an differ widely in their physical and chemical
propertics. Some wastes such as cereal straws and composted animal manure and sewage
sludges are more resistant to microbial attack. This higher level of organic stability
provides a distinct advantage in the initial reclamation of marginal soil because it imparts a
beneficial and long-term improvement of _oil physical properties and in turn increases the
plant usc efficiency of nutrients. It has been shown that the addition of lime and chemical
fertilizers alone is not adequate to restore acidic. eroded. infertile sand and gravel spoils to
an acceptable level of productivity and stability over the short-term (Hornick, 1988).



Summary and Conclusions

Generally, differences in mineral composition of the organic wastes are largely responsible
for differences in the macro- and micronutrient contents of crops grown on reclaimed
lands (Hornick, 1988). Differences in nitrogen mineralization rates, however, affect not
only yicld but the ascorbic acid (i.e., vitamin C) content of leafy vegetables. Hornick and
Lloyd (1986) showed that increasing rates of inorganic nitrogen fertilizer decreased the
ascorbic acid content of kale. Earlier experiments with increasing rates of composted
sewage sludge and beef feedlot manure also showed an inverse effect on ascorbic acid
contents. The different levels of ascorbic acid in crops grown on soils with the two
wastes, were attributed to different rates of nitrogen mineralization.

Often the effect of cultural and nomagement practices on the nutritional quality of crops
has been liscounted while the crop caltivar has been considered #s the most important
factor. Traditionally, plant breeders have selected crop cultivars ind new varieties for their
high yields and resistance to inseets and diseases. However, there is a growing concern
that selection criteria should also include resistance o environmental stresses, i.c., drought
and higiv temperatures, as well as nutritional quality. and even the bioavailability of
nutrients consumed.

There is a growing worldwide shortage of good quality organic wastes for usc in
maintaining and vestoring the tilth, fertility, and productivity of agricultural soils. Indeed,
most of our traditional agricultural wastes in the United States, i.c.. animal manures and
crop residues, are currently eing recycled on agricultural land. These wastes are often of
limited availability in developing countries because of such competitive use as fodder, fuel,
and fiber.

Both developed and developing countries need to conduct periodic inventories on the
kinds, amounts, and availability of organic materials that could be utiized as fertilizers
and soil amendments, and especially municipal wastes such as garbage (refuse), sewage,
and nightsoil. Composting techniques arc available to minimize environmental hazards and
health risks. and to overcome certain chemical and physical constraints that would limit
their use on agricultural lands. Because these materials represent a potential source of
considerable agronomic and economic value, their proper and efficient use as fertilizers
should be emphasized by national governments in promoting the development of
environmentally sound. economically viable, ard resource-cfficient farmiag systems.

Most organic wastes and residues are lew in their content of macro- and micronutrients
comnared with chemical fertilizers. However, rescarch has shown that crop yields arc
consistently higher when organic materials are applied in combination with chemical
fertilizers than when either one is applied alone. This would suggest that organic materials
can inerease the efticiency of chemical fertilizers and, if so, farmers might be able to
reduce their fertilizer and energy inputs accordingly. Research is needed to evaluate crop
yield response to various combinations of organic and chemical fertilizers and to determine
what agronomic. nutritive, energy. and economic trade-offs are possible.

Research is also needed to improve the efficient and effective use of organic materials in
cropping systems. Studies should be conducted to establish the best mode/method of
application to soil (i.c.. surface mulched, plowed down, disked in, or sidedressed), proper
rate and time of application, best sequence of crops to be grown, and the ratz of release of
nutrients. A better understanding of the interaction of these factors would provide a more
reliable basis for using organic wastes to restore the productivity of degraded agricultural
soils.
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Response Farming for Improvement of Rainfed Crop
Production in Jordan

J.1. Stewart
World Hunger Alleviation through Response Farming, Davis,
California, USA

ABSTRACT. Ruinfed wheat production in Jordan is limited by low and variable rainfall.
Farmers traditionally delay planting until the onser of the rains and adjust their wheat
hectarage based on the amouar of early rainfall relative to normal. Variable rainfall also
limits farmers” incentives for mvesting in costly inputs which would raise crop yields,
Long-term rainfall records show thar total wheat season rainfull is directly related to the
date on onser of the rainy season, that is, the carlier the onset, the ligher <he rainfall
expectations, and the higher the wheat vields. Improved local rainfall forecasts early in the
growing season, and vield predictions based on wate. rroduction functions and rainfall
Jorecasts can strengthen furm level decision-making in this environment.

Response farming is a flexible farming svstent based on a rainfall forecast followed by an
anpropriate agronomic response. The date of rainfall onset is used to predict seasonal
raiafal’. Recommendations tor crop selecrion, planting practices, and inputs then are
adjusted 1o that expectation through the use of water production fiunctions. Response
Jarni ag combines the best bet recommendations Jor wheat production developed by the
Jordan Cooperaiive Cereals nprovement Project witl farmers traditional practices to
improve wheai vields in years with high or medicn ramfall and to reduce losses in vears
witlt low vainfall. It is hoped thar oy aproach may he adopted with more confi ‘ence by
the growers since i is based oxn their taditional knowledge and heliefs.,

Crop yields and ccoiomic rewrns i1 the rainfed sector of lordan arc, generally speaking,
limited by water. However, extreme vainfall variability from one year to the next, rather
than rainfall amount per se. s the greaver part of the problem. The practical meaning of
the variability is that any single fixed farming system which one might devise will be
poorly suited 10 the actual water supply in-a majority of cropping scasons. What is needed
is a flexible farming svstem which cach weason emphasizes those crop types (within the
overall system) and utitizes those levels of inputs such as seed rates and fertilizer
application rates. herbicides. posticides, ete.. which will maximize yields or economie
returns per unit of available water supply.

A companion paper titked “Mediterrancan-Type Climate. Wheat Production. and Response
Farming™ shows there is sufficient predictability in Mediterrancan rainfall, including
rainfall in Jordan, 10 make the needed flexible farming system a reality. The indicator of
rainfall amount and duration through the approaching rainy period is the date of onset.

Mediterrancan rainfall records show clearly. with probability <0.01. that total annual
rainfall and rainfall durmg the wheat growing period decline in actual rainfall amount and
duration with delaved onset of the ratny period. In practical werms this means a farmer
faces a markedly different set of ramfall probabilitics if the rain begins in November than
if it beging in December or Later. The record shows that cach period when onset might
oceur carries with it a range of possible rainfall occurrences. but the range for cach period
is greatly narrowed over that one sees when considering the entire rainfall record, A
narrowed range of possible raintall amounts and durations means casier and more accurate
decision-making by the lurmer,

Response farming is a term used 1 desceribe o fleaible farming system based on a rainfall
forecast followed by an appropriate agronomic response. The rainfall forecast is that
described above. The response lies in the decisions the farmer then makes about how he
will operate i the upcoming season 10 make the best use of the expected water supply. It
should be noted that the response tarming method has as much applicability in animal
production systems s in cropping. and in irrigated as well as rainfed agriculture.
However. the focus of this paper is rainted crop production.
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Jordanian Rainfall
Characteristics and
Predictability in Relation
to Wheat Produetion

The response a farmer makes to a given rainfall forecast may affect many aspects of his
operation, for example, preplant tillage. Pending wet conditions may require sloping
cultivation 1o facilitate runoft of excess water to avoid waterlogging the crop or soil
crosion. On the other hand, a forecust of dry or moderatzly moist conditions would calt
for flat tillage to assure retention ot &ll rainfall.

Early onset, indicative of « long rainy scason with relatively lugh total rainfall, wou'd
require emphasis on long season crops/varieties with higher water requirements and greater
value in the markee place. In this instance, production for the market, in addition to
subsistence, would be anticipated. Higher production levels should be supported by higher
input levels, including (frequently) higher seed rates for increased plant populations; higher
nitrogen fertitizer appiications plus associated nutrients as needed; herbicide and pesticide
use as rezuired to protect the enhanced production: arrangement for augmented harvesting;
storing and marketing assistance: and other factors as applicable.

Late enset, indicating a short rainy period with relatively low total rainfall, would require
much different decisions. often the opposite of those above. In many cases in Jordan, late
onset miay dictate switching crops altogether 1t will also be shown that Jordanian farmers,
particularly those in cropping arcas with 250 to 400 nan mean annual rainfall, are already
aware of the implications of late onset of the rains, and respond to it by reducing planted
acreage. changing crop types, and other measures. They may be less aware of the good
impiications of carly onset of the rains and how they might profit from increased input
levels, ete. in those years.

This paper concerns both the rainfall forecasting and response aspeets of respounse farming.
Published meteorological and crop yield data from jordan are used to illustrate how this
approach might work for farmers in the low rainfall zones of the Amman and Irbid
Governorates.

The data have been used o develop witer production functions which show historical
relationships between crop vields and rafall in the study arcas of Jordan. Seven crops,
wheat. barley. chickpea, lentil, veteh, tobacco. and olive, were considered. As might be
imagined., these relationships. drawn from crude and limited data, are only presented as
Hlustrative. The purpose is twofold: 1) 10 suggest the natere of the benelits 1o be gained
from the response farming approach and 2) to urge the establishment of o research
program to develop water production functions and related transferable equations in
Jordan. The usctulnes. of the latter is also Hlustrated in this paper by introducing
transferable information on wheat-water relationships developed in research at the
University of California at Davis.

The study arca covered i this paper is the northern Jordanian Highlands from Balga
Governorate in the north throusts Irbid Governorate into the portion of Amman
Governorate around ang jusi south of the ity of Amman. Mean annual rainfall is high in
Balga (560 mn1) and in Ajlun District (543-599 mm) in the northwest of Irbid
Governorate. Rainfall is moderately high in Kura (402-490 mm), Irbid (455-481 mm), and
Jerash (444 mm) Districts of Irbid Governorate. then fairly low in the Ramtha/Rikab areas
(219-263 mm) of southeast Irbid and 1 Amman (278 mm). Some of the discussion will
cover all of these areas but most will focus on rainfall up to 400 mm.

The companion paper mentioned carlier presents scatter diagrams which relate total annual
rainfall to the actual dates the rains effectively began for wheat production (date of onset)
in cach of 31 years of common record at sites in Morocco, Cyprus, and Jordan. This
west-cast transect across the Mediterrancan indicates that onset may occur anytime in a
period of several months, and that cach day that onset is delayed reduces the amount of
ainfall to be expected in the seasen, as well as the duration of the rainy period. Details of
the history of this phenomenon, as it relates to rainfall in the wheat production scason in
Jordan, may be seen in Figure 1.
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Figure 1. Decline of Wheat Season Painfall Amount with Later
Onset of the Rains in Amman, Jordan, 47-Year Rainfall
Record from 1937/38 to 1983/84 Inclusive. Data Points
Represent Years and Expected Wheat Yield Levels Are
Indicated.

Figure 1. like Figure 3 the companion piper. shows how the amount of rainfall at Old
Amman Airport varies with the date of onset of the rainy scason. But Figure 1 differs
from the information in the companion paper in two ways. The rainfall record examined is
lengthened from 31 w0 47 years. and the measure of rainfall is changed from total annual
to total wheat season rainfall. The later excludes ineffectual rains prior to onset and any
rainfull after May 31 when the wheat is presumed mature,

Mean annual vainfall at Amman over the pediod of record was 278 mm while mean wheat
season ranfall wis 247 mm. or 89 pereent of the former. Therefore, it is not surprising to
see that the phenomenon of declining scasonal rainfall with delayed onset is similar in both
representations. The regression equation quantifying this effect (Figure 1) is based on 44
of the 47 years of data. because effective onset for wheat production never occurred in the
other three seasons. They are represented by the larpe inverted triangle at the lower right
side of the figure. In statistical terms the regression is significant at the 1 percent level,

Higure 1 shows that onset ‘or wheat production at Amman (defined as 30+ mm of rainfall
accumulated in the seedbedy may oceur anytinie from November to February inclusive,
with December 22 as the median date in the study period. Vertical lines divide the onset
period by months to nahe it casier o see the changes in rainfall amounts associated with
onset in cach of the four months,

Figure 1 also includes two horizonta! lines which indicate (roughly) wheat yields expected
with the amounts of scasonal rainfall represented by the lines. For example. the lower line
at 180 mm represents the least amount of rainfall which should produce a subsistence level
wheat yield of 300 ke ha !, using traditional farming methods and levels of technology. In
Figure 1 raintall fevels less than 180 mm are presumed 1o result in total crop failure,
denoted by blackened data points.



Jordanian Wheat Farmer
Responses to Late Onset
of the Rains and
Implications for Food
Seeurity

The upper horizontal line at 313 mm rainfall indicates the lower level for good wheat
yield, with the amount of rainfall required to produce 2000 kg ha'! of grain utilizing
advanced technologies. in particular commercial fertilizers. Between the (wo lines crop
yields expected range from fair to poor.

A single exception to the above oceurs in the far righe o L@ point (February 23 onset, 232
mm) which would in tact have been a totatly failed crop because raintall in that particular
season onty persisted for 38 dayys bevond onset. Thus, all February onsets in this record
would have produced crop failures. This raises the question of how rainfall duration is
related to date of onset. The median date of raintall cessation in this record was April 21,
with March 21 the carliest and May 28 the latest, & much shorter time period than the
possible onset period. Roughly speaking. o one-day delay in onset may be expected to
shorten the rainy perind by one day. This means that rainfall onset in February will
alwavs be very detrimental to wheat production.

The main lesson to be drawn from Figare 1 s that the amount of raintall expected in any
given wheat season is net i totally random feature. 1t s linked to the actual date of vnset,
at which time we mav. i history s any guide, quantify o narrowed range of possible
oceurrences. mrrowed with respeet to the overall range of possibilities represented in the
record ignoring the date of onset.

The linkage between seasonal raintadl and date of onset means that the potential for crop
Taiture rapidly increases with defaved onset. Accordingly, the probability of a good crop
steadily decreases.

The actions of the wheat farmers of Jordan demonstrate that they are well aware of the
mplications of late onset tor lowered vields or even complete failure. They respond to late
onset by reducing the hectarage they plant to wheat and also to barley. And in each
season. if rains are considerably below normal during the prolonged pianting period
following onset. they reduce the planted arca still further. Figure 2 shows the result of
these acticas in the nine-vear period from 1968/69 to 1970/77, averaged for Balqa, Irbid,
and Amman (south) Governorates.,

Figure 2 shows considerabie year to year variation in rainfall over the study area during
the nine-year period. and a correspoading adjustmer: in the area planted 1o wheat and
barley cach years which conforms closely to the rainfall amount. Note that Figure 2
includes all of the study arcas from the wettest to the driest.

In a report by FAO (1982y. it is stated that in Jordan:

~Uis interesting o nore tat wheat farmers delay seeding il a good part of the rainy season
is gone. I sufticient rain i received. they go ahead with their planting, if not then they do not
plant. 1t is not unusual, therefore, o see fanmers planting wheat as late as mid or even late
February. This practice is - ery common i the arid and marginal zones of the country.
Accordingly, the arca planted with wheat in these two zones depends on the rainy season,
Data on arcas phanted and production and yield of wheat in cach zone when the rainy season
is pood. medium or poor are presenicd in Table 26 fseen in reterencec publication]. Tt is
interesting 1o note inthis wble that fluctuation of ea wcording o rainfall does not apply 1o
the semi-arid or the seni-hunid zones.

Although some details of the FAO (1982 explanation differ from the writer's data and
observations. the essence remains true: Jordanian cereal farmers are now practicing, and
have historically practiced. what this paper labels response farming. They are judging the
coming rainfall scason in two wavs: tirst by the date of onset, and second by winter
rainfall accumulation by Junuary when tinal decisions are made about how much area to
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Figure 2. Close Correspondence between Areas Planted by
Farmers to Wheat and Barley, and Rainfall over the
Period 1969 to 1977 in Irbid, Balga, and Parts of
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plant. Note that planting begine whenever adequate rains begin and a minimum area for
subsistence is planted every year. It is the additional arca planted for market which is
decided upon at the last moment.

The final report of & major research effort carried out by ICARDA, the University of
Jordan, and the Ministry of Agriculture Jordan, has recently been published (ICARDA,
1984). Their best bet recommendations are for all wheat farmers to plant before the rains,
with the implication that the entire area available will be planted cach year. For rainfall
areas greater than 250 inm (their zones A and B). a blanket application of nitrogen at 30
kg ha'l is recommended at sceding time. In all rainfall zones including the 200 to 250 mm
zone, an additional 30 kg ha! N is recommended at tillering (February), provided the
season is good. Summarizing then, planting practice recommendations suggest that the date
of onset and carly scason rainfall are of no consequence, but the latter should be
considered when the decision is made about the final nitrogen fertilizer rate.

The ICARDA report clearly alludes to the problems associated with fixed
recommendations for farming in highly variable rainfall zones. In an carlier report,
Arabiat (1983) concluded that future research must be devised 1o deal with the actual
rainfall variability faced by farmers.



Water Production
Functions to Guide Farm
Decisions According to
Rainfall Expectations

The writer agrees with Arabiat’s thesis and belicves that the variability should be managed
in two steps. First. the rainfall season at hand should be categorized, at least roughly,
based on the date of onset (see Figure 1). Decisions such as planting wheat versus
alternative crops. wheat arca and varieties to be planted, and seeding rates and initial
fertilizer rates, should be based on this categorization. A revised rainfall season
categorization should be rade at tillering based on the actual carly season raintall
characteristics and final decisions may he made about nitrogen rates and levels of other
costly inputs such as herbiciden to be employed. More detailed discussion will follow in
the section on development of recommendations.

Farm level decision-making in variable rainfall conditions can be greatly strengthened by
two types of research. The tirst has already been addressed: the study of rainfall history to
sharpen our ability 10 predict actual rainfall expectations in the approaching season, carly
enough to modity our actions in ways caleulated to maximize output with the expected
water supply.

The second tvpe of rescarch needed involves careful study of relationships between crop
yields and water supply. that is to say water production function studies. Three types of
water production function studies are needed. The types of studies and sequencing are: 1)
present relationships existing in traditional agricullre: 23 studies of potential crop yields
with the available (variable) water supply. assuming improved management can overcome
other limitations such as low soil tertility: and 3) the actual effects of management
decisions and practices on yield/water relationships in the focal environment.

It is the combination of water production functions with water supply forecasting which is
needed Tor deve loping farm level recommendations. This paper presents examples of water
production functions fur seven crops as they exist today in traditional agriculture in
Jordan. A suggested relationship showing potential wheat yields with different rainfall
amounts is also presented. based on transterable equations developed at UC Davis. The
above water production functions and information on rainfall expectations at Amman are
combined to illustrate the approach the writer suggests for development of improved farm
level recommendations,

Figures 3 and - show present day relationships between wheat yields and rainfall, as they
exist in traditional agriculure in three distinet rainfall zones in the northern highlands of
Jordan. Figure 3 shows how wheat yvield varies with total annual rainfall in the moderately
high rainfall arcis of Irbid. Kura, and Jerash Districts of Irbid Governorate. The yield
data detive from a Y-year stady by the Arab Organization for Agricultural Development
over the period 1969 1o 1977 inclusive (AOAD. 1978). Corresponding rainfall data are
publisiied by tie Water Authority ol Jordan (1985).

There are a number of imeresting points 1o be made about the information in Figure 2:

Iy The yield vs. rainfall relationship is fairly good considering that it represents oaly
surveyed district averages and rainfull data from six locations. This type of
relationship could be usetul to food planners and those engaged in carly warning
activities.

2)  Although average annual rainfall is simitar in the three districts, there are important
differences in both rainfall behavior and associated wheat yields. Irbid District
produced the overalt highest yield. better then the highest yields i Jerash three of the
aine years. and those in Kura four of the nine years. Jerash wheat yields appear to be
most_ unstable, Talling below the subsistence threshold (300 kg hat) two of nine years,
and below o suggeted cconomic threshold of 400 kg ha! three of nine years. Kura
wits next lowest with one subsisience failure and two economic failures. Irbid showed
no failures over the study period.

3y Despite rainfall above 500 min more than a third of all cases, yield never exceeded
1150 kg ha ' This will be discussed Tater.
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Figure 3. Relations beiween Wheat Grain Yields and Rainfall
over the 1969 to 1977 Period in Irbid, Kura, and Jerash
Districts, Irbid Governorates, Jordan (AOAD, 1978;
Water Authority of Jordan, 1985).

Figurz 4 is similar to Figure 3, but covers both higher and lower rainfall areas. Yicld data
for the Amman South area may be scen in AOAD (1978). As in Figure 3, the relationship
between yield and annual rainfall is quite good in the higher rainfall zones of Ajlun
District and Balga Governorate, and still better in the dricr zones of Irbid East and
Amman South. The findings are very similar to those of a 3-year research effort in Syria
by scientists of the Arab Center for Studies in the Arid Zones and Drylands (ACSAD,
1984). This study reveals many variables responsible for the scatter in the relationship,
including weed competition, soil stoniness, slope, depth and calcium content, soil fertility
(espectally phosphorus and nitrogen levels), and cthers. As noted above, the closest
relationship is found when rainfall is below 400 mm.

As in Figure 3, Figure 4 shows no yiekls exceeding 1200 kg ha-!. On the lower end of
the scale in the drier areas there are a number of subsistence and economic failures, This
will be discussed more when considering recommendations. In the wet zones only one
failure was seen in Balga when rainfall fell o 350 mm, However, the highest yields are
below those in the dry zones, and overall water use cfficiency is very low by comparison.

Figure 5 is a compilation of the information in Figures 3 and 4, with the data points
removed for clarity. Also, the 9-year mean rainfall levels and wheat grain yields are
shown for cach rainfall zone. On the left side of the figure is a snggested relationship for
potential wheat yield which assumes that water is the only factor limiting yield, and that
74 percent of rainfall is used in cvapotranspiration. The maximum water use in this case is
estimated at 807 mm, with a maximum yield of 6400 kg hal,
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Figure 4. Relations between Wheat Grain Yields and Rainfall
over the 1969 to 1977 Period in the Low Rainfall Areas
of Irbid East and Amman South Governorates, and the
High Rainfall Areas of Balqa and Irbid Governorates
(AOAD. 1977a, 1978; Water Authority of Yordan, 1985).

The characteristics of the potential wheat yield function are derived from water production
function rescarch by the writer. by colleagues at UC Davis, by other re-:archers
elsewhere. and by observations in Jordan. The linearity of the function and maximum yield
are derived from rescarch as above: the 74 pereent efficiency of water use is suggested by
the drv zone function in Figure 4 which reaches zero yield at 135 mm rainfall. Other
rescarch shows vield beginning with 100 mm of actual evapotranspiration: thus, 100/135

= 74 percent efficiency. The maximum water use of 807 mm is cqual to the wheat water
requirement estiniated for Irbid, 397 mm, divided by the efficiency. 0.74. The curve used
to estimate the wheat water requirement for Irhid may be scen in Figure 6.

Figure 6 contains two cutves showing crop coetficients for estimating water requirements
of wheat. These curves were developed by the writer using data gathered by W.0O. Pruitt
and J.L. Hatiield in four years of lysimeter studies with wheat and barley. Daily
measurements of evapotranspiration from: the cropped fadequately watered) lysimeter were
related both to evapotranspiration from a grass lysimeter (upper curve) and to standard
Class A puan cvaporation (lower curve). The estimated wheat water requirement, 597 mm
at Irbid. is based on Figure 6 pan coetficients and adjusted pan evaporation data from the
Irbid meteorological stations averaged over a number of years. The adjustment to the data
cor~ ity of maltiplying the original data by 0.94 to account for two nonstandard features of
the Irbid pan. These features are that it is located in a bare soil rather than a green grass
compound. and it is screened against ¢ depredations of birds and animals. The screen
reduces the rate of evaporation but e bare soil condition more than compensates and the
net rate is greater than from a standard pan.
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Figure 5. Relations between Wheat Grain Yields aud Rainfall
over the 1969 to 1977 Period in Three Rainfali Zones of
Amman, Irbid, and Balqa Governorates, Jordan, Plus a
Simulated Wheat Production Function for High
Technology Rainfed Conditions (AOAD, 1977a, 1978;
Water Authority of Jordan, 1985).

Figure 7. like Figures 3 and 4, shows water production functions based on recent data
from traditional agriculture in Jordan, but for olives rather than wheat. The relationships
between olive yields and annual rainfall in the mediun:-high and high rainfall areas, are
still better than those for wheat, probably because olives use a larger and more constant
fraction of the yearly tal rainfall. This would include rainfall occurring before and after
the wheat scason, and much of that which percolates below the wheat root zone, especially
into the interstices between rocks in shallow soits as are commonly found in the higher
rainfall zone of Balga Governorate.

Note that both olives and wheat in Balga have lower water use efficiency than in the
medium-high or low rainfall zones. The main reasons for this are the greater losses of
water to both runoff and deep percolation, respectively, in the steeper and shallower soils
of the high rainfall arca. plus greater losses of nitrogen and other nutrients through
leaching,

Stll anotiver point of interest in the olive production functions is their often cited
propensity for alternate bearing, i.c., yielding relatively high in one year and low in the
next. In both the Irbid and Balga functions in Figure 7, the years in which yields are
relatively high with respect 1o rainfall are the even-numbered years. Only the Irbid
function wili be considered in the remainder of this paper, which focuses on the
performance of crops when rainfall does not exceed 400 mm.,
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Figure 6. Curves for Use in Estimation of Water Requirements
(ET,,) of Wheat and Barley in Mediterranean Zones.
Based on Unpublished Lysimeter Studies by W.. Pruitt
and J.L. Hatficld on Barley (1969/70 and 1977/78) and
Wheat (1976/77 and 1977/78) at University of California at
Davis.

In addition to the wheat and olive water production functions seen in Figures 3, 4, 5, and
7, the yield data developed in the previously cited ACAD studies were utilized to quantify
functions for barley. vetch. lentils, chickpeit. and tbacco. These are for the rainfall zones
of less than 400 mm per annum. They are based on arca-wide yield samples over the
seven years 1969 1o 1975 (Amman South) or the nine years from 1969 10 1977 (all other
areas). In all cases rainfall is represented by the published annual totals for the study arcas
in the indicated years. The functions for all seven crops are presented in Table 1.

Response farming recommendations are generated by combining improved information
about rainfall expectations with research findings on crop responses to water. Figure 8 is
an exampie of this kind of combination, incorporating the water production functions in
fable 1 and averaged rainfall data from the Amman-Ramtha-Rihab meteorological stations.

The four vertica! lines in Figure 8 show the historical rainfall means for ycars with onset
in cach month from November to February inclusive. Thus, while the overall mean is 261
mm, the means for years decline from a high of 318 mm (November onset) to a low of
174 mm (February onset).

The slopes are the crop water production functions. Each is labeled with the name of the
crop and shows the yield expected at 400 mm rainfall and the rapidity with which it
declines with decreased rainfall expectation. Wheat, for example, has a mean yield
expectation of 813 kg ha'l if onset is in November, 600 kg ha-t with December onset, 386
kg ha! with January onset, and 172 kg ha-! with February onset.
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Figure 7. Relations between Yields of Olives and Rainfall in the
Medium-High Rainfall Areas of Irbid and the High
Rainfall Areas of Balga Governorates, Jordan, over the
Period 1969 to 1977 (AOAD, 1978: Water Authority of
Jordan, 1985).

Table 1. Waier Production Functions Relating Yield (Y,
kg hal) to Total Annual Rainfall (R, mm) for
Seven Crops Grown in the Low to Medium (to
400 mm) Rainfall Areas of Irbid and Amman
Governorates.

Crop Water Production Number of Coefficient of
FFunction Samples, n Deter mination, r2
Wheat Y = 445 R- 602 16 .85
Barley Y = 4.54 R- 398 16 .61
Lentil Y = 4.21 R- 553 16 .75
Chickpea Y = L83 R+ 33 16 25
Veteh Y = 443 R- 643 16 91
Tobacco Y = 141 R- 16 16 .39
Olive Y =+ 744 R-1397 9 .64
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Figure 8. Comparison of Water Production Functions for Seven
Crops Grown over the Period 1969 to 1977 Using
Traditional Technology in the Low to Medium-High
Rainfall Areas of Amman and Irbid Governorates,
Jordan (AOAD. 1977a. 1977b, 1978; Water Authority of
Jordan. 1985).

In contrast, chickpea yields are less than wheat with higher rainfall, but greater with lower
rainfall. Mean yields for years with onset in each month from November to February are
615, 527. 439, and 351 kg ha'!, respectively. This suggests that the anticipated wheat crop
failures with January and February onsets (subsistence failure is 300 kg ha'! or less,
economic failure is 400 kg ha'! or less). might be avoided by planting chickpea.

Additionally. if one were dissatisfied with the overall long term wheat yield of 560 kg
ha-1, one might opt for a total change to & perennial crop like olive, with a long terin
mean yield of 545 kg ha'l. Teble 2 will enable the reader to make more rapid comparisens
of yield expectations of different crops with different onset dates of the rainy season. Note
that these yields derive from traditional agriculture with few it any cash inputs.
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Table 2. Yield Expectationst as Related to Date of Onset
of the Rains, for Traditionally Managed Rainfed
Crops in the Transition Zone between Relatively
Well Watered Highlands and Arid Desert in
Irbid and Amman Governorates, Jordan.

Crop Crop Mean Yield Expectations
Category Type
Long Month of Onset
Term
Mean Nov Dec Jan Feb

(261 mm) (318 nun) (270 mm) (222 mm) (174 mm)

...................... kghal oo .. o

Cereal Wheat 559 813 600 386 172
grains Barley 587 846 628 410 192
Grain Lentils 546 786 584 382 180
legumes Chickpea 511 615 527 439 351
Forages Vetch 513 766 553 340 128
Annual, Tobacco 352 432 365 297 229
cash

Perennial, Olivest 545 969 612 255 0
fruit

T See Figure 8 and text for details of derivation.
1 Figures shown are averages of all years. Due 1o strong alternate bearing characteristics of olives, average
yields will be relatively higher than shown in even years and lower in odd years.

Final decisions about matters such as changing crops generally require knowledge of
cconomic as well as yield expectations. Water production functions lend themselves readily
to cconomic interpretation. Figure 9 shews how this applics in very simplified form to the
information in Figure 8. The only difference is that prices have been applied tr cach of
the seven commodities, forming water return functions rather than production functions.
The prices used are farm gate prices as of November 1985,

Figurc 9 bears some resemblance to Figure 8, but also has some interesting new
information. As with yiclds, gross returns are highest with high rainfall and decline with
less. Tobacco, with its high support price, is clearly the most valuable crop at rainfall
levels below 360 mm. At rainfall above 360 mm. olives become still more valuahle than
tobacco.

If rainfall onset is in November or December, lentils are the most valuable of the grains
or grain legumes, but chickpeas are more valuable with late onset and low water
expectations. Table 3 summarizes the information in Figure 9.
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Table 3. How Expected Gross Returnst from Rainfed

Crops Differ with Differing Dates of Onset of
the Rainy Season under Traditional Management
in the Transition Zones of Irbid and Amman
Governorates, Jordan, and Long-Term Mean
Rainfall of 261 mm.

Crop Crop Mean Gross Returns Expected
Category Type

Long Month of Onset

Term .

Mean Nov Dec Jan ieb

(261 mnm)  BI8 mm) (270 mm) (222 mm) (174 mm)

...................... D hal oo
Cereal Wheat 67 98 72 46 21
grains Barley 44 03 47 31 14
Grain Lentils 98 141 105 69 32
legumes Chickpea 87 105 90 75 60
Forages  Vewh o2 92 66 41 5
Avnuwal.  Tobaccoi 299 307300 252 195
cush
Perennial,  Olives 177 315 195 83 0
fruit
¥ Commndity prices as of November, 1985, (Verch price estimated.)
1 Tobacco production s licensed and subsidized by the Government, with the overall payment totalling in the

range of 0001000 1S ke T Frpures are based on 850 Tils he !

The following example is based on the raintall record displayed in Figure 1, and on these
considerations and assumptions:

1

Raintall for wheat production oceurs at three levels which, with two exceptions in the
47 years, are those shown in Figure 1. The upper level is rainfall above 320 mm, or
O of the 47 years. The medium level is from 180 to 320 mm which represents 23 of
the 47 years. The exceptions are: inclusion of the year with 316 mm in mid-January,
and exclusion ¢ the vear with 232 imm and onsel February 23, The fatter is placed in
the Tower level of 180 min or less, representing 14 of the 47 years.

I is not possible to break even ceonomically on wheat production at the lower rainfall
fevel. and not Hikely that even a subsistence crop can be obtained. In terms of national
food security . the loas o the nation by not planting in the lowest raintall years is
msignificant. Therefore, the only reason a farmer plants in these vears is to reap a
subsistence crop, because he greatly prefers durum wheat to the soft wheats imported
by the govermment. Our example assumes that the rightful aim of the farmer is to
plant all of his swheat land o wheat whenever raintal] i high or medium and to plant
half"of the arca to wheat s o gamble) in fow rainfall vears, with the other half
devoted to alternative crops (or fallow) of choice.

Rainfall onset on or before January 15 will be termed carly. and from January 16
onward, fate. Farly onset occurred 32 of the 47 years, with late (or noy onset in 15
Vears.



4) Nitrogen fertilizer is assumed to increase wheat yielas by 20 kg ha! for each kg ha-!
of N applicd. provided water is available to support the implied yield.

5)  Water production functions describing the relationships between wheat yields (both
unfedtilized and fertilized) and wheat scason rainfall (R) at Amman are a) Yypen =
3.84 R season - 392, and b) Y., = 9.5 R scason - 969.

6) The aim of tertilizer application is to enable maximum yields with the expected water
supply. bridging the gap between untertilized yields and fertilized ones. Nitrogen rates
shown in the example are caleulated to accomplish this.

Table 4 shows the hypothetical response tarming reconumendations which would emerge
from a study ol Figure | and the considerations/assumptions lisied. The table also shows
the traditional agricultura) practices and the best bet recommenditions developed in the
major rescarch effort recently concluded in Jordan (ICARDA er al.. 1984). All of the
above are compared in the upper part of Table J. then evalusted below,

Traditional wheat production practices have the great virtue ol adapting the planting arca
almost pertectly in accordance with wheat seacon rainfall. This is one of the aims of
response farming afso. However, to accomplish this as well as the farmers do requires
planting very late. well into February in many years. This creates a number ol problems,
but chief among these is that the potential for high vields is lost. Accordingly . the farmers
do not fertilize with nitrogen or other fertilizers. which would. together with carlier
planting. better weed control. ete.. enable them o reatize their yield potentials.

The best bet recommendations trom the Jordan Cooperative Cereals Improvement Project
(ICARDA. 1984) provide the bulk of the needed inputs for higher yields, but go to the
other extreme by recommending planting before the rains every year in November. The
obvious problem with this approact is that all of the wheat area is both planted and
fertilized every year. despite the fact thit total failure can be expected in 14 of 47 years,
or 3 yeurs in 10, These failures are costly in terms of labor and capital, and may not be
evident in time (e o alternative crops.

The response farming approach takes advantage of the fact that rainfall is related to onset
date to combine 1he better features of both the traditional and conventional research-based
systems. The timie scale for onset is divided on January 15 into two subsets. Early onset
implics that cither high or mediam raifall is expected and recommended planting practices
reflect that expectation. The date of planting, based on actual time of onset. is carly
enough to assure high yields provided that the long range forecast is realized. Six out of
ten high rainfall seasons have onset in November, with two more i December and only
one more before January 15, As seen in Figure 1, the tenth high rainfall searon had a late
onset, and thus constitutes dan exception.

Other exeeptions include the three low rainfall seasons with carly onset. In these years., the
larvd would reccive the initial nitrogen fertilization and all of the Lind would be planted.
rather than the 50 pereent desired. This is the major problem of the best et
recommiendations. but this problem would occur in all 14 low rainfall years rather than
just in 3 of them.,

When January 16 arcives without rainfall onset. planting reduced hectarage (50 pereent)
should proceed without the use of nitrogen because cither low or miedivm rainfall is
expected. not high rainfadl, Waiting for onset beyond this date should have no real effect
on practices because the farmers have demonstrated that even in the worst of conditions
they still wish to plant a minimum hectarage. The response farming approach causes them
1o move their planting dute forward in low rainfall vears and lets them plan ahead.
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Table 4. Comparison of Wheat Farmer Traditional
Practices with Recommended Practices Based on

Conventional Research and Res
Research. Alsy,

ponse Farming
Evaluation of Expected
Achievements from Each Approach.

(Hypothetical Example for the Amman, Jordan

Area with Mcan Rainfall of 278 mm,)

Wheat Actual Practices & Recommendations from 3 Approaches
Production
Practice Traditional ICARDA Response Farming
Farming Research
Findings Early Late
Onset Onset
Sowing date Onset to Nov Onset Jan 16
tillering
Sowing Broadcast Drill Drill Broadcast
method
Sown area Variable, 100% 100% 50%
50-100%
Alternative Various on None None As selected
crops unplanted for unplanted
wheat area wheat area
Nitrogen, None 30 at sow- 40 at sow- None at
kg ha'! ing + 30 at ing + 40 at sowing, 40
tiller if tiller if at tiller if
good season good scason good scason
Weed control None 2.4-D ester 2.4-D cster None

Comparative Evaluation of Matching Practices

to Rainfall Yields, and Other Aims

Planted area,
% of ycars
correct

100

70

85

N rate, % of
years correct

30

70

91

Avg N rate,
kg hal

36

38

Avg wheat
yield, kg ha!

530

1150

1200

Avg land
area for
alternative
crops

I5




Conclusions

Both the best bet and response farming systems provide for the adjustment of input levels
in accordance with actual amounts of rainfall received by tillering time, usually in
February. If, at that time, rainfall has been above normal, additional nitrogen can be
profitably added. This is in keeping with the writer’s early determinations about the value
of the response farming approach, and how it can be used to match farm practices with
variable water supplies (Stewart, 1980; Stewart and Hash, 1982).

The evaluation at the botton of Table 4 indicates that the response farming approach is
more capable of matching agronomic practices to rainfall than either the traditional
methodology or the best bet approach. In terms of nitrogen fertilizer costs, the response
farming and best bet are nearly the same, but the former provides higher levels of M when
needed, and none when not required. The result should be an overall average yield
increase on the order of 50 kg ha'l. At the same time, the response farming method
reduces the basic planting cffort and costs by 15 percent in scasons when the cffort and
time would have been wasted.

It is well-dccumented that Jordanian farmers have been reluctant to adopt the best bet
recommendations and similor approaches from carlier studies, even though the potential
benefits have been clearly established. The reasons for the low adoption rate are not
entirely clear. However, a modified approach which incorporates the farmers® traditions of
planting with the rains and adjusts the planting arca accordingly, may find favor with
them. When they see that the recommended system is based on their own traditional
Felicfs about rainfall, it may give them the confidence required to purchase and apply
necded inputs in years of early onset.

The long-term record shows that Jordanian rainfall totals for the wheat growing season are
stronglv linked to the time of onset, the carlier the onset the higher the rainfall
expectations.

Jordanian wheat farmers traditionally have demonstrated their awareness of the sensitivity
to this phenomenon by delaying the start of planting until onset is clearly manifest, and the
finish of planting until January or even February when it is fairly clear how much rainfall
is expected. In this way they have adjusted the area planted to wheat in nearly perfect
accordance with actual rainfall, planting the maximum area when high rainfall is
experienced and the minimum arca when lower rainfall amounts are experienced. The
reductions in planted arca are in all arcas, wet to dry, and are based on carly rainfall
relative to normal for the particular arca. The greatest reduction is to approximately 50
percent of maximum possible area, leaving the farmer the hope of at least a subsistence
level of production even in the poorest years. Available data show these reductions have
little impact on the national food supply because wheat yields in low rainfall years are so
low.

The best bet recommendations for wheat production developed in the recent Jordan
Cooperative Cereals Improvement Project have the major strength of introducing realistic
quantities oi key inputs such as fertilizers and herbicides, essential for attaining the higher
yield levels indicated by actual rainfall. A weakness in these recommendations is that they
requirc planting the maximum wheat area together with costly inputs every year, prior to
the onset of the rains. The farmers® traditional behaviors arc not considered. The low rate
of adoption of these recommendations indicates the farmers are unwilling to commit their
resources when they, in fact, have a better grasp of the situation operating in their
traditional fashion.

Response farming offers the advantages of both systems by 1) institutionalizing and
quantifying the farmers’ lore, and by actually following it in practice, and 2) incorporating
needed inputs at times and in amounts adjusted to the date of onset and carly season
rainfall amounts. Thus costly inputs are not called for when indications for the scason are
poor. This approach may be adopted with more confidence by the growers since it is

based on their traditional knowledge and beliefs. 305
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The Agricultural Planning
and Management System
Developed at the
University of Hawaii

Concepts of Systematic Commodity/Resource Analysis and
Development Process as Applied to Rainfed Agricultural
Development Projects and Regional Soil-Water Management
Programs

T. Izumi
University of Huwaii and Jordan Highland Agriculiural
Developmment Proy, Anunan, Jordan

ABSTRACT. The College of Tropical Agriculture and Human Resources at the Universiry
of Hawaii has developed a planning and management system to ensure that its instruction,
research, and extension programs meet the needs of the agricultural industries and other
concerned sectors in Hawaii. 1t is believed that with appropriate modification, this system
can serve as a practical model for agricultural development in less developed countries.
The Systematic Commodity/Resource Analysis and Development (SCRAD) Process has been
used in Jordan 1o plan the Highland Agricultural Development Project. During this
Workshop the SCRAD Process was used 10: 1) identify the components of an effective soil-
water management program; 2) identify constraints that prevent the realizasicn of those
components; and 3) identify some actions that could be used 1o overcome the constraints.
Results of this cxercise are presented. It is coneluded that 1) the SCEAD Process iy
simple; 2) it assists people in thinking systematicaily about components of the agricultural
sector within the larger sociocconomic system; and 3} the major limitations o the adoption
of sound soil-water management practices are largely sociocconomic.

Like all other American land-grant agriculral colleges. the basic mission of the College
of Tropical Agriculture and Human Resources (CTAHR), University of Hawaii, is to carry
out instruction, rescarch, and extension programs that meet the needs of the agricultural
industries and related businesses in the State of Hawaii. However, the manner in which the
College has organized itsell and how it plans and manages its programs is somewhat
unique. Itis believed that with appropriate modifications, the system developed by the
CTAHR can serve as a practical modet for agricultural rescarch, extension, and
development in developing countries.

Organization and Management System

In the mid-1970s, the CTAHR undertook a major reorganization to improve the
coordination of research and extension so that the Jatter functioned as a
continuum/feedback source of the former. and to set progiam priorities that concentrated
on the needs of the agricultural sector and communities in the state as well as those of the
academic disciplines. Thus, the Hawaii Institute of Tropical Agriculture and Human
Resources (HITAHR), which amalgamated research and extension into a single
administrative unit, was cstablished (Prior to this, Hawaii had the traditional structure of
separate units for the Hawaii Agricultural Experiment Station and the Cooperative
Extension Scrvice). Perhaps more crucial than the organizational structure has been the
planning and management systems that CTAHR has adopted to ensure that programs focus
on the current and future priority needs of the state’s agricultural sector, communities,
familics, and consumers as well as the needs of the disciplines.

Planning for discipline-oriented programs is undertaken by multidisciplinary faculty groups
as well as by individual departments. Some of the programs that were planned in this
manner are integrated pest management. biotechnology, biological nitrogen fixation,
benchmiark soils and agrotechnology transter, agricultural production systems, crop
maodeling, computer applications and education, aquaculure, pesticides, and human
resources. In addition, all of our departments are required to undertake program reviews
in conjunction with annual budget allocations and departmental/college staffing plans.
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The College has developed a commodity and resource subsector analvsis process which
draws upon representatives (farniers, cooperatives, agribusinesscs) from the subsector and
pertinent county, state, and federal agencies, and a multidisciplinary team of research and
extension faculty to conduct « comprehensive analysis of that commodity/subsector. The
analysis determines the bottleneeks preventing that subsector from achieving its full
potential and sets priorities for actions to be taken by each applicabie agency and the
farmers themselves o overcome each of the hottlenceks. This includes the estimated cost,
time required. and probability for success of the actions. When acceptad by representatives
trom the subsector. the subsector analysis/action plan is presented to the Governor’s
Agriculture Coordinating Commiree {GACC). If aceepted by the GACC, it becomes an
official part of the State of Hawaii's functional plan for agricultural development. The
GACC provides grant fund, to the College 1o support research and extension projects
determined by the commodity/resource analyses to be of high priority. Such
commodityresource analyses have been conducted or are in process for all major crops
and are updated periodically .

) Sinee the commodity /resource analysis process was initiated. 58 analyses involving 25
major commodities have been completed: three for the fourth time, seven for the third
time, cight for the second time. and the remaining seven for the firsi time.

2) These commaodities represented 94 pereent of the total 1984 farmgate value of
commercial crops grown in the state. Thus, the coverage of major agricultural crops
by the commuodity/resource malysis system is nearly complete.

3) Approximately 60 percent of the agricultural research projects in the College are
directed at celiminating bottlenecks identified through commodity/resource analyses.

The conmadity/resource anulysis process, as modified for the Jordan Highlands
Agriculturst Development Project (JHADP), will be described later in greater detail.

Factors Essential to Snccess

There are several factors that have been essential to the suceess of the University of
Hawaii's system. These are:

1} The establishment by law of a high level coordinating body to ensure that all relevant
agencies as well as growers participate in the planning, approval, and implementation
of agricultural development projects.

2) “The amalgamation by the CTAHR of rescarch and extension functions into a single
unit so that the organizational structure will facilitate, rather than hinder, the planning
and management of programs/projects.

3) The adoption of a systematic agricultural mdustry (commodity/resource) analysis
process to identity problems and set priorities for actions designed to overcome such
bottlenccks The process not only has wide participation but has gained the acceptance
and commitment of farmers and other affected individuals who themselves set the
priorities.

4)  The availability of funds. appropriated by the state legislature, which enables the
GACC to make grants to the University and private sector organizations to initiate
follow-up actions.,

These features have been retained in the planning of the JHADP.
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The Jordan Highland
Agricultural Development
Project

Similar to other countries in the region, formal responsibility for agricultural research and
extension in Jordan has been vested in the Ministry of Agriculture (MOA), Directorate of
Rescarch and Extension (DRE). In practice, however, agricultural rescarch and extension
have also been carried out by the University of Jorden, Faculty of Agriculture (UOJFA),
the Jordan Cooperative Organization (JCO), private sector companies, and by various
projects past and present. Due to problems of resource and administrative constraints,
DRE has experienced problems in carrving out its responsibilities.

One of the immediate purposes of the JHADP is 1o strengthen and institutionalize
Jordanian (both public and private sector) agricultural technology development and transfer
capability in support ot highland development. This is to be accomplished by establishing
an organization that will amalgamate rescarch and extension in recognition of the fact that
functionally they constitute a coniinuum of knowledge development, transmission,
application. and feedback: provide for systematic planning and management of programs
and projects: and serve as a mechanism for utilizing available pubiic and private sector
resources and channeling and coordinating their efforts toward agricultural development of
the highlands.

Organization and Management Principles

The basic principles that guided the organization and programs of the JHADP were as
follows:

1) The JHADP will provide for the establishment of technology development and transfer
capability predominantly for rainfed highland agriculture. A National Center for
Agricuitural Rescarch and Technology Transter (NCARTT) and a high level
agriculeral development council to give direction to the planning and implementation
of government and donor-sponsored projects should be established.

2)  The NCARTT should have the flexibility o address high oriority needs as they are
identified through continuous snalysis of the agriculwral development requirements of
the highlands and compatible regional and international needs through networks for
exchange of information and technology,

3) The NCARTT should take advantage of available research capabilities and focus on
the adapt: 1on or improvement ot imported or focally available technology instead of
conducting research from scratch.

4)  The development and delivery of technology and services should be based on
multidisciplinary team approaches comprised of both research and extension
components and invobve Gumers, cooperatives, and other private sector interests that
witi be affected by the project.

5) I addition to providing field rescarch support, district agricultural service centers
should be established 10 serve as a focal point for demonstration, workshops,
information dissemination. and responding o individual requests for assistance or
SCTVICY.

0) The NCARTT should provide techmical analytical. and diagnostic services in support
ol research projects. farmers and other clientele groups and selected private sector
induntries serving the highlands.

7y The NCARTT should work in close collaboration with other units of the MOA,
UOIFA. Yarmouk University Faculty of Agriculture (as it is developed), JCO, ACC,
regional and international organizations. and appropriate private sector companics.

8)  The NCARTT should serve as o repository for information on rainfed agriculture in
Jordan and participate in regional and global agricultural information networks.
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L2 swcordance with the above principles, the JHADP has instigated establishment of three
important organizational components which must work together if agricultural development
projects in Jordan are to be successful. They are described below.

Agricultural Development Steering Committee (ADSC). By action of the GOJ, this
Committec will act as the coordinating body for establishing priorities and allocating
responsibilities and resources for action programs that will cover the whole Kingdom,
including the Jordan Valley and any future projects for the desert areas. It will also act as
a review and approval board for recruiting and appointing staff for the project. The ADSC
will be comprised of senior ministry and other GOJ officials plus representatives of
farmers and the private sector. It will have a Secretary General and necessary support staff
to handle day-to-day requirements.

National Center for Agricultural Research and Technology Transfer (NCARTT). This
Center will be developed through resources and technical assistance provided by the
JHADP and will have forma! iesponsibility for the introduction and testing of technology
and its extension to farmers, cooperatives, and the private sector. NCARTT will be
comprised of a headquarters for its administrative and planning staff, central rescarch
laboratories, and the subject-matter specialists who carry out the SCRAD process and
supeivise the field work, and a series of Regional Agricultural Service Centers.

Regional Agricultural Service Centers (RASCs). These Centers will be staffed by
Agricultural Service Officers (ASOs) and be the sites for applied research, on-farm
demonstrations, farmer and privatz sector training, and other extension activities. These
include testing and adapting new technology appropriate to their lecality, demonstrating the
technology to users, promoting its adoption, and providing traininy .n its use. They may
also provide facilities for JCO or other service activities. Five of ‘aese Centers arc
projected for the highlands and construction will be financed for the most part with loan
funds under the JHADP. The existing Jordan Valley Service Projzct at Deir Alla will be
the RASC for the Jordan Valley.

Planning, Management, Evaluation System (SCRAD Process)

One of the primary functions of the JHADP will be 1o establish an ongoing planning,
management, and evaluation system based in the concepts of systems analysis. An
overview of program clements for national, agricultural sector, and subsectors (crop and
livestock) is shown in Table |. Program elements for other programs, including those for
soil water management. must be separately defined. As planned the Systematic
Commodity/Resource Analysis Development (SCRAD) process would involve the
following:

1) The Commodity Multidisciplinary Team Leader (CMTL), usually the subject-matter
specialist for the commodity, forms a multidisciplinary team comprised of UOJFA and
NCARTT rescarchers, other specialists, agents, and others most knowledgeable about
the commaodity/resource to: (a) analyze its economic potential as a commodity
subscctor: (b) identify the constraints preventing the subsector from achieving its full
potential: and. (¢) outline the steps needed to be taken by NCARTT/RASC, applicable
GOJ agencies, donors, UOJFA and other rescarch organizations, cooperatives, and the
farmers themselves to solve cach constraint. Each component is examined. For crops
the elements are: land: water: Jubor; capital; improved cultivars; insect; discase; weed
and other pest controls: culture and management (fertilization, spacing, cultivating,
pruning, cte.): harvesting: post-harvest handling; processing; transportation of products
to market: marketing (market development and promotion, supply, demand, and price
analysis); waste management: cost of production; farm management; and government
policies, laws. and regulations. Similar components with appropriate modifications are
analyzed for livestock subscctors. This phase of the process results in a Commodity
Analysis Worksheet. The preparation of the Worksheet is the responsibility of the
CMTL. A sample Worksheet is shown in Table 2.



Table 1. Planning Overview and Program Flements

National Development

Agricultural
Sector Development

Subsector Development

Crop Subsector

Livestock Subsector

Infrastructural

Water/Wastewater
Land Use
Transportation
Energy
Communications
Government/Legal
Financiai

Sovcial

Housing
Health
Education
Social Services
Arns & Culwure

Production/Service

Agriculture/Agro-
forestry/Forestry (1)

Fisheries/Mari-
culture/Aquaculture

Tourism

Industry/Manufactur-
ing/Processing

Business/Commerce/
Trade

Long-Term Commitment

Sustainable
Natural Resources
(Land. soil. water,
forest. range)

Infrastructural
Requirements
(water. transpor-
tation. cnergy,
communications,
ete.)

Human Resources
{training. staffing,
personnel policies)

Inputs and Services
(cooperatives.
credit. machinery
supplies. etc.)

Technology Develop-
ment and Transfer

Improved and Alter-
native/New Com-
modities (2)

Crop Protection

Farming Systems

Processing

Marketing

Nutrition and Dietary
Improvement

Sociveconomic Consid-
erations and Programs

Private Sector
Development

Water Resources
Land/Soil
Capital/Credit
Labor
Improved Cultivars
Insect Control
Disease Control
Weed Conirol
Control of Other
Pests
Culture and
Management
Harvesting
Post-Harvest
Handling
Processing
Transportation
to Market
Marketing
Production
Economics
Farm Management
Government
Policies, Laws &
Regulations

Water Resources

Land

Capital/Credit

Labor

Improved Breeds

Control of Insects and External
Parasites

Control of Discases and Internal
Parusites

Protection Against Toxic
Chemicals. Poisonous Plants. and
Other Hazards

Reproductive Performance

Nutrition

Environmental Stress

Production Systenis

Waste Managemient

Slaughter

Processing

Transportation to Market

Marketing

Production Economics

Pasture/Ranch Management

Government Policies.
Laws and Regulations
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Table 2. Example Work Sheet.

WORK SHEET

Priority

Bottleneck

Action Required

Agency
Responsible

i of

Possi- T

bility

Suecess

Resources

Duration

Required

Allocated

Supplement
Source

Impact if
bottleneck
not eliminated




2)

3)

4)

6)

7)

8)

9)

The Worksheet is then circulated among members of the multidisciplinary team and to
other GOJ agencies for comments, corrections, and revisions. Subsequently it is given
full distribution, including interested leaders and representatives from the commodity
subsector (c.g. farmers, producers, etc.), cooperatives, and the private sector. A
notice of a meeting is also enclosed so that the individuals are able to study the
Worksheet ahead oi time.

A meeting of all participants is called, at which time the boutlenecks for each
component arc thoroughly discussed and revisions are made to the Worksheet. The
constrainis arc identified and the subsector representatives. through open voting, set
the priority order for solving cach of the bottlenecks (the other participants may act as
resource persons bui do not tuke part in the voting).

After the priorities have been decided, the Worksheet is finalized into two documents.
The first document provides a narrative analysis of the constraints for cach
component: land: water: labor: ete. The second document is the Draft Action Plan,
which orders the constraints aecording to prierity, the actions required 1o overconme
each constraint. the agencies/farmers/private sector responsible for taking action, the
possibility of success. the estimated time needed to complete the required action, the
amount and source of available or required resources, and the impact if the constraint
is not eliminated. For new commodities it niay be necessary to rely on whatever
information is available and the judgment of the commodity multidisciplinary team
until subsector feaders begin to emerge.

The Analysis Action Plan is presented to the ADSC. Upon approval by the Steering
Committez. the Analvsis Action Plan becomes tue official plan for development of the
commodity/subscctor.

A rescarcher or subject matter specialist (SMS), usually a tacmber of the
multidisciplinary team for that commodity. is asked to propose a research/extension
project to overcome i priority hottleneck. The project, after approval of the NCARTT
Director. is presented to the ADSC. Upon its approvsl, the ADSC will allocate funds
to the project. A rescarcher or an SMS becomes the Project Principal Investigator and
may request other rescarchiers or specialists to participate as co-investigators. The
project proposal will include a deseription of the project objectives, the research
design or activities to be carried out. an estimated budget, and procedures for
evaluating project accomplishments. Projects may also be proposed by UOJFA,
international centers such as ICARDA, the JCO. or the private sector, in which case a
contract would be drawn up between the ADSC and the contracting agency.

A project account is set up for cach project 1o be conducted within the NCARTT, and
expenditures are made in accordance with established fiscal and personnel procedures.
Projects to be conducted by outside agencies under contract are also o be reviewed at
least annually.

The commadity/resource analysis for a commodity/subsector is revised periodically
(usually every two or three years), Revisions are based on a progress report for the
subsector which is prepared through the same multidisciplinary team process. The
report indicates the bottleneeks that have been resolved, the status of cach remaining
bottleneck and new problems or needs that have emerged.

The SCRAD process may be adapted 1o analyze other types of programs such as
farming systems improvement and soil-water management programs at cither the
regional. national, or local levels.
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Agricultural Development Fund (ADF)

The ADF is an extremely important component and perhaps the fuel that will drive the
engine of the JHADP. It is the primary source of funds for allocations by the ADSC to
finance follow-up uactions. It will provide the incentives for farmers to participate in land
aggregation and demonstration projects; the ability and flexibility to purchase contract
services for rescarch, farm machinery operation, or any other purpose from universitics,
international organizations, governmental and parastatal agencies, and the private sector
based on who is best equipped or able to provide that service: and the financial means to
lessen the risk taken by the farmers and others who provide inputs to the agricultural
sector.

The USAID funded portion of the ADF has four basic coniponents.

Land Consclidation ($1,000,000). Land fragmentation is a major obstacle to the economic
usc of mechanized farming. This account will be used to fund several land consolidation
schemes on a demonstration basis. This can be achieved through a number of ways such
as consolidation of family holdings, a cooperative such as JCO, a custom operator, village
association, partnership, tenant farming, etc. The money will be used to realign walls,
remove boundery fences, provide legal services to draw up agreements, surveys, and stake
boundaries in ways that would not impede the use of tractors and other farm machinery,
etc. The land consolidation account should be used only for those individuws that agree to
participate in an on-farm demonstration. The criteria should be as follows:

1) Land titles are not in dispute.

2) There will be only one farm manager or operator for the whole combined parcel,
there is agreement between all the fandowners on that individual’s choice, and the loan
approval committee or its equivalent is satisfied as to the farm manager/operator’s
qualifications.

3) The owners agree 1o participate in an on-farm demonstration project, which will
commit the farm manager/operator to follow prescribed methods., to allow publicity
and visitations by interested parties, to agree to make cost and profit/loss data
availahle to other farmers, aud to cooperate in demonstration activities.

A number of demonstradons illustrating the different modes of consolidation should be
utilized.

On-Farm Demonstrations ($650,000). This account wili be used to underwrite the
cost/risks of tarmers who agree to participate in on-farm demonstrations. The funds will
be used to pay or underwrite land rental and labor that the farmer contributes, plus the
cost of production inputs such as custom operator fees, seed, fertilizer, pesticides
applications, livestock animals, feed, ete. The net profit, after these expenses have been
paid from the sale of the crop/livestock, should be divided between the farmer and the
demonstration account. The share of profits accruing to the account should be sufficient to
underwrite new demonstration projects on a revolving fund basis.

Equipment Loan Guarantee ($350,000). This account will be used as a fund to insure
arm cquipment loans made by the ACC against defaults on a self-insured basis.
Borrowers will be required to make a down payment. Since the equipment is used as
collateral, there should be little or no need to utiiize this account if the loan program is
administered properly.

International Technical Support (£1,000,000). This account will be used to acquire
technical assistance and research services from international centers and other non-
Jordanian sources on a contractual basis.



The Role of Soil-Water
Management Programs in
the Development of
Rainfed Agriculture

Other SCRAD Action Plans. The Jordanian portion of the ADF is expected to total
$6,750,000 over the seven-vear life of the project. It will be used to finance the priority
actions developed throug!. the SCRAD process. Allocations will be made to the
appropriate public or private sector contractor as indicated in the SCRAD/action plans and
as approved by the ADSC.

Implementation with Emphasis on Integrated Multidisciplinary Programs and
Farming Systems

The Subject Matter Specialist (SMS) most familiar with a commedity will usually serve as
a Muludisciplinary Team Leader (MTL). The team wili be comgprised of other SMSs,
Regional Agricultural Services Officers. university and NCARTT rescarchers, and private
sector specialists as appropriate. Related commodities will be aggregated into a program
with one of the MTLs serving as Chairman for purpose of coordination. Programe, in
turn, will be Jdurther aggregated into turming systems. Farming systems will have a
designated overall coordinator chosen from among the Program Chairmen. Figure |
illustrates the relationship of commodity/resource, programs, and farming systems.

There is a significent amount of improved agricultural technology avatiable and deliverable
to the Jordan highlaads. This is particularly true in cercal grain production. It is estimated
that only 20 percent of previous research results on wheat production in Jordan have been
adopted t. date. Livestawk production could be substantially increased by improving the
nutritional regimes and 1canagement of the animals. Range improvements could
significantly increase grazing capacities. Forest watershed technology could result in fewer
fires. reduced erosion. more grazing area. and forest products irom existing and reforested
arcas. There is also extensive mformation on fruits, particularly olives and grapes, dryland
vegetables, and trees that shoula be introduced and tested locally. The project will focus
initially on these farm-ready techndlogies based on priorities revealed by the SCRAD
analysis of cach commodity/resource subsector. As of this Workshop (January 1986). the
JTHADP was only in the pre-implementaiion phase.

The single most important limiting factor in rainfed agricultural production is rainfall. or
waler. Closely related to water are sotls and plant nutrition. Additional important elements
are temperature, air humidity. wind speeds. and solar radiation. Together they comprise
the agroclimate which influences crop selection and other production management
decisions.

At this peintin time, temperature and solar radiation are factors largely beyond man’s
control, as is rainfall. Management of the soil and the water provided by rainfall,
however, can be achieved and is necessary for the long-term improvement and success of
rainfed agricultural production.

Although a scparate projec on remote sensing is planned, the JHADP has not provided
explicitly for a soil-vrater management component. This Waorkshop has thus served as a
strong reminder to correct this oversight when detailed implementation planning for the
JTHADP through the SCRAD process is carried out,

In the best of worlds. how would « planner approach agricultural development planning
for a largely rainfed area such as the Jordan highlands, and what role would soil-water
management play in that process? Recognizing that the preparatton of such a plan would
be highly complex and its implementation would require years, perhaps decades, of effort
as well as an indeterminate amount of resources, a somewhat brief and simplistic analysis
will be made of the basic steps involved.
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Land Use for Rainfed Agriculture

Because certain types of crops have specific agroclimatic requirements, it would be logical
to identify suitable agricultural land use in a rainfed area based on agroclimatic zones.

Until recently, the classification of soils was not standardized and mapping of soils and
topography have depended on extensive, time consuming, and highly expensive aircraft
and ground survey methods. Because of its greater potential and use, the USDA Soil
Taxonomy should be adopted. Space age technology offers powerful tools for soil mapping
through satellite remote scosing that can subsequently be verified through less expensive
methods such as selective soil surveys and analyses.

Rainfall, temperature, and solar radiation can be measured and monitored through
agroclimatic data loggers. Advances in clectronics have made battery-driven devices
available for about $2,000 cach, enabling installation in many more locations than
previously possible.

Agroclimatic mapping is now reaching the realm of economic feasibility. Such mapping
will provide the data needed io identify suitable agricultural uses by agroclimatic zones.
The categories of agroclimatic zones/land uses are:

1) Forest/watershed;
2) Range/livestock:
3) Crop production; and

4) Nonagricultural/urban.
These are broad categories which require delineation.
Determination of Optimum Utilization Within Agroclimatic Zones

Soil classifications, indicative of the physical, chemical, biological, and behavioral
characieristics of different soil types, together with the climatic factors of the locale, can
be used to guide the optimum use of lands within agroclimatic zones.

The most pertinent factors, it would scem, are the water absorption/retention and nutrient
availability/retention characteristics of the soil. Because certain trees and crops are known
to be suited to certain soil and agroclimatic conditions, it is a matter of finding the right
match. Crop selection can be based on crop performance data from other parts of the
region and the world that possess similar soil and agroclimatic conditions. The proposed
Rainfed Agriculture Information Network (RAIN) project is designed to provide such
information on a systematic basis. Although additional trials should be conducted to
determine the most suitable varieties and the best management techniques to be used, long
and expensive experiments can be avoided.

Crop performance should be monitored under different rainfall and temperature conditions.
It is known, however, that proper soil-waier and cultural management practices can
increase or maintain crop production even under poor rainfall conditions.

Forest/watershed zones should be subdivided into arcas according to the most suitable
varietics of trees and/or ground cover.

Rangeland zones should be subdivided into arcas according to the most suitable varieties of
range grasses and other vegetation and the type of livestock most suited to such vegetation
and agroclimate.



Cropland zones should be subdivided according to the most suitable varieties based on soil
types, agroclimate, and topography. Categories are fruits and their varieties, cereals/grains
and their varicties, vegetables and their varieties, and so forth.

Such zoning does not mean that experimentation should be discontinued on new crops with
potential for introduction. In fact, information from the RAIN and similar projects, such as
the University of Hawaii's International Benchmark Sites Network for Agrotechnolegy
Transfer (IBSNAT). would cncourage such experimentation through the tansfer of
agrotechnology among similar agroclimatic zones without the need for extensive research,

Storage, Conservation, and Efficient Use of Water

Another important component of effective rainfed agricultural production would be the
capture, storage, conservation. and efticient use of scarce rain water.

This aspect of soil-water management would fall into several broad categories as follows:

Runoff/Erosion Preveation/Water Catehment Techniques. There is a wide variety of
actions that can be taken, ranging from damming, afforestation and ground cover,
retaining devices and walls, terracing, and small-scale water catchment techniques.

Tillage/Mulching Techniques. There is growing awareness of the importance of
conservation tillage based on the soil, topography, climatology, and the crop involved. The
oenefits of mulching seem to be more universally acknowledged. Some preliminary work
done in the West African Sahe! at Niamey, Niger. indicates that mulching has a long-term,
cumulative beneficial effect even under the poorest soil and drought conditions.

Fallow Techniques. It would seem that proper fallowing can make a significant difference
in the moisture retention capacity of cropland soils. and that this can have an impact on
whether next season’s crop has a good or poor start, especially if it is a dry year.

Effects of Livestock and Crop Residue Practices. Traditional grazing practices leave
little or no crop 1sidues during fallow for replenishment of organic matter in the soil,
water conservation, and erosion control. The most effective way of overcoming this
problem would be 1o develop barley/legume forage crops 1o replace the use of crop
residues (mostly wheat hay). that have litde or no nutritional valus as feed. Another option
is to develop compost from treated shudge and garbage to replenish organic matter.

Stress Resistant Cultivars, Many existing plants are acclimated to the local agroclimatic
environment. The scarch for new or mproved cultivars should be continued througn the
introduction and testing of promising varieties from similar agroclimatic areas of the
world. Pest as well as drought resistance should be sought,

Control of Weeds. Weeds and other harmful plants are fierce competitors for scarce water
and must be controlled. Weeds also can be the hosts for insect pests and plant diseases.

Potential Applications of Biotechnology. Control of soil and water behavior through
biotechnology. development of stress resistant cultivars through genetic engineering, and
growth and yicld regulators are some of the obvious biotechnological applications that have
potential for improved soil-water management practices.

All of these soil-water management practices should be incorporated into farming systems
for both large and small scale operations. The right combination can be found through

&

experiments which also serve as demonstration trials.



Legal, Social, Economic,
Organizational, and
Management Aspects of
Soil-Water Management
Programs

Application of Basic
SCRAD Concepts to Soil-
Water Managenzent
Program Planning

There are many soil-water management practices that can be implemented inexpensively
through existing research and extension programs. However, many projects are large and
expensive. An cxample is comprehensive watershed development. 1t is crucial, therefore,
that economic analysis be performed to ensure that the benefits will justify the costs.

Important legal considerations are land inheritunce, landlord-tenant arrangements,
agricultural and conservation zoning, and soil and water deveiopment, use, and
conservation laws. Other laws that provide disincentives or incentives o land-
owners/tenants to practice proper soil-water management should also be reviewed.,
Traditional land inheritance laws have resulted in excessive land fragmentation which
makes mechanized operations uneconomical. The needs of women who are impertant
participants in the agricultural sector also need attention.

Finally, institutional staft” and management capabilitics must be developed if they do not
exist. Otherwise, even the best of plans will not materialize.

The JHADP places primary cmiphasis on reorganization of the research and extension
functions of the Ministry of Agriculture and the adoption of new management systems
adapted from Hawain 1o the Jordanian situation. Similar efforts will be needed in those
countries of the region where effective agricultural technology development and transfer
capabilities do not exist or are inadequate.

So far, the SCRAD process has been used succeessfully in Hawaii to analyze and prioritize
action plans tor 24 commaodities and one major natural resource—forestry. It was decided
to test at this Workshop whethier the SCRAD process could be adapted and applicd to plan
a sotl-water management program. Accordingly, this paper has approached soil-water
program planning frony the point of view of a management/planning speciahist rather than a
soil or water resource scientist. The technical aspects of soil-walter programs were
discussed in papers presented at the Workshop by soil. water, natural resources, and crop
management scientists and ccononiists,

Unfortunately. there was insutlicient time 1o fully apply the SCRAD process. Rather,
participants were divided into working groups to carry out the first three steps of the
SCRAD process: 1) to identify the components of an effective soil-water management
program. 2) to identify the constraints that prevent the realization of those components,
and 3) to identity some actions that could be taken to overcome the constraints. Results of
the exereise are presented below.

Current Status and Potentials of Seil-Water Management Programs for Rainfed
Agriculture in the Region

Historical Perspectives. Many arcas throughout the region were once covered by forests.
The cutting of the trees to clear farm lands and for fuel has virtually climinated the
forests. Attempts at reforestation are making progress but there is a long way to go.

There is evidence that water catchment technigues such as retaining walls and terracing
have been practiced quite widely and this provides an historical basis for renewed efforts
in this arca.

Current Status. The combination of dry years and decades of overgrazing has caused
adverse effects on vegetation, fow organic matter in soils, and poor water retention/soil
crosion, especially in rangeland arcas. However, reeent demonstrations in Tunisia and
Moroceo paint out that range revegetation and grazing management are feasible and can
yield immediate and long-term benelits.
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Partly in response to governmental pricing policics, there has been a tendency to push
crops beyond their suitable agroclimatic zones. For cxample, wheat is grown at elevations
and on topography where fruit and other trees should be grown, and in drier arcas where
barley should be grown or rangeland grasses and shrubs would be more suitable. This
practice not only places considerable stress on soll-water resources and management but it
results in poor yicelds. It would be better o geta good yield of barley or forage, use it o
feed the sheep. and sell the Tamb and milk products. which would bring more profit than a
poor vield of wheat.

Due to lack of knowledge o economic factors, very few modern soil and water
management practices buve he opted by the average dryland farmer in Jordan and in
other parts of the region. Al there are many projects (some very large) dealing with

watershed and soil-water mana ent, few are part of comprehensive program plans.
Although implementation of long-range plans must be done merementally in projects that
are ceconomically feasible. such projects should be part of a4 comprehensive soil-water
management progrin.

There are abundant technologies throughout the world that are available for transfer, but
there is a Lack of mechanisms for systematic information exchange, and little organizational
capacity and few personnel trained 1o receive and carry out such technologies in an
institutional framework.

Future Potential. The importance of soil water management programs in rainfed
agriculture has been recognized and actions are being initiated to begin planning on a
national and international/regional hasis. This Workshop was a prime example, and it is
hoped that it will provide just such an inmpetus.,

The RAIN project would be crucial o facilitating information ¢xchange and technology
transfer i the Near East region. and concomitantly lessen the economic burden of each
country having to develop Knowledge and technology from scrateh. It would be extremely
shortsighted not 1o proceed with the RAIN project since it can supplement the IBSNAT
project (which is worldwide) by providing more intensive information and technology
transfer within the region and can serve as « prottype for similar regional networks.

Comprehensive approaches such as the JHADP and the Zarga Watershed Project in Jordan
will vield valuable information. Outputs from these and other projects throughout the
region will be put into the RAIN data base. Because soil-water management is a crucial
clement common 1o all ramfed agriculture, it is the ideal prototype program for regional
information and technology exchange through the RAIN project. The JHADP hopefully
can become a model for mstitniionalizing comprehensive agricultural development
capability at a national fevel

From the regional standpoint. soil-water tanagement will be a key element of the RAIN
project while. froni the national point of view. it will be a major component of rainfed
agricultural development in Jordan through the THADP.

Identification of Components, Constraints, and Actions Needed

The first three steps in the SCRAD process require: 1y the identification of the key
clements and components that are necessary i order to achieve an effective soil-water
management program: 2 the constraints relating o cach component that are preventing the
program from reaching its full potential: and 3) the actions neeessary to overcome the
constraints. In Scction 3 of this paper some of the Key elements of a soil-water
mamgement program were discussed. Fhe absence of, or partial lack., in cach of the
components constitutes i constraint. Other constraints can only be identified through
analyses by multidisciplinary teams. As cach constraint is identified the multidisciplinary
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tcam must also identily the actions necessary to overcome that constraint, The participants
of the Workshop were divided into three groups simulating SCRAD multidisciplinary
teams with the exception of Group 1. The working group leaders were University of
Jordan faculty members who would follow up with the additional steps of the SCRAD
process to develop Action Plans for a Soil-Water Management Program for Jordan.

The last one and ane-halt davs of the Workshop were devoted to the working group
discussions. Six key clements and six working group discussion leaders were designated.
The elements chosen by the Workshop organizers were: 1) agroclinatology, land use, and
crop selection: 2) soil/water conservation: 3) efficient use of water, 4) soil, water, plant
nutrient relationships: 3) etfects of livestock and crop residue practices on soil-water
conservation (duc o its special concern in Jordan and other Near East countries): and 6)
farming systems and sociocconomic aspects. It was the task of the discussion group
leaders. along with the simulated multidisciplinary groups. to define the components within
sach key clement arca, identify the constraints for cach component, and suggest actions
that could be taken to overcome cach constraint.

The first day of the working group sesstons did not go well. Unfamilarity with the
SCRAD process on the part of both discussion leaders and participants and the large size
of at least one of the groups inhibited discussion, the discussions were often off tarpsi, and
the components. constraints, and actions suggested were not organized in the systematic
manner required 1o formulate a comprehensive soil-water management program. The day
ended with considerable uncertainty and apprehension among the Workshop organizers.

That night a key procedural adjustment was niade and implemented the next day. Each
participant was given a blank worksheet and asked to write down what he or she thought
were the important components. constraints. and actions needed. After 20 to 30 minutes of
writing. participants were asked o present what they had written, and to comment, discuss
or present their own views. Not only did participation increase markedly, but the
comments hecame more systematic from the standpoini of defining a comprehensive soil-
water management program. The discussions finally began to resemble the exchange of
professional views and ideas expected of SCRAD multid'sciplinary groups.

The sccond set of group discussions began with cach participant filling out a worksheet
and presenting his/her findings. The discussion groups were able to fimsh their work in
less than half the time thar they needed previously.

The working group sessions concluded by each of the six discussion leaders summarizing

his group’s findings in a plenary session. The key conclusions that could be drawn were as

follows:

1) The SCRAD process i logical and sufticiently uncomplicated so that a diverse group
of professionals can learn it and begin 1o make it work in a couple of days.

[ ¢S]
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The SCRAD process induces people from a wide range of disciplines to think
systematically. to view the various clements of w program as an interrelated system
and 1o look at programs as part of the whole agricultural sector as well as the larger
sociocconomic svstem. This was evidenced by the fact thar quite a few of the
components and constraints were repeatedly brought up by several or all of the
discussion groups indicating that cach clement could not be discussed in isolation from
the rest of the soil-water management/cropping/livestock systen.

3) The technical papers presented at the cariier sessions ol the Workshop as well as the
discussions that ensued in the working groups indicated that there is plenty of
available technology. The major constraints that are preventing the adoption of sound
water management practices. as well as other availuble technology. are decidedly
socioeconomic in nature:
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a) Lack of knowledge, priority, or willingness to assume/manage real or perceived
risks of weather, higher cost, yield, market, and price.

b) Lack of capital to make the necessary investments in machinery, fertilizers,
pesticides, ete.

¢) Land fragmentation resulting from inheritance laws that prevent mechanization and
result in disecononties of scale.

d) Governmental pricing, marketing, and crop allocation policies which over the years
have created a general distrust of government programs among farmers.

¢) Traditional livestock ownership and grazing practices and the small size of farms
have resulted in overgrazing, soil erosion, and low soil organic matter, and will make
it difficult to achieve integiated crop-livestock systems.

) Low salaries and indiscriminate transfers of key personnel have resulied in gencrally
weak research and extension organizations that are not cffectively serving the needs of
farmers, women in agricultural activitics. and rural families/cornmunitics,

These sociocconomic constraints must be overcome if effective farming systems and
increased production are 1o be realized.

The results of the discussion groups are indicated on the pages following the text.
Other Steps of the SCRAD Process

As indicated previously, only the first three steps of the SCRAD process were simulated
by the discussion groups/multidisciplinary teams. Even if the remaining steps of the
SCRAD process as deseribed in Section 2 of this paper were carried out, it would not
have resulted in a workable Action Plan. The reason is that the constraints, actions
required, the ageney or organization(s) responsible for the action, the probability of
suceess. duration of action, resources required, and impacts all differ, sometimes
markedly. trom country to country and, therefore, the SCRAD analysis must be country-
specific in order o constitute an executable or real life Action Plan.

[tis the intention of the Workshop organizers that the Jordanian discussion group leaders
will continue with the remaining steps of the SCRAD process to produce a Soii-Water
Management Action Plan for the rainfed highlands of Jordan, and that this will serve as %
n:odel for developing similar Action Plans for the other counts jes in the Near East region
through the proposed RAIN project.

This paper has described the suceesstul efforts of the Univessity of Hawaii to take a
systems approach to commodity/resource planning and development, and the attempts
being made 1o adapt that system to the agricultural development of the Jordan Highlands.
This Workshop has attempted 1o define the first component of the proposed RAIN project,
that is, to define the parameters of o regional soil-water management program within the
RAIN framework. Such a soil-water management program for Jordan will be both an
important component of the JHADP as well as Jordan's segment of the RAIN soil-water
management component,

The SCRAD process is simply the application of logic, common sense, and the coneepts of
systems analysis to agriculural development planning. It can be a very powerful and
versatile planning tool. If administered properly with the kind of wide participation and
decision-making that has been achieved in Hawaii. it can also be a powerful mechanism
for coordinated, committed actions based on a rationally derived set of priorities. It is also
a device to efficiently allocate increasingly scarce resources.



Group Discussions

This Workshop has demonstrated that the basic concepts of the SCRAD process can be
used as a potential management tool for analyzing and planning soil-water management
programs. It is hoped that follow-up actions will be taken by the countries represented at
the Workshop to develop Action Plans that will result in the adoption of sound soil-water
management practices by farmers throughout the rainfed agricultural regions of the Near

East.

Group 1. Agroclimatology, Land Use, and Crop Selection (Discussion Leader: Dr. Ian

Stewart, USAID/ANE-S&T, Davis, California).

Component Constraint Action
Agroclimatic Lack of Adopt USDA Soil
classification official soil Taxonomy since it is
of lands. classification/ the most comprehensive
evaluation and is used by agro-
system. technology transfer
networks such as the
ISBNAT Project.
Lack of !. Review available
systematic data on rainfail,

data bank.

Lack of soil survey/
interpretation/
evaluation
capability.

138

temperature, and
soils.

. Install agro-

climatic (rainfatl,
air and soil
temperatures, solar
radiation,
evapotranspiration)
data loggers at
experiment stations
and other major
agricultural
producing arcas,
especially in
marginal/transitional
arcas.

. Establish soil

survey unit as
part of
soil-water
management
program.

Provide technical
assistance and
training as
neceessary.
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Group | (continued)

Component

Constraint

~ction

3. Secure long-term

commitment of
necessary
resources by
cognizant
government
authority.

Soil/land
resources

mapping.

Expense and time
involved.

. Utilize satellite

remote sensing to
develop broad
scale zoning for
agriculture
(watershed/
forestry, crops,
range, desert,
etc.)

. Conduct spot soil

tests to
verify/refine
satellite based
zonings.

. Develop

computerized
overlay maps based
on data logger
findings.

Crop selection
based on topo-
graphy, soil, and
agroclimatic
environment,

Crop sclection

based on tradition
or perceived

profits, which often
tends to push crops
beyond their suitable
agroclimatic zones.

. Based on known

crop requirements
for soil-water and
temperature,
develop cropping
pattern by agro-
climatic zones
(e.g. fruits,
vegetables,
cereals, pulses,
forages, range
grasses, ctc.)

2. Conduct soil-
moisture tests for
specific farms and
rccommend
appropriate crops.

3. Confirm or
recommend changes
based on &ctual
cxperience,



Group I (continued)

Component

Constraint

Action

Selection of
suitable crop
to plant based
on projected
rainfall for
the scason.

Lack of information

for farmer to make
such a decision.

Recent research
indicates a strong
correlation between
the date of the
onset of the rainy
season and the total
rainfall for the
season. The carlier
the onset, the
longer the scason
and more rain.
Farmers can decide
whether it would be
better to plant
wheat or barley,
depending on the
date of first
rainfall. Also the
IBSNAT project is
trying to develop
decisior support
systems that could
aid the farmer.

Group II. Soil/Water Conservation (Discussion Leader: Dr. Theib Oweis, Faculty of

Agriculture, University of Jordan, Amman, Jordan).

Component

Constraint

Action

Minimize runoff/
s0il erosion.

Current plowing
practice is to
plow up and down
the hill.

Land fragmenta-
tion (narrow
strips) prevents
contour plowing.

Cost of contour
plowing.

Terracing, water
retention walls
are expensive.

Farmers cultivate
steep hills with
vegetable crops
adding to erosion.

Adoption of contour
plowing.

Land aggregation and
demonstration projects
through agricultural
devclopment funds.

Underwrite cost of
custom plowing through
demonstration funds.

Experiment with ridging
practices.

Consider adding ground
cover for grazing or
planting trees.
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Group II (continued)

Component Constraint Action
No practices to Experiments/demonstration
reduce wind on ridging of soils
erosion. through tillage which is
known to reduce wind
crosion by as much as 85
percent,
Reduced ground Improve grazing capacity
cover vegetation of range through re-
through over- vegetation/grazing
grazing, management projects to
decrease grazing
pressures on erodable
areas.
Management Hard soil Adoption of tillage

practices to
maximize water
infiltration

and moisture
retention/
minimize
moisture loss.

surface prevents
infiitration and
causes runoff,

Crop residues
are used for

feed and grazing.

Use of
traditional,
less effective
methnds of
fallow by
farmers.

Farmers do not
want to incur
extra cost of
proper tillage/
fallow,

practi~es prior to
rainf2.. to roughen soil
surface.

Experiments to establish
proper balance/tradeoffs
between residue usage
for soil-water
conservation versus
livestock feed.

Use of fallow practices
that (1) utilize pre-
rainfall tillage/surface
residues to maximize
water infiltration,

(2) loosen soil/mulch
after rains have
stopped to minimize
evaporation, (3) use of
chemical weed control
practices to lessen
unbeneficial
transpiration,

(4) reduce soil surface
temperatures.

Experiment/demonstration
through demonstration
funds.



Group II (continued)

Component

Constraint

Acdon

Lack of weed
control
practices.

Lack of
appropriate
herbicides.

Lack of
machinery for
spraying.

Lack of non-
chemical methods
of weed control.

Adoption of weed control
regime as part of fallow
and crop management
through demonstration
project funds. Factors
such as timing of wzed
control practice are
crucial.

Test and clear
herbicides for crop use
or use EPA cleared
pesticides only.

Develop/use custom
operations through
cooperatives and other
private operators.

Experiments on (1)
various tillage/culti-
vation techniques, (2)
biological control of
weeds, (3) crop
cultural practices
(carly cstablishment of
crop, elc.)

Proper mulching.

Lack of
mulching
material such
as crop residues
due to grazing.

Experiment with (1) soil
mulching technigues, (2)
other organic wastes,
(3) plastic mulches.

Soil amendments.

Lack of national
organic
materials.

Experiment with (1)
green manuring, (2)
composting with sludge
and other wastes, and
(3) nitrogen fixation
through use of legumes.

Developing
soil water
conservation
system,

Lack of analysis
and action plans.

Lack of commit-
ment of
resources.

Through application of
full SCRAD analysis,
identify prioritics and
actions needed.

Redirect resources to
developing soil-water
conservation program as
critical component of
soil-water management
system for rainfed
agriculture.
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Group II1. Efficient Use of Water (Discussion Leader: Dr.
of Agriculture, Yarmouk University, 1rbid, Jordan).

Component

Constraint

Action

Capture and
store runoff

for supplemental
irrigation.

Lack of water
catchment
practices.

1. Experiments/demon-
strations on small
scale water catchment
techniques.

2. Give attention to
development of and
water catchment from
springs, especially
winter springs which
give off considerable
volumes but are
ignored.

Use captured
water for
supplemental
irrigation for
maximunm benefit
1o plants.

Lack of knowledge
of how to use
supplemental
irrigation
effectively for
specific crops.

Experiments on
supplemental irri-
gation techniques
for different crops.

Use of waste
water for
supplemental
irrigation in
rainfed
agriculture.

Waste walter is
used for inten-
sive irrigation
rather than for
supplemental
irrigation.

1. Initiate plans to
have future waste
water available for
supplemental irri-
gation in the rain-
fed areas.

2. Look at supplemental
irrigatior. for cereal
crops as well as
vegetables and fruits.

Cultivate water
efficient crops
that are more
suited to the
agroclimatic
environment.

Because of
government price
support, large
arcas (approx-
imately 80%) are
devoted to wheat.

1. Arcas of shallow
soils and slopes
should be planted
with tree crops,
especially fruits.

2. Buarley should be
grown in areas below
280 mm of rainfall
since it is a more
efficient user of
water than wheat.

.dullah Jaradat, Faculty



Group I (continued)

Component

Constraint

Action

. Areas of lesser

rainfall should be
considered for
revegetation as
rangeland using
drought resistant
rangeland shrubs and
grasses.

Use of water
efficient
cultivars.

Local small grain
crops are not
efficient water
users due to
their low yield
potential.

Available gene
pool may not have
been evaluated
thoroughly for
water use
efficiency.

Field and labora-
tory techniques
and instruments
for physiological
studies relating
to water use
efficiency are
cither not avail-
able locally or
expensive to
obtain.

. Screen available

local germplasm
for water use
efficiency.

. Introduce and test

new breeds that are
faster growing and of
of shorter life

cycle to escape
drought, and/or are
more resistant to
drought conditions.

Test local gene pool
{o select cultivars
that can adjust
phenotypically to
available moisture.

. Utilize cooperative

arrangements with
international centers
or develop a
technical assistance
project to secure
needed capabilities.

. Explore tissue

culture and
biotechnology as
rapid means 1o
develop or introduce
drought resistance/
water efficient
cultivars.
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Group {II (contirucd)

Component

Constraint

Action

Make more

effective use of
stored moisture
during summer.

Traditional weedy
fallow since
summer periods
are devoid of
rainfall. Farmers
do not realize
that weeds are
using stored
moistu, 2 that
could be used to
grow crops.

1. Test suitable summer
crops with object of
reducing arcas left
in inefficient weedy
fallow.

2. Consider water
efficient and/or
drought resistant
forage crops for
livestock use during
summer periods when
fields and range
areas are dry.
(Perhaps answer lies
in weed varictics
that have nutritional
content for
livestock.)

Make more
efficient use
of winter
moisture.

Lack of local
disease

resistant

cultivars

adapted to

winter conditions.

Introduce winter legumes
from temperate zones for
testing to take

advantage of winter
rains/moisture,

Develop system
of cultural
practices that
make efficient
use of water or
moisture.

Lack of knowl-
edge and data

Conduct experiments on
tillage methods, timing
of plantings, sowing
depth, optimum ferti-
lization/moisture rela-
tionships, supplemental
irrigation, etc., to
develop water efficient
cropping systems.




Group 1V, Soil, Water, Plant Nutrient Relationships (Discussion Leader: Dr. Sayed

Khattari, Faculty of Agriculture, University of Jordan, Amman, Jordan).

Component

Constraint

Action

Determine soil
fertility and
fertilizer
requirements
(N,P.K) for
different crops
for major soil
types found in
Jordan

Lack of data
specific to

Jordan Highlands.

Carry out fertilizer
trials involving var-
ious soil types and

major crops found in the

Jordan Highlands to
establish standards for

soil testing/recommenda-
tions. Develop prescrip-

tions based on soil

Highlands. taxonomy.

Determine Lack of data 1. Design water/ferti-
optimuni water/ lizer/nutrition
fertilizer measurements
(N,P.K) into fertilizer

relationship in
different soil
types found in
Jordan to maxi-
mize nutritional
benefits and
crop yields.

trials to find
optimal amount and
regimes.

2. Test for fertilizers
that require less
water or are water
efficient.

Provide soil

and plant

tissuc analysis
capabilitics

for experimental
and farmer
recommendation
PUrposes.
including micro-
nutrient
deficiencies.

Lack of capa-
bility to provide
timely infor-
mation.

. Secure technical
assistance if nceded
to develop labs and
trained personnel.

2. Provide training to
farmers on how to
take soil and leaf
samples at critical
times for corrective
actions to be taken
on a timely basis.

Promote
efficient use
of fertilizers.

Cost of ferti-
lizer to farmer
and lack of

proper machinery.

1. Acquire in bulk
through cooperative

and develop capacity

to mix formulations
at cost savings
to farmers.

2. Train custom
operators to apply
fertilizers by
machine.
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Group IV (continued)

Component

Constraint

Action

3. Experiment with crop
rotations to take
advantage of
fertilizer residues.

Maximize root
development and
waler/nutrient
uptake by plants
and crops.

Lack of attention
to this aspect of
plant physiology
in Near East
region.,

L. Test cultivars with
strong root stock
development, water
efficiency, and
drought resistance.

2. Test fertilizers
that promote carly
and rapid root
development.

Protect plants
from discases
and other pests
that retard
cfficient use
of water and
nutrients.

Lack of effective
plant protection/
pest control
programs.

Develop integrated pest
and discase management
program with emphasis
on:

* Introduction/devclop-
ment of disease, and
rzmatode resistant
cultivars,

® Biological control of
pests, discase, and
weeds.

® Chemical control as
necessary utilizing
EPA-registercd
chemicals.

® Non-chemical control
methods such as hot
walter, dry heat,
irradiation, etc.

* Improved methods of
handling and
propagating discase
free plant stocks.

* Protection from
introduction of pests
and diseases from
foreign arcas.



Group 1V (continued)

Component

Constraint

Action

* Importation or
development of plant
disease treatment
methods, such as
inoculants.

e Systems/multidisci-
plinary approach,
including
biotechnology.

Promote soil
amendments.

Lack of organic
matter in soils.

Scarcity of
natural organic
matter.

Carry out program of
retaining crop residues
for soil amendrnent
purposes (See Group V
findings).

1. Develop composting
through use of
sludge and
garbage for
restoring organic
matter.

(25

. Develop green
manure techniqgues.

Provide for
nitrogen fixing
crops.

Lack of knowledge

and experience.

1. Carry out program of
crop rotation using
nitrogen fixing
legume crops as a
forage in
conjunction with
barley or wheat. (In
Jordan, the
Australian Dryland
Farming Project has
carried out on-farm
demonstration
projects.)

2. Devclop capability
for biological
nitrogen fixation
through FAO
Technical
Assistance/Training
Frogram.
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Group 1V (continued)

Component

Constraint

Action

Provide for
treatment of
saline and sodic
soils found in
highlands.

Lack of program
for naturally
saline soils (as
opposed to
irrigated soils).

1. Develop research
program specifically
aimed at high-lime
and other types of
salire soils found
in rainfed areas.

2. Treat saline and
sodic soils as
separate resources
cutting across all
aspects of a soil
water management
program,

Group V. Effeets of Livestock and Crop Residue Practices on Soil-Water

Conservation (Discussion Leader:

University of Jordan, Amman, Jordan).

Dr. Nasri Haddad, Faculty of Agriculture,

Component

Constraint

Action

Maximize use
of crop
residues for
soil and water
conservation.

Beneficial

cffe:ts of crop
resiauc for soil-
water conser-
vation are not
known by farmers.

Lack of knowledge
about optimum
amount of residue
needed for effec-
tive soil

moisture con-
servation.

Residue is used
for grazing and
is not available
for soil and
moisture conser-
vation,

On-farm demonstrations
should be conducted to
show beneficial effects
of residues on water in-
filtration, lessening
evaporation, runoff, and
wind erosion.

Conduct research at
various levels of
residue to determine
optimal residue/
moisture balance.

I. Agreements should be
reached between
farmers and sheep
owners/grazers to
keep livestock out
after hay has been
cut.

2. Provide alternative
sources of summer
fecd through forage
crops or baled hay.



Group V (continued)

Component

Constraint

Action

. Till the fields

immediately after
harvest 1o prevent
grazing.

Fencing, if
appropriate.

. Educate farmers and

livestock ownors/
herder about the poor
nutritional value of
residue as feed and
its high value as a
soil-water
conservation agent.

Make cxcess hay
available for
livestock use.

Lack of machinery
to cut and bale
the hay.

. Make combines or

baling machines
available through
cooperatives or
custom operators.

. Treat hay to add

nutrient value
before feeding to
animals.

Minimize soil
compaction and
soil erosion
caused through
excess grazing.

Lack of knowledge
on what degree of
grazing can be
tolerated with-

out damage.

Conduct experiments on
soil compaction, lack of
infiltration, runoff,

ana crosion at

different intensities

of grazing.

Increase organic
matter content
of soil through
other types of
organic matter
supplementing
crop residues.

Lack of programs
to convert wasle
into usable
organic matter.

1.

Develop a waste dis-
posal/treatment plant
that will convert
garbage into usable
compost.

. Develop a sewage

treatment/composting
plant to convert
treated sludge into
usable composting
materials.

. Both would be good

bricks and mortar
type of project if
USAID funds for
Jordan remain at a
high level or are
increased.
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Group V (continued)

Component

Constraint

Action

Develop range-
lands as alter-
native to heavy
grazing of crop
residues.

Rangelands,
which typically
constitute a much
larger area than
croplands, suffer
even more from
overgrazing due
to scarcity of
edible ranga-
land vegetation.

1.

Undertake a range-
land revegetation
project through AID,
UN and other
Sponsors.

. For example,

rangeland
revegetation
technology developed
in Tunisia should be
tested for adoption
by other countries in
the Near East region.

Develop forage
crops/intensive

Lack of knowledge
and technology

Technology in intensive
rotational grazing has

grazing adapted to Near been well developed in
techniques East rainfed New Zealand and should
using supple- conditions. be investigated as to

mental irriga- whether it can be

tion during adapted to rainfed areas
sparse rainfall with supplemental

and dry summer irrigation.

periods.

Group VI. Farming Systems and Socioeconomic Aspects (Discussion Leader: Dr.
Suleiman Arabiat, Faculty of Agriculture, University of Jordan, Amman, Jordan).

Component Constraint Action

Establish basic Lack of knowl- 1. Establish a subject
farming systems edge and train- matter specialist
capability among ing among staff. position in farming

extensionists. systems.

2. Develop program and
train staff in
farming systems
methodology.

3. If necessary, bring
in experts to provide
technical assistance
during early phases
of implementation.
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Group VI (continued)

Component

Constraint

Action

Improve cropping
and livestock
systems and
farmer practices.

Lack of data.

1. Conduct baseline
study to obtain in-
formation on typical
practices in the
region.

2. Bring in new
technology or conduct
research to improve
farming systems,

3. Develop models of
oplimal farming
systems based on
cropping and
livestock patterns
suited to the
agrroecology of the
area, including sound
soil water management
practices.

4. Take practical

approach and allow
farmer to experiment
and adjust. Taking a
time and motion/
operations analysis
approach for cach
farm is too

exrensive and
probably unnccessary.

Convince farmers
to adopt new
technology
system,

Since many farms
are operated by
short-term

tenants rather

than owners, therc
is no incentive to
invest in new
technology.

Farmers do not
want to incur
higher cost of
machinery, ferti-
lizers, pesticides,
etc.

1. Enact appropriate
legislation to
protect tenant
farmer as well as
the landowner.

2. Encourage use of
custont operators who
usc improved
technology.

Conduct on-farm
demonstrations to
show that higher
yields and profits
will more than com-
pensate for the
higher cost.
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Group VI (continued)

Component

Constraint

Action

The farmer views
the additional
cost as being too
risky in view of
the uncertainty
of rainfall.

Research needed

on risk management
and weather
prediction
techniques to reduce
the margin of risk.

Adopt govern-
mental policies
and programs
that assist
farmers,

Farmers have
strong distrust
of governmental
policies such ax
pricing practices,
crop allocation/
control, red
tape, incffective-
ness of extension
services.

1. Government should
provide incentives
to farmers 1o
increase or improve
farm inputs instead
of price subsidies te
consumers at the
cxpense of the
farmer.

2. Government should
coordinate
importation of food
commodities so as not
to flood the market
at the expense of
local products.

3. Free market factors,
and not crop
allocation, should be
allowed to deal with
problem of over-
production.

4. Build governmental
competence and
effectiveness through
institutional
development projects
such as the Highlands
Agricultural
Development Project.

5. Policies that
encourage plowing of
rangeland for crops
and encourage the
growing of wheat
beyond suitable
ecological zones
should be abolished.



Group VI (continued)

Component

Constraint

Action

6. Legislation should be
passed to protect
agricultural lands
from urban
development (such as
zoning).

7. Concentrate on both
local and export
market development
for agricultural
products.

Hoption of
mechanized
farming.

Land fragmen-
tation makes it
impractical to
use mechanized
operations.

Undertake land aggrega-
tion through incentives
and legislation such as
prohibiting physical
division of farm lands
below a certain minimum
size.

Promote
integrated
crop-livestock
systems.

Small size of
farms makes it
cconomically un-
feasible to have
integrated live-
stock systems
cxcept for a few
goats,

Traditionally
the farmer and
the livestock
owner or herder
are separate
individuals and
compete for the
residues.

. Land Aggregation
should be pushed.

2. Concentrate on
larger operations
for integrated
systems.

Shifting to barley-
legume s, stems with
livestock as the main
income producer can
generate more income
for the farmer than
wheat or barley/fallow
systems.

Promote improve-
ments in small
farm/family
systems.

Technical assis-
tance projects

and studies have
largely given
only lip service
to the needs of
the small farmer,
women in agricul-
ture, and the farm
family,

1. Initiate a small farm
implements project
to relieve the farmer
of hand labor.

2. Provide prograins for
women in agriculture
and family resource
management.
Provide women
extensicnists in the
field to concentrate
on these programs.

341



342

Group VI (continued)

Component

Constraint

Action

3. Develop crop

management techniques
specifically geared

to small scale
operations.

. Develop soil water

management as part of
the small farming
system.

Maintain

a strong
agricultural
sector.,

Urbanization and
development is
taking agricul-
tural lands out
of production,

Young people are
leaving the farms
for white collar
jobs.

. Agricultural zoning

legislation.

. Make farming more

profitable.

. Take other measures

to restrict urban
development (restrict
infrastructure
development, provide
improved services and
amenities in rural
communities, family
planning programs,
etc.).

. Have programs that

promote agriculture
as a business and
profession.

. Exploit the trend

toward off-farm
income for the family
but promote the need
to keep the family
lands in agricultural
production.



Group VI (continued)

Component Constraint Action
Water is the 1. Have strong and
key limiting viable soil-water
factor in agri- management program
cultural develop- as part of crop/live-
ment for rainfed stock production
areas. systems.

2. Action plans should
be developed for each
country through
application of
remaining steps in
the SCRAD process.

3. Long-term, sustiained
effort is necessary
to make lasting
impacts.
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