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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 whereby 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 ageemcnt reflects an awareness that dryland or 
rainfed cropping systems currently produce most of the food and fiber for some 700 
million 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 ,aributed largely to the lack of proper soil and water 
management practices and continued degradation of the natural .esource base. 

The agricultural soils in thesc countries are often coarse-textured, sandy soils that are low 
in fertility, low in soil organic rnatter, and low 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. Efl'forts to intensify 
row-crop production have resulted in severe wind and water erosion 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 "rnd land-grant 
university scientist!; have conducted extensive research to improve soil, water, and crop 
management practices. This has led to the development of more stable and sustainable 
conservation and production systems fbr dryland agricuhltu re. 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 he a priority activity for the years 
to conie. 

The USDA/USAID lDryland Agriculture Project or TSMM assists developing countries in 
the economic assessment of their soil, water, and crop/livestock nmanagement 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 research and extension networks that promote cooperative 
research and exchange of information on agricu lItur:d systems management. The Project 
has catalyzed a two-way Ilow of technical information on dryland/rainfed farrinig between 
the United States and developing countries. 

An excellent example of TSMM's contribution to the improvement Of dryland farninrig 
systems is the Workshop on "'Soil. Water and Crop/Livestock Management Systems for 
Rainfed Agriculture in the Near East Region," that was held during January 18-23, 1986 
in Anian, Jordan. Such workshops are invaluable since they critically assess past 
research, identify gaps in our research data bases, establish a consenstv, of future research 
needs and priorities, and provide z, firm basis for regional research networks or Ribbon 
Projects to resolve urgent problems affectin, :.il, water, and ,:rop/livestock management 
systems. 

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

D.D. Bathrick 
Director, Office of Agricurlture 
Science and Technology Bureau 
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 
techno!ogies that might increase crop production are not being readily adopted; 2) 
imprreved 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 rainfall: 6) inadequate use of chemical 
fertilizers in the Iryland areas; and 7) the low level of crop residue that is returned to the 
land because of its competitive use as feed f;r small ruminant animals, mainly sheep. 

Thus, with the creation of the USDA/USAID Dryland Agriculture Project, aiso ;ferred to 
as Technology for Soil Moisture Management (TSMM), and with strong encouragement by 
a number of regional and international organizations, a workshop was organized 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 
iternational Center for Agricultural Research in the Dry Areas (ICARDA). Some 70 
participants from 9 countries (Jordan, Syria, Turkey, Sudan. Pakistan, Egypt, Yemer, 
England, and the United States) attended !he Workshop. Agencies and organizations 
represented included ICARDA, the Arab Center f'0: the Studics of Arid Zones and 
Drylands (ACSAD), the Arab Organizatiot for Agricultural Development (AOAD), the 
Arab Scientific Institute for Rese.rch (ASIR), University (if Jordan, Jordan University of 
Science and Technology, the Jordanian Ministry of Agriculture, the Jordan Cooperative 
Organization (JCO), the Water Authority of Jordan, the German Technical Assistance 
Agency (GTZ), the Food and Agricultu.e Organization (FAO), the Jordan-Australia 
Dryland Farming Project, USAID, and USDA. 

The 	objectives of the Worksh~op were threefold: 

i) 	 To review ard 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 on 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 ;ietwork between national scientists in the Near 
East Region and U.S. scientists working on similar, high priority problems of 
rainfed/dryland agriculture, i.e., Ribbon Projects. 

Following the presentation of technical papers. Working Groups formulated 
recommendations and priorities for future research in the areas 1) Agroclimatology, Land 
Use, and Crop Selection, 2) Soil and Water Conservation, 3) Efficient Use of Water by 
Crops, 4) Soil, Water, and Plant Nutrient Relationships. 5) Effects 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 insufficien 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 soil erosion and to ensure that more of 
the rainfall infiltrates and is retained in the soil profile. Currently, most of the crop 
residues in the rainfed/dryland areas 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 research 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 agronomic 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 rainfcd agriculture in the Near East Region. The entire 
Region constitutes a highly fragile land resource and environment, and there is linited 
knowledge as to the technologies, that would be appropriate for these conditions. Where 
research has been conducted, there h.!s often been inadequate characterization of the 
research sites as to soil types, soil properties, and agrocliniatic variables. Consequently, 
the extrapolation of research results ano transfer of technology from such sites to the farm 
involves considerable ;:isk. There is an urgent need to conduct comprehensive soil survey 
and land classification !Iudies using modern soil tLxonoily to determine the land use 
capability of agricultural soils in this Regimon. 

The Working Groups emphasized the importance of having a sound technical data base of 
past and current research on various aspects of soil, \,ater, and crop/livestock management 
systems for rainfed agriculture in eoumltries of the Near East Region. They also 
underscored the need to integrate this informa:ion into agricultural production systems that 
are within the technical and economic capability of the farner so he may achieve 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 finturc research, 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 Research Needs and Prioritiesfi)r Rainfi'd Agriculture in Jordan. Copies can be 
obtained from Drs. Jaradat, J.F. Parr, or R.E. Meyer. Other countries in the Near East 
Region may wish to use the Jordan data base as a model in compiling their own. 
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We hope that the Proceedings of this Workshop will help to develop improved 
communication and exchange of technical information among scientists ir the Near 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 
Coordinator, USDA/USAID 

Dryland Agriculture Pr
ARS National Program Staff 
Beltsville, Maryland 

oject 

Dr. Raymond E. Meyer 
Project Monitor-TSMM 
Science & Technology Bureau 
U.S. Agency for 

International Development 
Washington, D.C. 

Dr. Robert I. Papendick 
Research Leader 
Land Management/Water 

Research 
'JSDA/ARS 

Conservation 

Dr. Hazel C. Harris 
International Center for 

Agricultural Research in 
the Dry Areas (ICARDA) 

Aleppo, Syria 
Pullman, Washington 

Dr. William R. Furtick 
Food and Nutrition Directorate 
Science and Technology Bureau 
U.S. Agency for International 

Development 
Washington, D.C. 
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Goals and Objectives 

Dr. W.R. Furtick 
U.S. Agency finr Imt rnational Developntar Amman, Jordan 

The goal of this workshop is improved use and conservation of soil and water resources. 

The objectives are twooll, i.e., for Jordan and for other countries in the Near East 
region. 

For Jordan, the o)jec:ti\,es are to initiate a process that will over the next few months: 
I) 	 More fully define the constraints on each element of agricultural production caused by

inadCqLnatc water and soil I. rces.r 

2) 	 Examin! which of these constraints can be reduced or eliminated. 
3) 	 Evaluate the best way of overcoming or reducing these constraints. 
4) Determine what specific a,:tions are needed. 
5) Assign responsibilities to specific individuals or organizations to take these specific

actions. 
6) 	 Based oi action plans developed, provide the resources required to address priority

cotnslraillts. 

This workshop will contributc to thi.i process by: 
I) 	 Utiliziie tile experience of experts from other countries in the region, internationaland 	reg illal orgalnizations and Scientists from the United States to help with the initialphases of tlie process, - i.e. providing the data base from which to ideni fy the primary

constrailltS and thle ctionS required to overconme them. 
2) Start ill gctling familiar with the Systematic Conmodity/Resource Analysis andD ,.elopulicnt Process (SCRAI)) that Will be adapted to the needs of Jordan as a tool

in the constrai arialysis and the pr,)cess to overcone these constraints. 
3) I-ormali/c a means of completing a Jordan data base on what is already known. 
4) Start the inomnictui required to do somelhing more than talking about the problems. 
5) I itiate tihe dial(g and becoi e quaintcd with colleagues in the region and beyond

that can i Itvide ftt c help aid inf'orlation. 

For our visitors frot cotur.rics in the region and beyond, the Workshop will provide aninterchangc ofi lifiritation and ideas with cotleagues in Jordan. It will also introduce themto the very ellclive tool of fhe SCRAD process for problem idertification, resolution, andmalagelent. Through Ihis Workshop the basis fir a future regional network, the RainfedAgricuilural In rrtit ilt Nelwork (RAIN). will 	be set to bring together scientists workingwilh similar prsblelis for a regular exchange of information and ideas. 

During the \Virksholp you will be exposed to various programs and projects, but we willtbcus on two that are il the beginning stage, i.e., the 	Jordan Highlands AgriculturalDevelopmiient l'roicc, (JIAI)P) and RAIN. As 	already mentioned, the RAIN Project willbring logcetler scientists from [lie region aind beyond that are working onisimilar problems.The 	JHAIDlI will establish the National Center lor Agricultural Research and TechnologyTranslcr (NCARTT) and its egional Centers: create ali interagency public/private/donorsector coordinating body: bring order out of chaos via SCRAD; and provide supplemental
lunds to insure i.liplelientations. 

Ill sunlimlary, then. we will sttart t process that over a matter of months is designed to:identiitify inaj,or constrai lts bOr eaci important element: determine how to overcome them;assign respiisibihity for ivercoming them, complete the data base of what is alreadyknown and has bce incdie id build the basis i'r continuing linkages with colleagues
tutside J rrdalil. 
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SECTION I 

Overview of Rainfed Agriculture in the Near East Region 



Soils of the Arab Countries 

A. Osman 
Arab Center,/nr the Study o1 Arid Zones and Drvlands, 
Damascus, S.na 

ABSTRACT> Soil and Itid use classfication can be used to Improve agricultural planning
and colns'ervation of'the soil rc.sourc'e ba.se. Recentl ACSAD has applied the USDA soilclassiJication .sYstem in tn i rt to produce a soil map of Arab countries. Objectives of the
project are to standardize nOinie't'la/lu', method., o'soil proilh, de'scription, laboratory
analys's, (n(d pr'sentation, !ti(ncalin, common /e'ends and color svste.ms. )tdaite ACSAD
has identified .Iridiso s (d1a'1)r',iominant soil.%in the rcgion), hInc' isols, and Vertisols in
th .frtile/ lailrs o/SYria. Iraq. Stuln, and No rth 1llnca, and Torrtfluvents in the alluvial
plains of imporitant rivers. I i.Shtoped that the soil mats and other infirnication will be
used by d'cision-tikers to .odag'rictultlralde'eloment policy.Vosa/dimsh 

Introduction Soils are v'aIntabhIe resCu ices I')It'f p0p0 dtctiO and agricultUral development. They are 
not renvewable and shoulId be [OFniservedIr the future generations. As in the developed
countries. most of dCevhClpi,tile cotmtries have created specialized public services
characterize. consCrve, and. lekclo)p this latural resource. There will be no 

to 
food without

soils. This is Mhyliost dcuse populations and old civilizations are located in the fertile 
lands of the vorld. 

Soils are not Iontiliog'enio illtheir pioperties and suitabilities for agriculture. They differ
froln one location to atiothir accordinig to their forming factors, that is, parent rocks,
climate. vegetatio i, to ogrph\. and tinle. Soil pperties are defined by their physical,chemical. biological. and ,incroloiical composition. Characterization of soil properties is a long and sophisticatcd process. It involves specialists of high qualification, field and 
laboratory equilipllwill, aind ti e. 

Soil classification itself is not tsitiplc language. Ol the contrary, it is sometimes difficult 
to understand. c spcial'oftr decision-makers and administrators. Land classification
much more simple. consiSting of 6 to 8 land suitability classes and subclasses lr 

is 

agricultural )raticCs. This is one rcason that illsome 'e,veloping countries land
classification is munch m0rc poptlar tham Soil classificalion. Nevertheless, a good landcli.,ssification litp cotllains much less information than a soil map, and in most cases it isbased on some selected irifiarmatiotn from tihe soil map itself. The soil classification could 
be and a10 shotld be used fo0r agricuhiral development. 

Methodologies Numerous svstems of stil'land classification have been used in Arab countries. Available 
llaps dio not covel all the c1ountries lldI priority was given to the cultivated and, 
partilaly, file irriatCd areas. These miaps were prepared by different specialists, e.g.,agronomisls, geog raphems, geologists, economtlists. meteorologists, hydrologists, etc. Atypical utap is on a scale from 1":20.0)1)0 to 1:100,000, i.e., semidetailed to reconnaisance
level. The legend is eene'all\ specific to the objectives but has been developed mainly tosatisfy the needs of adinnistralotrs and lakes into consideration the local agricultural
problems. The baise map is considercd less important. In most cases the mp is a kind of
sketch or draft mints the locatioll nap. the t1tap index, and the contour lines. The 
accuracy of' atypical map is also subject to criticism in nIust cases. A limited number ofreference and typical sites have beel completcly characterized. Soil description is brief and
laboratory ana!vsis has been limited to three textural classes in addition to pH and othersimple determinationS. his is unhrttx1tielv true of many soil studies in different locations
in the Arab countries. However. there are some good maps accompanied by good reportspresenting detailed inrniation on the methods and the properties of the soils. It will be 
easy to correlate these ittaps to anothcr system of' soil classification and make a good
interpretive map at the coutitry or the regional level on a smaller scale. 
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Available 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 i,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 area represents about 0.7 percent of the total area, about 9 million 
ha located mainly in Fgypt and Iraq. 

The countries that have completely described their soil resources at least at reconnaissance 
level are limited to Iraq. Tunisia. Yemen Arab Republic, Syria, and Lebanon. A soil map 
of Saudi Arabia has been recently 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 
Tumisia, Syria. and L.ebanon applying tileUSDA soil classification sys:en 'joil Taxonomy 
at a scale of 1:1.000,000. Tins work was carried out within an ACSAD project of the soil 
map off the Arab countries on 1:1.000,0()0 scale adopting the USDA Soil Taxonony as a 
basic and international system for soil classification. This project is one important 
collaborative work udCrtiiken by ACSAI) and tilenational soil scientists in the Arab 
countries. 

A synthetic map co\erin part of Norocco anld Sudan has been prepared. Some other 
countries have limited information on soils such IsSomalia, Mauritania, and Yemen 
DeIocratic Repulblic. 11i ibya an important study of the soil resources has been carried 
out by Russia on a salIc Of 1:50.(0(0 covering th northern part of the country and using 

tileRussian, system of soil classification. This map contains valuable information on soils 
and their ptpcrti&. 

ACSAI) is undertakinv an im poritaint project in the Arab countries to produce a general 
soil map at a reconnaissance scale of 1:1,000.000 iii order to standardize methods of soil 
profile descriptiati, labortry analysis, presentation with a common legend, and a common 
color system. The l)efense Mapping Agency (I)M..)operational navigation chart of the 
world was selected as a continon base 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 tie Arab countries. A common legend was elaborated and 
distributed to the Arab soil scientists. ACSAI) 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. Sittellite ilaerics cGUIld be used for the determination of the soil units. The 

maps are presented at the subgroup level with infornmation on slope, surface texture, and 
stoniness. 

The project also has an important training component with the cooperation of the Soil 

Management Sulpot Service (SMSS) of the USI)A/SCS and USAI) in the United States. 
Training conurses. seImminars , workshops, and a forum on Soil Taxonotny were organized 
jointly with SNISS and ACSAI) and the local soil administration in Syria (1980), Morocco 
(1982), Sudan (1983). Jordan It84). and ''tnisia (1985). Other training courses were 

organized inArabic with the cooperation of the Arab Organization for Agricultural 
Development (A A), 1985). 

A tremendous aonlt 1'in formation and soil ma .,have been collected and ACSAD has 
established a dati bank ftr the soil inap pro*ject wit h the cooperation of Bureau de 
Recherches teologique et Minieres (BIRGNI). Frar::e to classify and store soil information. 
Actually thousands of typical soil profiles with soil description and analytical data are 
availablc for representative soil units at the subgroup level. 
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Soil Classification According to Soil Taxonomy soils of the Arab countries are mainly classdised in the
Aridisols order. Aridisols are predominantly Calciorthids and Gypsiorthids. The Argidssuborder is occasionally identified. This development is related mainly to the soil moistureregime in the region. The Entisols Order is also well represented. Two situations are to beconsidered. Under the aridic (torric) soil moisture regime, the soils are mainly classified asTorriorthents, while under xeric or ustic soil moisture regimes the soils are classified asXerorthents or Ustoithents. In the mountainous areas and at high altitudes the soil moistureregime could be udic. This situation exists in the high Atlas range in North Africa and 
some other locaions in the region. 

In the fertile plains of Syria, Iraq, Sudan, and North Africa soils are predominantlyInceptisols and Vertisols. Under dense natural vegetation, Mollisols are developed. Theybelong mainly to the Lithic subgroups. Other important soils are formed a!luvialonmaterial of the Nilc, the Euphrates, and other important rivers. Thes;e soils are classifiedmainly as Torrifluvcnts and they prmduce high yields under irrigation. Examples of soils of
the area arc given in Tables I and 2. 

Table 1. Soils of Syria 

Order Predominant Soil Area 

2
kmAridisols Typic Calciorthids and 107,508 

Gypsiorthids 
Inceptisols 
 Calcixerollic XerochreptsEntisols 45,667Typic Xerorthent,, 22,024 

Vertisols Rock outcrops
Typic Chromoxererts 6,074Mollisols Lithic Calcixerolls 2,910Others (Andisols) 997 

Table 2. Soils of Yemnen Arab Republic 

Order Predominant Soil Area 

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

Mediterranean-Type Climate, Wheat Production and Response 
Farming 

J.I. Stewart 
World Hung'er Alh'viatim through Response 
Fanning, Davis, Ca/iomia, USA 

ABSTRACT A new rainfidl analysis, specific far the cro 1o be prohced, shows that in 

MediterroIvan-tvp' Climates on a trannse t from Morocco through Cypruls to Jordan, both 

wheat season rainlf'all anount and the duration of the rainy period are correlated with the 

ejfiective diate of onset 0/fthe rains. The earlier tihe onset after October 1, the gteater the 

rainifall cxpec'tation aid therefnore the jotential wheat Yiel. This finding has far-reaching 
in Near East 'egion c'griculture. FarmItinjlications.fin risk assesNSnett antd(anaaement 

level decisions itludin,' all h'e/. of inlpts and virtuall/ all practices, nm\Y be modified in 

thefittre (tt the (ad/ett !/"Il(s'(t growinig lP, ba.ed osonothinv nor cotnplicated than 

the acttl date'()/"oltsct. 

Present prtite is to characteri-v tlIocation or zone by the mean annual rainfall, and to 
' 'ear with a tinimun.stem r/CCOInn(t'hhti/tis to bkollowed evet 

o/ iodlficatimol ./r actual rainfiall oc(,.'renIes. "fire 'i'wan(tl\sis shows a locale may be 

,/Ilch /ior clear/v tharacterized throug quti ification oj several crop season historical 

raiifi/ll mcans calcthiated scparatel. .r etach of any lno/w)er of selected onset periods, e.g. 

mollnth,.. 

devise fixe'd crotpg \' ' 

At Amman, Jordan lor c.am'iqt, nican annual rait fall over 31 'eatrsof*record was 283 

nt. l)eh'tin, raits lost prior t, ,1f/,ectitsve o/i.t an/ihloil'ing crop Inaturitv, the long-term 

wheat seasoli met/I /rail/i/ll wta. 253 oill. !1)/Iiricalwater )rodu(ctiot ftilction studies it 
1
 .


Joral suiggest ct/l/ Ithiealt Yield using ttraditional technology should average 510 kg ha-

Research elsewhtre sgt,'ets t/itrtgoge/ at 3/ kg / 1- (Iitd i/it)r(o'ed weed control should 
raise average wheat ichld ha /.to 135 kg 

The new anal.\sis doc.s not (tglti' with these figres blut instead clarifies the situation the 

fi/it/er actilli/v .filts S'at bY s.easoi. Dite 31-vear record shows no October onsets at 

Amman, butil o'v/nher on,set.sN tiies or 26 p)ercent of all \'ears. Wheat season rainfall 

averaged 332 nin and persisted 161 tvs. Iino instance did raintll drop below 205 ram,
 
-


,shouldidl
thv'faillIt', eve/ wher' /)ttl/lt.'tio/i hbelow 300 kg haI. Traditional technology
 -

min, while inloved technology, including 52 kg ha ]
should produte 855 Ag ha / itith 332 

1 .
V,should /rt'lite IS9)o kg /(1h


Contrast the abovc with ltimiar\"onsets which nutmbered 9 iti 31 yeats ot 29 percent of all 

vears. 0/ thc.s', 5 would have .iiled becattse iean wheat season rainfa/l inthese years 

Was otil\ 213 tn/n. If' tV' yea(r, '(ecte'done planted average yield (traditional) would be 

335 kg' l I,or, w'ith21 kg ia
1 N antd we'd cottol, 755 kg ha-I wheat graii. 

Overall, tIle fiilutres i/i 31 Y'ea/s or abot iti 3 Years. This,a/ialv'sis stig,,sts 10 crtt) 


col(hl'd itih thu'abt'e itifin'malioi, raises serious questions about fixed recomtenidations
 
to~faiplrs based oil mean annual rainf/idl. 7he author concludes that a resp~onsefinming 

ap/)roach based oit a /nore tlhorough (Ill/tilicatio of' rain'fidl variability' isrelated to otset 
date nllav trealt. inil'woeflileradopionl ates and saliLsfiction rles with inilpoved 

technlohogics. 

Agriculture and -igricultural research in the Near East region today face a challenge 
unprecedented inhistory. bt we also possess new tools with which to meet it. The 

challenge results nii a combihination of hUman The requirement for'rt and natural forces. 


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 am, actual rainfali might be as little as 100 

mm or as much as 700 Ill. 
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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 imagineourselves in the shoes of the farmer because if food production is increased, it will be dueto his actions. These in turn will be based on his personal experiences in larming and on
the advice he receives, and chooses to accept, from others. So we must acquaint ourselveswith 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 each time the farmer prepares his fields and
ph'nts his crops for a new season, his actions are based on his expectations for rainfall in
the season at hand. lie does in fact make a prediction. however crude, and act an it.Despit,- the fact that hi:, prediction is based on a relatively limited span of time and
experience and despite the fallibility of" human ineniory, peasant farmlers the world over 
have by and large managed to produce the fomd required to stay alive. 

However desirable, farmers do not require sharp predictions about seasonal rainfall - their
decisions can be made much more rational and productive if they can be provided with anarrowed range of rainlill possibilities for the approaching season. For example, it would
be extremely helpful if one knew (with a very high degree of probability) that rainfall this 
season would total 100 to 350 1111, or 350 to 700 nn, rather than 100 to 700 mam. 

This paper shows that levels of predictability similar to that suggested above do indeed

exist in Medite'canean-type rainfall patterns right to
across the region from Morocco
Jordan. The companion piper entitled "Response Farming for Improvement of Rainfed
Crop Production in Jordfin", shows tha I) the Jordanian wheat/barley farmers are well 
aware of this predictability and use it to guide their operations, and 2) the perfect memory
embodied in long and detailed weather records, coupled with today's awesome compu'.ngpower, can very much improve on the farmers" predictions and provide farmers with

guidance for virtually all of their decisions 
 including land forming and tillage, crop/variety
selection and apportionment in the field, seeding and fertilization rates, weeding practices,
etc. All these agronomic practices, and more. are influenced by water expectations. 

Response farming is a term coined by tie author to descrite 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 ,ystems Research Project between 
 1977 and 1983, following
the finding that the monsoonal rainfall of eastern Kenya exhibited a highly usable degreeof 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 Morocco, Cyprus, and Jordan

also show similar predictability, which is the topic of this paper.
 

Throughout the Near East region. rainfed 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 rainfcd wheat in the study countries cited above were found to be low, less thanI t ha -t, 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 farners both for reduced-risk selection among alternative crops to plant, and forimproving 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 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Year 

............ ................M 111 .............................
 

Settat 8 44 50 68 64 67 50 45 17 3 0 0 416 
Nicosia 10 26 35 75 69 48 36 20 18 11 2 6 356 
Amman 0 6 30 52 66 57 52 16 4 0 0 0 283 

Long term daily rainl.Ill records were obtained from three wheat production sites which 
form it transect across the Mediterranean Basin. The first recoru ;s from Settat, Morocco 
(1908 to 1982). supp,;cd by cotrtesy of Ir. )arrell Watts, LeadLr, USAII/INRA Dryland 

Agriculture Applied Research Project. The second record is from Nicosia, Cyprus (1916 to 
1979), supplied con rtesV of tile Cyprus Meteorological Department, and the Jhird is from 
Old Amman Airport, Jordan (1937 to 1984). supplied courtesy of tle Wate: Authority of 
Jordan. 

Some data arc missing from each record, so for sake of direct comparison, only the 31 
years conimimo to all three records were analyzed in the present study. These berin with 
1937/38 and end with I 178179. Nire years within this period are missing. Long term 
mean rainfall lienres IOr tile three s.+l.cted locations are shown in Table I by months as 
well as annually. 

It is simple coincidence that the three selected sites in Table I decline in normal rainfall 
am11ount as on1e prOiceeds frorn Morocco in the west to Jordan in the east. 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 (l)ecember, January, February. March) is 
nearly equatl at all three sites, being 249, 228 and 227 am, respectively. Thus there is a 
decline ill both earlV and late rain fall as one proceeds from west to east. 

A key concept ill de'iniing tile date of onset 0f the rainy season for crop production is that 
rainfal' accumulated in the surface soil layer must be sufficient to penetrate beyond the 

seeding deLifh such that it can both germinate tile seed and fulfill the needs of the young 

seedlings tntil furlther rails are assured (with a very high degree of' probability). This is 
approximately how firmers define the start of the rains becLuse It suits their needs for 
crop production plriposes. H-ence, it suils our analytical needs also. 

This introduIces the other meteorological parameters which together determine the 
evaporative conditiois of tile atiosphere - primarily sunshine, temperature, wind, and 
humidity. It also introdnces soil factors affecting runoff and infiltration such as slope, 
crusting, etc. These weather and soil factors play I part in determining the balance 
between water aCCntlltlation ill tile suface soil and rainfall. 

In the present analyses, the date of onset is defined as tile first day when accumulated soil 

water reaches 30 mill or nitre. Runoff losses are assumed to be zero, so a 30+ mm rain 
in one day meets the criterion for onset. However, if the 30 nun tnust be accumulated 
over a period of two or more days, then appropriate evaporation losses are applied. 

making the total rainfall requiiired more than 30 um. This requiii res simple water balance 
calculationis based ol knivledge of' hiw evaporation from the soil surface proceeds in 
different wetting/drying sequences. It helps to explain why many previlts analysts have 
not taken the saimne approach to rainfall analysis. 
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Correlating Season 
Rainfall Amount and 
Duration with Date of' 
Onset 


For the end of the season, the present analysis assumes wheat in the region is
physiologically mature as of May 3 1 and can no longer gainfully utilize water.Additionally, the amount which can be evapotranspired in the last month or particularlyhalf-month, is distinctly limited due to rapidly progressing leaf senescence. Once againsome specialized knowledge is required to evaluate the possible effectiveness of heavy Mayrains. In fact though, May rains are only rarely heavy in the locations analyzed, so inmost 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 soilwater on that (late) through May 3 1. The duration of the rainy season i.; the number ofdays from onset to the last date prior to Juiie I when rain equals or exceeds 1.0 ram.Thus wheat season raintfi'0 approatches, but is alnost invariably somewhat less than total 
annual rainfall. 

Figures 1. 2, and 3, respectively, show how total season rainfall amount over the 31
common years of record relates to the date of onset for wheat production illMorocco,Cyprus. and Jordan. Each of these three s, .ter diagrams shows a similar downward trend 
in seasonal rainfall expectation with later onset of the rains. This has importantimplications for guiding decisions by fariners. The companion paper (op cit) describes 1)how farmers in that country today (and historically) ,+espond to different dates of onset ofthe rains and, 2) how we can assist them lfurther by quantifying both the rainfall predictors
and the optimal responscs. 

in Figures I. 2, and 3. verliCdl lines spar'ate the ntonths from September through
February when onset migit occur. Two horizontal lines are drawn at seasonal rainfall
levels of 205 mn and 335 otto. to indicate wheat yield expectations. These lines are
indicative onlyv. because tlhere is ito direct relationship between crop yields and rainfall
levels, and the indirect relationship 
 which does exist is highly dependent on other factors
 
such as fertilizer usace.
 

Settat, Morocco
 
Mean annual rainfall - 416 mm
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I aI I II I II I
 

600 I 
 " I I I I
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Month 
Figure 1. Decline of' Wheat Season Rainfall Expectancy with Later 

Onset of' the Rains at Settat, Morocco. 
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Nicosia, Cyprus 
Mean annual rainfall= 356 mm 

700-	 i 1 1 
III 	 I I I 

600 -I 	 I I i I I-I iI I I I 
E 0 I 0 I 2 

500 	 0 Rain=500-2.16xdays" . I In =30, r2 =.42 | 
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a (335 mm). o 1 oIYieldFet=2000 	 kg ha- 1 

o 300 	 I 
co 0 

Onset (days after Aug 31) 
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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. 

9 



Water Production 
Functions: Practical 
Interpretations 

Nevertheless, the lines as drawn are based on real data fron Jordan and elsewhere, and
the important factor of fertility is at least cursorily dealt with. For example, farmers in
rainflll zones dlipping below 2(05 rnn generally do not fertilize. This is the case in Jordanwhere such a season sh',uld produce about 300 kg ha- i of wheat, below which the crop is
considered to be a lotal failure in hal country. On the other hand, Mediterranean farmers
expecting around 335 ino of rain would often fcitilize, and could expect v,yield like 2000
kg ha Yields higher than this oold be considered good, while between 20001 and 300 
kg ha t vould N.. considered Lrir to pto0. 

In this regard. it is interest ing to coMrparre tile above j.udgenents by the writer with the
perception of the ,heat firmeIs i C'yprus. as put forth by the team of FAO experts who
carried Ot the Regioal0 Stud\ oin Rainfed Agriculture (FAO, 1982). They say "Cereal
farmers in (',ruS cxpecr lJnAt ,i 'very 10 years, they may have three good seasons, four
mlnoderatc sea ,is. wo poor ail o dy'ar''

good years. 13 rliir years. 3 poor ,ears. and 5 very dry ycars. Note tile number 


e ver Figure 2 shows for 31 years, 10 
I in the

inverled tria'rle at lile Ir right Of Figure 2. This iray also be seen in Figure I for
Mor'occo, ard indicates thtat Ill1 of tIe 31 ears"- therI wa rio Onset tUnder the present
 
definition, thu1is a total cr0p faliulrC.
 

The impiIrtarfIvrlldindgs illustratel in Fiu res I. 2. and 3 arc suruniarized in Table 2. For 
each of tie three ,IuI.]v sites., Tabl 2 shots how rtan years onset occurred in each
 
nronth fronr ()ctober to Feburary (tie single Scpterrher onset ili Cyprus is included in
October). Nc, the rCquerr,, ' rset ill each montlh is given, expressed as a percentage
of all years. Aft that tie actual mean wheat season rainfall total is shown separately for 
years grIped oil the basis of Ir1oith1 of onset. The final row shows (not seen in the 
f'igulr'Cs) fire rrearr dluratiotl Of tire raii pe'Jrud fr tire groips )f years above. 

Table- 2 reveals Some interesting flrdinrs. as liow: 

I) Tile irediarr date of nsnet beclutes liter as one rmoves froin west to east. Actual dates 
are Noveniber 24 in Moro-o, l)ccrrrber 3 iV,('yprus and December 15 in Jordan. 

2) The rredian date i the last wlrcat seasrSr rain is luch earlier in Jordan (April 20)
than in C,,prn (Ma' I()- or Morocco (May 9). TuLts th1e dtlration of the rainy period
following ontel ii atyiv VCII rrroth is niarkcdl', less in Jordan than at the other more 
westerly sites. 

3) At all ihree locations, eran season durationt declines approximately one day with each
day's delay ill onset. Ti, ildicatcIs t11atthlllrirg of tlre last rain is essentially unaffected 
by the date of orsct. 

4) Overall miean whcat Seasort rainfall aintrnts at lte three locations are Settat, 361 rm;
Ncosia, 303 rnrr: and Amman, 252 ni. In Morocco and Cyprus, October onset 
seasons aVCI"age \elI\ lb roe these means. while Ni rtr'mber and )ecember onset 
Selsons average close lo tIe eeal rcanris aid .1artialiv onset seasois average far 
below - al or bclow tile failure level. In Jordan, where oinset is later. November onset 
sealSs average. well alboc the overall riteari. )ecerrber orsets ar., near the mean,
January is far helow. essentially at tire ailiure level, while Fehruary is far below thefailure level. 

Tables 3. -4. and 5 are based oi all tile previous inforitation, and on two additional
interpretations. Thie first of Ihlese :l-c hieat wrater pr(oduction In ctions fo bothhr traditional
(unfertilized) and advarced 1fertilizCd) wheat croppiig conditions. The second 
interpretation estimates tile anirotint of' fertilizer nitrogen (N) required to bridge the yield 
gap between tire traditional and advanced syste is. 
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Table 2. Rainfall Transect from Morocco to Jordan via 
Cyprus, Based on 31 Coinnion Years of Record 
Starting in 1937/38 and Eading in 1978/79. 
Showing Numbers and Percentages of Years with 
Onset in Each Month, Togethcr with Associated 
Wheat Season Rainlall Averages and Durations. 

Location Findings Month of Rainfall Onset tor Wheat 

Oct Nov Dcc Jan Feb None 

Morocco No. of' onsets:]: 9 9 8 4 0 1 
(Settat) ()llsel. '5, 29 29 26 13 0 3of years 
Rt = 416 nmn Meai rainfall. nm§ 5{0( 343 345 208 -

Mean duration, da\'S' 202 177 145 117 -

Cyprus No. of onsets 8 6 14 2 0 1 
(Nicosia) ()lset. :(,of ,,cars 26 19 45 7 0 3 
R = 356 tn Mean rainfall. mim 389 307 302 112 -

Mean duration, days 209 187 148 120 -

Jordan No. o onsets 0 8 12 9 2 0 
(Amman ( ')nst,,of, \ears 0 26 38 29 7 0 
Airport) 
R = 283 in Mean rainfall, mm - 332 246 213 150 -

Mcln dllration, days 161 133 98 38 -

"rR IS h10A M )l1r;111t IIIll I l ol ' 0II"r 01'o d.11CIt Ii(tISIilCd] 

•,:{}1li,t f rh1 ,iin\ ,,can It ,hcii I[rOducliim. deltncd here is the firstdate w,'hen 30 nillor more of rainfall 
htlc ack'IIIll I1,11cd I IlIhc ,I 

I i ,C; hCginningMlMii raiinfailhere ei I ieit iSiiM .inii ll, ith theaccumulation il onset and ending 
Mi 31 
Meaie ktliiii o 1hL \,hc~ilCalon I L itIIIIIolhIlof d I nl'et ti the last I lim or more prior toil\ rain of 
.hinti1
I 

The w~atcr IprhlduCtiir funCtiotns used arC shovn it the footnotes ofTahle 3. The function 
lfor traditional ai-itrlttre deri.s [1-from actual data otlyields and raintfall over a series of 
years ill selected area' ,I .hldau. The tu.derlving data were collected and published by the 
Arab Oreani.:ation Ior Airi,.'trral d)tovelopmcut tA(AD, 1977) and the Water Authority 
of .hordan (1985). 

The finrcliou I'or advair,.ced agricuultre derives front a synthesis by the writer of research 
findings from rum) sorrices. It fits the conditions in Jordan best, but is also reasonable for 
Morocco aud 'ypru,,. A key consideration is that the yield vs. evapotranspiration (ET) 
l'unctirto folr whct, is linrear. -,hrtint'with /ero dicMapproximately mn ETa (actualat 100 

-
evaptotranspiratiiiu and risint Itoa naxilunt vielM of 0-40( kO hiawhen the water 
requirlentcl is salisfie.d (F;. - I... (naximunm 1:1)). The water requirement estimated for 
Amlan s 597 m (somcwhat less illMoro0cCO alld C'pruls), so yield per unit ol ETa is 
12.9 kg ha - I IMr . lut rainfall Is rotl 10i)pcrcelll efficient, so an estimate of efficiency is 
required. 
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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 Conditions, Estimates i're Presented of 
Wheat Yield Potentials and Corresponding
Nitrogen Requirements for Seasons with Onset 
in Each Month. 

Practices 	 Findings Month of Rainfall Onset for Wheatt 

Oct Nov 	 Dec Jan Feb None 

No added No. of 9 9 8 4 0 
fertilizer onsets 
(Normal fallow 
& rotations) 	 No. success- 9 8 8 2 0 0 

ful cropst 

Success 100 89 100 50 - 
rate, % 

Mean rain- 500 343 345 208 - 
fall, mm 

Mean potential 
yield, kg ha-t § 1,200 925 935 325 - -

Nitrogen 	 No. success- 9 9 	 8 3 0 0 
added as 	 ful crops 
indicated, 
plus phos-	 Success 100 100 100 75 0 0 
phorus as 	 rate, % 
required 
(Research Mean potential 3,470 1,980 2,000 695 
needed) wheat yield, kg ha- I 

Nitrogen 114 53 53 18 
reqtuirement, kg ha-1 

t 	 Onset of' the rainy season for wheat production is here defined as the first (late (frorn I Oct onward) when 
rainlall accumulation in the soil, over and above evaporation during the accumulation period, equals or exceeds 
30 mitt. 

.f 	 A successfl wheat yield is here delined at 3(X)4 kg ha1 Water production function research indicates a 
wheat season rainfail total of approximltely 21)5 mm or 165 tim is requird for a 3W0 kg ha"1 yield, 
respectively, in unllerlilized versus ferlilzed conditions. 

§ 	 Potential wheal yields irc estimated using the following water production fnctions. The function for 
unfertilized %khcatderives lroiii elmpiril_. findings inJordan I)ata from AOAD. 19,77 and ,he Water Authority
of Jordan, 1985). The function lor fertilized wheat assumes only 74',"' of rainfall is actually evapotranspired. 
Unfertilized: Y~kg ha 1)-4.45 Rain - 002, Yx 11in 1.2(X) 
Fertilized: Y'kg ha I1 -9.5 ,, Rain onn - 1280 N = 0i,41X) 
The nitrogen raits sho%,n iicoirporate te fiiliiMwiiig assun iptions: 
I) Nitrogen reqiired is that %hich is su lie lit to increase the wheat yield froto the unfertilized potential to the 
fertilized potential 
2) Wheat straw z 1-1/2 x wheat grain; 
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3) Wheat straw = 0.5 percent N. wheat grain = 1.8 percent N;
 
4) Efficiency of N uptakc and utilization is 50 percent;
 
5) Considering All of the above, N fertilizer requirement is approximately 5 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 Requii _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 
fertilizer onsets 
(Normal fallow 
& rotations) No. success- 8 6 12 0 0 0 

ful crops 

Success 100 100 86 0 0 0 
rate, 51 

Mean rainfall, mm 389 307 302 112 - -

Mean potential yield,
 
kg ha- t 1,130 765 740 NA - -


Nitrogen No. success- 8 6 13 0 0 0 
added as 1itt1Cro ps 
indicated,
 
pus p)Os- Success 100 100 93 0 0 0
 
phorus as rate, ', 
required 
(Research Mean potential 2,415 1,635 1,590 NA -
needed) wheat yield, kg ha- I 

Nitrogen 64 43 42 NA - 
requirement, kg ha-1 
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Table 5. 	Old Amman Airport, Jordan: Historical Pattern 
of Rainy Season Onset for Wheat Production by
Months, and Rainfall Means for Seasons 
Beginning in Each Month. Additiondly, 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 Month of Rainfall Ga.set 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. success- 0 8 9 4 0 0 

fl crops 

Success 0 100 75 44 0 0 
rate, 'A' 

Mean rainfall, mm - 332 246 213 150 -

Mean potential - 875 495 345 NA -

Yield, kg ha -

Nitrogen No. success- 0 8 10 6 0 0 
added as ful crops 
indicated. 
plus phos- Success 0 100 83 67 0 0 
phorus as rate, ; 
required 
(Research Mean potential - 1,875 1,055 745 NA -
necded) wheat yield, kg ha-I 

Nitrogen - 50 28 20 NA 
requirement, kg ha1t 

Returning 	 to the traditional function, based on actual data. the zero yield intercept is at 
135 mm of' rainf'all. Assuming 1()(1 represents E'F,, (above). mm suggests anlm 135 
efficiency of' 74 percent. Of con'se, as HT,, approaches ETm anrd yield approaches the 
potential yield, this efficiency would decline. However, our interest here is only in the 
lower portion of the yield curve, so the suggc*ed efficiency of 74 percent is adopted for 
purposes of' this paper. The re fore, the adV1a1ced agriCttUrC function rises at a rate of 9.5 
kg ha-1 wheal per trim1 of raiinfall. 

The last footnote of Table 3 explains t11e c11"iLeiC'tionis taken in estimating nitrogen 
fertilizer reqIiire enis tot bridge tle gap between yields expected inadvanced agriculture 
versus traditional agrinuItir'e. The key factors are the w'ei ,ht 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 o'applied N should be 
approximately 5 percent of' the weight of' anticipated rain y'ield increase. 
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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: 

I) Should I plaut dr or wait for the rains? 

2) Should I plant wheat or some other crop? 

3) Oil what signil should I switch to another crop? Wha, other crop? 

4) If planting wheat, what variety? What seeding rate? 

5) What portion of oy ov''rall wheat hectarage should be p:,.nted? 

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

The real question is whether the flarmer s better served by a single set of answers to the 
above and other quest ions - I package of practices so to speak, to be followed every year,
based presumably on overall mean r:infall conditions - or by more than one set, i.e. , a 
flexible set of "nswers which change whenever the expected rainfall conditions in the 
season at hand have shifted markedlv away from tile long term norm. To answer this 
question, let LIs think a bit about h0w the information presented in this paper might 
inflencC de'isk,:. in the questions above. 

With respect to question I. d:y planting, i.e., planting before the onset of the rainy 
period, is an important decision because it preempts most if not all of the other decisions. 
It implies the adoption If a single set of' practices every year no matter what the actual 
rainfall con1ditions may be Ihereafter. The principal adjustnent which might then be made 
for actual con1ditions would be the application of additional N fertilizer at say tillering 
time. pitvu' d rains had been norma] or better. 

This is not meant to be a criticism of diy planting but rather a simple statement of fact. 
Of course there could also be modified programs in which some minimal hectarage is dry 
planted with prac'ices for the rest of' the area dependent on how and when the rainfall 
season begins. 

In any case dry planting means that tile 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 havc late (or no) onset of 
the rains, how the lc\el 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 I at Settat 
and Nicosia: November I at Ammnan) then how the level of risk climbs with delayed 
onset thereafter. 

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

The risks of flaiire rise with delayed onset. For example, if January I 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 Anmnan and 100 percent at Nicosia. Advanced technology reduces 
these risks I little bit at Sctat and Amman, to 4t0 percent and 50 percent, respectively. At 
Nicosia the rate remains 100 percent. 
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Table 6. 	Risks of Total Wheat Crop Failure Due to 
Limited Rainfall at Three Mediterranean 
Locations, as of Specified Dates - Assuming in 
Each Case that On,'t of the Rainy Season Has 
not Occurred. Risks ace 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 1 	 2 NA I 1 NA
Nov. 1 2 	 2 3 1 2 2
Dec. 1 2 	 3 4 2 2 3 
Jan. 1 6 10 6 4 10 5 
Feb. I NAt NA 10 NA NA 10 

t NA, nut avatilablc. 

Illustrative Response This paper shows a relationship exists between seasonal rainfall expectation and the date ofFarming Strategies for onset. If one were to follow a response 	farming strategy, dry planting would be eliminatedWheat 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 earlier 
working of the soil for ptUIoscs of' land forming or seedbed preparation. Generally
speaking, this would be desirable so that planting, once begun, could proceed
expeditiously. 

The companion paper (op (it) discusses the situation in Jordan and strategies for dealing
with it in considcerable detail. J"liereforc, illustrations of how response farming
recommendations might appear are shown here lor 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 farn operations at this state. Rather, it is
intended to set tile stage' for further research oriented toward dealing with the highly
variable rainfall conditions falHer's Joust deal with. 

Tables 7 and 8 oUlline 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 farning 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 advanta!es is linked to it disadvantage. While eliminating crop failures, 
some small to modest (but nevertheless successful) crop yields are also missed by not 
planting the most dcsircd crop. For exaniple, if the program in Table 7 were followed,
wheat would not be planted in 5 of 31 years. Only 2 of those years were total failures,
while the other 3 would have produced average yield., of I I h i1 provided they, were 
fertilized. 

Similarly, 	 5 of 31 years would not have been planted in Nicosia (Table 8). However, 4 of 
those would have been total failurcs. Only I year would have produced a modest yield
about 1.25 t ha-I. Thus the value of the response farming approach is more easily 
recognized in lower rainfall zones. 
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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
 
-I -I
4000 kg ha-It 2500 kg ha 2500 kg ha

Initial N rate, 70 50 30 NA
 
kg ha-l t
 

Tiller N rate, 70 20 40 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 applied every season at planting time. Fertilizer requirements other than N require localized 

research. 
§ Tiller N rate is added at the tillering stage, providcJ rainfall is above a specified level to be determined in a 

more rigorous analysis. 

Table 8. 	 Response Farming Strategy for Wheat 
Production at Nicosia, Cyprus (Illustrativ. 
Only). 

Date of Onset 
Response
 

By Oct 31 By Dec 20 Dec 2 Onward 

Start planting Onset 	 Onset Alternative crop 
-
Seeding ratet Y= 1600-2400 Y= 1600 kg ha NA 

-Ikg ha

Initial N rate,: 40 	 40 NA
l
kg ha

Tiller 
-
N 
I 

rate§, 20 None NA 
kg ha 

t Use seeding tate shown by localized research to be optimal for the expected yield range shown here (Y). 
t Initial N rate is applied every season at planting time. Fertilizer requiements other than N require localized 

research. 
§ TFiller 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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The disadvantage of more closely fitting 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 suppliers 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 relics on a basic fixed rate of fertilizer for the rest. 

An additional advantage to the response fanning 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 taret dates established. 

Summary Data presented for three locations ,.vhich transect the Mediterranean from west to east 
show that inall three cascs. rainfall amount in the wheat production season, and the 
duration of rain fall fron onsc to crop maturity both decline with later onset of the rains. 

For example, mean anual raifital ia Settat. Morocco is 416 mm, and mean wheat seaso,, 
rainfall is 361 mm. 13ut if October passes withtt onset occurring, the farmer faces a 
much different situation. The raiii fall record shows for all years with onset after October 
the mean wheat season rainfall is 304 nrm. As of December 1 this figure has declined to 
277 mn and on Janar' I it is 166 toni. The same trend is true for Nicosia, Cyprus and 
for Amnman, Jordan. 

In real life this rean , that the prbability figures seen in our usual rainfall analyses are 
only valid for a short period (strictly speaking, one day) during the possible time table for 
onset. fit nearly all years, the reality is that published probabilities are either too 
pessimistic (whent onset is early) or too optiristic (when onset is late). 

For example, at Settat, the mean wheat season rainfall for all years with onset in October 
is not 361 1m. but 500 mu. It then declines to 343 mm for years with November onsets. 
The figure is nearly identical for Deccmber onsets, then falls to 208 mm for January 
onsets. ClearIy one would wish to do things differently if mean rainfall is 500 mm than if 
it is 208 rum. 

The response farming approach is to take cognizance of the types of findings described 
above, in order to provide farrirers irore neairingful guidance about the real rainfall 
expectation in thC season just beginrI g. aid the steps L.emight take to maximize his 
yields and returns with the expected water supply. 

Details of altered rainfall expctatiors with later onset are presented for all three locations. 
Illustrative guideliries for farier response to optimize wheat production are developed for 
Settat and Nicosia. The companion paper constitutes a :ase study for Jordan and shows 
similar inflr lmat for Airarll.ion 

The indicated response when onset is very late is to switch from wheat to an alternative 
crop. At Settat the appropriate dteIl lot- switching crops is January I and at Nicosia it is 
December 20. At both locations the Ic.ord indicates alternative crops should be planted 5 
years out of 31. At bhoth locations this would eliminate total crop failures which would 
occur with wheat in two of the 5 years at Sellal and 4 of the 5 years at Nicosia. The other 
years should haVe p r drIcCd nodest wheat crops of the order of 1I t ha. 

Three principal advantages of the response fariiming approach are as fol!ows: 

1) 	Total wheat crop 'lfailurea.,sociatcd with very late onset is eliminated through 
switching to alternative crops. 
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2) 	 Knowledge of' the frequency With which alternative crops will be required, and of the 
exact date when tie decisioin to switch becomes applicable, is very helpful to the 
farmer in terms of preparation to plant the alternative crop. 

3) 	 Levels of' key inUts, particulark fertilizers and seeds, are more closely matched to 
actual rainall ciitlitiiins. resultine both in cost savings and in maximization of yields 
and returns per nLit 0f rainfall. 

The 	main kisad\atactaner, difficulty in meeting inputis thaIt lldI snppliers mity flind 
needs, particularl letili/cr, \,lich iiac ch:mgile mtarkedly from selsoll to season with 
only linmited aa;llc'e ititC.. 

Conclusions Wheat s.ilsol rainill tilhiutielimitth Nltiditcmialiean declincs with later onset of the rainfall 
seasonhn.Thn1. milea ifa ll and tatdifftent probabilities are notaIll c\pccted miniitiums 
Con1stant isimop '[t)ldillmst railll'dl ses. bll ilifacl are sienificantly higher when 
OIISC i, C airy ad Ni llc'iit';lllIk Ik r M IHe0linoC is late. 

A new p amaf . 1C i,c1l1 	 spccific dates of onsettype l raiifall hich speciL'.i determines 
for prdluctioin oi desilldt'il ini cach the past ill record,tile c of1" ,s:ns the rainlhall 
arid. tlrn1)h (c.,,ionli'i. tile sasonMak Itlallntilie, dcliic in iean crop rainfall and 
the total ralnec td rainlall p 'ibilities v itl plssilL of tiiie throtughout[lie 	 the possible 
onset period.
 

rflatiine crop)yelds
experimnit s+iatiill rch'w iand on-farm'ill 
Water l)riiduc.'tintil itiititIin , both toc\''pstrlalspiratin (Ideterminedin 

ilcel to total rainfiall (determinred ill and 
meteorolot- ainiaieiti.,]. U both traditional and advanced technologyCnw. rllCl 
conditions, pli\ ide the illtltrnfiom cquitld tii determine expected yield levels at different 
rainfallIi els. litimJ iniput rel'li'IVIlItIIII , suchI lssCe and fertilizer rates. ats well as specific 
dates after M,ih tilt-t q) ;Iilnrc ate beciillne tillacccptably hilih, arid a switch to an 
altcrlltie\ crop) il illdicated. 

it 1,1iimmWAdditional reseach imisel:,C illilt li L:t Ieeon is warranted. 
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Rainfed Farming Systems of the Near East Region 

D. Tully 
IntenationalCenter.irAgricultural Research in the Dry 
Areas, Aleppo, Syria. 

ABSTRACT. g.lriculture is a Major sector of the econom , of itheNear 2ast region, andapproximately hal "t'p~opulation lives in rural areas. Nevertheless, agriculture'sshare
ilnational t'ecotlotti(s has been shrinking, and in many countries fo~od production per
capita has beetn in deh'lin . ibis has sparked : reneved interest in agriculturein the 
region, incilhtlin rain/'dcrotprhltiOtn. 

The Near .si markcd b\Ia dwalit' between lar'e fartns, ojten state-run, and small 
privalte hohlits. 1hw lar,vfirmt.s areittsallv involved in cominercial crop production,
while the stalldil'ti'sarte more of te bsistene-oriented. Siall fit'iers invest more iilivestock, which nay ,omtrihute haffof tlheir itcoiies, and they also ork off-farm. Smallfartiersproduce ini ,1hof their crops fir hotile consutption. particularly duruin wheat, 
dairv ,lrt(it( t.,ail pil/se.S, 

Te tnost OthmMot Top.s ar' wt'heat, barey", and pulses, usualvI grownt ill cereal-fi''low or
'eril-h.,,ttlerotatjotios. [Ve! ,fiillo.l', are popular amiong snall fart'rs because the ' 

provide livesock fiecd, hill lare falrd.V Ofteti eultivate flIllowS to mIa-ViltliZe mtoisture 
storage. Live.sltock grazt roplc,/. after harvest and through itesubsequenitfahllow 'Year,
and thi.sprovides lhe bulk o.fitir fied intake. 

Mechaizatio ha's hentetn.sive, affiecting both snall and large fatirs. Small farmers
uisuall/ hire cuestm olprators. Alachiter' itedfriw tillage and solving is diverse, and could 
likely be improved. 

Policv towards agri tlittare is a critical ftactor in d'tetrmining prodtuction. Rainfed
agrietltfre, parlicit/a/.I in dtv"latas, tnay be neglected relative to other crop productiotn;
sitiiarlv', small rmfinerso mia' be given less incentives than large farmers. However, with
encoitragc'netl the small.fitmners anu dr 
arecs .hould be able to achieve substantial 
it('reases itl prodttt tivit. 

Introduction It would be prCsumnptuous to try1o 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 field crops rather than trees. I rely on my colleaguesto discuss soils, waler, and climate in (etail, but would like to note that these are also 
important parts ()I' arining systems. 

The geographical focus of the paper must be clearly defined. In looking across the region,
the greatest sinIilarity in rainlcd farming systems is found among the countries of the ArabMediterranean and Iraq. In these countries a common pattern of rainfall, both in time and 
space, coliiines witl many shared aspects of history and policy. 'fo a large extent, theclimate and fainhug systems are similar to those found i Cyprus and Turkey, although
there aie differences which will be discussed as wo go along. The farming systems of the
Arabian peninsula aircrather more distinct, being based on spring and summer rainfall
and, to a large extent., difllrent crops than the Mediterranean, therelore, the Yemens and
Saudi Arabia will receive less attention. Countries with extremely small rainfed areas, such 
as- 7)i,0,n1an. anid ldialuaiii, will be omitted. 

It would be desirable to ilnclude those countries of' sub-Saharan Africa which may be
considered part of the region, as well as Iran. Afghanistan, and Pakistan, which includeextensive rainfed crop lands. I have regretfully not done so because it would involve too 
many divers faili fimrru iig systems 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 countrie we will be 
discussing. Stat;tics are incomplete, but in most countries with substantial land resources, 
agriculture represents approximately 15-20 percent ot 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 
household labor. Approximately half of the population lives in rural areas, and in most 
countries one-third to one-half of the workforce is primarily engaged in agriculture. 
ProvidinA, employment and most of the food requirements for half of the population is 
obvious!y an important, if Undercounted, contribution to the economy of the region. 

The importance of agriculture has been recognized by many countries in the M .idle East 
in recent decades, stimulated by sharp declines inl tneir ability to feed their popuiations 
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 eu al., 1982). Over the last 15 
years, self-sufficiency of the Arab countries, individually and as a group, has declined for 
a broaui range of commodities, particularly cereals (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 stilllulate part or all of' the agricuItural sector. The potentials of 
rain fed areas as well as rangelands and irrigated areas are being considered with new 
appreciation (Butter, 1985; Europa Publications, 1984; USDA, 1985). 

The Mediterranean climate is well-knovn. Rainfall comes in winter and early spring, and 
falls in greatest quantity near the sea. Rainfall decreases as one goes inland, and in all 
countries but Turkey and Cypris the fartllands give way to large expanses of arid grazing 
lands or desert. In tihe Arabian peninsula, most rainfed areas are in the southwestern 
highlands. and have spring and summnler rainfall. Rainfed farming systems generally occur 
in areas with 200 to 6(X) i111 mean annual rainfall. In the small areas with more than 600 
mn, either irrigation or tree crops usually predonminate, on tile other hand, with less than 

200 nm, crop production is rarely economically feasible. With the notable exception of 
Iraq, countries with sizable rainfed areas hive irrigation on only 2 to 10 percent of their 
crap areas. 

Holding Size 

Before discussing more technical aspects of the farming systems, it is useful to ask whc 
thle farmers are and to consider their circumstances. One of the most important factors in 
tndt~rstanding 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 vnership. 

In all countries of the region, the vast majority of farmers are cultivating areas of 10 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 tie other extreme, farnms of 50 ha and over are a small 
percentage of the total nuniber o1 farms, hut occupy from 14 to 45 percent of the land in 
all but one country. Since nlost of' these countries have carried out land reforms involving 
expropriation of' large farms. these large holdings are usually found onI land expropriated 
from urban landlords or foreign settlers. They are frequently Under direct or indirect 
government administration, as collectives. cooperatives, or state farnis. and occasionally as 
government land leased tt commercial farmlers. The land on the large farnls is generally of 
higher quality and i the most favored areas. 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, (;DP %of Labor Population Per Cap 

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

Algeria 16 6 67 25 30 45 
 75Libya 2 53 19 23 58 127
Morocco 23 18 62 52 29 
 42 84
Tunisia 24 15 56 35 36 54 128
 

Iraq 17 53 42 43 70 87
Jordan 7 44 20 43 60 70Lebanon 11 38 1I 40 
 77 134
Syria 19 54 33 37 
 49 168
 

Turkey 41 21 79 
 54 30 44 
 115
 

Saudi Arabia I 71 61 30 69 9Y.A.R. 26 83 75 3 14 93
P.D.R.Y. 12 70 45 28 
 38 92
 

In between these two extreme.., IC middle-sized farms of 10 to 50 ha; they form asubstantial minority of farms and land area iii all countries. Farmers in this category mayhave a similar orientation and hackground to the small farmers, but they get a greatershare of their income Irom crop plroducti(n. and may have resources to call upon.For example, such farmlers mtile 
more 

oltcl own :raclors inTurkey (Aricanli and Somel, 1979)
and they have helter access to credit and ,-xte'ision s- 'ivicesin most countries. 

Thus, there is tdualiity in the agricultural sector Ol most cOUntries, between small (andvery small) farlirs, N,'ith much of 1tile rulral pop)ulation but little of the land, and big farmswith few farml,r. This is CsSCntial tloan unrderstandingi of' the diverse farming practiceswhich will he disussed bhelow. This duality often presents a difficult policy choice forgoverninents and dtin rs: wlhether to invest in greater crop production on the large, easilyreached farmIs. or to fiicus on inlprovillg ru 11crdlincomes for the largest number of' people.Earlier prieets. such as the Increase inCereals Productiin Project in Morocco initiated in1968, often chose to igntore the sniall Iarillers in the belief that the economic returns ofworking with I them wcrc [iot worth the cost (Hogan 't(d., 1984). Currently there is agreater appreciationOf eutllity issues andt tile importance of increasing the security of rurallilfL, farmCrs alC rMore oftenand Silall incldCd in developmerw programs. 

Holding size is at simple irreasure that ohscures other factors. Patterns of joint ownerships,
leasing, tenancy . allrd sharecropping alsoialfect tile natLure of land holdings. Large fiarmsmay be sharccropped by small 1ftr irs. but small farms may also be leased on a cash orsharecropping basis toi latrge operator.s. Small fariers may lease land from other smallfarmers to bring the holding size to an acceptable lcvel (Hogan and Hansen, 1983; Hoganc al., 1984: Johnson et al., 1983). Contract services may also be provided on a share
basis. Mrre research is needed r)i1the effect of these siruictures oi farm decisions,pu rticularlV decisiOnrs t0 adopt ne technology. It is clear, however, that they may involveseveral parties with differing goals in the decision proccss. and may divide limited farmincome into vcry srmall alliUnts per party. Ixtension efforts need to be aware of local 
patterns of land access and ldesign incenlives accordingly. 
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Table 2. Distribution of Land Holdings (AOAD, 1984: for Turkey, offi

cial statistics cited in Ulusan, 1980: for Lebanon, Saab. 1973). 

Country Percentage of Farms Percentage of Land 

0-5 ha 5-10 ha 10-50 ha 50-100 ha 100+ ha 0-5 ha 5-10 ha 10-50 ha 50-100 ha 100+ ha 

Algeria 61.6 17.6 18.9 1.4 0.5 14.2 15.7 47.0 11.8 11.4 
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 24.5 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 25.4 32.6 1.2 1.2 6.9 12.4 39.7 6.3 34.8 
Jordan 63.5 17.0 17.4 1.4 0.7 13.6 14.6 41.9 11.6 18.3 
Lebanon 92 6 3 0.5 44.0 16.0 25.0 15.0 
Syria 56.4 17.4 23.5 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 h.8 5.3 

Saudi Arabia 75.4 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 0.1 43.5 22.5 29.4 1.2 3.3 



Small farmers are sometimes considered an obstacle to change. However, small farmershave been ready to adopt new practices when suitable technologies have becn developed,and when both information and financing are made available. Turkey's farmers, 73 percentof whom cultivate five ha or less, are among the highest input users of the region; Syria'ssmall-scale wheat farmers also show high rates of use of fertilizers, herbicides, andimproved seed; and other examples could be cited (Aricanh and Somel, 1979; Rassam andTully, 1986a). The key factor is the development o" an appropriate technology whichmeets farmers' needs. There is no reason that improved seed, fertilizers, herbicides, andtillage practices cannot improve yields on small farms as well as large, if they are made 
available in a reasonable form. 

Household Strategies 

Farm households arc large, due both to large family sizes and the common occurrence ofextended famnilics, usually Composed of married children and their parents. Meanhousehold sizes of )10or more are commonly reported. Some observers, however, havenote(] a growing number of nuclear family households, which may be related to increasingwage employment (Bates and Rassain. 1983). In some countries, the young are emigratingfrom rural areas, leaving farming in the hands of the older generation (Papachristodoulou,
1979; USDA, 1985). 

With large families on small farmn areas, it is inevitable that subsistence productionaccounts for a cons iderable amount of farm output, and therefore has an important effecton the int ri tiO nal status of at large part of tile population. Surveys have shown substantialon-farm consu,mption of farn produce (Arabiat ial., 1983; D. Nygaard, unpublished datafrom Tunisia). The FAO food balance figures give an indication of food consumptionpatterns on a national basis (Table 3). Cereal consumption in this region is approximately2(X) kg y-I person-I, providing over half of both calories and protein in most cases. This isprimarily made up of wheat, although considerable barley is consumed in Morocco andAlgeria. 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 islimited to 15 to 20 kg y-I persomt , excel,,i in the oil-rich countries. Rural nconle oft.-iconsume less than these figures indicate, and it appears that deficiencies in nutritional
levels and caloric intake arc endemic in many rural areas (Fikry, 1983: Miladi, 1983;
Mokbel, 1985). 

Table 3. Sources of' Nutrition (FAO, 1984c). 

Country Percentage of' Calories Percentage of"Protein 

Cereal Pulses Meat Milk Fat & Cereal Pulses Meat Milk 
Etc. Ghee Etc. 

Algeria 56.8 2.0 2.0 6.0 2.0 66.5 5.3 6.3 12.5Libya 40.3 1.5 6.0 6.2 2.2 45.4 4.1 21.1 12.9Morocco 63.0 !.8 2.6 1.7 1.8 71.6 4.6 8.4 4.4Tunisia 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 17.1Y.A.R. 67.3 4.7 4.3 4.0 1.4 62.6 9.8 10.4 8.3P.D.R.Y. 60.3 0.3 2.9 4.5 5.6 60.5 0.7 7.5 13.1 
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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 vt al., 1984). In addition to their valuable dietary 
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 tor international i ItLOnIIe froni t his source has been estimated at 24migirat ion. 
to 37 percent of houschold income in several studies in Syria (Rassam. 1984; Rassam and 
Tully, 1986b: Sontel et al., 1984). In Cyprus the majority of farmers consider agriculture 
a secondary occupation (PapachriStodouho. 1979). while in a 'lunisian survey 67 percent 
of households with less than I) ha had off-farm income (ICARI)A, 1985). 

Off-farm emp)yment adds stability to rural incomes, but it also has an effect on the 
availability of labor (Hogan and Hansen. 1983). This has partly been off:Set by 
mechanization of the liajtor agricultura l tasks. as will be described below. The remaining 
nonmcchanized tasks, such as weeding. animal care, and dairy activities, are carried out to 
a large extent by househol labor on small 	 who work off-farn much lessoinWomn.fn:,rit01. 
frequently than men. represen t in increasing part of available household labor. Women 
have always worked iil agriculIture in the Near IELast. and their work load appears to be 
increasing in uianv areas (tHanimain. 198 1: Youscff ct al.. 1979). 

When hired labor is needed ftr seasonal imncchauizcd tasks. such i as harvesting legumes 
or tree crops, there Itay le scarcity or high cot Ldec to competition with urban 
e-nploynlenl'. In Ss ria ,le proportion of male. in the unskilled rural labor force is low due 
to comipetilion with ur i n Jotbs 	 ( "assaIII aIId TIlily. 1980h). As ntechanization has 
increased tlie sastiality of labor denialid. ruraI workcrs have been unable to sustain 
themselves anid have mov0%edl to 	cities (Bates ;Il(d Rl ssanm. 1983. citing unpublished material 
frct N. Hopkins). 1Thus the imlpetus to cotitinuC ticchanizatioiil of agric lture is high. 

Crop Production 	 The preva.ifing crop; ill areas of wNintcr rainlatl are cereals, printMlrily w\'heat an1d barley, 
with small ar.cas of rye or, oats in Stme cointrics. ()it the other hand, millet and sorghum 
are the dotinit cereals tf the, ,\rahian penilsula. In 'l',nrkcy. bread wheait predominates, 
bilt in the Arab countries most of the wheat is durt, which is the basis of the flat 
breads, bulgher. and cotscous that forini the core of diets. Both dtunm and soft wheat are 
grown in %et areas as well as dry. with the v\ct arcas tiore ofteni using high-yielding 
varieties. Duruili is crown in large pari Ifr ctsittnption by the Ialml household, but may 
be replaced by sol wheat uti larger. surplus-oricnted faris. In Algcr:i, for example, only 
12 percent of private sector cereal arCla is,soft wheat, coumparCd to 43 percent in the 
socialist (government controlled) sector (CIeZagliuu . 1979: cf. ICARDA, 1985 for 
Tunisia). Soft wheat is more often co,,uimed iii cities, ofeti is a component of subsidized 
bread miade with iiportCd wheat. 

Barley is grovn priimarily for lisestok feed. but it is also ' sienificant food crop ill 
Morocco ,nil Algeria. (ra.ig resMVcre dcteCCrcas in hile ciMad f'ron thehave bet w Iii 
urban population for animial prtiduct, has twa: thus dciiand for feed animalso 	 barley to 
has been t )nm.Ill itny countlies barley eCa increased in tIme 1974 to 1983 period while 
wheat area decreased or reImained stable (Table 4). BarlCy is often considered a crop for 
dry or infertile conditioms. However. international statistics show no strong pattern of 
planting barley ill dr areas IMAAR,. It)70), anid a stir cv ill northwestern Syria- showed 

no significant relationshlip ctsseCn cereal choice and rainfall Or soil type (unpublished 
data). Indeed. in Iraq 53 percent of the barle, area is irrigated (Hermis and Hussain, 
1979), and in Turkey 41 percent MAAR. 1979). 
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Table 4. Use of Land (FAO, 1984a). 

Country Arable Perma- Total Irri- Rain- Wheat Area Barley Area PulsesCrops nent Crops gated fed Area 
Crops Crops Total 

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

....... .........................
109............................
 

Algeria 6,827 (42 7.4(9 310 7.159 2,240 1.741 826 880 122Libya 1.738 315 2.1)53 200 1.853 210 266 374 264 9Morocco 7,269 4301 7,69 426 7.273 1,843 1.770 2,026 2,142 347Tunisia 3.44(0 .421 .4.86) 123 4,737 967 809 490367 144 

Iraq 5.100 W87 5.287 1.572 3.715 1.513 1,187 554 958 46Jordan 357 3-1 39 1 3o 355 158 104 5257 16Lealoll 240 108 3-18 85 263 47 18 13 5 10Syria 5.356 30() 5.725 547 5. 78 1,607 1,256 960 1,485 201 

Cyprus 365 67 432 94 338 64 14 56 50 6Turkey 24.977 2.787 27.7(64 1.983 25.781 9,142 9.040 2,599 2,951 909 

Saudi
 
Arabia 1.1(8 71 1.179 382 797 73 173 9 7 4Y.A.R. 2.737 45) 3.187 23 2,957 68 66 57 52 70P.I).R.Y. 175 2(1 195 53 142 II 15 1 2 

The next nlst impoartant cille'oi- a.,fter creals, is pulses. Although they only occupy 5 to 
1(0 peirCCI[ )' the area plLnICtd It"'ereals, they largely neet local deland and are exportedfrom ']trkcv. S\ ri ,, Tunisia. and Morocco. The most important pulses are broad bean,chickpea. and lentil in winter rinlall arcas, and cowpca under summer rainfall. Broadbeau i.,coinnrrrnlyv ilriegtCd orinmited to the wecest /ones: chickpea and lentil may benefit
I'ron irrigalit Ulhut alltolerat oe')lwhatI hI)ve'l rainfall. These legunes are most
Conin uIN e n illin talitll \\ilh _crcrils. "'hey arc ustally not rown in areas of lowi'ainlall mn(m pooi soils, becausC iCls arc loV and risky while costs are high ('ully,1984). l.ocal cconilieC coin) itions,,.kl appear to dcter'nmine how good yields have to beto make ,cmimc ctlti\itnM worthwhile.o The currCnt limit of leguime cultivation in Syria isalapproxiilatel\ 311 to 35111i mean annal rainfall. In Morocco 70 perccnt of' thelegume area is Iund il arie,\\ilialleast 400 ii of' rainfall (Newberg ei a/., 1982) andin Tnisi;a I c!.'lini2\ ie il s (mmcin! odthe Weller lla (Kctata al., 1979). 

L'xpansiol of Iceiiic atrc a, trCeplaCClCnt for Iallow is often put f'orward as a way toilc'Case outpul. Ilwe'ci knsi is inialhm tr\areas and includes large areas of shallowand ston\ soils. Inrcras, in le tmic wsillarea depend upon the development of techniques
which incease' the nine (I IcInu.e (7rops i acceptaIble levels under relatively poor
condilion, {Trillk. I1984. 
Oler cLop. ac' Clv di\erse, and Iilosiv fall ill tie caltegory of'sumer crops suitable forrotation \\illccrcal. 'hcc\\ill tnsuall be planted ill spring after a winter fallow, andgrow lmiMghl MIil.lCI Oi stllrel-Cd Ililire. Stch crops include walermelon, cantaloupe,
SM.C, iandsun)lowCr. Irrietlet crops 111a) also be grown illrotation with rainfed wheat,ponsibl. in a doule-crop s-\tclln.Railld polattoes and olher vegutabes are sometimesf,01r1d illwtter areas. As shmow in fablc 5, tree crops are also a reililar component of'agriculture ill ifs region. and i iclude citrus afnd other firuits, olives, and nuts. Tree crops

al"e imllportl'll ill several c(mnrlri.s.exporls 
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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 P20 5 

1974/76 1982 1974/76 1982 1970 1981 	 80-83 80-83 
Avg. Avg. 

100 g ha1 t I 

Algeria 
Libya 
Morocco 

41,5.-
6,767 

19,992 

45,000 
16.000 
25,100 

3,850 

2,708 

4,200 

3,400 

174 
64 

130 

262 
375 
239 

65,985 
29,435 
99,225 

90,964 
42,170 
83,250 

Tunisia 29,000 36,200 3,267 3,650 82 180 30,300 38,020 

Iraq 
Jordan 

19,741 
3.736 

29,956 
4.600 

5,028 
19(0 

5,490 
280 

35 
20 

141 
53 

66,109 
5,549 

18,584 
5,712 

Lebanon 3,000 3,000 90 90 1,279 1,006 16,050 12,600 
Syria 15,548 35,533 1,901 2,958 67 232 84,435 47,201 

Cyprus 
Turkey 

9,767 11,000 
241,339 489,813 

300 
11,542 

420 
13,477 166 454 

9,502 6,045 
788,820 565,711 

Saudi Arabia 800 1.400 277 480 44 602 35,425 19,159 

Y.A.R. !,010 2,100 I 43 10,530 763 

P.D.R.Y. 1,190 1.270 12 15 88 1,622 176 

The most coninfon crop rotation in tihe region is cereal-flallow. However, the word fallow 
has different meanings. In tilecentral )llteiLI of Turkey, wheat researchers in tile1960s 
and 1970s developed a technique of 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 (GuIr. 1 a/., 1979; Hanson et al., 1982). A similar 
practice is used in the socialist sector of Algeria, although moisture storage appears to be 
of minor importance compared to weed control in this case (Benzaghou, 1979). 
Presumably this is because higher temperatures encourage weed population!; while making 
moisture storage more difficult. CuIthivated lallows are also practiced in some areas of 
Tunisia, Syria, id Other countries. 

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

Finally, in some areas cultivation of the illow is more related to equipment cost and 
availability than to other factors. In areas of Syria with less than 300 mm ineani annual 
rainfall, for example, weed levels are low, and moisture storage tinder fIallow is minimal 
(ICARDA. 1983). Some fiariers cultivate to prepare the seed bed in spring, some in 
autuni, while others merely sow on uncultivated land (Somel et al., 1984). The latter is 
especially true on shallow soils. 
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As mentioned earlier, rotations of legumes and other crops with cereals are much lesscommon. In part this reflects the value of a weedy fallow, hut also the higher costsassociated with noncereal crops. ICARDA is working to develop erect legume species andappropriate mechanical harvesters for this region; ifsuccessful, the area sown to legumescan be expected to increase. Work is also under way at ICARDA to test the feasibility ofself-regenerating and annually sown legumes as grazing crops i:,i rotation with cereals(ICARDA, 1985). Cyprus has had some success in encouraging rotations with foragelegumes (Photiades, 1979), and this strategy contindes to attract interest throughout the 
region. 

Three course rotations arc less conition. They may include one or two years of cereal, inrotation with fallow, legunies, and/or stIummlcr crops. Continuous cereal cultivation is alsofound, and fertilizers may allow yields to be sustained for several years in this regime;however, productivity eventually dccl ines (Cooper, 1986). 

Crop production is cxtensivCly mechanized in the Near East compared to other regions ofthe world. Tractors ind other iriachi nermy were intrioduced by settlers, colonial agenciesduring tihe Sectid Wrld War, and the Ma rshiaI Plan in Turkey. Agricultural Imachineryled to an expansion of crop 1.:ras illvirtually the entire region, and lueled the movementof rurial populit ions to cities and othelcountries. The pace of iechani ::,Iion has variedfrom country to country, but at this stage it is possible to say that mechanized tillage is thenorm in the 'regmio, with mechanization of other operations proceeding briskly. Animaltillace continues in somllie areas, ilost often iindrier or mountainous regions and on sinaIlfarms (Aricanli anLd SOtiiCl, 1979; Campbell etal., 1977). 

Tillage practices are extreiiely diverse. As indicated, fal lows may be cultivated or not,
and seed beds i ray' be piepa red ill antur1 ii,inspring, or not at all. A vide variety of'
implements is eiiployed in tillag,. including discs, moldboard plows, chisel plows,sweeps. Aside lltorthe Turkish icat project which focused on 
aind 

tillage, I have seen verylittle reported research on the relative Icr-its of variouS cultivation regimes. However, aconstant theile ilr tile expatriate development literature is tlie inappropriateness of deepcultivations in these low rainfall areas (Carter-, !975; Hogan et al.,1984; Newberg et al.,1982). Deep tillage is said to reduce Molistulre storage, encourage weeds, bury desirablep:isturic species, and increase crisosi. It has been suggested that plows developed for highrainfall 'uropean coniliodns were introducCd along with tractors, without propercoiisiderat ion of the needs of the area. Nevertheless, deep tillage appears to be general inNorth Ar-ic'a, Jordan, and Iraq and is carried out on the majority of' wheat fields inwetter 
areas of' Syria. 

Sowing is also highly variable. iere arinial traction is used, seed may be covered with ashallow pov,or a spike-tooth harrow (Campbell et al. , 1977). In North Africa andJordan, tile most common practice appears to i bc hand broadcasting foIllowed by a discharrow, which leads to a fairly erratic crop geometry and poor fertilizer placement(Arabiat ct al.,1983: Camphell et al., 1977). Drilling is common in Iraq and Turkey,while ill Syria a common practice is to troadcast over shallow ridges and cover the seedby splitting or flatteniing the ridges with a cultivator or br. Again, i;seems highly likelythat practices are being deteriiiiined by cquipuilnt availability rather than yield
ilaxirlizaitiOrn (Hogan aird llansCn, 1983). 

Thus, tillage and planting techniques are extremely varied, and there appears to be nogood evidence that current techniques am-c advantageous in terms of yields or other factors.This would appear to be a fertdIe field for research to devise better systems, and orpolicies to bring these systems to the farmers. 'Fle issue of equipment availability is vital;for example, shallow tillage practices rCcoiiimiICIded by the Jordan Wheat Research andDcvelopment Project (1967 to 1975) could not be adopted by farmers because of' lack of'
toals (Hogan and Furtick, 1983). 
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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 fields, 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 cereal is 
hand harvested (Hermis and Hussain, 1979), while in the barley fields of northern Syria 
the figure is 31 percent (Somel et a!. , 1984). Even in most areas where cereals are hand 
harvested, however, mechanical threshing is common. Legume harvesting is mechanize!d 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 hire equipment operators as needed (Arabiat et al., 1983; ICARDA, 1985; 
Johnson et ,il., 1983). Rented and owned tractors wer fourd to operate with equal 
technical and economic efficiency in Turkey (Somel, 1979). The availability of custom 
tillage has led to a rapid spread of mechanization to poorer farms in Morocco, Tunisia, 
Turkey, Syria, and elsewhere. 

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 all countries (Table 5). 
Many of th2 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-yielding 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). 

Livestock 	 The importance of li' stock 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 mnore fully their place in the ;ystem. 

Sheep, goats, and "'ittleare the most important livestock species in the region (Table 6). 
Sheep and goats :oibined are about six times more numerous than cattle, but the latter 
are more important for dairy production than the small stock, and in Soiic 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 numblr of the sheep are found in steppe 
areas, while many of the cattle 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 b-,-,ring less common. 

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

Feeding 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 areas 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 et a., 1982). Cereal crops may be 
grazed as well, which sonic 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 Pro(luction (FAO. 198ta). 

Country Animals Meat Milk 
81/83 81/83 81/83 

Sheep (;oats Cattle Sheep (oats Cattle Sheep Cow 
Goats 

......... ........ ...... 
 .. .. 
Algeria 13,730 2.703 1,389 68 13 43 316 530
Libya 4.598 1,412 175 53 2 5429 64
Morocco 14.913 6,240 3,047 59 23 116 50 790
Tunisia 4,980 875 572 24 3 34 30 226 

Iraq I1.883 3.767 3.033 43 15 55 234 1,075
Jordan 1,021 540 6 7 2 40 4
Lebanon 143 442 53 II 4 9 56 91 
Syria ((1.969 I.1(13 7()) 88 7 34 539 599 

Cyprus 518 311 43 6 4 4 64 51Turkey 49,288 18.727 17,003 294 108 211 1,865 3,613 

S1udi .(ria 3,3 33 2,2( 451 102 8 22 164 252Y.A.R. 3.151 7,5)0 950 13 38 14 183 64
1.I).R.Y. 997 1.350 120 6 5 2 37 8 

Afl er harvesin in .\Ia\j am +iltnc,crop stubbles and afterIath become available. This
consists of, %c-.".d:1nd a IC_ itc!s of straw. 'The rest of file straw is gathered up after
combine htarvestilL co hIe stolcl (or winter use. Afer hand harvesting, only weeds remain.Tihe stubble is c.lllllil ill oolle area2ls to sIstilI small stock through the Slmmer months.
Standing crops (,irain. rostl\ ioor crops (t4) slort fOr combine harvesting, supplement
the stuble in )Ilcr ,areas,. I)air\ callc Ina\reqnire additional 1eed at this time, sometimes 
provided ill the hmm 0l1 a.mlu inhislria(l b%-prTodts. 

I)epcndin2 on ihe locatioln. irriIttd o s0niMrIer crop residnes tray be available towards 
the end )l snIInHCr., loc'al,,IN tr at so mte distance. h'ltse tend to be fairly high in nutritive
valne bitt arc the last Ir11 f1dder Until the subsequIent spring. With the beginning of* the
rains, livestock fL.cditL, is at it,,s os difficul point. l)cpendingIOn temperature, winter 
grating ta,, be '0)( . btl1 it is utmcliabh. In colder areas animals need to be fed
cOtIserved f'cds flor t ) to Iii\ e Iltntlis. This Iced is largely composed of barley grain pluscereal straw: whete available. leenitme stra\ is als)) highly valued. The potential of cereal 
strtw sh)hl iot be Mdrslinnated: itl a Syrian ilix .ed- arniing a.a, it plovided 30 to 43 
)C'en 4)1 :1111 16 to 2.1 pe'CCCIt of cridc protein to farmers'Ofneta-1bdoli/abc ('le'r!e flocksin the winter lecdine pe) 4d 'lanbcrt and ()glah, 1985). In sonc countries with irrigated

cotton oI beet crol)ps, agro-indtslria b.,-products rtay Also be available at reasonable cost. 

'Illus ill a nolml .r livcstock imake use ()I' cereal straw and stubble as well as some of
the g.rait crp, e'ra/c asso)cidtted llo1ws, aid failed crops, provide incomnc and valuable
ntriclts bel)r tireltar est, aid act is , reposito)ry If vale. In alpoor crop year,
livestock act as a IulIcr. Pastures areMp4)r it Slch 1 yea.r, but the higher proportion offailed crops promdes spritg artd summIrer red Lor tile livestock. Usually tile price is less
than tile valuC ;Ia0,,d har vest )ut still sufficient to ol'fset planting costs and provide a
portiotn of tite rt))rtrtal h;t\est irncomne to fahrmcrs. Crop grazing also allows livestock 
owners to redtce their herds erd otll.o)\ver several un rrths, and permits officials 
responsiblc for li\cstck to prepare fr a grairt shortage ill winter rather than an immediate 
shortage at lrArL'tS tir1c. 
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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 tileNear East. Certainly some organic matter is added to soils 
by grazing practices, and some falrmers collcct and apply manure to their fields. It would 
be useful to know hom\ effective cutrrent practices are in this respect, and whether better 
management of manure be used to improve tile fertility of tilecoul land. 

Some agriculural strategies call 'or a reduction iinthe role of livestock in mixed farming
 
areas, 0r a decrease This is trtnC of cultivated
in their cuiirren tccl.resttrces. of s),stems 

fallow and, to some extent, herbicide use. Tes techlogies have been acceptable on
 
large i'l'tllS to CotniltlCI'il cTrel] production. However, widespread adoption of
oriCntld 

Such Stlatecies ,.Cn nttllt s rattacl-ex. First. how will the increasing demands
e' unter 

for meat and dairy products b, urban Consumel1lCrs and a c'owing population be met?
 
Specialized nealailHd iet'atitis %ill be haid piessed to compete with tile
dati x 

opporIlnistic use ol free or chelp IceLs,11Ymixed flarnigU households. Second, tile
 
nutrition, incomc, and risk ,xcrsit m are difficult to replace. Evenaspects of ltixed farl11 

where substanitial caxsh l-til!; is available. the distribution system is
fr ilniplo\ inent 
not adequate illthe 5aI IlajoiI*of collltlies 1t proviLC fiesh dairy products on a regular
basis. Crotp illurantce or Collnpeilsatiotl is rire, as aiable only in Cyprus to my knowledge 
(Sainios, 1979). Thus itcrop producthiOm tecliiiolog. which operates to the detriment of
 
livestock has high tppttrtu(itsl costs for hoillflllcs and trball CoISUmmiers, and lay
 
require substanitial ilirect supptlIto hc \iable.
 

However. new ,,stems Mhiicfh inerea:Sc cereal prtdutct ittn while also increasing thi
 
availabilit,, tf spring and sui ilcr !Cd rest)urccs miglt avoid these problems. Rotations
 
with leguiiie pastures ar. iii thttr\, tile prumisinu possibility; tile), will provide
mttst 

fodder antId alsot afltt i laCx
elofIx\cdCtOtrl, Itremains to be seen whether farmers will
 
judge t1e111ttt be t10t1C ilx atractix e than weedy fallows.
the tnMical 


Rainl f't,crp aind livcvsttck pittdtltittn iakcs place ina larger context. The expansion of' 
cultival I,r Cttst uCii'rsaflh inthis rcgion iinthe war and post-war years, 
ias been fueld b\ erbaat uu\uestlient i Iclhauiizatitiun and utrban demands fOr foods and 
expourts. Ptlicics fioiiiesIllcetil. pticing ttI eds. extension of new technolhgies, 
plovisitunIt(tIagrictiltuurail inputs. ;ilid reseairclt prittrities all affect the vitality of the frming
sector. As mentioned earlier. ihere is a hiih awarencss of the importance of agriculture by
Most ux erilients il ilercgim. Ne\xertlieless. ptticies which are pro-agriculturc may still 
discOuirage,dexeh uputment tIatlts Oflie sector. Pulicics have uthen been. officially or 
practically, StrCAtreLI ttt fl\ lttfarCe litms ter siall. irrigatled agriculture over rainfed,
and high rainfafl areas over lIlu l(aitpbell tI (1/. . 1977I lohlgan Vt al.. 1984). This applies 
to the ;a ilabili\ t1tillplltt Mcx l, \ ll research.credit, and ilstt s,x as 

While such aitaplr,,tahl CttOd pluilctitOn for th1e market, itat\mn;axiilile sliOrt-terini 
leaves a largc part ttI the pltppulatit . nallel\ tle puttrest ',ariers,lacing a declining 

,standard of,+livit. FU thlerlttitre. lic'ies ttaid prtxisit oflservices and construction in 
rural areas affl,i' tic qaalit,, Of lifeaMd the desirabilits ofI ctt inning to live ol farns. The 
yerl,,rapid ( ecitm. with usstuci'cld hltnMsing. food, and socialurban 2o1, tm the 

pruillcts. is iln largC part lie cost (t'1;a\ in2 neclected sitall-scale fairning inthe past. 

TlCse faCthl ',aie Cutulli biCill.'encreater ctmsidCrittitui. In Tunisia. for example, the 
last develtupuucnl planl links iiiterictuih tui lug rural lilf'ral puic t4imirt rather than just 
increasing prlu litdu\\,ith Oi e,,pliCit u l t stelini rural ifedepopulation (Europa1iui. 
PubIlicatiunus. I9S4). IlSs ia.le exl,musit ttlrural roads intl servicex. partictiharly in the 
197)s. encutagCd rlitix ,ltx guuux\l giviing ral access newl ,r()\\ h xwhmile rui people to 
empht'mient tiptrlttiti tlills\. IS).5 flftris such as the Highland Agricultural 
Devehopiment PrIcc ll.h(rdu illie NIid Auierica Internationa' Agricultural Consortiumin tmlte 
(NIIAC) prt.iecL i!n attilt shtw a heightened interest in,iturtuccO. ineed this \Workshtp. 
developing the 1t\x umutiucthil lurm areas. 

This shmUld help to establi,sh a 1urc secure basis lor rural life. and benefit urban residents 
as well. 
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Analysis of Agricultural Policy in the Jordan Drylands 

M.H. EI-Hurani 
Uni'ersityo] Jordan Amman, Jordan 

hldadresses 
macrocconomic view to Imeasilre ti/ic 
ABSTRA CI "hi/)c'r the probl,'in of the Jordan dy/and regionfrom a 

inpact of'poor prohction conditions illthis rai fed
subsector oil Jordat s.i)odcdificit and other nttcroecottontic indicators. Some inportant
aspects of / ltionrothdc en vironmc'i ;n i/ thclr'hmd region of. lor(ai suchi as small farmllsize and h(11 fircntc'ation, coiditiom of ./i/ariirs, and ivailabiliiv of improved 
inpu.ts arce aaltv/i',. ,Iorihn'.c long '.'t'ic.ewith dr\liicd agriculturalrese'arch is 
reviewe llt/d /ilctor. ricscl/.ihle'iA I/i , wielt'tanclAth thi low r te of/ca)ption of
improved iiipiilsarc critical\itle /'cd. Ihe studv coict/des that the issue ol projitability
providc.a cimilcninhc.i'f/ c.Vmatloiio oor r cer'al 'vic'h/ id i/ic' low a option rate of
uiocicrn (liltr'coimmcndcd Low pril italilitv i cc'tsed b%\cahigh cost o production,
(lil i.s hlic/i co s; i a re.'u/t/ of/o' 'icl, anld this low \'icld iscausdC bt' ilack of 
improvcd inlpt.. /t1/:Iat firiicrs /o ihrcl int 
I i.s i/ihrvqon.'ibility of,'goverlnlul to i teiicrruqnvciot" circle. 7i',governinc'tt needs 

otii.sc' tl/' e tis bccatusc'of their hih cost. 
ihis 

to provide itlot., anid c(irricliural 'cic'c'st the right tiimes a at reasontahle prices, 
1'p''ci//.t cold uIu/chirv. lic suhsid' ofinpts is supported here/'rtiliZ,'r., /crbicidc., 

rcithcr i/t stcsilidihi'// c' o/l hrca t 'o ic 't/ tieitatcs off'iure jbocd
requireincnl.s 't.S.iicc fbir Iotit to, Icwkr ioward /on,'-tcrni solutions to .satisf'ca 
higiccr pcrciiut'c of foiod sel/suifficicinY. Jordan ileeds to set p aII)'more consistent 
nati al/ cl,ricuitiral cd.Ibod olicy which icl'ntif's macroconomic coiditions iniJordan. 

Introduction Fle conomtc contribiition of' tile agricUIINIra dryland subsector in Jordan has been poor
during tile past 30 years, aiid the fitrniers who live in these dry areas receive the lowest
income Ievel itthe country. The rainfcd kand rcsources are not producing their biological
or economic potential. In def'ining the J,ordan dryland subsector we may classify it as a
traditional agirictilttirai systemi hecause of the doninant use of*old cultural practices over 
many year,,. For example, the national average wheat yield is considered very low,
ranging bctwccn 8 atid 10 bui acre-1, ,r 0.6 to 0.8 hia- 1. This simply means Jordan's 
yield is olInly nctIe-IlLurli or less of that of the dry region in the northwest off the United
States. l)ryland wheat exhibit, annual li0tc!utiOa:, in total productioun and has had a
downwa rd tireind for the last IO-ycar period. 1975 to 1984. Because of this wide variation
and It\tw anial prodtctiot, a ga (sliortage) has existed between food demand and cereal 
production since the early 1950s with the exception tIf a few years. Since 1968 this gap
has been widening, 1t reach a iiaxiiiinni in 1984. 

A,-IthouO most of the problems thiat Jordan's driy areas s li'Ver are strongly related to the
environment and productionl colitios, we believe that Jordanii Must take a tcomprehensive
look at the whole operation of the dryland subsector which includes cereal production,
marketing and processing, consmti ilptioll, and fotd poilicy. The weak outcomes of previous
projects should demonstrate the need for this approach. In order to make a full assessment 
I Jordan's drylaniid prtoduction \wc need to study tile interrelatiionships and interactions 
between these majt r activities. Figure I shows the interrelationships aniong production
environment, marketing, processing, and ftod policy. There is strong evidence to showthat Jordai government policy iiMpacts on dollicstic cereal production. Analyses of 
governlmient intervention in the internal and external marketing of' wheal, importing,
processing. pricing, and even the study of [lie changing pattcrn of bread consumption show 
a strong influece oin the Jordain w,'heat frll'llir's decisio to cultivate his fIarm vith wheat. 

This paper will address sc\c,al aspects of agricultural policies in [lie Jordan drylands. Firstit will take it niacroectOllic view c1' the pitlOlctiis td' the Jordan dryland region from a
food policy approach in order to demonstrate the significance of this rainfed subsector to
(lie Jordanian economy. Section 2 will flicus more closely oni fle production environment
in the dryland region of Jordan including the rainfed land area, its policy issues related to 
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Figure 1. 	Interrelationships among Production Environment, 
Marketing, Processing, and Food Policy in tile Jordan 
Wheat Subsector. 

land fragmentation, economic conditions of farmers, and availability 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 policies in the Jordan drylands appears in Section 4 and finally, 
conclusions and recenin;endations for future projects and policy formulation for the 
development of Jordn'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 
Jordanian economy we must look at the problem of the dryland production from a 
macroeconomic view and food policy approach. 

A 20-year performance record of the gross donestic product (GDP) (1960-1980) indicates 
that Jordan's economy 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 econoimy 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 .hordan'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 I)Cs (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 Service 
Sector Sector 

Million % of Million %of Million %of Million 
J.D. GDP J.D. GDP J.D. GDP J.D. % 

1964 34.1 25.2 39.0
52.9 82.6 61.0 135.5 100
1965 34.1 22.6 59.9 39.6 60.3
91.1 151.0 1001966 27.6 18.4 56.2 37.6 62.4
93.4 149.6 100 
1967 23.4 20.2 38.5
44.5 71.1 61.5 115.6 100
1968 16.2 11.7 43 6 31.5 
 94.6 68.5 138.2 100
1969 22.5 13.8 53.6 
 33.0 108.9 67.0 162.5 100
1970 15.6 
 10.0 41.1 26.5 113.6 73.4 154.7 100
1971 23.9 14.4 30.0
49.9 116.1 69.9 166.0 100
1972 26.6 14.5 56.8 31.0 
 126.0 68.9 182.8 100
1973 17.9 9.5 57.1 
 30.2 131.8 69.8 188.9 100

1974 30.3 
 12.5 90.6 37.4 151.8 62.7 242.4 100

1975 26.0 8.6 104.4 34.4 198.7 
 65.6 303.1 100
 
1976 37.3 9.8 135.6 35.8 242.8 64.2 378.4 100

1977 41.7 9.5 162.1 36.8 277.8 63.2 439.9 100

1978 58.6 10.6 211.1 38.3 340.1 61.7 551.2 100

1979 43.6 6.5 245.8 36.8 422.8 63.2 668.6 100

1980 64.6 7.3 346.3 39.0 542.1 61.0 
 888.4 100
1981 76.6 7.2 39.3
416.5 642.9 60.7 1059.4 100

1982 83.8 7.0 461.3 38.4 
 739.9 61.6 1201.2 100
1983 99.1 7.5 511.2 38.8 806.8 61.2 13180 100 

Table I shows the relative shares of both sectors during the period 1964 to 1983. The
relative share of the agriculture sector to the GDFP 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 I also shows this share of agriculture to the GDP during 1964 to 
1983. 

Jordaa's foreign trade has continued to 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. It is
estimated that 25 to 30 percent or the total food requirements are produced dlomestically
while 70 to 75 percent are imported. Table 3 shows the total food imports, exports,
the food trade balance [or the period 1964 to 1983. The I'ood deficit grew at 

and 
12.6 percent 

annually. 

Generally speaking Jtrdan ::ptrts all IOod itenis. However, wheat import costs rank the
largest among all inportcd food items. Imports of live animals and dairy products also arerising. An annual population growth rate of 3.4 percent, and a real improvement in per
capita income have enhanced the denand f'or imported food. Table 4 shows a record of
strategic tood imports for the period 1904 to 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. 
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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 .............. 
1964 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 

Li e 
Animals 

!)airv 
Products 
& Eggs 

Wheat 
& WVheat 
Flour 

Rice Sugar Fruits, 
Vege-
tables 

Coffee. 
Tea & 
Spices 

Total 
Food 
& Live 

Total 
Imports 

Relative Share 
of Food Imports 
to Total 

& Nuts Animals imports in f7 

......................................... ....................... Milio~hn J. D. ................................. 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

1.46 
1.22 
1.34 
1.15 
1.75 
3.13 
1.61 
0.78 
1.18 
2.96 
2.37 
3.19 
2.14 
2.56 
3.95 
3.89 
6.90 
8.64 

12.61 
21.56 

0.82 
1.06 
1.06 
1.20 
1.43 
1.88 
2.14 
2.45 
3.24 
3.31 
3.88 
4.82 
6.47 
7.43 
8.25 

10.54 
12.55 
10.74 
13.85 
15.46 

2.87 
2.28 
4.31 
2.51 
3.46 
1.78 
3.99 
3.84 
6.10 
7.04 
7.1-
6.82 

14.80 
13.87 
14.58 
19.57 
23.00 
23.43 
31.15 
32.84 

1.27 
1.47 

.47 
1.34 
1.14 
1.26 
0.79 
1.31 
1.29 
1.39 
4.28 
1.87 
4.54 
2.75 
3.46 
4.92 
6.10 
5.41 
8.36 
4.42 

1.94 
2.04 
1.96 
I.52 
1.85 
2.29 
2.12 
2.19 
5.19 
1.78 
6.76 

11.53 
20.20 
6.56 
8.37 
9.94 
R.17 

21.39 
19.11 
6.51 

1.64 
2. It) 
1.91 
1.74 
2.-2 
2.52 
2.03 
3.96 
3.89 
6.44 
8.67 
9.57 

15.92 
15.69 
16.68 
21.40 
22.71 
25.52 
31.82 
32.27 

1.36 
1.57 
1 75 
1.58 
1.82 
2.00 
1.72 
2.08 
2.00 
2.52 
2.34 
2.93 
2.99 
5.30 
6.52 
6.12 
67 
7.08 
4.13 
5.64 

13.oO 
14.20 
i7.4 
13.64 
15.75 
17.84 
18-68 
20.13 
27.30 
30.81 
42.74 
49.42 

1,3-
75.92 
87.57 

108.28 
9 

167.93 
191.92 
180.37 

50.35 
56.05 
... II 
55.05 
57.49 
67.75 
65.88 
76.63 
95.31 

108.20 
156.51 
234.01 
239.541 
454.42 
458.83 
589.52 

15.98 
1047.50 
1142.49 
1103.31 

27.01 
25.22 

71 
24.77 
27.40 
25.80 
28.35 
26.26 
28.64 
28.47 
27.30 
21.11 
33.97 
16.70 
19.08 
18.36 
16.59 
16.03 
16.80 
16.34 



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

No. Year 

1 1954 

2 1955 

3 1956 

4 1957 

5 1958 

6 1959 
7 1960 

8 1961 

9 1962 


10 1963 

11 1964 

12 1965 
13 1966 
14 1967 
15 1968 
16 1M69 
17 1970 
18 1971 
19 1972 
20 1973 
21 1974 
22 1975 
23 1976 
24 1977 
25 1978 
26 1979 
27 1980 
28 1981 
29 1982 
30 1983 
31 1984 

With respect to the )roblein 

Population 

620,342 

642,147 

662,832 

686,791 
720,000 
746,770 
781,136 

900,776 

932.000 
961.500 
992,00) 


1.024,000 
1.059.000) 
1,094,000 
1.126,00) 

1,600,000 
1.668,000 
1,723,000 
1,774,000 
1,831,000 
1,889.592 
1,950,071 
2,012.473 
2,0/,' 872 
2.143.332 
2,211,918 
2,282.700 
2,355,746 
2,431,130 
2,508.920 
2.589,211 


Annual Wheat 
Requirenent 

..........to 


93,051 

96.322 

99.424 


103.018 
108,000 
112,015 
117,170 

135,116 

139,800 
141,225 
148,800 

153,600 
158,850 
10-4,100 
168,900 
240.000 
250,000 
258.450 
266,100 
274,650 
283.438 
292.51) 
301,870 
311.529 
321,498 
331,786 
342,403 
353.3(0 
36-4.667 
370,336 
388.378 

Actual Annual
 
Production Shortage
 

or Surplus 

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

179,018 +85,967
 
60,284 -36,038
 
186,756 +87,332
 
182,656 +79,638 
46,001 -61,999 
79.683 -32,332 
29,599 -87,571
 
106,121 -28,995
 
96,547 -43,253 
50,038 -94,187 

224,788 +75,988
 
224,492 +70,892 

71,453 -87,397 
196,086 +31,986 
111,461 -57,439 
201,054 -38,946 

45,183 -205,017 
148,477 -109,973 
160,914 -105,186 
37.652 -236,998 

180,000 -103,438 
60,000 -232,510 
58,441 -243,429 
56,036 -255,493 
53,743 -267,755 
16,401 -315,385 

139 007 -203,396 
59,687 -293.673 
29,100 -335,567 

115,613 -251,723 
5,000 	 -383,378 

of cereal produtIcion. Jordai', IMIajor wheat requirements are 
met through imports. It is estimated th1at domstic M\heal cov;'ers on average only one-fifth 
(20 percent) ot'lhe total requiremiienIts, alld mtost I( this dotitestic wleat is either consumed 
at the village level olrstored for sccd (I('ARI)A. 1981). '[able 5 shows for the period 
1954 to 1984 wheat prIO(Lction, Cstimated wheat rCLIqircHiClets. :11nd alnal shl-olage. Figure 
2 is a graphical presenatioi of' Table 5 which illust:-ates the incse in the cereal gap 
since 1968. It is veiv impotrat to I'euCC this flOOd gap illorder to raise oIod sell'
sufficiency aild decrCea.isC the plessnite Ol Joridal's f'reign currency reserve. Jordan depends 
heavily on loliOll curITC1y SOlrCes such aIS n:tlls. exportsISsiSt.lces.,, reillitt.llCCS, and 
resulting in the vulnCrability of .hordai's econiiiiy to international climate. Table 6 depicts 
external public debts during file 1904 to 1983 which grew at anmual rate of 18.8period an 
percent. 
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Figure 2. Jordan Wheat Requirement and Production. 

Rainfed Agricultural Land Agricultural land suitable fr year-round cultivation is scarce in Jordan. The majorin Jordan constraining f'actor is limited and variable rainfall. About 91 percent of' total land area
(92,600 kiil 2) receives less than 200 miin annually. The area is technically considered an
arid desert and is utilized for natural grazing ground. The remaining 9 percent of totalland area, which receives ilore than 200 nun of rainfall, is dividc between three 
agrocliniatic zones: 
I) Marginal land receives from 200 to 350 unto and is estimated at 563,000 ha. 
2) Semiarid land receives froini 350 to 500 mii and is estimated at 136,000 ha. 
3) Seinfliniid land receives froii 500 to 600 mn and is estimated at 99,000 ha. 

Due to limited precipitatitn. total cultivated is about 4 percentarea of Jordan's total area or 400,000 ha. Ninety-four percent of" this area is considered dryland and 7 percent is
partially or com1pletely irrigated. tt'eField crops are inaj or agricIltu ral commodities
occupying 80 percet of tiie tota Iultivated dryland area; wheat and barley constitute 92percent of the total rainlfed fild crops. Figures 3 and 4 show the relative importance ofmaj iOrcrops in Jordan's ,.Iry The actual cutivated area of' field crops varies fromareas. 
year to year bCcauIsc of' variable rainfall. 'lable 7 shows this wide fluctuation in the area of'
rainfcd field crops [Or the period 1974 to 1982. 

Production Environment Three major factors play a substanlial role in the process of development of the rainfedin the Dryland Region of' subsector of, Jordarn. These factors arc: siiall Ifarm size and land fragnmentation, conditionsJordan of dryhad thrincrs, and availability of' inip r(oved inputs in the dry areas of' Jordan. 

Sn,"ll Farm Size and Land Fragmentation 

Small farm size and land fragmcntation exist very widely in the dry areas of Jordan. These
phenoiena have adversely affected tie technical and econontic feasibility of using moderninputs and services in the rainf'ed areas. They are believed to be the principal causes of' 
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Table 6. Jordan's External Public Debts, 1964-1983 
(Central Bank of Jor,,, 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
 
978 244.449 

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 C.is 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. E\isting laws give an individual the right to own land which can be as small 
as one dunuin (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 I ha 
outside city or village limits. This law allows fbr common ownership of one single piece 
of land. Conmon 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 transactions 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 each landholding was divided in!o 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 dtLnms (less than 2 ha) was 18,000 in 1975, and increased to 23,000 landholdings 
in 1983. This means a 28 percent increase in small infeasible landholdings during 8 years 
(El -Hurani and Duwayri. 1986). 
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Total Area 400,000 hectares
 
(988,400 acres)
 

7% 
 9300 
Irrigated partially Drylands
 

or completely 372,000 hectares
 
28,000 hectares (919,218 acres)

(69,188 acres)
I 

80% 
 14% 
 6% 
Field Crops Fruit Trees VegetablesWheat, barley, lentils, Mainly olives, grapes Tomatoes, eggplant

chickpeas, etc. and nuts cucumber, etc.297,000 hecfares 52,080 hectares 22,320 hectares 
(733,887 acres) (128,689 acres) (55,162 acres) 

1 
92% 


Wheat and barley 
8% 

Other field crops273,240 hectare- such as lentils,(675,176 acres) chickpeas, etc. 
23,760 hectares 
(58,711 acres) 

CONCLUSION: Wheat and barley occupy 2/ of total agricultural
land and 3/4of 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 those 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 1973has rellected this impact on the utilization of Jordan's dryland, and made the economic 
returns from rainfed cultivation unattractive. Moreover, farmers now use dieir fertile, level 
land for the production of fruits and vegetables instead of field crops. 

In conclusion, the presct laws allow the creation of new notlandholdings which are
economically feasible. The.,e laws treat all drylands the same regardless of availability ofwater 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 landholding (El-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 to 400 tam. 200 dunums should be 
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Total agricultural land Total dryland 

Irrigated 7% Fruit trees 14% Vegetables 6% 

Dryland 930/ Field cra~ps 80% 

Total dryland in field crops 

Other field crops 80/-

.0 ................
d mz................
 

Wheat and barley 920/....................
 

Figure 4. The Use of Jordan's Agricultural Lands. 

Table 7. Total Cultivated Area of IDryland Field Crops 
for 197/4-1982 (Department of Statistics, 
1974-1982). 

Ficid Year 
Crops 

1974 1975 1976 1977 1978 1979 1980 1981 1982 

Wheat 2,355 I,I1I 1,307 1,212 1,303 961 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 26 29 20 20 

Total 3,194 1,807 2,067 1,805 1,965 1,505 1,918 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 

duntm 

Less than 10 12,374 24
10-29 12,226 24
30-49 7,634 15

50-199 
 14,123 28
 
200499 
 3,359 7
 
500+ 
 1,075 2 

Total number 50,791 100 
Total area (ha) 3,904,031
 
Average size of a landholding 77
 
(dunun)
 

considered a minimal farm size it' the fairmer uses improved inputs. In zones with less than
300 nm rainfall, 600 dunrums is seen as a minimal farm size that can support a family
(Qasem, 1986). 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 agricultural land.
To overcome the problem of fragmentation Would require comprehensive investigation and 
assessment of all available alternativc.s. One suggestion is to reaggregate landholdings on a
sound farming hasis without changing legal ownership, such as forming better organized
cooperatives which lead to a system of farin size restructuring and a better decision
making nechanism.
 

Another option is sharecropping on a large scale, such as leasing a number of adjacent
farms to a custom farmer who grows field crops on a large scale and uses better inputs.
Previous experience indicates that custom fa rming operations might not create a better
production enviroimen for tie application of' improved technology because the lease
 
arrangements usually run 
 for only short terIs such as on( or two seasons and,
consequently, do not niotivate custom farmers to employ modern inputs. Therefore, leasing
arrangements must be contracted for a longer period to encourage custon 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 to 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 locatcd in higher rainfall zones is simply not utilized because 
of absentee owners and small 1andhOtingus. 

Conditions of l)ryland Farmers 

In investigating the dryland production environment, one must 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 camnent made by the hcad of' the 
government agricultural department in Irbid might explain the present farmer's conditions. 
He simply said, "There are no longer wheat growers in Jordan." What he meant was
there are no professional Or fill-time wheat farie. in Jordan. Because of the low returns 
on dryland farming, farmers seek other job opportunities in the urban areas. It is reported
that the population of the Jordan drylands region is the poorest class of Jordan's total 
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Table 9. 	Number of Landholdings before and after 
Partitioning during 1976-81 (Qasern, 1985). 

Year 	 Number 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 
1981 	 3,480 11,832 

Total 	 17,668 59,070 

dryland areas in developing countries 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 areas emergence of a young, 

population. This poor standard of living within tile 

led to tile 
educated genera'ion 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-farmi employment has reduced the supply of labor in these 
dry areas. 

The economic returns from field crop production are also considered ve-y low. This is 
basically due to the low yield per planted ha of wheat. It is estimated 0!,at the cash 
operating cost for planting I ha of' wheat by traditional methods is $152. Based on the 
assumption that the avera,',c yield is I t ha- I, if the price received by a farmer is $275 t-1, 

the gross profit margin would be S123 ha- 1 or about JD 4.92 dunum -1 (Watkins c al., 
1983). A rough comparison with cost of production in the dryland region of the Northwest 
United States (Eastern Oregon) shows that the cash operating cost per plan;ed acre is 
$56. 1(1 or $136.60 ha- I(Cook et al. , 1984). 

The highest yields for a dryland farm are estimated at 34 bU acre 1 or 2.3 t ha-t reducing 
the average cost of"producing I t of wheat to $60. Low yield conditions in Jordan's dry 
areas reflect negatively on the cost of protduction, making farmers hesitant decision-makers 
with respect to using modern inputs. Due to low economic returns from wheat cultivation, 
farmers have been shifting increasingly toward planting trees, especially olives and grapes. 
It is reported that Ifarmers' attitudes toward new dryland cultivation technPques are positive 
and that they .,)preciate 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 issue will be discussed 
later in the analysis of Jordan's experience with dryland agricultural research. 

Availability of Improved 	Inputs 

One of the main requircments for improving dryland agriculture is that inputs and 
agricultural services be available in the rural areas where farmers can easily obtain them. 
These inputs include improved seeds, herbicides, fertilizers, and proper machinery. 
Unfortunately, private agribusiness was not serve tile it wasas motivated to dry areas as 
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 tillageservices to field crop farniers. However, the magnitude of efforts provided by JCO is stillsmall. Therefore, shortages of proper agricultural equipment, as well as the technicalsufficiency of how to usc and maintain them, still exist in Jordan dry Theareas. use ofchemical fertilizer is still very modest. It is estimated that only 8 percent of farme-sapplied nitrogen and 5 percent of farners applied phosphate to their fields. The total areafertilized annually is estinmated to be only 300 ha. The preent fertilizer production plantsin Jordan operate fbr export raither than to fulfill the needs of the dry areas of Jordan. TheJordan Fertilizer Industrv Conlpany (JFI) produces dianinonium phosphate fertilizer.Fertilizer rcquirCnlenkS fbr wheat growing were estimated by Duwayri et al. (1984). It isinteresting to note thai locally i1n;.lnt'Lured fcrtilizer does not provide the required mix ofnitrogen and phn s)horus fertiliz iso must he imported. The adoption of herbicide use isalso veiy low in the dry ala. It is reported that more research is required to determine 
tile effcctivt: weed cotmrlf.hest and imlost 

In gencral it is the high cost of ilpro+\ved inputs to dryland farmers that forestalls theiruse. It is believed that cooperatives are more capable of providing improved inputs,es)ecially felrtiliZef and herbicides, to fiirlhmers itlower costs. 
An Assessment of Jordan has good experience illtechnically improving dryland farrming,Agricultural Dryland especially withrespect to tileprFoductiotn o1f wheat and barley. This is due to aResearch in Jordan long history of researchwhich has been coinulmtp.ed since the inception of tileState of' Jordan. 

Tihe first rescirCh flIOrls to impfIOvC cereal prtoduction were initiated in1951 and 1952when varietal testng aid fIenilizer experiments were conducted by the Jordan Ministry ofAgriculture MOA) in coopCration with FAO (ICARDA, 1981). The variability of resultsover sites made interpretation difficult. However, responses to nitrogen application andnitrogen/phosimhrms Iritracion were reported at some sites. In 1964, a breeding programwas undertaken at the Deir Allat staiion in the Jordan Valley with the assistance of the 
Ford F'oundation and (1M M YT.
 

More intensive efforts to increase wheat production were begun in1967 when the MOAstarted a comprehensive project witlh Oregon State University and funded by USAID. Thebasic elements of this project were to increase wheat yield through the adoption of apackage of hetter culuiill jIract iccs. iniely. soil moisture, conservation, proper tillage,weed control, fertilizer, ilipowCd sCeds, and seed drilling. Most of the activities of' thisproject were coiceilfrited on] colduct ing igricUltural demonstrations throughout the drylandareas to show, leaclh, arid encourage wheat farers to use better inputs and improvedfarming nelhods iii order to obtamin higher wheat yields (EI-Hurani, 1975). The project was 
inopera!ion until 1975. 

In1974, the Faculty of'Agriclture of' the University of Jordan launched a research
 
program illcotperati m with FA0). Itspurpose was to provide ascientists as well as format for trainingto supply materials for varietal improvement. This program has dealtprimarily with vatrietal lesting. fertilizers, and other cultural experiments. 

In1976. tie Minisitry Of Agriculture laurncired an intt.rated dryland farming development

project in copcra tionmwith [A(). The go lol this project was tothe principal of increase productivity incrop area northrn Irbid to be implemented in the five-year period from1976 to 
 on 
from simple contouring to rock 

190. This prtiject focusCd soil and moisture conservation practices ranging
terracing, and a package of improved technology (PUabb,1967). This project showed thatt itis difficult to store moisture under Jordanian zonditionsin the fallow ye'al., arid that tilesuggested technology package would be profitable on largefarns about 5) to 75 percent mf'the time longin tile 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 
cert-tinty, 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 
pacl, ige 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 rainfall 
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 tee fanning community, and 
provided that the necessary capital and supplies of inputs (seeds, fertilizers, and chemicals) 
are made availabie. 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). 

Research 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 to 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 f-amded by International Funds for 
Agricultural Development (IFAD) in cooperation with the JCO. The objective of this 
proiect 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 he 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 each input (EI-Hurani, 1975). So 
basically farners 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 tfprofitability (El-Hurani, 1980). A detailed calculation of 
benefit/cost ratios for these inputs showed that farmners are rational, in the sense that the 
economic r'turns froll using these inputs were not attractive enough to cause farmers ti 
apply improved inputs. The issue of profitability provided a meaningful explanation of the 
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behavior of Jordanian wheat farmers. The profitability of wheat production is basicallydetermined 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 t,e tackled is how to get farmers interested and motivated touse 	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 theright time, place, and prices. fhe 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 investmentrequires some kind of support, such as a short-term seasonal credit, and these loans shoult1 
be provided in kind to guarantee a proper use of the loan. 

The 	government recognizes the important role 	of the agricultural rainfed subsector to theJordanian 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 toimprove 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 followingnational goals to improve production conditions and to increase food production:
 
1) Increasing the production of the principal dryland crops by 
 1980 as follows: wheat, 36percent; barley, 25 percent; lentils. 25 percent; olives, 115 percent; grapes, 110percent; and vegetables which are partly produced in rainfcd areas by 50 percent. 
2) 	 Increasing fodder and forage crop production. 

3) 	 Dcveloping 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, s ifting 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 theproduction environnient in the rainfed subsector. It is reported that the 	 largest proportionof agricultural investment (about three-fourths of total agricultural investment) was spenton irrigation projects. The second five-year economic development plan (1981 1985) hasto

almost repeated tlie sailc national goals of tlie first five-year plan for the rainfed

subsector. For exampfc. 
 it statCL tie following national goals:
 
I) To increase productivity of the dr'yland 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 245.0008 dunulm with fruit trees, giving priority to land with more than 9 

percent slope. 
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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 to 1985, which 
indicates a decrease of 18 percent from previous production. This simply means that total 
production of field crops has deteriorated over the past 10-year period. To obtair. a better 
understanding of the presently stagnating dryland sector, we need to review the prevailing 
agricultural dryliand and food policies in Jordan. There are three significant policies: 
agricultural input price sobsidies, wheat output price support policy, and finally, 
consumptio'l subsidies on wheat and bread prices. A brief discussion of these policies 
follows.
 

Agricultural Input Iliice Subsidies 

The Jordan govermenlt pro\ ides some general subsidies to the agricultural sector in the 
form of duty-free Importatiom of'agricultural inputs and machinery. However, all 
agricultural inputs are111Old by private firms who import directly from international 
companies, so tileprices of all these inputs reflect the international supply and demand 
conditions. Some specific government projects promote planting fruit trees in hilly rainfed 
areas with a,slope of' 9 to 25 percent. For example, the government in cooperation with 
FAG/UN1IP provides iHrmers with su~bsidized fru it tree seedlings and food material 
assistance for terrace building. Also JCO provides some input!; to dryland farmers at 
subsidized prices. But this support is very limited with respect to the scope of the 
Jordanian rainlfed sector'. Fertilizers, herbicides, ai1d machinery are sold to the dryland 
farmers at high prices. A serious concern \',.is ialsed by an ilportant study ill1980 
(Gotsch, 1980). It was concldedl tha oultpult-inpult relative prices were moving against 
purchased modern inputs. Gotsch calculated 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 tie improved package could be accelerated by applying a 
subsidy directly to the input itself. We believe the government of Jordan might be well 
advised to subsidize fertilizei if the alternative is to subsidize large-scale wheat purchases 
from abroad. There llmust be an e iphasis Oi tile at pricesprov'is ion of inputs an1d services 
which guarantee a reasina leprofit margin to dryland farmers. Input price policy for the 
dry areas mLust receive more1attent ion by decision-makers, since the slow adoption rate of 
recommended inlptts is tile res tit of f'act s such as the high prices of inputs. 

What Output Price Support Policy? 

The Jordan government encourages dryland farmers to produce wheat in rainfall zones of 
300 mm and above, and in areas with a slope of 0 to 8 percent. The goal of' this is to 
increase wheat pro.dt,, 'On in Order to reduce the size of imported wheat annually. For 
many years the goveriitiient adopted wheat price support policy by offering to purchase the 
domestically produced wheal at higher prices than the international price. Although this 
price support program has been practiced by the government over many years, it has never 
achieved its desired purpose due tile and poolr timing of its implementation.to inefficiency 
Farmers usually have the freedom to sell either to lile local merchants o the government. 
Over many years. this Sulprt price i1s not been attractive to farmers nor effective in 
motivating fiarliters to increase their wheal acreage. 

Previous studies asserted that farmers prefer selling to local inerchants rather than to the 

government because: 

I) 	 The difference between th, government sulpport price and local market is negligible. 

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

3) 	 The local wholesale merchants Lsually pay cash to farmers, and carry tie purchased 
wheat from the fa rio. 
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Table 10. 	 Size of Governmeit Purchases of Domc-stic 
Wheat from 1980-1983 (Records of Ministry of 
Supply, Amman, Jordan.) 

Year 	 Size of local Size or Total Percent of Purchase
Wheat Wheat Production to Local Production 
Purchased by
(Governmnrt 

................ to l
 
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 ot government purchases of domestic wheat during the period1980 to 1983 and the ratio ol' these purchases 10 total domestic production. The Ministry
of Supl)ly bought only a small prtoportion of' .Jrdanian wheat, ranging 'rom 13 to 34 
percent of tolal domestic production. Apparcnlly" the government d'd not work hard inpurchasing hcal wheat si mply because it costs much more than imported wheat. Since thegovcrnIumcit bought on1ly a small proportion (13 to 34 percent), the logical question is what
happened to the rest of the domestic wheat. About 50 percent of' domestic wheat isretained Oin the flnn fOr household consumption, seed reqtirements , and feed for animals.
It is believed that a high percetage of the remaining domestic wheat is marketed through
private Channels aI animal and poultry CCls. If this is ttue, it means that Jordan 	will haveto import 1iorC wheat as, the availability of local wheat diminishes. The total area of wheat
cultivation has decreased dUring the last several years reaching its lowest level to date in 
1984. 700,001) dlumiuniLS. 

It is strongly 	argued that lack of1rainfall is not responsible for this decrease. Qasem
provides od exaiplcs On this niatter. For instance, the year 1974 was considered
excellent rainflall sCasol and the 	

an 
wheat area was 2.3 million dtunm. In 1980, however, thecultivated wheal area was only 1.3 iiiilliol dhnuit,a 43 percent decrease from 1974,althoih it was anl eqlually excellent rainifll season. Also, 1976 was considered an average

rainfiall scao,. with the cultivated wheal area at 1.3 million dunum, but in 1984,
equivalent rainhill scaSO i. the culivated 

an 
wheat area was 700,000 duntm, a 46 percent

decrease firoi 1)76. 

This simply 	Ialanls that wheat cullivation has become a low priority for Iartners. Because
wheat is usuaily cultivated illhigh to mediul rainfall areas (300 mm annual rainfall) these areas are also suitablte for fruit trees and vegetable production. If farmers have the
liancial Iresoturces tile\, might as well establish fruit orchards which have a higher net 
itillic and les' finawtiial risk (Qascm, in press). 

Confuomption Subsidies on Wheal and i'":1 Prices 

The Jordanian gpmernmlet provides sizable subsidies for the wheat consumed by
Jordanians. This policy has been practiced by the government for many years. The 
purpose o'this markel inItcrvenlion is to0 PIi'ide bread to Jordanians living in urban areas,at low Cost. 	 'he gO V-.21"lent in ports most of the needed wheat from the world tnarket andsells it to mills at a 	 tedutced price to control the price of flour, and consequently, to 
stabilize the price of bread. 
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Table 11. 	 Government Consumption Subsidy on
 
Imported Wheat for the Period 1981-83
 
(ACSAD, 1984, Table 14.)
 

Item Year 

1981 	 1982 1983
 

............. J. .........
 
Price of imported wheat CIF Agaba 67.25 64.63 62.43 
Total cost ofihandling 10.37 10.34 9.46 
Total cost of imported wheat 77.62 74.97 71.89 
Government subsidited 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 imlportCd wheal 10' tol) 	 199.1 249.9 290.6 

Total governient sutbsidlv fIor importcd wheat 
(million J.D.) 7.490 9.139 10.023 

19 50It is noteworthy that du1ring the s and 1960s about half of Jordan's total wheat 
requirements 	 were met by dhlicstic production. Foreign donations of' wheat fulfilled 25 
percent of' the nced. This ineanus that Jordan imported around 25 percent of its 
requirements. However, since the 1970}s. Jordan's direct imports of wheat have risen to 70 
percent of total anual needs because the relative share of IoIl production has fallen to 
only 20 percent and wheat donations have decreased to 10 to 12 percent of the total wheat 
demand. The consequences of' Such a trend are igreater burden on the government budget 
and ntore fOrcien currenucy allhCatCd to pIurichI ase an increasing an111unt of' wheat. 

In 1983, morc nioney was ,pcnt to import wheat than any other food item, J.D. 32 
million, or a1b1out $95 tmilliton. In 1984, cst irnatCd for importedtile cost wheat was $30 
million while in 1973 it was trnly S9 million. To attain a better understanding of the 
Jordanian corntsmiiior subsidy, Table II shows calculations of the budgeted cost of 
imporrted wheat for 1981 to 1983. (oveirnmet budgCtary support increased from J.D. 7.5
million in 1981 to 10 nillion il1(;83. a 33' perccnt increase in budget support during 
three years. 

,tlrppf0r illi 
Although this purchase is Sinall. it represcnts a very interesting case as the government 
supportsIWO gtrtlp.r'J idaniaris: drylanrd wheat fariners and urban consumers. The 
government buys wheat from Ifarriters at a price perceived to support flarrmers since the 
government ctuld buiy wh eat abroad at a much hltwer co1st. Table 12 shows tle budget for 
purchases of donmestic wheat ''oii1981 to 1983. 

In addition to rt prted wheat, the government of Jordan buys domestic wheat. 

Governmeut spporlt rose froim +1.1). 1.5 million in1981 to J.). 2.6 milliorn in 1983. To 
evaltrate the goverririent Cffort,, to y dormestic wheat. Table 13 shows wheat prices, both 
inIported aid doriCeStic, andtl tic price diffCrCnti:d fr- 1981 to 1983. 

The world mark et price ,va, Iower than the loal price over all years and increased with 
time. For example, the gtverlnment paid more than 41.5 percent of the imported price in 
1981 for local wheat. increasing to 50 percent itt 1982, and 74 percent in1983. 
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Table 12. 	 Government Consumption Subsidy on Locally

Purchased Wheat (ACSAD, 1984).
 

Item Year 

1981 	 1982 1983 

......... J.D.............
 
Price of a ton of ptrchascd dlomestic wheat 	 95.20 96.45 108.45 
Total cost of handling 4.27 4.36 4.21
Total cost of pachased wheat 99.47 112.68100.81 
Government subsidiZed sales price to millers 40.00 38.40 37.40 
Government subsidv per ton 59.47 62.41 75.28 

Amount of ptUchaCd wheat Iton) 	 25,510 19.410 37,760 

Total governmint s1bsidly and support for local 
wheat (millio I.D.) 1.517 2.6241.212 

Table 13. 	 A Price )ifferential between Imported and
 
Domestic Wheat (ACSAD, Table II and Table
 
12).
 

Item Year 

1981 	 1982 1983
 

............... 	J.D.............
 
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 di ffc rential per toin 	 27.95 31.82 46.04 

Percentage price diflfrcntial over imported price (%) 41.5 49.2 73.8 

All Jordan development plans have placed emphasis on the importance of the developing
agricultural scctor. Althou0gh actual farming is done by the private sector, the government
of Jordan aSSumd the rCpon.sibility of' providing infrastructure well as basic services toas 
facilitate and accelerate agricUttral rowth. As mentioned previously, the government 
grants full exemption of' imipor dutiCs oil all agricultu:'al materials obtained from 
intcrnational iarkets lFor the I11l,Oef protecting !'armers flrom the use of low quality
imported inputs Or potential health hazards, the gm,\ t mlen instituted measures for 
regulating and controlling the inport of' pesticides and other chemical materials. The 
government also provides a llniber of' public sources of credit on easy terms to encourage 
tle priva,: sector ioenter the farming business. 
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Despite these efforts, the performance of the agricultural sectot is still weak, and more 
efforts are 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 
ihrigated 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 opportunities 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. I believe the Jordan rainfed subsector 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 issu(.s of production in rainfed agriculture, especially 
for inputs and services. 

Research efforts hac been directed toward the improvement of the drylands since 1952. 
However, all these years of research did not bring prosperity to the rainfed subsector. The 
farmers plant wheat with mnnimum inputs. The adoption rate of modern technology is very 
low, and the area cultivated with field crops is decreasing. I believe that significant 
progress in the dryland subsector of Jordan will be a real challenge, along with 
formulating a strategy to increase production. Increasing the cereal yield is not impossible, 
b,,cause 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 off I t of domestic wheat is ie 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 seens like a vicious circle where low profitability is caused by the i'j0h 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. I believe the most important task of the government is to provide inputs and 
agricultural services to dryland farnmers 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 reeuire in LDCs is often immense and may conic at 
the expense of investment in fot', production, which provides the lower income people 
with even more food than the subsidies themselves (Knutson el al., 1982). In 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 food policy, 
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From the available data, it seems there are clear separations between Jordan agricultural
policy and food policy. A study of Jordan food policy reveals a purely consumer-oriented
policy that stresses the desire of the government to provide cheap food prices, whereas the
major goal of providing an adequate supply of food would require programs designed
primarily to expand production. There is some evidence that Jordan food policy is contrary
to agricultural policy. Examples are: tile government freezes the prices of local agricultural
commodities, squeezing farmers' profit margins; and the government imports large
amounts of food from the world market and sells it at low prices to consumers. Estimates 
of Jordan's future food requirements stress the need for Jordan to work for long-term
solutions for satisfying a higher percentage of food self-sufficiency. It seems that Jordan, 
as many other count,-ies. did not explicitly recognize the interrelationships among food
policy, farm policy, resource policy, and economic development policy, or between 
agriculture and the rest of the economy. One final remark to end this paper, I believe we
need to set up a more consistent national agricultural and food policy which identifies the 
macroeconomic conditions of Jordan. 
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Jordan/Australia l)ryland Farming Pro.ject Background, Aims 
and Some Early Results 

Introduction 

Research and Extension 

Ley Fartning Research 

C.S. Hleysen and P. Tow 
Jordan/Australia I)rvyhod Forming Project, Ammon, Jordan 

h'ABS'IRACT. 7i 1vrfiming vyvtin, in whic'h the fillow in the cereal/fallow rotation is 
replaced with a s(Il/)ir(ewttcting11 posture, a good method ofonnucil /('ilelgm' iO"v be 
increasingprodiction in .hrhm'n rabil/ed./rinoing se'tor. The Jorlan/Australia Drvland 
Farnting Prokcit't is doit,' rc.'A'ch to odcl/) Icy /i1?rin4 to.Iordanian conditions, and 
extension to encourae'c ado/t)ltt l o/ iwn ,'ilic hlive agronomic I)ictices. The Project has 
identifid a nuonhcr (f inniomilwdic', whi fi.1 litrogen lin ar' .sell'-seeding. Research on 
their po'nial oinins lA in n/ ll //a l Itrtins\'stei' will continue.l( ,ss'alli 

The 	Jordan/Australia I)ryland IFarmi i' ol'rject is designed to improve the productivity and 
profitability of' rainled lrining in the 21) l 301) mu rainfall zone of Jordan through the 
closer integration of ccrc; and liV'Vs1Ock p)rodut1C1io utilizing methods adapted from the 
southern AUsr'aliau Icy Iarnin.,stem. 

The 	essential featlrC Of this St icm is the replaceennt of tallow in the cereal/fallow 
rotation with a Slf-regencratin'e altil IM u lcnefitsltTIMic J)aStlnre. inclde improved
 
livestock prohiclion, incrCasCd ssil nitlro and organic matter with a consequent
,gn 

beneficial efelct on fertilily and( oil strnCturC.
 

The 	project has two nain programs: 

I) 	 Research, al 

2) 	 Extension and training. 

The 	goal of the research prograni is to define the optimum production system given the 
existing physical and social environicn oiI ordai. It coniprises agronoiic and livestock 
research, a socical i urvey. and econoinic evaluation. The obpjective of the extension 
program is to educate the rural commun ity in the Icans of achieving the production
possibilities defined by the research fsr(c)gaiii. Since the research process is dynamic the 
two 	programs ire run ccuelli-Clitl1 rcsCarchwith results incorporated into the extension 
program as they are bl inied. 

Achievemenit o1' these goals will relv so the developiell o'fa cohesive far) systLim 
approach. The f'rammework descricbd il this paper is 1sed to defince each aspect of the 
work. The basis of the fraiework is Ior activity to be centered on the farin; the program
is designed to support the inplenmcintatioi of pro*jecl goals at the farm level. Where 
necessary, specialist Support is Cimiployed trot outsidc the participating organizations of the 
project. However, essential imigrediciIts 1o- ltg-tuml SlCCess of' the program are the 
participatiotn of local agricltlrists ill ;ll stages of the work anid cooperation among 
Jordanian institutions i volvcd in itgriculturc. 

Because large cereal il ipc vciiicilt progralims arc in pipgress ini Jordan, the project is 
concentrating its effortn the icorporaionm cf an anal legume phase in cereal-based 
farm rotations. The following results from the first three years of the work support the 
view that such a pastlie phtase will be fe'asiblc: 

I) 	 A Miture of coiuiturcial aMnuAl iitcC;' as much dry mattcr ast cultivars, has yielded 
cereal-vetch mixtures in small plcs. Al. M-c'u0'li' is the most productive cotumnercial 
cultivar. 

2) 	 Other. noncomucrcial iiedics. pirticularly M. rtata,have been more productive in 
small plots than many commercial cultivars. 
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3) Annual medics have repeatedly responded to inoculation with comwmercial Rhizobium 
cultures, demonstrating reasonable nitrogen fixation. 

4) Several medics have given good seed yields in small plots, particularly M. rotata, M. 
scutellata, M. acu/'ata,and Al. b)U'heata. 

5) Medics 
rodents 

regenerate in subsequent years, provided pods are 
or ants. or eaten by sheep. 

not plowed in, taken by 

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 program and these plans will be 
guided by the results of a sociological survey now being undertaken. 
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SECTION III 
Regional Experience-Overview Reports on Soil, Water, and 
Crop Management Systems 



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

N. Durutan, M. Pala, M. Karaca and M.S. Yesilsoy
CentralAnatolian Agricultural Research Institute, Ankara, and 
University of Cukurova, Adana, Thrkc, 

ABSTRACT. In order to stabilize cereal production againstunpredictable precipitation in 
the Central Anatolia, Turke,, availabk' soil water must be increasedduring the fallow 
period through improved soil and water management. Four tillage systems were compared 
to determine their elfi'cts on soil properties, noisture conservation, and weed control. The 
sod1 mldch svstelu had the highest ivater infiltration, the most effective weed control, and
the highest .fido e.'Iicicmv. It wtas superior It)the stubble untlch, modified soil nidch,
a((d inodiu"/ .stubble mulch systens. A package of agronomic practices based on these
studies has been recontinended for adoption by firmners in the wheat/fallow areas. 

Introduction In Turkey, although semiarid areas are mostly concentrated in the Central Anatolia there 
are a number of small areas scattered outside of the major zones (Figure 1)(Basbakanlik
Devlet Metcoroloji Islcri Genel Mudurlugu, 1984). The semiarid regions are approximately
40 percent of the total area: oearly 60 percent of the total semiarid area exists in the 
Central Plateau. The rnajor dry-farmed cropland is bounded by longitudes 30.5' and 38' E 
and latitudes 37' and 40.60 N. 

It should be emphasiled that any nanagement system that will increase production in an 
area 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. 

Climate The inner areas 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 fIrur types o1 climatc occurring in the Central Plateau. Although there is some
variation aniong the provinces in annual precipitation, scarcity of rainfall and seasonal 
distribution of rainfall are the most important characteristics of the region. 

The average annual precipitation ranges from 250 mm to 450 mm depending on the
region. There are also greal differences among the years. For instance, in one location the 
annual rainfall was 195 into one year, and inanother year it was 557 nr. This 
unpredictability always carries the threat of drought. 

The seasonal distribution of precipitation is given irr Figure 3. Nearly 70 percent of
precipitation occurs inwinter 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 hurridity. 

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

Most soils are Iinrited intheir water holding capacity since the soil depth is just a meter 
over the calcareous parent naterial. 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. 
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, Semiarid areas 

Figure 1. 	Semiarid Areas of Turkey (Basbakanlik Devlct 
Meteoroloj i Isleri Genel Mi'dtirliigi', 1984). 

Generally, the soils are poor in organic matter contcnt; 75 percent of the soil contains only
I to 2 percent organic matter. Since nearly 70 percent of the soils are poor in P205, 
phosphorus and nitrogen fertilizcr applications are standard practice in most areas. Most 
soils are rich in CaCO 3 and K-,O (Ulgen and Ynrtsever, 1984). 

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

Cropping Systems 	 In winter-dominant, low rainfall areas (250-400 mm), cropping is based on a fallow-cereal 
rotation using a 14-month fallow period. Wheat and barley are th 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 moie intensive cropping.
Legumes are usually grown in 	rotation with cereals. 

Major Problems and Main 	 The main flactor limiting yield in the Plateau is inst ificient moisture. If moisture is the 
Approaches 	 most important factor limiting yield in a region, the elf iczcnt use of water should be the 

guiding principle in selecting the package of crop and soil management practices (Bolton 
and Booster, 1977). Crop managemenlt practices under dryland conditions are: 

I) 	 Good soil management to conserve the ntaximunt amont of watcr in the soil profile
and to provide optimum secdbed conditions during the fallow pcriod. 

2) 	 0 timum date muod rate of' seeding that cnable the plant to efficiently utilize the 
available moisture fi'r maxinmum yields. 

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

4) 	 High-yielding cultivars (wcll-adapted to drought and cold, aitd disease 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 p:-oduction against unpredictable precipitation, available soil 
water must be increased during tile fallow period through improved soil management.
Primary emphasis should be oirected toward increasing infiltration and preventing
evapotranspiration. Since the water infiltration rate is slow in the Plateau and the 
downward movement into the s-bsoil 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 periodbegins with the onset of dry and hot weather. Water loss by transpiration and evaporation 
also increases at this time. 

Weed growth on fallow land is the primary cause of water loss by transpiration.
Consequently, 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. 

62 



Winter 33% 	 Spring 35% 

Fall 18% 	 Summer 14% 

Figure 3. 	Yearly Precipitation Distribution in Main l)ryland Area
 
from 1930 to 1980 (Basbakanlik Devlet Meteoroloji Isleri
 
Genel Midi'rlugu 1974).
 

During long, dry periods, capillary continuity causes evaporative moisture loss. Therefore, 
evaporation rate may be reduced by disrupting capillary continuity with the deeper soil 
layers. Since the upward flow of water is high in the fiue-textured soils of the region, a 
layer must be foried on the surf'ace 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 soil 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 miust 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 erosive rainfall, 
however, is somewhat low in this region (Figure 4). 

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

A 5-year runoff study was conducted on a clay loami soil with 10 percent slope in the 
transitional zone and an anaual precipitation of 450 am. 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 runoff while only 1.9 percent runoff occurred with 
contour tillage (Kiise 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 in 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 AvailableDepth Density Cap. Point Matter SolubleSand 	 Silt Clay TexturetC Salts 	 P2_0_ K20 

. ......... 
 ,gc. 
 ..... ......... 
 ......... kg d r
0-5 30.2 30.0 CL39.8 7.40 -	 16.6 10.6 2.27 0.054 9.97 6.61 1935-10 30.6 29.3 40.0 C 7.40 - 16.9 11.2 2.20 0.060 9.29 2.13 14810-30 27.9 26.7 	 C45.4 7.28 1.15 69.5 2.1247.8 0.059 10.5 0.77 99.330-60 25.2 23.2 51.5 C 7.35 1.07 100.1 69.9 1.51 0.054 16.2 0.77 45.660-90 23.0 25.3 	 C53.0 7.47 1.20 	 111.7 67.5 0.93 0.044 32.7 0.77 31.690-120 37.8 28.4 35.8 CL 7.61 1.16 108.6 54.7 0.47 0.033 51.3 0.77 17.3120-150 43.5 30.2 
 26.2 L 	 1.127.88 	 99.6 55.3 0.31 0.059 39.4 0.77 18.4 

C. clay: CL. 	cla, loam. L. loam. 

Table 2. 	 Some Physical and Chemical Properties of Central Anatolian 
Soils, Karapinar, Konya (Abali. 1930). 

Soil Particle Size Distribution 	 pH Bulk Field Organic EC 250 C Lime
Depth Density Cap. Matter 

Sand Silt Clay TextureDC
 

071 ........... % ........... 	 3
g cm-	 -1mm % mmhos cm % 
0-15 68.1 15.3 16.6 SL 8.1 1.10 23.3 1.9 0.62 44.715-30 57.2 22.7 20.1 SCL 8.1 1.09 32.9 1.6 0.45 48.630-60 31.0 26.0 43.0 C 8.2 1.01 79.6 1.5 0.45 53.560-90 16.0 24.4 59.6 C 8.3 1.06 88.6 1.3 0.85 54.690-120 12.5 42.3 45.2 SIC 8.0 1.18 85.7 1.2 1.I0 55.3 

t C, clay: SCL. sandy clay loam: SIC. -ilty clay: SL, sandy loam. 
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Figure 4. M~aximumti Rainfall in Central Aaatolia (Ciilasan, 1969). 

affected by wind erosion (ToprakSu., 1980). Within this aiea thle monthly average wind 
speed is less than thle limit accepted as erosive. Therefore, wind erosion is not a problem 
except in specific areas. 

To prevent wind erosion, soil should~ be protected du ring thle fallow months, particularly in 
dry periods, h-. either a residue cover or a soil layer ot crosion-resistant clods. Soil clods 
l to 8 cm in diameter on thle soil sirace imrprove erosion control (Greb et al., 1979). 

A soil mnanagemient system that meets these requiremnrts canl reduLce wind erosion in thle 
drylrmed2ycroprads of' the P5arteau 

Much research ol tie fallow-wheat areas of Central Anatolia has been conducted since the 
I1930s with valuabile results. With the nit iation of the National Wheat Research Project it 
1969 special emphasis was place]edOi Soil moister conservation in the dryland areas of 
Turkey. paralleling tie soil tillage research carried out in other ryland areas of' the world. 
dResearch since 1909ihas been based on s 1930 toexperimental findings of' the work from 
1968 (ierknimen. 196k erek. 1968). 

Time and deipt of tillage and iiInnlttmets r initial and SuccedIl g tillages were 
determined by a series of experiments conltId at research farnis, State Farms, and on 
farmers' fields in various locations. 
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In the first phase, research was directed toward determination of various components of 
the 	soil 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 rescarch trials carried out in various locations of 
the Central Plateau. 

in the second phase, the reeoiiniiendedlC ,,stticwas tested against some other systems and 
its f-flects ol yield aMl Onl variotuS soil properties were investigated in detail. 

The 	soil mulch sVstnCi fr r'ylanld areas of the Central Plateau is summarized below. 
I) 	 The elfect ofI fall tillage hy clii.,el r- moldboard plow versus no tillage on wheat yield

is not significant. Initill tillac e.an he practiced in the fIallareas heavyin where 

spring raills do Int llow plowing in the early spring.
 

2) 	 To get the maximumttll bencIlt f'ltm spring rtins, initial tillage must be practiced in
early sprinas Soon a,the soil reaches the proper condition for tillage. Early tillage
also provides lo'telr weed density in Ihe crop ycar, 20 and 84 weeds r2 for early and
late initil illage,. relpctivCly. Eallly tillagc results in a 75 percent greater yield than 
late fillagce. 

3) The nioldhoard plow best inikialis Il,'l tillage implement, resulting in higher total soil 
porosity, higher randt)m ' roughncss. better infiltration, lower weed density, and 
higher grain yields than the sweep, chisel plow, or no tillage, in that order. 

Plowing is the fit step inl creating a,suil ntlch layer on the soil surface to prevent
moisture losses during dry periods. When soil 	is in the proper condition, plowing
facilitatk good aggregation and graullation which work as barriers to wind erosion. 

4) The moldhoard plow, used at tdepth )1f18 to 20 cm, provides higher random soil 
roughness, higher total ,oil poro,,ity, higher infiltration rates, lower weed density, and 
better Ihall'iClds shalhlo phIlvOing. 

5) A swcep and hatrrow\ comtibination at tsoil depth of 8 to 10 ci at the beginning of the 
dry period is requircd to prevent cxapotranspiration. Depending on weed density and 
crust formmat'in, several stlnmuicr til lages should be practiced. This can result in an 86 
percent yield increase ov,:r the C'outrol (no( suimmer tillage). In order to keep the
CollservCd 1moiSiurC cl0ser to the surface ol' the seedbed, the 	depth of tillages
slbsequemnt to the scctid betillac should decreased to 6 to 8 cii. 

The soil miaagemci systelni devised fri- the entral Plateau-C has been tested for live years
at different locations of the rCion. The experimental yields were compared with that of
adjacent lilrer"S fields (i igur1res ().5 and The five-year average of the recommended 
practices lir fii\cptlviiices wa, 88 pcrcenlt greateir than the average ftarmuers' yield. 

A series of detailed c\pcrimilt ,iwts conducted mtone location for six years to evaluate 
various Soil Imanagemcen svstelis. The treatiienl- were: 
1) Stubble mulch s,stcin: Initial tillaC nl succeeding tillages with a large sweep at a


depth of 5 to 8 cmi (ligure 7).
 

2) 	 Modified ',tubblc iiulchm systcm: Initial tillage with a common sweep at a depth of 18 
to 20 tin and succceding tillages with a sweep and hrrow combination at a depth of 8 
to 10 cm (Figure 8). 

3) 	 Soil mulch SVstCei: Illiial tillage \with a moldboard plow at a depth of 18 to 20 cm 
and sulccccdin g tillagcs with tsweep and harroxw combination at a depth of 8 to 10 cm 
(Figure 9 Md 1t)}. 

4) 	 Modilied soil itmlch system: Initial tillage with a reduced surface moldboard plow at a 
depth ol I to 21 cm and sutccecding tillages with a sweep and harrow combination at 
a depth oft8 t8 I0cm (FigirC II). 66 
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Figure 7. 	 Large Sweep Which Is Used as tile Initial Tillage
Implement and for Succeeding Tillages (Dogan et al.,
1977). 

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

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

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

The cuniulative infiltration at the end of 3 hours for no-till soil was fbund to be 551 mmin ain experiment conducted in the same year at a neighboring field. The stubble mulchsystem remained below that level with a cumulative infiltration of 249 mi. The soil mulch 
system reached to a level of" 1090 mim. 

A soil imanagement system which provides moisture accumulation above the wilting poin,in tile seed germination zone at seeding time gives an advantage to the crop through thevegetative period. This is reflected in higher yields. Data obtained from the soilmanagement systeln 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 tile seedbed zone. This is important for early fall establishment of winterwheat. The stubble mulch system was the least effective system for moisture conservation.
At seeding time tile moisture conserved by this system was above the wilting point atdepths of 23 ctm 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 justbefore tile initial tillage (Ozkan et al., 1984). The data in Figure 15 indicate that thestubble mulch system keeps the percent of water stable aggregates about the same atdepths of 0 to 10 cm and I0 to 20 cm. In the soil mulch system, however, the percentageof' wate stable aggregates is the lowest at 0 to 10 cm and the highest at 10 to 20 cmdepth. This system brings s table aggregates to the surface layer later due to the turnover 
function of plowing. 

Stubble mulch encouraged weed growth, particularly the grassy weed population (B.tecmorum and AIegilops Spjp.). The moldboard plow is the most effective initial tillageinlplement in decreasing weed population compared to sweep type implements. Therefore,
the soil mulch system is recommended to control the grassy weeds. 
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Table 3. Physical and Chemical Properties of the Soils of the Research 
Farm at Haymana. 

Soil Particle Size Distribution pH Bulk Field Wilting Organic Total Lime Available 
Depth Density Cap. Point Matter Soluble 

Sand Silt Clay Texturet Salts P2 0 5 K20 

cm ........... % ........... gc 1 -3 ..... mm ..... ......... % ......... .. kg da1 

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 22.9 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 32.2 0.87 55 
90-120 6.9 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, thesoil mulch system produced remarkable yielJ increases compared to the stubble mulchsystem. The modified soil mulch and modified stubbJe mulch systems produced
intermediate yields. Results were strongly dependent on the year. 

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

With these trials, a proper package of practices was developed for the fallow-wheat areasof the Central Plateau. Information was transferred to the larmers through demonstrations
in farmers' fields. Figure 16 shows the effects of high-yielding varieties and therecommended management system on farmers' yields in various locations. 

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

In 1980. a research and extension project was organized by the Ministry of Agriculture,Forestry. and Rural Affairs to utilize the fallow areas. The Central Anatolian RegionalAgricuhlural Research Institute carried out work to determine the possible boundaries of 
fallow areas. For this purpose, meteorological data from a large number of locations wereused to calculate an index for each location. The results of this work were (Giiler et al.,
1981): 
1) In tileCentral Plateau it is possible to give up the fallow practice where annual

precipitation is higher than 410 um. 
2) In shallow soils annual cropping appears to be more economical. 
3) The Aydeniz Aridity Index (Avdeniz, 1973) can be used to determine boundaries offallow areas. According to this index, fIallow shouid be practiced when its value is 

above 0.90. 

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

With the initiation of the proecl, research and extension for annual cropping areas hasbeen improved. At present. lentils, chickpeas, vetch, sunflower, and cumin are grown inrotation with ,'oreals. mainly wheat. Several institutions are conducting research todetermine tilemost 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
CentralAniatolian Regional Agriultural Research lnstitute, 
Ankara, Turke v 

ABSTRACT Since wheat is produced inTI'rkev primarily utnder drland conditions,research priority ]bt. been assiied to drYland agriculture. The National Wheat ResearchProject empliasize. developing a pa'ckage of suitable agronomic practice.,,fi)r drYlandcheat and an e,/'tive eItension and.farler education progranIo encourage it,adoption.
Adaptive re.car'/ ha, restuled inrelt,'ntntf'/tdcd i -lfices which dil/er with location, buti,en'rallY iIfitf'hl car/V tvil/age, vrrl/Y luanting, and the use of'herbicides. Demonstrations 

(col/flh t' ( ,t t f ichiv/'lf/s(till]irVfl thalt be in'creased a. nuc as threefoid b*y recommended
agronl)nic pral.tHes andf/itfih/d withi 
inqnovedIvwheat cidlivars and culturtl practices. 

Introduction InTurkey wheat has been) the primary crop for years, particularly in dryfarnied cropland.
InI order to increase the country's yields, agronomic research was started in 1926, after theestablishment of the Republic. Many experiments were conducted and valuable results 
were obtained. 

With the initiation of' the National Wheat Research Project in 1969, primary emphasis wasgiven to developing a package of practicCs suitable for each region and ineffective
extension and farlier elucation prograi. 

Since iilstwheat is pr"oduned tiInde r drynland cind it ins, research priority has been givento dryland agriculture. l)ic to variation in annual precipitation aniong years and locations,drought poses a constant threat to production. In order to stabilize cereal productionagainst unpredictable pr- .ilation, sifficient loisture Must be accumulated during thel'alhow pcrio d.Celi- , liy" in the early 1970s research bcused on the development of
1tchniqlic' I'Or eistui,,L .nscrvalioll. 

The National Wheat The National Priciect
Research Project 

broeight the concept of'a package of practices which comprisedcultura liperalions fi'om initialillac to harvest. The achievement oifincreased production
requtirCd the application 0e'the entire coillbination of, practices rather than the application of 
an individual practicc. 

Basic research \was carried otilA the Central Anatolian Regional Agricultural ResearchInstitute ti dCIerminC the package proper tier the dryland areas of the Central Plateau. IIorder to hasten the Iransf'er of newly obtaineil infornmtation to the I'arners, special emphasiswas given tie adaptive research Irials and demonstrations. ThL objectives were:
1) To test tle adaptaliiln of* tle resiults obtained fri em experiments conducted at the 

Research ilistituC in various locations ief the Central Plateau" 
2) 'To strengthen the ciimnunicatlion link between research and extension, 
3) To dencinstrale the iiproved package of practices to the extension staff and to the 

Iarnie rs; 
4) To demonstrate the wheat production potential of the Central Plateau by comparing theyields obtai ned froim tlie 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 wxtension service. 

78 



S ""-~ - Black Sea 

G~fyon 

~. ,.: 

0 

:- Mediterranean Sea 

Figure 1. Central Anatolian Plateau ,,fTurkey and the Locations 
Where Adaptive Research Trials Were Carried Out 
I)uring 1973 to 1977. 

Adaptive Research 

In 1972 adaptive research trials involving various improved techniques found promising in 
basic research we,e 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 wcre tested. After the completion of the studies, proper tillage 
implements were determined for each 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 1,;77, the highest yielding treatment determined as the 
recommendable system in the adaptive research trials was compared with the yields of the 
adjacent farners' fields. This was done for 5 years in five provinces of the Central 
Plateau. The resuts are given in Figures 2 and 3. 

As seen in Figure 2. although yield levels changed over the years, the recommended 
system always yielded higher thatn the farmers' practices. It was interesting to observe that 

there was a gradil increase in farn,rs' yield over years. The main reason for this was 

the adoption of the new teL.'W 2-es by the locai farmers. 

Figure 3 indicates that the recommended system always yielded more despite locational 
difl erences. 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 6ouble 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 technique 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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Figure 4. 	The Effect of Initial Tillage Time on Wheat Yield in
 
Different Locations of the Central Plateau, 1978.
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Figure 5. 	The Effect of Planting Time on Wheat Yield in Two 
Locations of the Central Plateau, 1978. 

81 



822 

+16% 

276 

Weedy 
237 IZ Herbicide 

+ 28% 
173 

on 135 
0..........
 

,J~.. . o........
 
iiiiiiKirsehir'',' ,' Sivasi~ 

N ,...-Yo............
 
............ ., . .
.... .. r., = 

Afo ^ ' k" vel Kayser i~Afyon Kayseri 

FigureFigure 7. . ThovesThvnesee re Adapto' Yiedd iWh'tetAdatie AepeactrialsndetYedillieAppliation oTrWats 
I)ionlDiientLationsrnt ibus v of' te Cendtl SinteauBe Conduc Pteaun 198.198. 

82iiCou niay 



The trials for determination of optimum initial tillage time resulted in fav;r of early
tillage. Timing was found to be important in initial tillage, Although the yield increase due 
to early tillage differed widely among the locations, the data showed that it could be as 
high as 36 percent (FiTurc 4). 

Planting tile experiments indicatCd the advantage of earIly planting (early October)
comnpar'ed to late planlti_ (Inlid-November), a common practice among the farners in the
region. Early plantine, pi widCd a vield increase of more than I00 percent (Figure 5). 

Chenical weed control ',i (iCMonstrated bInCfit 01 herbicide application. As seen indln tile 
Figure 6,the a\rgce ild increlSe ss about 22 percent. If' fallow practices had not been 
applied properly, the Yield increase dtLC to herbicide usage would be even higher since 
success of the weed control in the IFlllos year strongly influences the weed density in the 
crop year. The effcc t lhe rbic ide applicatiomOi yield is Mres pronounced as the weed 
density increases ill\hct ields. 

In 1983, the stud arci wis cxtended thrtoutghoul the Central Anatolian Plateau (Figure 7).
The alaptive rescifr,1h and le11monstration procranl was carried out in 13 provinces with the 
inclhsion of cichl nc\ ones. 

Extension and i'rmer Education 

In the spring of 1983. mectings were organized in13 provinces by the Research Institute. 
In these mtCCtis. vieLd Iliniting laclors were determined )yconsultation with county 
agents. 

In Order to dCtCrmninIC tile agronmlic practices in the Central Plateau, survey fortnscurrent 
were prepared \ tile reCearch specialists, [Or the c ounty agents. Based oti the information 
gathered in Ihes IcCtimgs, plus obsCrvations, several naps were prepared indicating the 
extent of application of, various components of the package of practices. Some examples 
front that work aire is en illFitenreS 8 and 9. 

Illthe meCtings the nCel or Field trtiningc of the extension stil' was noted. It was agreed
that to imuplsc Ile pr'cticail skills Of the cnlCionieso nel indllonstration Would be 
coliductld b\ resrch specialists ill each prtos inc, and t every.,' operation countytile 

;agcents \sotld ttlcld !n.! ,Ork ithi tic specialists. The )roglaill \was implemented 
sillootlI\. 

tHsek\\S
I)uring the sprina, on trliinc, piro-rai \t,, Organi/ed althe Cenlral Anatolian 
Agricultural Rsearch Ij,,tistiic for c Ctcnlsionlli spcialists inl which rCcoImended 
plactic's allpicltical f condl ti-, (leiotl lral tow, %%ci'c given.lii', oLl 

1iall
In the OfI 93 tleiiiistratioii plans3.\%cic iprced b, icrIoIollisls and sent to the 
provinces,. V'ariclic, ill dinolllraions,, Xsrc c'ullivrs iic\\'lv iheus,.'dtlLs developed by

l i rIcioi IticC institutes. Sonic results areResearch Inisli I, he Sced, sscic prosided b\ 
shown in Figure 1f0 

As seen in Iligurc i. tihe vild pontils of i ariculturallv ICs Levcloped pro.vinces are 
Much higher thin tihe lcvcl indicted b\ the actlull ivcrig' yield Of tihe I)rOVinICeS. It is 
possible to leach the potential \icld Icle b\ chlngig the local growing prcitices and the
lo. al varieties croll. [irSi, LrilerllC.icld levels cal he increased by growing the local 
variety with the recommnnended s\ssti. The yield ilncreisc achieved in this way varied from 
II to 33 psrt'cn, d.pcndinU on the iCld, o' the parlticularIhiraner. As the agricultural
level of' tile the yield increase provided by just the change iii culturalflarner dcaciciSc. 
practices increases. In the case of (ankiri, the yield inCrealse was 335 percent (Figure 10). 
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0-30% of the farrers planting early 
S30-60% of the farmers planting early 

b 	 more than 600/b are planting early 

Figure 8. 	Early llanting Ha)its of Wheat Farmers at the County
Level in the Central Anatolian Plateau, 1983. 

As the level of tie tai ner increases, a signilicant yield increase shouldn't be expected
since slight changes in the practices piovide .,iall increases. This was the case in Kayseri 
(Figure 1)). 

Second. tilegrowing technique plus the variety can be changed. All of the high-vielding
varieties (LI YVs) improved lor dryland conditions can provide yield increa, .s. In tilecase 
of growing a HYV best adapted to a particular environment with the recommended 
agronomic system, the yi,'' asI increase can be high as 547 percent. Data showed tht in 
agriculturally less devlopW. areas, tremendous yield increases could be obtained by
introducing 	tile recommended system and a proper variety for that environlr:0t. 

After examining the 1984 data. it was decided that in order to reach the potential yield
levels in certain areas demonstration activities should he intensified. For this purpose nine 
typcs of'decmstrations were planned: 

I) Fallow 	operations: Recommended system vs. traditional practice; 

2) Seeding tirie: Early vs. late: 

3) Seeding methods: Drilling vs. broadcasting; 

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

5) Phosphorus rate: Recommended rate vs. higher rate; 
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0-30/o of the farmers spraying 

"D 	 30-60% of the farmers sprayinCj 

mcre than 60/o are spraying 

Figure 9. H-lerbicide Spraying Habits of W'heat Farmers at the 

Count)' l evt.I in tlhe Central Anatoliar Plateau, 1983. 

6) Nitro: en .:ate: Peconmiondcd iatoV lower late,
 

7) Applic'tini of IerI', l, e.,eIo,vs. cletn:
 

8) DifTei-nt sinccs i, 1: )AP vs SI'S 20:20: and
 

9) Dil-iercii sotlre, o. N: Amolnrtrti nitrate a l isllphatcs vs. urea.
vs. ni.lJil 

All of the dennisir,,titvpes 	were pkictd al'ix by the Research Institute andiq locations 
certain type,-, ,elcced i te hi ,of hica needs were carried out by county agents at 
various i c,. lhclii ,v,. Od'lll'l !to" local farmers at field d,,ys.er i'.trat 

Conclusions 	 The a' erae iS C1 hrar i dd tie;s fields presented in Figure 11. 
Thi'l.t illdicatd ,.'.nili acetiitie\ s sidiotild 1c ifi in these areas. However,data that nten 
it lid.s to Ie ,lllphalsitzd i l XilV' %Vl a se',ere drought in i985.lie \. very' IwV due to 

li 1984 there 
homg-teriave 
percent le;s ti 

Liall (tlnecd 
IIIn e.pcriod Irom ltiito .nk, tire rainlull was also very low, 45 

11tie I,,-ll rI a1v2,:1c. 

i,)s ioa 0 	 p,rccnt reductiol inlfall raia compared to 

It is interCst inC,n see that tire a ruler" ae ace Vil'Is were almost the sanle, even slightly 
higher than that 1'rmi 1973 to 1977. dispite verN lirited raintall in 1984/85 crop year 
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(Figure 12). The comparison indicates that 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 yield 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. 

Average wheat yield of the province 

D Local variety i- local practice 

Local variety-i recommended system 

Avg. of HYV's + recommended system 

The highest yielding variety + recommended system 

550 
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...
:... 
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....... 204

177'/ 176
 
150
 

A 134
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Sivas 	 Cankiri Kayseri 

Figure 10. 	 'The Effect of Variety and Growing Techniques on 
Wheat Grain Yield in Sivas, Kayseri, and Cankiri, 
1984. 

86 



435 

Average of demonstration plots 

D Average of farmers' fields 

~273 287 

257 27 

"o 220 -/ 
- ,196 

153 
132 

150 

100 	 100/ 
/7//"70 

. . . . . .....

//
 

Ankara 	 Corum ToKat Kirsehir Sivas Yozgat 

Figure 11. 	 Yie!d Levels of' Farmiers Fields and Deruonstration 
Plots at Selected Sites, 1985. 
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Figure 12. 	 Colnlarison )i'Farmers' Yield I evels with the 
Recommended System in ITwo I)ifferc't Periods. 
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A Country Paper on Soil, Water and Crop Management
Systems for Dryland Agriculture in Pakistan 

A.R. Khan, A. Qayyutm and G.A. Chaudhary 
B ,'RDProject, Pakistan Agricultural Research Council, 
Islamabad, and Barani AgriculturalResearch histitiate, 
Chakwal, Pakistan 

ABSTRACTI Pakistan is predoninantlv an agricultur.i country'. There are 4.9 million ha of 
cultivated agriculttal land that depelcd on rainfl. Inaddition, there are another 10 to 12 
million ha of arid rang'c land. Some 14 to 15 million people eke out a subsistence living in 
these raillf[ed (barai) lands. ihere is no doubt that by inproving nanagement of these 
areas andI e clo.ing appropriatetec'mology pr'ductivitv can be greatly increased. 

It has been established that , ield increases of'2 to 4 times that nornallY obtained with 
traditional muethods can be obtained/Ir Ileat, grotulit;s, pulses, taize,
and other crops
b'adopting an imwoved package ol/technology. 7his would include: 1)bc'tter varieties oj
croIs a(dlated to rainlft'd conditiOIs, 2) better and tintelyNcultivatio fir moisture
 
conservation; and 3)tIhe
use of balancccl /}rtilizers at the right times. 

More sophisticated aogromntic p/actices, as Well as ariculturalmachinCev, are needed to 
improve tmoisture colselcvaion. Ihladdition, a shift incropping patterns may be desirable 
inorder to hrc, about sign/iicant illproi vements inagricultural production. 

Lind and water arc t,'eat natural re.sources in Pakistan. The projects undertaken have 
helped to nanipulatc these resolrccs ./01 g'qreater productivitv. Usefid infornation has been 
gathered on the use 0/" /lcr'o- and Inicroiutrientsto improv(e soil .hrtility,mnoisture 
conservation, and crolpin, s'stemS ordryland areas of'Pakistan.
 

Introduction Pakistan is situated btween latitudes 24' and] 37' N and longitudes 62' and 75' E. It 
stretches over 1600 km from north to south and 885 km from east to west with a total 
area of 796,0()(0 km 2 alld has a subtropical, semiarid climate. 

Agriculture is the predominant economic activity of the people of Pakistan. It accounts for
29 percent of the Gross Domestic Product (GDP), provides jobs for 55 percent of the 
labor fOrcc and supports 70 percent of the population directly or indirectly, Its share in the
foreign exchange earnings from the export of agricultural raw materials and processed
goods from the agro-based industries, is 8(1 percent. 

Agriculture in Pakistan is complex and diversified in terms of cliimatic conditions, soil 
heterogene.,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 a'.d 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 (Jeep soils. fa'vorable topography and water resources allow
prodtuc:ion of' wheat, cotton, rice. sugarcane, oilseeds, maize, millets, pulses. tobacco. 
fruits and v o'ftabies, and many maine, crops (Chaudhri, 1985). 

Agroecological Zones Only 25 percent of the total area of 79.6 million h. is cUltivated (20.4 million ha).
Irrigated and barani (rainfed) areas constitute 76 percent (15.5 million ha) and 24 percent
(4.9 million ha) of the total. respectivel The average fairm size is 5.3 ha. In addition 
there are another 10 to 12 million ha of arid ran,,e lands. 

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

Annual rainfall ranges f6ro 125 mm in the extreme Southern plains to 500 to 875 mm in 
submountainous areas and the northern plains. Seventy percent of the total rain falls as 
heavy downpours iesummer from July to September and 30 percent falls in winter. 
Except il the mountainous areas, the suiners are very hot with a maxinvini temperatu m e 
of' more tha 4ni and the winters arc mild with a maXimm temperaturc around 20'C 
and the minimum i freezing (Governmnt 1979).a few degrees above of Pakistan, 

he Soil Suriny of Pakistanf as (lone excellent work itnPakistan. Valuable infor5mation 
was collected and available xtension workers, and planners in theumade to researchers, 
form of reports. maps, bulletins, and other publications. This information can be the 
scientific base for improving agricultural practices. The Soil Survey of Pakistan has 
identified seven categories of land, determined by soil characteristics and moisture 
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Table 1. Land Capability Cla,ses 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 agricultural land 6.5 	 75% clay loam to 
clay; 75% sandy/,aline. 

Moderate agricultural 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 End salinity 
problem 

Good grazing land 	 0.4 

Poor grazing land 4.7 	 Hall' mountains and sandy 
deserts and 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, 1982). These land 
capability classes are shtn in Table I. 

Soil Fertility 	 The soils are alkaline, with pH ranging from 7.8 to 8. I, and calcareous (8 percent free 
CaCOI content). They are poor in nitrogen. The organic matter content is usually less than 
I percent and about 91) percent of the soils are deficient in phosphorus. There is 
information available in the country on the response of field crops to nitrogen and 
phosphorus. 

The concentrations of the macio- and niicronuLtricnts measured frequently in Pakistan soils 
appear in Table 2. 

Problems and Constraints 	 The dryland area is presently being managed at extremely primitive levels of technology. 
But there arc 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 lIllow. 
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Table 2. 	 Concentrations of Nutrients Frequently
 
Measured in Pakistani Soils (NFDC, 1985).
 

Nutrient Concentration Limit 	 Extractantt 

N 0.08 1, 	 Lowest 
P 6 tug Ilis 	 Lowest NaHC0 3 
K 225 nn 1I 	 Medium CH 3COONH 4 
Ca 	 4000 n 1I- Snufficient -do-
Mg -l()0) g 1-1 Medium -do-
Mo 0.2 nwg 1-I 	 Medium NH 3-Oxalate 

I-0.6 mg Highest 	 Oxalic acid 
(pH corrected) 

B 0.7 mg I- Medium Hot water 
Cu 5 tug I Medium AO-OA + EDTA 
Fe 110 mgI- -do-
Mn 10 mg I-1 Low DTPA 
Zn 2 mg 1- 1 Low AAAc + EDTA 

-0.8 mg 1 Low 	 DTPA 
2 	 1g-1 Low -do

(pH corrected) 

"tAAAc. Acid AiiiiiiuMi ACe;lOc: I:DTA, Lti.N Iciw diamcitctraccii acid; AO-OA, Ammnium acctalc-oxaic 
acidL l)ITtl'.\ .!)ic hl\ cnlc (Iialllic c [C,ltacc,.li, .'M. 

. For con cTim of i t! I lI i Iltilli[t'l) \ 1000, 

Soil Maiiagenent 

Erosion. Wind and \\alcr crosion constitute two o1 the ma jor problems of the land, 
Estimates of' losses oI land f'rom erosion in Plunjab province vary from 4800 to 12,000 ha 
per year. Wind erosion, has led to deserlification of vast areas in the country where 
rainlall is lo\'. stumncr tCmperalures are high, and the soil is loose and sandy. Dust 
storms and Shilmon1 sands dmage crops, choke waterways, and leave behind infertile,
sandy .,,astcs. also Millions, f Ions of fertile\Vater elion is. severe. topsoil gel washed 
aWay to the seac;i irrigation structures. The harani aand silt rivcrs and tract presents 
StUl ni'12 piiLurt c 0If ,hccl an1d 21111' ClOsioll. 

The basic pobll i., olle of rCstotilllhe ecoloical balance and involves numerous 
adjustlents which on ly an cnlightened and inf()rmcd approach can bring about. In fact, 
there is great danger in disturbinc such lands Ibl mechanical tacans without simultaneously 

u pIemltting carc 'llfV platlited lanrd tIsc and water Ianagemenlclit schemiues. The gullied land 
in its natural slate is mtore or less stable, but when disturbed by land-leveling, is subjected 
to active erosiot(n (fvcrncn! oI Pakistan. 1979). 

Low Soil Fertilit\. Low "oil fcrtilit\ is tile most inmportant procblem of the barani tract. It 
is the cause of' h'A Clop icldS, rcsutine in Ioodl deficits and prevailing poverty. On the 
basis f 8.0)) ,(oil samples, 95 plC'eilt slco)\.'l deficiencies in nitrogen, 75 percent in 
phosphotus, and It) pCI'CCt in potassititic. 'hlls, all soils arC short of essential nutrients, 
particularly till'ocn. In areas where gloultdtnll is cullivaled, a rapid deplction of 
phosphorus fron tihe soil taIkes plac; utnless phosphatic iertilizers are used, crop yields 
decrease sigrtificantfv. Thce soils are low ill 0lraliC tiattelt because of deforCtalion, 
(vergrazilg, and retcioval of ilio: of tihe manure for futel. No part of a crop is returned to 
the soil. Evcn the situbblc is grazcd by teI livestock amid all cxhaustiing 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 
inefficient 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- 1 :nnnally to the soil by nitrogen fixation. 

Most of the dung.oid droppings from 'ivestock, an excellent source of soil nutrition, are 
presently wasted or burned for fuel The recycling of manure and other organic matter 
could provide the imajor part of fertilizer needed in the area. Very cheap hio-gas plants,
both farm and village Conmunity size, have successfully evolved for the fermentation and 
conversion of farn yard manure and other biological inaterials into methane gas and 
residual sludge, an excellent fertilizer. Hundreds of thousands of these bio-gas plants are 
in operation in India, China, and the Philippines. 

Salinity an( VWaterlogging. Large areas in Pakistan have severe salinity and waterlogging
problems. Salinity ranks high among a multitude of problems with which agriculture in 
Pak;stan 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 agricultu:'al land is being rendered unfit for cultivation at a rapid pace every year 
due to salinity alld waterlogging. 

The main cause of salinity and sodicity is tie shallow, saline groundwater table. About 6.6 
million ha are Affected by waterlogging and 55 percent of the total area in the country has 
water tables within 3.05 in of ground surface. FoUrteen percent of this area is poorly

drained with water tables ranging 
 from 0 to 1.52 11 (Zia and Khan, 1985). 

Water Manageient-Watii Losses 

Water is one of the major constraints to agricultural production in the barani lands and 
effective water management is perhaps the biggest challenge in producing rapid yield
increases. Although total r infail in many areas is adequate for crop production, the 
seasonal pattern of precipitation often dotes not coincide with plant growth requirements.
Great difficu lties arise from tie variability of the rainy season, causing uncertain and 
intermittemn water supplies to crops. Periodic droughlts 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 percent. If 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 effective water harvesting techniques have been developed in Austialia, the 
United States. and a number Of" other countries. Such technology needs to be adapted to 
conditions in the various ecological zones of the barani lands. 

Crop Managenent 

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 yields or farmer's average yields (Figure 2). The yield gap between the 
experiment stations and the potential farm yields is due to physical factors (environmental
change), whereas the gap 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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7 Yield Constraints Research Model 

Yield Gap I 
Non-transferable Technology

Environmental Change 
6 -- -- -- -- -- -- ---

Biological Constraints: 
Variety 
Weeds 

5 -Diseases !.rid in,'ects 
Yield Gap II Problem soils (salinity, water

logging, erosion) 

ri 
4 

/physical 

Water availatblity
Soil fertility, weather or ither

environments 

S3 Socioeconomic Cons!,'aints: 
>_ Input availability

Costs and returns: Input
output prices relationship 

2 .Credit 
Farm size
Tenure arrangements 

/.....::........ Fa-rmers' knowledge about 

new teuhnology1............... 
................ Traditions and attitud3s
 
...y... ,...............
 

Extension programs 

Experiment Potential Actual iarm 
station yield farm yield yield 

Figure 2. Wheat Yields from On-Farm Fnxperints (NARC, 
1985). 

research study on constraints to agricultural production in Pakistan, presented ill Table 3, 
indicate that fertilizer, weeding, and variety greotly inliuenced crop yields in Pakistan 
(Malik, 1981). There are considerable yeld gaps bctween the yields obtained with the 
recommended inputs and the farmers' ilptits. 

The yield gap t-etween the aveige yield and the yield obtained by the progiessive farmers 
caused the Pakistan Agricultural Research Council (PARC) to iry to transfer technology at
the farn level. They selected a district and ensured joint collaboration of all the related 

agencies within that area, i.e.. research, extension, irrigation, credit, fertilizer distribution, 
district administration, etc. In one model district, an average rice (cv. IR-6) yield of 6.8 t 
ha- 1 was obtained "- the villages during the 1979-80 season: ihe highest yield was 9.0 t 
ha-l in contrast to ar. iverage yield of 3.4 t h1 in the projeci area for the previous year 
(Amir, 1979). A similar approach was followed in GuiJranwala district during khari' 1980 
with success. This approich is also desirable for barani areas. 

This approach has highlighted the fact that it is not the alleviation of biologica constraints 
alone which can increase crop productivity, but tile mainagCmlnt of the technology at the 
farm level is also limiting. The yield gap between the average yield and the yield obtained 
with improved crt p production technology is obviously high and can be bridged by the 
application of improved technology and managemnent at the larin level. The biological 
constraints can be overcome with the package of improved technology. It is, howe,,cr. the 
physical and management constraints such as availability of inputs at the right time and 
place, credit facilities, supply 0of electricity, dissemination (f knowledge, etc.. which do 
not 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

Recoi- Farmer's Ferti- Variety Weed Resid
mended Inputs+ lizer Control ual 
h11putst 

. . .. . .. . . .. . . . . . . . . .. . . . . . . . . kg ha-1 .. . .. .. . . .. . . . . . . . . . . .. . . .. . . 
Irrigated 
(30)§ 

4G10 2790 1250 703 
(56%) 

201 
(16%) 

260 
(21%) 

86 

Barani 
(5) 

2280 1010 1270 644 
(51%) 

462 
(36%) 

160 
(13%) 

0 

t Recommended inputs imc!uded the use of the recommended variety (PARI-73). fkertilizers 114:84:0 
(N:PO 5 :K,()) kg haI. aid and cimiplcte %.ceding. 

t Farmer's own %ariet.. frilizer, and weeding practices. 
§ No. of trial, conducted 

Year of deep
tillage: 1984 
Cultivar: Gohar 
C.V. /: 14.2 

5 -a 

a 
ab 

in +1.iriers' fields 

1984 1983+84 1983 1983 
Azam Gohar Gohar Azam 
12.9 8.4 6.7 12.0 

-- MB =Moldboard plow 

bc b 
Ei CP =Chisel plow

C =Local tyne cultivator 

baaba 

-oI ci,.... .... 

b a 

MBCP C MBCP C, MBCP C MBCP C 

Implement employed 

Figure 3. Effect of hnplements avid Deep Tillage on Yields of 
Grain from Two Maize Cultivars at Haripur, 1984. 
Columns Within a Trio tleaded by the Same Letter are 
Different at the 5 % Level of Probability. 

MBCP C 

Not 
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Strategies Used in 
Production Improvement 

Year of deep 
tillage: 1984 1984 1983+84 1983 1983 
Cultivar: Gohar Azam Gohar Gohar Azam 
C.V. %: 16.1 21.4 6.3 14.7 22.3 

a16 - 

15 -a D MB =Moldboard plow 

1 CP =Chisel plow 
14 -b 

ab 77 C Local tyne cultivator 

13 b 

Ca 
>" a 

10 ab 

8 --	 a 

MBCP C MBCP C MBCP C MBCP C MBCP C 

Implement employed 

Figure 4. 	Effect of Implement and Deep T illage on Yilds of Stalk 
from Two Maize Cuitivars at Hlariprr 1984. Columns 
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: avilability of a continuing source of quality seed: and information on 
optimum fertilizer rates, weed co}ntrol, ,nd :1oisture conservation. Appropriate farm 
machinery is essential if the dryland farrmer expects to maximize returns f'rom his meage 
resources. Research and development have been conducted inldiff'erent parts of the 
country. Pertinent research findings follow. 

Soil Management 

Increased Production Through lDeep Trillage. To determine the benefits of deep tillage, 
land was deep-tilled in June 1984 with the moldboard plow penetrating to 25 cm and the 
chisel plow to 45 cm. Nine new fields 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. Fields that had received only traditional tillage served as controls. 

Figures 3 and 4 show that the effects of tillage e,:uiipmnent are consisicc' over maize 
cultivars for both stalks and grain yield. In all instances the moldboard pn~w 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 iraditionJ' cultivation in 1984. the 
benefits were no longer evident. Fronm 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. Azani) 1984 
Planting After Moldboard Plowing (30 cm) and 
Traditional Tillage with Tractor-Mounted 
Cultivator at Haripur. 

Preseeding
'Ireatnient-!984 

Tillage Treatnent-1983 

Moldboard ilow Cultivator 

................................................. g h . . . . 

Moldboard plow 
Cultivator 

5,700 
3,290 

4,570 
3,220 

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

In our experiments with mnaize, deep tillage has proven to be very 	beneficial, especially
with a Imoldboard plow. Hobbs (PARC, 1985) has shown a similar beneficial effect onwheat pre-.!uction. 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- 1 nitrogen
in the soil (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 rair'ed areas. Fertilizer experiments conducted in rainfcd areas have shown
that crop yields can be increased substantially by applying proper levels of' balanced 
fertilizers. 

Fertilizer tests were established on farmers' fields. The results of 119 rainfed wheat trialsfrom 1970 to 1977 showed a 120 percent yield increase from 1060 to 2330 kg la -1 with 
-60:60:30 (N: P1 05 :K20) kg ha 1 application. Th response curve is shown in Figure 5. 

Using the yield data from no-fertilizer fields, fertilized wheat fields, and yield contest
farmers (combining fertilizer in a package of' improved technology with good 	management)
the achievable yield potential il, both irrigated and rainlfcd wheat in Pakistan can be
esiimated. 	 Figure 6 shomss that a 130 to 144 percent increase in yield could he attributed 
to fertilizer and another 43 to 54 percent increase to good management under rainfed apv
irrigated conditions. Proper ruaxagcnent, then, is both a 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.e.. the ratio of the value of tho additional wheat yield to the cost of fertilizer;
and net return, i.e., the "alue of the additional wheat yield minus the cost of fertilizer. 
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4.2 -	 Irrigated 

Fertilizer Rates (kg ha-i) 

3.4 	- Irrigated Rainfed 
1 0- 0- 0 0- 0- 0 
2 56- 56- 0 30- 0- 0 
3 112- 62- 0 30-30- 0 

, 2.6 - 4 112- 112- 0 60-30- 0 
Rainfed 5 168- 112- 0 60- 60- 0 

6 168 - 112 - 62 60-- 60 - 300'10 


0 

1.0 

l 2 3 4 5 6 

Felilizer rate 

Figure 5. 	 Response Curves foi Irrigated and Rainfed Wheat in 
Pakistan (Salceni, 1983). 

6 

LI] Without fertilizer 

JWith fertilizer 
5 -	 54/o

E I Contest farms 

.TT
 
430/° 	 1440/o 

130% 2 

Rainfed 	 Irrigated 

Figure 6. 	 Yield Potential in Wheat Production (Salevm, 1983). 
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Table 5. Economics of Fertilizer Use (Saleem, 1983). 

Treatments Response VCRt Net Profit 
N:lP20 5:KO 

kg ha-1 
Rs ha-1 

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 arc., sof 'eln'arx 19)83:

N alRs 5.13 kg-I I)M, at R, 3303) k,:1 K,() it1,s1.40 kg-I 'heal at Rs 
 1.6) kg- and IS + 12.75 
Rupecs Rs). 

Table 6. lffect of Ridge 111(1 Furrow Planting During
Kharif Season on Soil Moisture Availal)le to 
Subse(luent Rabi Crop Planted at NARC, 1984. 

Depth of Soil Soil Moisture 
Sample 

Ridge-Furrow Flat Planting 

Maize Fallow 

. . . . . ........................
% .......................
 
0-12.5 8.99 8.99 5.34 7.38
12.5-25 11.8 11.9 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 31) kg hIt "1 N and 30:30 (N: P2 0 5 ) kg ha,
treatments whereas net profit is highest for the 60:60:30 (N: P2 0 5 : K20) kg ha1 
treatment. Thus. considering both the VCR and the net profit, 60:60:30 is the most
profitable fertilizer fmr railid wheat in this study (Saleem, 1983). 

Water Management 

Moislturc co1nscr a[ion is ftundamentil to successul pr)OdUCtion under barani conditions. 
Regardless of which crops arc u.rwn, fallowing land is the principal means of conservingsoil moisture. lxpcrimentS, however. ilndicate 'hat there is no difference in soil moisture
with fallow or with(out, and with a propCr Soil moisture conservation system. A technique
used SlCCCSSl1lly in Ina y partS 01' the \%vtld hIrfl( loistLirC conservation consists of planting
ina ridge and Iwfiurrc)nfiiluattli 
n. Tcsts c'ondticted at the National Agricultural Research
Center (NARC'I have confirmed it,,value in Pakistan. Table 6 shows that the moisture
available in mid-Octoller (rabi planlitlg time), after a summer crop was planted in the ridge
and lur-1w cin fig Iiratil, is glrCel1r tian mistirce available in flat beds after summer 
fallow WIARC. 1985). 
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Table 7. Approved Varieties of Different Crops for 

Barani Areas dt' Pu.jab. 

Crop 	 Recommended Varieties N-mv Varieties/Lines 

Wheat 	 IAllpnr-13: PAK 81 K-342 (B-83)
(early S,i ll" 

Arz (nid-scson ) V-80001 V-81188, 
Blue Silver (late V-80099: V-8116: 
season) V-80067 

Gram 	 C-4-1: CM-72: C-235 C-141: E-23.6: E-2283; 
C-88: C-89. C-91 

Masoor 	 6-9 AARI 337: 355 

Mung 	 66.1: 66,2: NM-28 No. 41: No. 87: F-56; A-17 

Mash 	 No. 48: No. 80 No. 59: No. 216 

.334:GroundnuIILt 	 N o. 45: N Banki Nc-b: Nc-7 

Surdlower--	 Sankum 90: 110 

Toria 	 Ray Tl'oria B-Carinata, Poorbi-Raya 80; 
Selection 	 Yellow Rava -00
'A': 6ava [.-18 

These experiments are bCing rCpealted. hut they are sufficiently impressive to deserve 

testing on-flrttn. 11 the ridge and furrow system is to he practiced, appropriate equipment 
must be a ailableltohe farer. 

Crop iallagement 

Wheat is the. most important crop Vrowit under rainfed conditions: it is followed by rape, 

mLustard, and uroudndmt. tllcts. putlses, and sunflovwer ,are minor crops.fi erat. lentils. 

The not incomC under rainfled condilions is not as high as under irrigated conditions, 
miaking it incrcasinelv difficult IF tile dr.,land faritter to compete with his counterpart in 

the irrigated arcas. Wheat culti\ation requires the use of nitrogen and phosphate t'ertilizers, 
wherea a cIIoppinL L,,sten \ ith leglnlillous crops (groundtl. summnler pulses, winter 
pulses) can .,'really reduce the need 10r expclnsi'C nitlogCnous fertilizers. 

Suitable \arielits. Itich-vieldite varieties of different ops suitable foar barani areas are 
available ITable 7). locver, the barai farmer itlUst be contiantly prloded to cultivate 
inlproved variCtlIes hi0h arc better adlapted to barani conditions and have a high capacity 
to utilize felrtili/crs. 

The Barani ,\erictultnral Res-arl andI)~ celopment (BARD) Project has conducted various 
trials under baralni condilions. 

I) 	 Rapeseed/Mlustard. C(anadian doItblc-hw Varieties do0 well in the northern areas and 
in Islatitlaad ('apilal lerritorv. Farters like the lOW gluCOSinOlate trait and are rapidly 
accepting the ('anadiai vauietv Westar (500 packages of seed distributed for the rabi 
seasoo in 1985). ILOCi vr'i eties anid Bras.siajw'.a areetore i rought 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 c) modify local oilseed processing for better oil. 

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

3) 	 Groundnut. The primary objective of the varietal improvement profect is to find a
short duration ( 120 days or less to maturity) variety to permit tie development of an 
annual two-crop system where groundnuts are produced. Present varieties take 170 or 
more days to mature, aRd land is left fallow for up to II months between crops. 

Collections from ICRISAT, Senegal. and the United States have been evaluated. 
Several lines with less than 100-day naturity, high yields, and good nut size have
been identified. These lines are being increased for more comprehensive testing before 
releasing them I[0r on-farl prodtiction. 

Intercropping and Planting Configuration. Intercropping is another agricultural practice
used success!ful lV in other countries to incr-'ase economic returns to the fartner. This 
technique consists of alternating crops from row to row. The crops and the ratio of rows 
of' one crop relative to those of the other crop are hoth important aspects of attaining an
acceptable intercroppimg pattern. If intercropping is to be successful, it must provide more 
rupees ha-I (net) than when miono.rops of either crop are grown tileon sariie land. One of 
the sLcccssful intrcropping coubinat ions identified to date is sunflower and groundnut
(1:1). Table 8 shows that with Banki, bunch type ,roundnut. dry matter productiontile 

is greater when it is intercropped with sunflower than when it is grown as a sole crop. 

when tile 
sunflower. The advantage of the ridge and furrow configuration over flat planting was also 
confirmed (Table 9). 

Similar results were obtained spreading type of groundnut was intcrcropped with 

Weed Control. It is well-, nown that v'ecd control is essential if the farmer is to obtain
 
the best yields. It is less well-known that tihe time of weed removal 
 is very important in 
maxiMizmig crop yields. Table 10 shows the beneficial effect of weed control. If the
 
farmer is to (et the most from his weed control activities, he must remove them no later
 
than the fourth wek after planting.
 

Experimental results 'rm kharif season in 1984 show how seriously weeds can affiect
 
maize yield in the farmer's fields (Table I ).The crop treated with herbicide produced

almost double the yielI Of both grain and stalks compared to that treated in the traditional 
seal fashion. 

Table 8. 	Yield Comparison for Groundnut and Sunflower 
Intercropped Under Ridge-Furrow and Flat 
Plating Conditions at NARC, 1984. 

Crop 	 Planting Configuration 

Ridge-Furrow 	 Flat Planting 

Sole Ilntercrop Sole Intercrop 

- . .. ..
..................... g 1 /........ . . .. . 

Sunflower 1070 1250 681 678
 
Groundnut 1440 1610 
 291 305
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Table 9. Effect of Planting Configuration, Cultivar, and 
Row Spacing on Groundnut Yield at NARC, 
1984. 

Planting Cultivar 
Cootiguration 

Banki C-334 

6) cm 75 cm 60 cm 75 cm 

kg ha 1 . .....................
 ..................... 


Ridge 	 973 1150 1360 1090
 
905Furrow 1030 1060 1170 


757 732 1080 788
Flat 


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

Weed Removal 	 Soybean Biomass 

-
kg ha1weeks after planting 

2 	 2730 a
3 	 2820 a
 
4 	 2640 a
 
5 	 2070 b
 
6 	 2140 b
 
2 and 4 	 2910 a
 
3 and 5 	 2850 a
 
2, 4 and 6 	 2830 a
 
No weeding 	 1410 c 

t Coluttn values followed l;y the same letter are not significantly
 
differeit 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 

1 ..... .........
 ................ kg haI	 ..
 

Primextra'. 4810 14600 19400 
Seal-": 2580 8330 10900 

1la
t Applied with 	knapsack sprayer at therate of 2.5 

I: A post-emerge ce cultivatiot that reduces populations of'botimtaize & weeds. 
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Land Management, Crop Rotations, and the Effect of Weeds 
on Soil Moisture and Crop Production in Arid Zones 

M. J. AI-Ahmad 
Arab Center for Studies in tile Arid Zones and Drylands, 
Danascus, Syria 

ABSTRACT. Weeds reduce crop)yields through their consutnption of limited water and 
nutrient supplies. Their eff. ct is 1)articilarlyevident in arid and ',niaridregions where 
rainallis /ow. In the 1983/84 irowing season, a study was conducted at the Izraa 
research station inl Syria (290 mm annual raitAll) to determine the ejfects of crop 
roatonl.s, tillgae, and weed control on eield wider rainJed conditions. Wheatjfidlo' and 
wheat/lentil rotati,,ns were e.lanined in a .plit-llot eleriment with 3 tillage treatments, no 

tillage, uu'einne (5-10-cm) and deep (20-cn) tillage, and 3 need control treatments, 
herbicide, manual wceding, and no nee 'ing lielfds werc greatest with Inedium tillage and 
nalnual weedill ,' in botll crop rotatios. 'atel ('tn/)llltilon atid ,,'onomnic returns were 

higher in the wheat/1/entil rotation thtan in the wliheat/jallow rotation,. Continued studies are 

needed to stabli.sh agroloicc piint'ictioi, .for tmaxinum eConomic viel dhie to 

erratic roilfid[l in this regioil. 

is low in comiparison with that of theIntroduction Productivitv of agricultural crops ii the Arab world 
world at large ic to the tact that Most cropp,:d areas (76.5 percent) depend on rainfall. 
Rainled agriculture is characterized by low intensity agriculture, usually a monocrop 
rotation which incliudes f'alhov. M isture and moisture conservation play an important role 
in raineLd ariculttre in the Arab world and therefore agriculturalists are making efforts to 
illpr,)ve piodeCtixity in arid zton, through: 

I) Expansion of aritCUhural mechanlization; 

2) Inproved varieties: 

3) Improvemcnt of' fertilization and its application; and 

4) Crop protection and weed control. 

Agricultural mechanization helps tarners 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 (Alkiniper, 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 tho.,e in areas receivin-; moderate rainfall. 
Cramer (1967) noted that average losses caused by weeds were 9.8 percent for wheat, 8.6 
percent tmr barly and 13 perccnt kir corn. In general. when the number of weeds per unit 
area increases, losses in crop yields also increase as shown in Figure 1. 

In arid areas moisture is the most limiting factor altecting production. It is important to 

make use of ilct)isture thlrough sennd ineaIus Such as: 

I) Land management by weediag and appropriate tillage operations. 

2) Chemical and mianual weed control,. 

Research on the amIount ot ineisturc used by weeds is limited. Korsomo (1930) mentioned 

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

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

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

The effect of weeds on soil moisture conservation is great in fallow lands, particularly onsoil surlace.tile Weeds consune about 75 percent of the available nitrogen, causing adecrease in production of 70 percent. The nutrients used by weeds were studied by atnmber of scientists and researchers (Henrich, 1981; Kiessling, 1963; Koch and Kocher,
1968). 

Weeds usc the largest quantity of nutrients during early growth and this competitionweakens field plants (Koch and Kocher, 1968). Pessios (1979) reported that nutrients taken up by weeds in a field planted with corn were 150, 26. and 175 kg ha-I N, P 05 , and 
K-,O. respectively. 

The loss of' these quantities has been demonstrated by a number of researchers ((Alkdrnper,1967: Henrich, 1981; Koch and Kocher. 1968; Pande and Bhan, 1966; Pessios, 1979; DoVanlong, 1978). Weeds use more nutrients than field crops, proving the importance ofweed control. To avoid crop losses, the Arab Center for Studies in the Arid Zones andDrylands (ACSAI)) has conducted a land management program with the following
objectives: 
1) Conserve moisture inarid regions through: (a) use of appropriate agricultural

machinery; (b) identification of the effect of tillage depth on productivity; and (c)
weed control by mcchanical weeding and the use of chemicals. 

2) Compensate for labor shortages through the use of agricultural mechanization. 
3) Practice the 5est crop rotations with the objective of increasing production. 
4) Adopt varieties which prove to be superior in dry areas. 
5) hncrcase productivity through optimal fertilizer treatments. 
6) Apply research findings concerning rangeland and land management. 
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Table 1. Materials Used iii Wheat and Lentil 

Experiments. 

Material 	 Wheat Lentil 

Variety 	 ACSAD 65 Horani (local) 

Seed rate 	 '80 kg ha-I  80 kg ha

50 kg ha-1 
Phosphate fertilizers 50 kg- ha triple 

super phosphate 46 ,4 P triple super 
phosphate 46% P 

Nitrogen fertilizers 	 10 kg ha- I NF14N0 3 20 kg ha-1 

33.5'7 N. two doses NH 4 NO 3 

(at planting and 33.5% N. All 
tillering) fertilizers 

were applied 
at planting 

Herbicides 	 2,4D at a rate of Bladex 50% at 
I I ha1t on 2/27/83 a rate of 1 kg 
by tractor-mounted ha- I oi 
sprayer 11/24/83 with 

300 1 ha-t 

water 

Work on this program started in 1982/83 at lzraa station in Syria. The results of 1982/83 
were considered preliminar. 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 ill experillens ol wheat and lentil are shown in Tame I. 

An area of 6 hia was divided into 	two plots, each consisting Of one crop rotation: a) a 
wheat/lentil rotation: and h) a wheat/fallow rotation. 

A split-plot design v.ith the aid divided in long strips was u.ed in order to allow the use 
of machinery. There wcrc 3 tillage treatments x 3 weed control treatments X 4 

X 4 m (200 i 2).
replications and plots for observation. Each plot was 50 il 

The Inain treatments were: 

I) No tillage (zero tillagct 

2) Mcdiuril tillage (5-10-cr): and 

3) I)eep tillage (20-cm. 

The secondary treatments were: 

I) H,'rbicidcs: 

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
Tiller rig 03/26/84 _

Heading 	 04/18/84 _Flowering -
 04/03/84
Milk stage 	 04/30/84 _

Dough stage 	 05/10/84 _

MIatI-it' 06/07/84 05/29/84Harvest 06/24/84 05/19/84 

Wheat was plantCd by drill and feril i/ed (l November 23. 1983. The second dose of 
nitrogen Ilrtili/cr was applied on March 26. 1984. Wheat and weeds were sampled onApril 15. 	1984, dnd again at hatrvCst. 

Lentil was 	 laited K drill arid fertili/ed oil Noveiher 24. 1983. Crtp and weeds were
sampled ol April 8. 1984. anid aain at harvest. 

All 	plant sampIlC were dried iii an overn at 	 70"C'. weighed, and the nutrients analyzed. 

Rainfall averageed 398 mllnili1982 83 and 282 	miii in 1983/84. Soil moisture wasilleasured 	 ill crops after cach rainbolth at depths of 0 to 20 cm, 20 to 40 cm, and 40 to 60
illorer ito dCterlm1inc hctalcill 	 soil water c(ntent aId water consumption. 

Results The date 	 that rhe io ccrps entered critical developmental stages are shown in Table 2. 

Wheat
 

The highC.t lUalltilyOf weCds illilefirst Crt was in the control treat.nent and in the 5 to10 cii tillage treatment with herbicide (of tile wheat/fallow ra)tation (Figure 2). Acoii1iparisoliii fWeed ic idiction illt11e th crcpwo roitations shows that weed production inthe 	wheat'fallow rctaiori vla. hilicr thall that in the wheat/lentil rotation by 30 percent.The higresr tlttit\i6 ccl %%ced..ititire %hcat/fallo\ rotatior was inthe no-tillage treatment(,ero-iillage)I hile tre \wCd irc riiitdcti tie wheat/lentil rotation was highest in the 5Cii and 21) 	 CIII lillarLg'Ce i iIIrCrItS. lTre high weed productivities were reflected in theCOnllsillilicir ccl scSil i .ltollicl.e ill r1hmilec'1 0 ation where weed dry matter was 2771 and
1528 kg ha I il1982'83 ndi 1983/84, respctively 

Stalistical 	;iwIl\SISl s elceCd that: 
I ) 	 I[hrbicid wiLlsiSJ)icrI cc tIie '011itc1 treitmuent at bith the I and 5 percent levels of 

jroIcabilil 5 inltlec\khe t f ltd \vhcali 
2) 

,l rltil rotations, respectively. 
Hand wccding, \a,, Superior it)both the herbticide and control treatments at the I 
percent pr bhilii\ l\es iiI tie whcal/fallow rotation. 

3) There were iic inoficzit tdifilereices bet cen tie 5 cii and 20 cni tillage treatments.The 5 cii and 20 circ lillage treatmue nits diflCed significantly from th,: no tillage (zero
tilhlge) trcatirlle t 11tile I i)cicilt level of priobability. 
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Figure 2. Yieid of Wheat and Weeds (A) and Water Use (B) in 
Wheat/ientil and Wheat/Fallow Rotations at lzraa', 
1983/84. 

Uptake of nutrients 1 w\\eeds isshown in Figures 3, 4. and 5. The highest consumption of 
nutrients hv weeds was in the wheat/fallow rotation with herbicide and 5 cm tillage 

-1 P10treatment: weeds accLnmulatCd 53.6 kg ha-I N, 74.4 kg ha-I KO, and 6.2 kg ha 5 . 
In the control treatment, tihe highest accumnulation of nutrients bK weeds was also found in 
the wheat/fallow rotat ion with n IIlillagC: weeds accumulated 24.2 kg ha- t N, 56.7 kg ha- I 

K,O, and 4 kg ha I )5. 

Water consumption in the wheat/lentil rotation was much higher than that in the 
wheat/fallow rotation. raneinu 1r011 3600 to 4000 10 hali, incontrast to 3100 mn3 ha-t , 

respectively (Figure 3). Water consumption was much lower than in the previous year, 
about 410 l)m 3 haI .ProducLiv itv in 1982/83 was 40 percent higher than in 1983/84. This 
could be related to poor distribution o1' rainfall during the cropping season. An economic 
feasibility study (FiuIrre 6)ShowCd that the best cConomic return fI"wheat with 5 cm 

-
tillage ranged Irom 3700 to 4)01) S\ ian pounds ha1. Yield per hectare in the wheat/lcntil 
rotation was about 4021 Syriall IpOLu1ds ha- illthe herbicide treatlent and about 2439 

Syrian pounds haI in the conltrol treatment, i.e.. herbicides increased -)roIlts by 60 
percent. These iesults were sirnilami- to those inthe wheat/fallow rotation. 
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Figure 3. 	Nitrogen Uptake of Weeds in Wheat/Lentil and 

Wheat/Fallow in Two Cuts in the 1983/84 Season. 
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Figure 4. K20 Uptake by Weeds in the Two Cuts of Wheat/Lentil 

and Wheat/Fallow Rotations in the 1983/84 Season. 
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Figure 5. 	 1) Uptake by Weeds in Wheat/Lentil and Wheat/Fallow 
Rotations in Two Harvests in the 1983/84 Season. 
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Figure 6. 	 Net Profit (Syrian Pounds) for Wheat in Wheat/Lentil 
and Wheat/Fallow Rotations. 
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A comparison of the two rotations showed no significant differences in net profits, 3209Syrian pounds ha- t for) the wheat/lentil rotation and 3317 Syrian pounds ha-t for thewheat/fallow rotation. When profits from both wheat and lentil yields in the wheat/lentilrotations were totaled and comparcd with the profit from the wheat/fallow rotation,
differences appeared. Total profits for the wheat/lentil rotation with 5 cm tillage andherbicide treatment were 9116.6 Syrian pounds ha- I in contrast to a maximum profit forwheat in a wheat/fallow rotation of 3562.5 Syrian pounds ha- I These figures are veryimportant in terms of economic returns to rainfed farming. It is important to continue
these studies in order to d CtClIiine the most profit ible crop rotations in rainfed regions. 

Lentils 

Hand weedin ICsnICd in lentil yields that were twice that of the control treatment, 787 kg- .
ha-I and 379 kg ia respectiVeh' (Figure 7). Yields in the herbicide treatment averaged- .
568 kg haI The 5 cmtillage treatment was superior to the others, resulting in yield '.58times that in the ,cmtillace treatment and 1.2 times that in the 20 cm tillage treatment. 

Although p)rolnt'lion 111101g treatments was variable, there were no significant differences 
ill
co-onstllptliol of ,oil InOiStLrtc. 

The lowest consumption of soil moisture was in the 5 cm tillage treatment compared to
 
other tillage treat inenls.
 

Figure 8 Slow's that weed production was very high in both the herbicide treatment andthe control The lowest protuitio of' weeds occurred inthe 5 cm tillage treatment and thehighest production was itt the 20 cm tillage treatment -I drywith herbicide, 5600 kg hamatter. HCrbicidtC, were not effective during this year so mechanical weeding was used in
addition to tie herbicide. 
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Figure 7. Yield of Weeds and Grain and Straw, and Water Use 
bor Lentils in 1983/84. 
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Figure 8. )ry Matter Yield for Weeds in Lentils for Two 
Harvests, April 2, 1984, and May 28, 1984, in 1983/84. 

Figures 9, 10. and II show weed uptake of N, P,and K. Fotal consumption of N by 
weeds fron both harvests ranged fom a high of 252 kg hla-1 in the 20 cm tillage treatment 
with herbicide. to the lowest consumption in the 5 cm tillage treatment with herbicide, 48 
kg iIa1. Accumulation of 1)and K by weeds reflected the same patterns as N. 

Statistical analysis revealed that: 

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

2) 	 The 5 cm tillagce tratment was superior to zero tillage at the I percent probability 
level and the 20 cm tillage treatment at the 5 percent level. 

3) 	 1Oie 20 cm tillage treatment had significantly higher yields than the zero tillage 
treatment at [he 5 percent level of probability. 

4) 	 The herbicide land 5 cm tillage treatment had significantly higher yields than the 
herbicide and control trcatment with zero tillage. The herbicide and 5 cm tillage 
treatment also had significantly higher yields tran the 20 cm tillage treatment at 
percent level. 

5) 	 The manual weeding and 5 cm tillage treatment outyielded the herbicide and control 
treatments at the I percent level of' probability. 

I 
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Figure 1I. 1105 Uptake by Weeds Associated with Lentils in Two 
itfrvests, 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 herbiC.-ide treatmealt 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 cm tillage 
treatments. Weed production was influenced by tillage with the lowest production of weeds 
found in the 5 cm tillage tratment. Water consumption was also lowest in the 5 cm tillage 
treatment. Grain production and economic returns were highest in the 5 cm tillage 
treatment. Wceding 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 
Wheat Crops 

for The following agronomic recommendations 
1) Use of herbicides. 

are made for wheat. 

2) 

3) 

4) 

Continuation of' the practice of 5 cm tillage which proved to be superior to other 
tillage practices in these experiments. 

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

Provision fbr machinery to carry out agricultural operations and make comparisons of 
the use of such machinery in different sites in each country. 
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Table 3. Summary of* Yield aiid Economic Feasibility for
Lentil Crop in Syrian Pounds Ila-1. 

Treatment )epth Cost Income Income Total Net 
of Grains of Straw Income Profit
 

..................
S.L. I-I...............
 

Herbicide zero 994 736 816 1552 558
5 cil 1009 2093 3400 5493 4484 
20 cm 1037 1006 '046 2052 1015 

Hand zero 1538 1481 1931 4312 1874weeding 5 cm 1552 1692 2153 3845 2293 
20 cm 1581 2142 2560 4702 3121 

Control zro) 978 783 1132 1915 937 
992.cm 950 1231 2187 11952) cm 1021 824 1415 2239 1218 

Recommendations for
Lentil Crops. The 101lowimne aerolloin ic iec iirnkdatiol,, arc imade for lentil.II) Use of herbicides and mcci'al weed inc. 

2) Use of llefhanicadl we.ediL sc\cral lines during, tie growing season. 
3) SpiIrai hCiicides \\ili inic care arid atentio)n. 
4) Row' spacin shOUld bc wider 1t ailloM hlo iirMchlical weeding. 
5) Use of .ariclic,, suitable fur iriechranical harvest inc. 
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,'.lIismanti conicentrated iABSTR.I (T Raiblt!/Vd a/ i,'tintr illIu tv it itiorthwest coast. As a result of/tw Ltrolvillg, populatioll il+,,l~ t te c'oastal s.olec ofithe westernt desert 

the (Itiltlitiattracted1 (/i/i (ortl't'r,tt. Ahuin .sludit's. inhcludig,soil and water resotrce 
stiri'.'VA , It / ' dittlu. lii /it' !I.Il it' vtl'(tI/\, IArAcMtr' o#irainj/ at it,rictittitr' ini this area 
has a/Nt) h 't'tiIdiclit t!. I1 At ' i''thi'ttiColillll(llit'lIt ni sone,ialt' piare'ticed ' ii 

iocttlio,.s. )ii it,''i t,' i/i ) / 'A]l, A (It
ll /! 'At'A'h 'itiiliet' t ite welv iaiitigal /ith 

agricttl'ill/ I)lrd/ito' le l/Itl0'C1).I it//ti
with aet'li it Fto'r proper detailed research,
(1'tt lt ~ c' ilt w lo w ,l. #l . C rr' so l li sti alv'Cs dV liLgthc i tll t i l v'Swlo 'N'. l i ccd edt 'l cll[ A. c e'm t .s l e' 
to (wh l[( tel(IlvaIlabII/ wll r 'l,II{C 

EzgVpt liC, in 1he Ilithe"tst(Cr cttrncr ol' Africa ocupVing, nearly 3 percent of tilecontinent. 
ItCxtelds tivcr ten dcFCe, Of lttitudC. 22,rtn'N to 32 'N. with one-fourth of' its area 
south t)I te "l'ropic tf ('iner. lL ' pt is, 1)73 kill in ICHLth frot nor h to sottth and 1262 
kill iIbrCtatlh Iltnl lot \ith aitttal area o .ililosi one million kii 2 (Ali, 1982).\\C',( C',ll 

Most of 1"\ pt fIlls within Afrieil's dry dct region except strip of' land inert flr" a narrow 

the north M\hich hil, itMNIlicirrincal type ol climate. RainlCd agriClitr in Egypt is
 
concentrated inainl, on (he ntI est coa.,. whichi hats 
a rather special clinatc. differing
 
f'oi tihe itllnd dCcrt a' i d(.ii le l
 

tif pttll ill cum 
the altentill of Imm tm\'rtilncit onm'ai/atil s plannine several ;,gricultIral and settlement 
As iresilt the popnl lioll I"gy pt. tile northwest region has attracted 

projects. ,eseach sionot.t le.\ ,tierres icCs., gettlogy, and other jubiCCts has been initiated 
at Iliuty site,, ;lomi tle coist. 

The llttirth\\C,'t ex tends westwardcttast oFll. p C\ about 60) killflron Alexandria to
 
loigitude 21) 5(0' iil tile east to Imigitudc 25"0I)' at EI-Sallumn inthe west. A succession of
 
ridecs and delC'siioti, I'rout the sCl tt tile Libyan Plateau characterize tile topography of
 
tie irca.
 

(linate 

'Ilie nilortiwest 'ast IaIla vitder special clihmate which differs from the inland desert areas 
to tilesotlth. Rainfall Vai'iCs 1 'n es Ir'ril1 ()1to 150 min per year.o\Cr tile I.'ioll and 
Rainfall varies co riderIhl\ fh'ti i tlto itioiltl at tIe salie site and may also diler 
widely at two rtciiiholtitim, sites ill the salelicitlllthor seasin. Alexandria, tile rainiest city, 
Itay liav piecipilttiur its 10\ , asS i, (51.nri1tile winter 1tlll.t11S (I)CcembCr', Janutary, and 
I"l''irN) while inl intlthIi' ',.ar-itIl V receive ov'r 1(0 tnll in a siigle rnonth. October is 
the fIlst Illiltil that call he tti,ileireCl tor rain\. B ' his llilhtl0 tile Whole 
Medilerrait.ain ctaillaiv'eiolilhi's rc.i\'l a least 10 peircelt o it,annual precipitation.
Frtmn Nm\eittiieir t Marci the cOishiil iecitni rcccises at least 7'1percent of' its annual 
rainlall. Riiirfiill is iunc\ciilv dstllribluted ilnm-, tie ctt,ist, and this carl be explained by the 
coriil nratioll if tire c'ttaiine I l:ieui tile distrilution for1, t,982). I stows riinf'all inap 
tileIll-t
hc'ril Ctlast. 

Air temniler' iturcs ii' inild. %ilht ilie~iln inilial tiiasiintniii of' 25 C anid leiln annual 
rnlinilnun oIf I. ('. Ti iiean nii\iiiiniil tCilil).'raturt',illJuNly is 29t)' arnd the mean 
Ininlnini ill .laiLuii'. () V. RCliliC htnttlidity docs not vary greally throughout the year, 
riinint"igt 50 t) '0 pe ilt10ui itnd 'tun 610 to 71) percent in tie morning and 
evetninti. Pitentiial evaprtU'iitiin appeir ti heii ai,ly constltnt from year to year and totals 
151( tin . 
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Figure 1. Isohyets (mm) for the Northern Coast of Egypt (Harndi 
et al., 1980). 

Land 

Along the north coast, one or more parallel ridges of dunes lie separated by narrow,
elongated plains. Just south of these, windblown soils and alluvial fans deposited by the
 
wadi'; o'cur. Further south, the rocky Libyan Plateau rises at varying distances from the
 
coast.
 

Soils suitable for agriculture are found in snall 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 increascs would total 10,000 ha hy 1985; Ismail (1985) estimated 20,700 ha. 

Soime soil surveys and classifications have been conducted in this region (Abd EI-Samie el 
al., 1957; Balba and EI-Gabaly, 1965; Hamdi ct al, 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. 

5) 	 Calcium carbonate concentration. 

6) 	 Position and topography. 

As an example of the variability of these soils, Abd EI-Samie et al. (1957) found eight
different soil types in an area of 2270 ha. These were scattered and intermingled with one 
another (Figure 2). 
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Legend
 

E--I Type I: Deep, medium-textured, light brown 
to brown, carbonate zone below 70 cm 

Type I1: Mature type I, with pebbles 

Type III: Valley floor alluvium. Deep, fine
textured, compact and no C03 zone 

Type IV: Deep open, light brown, coarse
grain soil on slopes 

FTType V' Saline 

Type VI: Drift sand 

Type VII: Consol dated limestone 

Type VIII: Rock 
- Main road 
. .. Dirt road t . .. 

Well 
0) 

CU,kC
fu 

0) 

0) 

S-

Scale in km 

0 1 2 3 

Figure 2 Soil Map of' Ras El-ie lna (Ahd II-Sanine e a., 1957). 
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Utilization of Water 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 runoff from the higher areas; and 

2) 	 The water spreading zones where the rtunoff of wadis is spread freely, flowing down 
slopes and accun ulating behind natural obstacles (sand dunes or rocky hills). 

This natural wetting is vry 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 'rom 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 runtff to isolated fields. 

3) Constructing traversal stone or earth 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 line:; to retain surface runoff. 

Surface water can be used to ulplement rainfall in several ways. 

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

Water Spreaiding. This method is suggested for areas with greater slope and when runoff 
is not sufficient to subnerge 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.!ested. 

Sheet Runoff'. In the flat areas where there are no wads, sheet runoff can be collected for 
immediate use. The water harvesting system should conduct the sheet runoff onto restricted 
areas of1good soil. By reducing the area which receives the sheet runoff, the amount of 
water per surface area is iticrealsed. 

Also, sheet runoff can be :mlored in the numrous cisterns which exist in the coastal region.
More than 3000 cisterns, dting back to the Roman period, have been excavated in the 
rock. Their capacity varies from 10) to 3000 t11 

3 . Once the cisterns have been cleaned and 
repaired, water stored in them can be used for hunan and anitnal consumption. In some 
cases, tree plantations can be established by supplying young trees with small amounts of 
water during the dry season. Small likes or ditches may be necessary to conduct the sheet 
runoff into the cisterns. 

Groundwater 

Groundwater in the region can be exploited in three ways. 
I) Dug Wells. To avoid salinization of groundwater, wells equipped with windmills 

should not be punpcd bcvond their tapacity. 

2) 	 Drilled Wells. Wells deeper than 2(0 in are usually drilled by the rotary method. 

3) 	 Collectinig Galleries. Groundwater stored in coastal sand dunes is exploited by means 
of' collecting galleries. 
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Traditiona! Agricultural 
Production 

Constraints to Soil 
Productivity 

Research to Overcome Soil 
Production Constraints 

Rainfcd 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: I) to meet the basic food needs of the Bedouin 
families: and 2)to meet the need for supplementary feed for tie Bedouins' animals, i.e., 
sheep and goats. Rainied harley yield is just 10 percent of irrigated yield. 

Fruit Orchards 

Olives. fis, and almonds are found ltvarious locations scattered along the coast. Figs and 
almonds, are mostly fotnd on slopes oi sand dunes where groundwater accumulates. 
Traditional! !t fiiit rees 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 is one-fourth that of irrigated trees. The trees are widely spaced with as few as 
20 to 71 trees per ha compared to 500 trees p-r Ihaunder i rigated conditions. The low 
dcnsit\ allovks for optimal Luse:of rainfall and snrfa.icc runoff. 

Animal Production 

Sheep and goats alrC the main likcstock in this region along with camels and donkeys. The 
overgra/ing of rarilgelands is the main problein. 

Based ol stutliCS catiCd Out ill this recpon the main constraints to soil productivity are: 
soil topography s'oil slope: soil stratification: the depth of soil profile to bedrock or the 
watcr tablc: soil tCxIturC and calcinm carbonate content: soil salinity; soil fertility; and soil 
erosiOll willd d ftc). 

These colstrainls afft'M Soil productivily through their effects on soil physical properties. 
soil chemical properties, soil-water-plant relations, rooting zone and depth, etc. One 
usuall' fns onte or 11orC of' hcsC constraints at any given site because of the great 
hcter, eneitv of the soils of the region. 

The objcctli\ s f'( c0nt iiti a stable society,i tlhe rni ar maintain and increase food 
prodtctiot, ctinph *ncrl ant incotme. 'loMward these ends. the Ministry of Agriculture 
established a lari at Btire FI-Arab to ctntluct regional research and distribute crop 
cultivars whiChIjroved succcssftl ahltg the liorthwesr Ct,ast. 

Trials of controlled glazing and otIther agriculural practices of dryland farming were 
conducted it the Ras Il-Heckima Project located 2100 kinl west of Alexandria. Other 
objectives of this project arc t0 idClntif. natural and introduced vegetation with better 
nutrilivC quality, and slti\ the Bedodus hitiW to improve forage ard increase their 
livestock. 

Other research has been carried ,Lit in the area to identify the constraints in specific 
localCs and ,olttins to ovrctmm,c them. lixaruples are: improving grazing in Ras El
H-ekmna: sutlld (thrttgh plaitingsl: soil anddune fixVtitmi water conservation through 
sprCditig llddistributing the \xatcr: antiiluprt'CvnCtn of water rCsources. 

Ongoing resctr,'h includeCs: inliriduciii tcw varieties offtrees which can tolerate the 
prevailing climiate ald soil: evaluating soil resources; developing uses and management 
systems for calcarcoir soils: Cvaluating different irrigation systems for use in newly 
reclaimed lands: and the Arid Land Pro.!..c for the agricultural development of the 
ntrthwest coatst. 
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Recommendations and 

Conclusions 

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 oi the northwest coast. 
Research on the northwest coast of'Egypt has resuired in numerous recomlendations.
 

Some which have been succcssfully implemnented are:
 

I ) 	 'he use ol mechanical laind preparation and harvesting for rainfed barley. 
2) 	 Supplemitental irrigati n ifor oliVe orchllds. Yield can he increased from I to 4 t when 

the trees !re piopcr!, a--,; .. ,
 
3) ldeniifcat ion of areas ,1i
table br g rewiing fruit trees, especially olive, based on soil 

and undcrgl'1otunld \\;uicr ;.ililability. 
4) 	 Rcdistributiol of raiinfall b\1 earth dikes designed to move the water to selected areas, 

control Soil Crosiol, anL reduce water loss. 
5) 	 The tusc of \windbrcaks toreduc Wind erosion and limit tileloss of crop and tree 

flowcrs. 

6) 	 The uSc of grund\ tcr supplics by digging surface wells and pumping the water with 
windnills. 

7) 	 Soil and \\ater et uiserx ation practice.s which linlitsurface runoff and consequently soil 
erosion,. ;ald increase Vkatcr infiltration into the soil. 

Rescarch has akls( indicated arcas \iere more inbrmaition is needed. For example, the
grazing project in Ras Il-I lickra found that controlled grazing and the use of both rainfall
and wrater resrcirsi', imiprovcd productivity. However, there is still a critical need for
SUninilCr fodlfr, 1or sunncr and autumn animal feeding. File introduction of wells and

windmillk hiled nliiscrlblv anion the far:iers inthe northwest although the technology

Was sound less 
 than 5 percent of the 1000( windmills established in 1967 are now in 
operation. AS a result. farier', are un\'.illing to embark again upon a windmill 
development progratm. This dmClonstrates the nced for socioeconomic studies and extension 
activities in thie rim. 

(,urrentl, . rewarch is tmlderway to: 

I ) 	 Develop and introduce new varieties which can tolerate drought and salinity, and can 
he groxl\ itia shoirt seasoll 

2) 	 Introduce new field and forage crops with potential as industrial material; 
3) Recomienid the proiper use and rtnarigcelrl of tie soils in the area; and 
4) 	Recomrmiietnd a range imptovtieint programi. 

But 	 gaps still cist in1our knowledge of soils, water, crops, :ied their interrelationships.
Recotmiierndat iris bir ftiLurc research arc: 
I ) 	 To (Ituantily the relationship between precipitation and runoff on a per area basis. 

2) 	 T ImcasIurC iccliaric to 2roial er. 

31 To ronionitor he Salinit\ of the grouid\atir. 
4i To deterinine tihe cffects Of de\ and 	relative humidity on crop growth and yield. 

There is so a ricCd for a detailed iiiap of the soils and topography (if the northwest coast.
This infornltion \uld be \'aluablc 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 Scientilic Instiite tih"Research. Jerusale, Israel 

ABSTRACT The Arah Sc'ienti/hinstitute, r Research was established to assist the
developnu'nt of/t Palvestinian lwop , in tte o'cupied West Batik and Gaza Strib. The 
Institute slilillalltes l'chitot,." lrat.s/I'rand applied research in the agicultural sciences,nutrition, public ha/tb, and en(lirt/n'l 'ii.'ice.Atriculturalactivities include research0n .joba, tbs"nc ).t/e ARtI/ A ('aId olive oil, attiong others. 

Introduction The Arab Scientific institute for Research (ASIR) is a nonprofit technical research institute 
established in Il-I-Birch. West Bank by Arab and Arab-Anerican scientists. It has an office 
in Amman and a inaillin-e office in -nStoii. The aim of the Institute is to generate applied
science research activity in the fields o1 aericnltnre, Iood, water, health, and the 
environmental sciences in gencral wit h the overall objective of achieving better 
development of the Palcslinian people il the occupiCd West Bank and Gaza Strip. 

The Institute beean with the Ceatioll Of a data base on the West Bank and Gaza Strip
using a mini IB.\I computer. The scientiSts and engineers working with ASIR realize that
the Institute is sclf'-stlporting with ver\ fe6% international, local, and Arab arants for 
equipment and specific research prto ects Therefore, compensation for work done at ASIR 
depends only onl the grants and contracts that it obtains, and on what the Institute generates
front consultineL and frotti the a1ricultoral experiment stations in the Jenin district north of 
the West Bank. 

If ASIR is toi be described in tte sentence, it is ,a Technology Transfer Institute with 
concentration 0.i agrictUltnre technology and relatedmatters to farmer development". 

Agricultural Activities The agricultural activities of' ASIR ilud tiethe fbllowitig. 

A Field Investigation of' the Feasibility of Planting Jojola in the West Bank and other 
Arab) Countries 

The Institute ha platnted this iiil producing desert bush in the hills and semiarid field crop 
areas of the Vcst Bank. A comparison will be made with similar experiments conducted 
by the Ihstitute in Jordan's Yarinouk Universily antd in the Industrial Technical Center of 
Qatar in l)Doha. 

The trcs in the West Bank cover an area totaling 50 dununts (5 ha). They are doing welland some lots base actuallY prodUcedL atl'er only three years of growth. 

A sumlarv of' this research pro ect will be submitted to ICARDA. The Institute now has 
50,000 seedlings ifjojoba ready for planting between February 1986 and May 1986. 
Seedlings may be obtained for joit projects by iw:erested institutes or agencies. The 
Institute holds a certificate of Arab origin frotlt the Government of Jordan. 

Production of' Thyme (Za'atar) Seedlings and Field Cultivation 

The Institute has beeti able to produce 250),00() seedlings per year and is supplying them to 
farnei' at cost with stibsidics from the Save the Children Foundation-OSAID program.
The Institute hopes to d1o this in other Arab and foreign countries. 
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A Field Investigation of the Feasibility of the Assaf Hybrid Sheep 

The Assaf hybrid sheep is a repetitive cross between the imported Friesian sheep and the 
local Awassi sheep. The Institute has 90 head of this hybrid as well as of aanother tell 
cross between the Keos sheep imported from Cyprus and tie 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 presened at tile1984 Sheep Conference in Amman at the University of 
Jordan. 

Research 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 oil sabhatical from tileUniversity of Jordan. Methods of controlling 
broollil-rape (oi cabbagc \wele eval uated. 

Investigation of the Physical and ('herical Properties of' Vest Bank Olive Oil 

This work encmpassed ,ASIR'sanalxsis of o'.ive oil samples taken from nearly 300 olive 
oil mills in the West Bank. The oliveS have been harvestCd. handled, and pressed in 
various agricltural aras tLIILCr differenlt conditions. The results were presented to the 
International Olive Oil Council at a conference sponsored iti 1982 by the Union of' Arab 
Food Industries. 

A Study of Wells 

A chemnical and hydrological study of the wells of the Arab Development Society Project 
in Jericho is Sup-Iported by tileSwedish Consulate General. 

Evaluation of' Drinking Water Projects 

A field evaluation of"drinking water proiects in villages of the West Bank and Gaza Strip 

was l'tded by th.' Save tlie Children 1 tudlattion. 

Food Secuirit. Issues in the West Bank and (;aza Strip 

This study included the fo0llo0wing to)pics: huan, land, and water resources; plant and 
animal production: the role of' tileprivate and public se.tors: consumption: and export. It 
was subttiited in 1984 to the joint tUnited Nations ('WA/FAO Division. 

The Water Situation in the Vest lank and Gaza Strip 

This study was pirsented at tie Arab Waters Cotfcr,ncc which was sponsored by the 
Arab Futid for1' Social id Ic"'ontiic )Cvehvoptmentand held in Kuwait in February 1986. It 
is a detailed study of the water resources, ulilization probleuis, and rtles and regulations 
in tileoccupied territories. 

Research on the Agricultural Plant Prodtiction in the Occupied Territories 

This study v.as SubtittIed to the Sixth Conference of tlh,. Union of Arab Agricultural 
Engineers in Amnman 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 land in Fesayel in the Jordan Valley were evaluated. 

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

A study was undertaken to justify the development of an agricultural implements factory in 
Jenin. This factory has now becn 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 Higiher Council of Education in the West Bank. 

Study of the Technology (;apl between the Occupied Territories and Israel 

This study emphasized technical education and research cente .i, the brain drain, and 
absorption. The research was done for the Joint Committee in Jordan and submitted to the 
Office of the l)eputy 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 Amnman in 1985. 

Status of' Agricultural Education and Workers 

A study on the status of agriCLIltural education and agricultural workers in the occupied
territories and a proposal for establishing a col hge of agriculture in the West Bank were 
commissioned and sublittCd to ALIECO, the A!ii b League in January 1986. 

The Role of' Olive Oil in the Prevention of Thrombotic )isease 

'rhis study showCd statistical data that olive oil actually prevents heart disease in humans 
compared to other fats and oils. The paper was presented to the Kuwait Medical Society 
Confcrcncc in 1984. 
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SECTION IV 

Methods and Techniques for Assessing Conservation Production 
Systems 

to 



Introduction 

Erosion Measurenent 

Mechanics of Water Erosion: Measurement, Prediction and
 
Control
 

D.K. McCool 
U.S. Department o" Agriculture, AgriculturalResearch Service,
 
Pullinan, Washington, USA
 

ABSTRACT. Accelerate soil erosion is a constant threat to the abilitv to feed and clothe 
the world's polation. With growing popltation in any developing nations, the need to 
increaseproduction h ' cultivating unsuitabhle lands increases erosion rates. Research onerosion rates with current.finning nethoels, on the ejfect of erosion control practices, antd 
on itl)rovin' prediction technology is important to assess current status and fitare trends, 
evalhtate s c5fl'it. practices, and deelop1 policies and strategies. 

Techniques ainl methods .ir JA1plainingand colhicting erosion research are discussed,
 
along withia number o, current prediction models. Erosionll
prevention (1/0 control
 
techniques arc dismussed.
 

Erosion can severely affect the productlivily of cropland, particularly where cultivated
 
topsoils are 
slallow and substirtace layers impede root penetration, hive low water-holding
capacity, or are otherwise inhosp;:able to plant growth. The major causes of productivity
decreases due to erosion are nutrient losses and changes in soil structure which control 
infhltration and retention ot soil moisture (Wolnian. 1985). Williams et al. (1981)

identified the loss of' plant available soil waler capacity as 
 the major reason erosicn
 
reduces productivity.
 

Erosion rates range from negligible to severe, depending upon clinmate, topography, soil,
and management ti:ctors. An inventory of cultivated cropland in the United States in 1982
(National Research Council. 1980) indicated an average sheet and rill water erosion rate of
10.8 Mg hla-y-1 . However, about 40 million ha, or about 25 percent, had rates of greater
than 11.2 Mg ha vy-I: this is often considered to be the erosion level at which productivity 
can he sustained over a long period of time oi a renewable soil. Erosion rates in other 
parts of the world are much higher (EI-Swaify, 1982). Frequently, overpopulation and theaccompanying necessity to cultivate unsuitable lands increases erosion rates. This is
particularly true in the humid tropics, where dentding steep, fIbrested lands results in 
severe erosion rates. In sonic places such as in Haiti, the process is so severe ts to be
 
considered virtually irreversible (Woithan, 1985).
 

Erosion can undertmne efltrts t Icted a grtVing World population. Research on the 
Ifleasurettletit. prediction, attd control of erosion is essential. Predictive capability is 
necessary to select strategics to oplituie Iood and fiber production and prevent irreversible 
degradation of the soil resource base. 

ErosionImeasurententts are made for it number ot purposes. Measurements have 
traditiotIal ly been nscod I0 directly compare specific treattnents and Ior monitoring 
particular areas: tuore recent etnphasis has been for tuodel calibration anld verification.Methodology depenads upon the purpose of the project. Runoff plots are used to ineasure 
hillslope soil loss. Ihstrumented watersheds are used to calibrate larger scale models that
include channel hydraulics or delivery ratio conI epts. Instrumentation is frequently based 
on the complexity and resoluti on Ith le imodels to be calibrated. Plots for cotmparison of 
specific treatments or 'or calibration I luntping and averaging tuodels such as the
Universal Soil LOss Fquation (USLE) (Wischmeier and Stnith, 1965; 1978) require less
extensive iistrumentat ion than those used in calibrating and veritying more complex
models that predict erosion froni individual events. 
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Available resources may control the type of research conducted. In developing countries 
with a lack of capital and an abundance of labor, manpower is frequently substituted for 
expensive equipment and instrumentation. Thus, plot borders may be simple and installed 
by hand, and catchments may be of rock and mortar rather than concrete or stecl. Manual 
readings may be substituted for recording equipment. With proper training and 
supervision, good quality data con be collected with rathr simple equipment. 

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

Runoff Plots 

Runoff plots are small hillslope areas artificially bounded so that only runoff from that 
specific area will enter a collection system (Figure I). A number of configurations have 
been used but it standard size installed ar the orieinal erosion stations established in the 
United States in the early 1930s was 22.1 i long by 1.8 ni wide, giving an area of 0.004 
ha (0.01 acre). Plots subjected to natural rainfall are still frequently 22.1 im long by 1.8 in 
or moie wide. Borders can be of sheet metal, wood, plastic, bernied earth, or other 
material. Termite activity precludes the use of wood in some areas. The artificial borders 
are frequently 150 to 250 inm high with half' of the border buried in the soil. 

In order to speed doata collection and Ii nec shorten proj cct time and costs, rainfall 
simulators are frequently used. These simulators stoulId be selected or designed to apply 
water at rates and with drop size and energy characteristics of the local precipitation 
(McCool, 1979). In general, the plots will be smaller than those to be subjected to natural 
rainfall. A wide range of rainfall simulator,; are available (USDA, 1979). 

Bordef 

Adjustablesl__" 

J... .C. .. . .. .. o lle c tor 

_ 	Collection 
tank 

Figure 1. Typical Runoff Plot Installation. 
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Note: Handles can be added for ease in carrying. Folding handles can be added to top.
Front and one rear leg are equipped to screw together to form handles at bottom. Meter 
can then be folded and carried like a stretcher. 

Figure 2. lPhotograliically Recording Rill Meter. 

The runoff frotl a plot ustially ilows ovCr an adJUstahle end sill into a collector. Total 
rnToff c.n then be Collected ill a lank, a portion can be collected after passing through a 
divisor or splitting box. ol a measurine IlumLC with a sampling device can he used 
(Brakensick clal.. 1979: NIutchler. 1963). 

Where rilling is severe, a rill meter or surface prolile meter (Figure 2) can be used to 
imeasure the CrodCd area ill the rill (McC ool aal. , 1981 ). Only if both rill and interrill 
erosion are severe can ":isdevice be used to lmaSUre total soil loss, and then only if a 
reliable datmll call be established and bulk density does not change with time. 

If a tank is ulCd 1o collect rt1off, piope, salingl of' the sediment is essential. If the 
liquid is low ill stspcidCd solids. tile nl;ior portion of' tile solids cana be alowed to settle 
and the liquid siphoned offl. A representative samlplc of the remaining material can be 
collected and dried. Stirring a large tank and obtaining a representativc suspended
sediment sample is v:rr difficult. if not imposileC. lPumfs and splitters are sometimes 
used to accomplish this task. 

'ppinlg bucket neasuring devices arc some1Ctilaes ustoC tneasure runoff. Rcsults have 
been mixed. Sonc researchers indicate that tip rate must be kept within specified limits for 
reliable operation fBarfield and 1Hirschi, 1987). 
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Figure 3. Typical Flume Installation for a Small Watershed. 

Watersheds 

Watrsheds are usually naturally hounded areas and can range in size from a fraction of a 
ha to several k 2. The known or expected range in runoff rates and conditions influences 
the type of neasuring device. Commonly used devices are fllmes, weirs, bridges, 
culverts, and natural controls (Brakensiek et al., 1979: Buchai.an and Somers, 1969: 
Carter and l)avidian, 1968; US. Geological Survey, 1977). 

Relatively small watcrsheds can be equipped with temporary or permanent flow measuring 
devices of various kinds (Figure 3). Flumes can be made of sheet metal, plastic, or 
fih,,'rglass and can be moved to olher locations at the conclusion of a project. Measuring 
devices for large ctclllelts lltsi be perlmanellly installed. In order to reduce expenses, 
existing structureS Ithat contro10l flow, such as brides and culverts,tile are used wherever 
feasible. Frequeltly, an auxiliary low-head control mLust he installed in addition to the 
existiIg stLClture (Blirakensick 'I al., 1979: Holtan 'tal., 1962). 

M easIIVeIncnt of the suspended sed incrit passing the stattio is accomplished by a sampling 
technique (Brakcnsiek vt al.. 1979: (uy and Norman, 1970; U.S. Geological Survey, 
1977). The sediment cotMcentration of the sample is determined and multiplied by the flow 
rate to determine the sediment disCharge rate. Sampling of large flows can be done 
Imillta flly or by a1 autOntna tic dcvice tllt pt) s streama small Sailllple from tile 
(Brakensiek cl al.. 1979: U.S. Geological Survey. 1977). For small watersheds a flow
splitting device or a flow driven saiplet can be used. 
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Erosion Prediction 

In some streams the hedload must he measured. The bedload is the sediment that moves at
velocities less than the surrounding flow oy sliding, rolling, or hounding on or very near
the strcambed. The bedload is di fficulh to ecasure because the presence of any mechanical
device will disturb the low and the rate of' bedload movement. Nevertheless, a number ofsamplers have been de\ised to collect bcdload samples (Brakensiek et al., 1979; Guy andNorman, I1)70: U.S. Geological Survey. 1977). Brakensiek et al. (1979) mention that no
sampler dcvchopcd to thai tie had prorved hsatisfactor for all conditions, and thatthc selection of a bedhoad samnpler \as highly dependent upom. .onditior., at the sampling
site. 

Sediment J)etermimtiion 

Several mchids arc taaikable determline sediment concentration. Two of the most 
conuon are Cvporation aLd filtration (Brakensiek et al., 1979; Guy, 1969). Filtration is
gencrll,, oie suitable (orl low conccntrations. Evaporation is better (or higher
concentrations thlal would plug the filter. The evaporation method may require an
adJustmnent f solids. To speeddissolved up the evaporation method a flocculant is

SetCimesiuse and tile su11tpcriMte siplhonlled of'. Iowe\ver, 1locculantll cannot 
 be used on a
sample om which aJ1rCeate ,i/c be determ ineil.is i because aggregates will be broken
down. In citlcr case the sediment or filter paper containing the sediment is dried in an oven. In selecting amidltalanc'es setting ip il)Ocedircs for determining sediment
 
concentration. tht dCCUaCV of all phases iust 
 be considered. 

Knowledge ol particle size dlistribution is uccessar for" caibration and verification of 
m Vany erosiJo andrulff and models I' studics of chemical movement. Techniques for
dctcrmtnining putiClc site distribtmion are described by Brakensiek et a/. (1979) and by Guy(190 ). 

Meteorological ()bser,vations 

Meteorological observatio, are importantan part of any erosion research project. The 
very simplest installation should include ; standard P!',''CLordint!, rainau ge and max/min
t,,ermomieter. For calibration of even very simple models, a recording raingauge is 
necessary . I. r ino e comple models more elaborate instrunmentation is required, including
solar radiatiol and sodleuipclilturc data. For a more detailcd discussion of meteorological
obscrVations and teclumitIis see Iikemiiek ci a. (1979). 

Erosion prediction is used Io fwirni mmaagement planiming, projecting long-term effects of 
farming practices ssessing tie "tat'us of" the natural resource base, and as in aid in
planning governi iiental policies with regard to land use, rcsettlement, and financial support
01" conserv'ation p)ractices. Prediction tWchnolog ranges roli the Universal Soil Loss
Equation (1JSI.I-) (\Vischmncier and Smith. 1965: 1978). a relatively simple model for 
Predicting averae a1nu1l hillshOpe Cosion OV'cr a long period. through more complexmodels capable o l predicling soil loss anod nutricnt movement on an event basis and
including stream channel as %%ell as hillslope erosion (13easley, 1977: Simons et al., 1977; 
Foster. 1987). 
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The USLE is a general equation containing variables derived from empirical relationships. 
The general equation is: 

A = RKLSC1 [] 

where: 

YA = soil loss per unit area, Mg ha-l 

R = rainfall and runoff erosivity factor, MJ nn ha-lh- y'l; 
K soil-erOdihility 'actor,Mg IhMJ-I'mnIr'"1' 

L = slope length factor 
S = slope-steepness tactor: 
C = cover and nllailncillent lictiur: andl 
P = t,oippourt ing _l-Crvatioll practice factor. 

The empirical rclati oni'ips ft r the variahles were developed froni data collected from 

runtff plots lcated cast i1 the Rocky Mouintaints in the United States. Since the 
deveiopment ol the USI.F, it has heen fund that regional relationships may be required 
for sonic oI the lactor,,. For e\aniplc, the R factor, as developed from the kinetic energy 
and ittensitS of rain. cOrrClites porly with the high wi;tr erosion rates of tilePacific 
Nortthwcst rainf'ed cropland. In tl'Paci!i, Northwest erosion is elieved to be better 
correlated to rt.noff' anilt sOil stlrengh during the thawing of ',ozen soil. Similarly, 
researcith in Mciicieria'Inealn anIld Silhaian i t.s has indicated deficiencies in tIe R factor 
under tlicsc: coiiditit ns IRotose. 1977). Rcscarcli in the Pacific Northwest of the United 

States also indicates that the S i'lactor for this rcgion dilters somewhat f'ron that in the 
USIE. !9t this regiot crosioitSn thIa toicuL IIund to be rciated slope steepness: 

i
S=ei77]+-2Sitit. _) th[2 [2]( 
where S slope steepness factor: and 0 = field slope gradient in degrees. 

Thus. the tJSII shtonld be used with sonic caution illareas that have no erosion data 
against which tc ualreillC Ihe predict ions. Currently the USLE is perhaps the most used 
erosion prcclititin equation in tl~c world, and a literature search may find an application 
for a situatiot situilam to ncarl\ any that (il will encounter. A miaoior problem may be in 
finding Sn,ffici,'nl precipilalion iiaa t0 drive CvCn this simple mnodl. 

The Modificid Universal Soil Loss Fliuaiim (MUSII) (Williais. 1975) was developed to 
detCriinC scdiintit yield fromn S11uail wiatcrsheds. The equation is: 

i
SY a(( )K LSCP 131tipl)


where SY sedilient yield frlni tn ildividtal storm, Mg; Q = storn runoff volume,c 
1 " 


111ti peak innollf ate, 1t13., I: K ---crodibility factor, Mg h ha-IN LSCP = factors 
front USIF: and ab fifteid coetlficienlts. 

Williams foutlalld vitie, of' a ati h itbe 9.05 anid 0.56, respectively (Foster, 1982). Note 
that this equation 1,Cs ni10i,11 the piranitcrs of the USLI. replacing only the R flactor 
with a let-ill connaim rullton' parlltllr"il . 

The r.i hii (Willians et al., 1983) was developedon Prtilncti(iity pact Calculator (EIPIC) 
to invcstigalelo1 United Shitcs-wide basis, the effects of soil erosion oilcrop 
prodiluctili. The t-PIC rciiocI IriCLicts erCosion evcnt by event by the MUSLE (Williamns, 
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Erosion Prevention and 
Control 

1975), the Onstad-Foster Equation (Onstad and Foster, 1975), or the USLE (Wischmeier
and Smith, 1978). It includes a crop growth modei 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). Tie CREAMS model was developed to

estimate runoff, erosion, and chemical losses fron 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 succc.Sfully 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 majorstrength is its capability of routing infiltraled water through the root zone to ground water. 
OPUS routes surface run1off 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
microcompuler. Using previously developed charts, an erosion prediction with the USLE 
can be made by hand calcula1tioii. 

The Agricultural Research Service of :he USI)A is currently developing a replacement for
the USLE. The Water Erosion Prediction Project (WEPP) is intended to produce a
completed model hy 1989. The WEPP Model is intended to be event-based, but will becapable of operation on small, portable personal computers so that results can be obtained 
even in the field (Foster, 1987). 

If the goal of sustainable agricultural production is to be accomplished, erosion prevention
and control are essential. ()therwise soil losses will exceed tolerable limits, particularly in 
areas where population pressures cause cropping of steep, highly erodible land. 

Agronomic mCa.sures such ;ascover crops, multiple cropping, strip-cropping, and surface

mulches, are ,ighly effective means of preventing erosion. A surface mulch of' I.1Mg

ha-1 has been found Ioreduce erosion to 18 percent of that when mulch is present
no 

(Laflen e'al . 1985). Cover crops or intercropping can protect the soil while a crop is
 
being established.
 

VegetativL. measures, while highly eff ctive in reducing erosion and maintaining a
desirable soil structure, may be difficult to apply. Fodder may be used as livestock feed,
fuel. or building material, so the farmer may be reluctant to leave these materials in the 
field. Furthermore, they may interfere with cultivation and may increase disease problems.
Cultural aUi societal influiences may override other considerations. For ,xample, nomadic
herdsmen ;iav i,,ecrop residues to fed their herds during certain times of the year.
Farners may also be reluctant to try new and relatively unproven techniques that require
investnlents of time andienergy, and Itolml which the returns are not imnediate. 

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 isgreat, if rainfall quantities are excessive, or if vegetative measures are not acceptable to
the farmer. Mechanical practices may include terraces, contour bunds, contour furrows, 
and furrow (likes. 
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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 runoff for infiltration. In wet areas they are designed to channel the runoff to an 
established channel or pipe system. A number of terrace systems have been developed, 
including bench terraces, hillside ditchcs, basins, orchard terraces, mini-convertible 
terraces, and a hexagonal system (El-Swaify ct al., 1982). 

The terI- contour bonds has bcen 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 upshOlIe. 	 lt purpose is to intercept and infiltrate runoff. If the 
channel is too small to collect 	and retain all runoff. progressive failures will ruin the 
system (Hudson. 1971). 

Contotlr furrows 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 utiless runoff exceeds the water storage capacity of the ridges. Should 
this occur. progressive fa ilures of tile ridges may result in more erosion than if up- and 
downhill seedine had been used. 

Tied ridges or basin listing is a practice in which dikes are formed across furrows at 
rgular intervals. Water collected in tbe basins will tltimately infiltrate the soil. The small 
dants must be reestablished each time cultivation occurs and. in sandy soils, after each 
lteavy rain. -undsoin 197 1) suggsLs plaicing the furrows on a grade with a suitable 
protected oulct, and fOrtnling tile ties slightly lower than I ie ridge. In case of an extreme 
rainfall event, iliassive progressive failurc is thus avoided. 

Lack (if resore s Constrains tile application of' mechanical measures, particularly those 
requiring heavy or special equiptent . Also, there is little incentive for a farmer using 
cotn1unal lands to apply such 	 MIasurs. For application of mechanical measures incentive 
,id support progrIMs are required. 

Suimnarv 	 Soil erosiot requires constant attention, particularly in times of increasing world 
popu lation and intensity of' agriculture. Research oil gross erosion rate, comparison of 
practices. and prediction technology is inportant to assess current status, future trends, 
evaluate specific practices. and develop overall policy and management strategies. 
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Mechanics of Erosion: Measurement, Prediction and Control 

D.W. Fryrear
U.S. Department of Agriculture, Agricultural Research Serice, 
Big Spring, Teras, USA 

ABSTRACT Er-osion of soil by wind is an annual problem in semiarid and arid regions ofthe world. The nmechanics of wind erosion have been researched, but the field measurement
ol wind erlosion has been historjically dilficult because of inadequate equipment. New
equip/tent has been develo)ped that will collect samples of airborne dust froin erodingfields. Soil partich,movement, COmlposition, and nutrient concentration can be determined 
fron the Samples. 

Estimates of annual wind erosion can be miade using the USDA Wind Erosion Equation.
The equation works best in the small grain proltduction area of the Great Plains, but it canbe uised to compaire wind erosion control practices at any' location. Estimates o1 the
nomber of (lust stornms can he made using climatic mnodels and these estimates will warmi of 
potentiall severe erosion. 

Manag'ement of stface residues, tillage, or wind barriers aire the major mnethods used tocontrol windl erosion. Luk of rainfill will influence the selection of erosion control
techniques and limit the quantity oJ residle produced. If even 30 percent of the soil surJlceis protected with none,'odible mnaterial, wind erosion losses will be reduced 80 percent.
Soil ridges at least /0 cm high will reduce wind erosion losses 85 percent, e'cept on deepsands. A7c timing of oind erosion control efforts with available soil watelr is important
because ridging a oist noneroding soil is much nore effective than ridging a dry eroding 
soil. 

Introduction The hazards of wind erosion on agricultural lands extend back into ancient history (Wilson
and Cooke, 1980). Wind erosion received internatiorial notoriety when the Great Plains of
the United States experienced serious wind erosion during the prolonged drought of the1930s. 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 a unique erosion process. The wind-eroded material can be seen and theimpact 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 erosion can occur whenever bare, erodible soils are exposed to erosive winds. While
coarsc-textured, sandy soils are most susceptible, any unprotected soil that has erodible
material on the surface can be eroded by the wind. In the United States every state has areas susceptible ,,)wind erosion, but the majority of' severe wind erosion occurs in the
Great Plains region. The tremendous expanse of unprotected erodible soils and erosivewinds during the spring months makes the Great Plains particularly susceptible tc, extensive 
wind erosion. 

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 todislodge additional particles. The process of detachment and transport will continue untilthe wind stream becomes saturated with soil particles. The absolute size and percentage
will depend on the velocity and turbulence of the wind. Generally, 7 to 25 percent of the
total soil movement will be particles 500 to 1000p io,ing as surface creep, 50 to 80percent will be particles 100 to 5(X)p. moving in saltation, and 3 to 38 percent will be
particles 2 to 100p.moving in suspension (Lyles et (d., 1985). Particles in suspension may
be transported great distances and will contain the highest percentage of soil nutrients. 
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Measurement 

Collecting Samplers 

Controlled Erosion 

Prediction 

Wind erosion can be observed via dust clouds that are generated, but actual q,'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 
conservat;ve 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 years of record may be required depending on the severity of the annual 
erosion. Changes in crop yields may :ilso reflect the impact of continuous cropping, 
decreased fertility level of' the soil, changes in management, or possibly changes in 
diseases or insects. It is very difficult to separate the impact of erosion from other fiactors 
that influence yields without complete records of each factor. 

With the development of dust sampling or other erosion measurement equipment it is 
possible to collect samples of material eroded by wind. Wind erosion samplers have been 
developed by Bagnold (I941). 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 collect at least 86 percent of 
the material passing the sampler. BSNEF samplers can be located at various heights to 
determine the vertical disiribuion of eroded material and suifficien t sample may be 
collected for detailed physical and chemical analysis. l)etails of the I3SNE sampler are 
described in Appendix A. 

With laboratory wind tunnels, studies of wind erosion can be conducted by holding all but 
one or two factors constant. Thk 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 portable wind tunnels on field 
plots. Various soil and vegetation treatments can be established under natural rainfiall and 
weather conditions and the changes in erosion evaluated. 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 rainl'il or weather" conditions. Field wind tunnel tests 
represent only the extreme windward edge of the field unless eroded material is introduced 
into the tunnel. 

Annual Soil Loss 

Wind and sand movement reported by Bagnold (1941) fit a log (sand movement)-linear 
(wind velocity) relationship (Figure 1). With cultivated soils the relations developed by 
Bagnold may not be valid because of surfiace aggregation, roughness, and vegetation. 
Much of the early research on wind and soil conditions was conducted by W.S. Chepil 
and N.P. Woodruff. Chepil and Woodruff (1963) prepared an excellent summary of wind 
erosion research. This publication contains the majority of the information used to develop 
the initial Wind Erosion Equation (Woodruf & Siddoway, 1965). This equation is used 
throughout the United States to predict wind erosion tinder a wide variety of soil and 
climatic conditions. The Wind -rosiOn (ILuatiOn (Appendix 13) is empirical and assurmes 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 erosion. 
Pasak's equation (Appendix C) contains terms fOr velocity, nonerodible particles in the 
soil, and the moisture content of the soil. The ire no parameters that introduce the 
influence of soil roughness or soil cover except wind velocity at 5 cmi above the soil 
surface. The Wind rision Equation and Pasak's equation have not been verified with 
fiell measurements. 
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Controlling Wind Erosion 
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Figure 1. Relation between Wind Velocity and Rate of Sand
 
Movement (Iagnold, 1941).
 

Number of )ust Storms 

Prediction of tilenumber o1 dlust stormls can be made using the climatic model of Chepil et 
ti. (1963) or the Big Spring Index of Fryrear (1981). Thesc equations (Appendix D) can
 
he used to warin of potentially severe erosion several months 
 in advance. Both equations 
are site or area specific and are not intended to apply to all areas. They do identify the 
mnaior laclors iMl]uencing dust storms in specific areas. 

Wind Crosion cail be conItrol led by Ieducing wind velocity at tilesoil surface or by
creating a soil surface that will not he susceptibie to wind erosion. At this time it is not 
posiblC to reduce ',1ind Velocities, over large land asss, but it is possible to reduce thewind velocity at the soil surface with standing vegetation, wind barriers, or nonerodible 
materials on the soil surllcc. Nonerodihle materials could include flat residues, soil clods, 
or simall orodibilitvthe soil SUrlace can be reduced by increasing the fraction ofstones. of 
the soil sillice covered \%ith iinlCrodiblC iaterial. e.g., by roughening the soil with tillage 
iliplemCnt.s. Soil crodihilitv 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 Hiulecs. 
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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 problemis or its use as fodder by livestock, it is not always possible to 
leave vegetation standing for cx!ended 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 erosion in the field. 

Wind Barriers 

Tbe cifectiveness of'a wind hairier will depend on the density and shape of the barrier 
(Woodruff t fl/.1963). is to reduce wind velocities over the. If the major ohjective 
greatest distance leeward of the barrier, the harrier should have about 40 percent poro,ity. 
This will provide good protection for a distance about 10 times the height of the barrier 
(H) and will reduce v ninl Crosion for a distance about 20 times the height of the barrier 
(Hagen, 1976). The denser the harrier, the greater the wind reduction is adjacent to the 
barrier but the Shorter the distance vhich is protected. The desired density may also 
depend on the protection reluirld. For example, if the ciop between the barriers is 
susceptible to wind damage, the barrier must provide the maximum protection possible and 
the harriers may he SXaedl closer than 10 times H. 

Nonerodible EItments 

Nonerodiblc elemmWi re any materials on the soil surface that will not be moved or 
transported b-, crt,,ivc wim:Is. This includes stable soil aggregates (sometimes called clods), 
gravel or rock 'ragnients larier than the maximum size that can be transported by wind, 
or may be large sectiois of plant material that have not decomposed. Soil loss will be 
reduced 80 )Ircent if 30 perccnt of the soil surfiace is protected with nonerodible material. 
Figure 2 illustrates that sO(lloss fromn wind can be .;ignificantly reduced with a partial 
cover on the soil surface (&lryrcar. 1985). 

Roughness 

Wind erosion losses will be reduced if the soil surface is ridged with tillage implements
(Figure 3). .e larger he ridge the greater the reduction in soil loss except for deep 

sands. Tillage implellents will Ii1o control wvind erosion on deep sands because the ridges 
are not stable. Soil roughness will reducc wind erosion until additional rain is received or 
the field is irrigated. (nee the surlhice has been consolidated or crusted, soil roughness can 
be increased with subscqLent tillage if the tillage is performed while the surface soil is 
moist. 

Soil Amendments 

Several chemical prOidUcts 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). Arumbrust and Lyles (1975, identified five polymers and one resin-in-water 
cinls ion that re x rsion fOr two ionths. The large volumes of'materialec Wind 
necessary, the expense. and reliable chemical weed control are problems that prevent the 
use of soil amendments except for high value crops. 
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Plant Injury 

Wind erosion during the crop establishment period can destroy young seedlings, reducecrop quality, or delay crop growth. All crops are not equally susceptible to wind damage(Table 1). As crops maturc, their susceptibility to wind damage decreases. Exceptions arecrops such as tobacco and cabbage in which crop quality and marketability may bedecreased because of' tissue damage and the presence tJ sand grains. To protect youngseedlings lairmcrs may use tillagec iinple cinits to maintain soil roughness, or may growwind-resistant, tall crops adjacent to the susceptible crop. 
Conclusions Wind erosion continues to be an annual problem in sandy land areas with a semiaridclimate. The major factors involved have been identified and effective wind erosion controisystems have been developed for high residue crops. Without surface residues, the soilsurface must he roughened with tillage after each rainstorm. The effectiveness of thetillage system will depend on the timeliness and type of tillage. Wind erosion losses can bereduced 80 percent if 30 percent of the soil surface is protected with nonerodible material 
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Table 1. Crop Survival as Influenced by Duration of 
Exposure to a 15 in s-1 Wind with Sand Flux of 
0.05 kg m-1 width s-1 on Plants 9 or 10 Days Old 
(Fryrear and Downes, 1975 

Crop Survival Rates at Three Exposure Times (min) 

5 10 20 

. . . . . . . . .. . . . . .. . .. . . . % . . . . . . . .,°,. . . .. . . . . . .
 

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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such as soil clods, rocks, or crop residues. Many crops will be destroyed or yieldssignificantly reduced when seedlings are exposed to blowing sand. Farmers must strive toprotect the young seedlings the first few days after emergence. Wind barriers or soilridges oriented perpendicularly to the erosive winds can reduce crop injury. 
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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) 

87 75 63 

240 mm - -40] F*6 
screen&_-60 mesh 

-T Side view 50 

J - ~ 18 mesh screen 20- l'-

- 20Sampler I -

End view 

87 75 Top vie~w:: 

280 mm 

50 Side view 40 

-]20K-Pan 
End view 

,.---Sample slot 20x50 mm 

- \ \Rubber band 

Assembled 
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Note: The 18 mm diameter pipe and cotter pin will be supplied by USDA. All dimensions 
are ± 2 mam. 

18 mm diameter pipe 

Short metal bearing top & bottom 
Wood block 80 x 81 mm 

Tail 

Steel banding 1 x31 
1370 mm long 

mm I 180x200 mm 

I - -9' 
Teflon wsher Wood screws 4mbl't 

Steel wse 

Cotter pin 

Side view 

22 

-4290 4375 

750 

Top view 

Mounting section 

1,14
 



Appendix B USDA Wind Erosion Equation 

E = f(I'.K', C', L', V) 

where: 

E = Computed soil loss (short tons per acre per year); 

' = 	 Erodibility index, obtained from two components: I - soil erodibility, dependent 
upon soil cloddiness (specifically percentage of soil fractions with diameter 
>0.84 rm), and knoll crodibility, which varies with length and degree of 
slpe; 

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

3

C' =A climatic factor = 34.483 v

(P/E)2 

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

L'= E,.Ivalent field length - distance (e.g. field 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 of 
within + 30' (<a) of wind direction, and proportional to cos a otherwi-:e); 

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" - 1.69V + 2.64v 

where: Ep is soil eroded during wind action in time t = 15 min (g m-2); 

P" is the content of nonerodible particles in the soil (>0.8 rm) (%); 

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

v is wind velocity at ground surface level (5 cm above soil surface) (m s-1). 
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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 = -4.1 + 0.24 (CI) (r = 0.68) 

where: 

N = Nunber of dust Storm days: and 

C3 = Previous three-year average of climatic index C. 

C1 =34.483V. 
(P-F) 2 

where: 

C, =Annual %kindcrosion clitmatic index;
 

V = Average annual wind velocity in mph corrected to a height of 30 feet; and
 

P-F = ThornhaItilC effective precipitation itndex.
 

This nCwthod is pri marily usedI C ierC residue crops are grown each year. 

Fryrear (1981) ,Method of' 1;stimaling Number of I)ust Storm Days 

Y = 9.79 4- ).0)205 (BSI)r 0,69) 

where: 

Y = Number o dust storm day's. 

lDec 
BSI = n 2 =Big Spring Index (- W)

PSep 

where: 

1- = Monthly total evaporation froin open pan; 

1P= Monthly total precipitation: and 

W = Monthly total ol daily average wind velocity at 2 feet. 

The FryrCar mIctho0d is satis'actory for areas where little or no surface residue is produced
and where spring tilhiigc is used to control wind erosion, If precipitation is above nortnalIor the ionths of September through l)ecciber. there will be sufficient soil moisture such 
that tillage will be very effecti'e. 
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Measurement and Characterization of Soil-Water Relationships 

D.J. Mulla 
Washington Stae Uniiersi, Illioiy. . 'ti0inotl,USAm 


ABSTRACT 7.' n/u'rist/r nt t/.soil watiter content and soil water potential are critical Jbr 
eticient t,,,Ulgte'llilt of atgricultura laimi. A knowledtc ofthest soil-water rehitionships.fiwilitates impoved irrigation.sclucdlilig and croppingt, decisions. hiati-lition, physical 
lp'opertie.s ol/soil .su'h (I.%.(i .tcnth d pcrilclahility, and the(partitioningof, 
compollent. o!/I wh (1v11Iortionl, rtumo.ll'ater bi'd,'cl int[o drainage, and storage are related 

t~lt 0// +til/ 

water cot/llIt, (1 t ter polcit 

to /hili( f ',il w,,t'/'/ 1//I ot'ntial. IIi Ilhi.spuqp/'r, /m/i/eid' for/ lmeasuriing 

lia illt di, '/.vivd. .A]/riel ch ription of instr/ltll tatiol is 
./il'o with / lts.si llt it l /Alti /'t /ch Int'lodtis asel .lli /t '/ lit' t/ti /i iI it' 
Recoin/ ndatioii.s are madt/ c/,,ardi/nL, th /lopt/)tiain,conlitiol/ i /ill/iheach/ / 
ftt f/i.///i / iII/ (I list' hlI*ntttd,(.Vt and dits /. .j//reach meilod is givei .scai i/i/l.s Iidl 

cthli.ftohii /ibe /lt,Ilc:'stlri/tNol msttutrc cl'/tc/P inc//nude tra'inetric, netroi-probe, 
/'eatie i/'rIpV I iqI c.. P/Ic:InclL' cm'tllI/i'.ioil tcr'' poLtllial livdr tell.iol clr. *'lltu 
PrI' tN rICplc.s, nlloi.slutrc bock S, p]c rometer'N i.% IIIlld IItr-o'tt h.\t (iscus.sci. 


l.li till l '/tl.,i ' 5 i soil malric 
toe /llil[//ti I ki ' L' // ' / '//llciilr all oi tAsllre 
/tolitiont heiL/ [ o/ 'lli riii'/ l i%de rils d./lr the gieat/iati/ 

C/i/fI/LI i/Ci//s/ t t' 

Introduction TIte i l t(I' ' ilelois/tIr/ /tsiport/ce /lonil, c i the /energy i lhh w itc itisheld ininll n and 
tileoil ,,hould n t h /t//e i/ii situ. /i//lt il prmp-li ti these sol-water'derstlIdoingij,,it k,likcl; I()drtm'g 
IleteortolhLgical irt'-c"csse oi \ater is,essenltial f'or tile germinaltion 0ofseeds, 

rcltims 111M il ptN)O d~ricultural, lIvd.rohogical. and 
, ,,ill i'rut.";ill 


, id LI kl"thel. 
regions. It 1,itkl ic h me.diutm inlv,hich and(.tilesubhstanc+.e used 

t11C grmOkth 0I irp uals 11I,n determineCs the crop yield in seirmrid 
mfldte ti-illiport occurstl+>, inl 

irrigation Mid i rclVaklnIti lno!tsalline so ils. Water is it dynamic quanltity. \0101l is 
partitioned a mn,lidialt+,loicd IlltileSOIL. dra:inlin_ thrlough tile profile. evaporating to tile 
atiltlsp/ere. i/i l //Iin ;Illtie stilsurlf/ce. Wate/r in soils allects physical properties 
suell as "oil peIlcabilit\. ",tc'llth. alhbud>. :nId tCnmperature. 

Metitds 10r ///easuriing ,'Il/er inst/ils have reviCwed in severalCt/I/ktill nd pt/Cntiai been 
texts and pIel.', ((ia//ncr. I9(T5:Ilank, and 'A.sicrtit/. 198(: Ilo nes et al.. 1967: 
Marshall and IHolmes. I979;- l/P,/tlick and Ca/nplell . 981: S1 .1ch//ugge taL. 1980). In 
this paper, a c//lllpa/lis /ll iI/Id Ct/Iiat (It' ti/e I/I/St l)0IpLlhI/" th.C//iques fL' lI/eaSUring water 
Conte/t llIl//li pt//ell;IIi prh hlie will be t(i general principles,h .',cnc/. c/nphamsis 
instu/li/tl llt it/n,I/rid ad\illl C,1-ti' i \anI//luC0s i liftle /ecl//iqtles. (ravir/etric, neutron 
probe. and /lmici/kViVC L,,'lILLts 1br' /It//itffi/lr',stil Water Co///tent will be discussed. hrile 
ise If, tel/siln/eter',, ]p'C,SLlC plltes., mno/isture ilocknId lierlm/couple psychrormeters will 
he discussedA for l/'siuil pote/ntial.aMIsu \%Il/tI 


Methods for Measuring (ravinetric Methods 
Soil Water Content 

Gr.i'vi//letric iellio/ s f'or IleImlsu'il/C soil ,.lter c//tnte an /l g the /i/st direct and 
/CClrate1'all Ilethodhs l\ailahle. A J1/,I.l/'l1lrV 01' ti/Cir Uses and advantages appears in 

Table I. Two \'pes il rlvilictric neasI/rCniellrtS I//I1V be Olbtained. LIeperiilIg upon the 
litllLOd /sed i cCl soil from tl/e field. 

When soil SailAles Me ct/liecCd \ i/I / auier. sl/i/el. oi- King tu/be. the normal approach 
is to deterlmi/c tie wCelnus ofti /e samnple t/i i ///11s hIlsis (kg kg-t ). The value is obtained 
by determining ti/e mass ,Iftile saihi.c wic/i it is c/ICCCL I'rln tie field, as well as the 
mass of the sall/ple after 'c/-l/'in alt1(05 C"ftor 12 1h.Tle /1/ass wletless (w) is: 

w :- IM , I-N,) ,I'- NI, Ill 

wi/ere M, repr'csCtIs the mass Itfwater in I/i sample Ind M, is the mass of'its solid 
particles. Tlle i/Iss wCtnsCs is i/h/s CLIivalent to the quantity (wet mass - dry rnass)/drv 
Imass. 
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Table 1. Summary of the Uses and Advantages of the 
Gravimetric Method of Measuring Soil Water 
Content. 

Gravinietric Method 

Works best for: Infrequent sampling in uniform, medium textured soils. 

Not suited for: Frequent sampling work in rocky, gravelly soils. 

Advantages: Accurate and inexpensive. 
Disadvantages: Time consuming, destructive sampling required. Care must be taken in 

heterogeneous profiles to take representative samples from each 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 (m 3 m- 3).
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,): 

a = I(M, + M,) - Mj/(pwVt) [21 

where pw is the density of liquid water (approximately ;.0 Mg m-3). Alternatively, the 
volumetric water content can be calculated if the mass wetness and soil bulk density (ph) 
are known, using the relation: 

6 = (Pb!Pw)w. 131 

ladiation 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 easier, 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 Noffiger and 
Swartzcndruber (1974), Schmugge et al. (1980), and Marshall and Holmes (1979). 

In the neutron scattering method, a probe containing a source of fhst neutrons is lowered 
into a access tube to a desired depth in the soil profile. The access tube must fit tightly
into a hole drilled into the soil to insure good contact between soil and access tube. As 
fst 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 elastic collisions with hydrogen nuclei the neutrons, if scattered hack to the probe, will 
be slowed down sufficiently to 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 milliCurie (mCi) of a mixture of 
Americium and 3cr'lliun . Neutrons emitted from such a source have an energy of 
approximately 2 million electron volts (McV) and a velocity of 1600 km s- 1. File detector 
is only capable of sensing scattered neutrons having an energy of 0.03 eV, which 
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Table 2. 	 A Summary of the Uses and Advantages of the 
Neutron Scattering Method of Measuring Soil 
Water Content. 

Neutron Probe Method 

Works best for: Uniforni, medium-textured soils. Long-term experiments at fixed 
locations. 

Not suited for: Mcasuirements near the soil surface or in shallow soils without 
specialized cqtipment. Rocky or gravellv soils. Soils containiq
appreciable boron or chloride. Highly stratified soils. 

Advantages: Frequent saiipling at One location possible. Measurements are made in 
situ and arC nondestructivC. Results do not vary with temperature and 
pressure. 

Disadvantages: Radiation hazard to operator. Limited, variable spatial resolution 
(10-25 cii radius). Expensi,,e equipment. Unable to distinguish 
between liquid watCr and ice. 

corresponds to a velocity of 2.7 kil S '.The detector is suspended on a cable which 
transmits the resulting signal to an amplifier. discriminator, and counting device at the soil 
surface. 

The number of couIns liri obtained with the neutro probe in the field is used along 
with a calibration curve to compute volumetric water content. A calibration curve usually 
can be described using a linear regression expression of the form: 

0 = (R,/R,1)b - J 	 [4] 

where Rs is the counting rate inthe field; Rt, is the counting rate for an access tube 
placed inpure water: b is the slope of the regression line; and j is a constant that accounts 
for background corrections and inIstrument Lcad time. Although manufactuers generally 
supply catlibratioi curves 	 their instru itents, researcher shouldwithIlie pfrCIiase 01 tile 
p.riodically establish new curves inorder to correct for changes due to electronic drift and 
to variations in soil properties. Special prccautions are required in constructing calibration 
curves inswelling soils (Jaywar-daiie 'la. 1983). For measurements near the soil surface 
(within about 25 cmi) Iieutron r'Ibe liCis are inaccurate, and should be replacedrl reliients 
by gravimetric easurements. A ,umniary of' the uses and advantages of the neutron probe 
appears inTable 2. 

Time Domain Rellectomietry 

TDR is a Mcthod for iCau ring tile vOluiictic water content of'a soil. It is based onl the 
principle that tiletimc required for a pulse of' microwave energy to travel between two 
parallel probes insertcd into the soil w ill increase as the soil water content and dielectric 
constant increase. proibe length uponThe transiiiission litiie depends upon tile as well as 
the dielectric consittl of the soil, and these two factors can le used to compute the 
dielectric constant of" the soil medium, K. using the relation: 

K - fct/2l.)j-	 [51 

where c is the speed of light: t is the nicasured transmission tinie; and L is the probe 
length. A calibration curve can 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 I) is given

by the relation:
 

0 = -5.3 x 10.2 + 2.92 x 10-2K - 5.5 x 104 K2 + 4.3 x 10-6K3 161.
 

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 et al. (1984) has show that the TDR method can 
also be used fOr simultaneous measurements of soil water content and electrical 
conductivity. 

Physically, the TDR unit consists o1 a signal generator for the broadband microwave pulse(I MHz to 500 MHz). a sampling head, and an oscilloscope to display the reflected 
waveform (Figure 2). via aThis unit is 	 connected coaxial transmission line and an
imped;,ncu 	 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 30 cm8 cm to 50 cm, with a length -:' being optimal for 
measurements in the rooting Good contactzone. between the probes and soil is essential asthe method is sensitive to the dielectric properties 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 tl'cir entire length. 
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Figure 2. 	 Schematic Diagram Showing Typical Instrumentation 
Used in Time Domain Retlectoinetry. Vo, VT and VR 
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 easily 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 dilicult dec to problems in inserting probes into the 
soil. A summary of uses and advantages of time domain rellectometry appears in Table 3. 
Soil Moisture E uipment Corp. (P.(. Bo)x 30025, Santa Barbara, Califcornia 93105) is a 
commercial sup)ler o1' a TI)R unit (IRAMS unit) which is portable and automatically 
displays soil voluimetric waler content at each sampling location. Tektronix, Inc. supplies a 
TDR unit (Model 1502) which is suitable lor theoretical research in the laboratory. 

Whereas soil water content is a measure 1of the aniount of water held in soil, soil water 
potential is a ieastre of*the potential energy with which a unA nass, volume, or weight 
of water is held in the soill matrix. The SI units I'0ir water potential expressed per unit 
mass, volume, or weight of water are Joule kg t (J kg-1), megapascals (MPa), or meters 
(m), respectively. Note that soil scientists traditionally have used the units of e'ars to 
express water potential. In the SI system, 100 J kg 1 = 0. 1 MPa = I 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 Reflectonietry 

Works best for: 	 Measurement in uniform, nmedium-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 
electrical conductivity simultaneously. Distinguishes between liquid 
water and ice. 

Disadvantages: 	 Limited spatial resolution with depth. Expensive equipment. Limited 
testing in field experiments. 

Plant stress is dependent primarily upoll the water potential of the soil; i.e., the energy of 
water held by the soil. Water stress may be equivalent in a coarse-textured soil having a
volumetric water content of 0.05 and a file-textured soil having a volumetric water content 
of 0. 15 if 	the water potentials of both soils are equal. 

By delinition, the water potential is mcasured relative to the energy of a reference pool of 
pure water at a specified elevation, pressure, and temperature (Papendick and Mulla,
1986). Conventionally, this reference po )1 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 depth it flows from
ione to another, a region of higher
to lower (more negative) total water potential. Conventionally, field capacity water content
corresponds to a water potential ranging from -'. 01 to -0.03 MPa, while the permanent
wilting point (PWP) corresponds to a water potential of about -1.5 Hence,MPa. 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, 4J. refers to the total potential energy of water in the soil. In 
unsaturated soils p is nornially a negative quantity, 	 tosince energy must be expended 
remove the water f'ron the soil. The total energy of the soil water may be determined by
several different types of forces acting upon it, including the forces of gravity, ion

solvation, hydrostatic pressure. ad,:orption, and cohesion between water molecules. Each

force can be associated 
 with measurable components of the total water potential using the 
expression: 

(P = q)9 + (PI+ , + 4j" [71 

where the 	symbols LP, ,qj1,tP , and 4j,refer to soil gravity potential, pressure potential,,
matric potential, and osrnotic potential, respectively. The gravity potential results frori the
force of gravity. It is zero at the reference elevation, positiv, .bove it, and negative below 
it.The pressure potential results from the hydrostatic pressure of water and is positive
below the water table arid zero above and at tilewater table surface. Matric potential
results from the forces between soil particles and water. It is negative in unsaturated soil
and zero below the water table or in saturated soil. Osniotic potential results from the
forces between ,.ater and the ions or solutes in the soil, and is always a negative quantity. 
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The osmotic potential at saturation, Lj,,, can be estimated from measurements of electrical 
conductivity (E.C.) on a saturation paste extract using the expression: 

tPo = -0.036 x E.C. 181 
-
where E.C. is measured in mmhos cu 1 and osmotic potential is expressed in MPa. 

Papendick and Campbell (1981) give an expression which can be used with Eq. 181 to 
compute the osmotic potential at any water content: 

4,,= 4J (0,O) 191 

where 0, is the volumetric water content at saturation. In Eq. 191 it is assined that no 
changes in ion activity occur and that no precipitation occurs; therefore Eq. 191 gives only 
approximate results. 

Methods for Measuring Most inethxls for measuring water potential involve instruments that are specifically 
Soil Water Potential designed evaluate only matric component of tileto tile total soil water potential. Estimates 

of the osmotic component may be obtained from Eq. 181 and 191. The gravity component 
can be estimatud (in Pa) from the expression: 

4U = -gz 1101 

where g is acceleration due to gravity (9.8 in2 s-t ) and z is the distance in n between the 
specified de.pth in the soil and a reference plane at the soil surface where z=0. The 
pressure potential may he estimated fron, the expression: 

4Jp = gz 1111 

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 
(flanks and Ashcroft, 1980). A tensiometer consists of a ceramic cup connected via a 
continuous column of Waer to a vacumlLIi gauge which reads from 0 to 100 centibars 
cbar). The tensiometer is installed in tile so with soil.soil that the cup is in good contact 

Equilibriul between the tensiomcter and the soil water is established by 'ie movement of 
water and ions through the porous cup. The vacuum established inside the tensiometer is 
read on the VaCllm gauge and converted to matric potential using the expression: 

t1m - -0.001 x (gauge reading) 1121+ gz 0 

where z is the distance in m between the gauge and the middle of the porous cup and tLiIn 
is expressed in MlPa. In practice, the last term in Eq. I1I1 is small and can be omitted 
with little loss of accuracy. 

Air bubbles inside the tensioictcr column Must be completely el;minated for the system to 
work properly. To achieve this, the colun must be filled with degassed water obtained by 
boiling the water for several minutes during evacuation. Tensiomneters are not usable in 
dry soils having a matric potential less than -0.08 M Pa due to cavitation in the hanging 
water column. Hence, the range of' operation for tensiometers is limited to soil water 
potentials from 0 to -0.0t8 NPa; this range is characteristic of fairly wet soils. Another 
limitation of tensioieters is that they are sensitive to temperature fluctuations (Taylor vI 
al., 1961). and readings at different times of the day may vary. A summary of the uses 
and advantages of tensiomcters in measuring soil water potential appears in Table 4. For 
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automated 	 recording of tensiometer.;, the vacuum gauge may be replaced with pressure
transducers sensitive to pressure changes in the water column (Schniugge et 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 drier than those mnitored with tensioiiicter;. Soils that have matric potentials as
low as -1.5 NI Pa ulnv he studied with this technique. A summary of the uses and
advantages 	of the prepssure plate in nIeasnring soil water potential appears in Table 5. 

The pressure platc method involve>s the [Ollowinc steps. A dry disturbed soil sample or an
undisturbed soil core is placed on the presiuic plte and very slowly wet until saturated. 
The porous plate iS placed in a Sturdlv steel chambler which can withstand as much as 1.5 
MPa of applied pressure. The chamehr is scaled, and air or nitrogen gas is applied to the 
chamber tlisin2 it iac.2tlator to contrt)l pressure. 

Table 4. 	Suniniary of the Uses and Advantages of 
lensiomeiers in Measur-ing Soil Water Potential. 

Tensiometers 

Works best for: Moist sol. 	Irrieation scheduling. Repeated measurements at fixed 

locations. Rapid survey measurements. 

Not suited for: Dry soil. 
Advantages: Inexpensive and easy to install. Rapid and accurate measurements. 

Measu renients are nondcstructive and in situ. Automated readings
possiblc with pressure transducers. 

Disadvantages: Limited to a range oI fromi0 to -0.08 MPa. Porous cups are easily
broken during installation. Pores in cup may become clogged over 
time. Water ill column must it, refilled periodically. Readings are 
scnsitiVe to tCllperalurc luctllations. 

Table 5. 	Suicnary of the Uses and Advantages of the 
Pressure Plate in Measuring Soil Water 
Potential. 

Pressure Plate 

Works best fIr: Disturcd soil samples. 

Not suited 	for: Rapid mCasurements. 

Advanta'-es: Used fOr determining soil moisture characteristic curves. Large range
of' inatric potentials ((0to -1.5 MPa). Several samples may be analyzed 
simultancously. 

Disadvantages: De. tructive sampling required. Time consuming measurements. In situ 
measurements lot possible. Moderately expensive equipment required. 
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Once the gas pressure is fixed, water and solutes in tile soil will pass through the plate 
into a body of free water below it at atindspheric pressure. When equilibrium is attained 
and water ceases 1toflow ihrouoh the plate. the t(tal water potential of the soil water is 
zero relative to the free water below the plate. Hence, the malric poteitial at equilibrium 
is given by: 

-P, 131 

where P is the ipplied (constanit ns prss tUein NIPa. Attainment of equilibrium generally 
requires at leat one and iSull\ t5%o diay.s fr+oMllthe oJnset ()f presSlr'e appliCation. When 
equilihriumn is re;ache,:d till as iresso re is relealsed. the sill samples are removed, and their 
mass basis water cotltclll isobtainCd uin I'. I11. New samples can be prepared to 
deterinelllc thirl Iistllm ctIlteCnt ill malltci' potnclltials. 

The r'elatiohl Ct cuH ui islUir 0t.'tCnIt ailmltr over the range jloin 0 to -1.5llill'iC IpOtential 
NPa is casmi dcirliied :[,, outlined ailhc iisiiig a pressue plate. This relationship, 
kio',n ats the moi-,tuic iii'alcteoislec curse.. ( linrc 3). is (one of the , ost fLndamental and 
ilnipotallt ()Ill LicktiouIs ill ilLriCilturC. It is used il deLemining the alnIluut of plant 
availablh \watC ill a soil, and lIlullaCs 1hC p1)101Iid diff eeCcs il aV.teholding capacity 
let .en s diffnCCt tCturCs. (ItHCe ield matric issoil i a ,inatSUrCiient of soil potential 
mLCade f'r a suil hoe oistl'e characteristic ctursc is known, the water Content of the soil 
at that mnatri. pteiltiil l he dCtcrmneiCd t I cC-V 1,sia). 

Moisture lBlocls 

EfectrodCs plaiced in atplt)(ois bhck ofI fiberglass, gvf)iiin. or ceramic are used to mlonitor 
the r'.istancC i o(re1iO ,LUI.(1lIt) ill equilibriumii C.lue oI' Watter with soil water 
ousidC the hh,k. As ctcrnal v,;tcontClt Clln es. water alld solutes arc free to move 
thrmgh the pru,-, hick ujitil ej(iuililriml is reestablished. Thus. tile mnoistlre block 
readings iii + iidi e,.til elated to soil u10itri0 p itential. A calibration curve relating 
condtitanlCC t0 ulitic )otCtiil for the moitule boek ()Figre 4) can be easily determined 
inl the labmati m h\ pliacilng, saltiilited tllo+isttl'C blocks t a certillic plate in a pressure 
chamher and cordin heir coMductLncC at cach o)f several applied gas pressures. 

Oanu. to 
of, the soill sotlulion st thail the iuldiii.,s arlc less allfected hv chanlges in solution 
c01cClltlatioii ofI solutes tmii lC;tdimis sith filbeIgltss locks. Fiberglass blocks have the 
ad+V+antalC 0f no(t dismiltCgiatiiig duriu. ]hMg-1,erurn usage il the field. The blocks must be 
installed iL the soil, and good contact Ict.scu the soil and bhlocks is essential. Readings 
are veI'v sensitive to the clfcts of tclliperattirc fuctlatti s. and speci. l pr'ecauti)s must 
be taken tm)couinisatc fr tlihcm (\Willomghb-y and (',iuiiie. 1985). 

(ypsum hlIhks hae th1Cd f hCiiIable btlflr chingcs in solute concentration 

, useful itl 
aflcTcling irrigatioll schieltdiig. (Cm and Fishe (I 983) have described a simple electronic 
system Capllile of contrlling uricgation decisions with a network of gypsuim blocks. A 
suimtniry (I the 1uscs, and advantiages-, ofI gypsm bhlcks iii measuring soil water potential 
appelis ili Table (. 

Gp)sutn bhloks Nc for uuomiioi.u2 soil water potential the field for decisions 
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Figure 3. Typical Moisture Characteristic Curves for Soils with 

Sandy, Silt Loan, and Clayey Textures. 

Thernocouple Psychrometers 

A thermocouple psychrometcr 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: 

4Jrn+ tP,) = (RT/V,) ln(rh). 114] 

In Eq. J141 the symbols R, F, and V1, reprcsent the universal gas constant (8.31 x 10-6 

m3 MPa mol-IK-1 ), the absolute temperature, and the partial nlolal volume of water (1.8
x 10-5 m3 mol-I), respectively. Thermocouple psychrometry is a very accurate method
for determining the relative humidity to within I part in 10,000. This determination, along
with the expression in Eq. 1141 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 -ind 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 dissolvc). 

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 he 
calibrated individually. 
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The basic component of thermocouple psychrometers consists of two junctions ofdissimilar metals. Commnonly, a chromel-constantan junction is used for measuring the wetbulb temperature of the sample chamber in which the soil sample is placed, while either achromel-constantan or a copper-constantan junction measures the dry bulb temperature ofthe sample 	 itself. The reason fbr measuring wet and dry bulb temperatures is that they are
related to the relative humidity through the expression: 

rh = (p',,wp'o) - 0.495(1-11 - Tv,)p'0 1151 
where T, and Tv. are the dry and wet bulb temperatures, respectively, and P'vw and p' 
are the saturated Vapor densities at the wet and dry bulb temperatures, respectively. Thetemperature 	difference between dry and wet bulb chromel-constantan junctions is directlyproportional to the voltage output of the thermocouple psychrometer as shown by the 
relation: 

V - (60 iV/ 0C)(T -T,). 	 1161 

In practice. 	 the fiollowing approach is used to determine the water potential of a soilsample in the laboratory. Tables given by Wiebc et a. (1971) are 	used to determine thewater potential of salt solutions at known concentrations. As an example, a range ofconcentrations in KC I solutions can be used to obtain a calibration curve of water
potential versus output voltage fbr :he thermocouple psychrometer (Figure 5). Using linearregression, 

found to be: 
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the relation between output voltage (V) and water potential in Figure 5 was 

-5.08tp + 0.521. f171 
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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 KCI 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. 
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Tab!e 7. 	Summary of the Uses and Advantages of the 
Thermocouple Psychrometer in Measuring Soil 
Water Potential. 

Thermocouple Psychrometer 

Works best for: 	 Laboratory measuremints 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. Moderatcl,' expensive equipment. 

Once the form of the calibration curve is known, soil 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 et 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 c;,uses 
the junction to remain at the wet bulb temperature. When this occurs the psychroneter 
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 iv the chamber containing the soil sample. 

To a~oid 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 chamber and prevent temperature 
fluctuations. Decagon Devices Incorporated (N.W. 115 State St., Pullman, Washington) is 
a commercial supplier of' a thermocouple psychrometer (model 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 easy to use due to extreme 
sensitivity 	 to temperature fluctuations which occur in the field. A summary of the us',.s and 
advantages 	of the thermocouple psychrometer appears in Table 7. 

Empirical Form of the As mentioned previously, the relation between water content and matric potential is known 
Moisture Characteristic as the moistur. characteri! ',c curve. The form of this curve has been correlated to the 
Curve physical properties of seils by many researchers (Campbell, 1974; Rawls t al., 1982). A 

commonly 	 used empirical expression for the moisture characteristic curve has the form: 

tII = -AEO3 	 1181 

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 field, the use of Eq. 1181 
along with a measurement of field water content offers an alternative method for 
estimating soil matric potential. 
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Saxton et al. (1986) have determined the relation between the constants A and B in Eq.[18] and the physical properties of over 2500 soil profiles in the United States. Theserelations work well for soils with clay contents of less than 60 percent and for matric
potentials less than -0.01 MPa. Statistical expressions for A and B are of the form: 

A = exp 1-4.396 - 0.0715(% clay) - 4.880 x 104 (% sand) 2 
[19] 

- 4.285 x 10-5 (%sand) 2(% c!ay)] 

and 

B = -3.140 - 0.00222(% clay)2 - 3.484 x 10-5 (%sand) 2(% clay). f201 

For quick estimation of matric potential using Eq. 1181 to 120] all that is needed are themeasured or estimated values of' soil water content, clay content, and sand content.Estimations such as these may suffice in situations when the actual measurement of matricpotential is impractical Or Unobtainable. Caution should he used in applying the aboverelations, since they are developed from information on average soil properties in North 
America. 
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Water Use Efficiency 

Crop Water Use Efficiency 

P.J. Gregory 

Universit' ji'Remin., RCadint,. tKnglanl 

ABSTRC'I t,l'et/c'cicnt u.c 0/ / iscrux loto impro'ing crop yields in the Near East 
alil North A/H 'cawhr' ' 'ultivated land receives less than 400 miu9.5i't'/'nt o the 
rail/id! cmnnull v. I/Clt /cr to increa.t' dr" natter produc'tion and(crop yiels, farmers must 
ilicea.c' th a/munticlof t(lf'r availab'leh,to thc cro, ti(' water use efficiency (WUE) of a 
cro/), t/it i.s.hecratio /,tl-cgoun'roiid r'Imittcr production to the crop 's 
c'/'c/pt/l/l.cpir' itl.it ot lhitre in,'ic/ or .se/'ctin, Cle) rootin, crop)varieties such 
Isitc,harI'ct vari clirab .Ihitid, wh'ih c.11iexploit .soil water stored below the dept/i of 
wettingii,',
ft No 11tt/'4)A I f lc''l tltc' " liTii////c' Propercropiic' cl .ii"c'i)/ ,ropgrowtlh.
Nc''tit t ci /n l t '
/ gi, ,1 i IIt'(/-. related to theC l /It/ t i/i 'rc/Asc Sintc I'E isdirectli' 

il'r i I/]ol" iti/l/od'il'it b// iit
/ 'll t it (tuI i cl ti A t'dit '/l''CI/ic'ic'/At 'ci ll itles /)v growving
 
Itro/I dill/ill' ra/i' t'ett/ioicthci iic vttraiti/(h/ic'it
/it' i. oiw. WUt as uleined here (al
c/.o ic'iccrct! /hc t/lde/iii ii,'tclrw rel tivcbllirt j/ii/'/ to stoil i c'tt' Thisevaporation. can 
h' acc'mAnclith, I.c cil'Ili' , mlliniunm iilla.c,t/lth ic4/ifit' o/ aild other soil and water
 
('01//i''iltion fal-c'tt'c 
 Soil ttlt'l" 

c ,/if'rti':''r' 


i/h'h rca,/c cv/poratioll. Optimal plat Populations
i/i c/ti4 /1 ilt Ii' i/utid 'clel t ient,c r t 'm'c/ also red cin ev'lporative


I, tf.iom tht stl. l'itsc cc,'r't'ltc/ti l /lr/lt'tic cA c.cAtI al/tc'e/ic'tives to the traditional
csc'l 


ctii tt/ai/l a/ic./Iti A'tc1/1 ((i ill/ot' crOip produ.ctiotn ill sc'niaridlairds of thefitc, 

Acedit''ci,
tlC /i.
 

Transpiratitn i,a lest.s"ic 'lsqucti c t I'fplant growth. In rainled areas where water
 
lreutlCLC rid pi'ttductiiri efficient
3l\ IiIIts, a iN'tlut tile use of waier is crucial in improving
yields. Il lie Ncar Las: and North Africa. the area tinder cultivation is about 87 million
 
ha. 60 percent coff his i rain Ld alnd 95 percf-cent of which receives annual rainfall less

than 16)1i ( iar. I90)C. A00t1.2h 
60 pcrcent of' the 250 million people inhabiting the
 
arid lands a-rcti raueali arecdit.' inrainfed agriculture, these areas
the acengaged 

contrihute less thlanie third ifl I tital aericulIlral output. The increasing population and
 
pressure cl the laud require t1at ciduciicn is imprc'ed. 

In addition tcc lh., thcr therainlfall, i,, priblem ci seasonal variability in the amount of
rainfall recii sdI()cSl r Ct'lltClI... 193. fIr an example in Northern Syria). Variable
 
aHmunt f rain ucaj Chat itthe pat, aerilttral practices have been designed to conserve
 
waler andil elnistren 'tl terui i[ttlutLIau illthe rgicn. If' there to be future increases in
are

priduCtitn, then atCr Mill ha\e c1 he Used as eff'iienttly as ptssible. In this paper I shall
Outline liet utOi'al basis o'file relation hel\mcen growth and water use and show how
 
ilallnvalicill CIll chan C lineaiilti cf' gri wtli per unit of' water used. 

Water use fIlestrieficVt[l / has bccn defined ii mIany ways but is most commonly
 
written:
 

Yie ldlImt'r arcaturail 

\VI]I-
 [..I]
 

\Vator u21'sed yielditprcitUCCe'e 

Yield is frecLictsli\ ele asI ,rii. iCId . but in IallrY agtricultura! systems the straw also 
has IIritantit ec/litlnlitlc \'1tic. C.,spt'iallv in Iec harev/sheep alrtlgoat system cornmonly
practiced itl the Near Fast and North Africa ICARI)A. 1985). When yield is expressed as 
abovegrnoulld dr Ihllt. thi\ mitle' of' the rcot systenl is ignored. The ratio of' root 
weight to t ltall)lalt k'kteit1 Is 1 pieall 0). I at ratlfrit,, incereal crops grown in temperate
regions ((G'eec'rs ctc/..178). hut illdrier envircmntents with no fertilizer applied (grain
yield cf bil\ -1.4Ih iOte rlaiicmcicrcases tchabcout 0.2 (Gregory ct (l., 1984). The 
WatCr Iusc iileric/liitlilt' iias) be itt if' ways. ItIteLtl m expr'essel a rumitllber is moist usually
deInited as the thLal ccater use CccaptitranspiratictC ilctrirg the growing season and less 
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Growth and Transpiration 

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.. fallow/birley (Bolton, 1981 ), as the 
rainfall between planting in one on tile or as the rainfallyear and planting next occasion: 
in the growing period of tie crop. Strictl. the use of the word efficiency is a misnomer 
since efficiency is a comparative term i.e.. dimensionless, requiring a knowledge of the 
theoretical maxinim value. Some workers therefore prefer to use the term water use 
coefficient rather Ihan[[%\aterusc efficiency. 

The early pioneering vork of la es (I 850) established that the amount of water transpired 
by plants in the production of' dr\ inlatlc il fi'red and that the addition of manure 
generally increased dr\ IIutter productioll per unit of water use. For example, wheat and 
peas produced 4.04. I) and 3.80 v 10A g dr milatter g-I water transpired, 
respectively. whenl nmanu rCd. but 4.50 X 1I and: 4.74 x 10 3g g-. respectively, when 
inanured. Sinilarl\, [able I sho%\s a \5 idC range of water use per unit weight of dry 
matter produced an1d thiat \ariati,ll, inI climatic and soil conditions alfect this value. de Wit 
(1958) resi e\cd man\ experiiiieiits in several contries .and established that crop growth 
and Water use coulh ldecmpiricall related h: 

Y -=imT 10 	 121 

where Y is the dry matller Old . T is tie water transpired. E( is the average rate of 
evaporatioii Ironi an open pan. and iii and miare constants dependent on the crop and 
location respecli ely.\ [le anal\'sis %as applied to crops fromn sowing to harvest. Table 2 
shows values Of In and ii deriVed for diffrenlt crops ill tWO countries. In temperate 
regions. c.g.. lie Netherlands. n equaled (0 but in more arid environments n equaled I, 
indicating that 5\\,eatl,,e waselicient\ directly related to evaporative demand. The 
theoretical hasis of illreIlatolls has recently clearer: it helps to explain thehese becomie 
results ciLed r\Vi0IoIsl,, and also to ildicate le ffelcts that different management practices 
may havc. 

TFable 1.	istimates of the Atnoutt of Water Transpired in 
Producing a Unit of )ry Weight (results from 
Briggs and ShaItZ. 19 13). 

Crop 	 Water Transpired per Comments 
Dry Weight Produced 

,4 K-I 

Wheat 51)7 Mean result for all 
Barley 539 varieties grown at 
Sorghnum 306 Akron. Colorado 
Pea 800 1911 
Potato 448 

Mean of 1910 and 1911 
Wheat 556 Akron, Colorado 

763 Dalhart, Texas 
Sorghum 327 Akron, Colorado 

336 Dalhart, Texas 
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Table 2. Values of Constants m and n 

Determined by de Wit (1958). 

Country Crop m n 

- "1
kg ha1 hMr
The Netherland; Oats 26 0 

Sugar beet 61 0 
Peas 34 0 

I-1 d-1
kg ha
United States Sorghum 207 1

(Great Plains) Wheat 
 115 I 

Alfalfa 55 I
 

Transpiration (T,) and photosynthesis (NI.) of leaves can be described in terms of the vapor pressure gradient and difference in Cli, concentration between the intercellular 
spaces and the ambient air, and the resistances to diffusion (Penman and Schofield, 1951): 

Ep ei 
- e,lT' --_ e. - and 131 
p r + r, 

N .= ca- c i[
 
t ' ra[41
 

where S is the ratio of the molecular weights of vapor and dry air; p is the density of
 
moist air; p isthe atmospheric pressure; e is the saturated 
 water vapor pressure in the
substomatal cavity; c,, is the vapor pressure in the air; c,, and ci are the concentrations of

CO-, in the air and intercellular spaces, respectively; 
 and rs and ra are the stomatal andboundary layer resistances to water vapor (r'and r,'for C0 2). It follows that the ratio of 
photosynthesis to transpiration can be written: 

NL= (c - C i)(r, + r.1) p [51 
Tt- (ei - e,) (r, ' + r,.') Ep 

This expression can be sinplificd in several ways. First, the stomatal and boundary layer
resistances it both CO, and water transfer are inversely proportional to the diffusion
coefficients and the square roots of molecular weights of the two gases. Therefore theratio of rs + r., to r,' + r, is approximately constant with a value of 1.6. Second, the
concentration gradient of CO, is often maintained by stomata at an almost constant value 
for a given species (Wong et al., 1979). Finally, because the daily average temperature of a leaf is frequently close to the mean air temperature, ei-e., can be approximated by the 
saturation deficit of the air (e,-e,,) where e, is the saturation vapor pressure of the air.
With these assumptions and further assuming that crops and individual leaves behave 
similarly, Eq. [51 can be simplified to: 

N =k [61

IF es - e,, 
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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 1 shows such an analysis
for barley crops grown in l-ngland in two contrasting years; similar analyses have been 

presented 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 
field experiments and explores the uncertainties in calculating the saturation deficit term. 

Three aspects of practicai importance follow from this analysis. First, it is clear from Eq. 
161 that transpiration efficienct will be higher in humid regions where es-e a is low than in 
arid regions where e,-c. is high. Crops growing in arid regions normally use more water 
than the saie crops grming in temperate regions to produce the same dry matter (see 
Fischer. 1980). Similarly. in Mediterranean environments where saturation deficits are low 
in winter and increase rapidly during March and April. transpiration efficiency will be 
higher iii early growth than during the grain-filling period. Second, Eq. 141 shows the 
inportance of the C02 gradient. Recent measurements (see the review by Pearcy and 
Ehleringer. 1984) show that ('4 plants such as maize and sorghum can maintain lower 
internal CO-, concentratioms ( 100 to 150 ppm) than C, plants such as barley and legumes 
(220 to 260 ppm). The CO, concentration gradinlt between the intercellular spaces and the 
ambient air is therctore greater in C4 plantIts than CI plants: C4 plants will have a higher 
transpiration ufficiency. As shown in Tables I and 2. sorghum (C4 ) produced more dry 
matter per ulnil of water trNiispi red Ilan the C, crops. The higher transpiration efficiency 
of C4 plants does not imean greater drought tolerance since tile ability to withstand low 
water potentials is nt dihctl., related to the photosynthetic pathway. Finally, Eq. [6] is 
physiologically based so transpiration efficiency can be influenced only slightly by cultivar, 
waler stress, or agrolloilic practice. 

Water is used hy crops directlv in transpiration (T) from tile leaves and indirectly in 
evaporation (1F from the soil surlace: this is commonly referred to as evapotranspiration 
(T). Although the transpiration efficiency lor a crop species does not vary widely, the 
WUF based on FT will vi ry Considcrably because it depends upon numerous crop, 
climate, and soil factors. WtJIL (Cooper. 1983) may be written as: 

[7]WtIF . 

I Fl'T 

Because the transpiration efficiency is cons tant for a given saturation deficit and crop, 
increasing dry matter production in arid regions will depend on increasing the total amount 
of water used hv a crop. naximizing T relative to E for a given amount of water available 
1t a crop. or both. A range of agrononic and management practices can be used for 
changing either total water use or the balance between T and E, and the precise form will 
depend oi local soil and climatic conditions. 

In many arid regions water harvesting is used as anmeans of increasing the total water 
supply available to a crop. Figure 2 shows wIch a practice near the ancient city of Petra in 
Jordan. Water is al1c0%%L to run off tile higher slopes where soils are shallow and crop 
growth very poor. Onto the terraced valley bottom where soils are deeper and able to store 
the water. ()n deeper soils, the control of runoff is important to increase infiltration of 
water and improve crop growth. Kilcwc and Ulsaker (1984) studied Alfisols in Kenya 
where infiltration is reduced during the early part of the rainy season by surface sealing 
caused by raindrop impact. They showcd that cultivation in wide furrows decreased 'runoff, 
increased yields of mnaizc. and increased WI-. Work at ICARDA has shown that 
cultivation onl shallow slopes imay also reduce runoff and erosion (Table 3). 
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Figure I. a) Growth and Water Use by Barley Given Different 
Amounts of Irrigation; 1976(0, and 1979(o). b) Growth
and Water Use Normalized for Saturation Deficit (Day

166 et al.. 1987). 



Figure 2. 	 Collection of Runoff (Rain Harvesting) near Petra, 
jordan. 

'Fable 3. 	Effect of Tfillage on Runoff and Soil Loss 
I)ownslope on a 5% Slope at Tel Hadya (Syria) 
during Application of Water at a Rate of 50 m 

1 (ICARI)A, 1986). 

Time l)uckfoot Cultivator Chisel Plow Disc Plow 

Runolf Soil Loss Runoff Soil Loss Runoff Soil Loss 

-2 	 -2 g 1-2 miti ItItIM g mIml g I mmI 

30 0. 1 0.5 0 0 0 0 
36 0.2 I 0 0 0 0 
42 0.45 2 0.1 I 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 often employed in Mediterranean-type climates to ernsureinfiltration and the storage of water for the next growing season. However, the amount ofwater available for succeeding crops is dependent upon soil depth and soil type. As anexample, 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 aad only a small proportion isavailable to the succeeding winter cereal crop (15 to 25 percent of the season's rainfalldepending on location). Summer crops (sesame and watermelons), however, may besuccessfully grown on this stored water. In contrast, sandy soils may form a dry mvlch atthe surface, effectively sealing in more of the stored water. This, together with stubblemulching, may improve water storage; it may also increase T relative to E (for examplesin the Pacific Northwest, United States sue Bolton, 1981 and Caprio et al. , 1985). 

In some diyland areas, applications of fertilizer, particularly nitrogen, to crops mayincrease yields and also increase the total water use by increasing the depti of waterextraction th: .,gh increased rooting depch (Brown, 1971). Table 4 shows that fertilizerapplications have increased slightly the amount of water used in three of the four growing 
seasons at two sites in n(orthern Syria. 

It is frequently observed that water remains in the soil profile at the end of crop growtheven in 
deep 

dry areas (Figure 4). Such observations have led to the suggestion that crops withroot systems ought to be able to extract this water and thereby enhance growth.While this strategy may be benel'icial to growth, it will be sustainable only if the annual 

cm H20/depth interval
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 89 

1 31 2 113 2 
30 30 
60 60 

90 - Rainfall 350 mm 90 

120 - Moisture 1stored 49 mm 120 
150 150 

-a 180 Jindiress 180 Tel Hadjar 

0 1 2 3 4 5 6 0 1 2 3 54 0 1 2 3 4 5 
1 3 2 1 3 2 1 3 230 30 30 

60 60 60 
Rainfall 262 mm 

90- 90 90. MoistureRainfall 338 mmrn120 Moisture 120 mm 120 stOred 26 m 
150 -stored 47mm 150 Moisture 150

stored 36 mm
180 - Tel Hadya Breda Ghrerife 

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). 
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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 years of high rainfall. In many arid regions, then, the water below the depth of 
wetting must be regarded as unexploitable and deep rooting will not provide a means of 
increasing water use. 

Water content (mm water 150 mm ' layer) 
0 20 

1 I 
40 60 

I 
0 20 

I 
40 
I 

60 
I 

1 4 3 2 1 43 2 

-
0.6-

1.2

a 

0 0 I I 
1 43 2 1 43 2 

0.6

1.2

b 

Zero fertilizer 	 P fertilizer 

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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Increasing T Relative to E Soil evaporation is a very inrportant component of tie total water use of crops grown in
Mcditerranean environments. Cooper et al. (1983) have shown that E is about 35 and 55 
percent of the seasonal FT hir crops of harley at Tel -I:;yda and Breda in northern Syria,respectively. Similarly. French and SchuhI '-X4 ), working with wheat on a range of soiltypes 'l south Ausiralia. caculiaLd lhal F was .3 percent of FT. In Mediterranean 
climates it is cLnon lor winllr-siWii crops to coimmeice their growth in cool, damp
conditions v.ilh at in ist soil surl',ace mid ilt complete their reproductive growth under 
conditions Ot' dcplctLd soil k'aterMid an increasing atm.spheric demand for water. 

One meiis o1 rdl,.1in F: is , usc a nmlch. Mulhing materials, however, are usually
scarce in dl"\ areas lhe ,ea'sco1 IM', dry ill(lr production and they are used as fodder for 
livcslok. Iuel. and huildii! miterials. Nltlchine (,in a large scale is therefiore unlikely
although stwillclhig iav l;,' prtinprii where livestock ale not kept. 

T,'ials at ICARI), hac ",hmi that applicatiiis of f'ertilizer increase barley yields and also 
inr,'ease WUtalhTble 41.4The prii,-ipal reason fOr the increased WUF was that fertilizer
inceased the earl. 0rowtlof harleN Iy allowiiig imure rapid growth of' the leaves (see
Gregory ,; ,l , !')4 and Ciii -I; ]of. 19)87 for octails). The increased leaf area shaded 
ihe s.Oil ..,rTicc intercepting moi, , the incident radiation so [hat water which would 
other¢IKse havC il,.orated iiteiid was transpired. In the cold winter months, saturation
deficits :ie siiall !,k thai :is I:ischer (1981) concluiled ".growvth during the cool winter 
rllotlhs is cheap in terms of the tiraspiratim cost." Thle additional grOwth, then, resulted 
frn chlnging tue iM+,lanc1 1'Faiid I tlhcrel, increiising the WULE. 

It is ulliClai;i i prcseiit , hicther f'rilizi s may also change tile transpiration efficiency.
Kallsen ct al, W 84) elpinCu barley oI SVci - a rnsandv loin in New Mexico. United Statesfor two year, koili rale, Ol iitrocii tirt'lili/cr ranging from 31 to 300 kg N haI . They
foiild thil ,raini iclid wereeranspirarinliincarly related irrespective of the rate of'
nilrogCi applicati in siliirls , Walker and Richards (1985) have shown no effects of'
polassillii .lefici-nc\ nii tihe traspiraliiin cf'iciency of alfalfa and maize. In contrast,
Tanner ald Sinclair (1(1)X3i COicliCd 111W increases in transpiration efficiency occurred as
lng is di1 nliattm )roduction %\iss es than 5(1 percent of that possible when nutrients 

weCe nomil ilie 

One otlher ellecl of I'ilizelis On \VImII is iotlewortlrh. Applications of' phosphorus fertilizer 
of] scverclo P -deLfiC'iCt s,ils ill iiiirthcrn Syria generally advance the da,: of anthesis and 

lalurily by ti, It) dalim"s depending ipotn the seasi ln. This provides a nicchan isn of 
droiughtl aoidiince but ils i in.auis hil Ie crop experiencc: lower saturation deficits at any 
giveir dcClihpllltlllal stagc ti(l thuis has a highrer transpiration efficieicy. The data of
Cooper (it i. (1)18.3) ind Cooper c ed. (1987) show slightly higher transpirational
elliciencies ormcro.ps givemn liiilizer {liii icrease of' between 0 and 9 kg ha 1 

nlnlI),
 
0though 
 lire ciri, asiicOimed wilh lhei c:l.'Illiiors are uncer!ain. 

l)iffereices hetcelem ,iritics illite distrihutiomr of riolts and tniing of water extraction 
lilya also c1iimribiiiC i diflel-eiccs il l I. irown (I Ill. (1987) showed that a local 
lairdricc biley, Araibic \hiid, hld ai lmiger rool system below a 15 cl soil depth than 
the variely Ilecchicr .alerealhy sleii ClOmilatioll (Fillre 5i. This longer root system was
associated k ilti earlier aird sliclilly gicatcr water use fronr the deeper soil layers and
 
resulted 
 il hier ciain yitlds of, Arabic Ahiad. 

Establishiig tlic optimnurtmh iupuhiIoir proivides another wayplairt of naxinizing WUE.
 
Populations slrOlild he high Cnoulgh t) enire that 
 tile iaxilun allnounl of water is
transpired without all available waiter being used before grain-filling commences. In areas 
wilh high variability ill tire seasonal rainfall, achieving the optiium population to
 
maxinize Iraispiratiim 
 iay be. in practicC. vCry difficult. For example, Anderson (1984)
showed that Imc aptin]itlnr plmilatiin of' triticale (the population giving maximum grain 
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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, 370 10' E) Jindiress (36' 23' N, 360 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 

Fei tilizer - + - + - + - + - + - + - + - + 

Total shoot dry wt 
(t ha -1) 3.2 6.3 3.8 7.5 3.9 6.2 2.0 3.4 3.8 6.6 5.4 12.5 4.4 8.7 6.6 11.0 

Grain dry wt (t ha 4- ) 1.5 2.8 1.6 2.6 1.3 2.2 0.9 1.5 1.7 2.9 2.3 5.0 1.4 2.9 3.1 4.7 

Total water use 
(evapotranspiration. 
mm) 259 285 234 225 225 232 227 240 272 322 323 376 323 316 333 356 

-WUE (kg 	ha- I mm d) 12.4 22.1 16.2 33.3 17.3 26.7 8.8 14.2 14.0 20.5 16.7 33.2 13.6 27.5 19.8 30.1 
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Figure 5. Distribution of Root Length Between Anthesis andMaturity for Two Varieties of Barley, a) Beecher and b)Arabic Abiad Grown at Jindiress (Brown et al., 1987). 
yield) varied between 80 and 2190 plants rn- (corresponding to seeding rates of 30 to 150kg ha-1) for grain yields ranging from 2.1 to 6.9 t ha-1 . However, yield at the optimumpopulation 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 ina particular season. 

Conclusions for Dry matter production in aridMediterranean-Type regions may be increased in two ways. Either the totalam11OUnt of' crop available water stored in the soil profileEnivironments conservation Practices cr the amnount of water 
must be increased by tillage or

transpired must be maximized by croprnanagenictt practices. 

Currently fallowing is used as the major water conservation practice (also tending toconserve soil nitrogen; Selignian et al., 1985) but this generally conserves a smallproportion of' the total -ainf-ill for ,! Lbsequent season. As human populations increase, theamount of flillowiny d-creases, contributing to the recent decline in cereal yields in the dryregions.
 

Application of fe~rtilizer increases WUJE by promoting early leaf growth; 
 this reducesevaporative loss fromi the soil surface. It might also be possible to select varieties withrapid early leaf growth to enhance this effect. It is important to adopt early varieties andpractices which ensure that grain-filling is completed before saturation deficits o'ndtemperatures become very large. Optimizing plant population will be difficult withoutknowledge of the probability of various amounts of rainfall. 
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Data Acquisition and Processing Teel -iques for Agricultural 
Research 

Introduction 

Steps in Experimentation 

A.A. Jaradat 
Jordan University o Science and Technology, Irbid, Jordan 

ABSTRACT. Dei",lopments in the field of data acquisition and processing are occl:rring at 
a rapid pace. with the ui ce of computers at the core. Automated data capture anti computer 
processing promise to ficilitate agriculturalresearch in developing counti ies. 
Microcomputer software packages necessar'v to integrate research design, management, 
and data analysis .fitnictionsare a'ailab!eandflexible enough to handle any experimental 
design. This paper atte'mpts to gi,'e the reader int idea about data acquisition and 
processing technique.s, using colmluters at 1-irving levels o1 sophisticationfrom simple data 
storage and retrieval to comnplex statisticalanalYsis and ,nodeling. 

Today. the managetient of large ,ulu, v ,4 data by computers has become necessary and 
commonplace. The neCL It)deal with large and more complex data sets is widespread. 
Many. if not most, research projects in agronomy, soils, horticulture, and other disciplines 
are complemented by computers. The corresponding development of &tabase management 
systems and tither data handling tools is becoming increasingly important as information 
needs grow. 

Microcomputers simplify the work of agricultural researchers in many parts of the world, 
especially in developing countries. Developments in the field of data acquisition and 
prccessing techniques are occurring 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 field data and the building of sophisticated simulation models of agricultural 
systems (Michigan State University, 1985; O'Toole and Jones, 1986). 

Thi, paper presents data acquisition and processing techniques using thie 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 enough data which can be tran;lated into information. 
The new inf0rmation could be used to bring about a more productive agricultural system 
or one of' its compollents. 

Generally, there are five recognized steps in agricultural research (Michigan State 

University, 1985): 

I) 	 The researcher characterizes a certain practice (c.g. a farmer's practice), identifies a 
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 (e.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 analyzze the normally 
large body of data. 

5) 	 Results of the research are reported or communicated to the end users (e.g., farmers). 
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Planning Experiments Agricultural research has traditionally been in research stations where facilities for 
experimentation are excellcnt :rind accessibility to researchers is favorable. However,selection of the best technology for farmers cannot be based only on experimental resultsobtained in rescarch Stations. This is mainly because of the inconsistency in technology
performance between res rch stat ions and fItrtners' fields. 

Two major types of experi ments cal he recognized. These are (Gomez and Gomez, 1984): 
1) Technholog-gencratio[ etCxpcilicints, and 

2) Tecl ihy-serificattion e\perincnts. 

Planning of 'echnology-(;cicration [xperiinnts 

This kind of cxperimcnt can be init ated in it research station or a farmer's field. Specialcare should be taken in s lecting j test site, experimental design, and layout of suchexperiments. cspccially if these atfC to( be condltctcd in a farmer's field. The test site isselected such thalt it pnrisides i set of ph ical and biological conditions under which the 
experiment is t0 he dcvchpCd. 

A suitable experintcntal dcsign an Jil) out of the experiment are necessary prerequisites forobtaining reliable resulls. The design of experiments in a farmer's field must aim atkeeping the size of tihe experimt t sinl. This cart be done -y keeping the number of
treatments a d num cr ()I ri ictcsi,;t itminitluni, thus minimizing the experimentalerror. Howesir. i a recaich station the need may arise for large experiments, both insize and tininher of trcatlnlcinls (e'., varietics) icsted (Gomnez and Gomez,Htill, 1978). 1984; Little znd" 

Planning of Tecchnolol.gy -Veriicafm l3onxperiments 

The main ole'icctivc of yerificallo, :xperiieits is to compare the perfbrmance of afarmier's tcchnology atnd a ncwly neveloped technology in a farmer's field. The mostimportant parlmeters for comliparison are biological yield and profitability. 

For th: purpose of teelunolhgy-verificatto test firns should adequately represent the
farms in [he tarfet area. Tis rakes it necsary to choose the appropriate samplingtechnique IM' famll sletcion. Certlain cnitcri-i. such as fairnt size and cropping patternshtoulL be taken mt cIideat ((orlc/ and Goimez. 1984). 

Computerized Planning of' The researcher who dcsign,, Al e.\pcrinentExperiments and collects the data is basically concerned withlormulating hypothe,cs, s.,irkinL ont at a)pr)priate research design, and interpreting the
results (FigurC I ). C ica1 hpothc,,sis is formed, the next step is to design a procedure for 
its vcrificatiotn. This ustnalls involvcs (Brand. 1970: Mead and Curnow, 1983): 
I) Selecting the aqppropjriatc maltcrial to be tusted; 
2) SpCcivIric the chalr;acters to he nic srCd: 

3) Selecting the )r0cCdlic t0 mieasuric those characters; and 
4) Specifying the procclure to deteritine whether the measurements made support the 

.otlhesiis. 

The last two points constitute most of' what is generally termed the design of experiments.
Experimental design has the bl lowing components: 

1) Estimate and control of error, and 

2) Proper interpretation of results. 
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Formulation of a hypothesis 

Solution 

4Refined hypothesisRearhdsg 

Interpretation of Collection of 
results data 

Data analysis No 	 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 
researchers 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 I tve been developed to support the 
multidisciplinary applied research which agronomists, plant breeders, agricultural 
economists, etc. conduct to develop improved production technologies. 

These software programs (e.g., MSTAT. MSUSTAT, SYSTAT, and CRISP) have the 
capabiity of generating experimental designs for field 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 mn.ps, and labels. 

Two general types of experimental designs are used in agriculture. These are: 

1) 	 Randomized block designs, and 

2) 	 Statistical designs for varietal testing or for verifying technologies. 

The latter type includes, but is not limited to, lattice, augmented, and nearest neighbor 
designs. 
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Data Acquisition 

After a certain experimental design has been generated, treatments (e.g., varieties and 
entries) have to be randomized an(d factors and variables have to be defined before data 
entry. 

File Management 

A wide range ol tile management options is available to researchers using specialized

statistical software programs. A data file can be updated at anytime after it has been

created. Factor.s. levels of Iachors. \ariables, and observations can be added to the original 
list.
 

Factor-settingr for data can hC eCneralCd antotaticall, h\ invoking a special option, or can
be entered nranuall\ h\ tIre rscalchcr. I actors. Lactor lels. variables, or observations 
can also be deleted from a file as dcired. 

Researchers call check the data ,torcd in a tile tsing specific minimum :rnd maximum
 
allowablc values for caclI variable in thc data file.
 

The need lll i arise, ill solliC e\prircntal sittatiol,,, to select rms of data fron an input
file. This can be perf riicd h\ rsinte ; Iluical combination o! data-related conditions. One 
example is sClecti rig arictie s k.ithl \ icld g te r thart a specified value. 

A built-in calculator enablc researchers to perhurm complex aritiretic operations using
data of existing \ariablcs ald a SCt Of alid operatorsP (e.g.. addition, division, 
multiplication. etc.) (I('RI)A. 1985a.b: ,Michivan State University, 1985). 

Conventional Data (Collection 

Unli recently, data ger,h <I in research statiot experilnents used to be collected
 
manually. This procedure Ill, lVcs aI axirtiutnr Of five steps, starting with manual data
 
collectiotand enrding with Ct)Mpl pruCCSiig (FigUre 2).

Data in field book,, is pritnarily arranged fol Case of Measurements il the field. At times,
 

this trav not be the form most comenelicrit for1 coirputer processing and statistical analysis.

Thus transcribing the data, firn field books to the forlr required 
 for data analysis may be
 
necC.sary . The tnuttibe'r of ties data arC transcribed depends ott tie complexity of the

computations desired. It is stronglyv recotmnended that researchers who collect their data

by a conventional itecthod should fifriirfize the lnmbcr of times those data are transcribed.
 
rhis minimizes tie chances of tiaking Crrors duriig transcription.
 

Several typCs Of dtla are rrorriallv collected for technology-generation experiments. One
C.oat:plc is the detailed data on agrotrnric traits, i.e.. yield and yield colnipo nc its of field 
crops such as whcat. lentils,. s"orrhur,. and corn. IHowever. fhr teclnology-verification
experiments. these detailed erltsarreasnrerIot nccessary.are I)ata collection for 
technmhgy-yeri fi catio expCrit-iets is designed prittarily to comirpare the new technology
ard Ire larrier', practice and to determine tie potential fOr adoption of the new 
technology. BecausC Of such a specific objective, the type of data to be collected generallydiffers front that of echrhlV-eMrreratiorr esperiients (onirez and Gomez, 1984; Sokal 
and Roirft, 1981). 

Data Collection in Iigital Form 

Microcomputers, in particular. have changed the methods by which research data arecollected. With tile atuvent of data loggers and sensors. researchers are collecting data 
directly frort field experiments in digital form. 

178 



Manual data collection 

Transcription 

Keypunching 

Verifying 

Keypunching 

Computer processing 

Figure 2. Steps in Manial I)ata Acquisition. 

The weakest links in thlie vhole data coI lection-preparation-reporting cycle are the data 
preparation steps: transcribing. key putIching. editiing. and verifying. Researchers are able 
to eliminate these wecak links ald create a two-link chain that takes thein from data 
collectioll 1t ColltptlC'i/ed ',tltthiriCs. 

hloecis IC.2.. 
process data in the field. Again. datal stOred in data loggers can be transmitted directly to a 
computer (Kra pritter. 

A resCarcher tsin data , ( )mnidata 1can review, edit, and mathematically 

Certain types of setor, allowv the researcher to collect and record a large number of 
observations ol a nunmber of variables. [or examiiple. inl 20 to 30 seconds a photosynthesis
measuring device autoiiiaticalhl records up t0 10Iobservatilons each of CO, concent ation, 
relative hulidit, chalter 'ir teitlperature. leaf Iciperature, and photosynthetically active 
radiation. Data storagC Clpaetit\ of certain tdata loggers and sensors can typically be over 
lt0 pages. 

Most datt acquisition ,sqtes ate sld(l s otcoplete vstetis to elld users and aic 
configured for pNirticulr applicatitms. Somic of' the sophisticated instruments mentioned 
earlier are icroprocesor-based hut oit)not have Ihe capability of running any applications 
prograis except those supplied by the mtitcturer. However. there are a number of 
excellent software progrt111S that catl be used with data acquisition systems. The 
combination of dBASIE Ill IOr stori2 and arralging data. Lotus 1-2-3 for spreadsheet 
analysis and graphics. and Turb Pascal fhr comlputations is appropriate for data 
acquisittil systeils IuNIrIiinghe ctal.: National IResearch COiCil, 1986). 
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Data Processing (Analysis) 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 summary 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 performcd 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 itsituation, 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 varieties being compared. Other examples are fertilizer experiments where the 
application of a single fertilizer element is varied, insecticide experiments where several 
insecticides 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 fmily 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 
Univerity, 1985: Sokal and Rohlf, 1981). 

T%%o-Factor Experinents 

In agricultural and biological experiments, organisms are simultaneously 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, researchers should use factorial experiments which are designed to
 
handle simltihaneoulCsly two or more factors.
 
A two-factor experiment can be Lxpanded to include a third factor and so on. However,
 

when more laciors are added to an experiment:
 

I ) There will be a rapid increase in the number of treatments to be tested, and
 
2) There will b,.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).
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Regression and Correlation 

In characterizing the relationships among variables, statistical procedures that cac, 
simultaneously handle several variables are needed. 

Analysis of variance (using any one of the experimental designs mentioned earlier) can 
evaluate treatment eflects on on, variable at a time. even when one variable affects 
another. 

Regression and crrelatiri miai\sss allow a rescarcher to c xamine associations among: 

I ) 	 Dcpcndnlt hich reprcsent of the\ariahiCS,. %% rhe biological and physical features 
experimental unit, bhal arc expected lo be a!'fectled h the treatments being tested; 

2) 	 I)cpendirCt and indct,'i,.derrr, ari;rbIes., c. ., fertilicr rate, varicties, and weed control 
lliethods. M Ich arc cncAd f1111) ilCor riroC IllllIgerent practices and arc the
p)rirarry hItcrs ofi rhe cxperirlnt arre 

3) 	 DCpCidCnrl Varialhs aid C ionuinell, c.2.. factors such as rainfall, solar radiation,
 
and terllpraturc. %hici rlercnll tire parl of rhe cnvironient tlhat is not within the
 
researcher' , ci'otllfl.
 

It is iCCCssar\ thal selctCcd ;lriiahlcs be cxpresed quantitatively for the proper use of this 
type of all\ "I. 

Rcegrc,,ion nlhI,, dcci lc fihe effect of one uri mrre variables (indepCndenl) on a single
variable (diCrLuidCirt h\ Cxplessii the lter ,s a furnction of the formier. Correlation 
anaisl, pius lde, 	 dcre Ir f irSS0('iilirrr bletkVeen the variables tinerauric (tir e 
corisielraliluir. Rc!iCslilli and corrclalimi arral'ses can be classified according to the 
inuimbCr of \,lrrair lll\I' rn of ithC functional relationship between thesls i' alld tIr I 
depCnden arld ire irripn unirI ;rirll TIhcsc include: 

I ) 	 Sirnipic iirczrn rcal r ii :tid e iclc llui. 

21 	 NIuhitrlC Iilear reeresi i u1ud l,rLIrrn.illi orr 

31 	 sin lc i ' rnlre;rr rcre,srurr,1l. rllri 

4) 	 MNultiplc riilrir reii esisni, 

l'he 	 siripei rrrCI ri i Is deas th e and testIic, I I C' .,,( k i t estnimation of significance 
Concerning th inlcLIp ni tr1C Ce'LiC'iol cOCfiicn in the linear regression equation. It 
should e r'lCd iCun 1i;11 IbC,,rsC ri lineii ar ;egressroinr analysis is performed with the 
iISSurrrpltiurn Lhat nirC is ai firIL'a rliariorship betwec'n tire independent and tile dependent 
variables,. r airsltet &s, iclhcr Irc best functional relationshiplcs 	i&)C,p11, idife Itii 
Iet\CCi t' sMO \Imi i ' 5niidkTd Iinear. ()t t r ilrer aIlld. simple linear correlation is 
Used to *re.alittiic ic'd' if1 asCir,,tCr mlIl tCeri i O a rblCs with Or Without a well
defilned e il, r1r1(e CC eliIurillp 

The siinpiC IrorlirrCa eiCesCr'l1,ll I', rrIId Ill isC' , sIIi C til rsprinse to aItreatment is not 
linear tc.g.. res porre it i ,s Icli hi N Ife lall olln . Or Ill siluations where plant 
rcspoilse :S irrl ColmistMi o C l ispcifIc. raiiC of the independent variable (e.g., pattern of' 
planlt grmOVu.h i h liinC. 	 h;is a wide application in agricultural research antt lhrs Ichirq'
llost of the nmnlniinear ICSpuriscs foriid nir a'ricultural aid biological systens call be 
lineariZCd throuih variablc trawfnrrilalors rIcreation o' new variables fronm existing 
Ones. 
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Data Analysis 

Other Statistical 
Techniques 

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 fl'r ts of regression procedures that can
 
simultaneously handle several indepcn1dent vari-,bles.
 

Multiple linear regression is the most appropriate technique to be used in situations where 
a number of independent variables are assumed to affect tile dependent variable in a linear
fashion, and indepen, lcntly of one another However, when the relationship between the
dependent variable and one or More of the independent variables does not follow the 
multiple linear relationship, a iultiplc notlincar regression technique should be used 
(Gotncz and Goiie/. 1984: Little and I-ill. 1978 Michigan State University, 1985). 

A danger inherent in modern data processing procedures is that tile User entering the data 
into a computer nla\ simply obtain the final statistical results without observing the
distribution of the variables. In the plst . such distributions were necessary to facilitate 
computatiolls. This is no longer necessaryv. But such distributions could lead to interesting
ne\ insights into the nature of the data, to the rejection of some outlying observations, or 
suggest that tie data do not confornm to the assumfptions of a particular statistical test.
 
However, there are nMV iiumerotls data analysis programs available that carry out just

such displays (Sokal and Rohilf, 1981).
 

Data analysis is a recent developnent in the area of biontetrv and experimental design. It 
involves tie systematic sei'ch through a set of' data to reveal information and relationships
of interest. The procedure!. f data analysis, alltugh essentially tnum.rical. are also
 
experimental.
 

Data atnalysis censists of' such techniques as tIransfornlalions. robust estimatiot, and

graphics techniques. Transformation techniques a'e used to see 
 what effect they have on
the distribult'iA Of a sample or tie relationships between two variables in a sample. Robust
estimation is carried oUt to Minimize tIle effects of a certain percentage of an extreme
observation. Graphics techniques are used to look for (and prohably suggest) interesting
 
patterns in tile data.
 

In fact these techniques are in t nell. They have been used by researchers and statisticians
for n .ia5ears. Y thedelOpnitent Of high :.p,',,, ColtiputCrs allowed researchers to ask 
many umore questions alld oblatill installaneollus allswers for thicti. 

Data analysis is looked at as the systetliatic and largely aultmlated scrutiny of sets of' data 
to yield both sumtmaries and fresh insights into the relationships in a given study. 
However. ,1e of tIle problels encOtutered in dala analy'sis is that tie longer theresearcher spends adjusting the data ald checking various models, the less reliable the
final statistical inference., become - Ose data. Some researchers apply various statistical 
tests to the saute data and chtoose mt test results that suit them best. Such procedure is 
.nalglous to selecting data to fit models and iiet presenting the results as if' they emerged

from a rantl satmiple (Sokal and Rolill. I98I ).
 

Statistical analysis of data generated b\ c,,f c ents that arc conducted at several sites and 
over a number of \ears or crop seasons. can be handled by one or more of the statistical 
procedures outlined itt the previous scotiwis. Ilowcver, it certain situations, a combined 
analysis of variance. regression ltalysis. andl'or covariaiLc analysis could be used. 

In certain experimental situatiors, resuhls of the classical analysis of' variance procedures
could be misleading. Examples ate: cotItpelOiOnrIeffects of border plots. different fertilizer 
rates of adjacen plots, and varietal competition. There are special statistical techniques
available to deet tlie degree of c impetitio i arid corrections cart be made to results of 
classical analysis (IARDA, I985a: Mead and Curnow, 183: Sokal and Rohlf, 1981). 
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Mod..ling and Simulation Mathematical modeling is the art of describing biological or physical systems with 
equations, usually for tile purpose of planning and decision-making. One broad class or 
models is for simulating biological or physical systems, i.e., for predicting the outcome of 
a system based ) its characteristics. Once a model has been developed, it can be used for 
simulation by inscrting! hypottr-tica, or real da1ta and calculating systein output. 

Models call be clasiflied ilto tvo hroad groups: .-tochasic or statistical models and process 
or physical models (IBSNAT. 1986). 

Stochastic iodels hl uCd \\ :thin 	 Cersin which theycan he tie limits of the unix have
 
been developed. \\tht the li"'ths theN C(oIitnonly gixe reasolably realistic results. On
 
the other hand, I process ehe Were the processe, in the
t del cIll used anywh wheic used 

riiodel describe the.Nsteni that is beinti iMtIdeled.
 

The 	availabilit, tt sfotv~arc po)trttl, hr data base t11i:ttagettctnt (DBM) enabled 
researchers to lti e e or- de 	 or calibration.use UAL] 1ll buildig aid vahation 

The recent advanccs in tl.,a base tta ellaelll stmclls ()BNIS) andi other fields of 
information technology, elabled researchers in different agricultUlal fields to organize 
large quantities of dat; to sit; ,:ctlpleX 'irtctesses il lgricultural systels. Crop growth.ulae 
and pr(,ductimn mttd+ls. I P. cXalliple. allhv, researchers to predict and/or estmlate (O'Toole 
an .Joines, 1986: Rii86): 

I) 	 Phasic devclptlc:t (Irditratitht Of grthtli s:aCs as iinduenced by genotype and 

2) 	 Bi ltass, prodttiion and paltmiiting ot' pholtosynthatles. 

3) 	 Root sy,,ti dyniaim,,. and 

4) 	 Eff ct of soit xatcr dctio, I aid nitrogen deficiency on photosynthesis and partitioning 
of photws\ nhates ill the plaitt sYstel. 

tntodel+ \t.lie 
estimate (Saxtt. 1983 Willianis tial., 1984): 

Another grtup lf hi: simil-oriented allow researchers to predict and/or 

1) 	 Soil illoistnlrC iceillic, 

2. 	 Effects o)f altcrnativc ninanelinient practices on chenicals and runoff ill the soil profile, 

3) 	 The effect (It eosio (a) IICttemikil soil ptodictixvity, and 

4) 	 Ecmnomuic costs, t) e:,in for desiniated lnds of soils and the costs and benelits of 
v\arious, ctservatitoi illelliaties. 

V,it', the dvc(pclit of Ctmliple:. tgriec!::,,: niodels, researchers were able to identify 
soic IIlr void, ill their rt,.e;trehI ta. As hbe iodels have been constructed, it was 
collnon t ) fiad tha: 'tatly ( ,lie pa ratiieters and cteflicients needed by th- model were 
not contaimed ill thr resrcltCh da'a base. Restarchers i dilfterter agricultural disciplines 
lei'rned twit( fiacts frtiti this. [irs1I. it is p)s sibic tt coisrlnt Mtodels even without all the 
research dala desi'Ced tB\ usite itertnaix structural equatiMts i the titdels llatlly of' tile 
probletis facing researche.s can be sIdvCel. Sec red, cst ruCting tlise models ga ve 
researchers itnsiglts intt tlte deficiencies in the:r research prgratns and they were able to 
allocate future resoarces better lNltioal RC .areh Ctouncil., 1986). 
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Soil Spatial Variab;aity and Methods of Analysis 

D.J. Mulla 
Washington State University, Pulinan, Washington, USA 

ABSTRACT. 71e variation in soil properties is rarel ' random. Usu(ally soil preperties are 
more similar when neasured in small areas and are more variable iwhen inea ured in 
larger areas. hlqen soil prop~erties are spatialv variable, it is essential to determine the 
nature and pattern of variability in order to efficientl manage the soil. Geostatistical 
techniques are discussed for ,ptimal design of sampling schenes in spatiallv variable soils. 
Use of efficient sampling patterns optimizes labor and equipment demands, while 

facilitating quantitative understanding of the nature and pattern ol"vriability. A linear, 
unbiased, estimator technique known as kriging (an be used to produce surveY Imais of 
spatiall variable soil patterns using a nininum number offield samples. Maps of spatiallv 
variable soil properties can be used fin- efficient inanagenent of many problems, including
soil salinity, plant available water, and low soil firtilitv. Methods of describing spatiallv 
var;able soil propertiesare illustrated using an example involving soil test phosphorus 
levels on a conhnercial farm in Iit Columbia Basin of Washington State. 

Introduction 	 Soils are inherently variable. In situations where this spatial variation is controlled by 
topographic patterns, differences insoil color, vegetative growth, or surface wetness may 
indicate the extent of heterogeneity. In most cases, however, patterns of spatial variability 
in soil properties are not visually apparent. Rescarchers often make the mistake of 
assuming that soil properties are relatively homogeneous in fields which are flat and have 
no obvious visual evidence cf hetcrogeneity. In situations such as this, the extent of' spatial 
variability insoi! properties such as hydraulic conductivity (Vicira et al., 1981), moisture 
content (Wicrenga, 1985), soil test phosphorus levels (Dow and James, 1973), A-horizon 
depth (Wilding, 1985). or exchangeable sodium percentage (Uehara et al., 1985) may be 
appreciable. 

In order to determine the nature and pattern of soil variability some type of field sampling 
or field measurements are needed. Generally, the magnitude of variability that exists inthe
 
field is greater than the errors that arise in typical laboratory or field 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. 

Ifthe variation in soil properties occurs randomly, so that sample variance isnot a 
function of sample separation distance, classical statistics can be used to analyze the data. 
These are standard techniqL.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:
 

n 
x = (I/n) Y z(xi), Il]

i=l
 

where n is the number of samples and z(xi) is the value of the measured soil property at a 
location xi.The sample variance, s2, is:
 

n 
s2 = [1l/(n-l)] 1 [z(xi)-xI 2 , [21 

i=l 
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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: 

n = tC 2s2/D2 

[3] 

where t2 is the Students t value statistic based upon a given confidence level and the 
2.
number of samples used to evaluate S 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 of variation, CV, which ;s usually expressed as a percent: 

CV = (s x) X 10(,r/,. 	 [41 

Typically, in most soils, the variance in measure(] soil properties depends upon separation
distance. !n such I 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 samples 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 toshow how models of soil spatial variability can be used to 
design sanplc schemes, to map the tlture and pattern of soil variability using a minimum 
of input data, and to devise efficient managenent procedures for crop production. An 
example involving soil test ph sphorus levels will be used to illustrate the geostatistical 
methodology. 

Methods )ow and .Jines(1973) measured soil test phosphorus on a commercial farm in the 
Columbia Basin oft Washington using a systematic sampling grid. At 	interval!; of 100 ft,5 
soil cores within a 6 ft diameter circle were collected to a depth of 10 in. These samples 
were oven-dried at 70" C, combined to form one composite sample, and screened. Each 
composite sampfle was extracted with sodium bicarbonate and analyzed for phosphorus
(Olsen ei al. ,1954). In the present study, statistical and geostatistical analyses of the data 
were conducted using a -lewlctt Packard 9816S computer and 7470A plotter. 

Results and Discussion 	 To illustrate the use of geostatistical methods, consider an example involving soil test 
phosphorus values froin a commercial field in the Colu iibia Basin of Washington. Data for 
this example come froin a leveled, visually honogeneous area studied by Dow and James 
(1973), and are 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 10()ft. Nate that soil test phosphorus values do not vary randomly with 
distance, but are en:rally similar in Value over short distances. 

The szample mean, variance, and coefficient of variation from Eq. 111. 121, and 141,
respectively, ire 6.3 ppm. 14.8 ppm 2, and 60 percent A frequency distribution of soil test 
phosnhorus and its best-fitting normal curve shown in Figure 2 were compared using a
Chi-square test atnd found be signi ficantlv different.to 	 Thus, soil test phosphorus values 
are not noirmally distributed. The use of Fq. 131 requires that the data be normally
distributed, so it is a misapplication to use tEq. 131 for predicting sampling size. Note,
howeve. that Eq. 131 predicts that 27 soil samples are required to estimate soil test 
phosphorus levels to within 2 ppm of the mnean valte using a confidence interval of 99 
percent and n-I =39 degrees of frecdon. 
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Figure 1. 	Soil Test Phosphorus Levels (ppm) at 40 Sampling Sites 
Located at 100 Ft Intervals on a Comnmercial Farm in 
the Colhnmbia Basin of' Washington. 
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Figure 2. 	 Frequency Distribution Diagram of Soil Test
 
Phosphorus Levels (ppm) at '9 Sampling Sites on a
 
Commercial Farm in the Columbia Basin of
 
Washington.
 

The results 	in Figure I could be used to design an approximate fertilizer management
scheme for 	crop productlion. Clearly, however, additional mapping detail is desirable. 
Since labor 	and equipment constraints are often important in field experimentation, the 
researcher may aiso want to know if"less than 40 samples can be collected without 
sacrificin accuracy. Geostatistical methods can be applied to provide the latter 
information. 

Geostatistics is useful for interpolating between measured data points to provide additional 
data for dctailed mapping. This procedure inoi 'es computing the sernivariance 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 Vicira et al. (1983), but are described in detail below for readers who may be 
unfamiliar with these sources. 

20 
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The Semivariogram 

As stated previously, if sample variation occurs randomly in space, the total sample
variance will not depend upon the separation distance betweea 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 interpolatiop 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: 

n(h) 
y(h) = ll/Ln(h)Il 1 Iz(xi)-Z(Xi+h)] 2 , [51 

i= I 

where n(h) is the numher of samples separated by a distance of h; z(xi) is the value of the 
measured property at location xi; and z(xi +) is the value of the measured property at 
location xih. Table I 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 each separation distance are always greater than 20, and hence, are 
large ciough 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 

ff 
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 distaince increases, the 
semivariance will increase. the correlation between samples is lower as the distance 
between samples increases. When the separation distance reaches a iarge critical value 
(known as the ran'ge), the sample pairs lack any statistical correlation to one another and 
variations occur in 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 sernivariance In.iction for the data is computed, standard semivariogram models 
can be fit to the data by least squares technique,,. This allows the researcher to 
qi'antitatively model spatiA variations which occur in the data. Weighted least squares 
curve-fitting techniques (Cressie, 1985) take into account the fact that seinivariance 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 iore accurate than the least squares technique, only the latter 
approach is uscd here. Three coninon semivariogram models are: 
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1. Linear model: 

y(h) = Co + B h O<h<a [6] 

y(h) = C( + '-i h,>a; 

2. Spherical model: 

y(h) = C) + Cljl.5(h/a)-0.5(h/a)3] O<h<a [7] 

y(h) = C + C1 h < a; 

3. Exponential model: 

y(0hl = C() + CI l-cxp(-h/a 0 j) 0 <h; [81 

where h is the separation distance between observations; a is a model parameter known as
the range: (C0 + C 1 is a model parameter known as the sill; and C0 is a model 
parameter known as the inlgel. The nu1get is nonzero whenever sampling error occurs
due to IlleasutrementI erlor or when sample spacing is too large to detect spatial correlation
OCCUrrillg at Sallseparatioll distanlCeS. InI ideal situations where ncasurenent errors are
absent and sample ,-aciin, is siall the nugget will equal zero. 

For the linear model. 13is simply the slope of the line for a plot of seinivariance versus 
separation distnce. For the exponiential model, ao is approximately equal to a13.
Physic:lily. the sill is approxiilat e.qual,l\ 1o th1e total sample variance in Eq. 121, and is
the maxinum value of seimivariance which the model attaitp; at large separation distances.
Physically, sample observatiotis separated b', distances smaller than the range are
statistically corrClaLed to one an,thCr, while measurements separated by a greater distance 
than the range are not correlated. Clasical statistical methods can be applied to the data 
only itthe rance Ihast \alie ,\hich ;s smaller than the closest sampling distance. 

The soil test phosphiorts valuies in FiHcur1 were used to calculate values for the 
semivariance. Presented in Figure 3 arc the sample semivariance values computed from 
Eq. 151. as \ell as the bes1t-fitiun exponential semivariogram model from Eq. 181. Notethat tihe values of tle sill (C1).ran e (a). and nutet (C(, ) for this model are 
approximaCtelv eqalI to 18.3 ppin 2, 397.5 0. and 0. respectively. Fhe sill is only somewhat
higher than the total samlple \ariance. andtlthe range of spatial correlation is approximately
400 ft. Thus, tIhe soil pliosphtonts levels exhibit substantial spatial correlation, and classical
statistical analyses would onl be useful if samples had been collected at distances 
separated by abolut 4(1() Ior more. 

Kriging 

The data presented in Figure I is somewhat dCficient for the purposes of constru,:ting a
detailed twt-dimesiotaI nnap (if so iltest phosphorus levels. A geostatistical technique
known as kriging can be applied to the data to produce a detailed map. This procedure is 
described below. 

Kriging is an interp)lation technique \ iich uses scivariograntile model ill Figure 3 and
the measured data to esti nale values at specified locations where no measured data are
available. Estimated value+s. Z:':(Xf1).are obtained fron the linear interpola;ion scheme: 

N 
z*(x(i) = A t z(xi) 191 
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Figure 3. Semivariaoce Values and Exponential Semivariogram 
Model for 40 Soil Test Phosphorus Values on a 
Commercial Farm in the Columbia Basin of 
Washington. 

where is a location where no sampls were collected: N is the number of neighboringxo 
measured datum poiits used in the interpolation scheme: Aj is a weighting factor for the 
measured data whic:h is vet to be detcrmined: and iz.(x i ) is :he measured datum at location 
x i. Thus. Lriging is a method which uses N nearest-neighbor measured data points and 
their associited weighting factors to esti mate values at locations where data were not 
actually measured. 

An advantage of the kriging method is that when Eq. 181 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 factor ;s unity fkr the observation located at the same place as the 
estimated value, while the weighting factors for all othe, neighboring data are zero. 
Mathematically, when x0 is a location where an actual measured value exists the following 
expressions apply: 

z*(xo) = z(xt) and 

N 
I A=I . 1101 

i=1
 

Many other interpolation schemes are in use but commonly, at locations where actual 
measured observations are available, these do not return an estimated value which is equal 
to the measured datun. An example of such an interpolation scheme is the linear 
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 a minimum estimation variance, o2(x0 ), which can be 
computed from the expression: 

0y2 (X0) = p. + N7 iy(xi, X0) 
[1 

where p is an undetermined multiplier; and y(x i . x0 ) is the value of the semivariogram
model in Figure 2 corresponding to the separation distance between the kriged point at x0and the neighboring measured point at xi . 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 interpolatcd value in Eq. 1101 and the estimation variance in Eq.
[I l], values must be obtained for the weighting tactors, A., and the undetermined constant,p. It can be shown that these values can he computed from a system of N+I unknowns in 
N + I simultaneous algebraic equations having the form: 

N 
2" AJ y(x i , x1) + p-= y(xi, x0), for i= I to N, and

jl
 

[121 

N
Y A. =l 

j=l 

where y(xi, x,) is the value of the semivariogram model in Figure 2 corresponding to the
separation distance between two neighboring observations at locations xi and xj. 

To illustrate the use of the kriging Eq. [9] to 112] for interpolation and mapping purposes,
consider the 40 soil test phosphorus values in Figure I and the associated semivariogram
in Figure 3. For simplicity, estimate soil test phosphorus at the sampling location with
coordinates x= 175 ft, y = 4 2 5 ft, from the four neighboring measured values shown inFigure 4. Once the locations of neighboring observations have been specified, the set ofsimultaneous equations in Eq. 1121 must be solved for the weighting factors, A , and theundetermined multiplier, p. Expressing the set of N-4-1 simultaneous equations (N=4 in 
this example) using matrix notation gives: 

IFIILJ = 1B [131 

where 

Y(Xl,xl) Y(xl,x,) y(xl,x 3) Y(X1 ,X4)
 

y(x2,xl) Y(x?,x2) Y(x2,x3) Y(x2,x
4)
 

IF] = Y(x3,xl) y(x3,x2) Y(x3,x3) Y(x3,x4)
 

Y(X4,X1) y(x4 ,x2) y(x4,x3) Y(x4,x4) 1 

I I 1 0 
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Neighbor #3 	 Neighbor #4 
+ +
 

[P]= 4.8 ppm [P]=9.3 ppm
 
X3 = (100,500) x4 = (200,500)
 

Kriged point 
IP]=?

+ 
xG = (175,425) 

Neighbor #1 	 Neighbor #2 
+ 	 + 

[P]= 7.2 ppm 	 [P] = 15.8 ppm 
x, = (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. 

1 Y(X0.Xl ) 

[L = A, and IB] = Y(Xo,X1 ) 

3 Y(Xo,X 3) 

A4 	 Y(Xo,X 4 ) 

P 	 I 

From these definitions it is evident that [F] is an N+I by N +1 matrix of the 
semivariances corresponding to the separation distances between all possible pairs of 
neighboring observations. 1131 is an N +I by I cotltmI matrix of the semivariances 
corresponding to the separation distances between the location of the kriged point (x= 175, 
y =425) and all neihborine observatioiv.. Values for the semivariances in these matrices 
are o,1ained frotm calculations with lie specified semivariogram model, which in this 
example is given in oI. 181 and plo,'tCd in Figure 3. The N + I by I column matrix ILl is 
the matrix of unknown constants which needs to be determined. 

193 



The solution to Eq. [131 is obtained by matrix inversion using the expression: 

ILl = fF-IBI [14] 

where 1FV" is tileinverse of IFI. For this example the values for each entry iii IF] and [B]can be obtained from liesemivariogramn model in Figure 3 and the appropriate separation
distances. These valies arc iiven below: 

(I.( 9.7 9.7 12.0 1.0 -t 8.2 

9.7 0.0 12.0 9.7 1.0 4.3 

ILI = 9.7 12.0 0.0 9.7 1.0 10.1 [151 

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. 1151 is: 

0.18
 

0.56 

ILI 0.08 [16]
 

0.18 

-0.15
 

This solution shows that the weighting factor for the closest-neighbor observation (15.8ppm) is the largest ((1.56). and the weighting factor for the farthest-neighbor observation
(4.8 ppm ) is the smallest (0.08). The valae of tie undctermincd multiplier. [p, is -0. 15. 

It is now possible to us lEqI . 19! to estimate the soil test phosphorus level at location 
x= 175. ,N=425. and to calculate the estimation variance using Eq.* I I1.Substituting thevalues for the apropriate constants into Eq. 191 and 1111 yields: z*(xO) = (0. 18)7.5 +(0.56)15.8 + (0.08)4.8 + (0. 18)9.3 = 12.27 ppn: and 0 2(x()) = (0. 18)8.2 + (0.56)4.3
+ (0.08)1(.1 4 (t).18)8.2 f (-).15)1.) = 6.01 ppn 2. 

The prev ions aiCVunle iflutlrales h1ow krigine is used to estimate soil test phosphorus from
four leighllborinl ohscr\aLtions at the location x= 1"75, y =425. This procedure was used
with a computer to esti nate sill est phosphorus values at 493 locations separated by 25 ftin':rceniets in the studv area represelled by Figurei I. The results have been used toproduce a detaih'l contour iiap ot soil test phosphorus levels, shown inFigure 5. Adetailed contour nap of the estimation variances at locations in the siudy area is shown in
FieureT, Note that estimation variances are zero at locations where actual measurements 
were obtained. This ,hows that the kriged value at a location where an actual observation 
was made is a \'aIvs cqLia! I0 tile n1casIired vahic. 
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Kriged soil test phosphorus 
700 1 1 1 1 1 1
 

600
 

500
 

400 1
 

300
 

200
 

100 0 
0 100 200 300 400
 

Minimum: 0; Maximum: 20; Contoir interval: 1ppm 

Figure 5. Contour Map)ot 493 Soil Test Phosphorus Values (ppm) 
)erived Fron 40 Soil Samples and Kriging at 25 Ft 

Increments on a Commercial Farm in the Columbia 
Basin of, Washington. 
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Estimation variances field #7 
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Minimum: 0; Maximum: 8; Contour interval: 2 ppm2 

Figure 6. Contour Map of Estiniatioji Varianices (ppm,2) Derivedfroin 40 Soil Samnples and Kriging at 25 Ft Increments
oil a Commnercial Farni in the Columbia Basin of
Washington. 
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Table 2. Percent of Maximum Crop Yield, P20 5 Fertilizer 
R.uqnirenent, and %of Area for Five Soil Test 
Phosphorus Categories of a Commercial Field in 
the Columbia Basin of Washington. 

Soil rest Phosphorus Category (ppm) 

0-2.5 2.6-5.0 5.1-7.5 7.6-10.0 10.1+ 

% of maximum yield 50 80 95 98 100 
P20 5 needed (lb acre') 275 206 137 69 0 
% area affectc-d 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 lcvels and suggested phosphorus fertilizer application rates must 
be determied 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 
maximunlf crop yield hich could be expected if no fertilizer was added (0,. ,and James, 
1973). Also shown is the percent of the area in Figure 5 which lies in each soil test 
phosphorus category. These areal percentages were computed from the frequency 
distribution plot of kriged soil test phosphorus values shown in Figure 7. 

Kriged phosphorus field #7 
40

32 

24 
4,.
 

16 

C-) 

0 5 10 
Phosphorus (ppm) 

15 20 

Figure 7. Frequency )istribution Diagram of 493 Kriged Soil Test 
Phosphorus Levels (ppm) on a Commercial Farm in the 
Columbia Basin of Washington. 
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Conclusions 

Three distinct types of fertility management programs can be devised. These include I)applying fertilizer based on the mean soil test phosphorus value (6.6 ppm) for the entirefield, 2) applying fertilizer based on the lowest soil test phosphorus value (1.6 ppm) forthe entire field, or 3) applying fertilizer according to the spatial patterns in soil testphosphorus which exist in different portions of the field. If method I is used, therecommended rate of P20 5 application from Table 2 is 137 lb acre - 1 for the entire field.This approach obviously results in underproduction on approximately 38 percent of thefarm. If method 2 is used, the recommended rate of P20 5 application is 275 lb acre 1 forthe 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 tomanage fertilizer applications. Figure 8 shows a contour map of kriged soil
phosphorus levels with a 5 ppiu 
test
 

contour interval. 'his map is identical to that in Figure 5,except that fewer contour lines are drawn. The most efficient fertilizer application programfor this field probably involves applying 275 lb PO205 acre- to all areas having from 0 to 5ppm soil test plhosphlorus levels, and applying 137 lb P,0 5 acre-t to all areas having from5 to 10 ppin soil test phosphorus levels. No fertilizer is applied to portions of the fieldhaving greater than 10 ppm soil phosphorus. An approach such as this is not difficult toimplement, and results in efficient use of fertilizer resources as well as optimum crop

product ion.
 

Sampling Strategies 

In the example used here. 40 soil samples were used to obtain a basic understanding of thespatial patterns in soil phspmorus 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 fourtransects and the sample design shown in Figure 9. Eq. [5J and [81 could be used to
obtain tile semivariance and semivariogram model, respectively, 
 for these 20 samples. Thelatter results are plotted in Figure 10. Note that the semivariorgram model for 20 samplesis similar to that for 40 samples shown in Figure 3. The result of kriging 493 soil test
ph{oslhorus values on a regular grid at 25 ft increments using the data in Figures 9 andis shown ill FiguriC I I. Note the qualitative similarity between 

10
the results in Figure II andthose in Figure 5. Kriging allows the resea;cher to obtain detailed information concerningspatial patter;> with reduced sample sizes. Estimation variances for the kriged soil

phosphorus levels are shown in Figure 12. In general, these variances are larger than thoseshown in Figure 6. The decrease in sample number is accompanied by an increase inestimation errors. It has been noted by Webster and Burgess (1984) that kriging estimationerrors are usually miuch less than errors predicted using classical statistics. Hence, fewersamples can be collected when a geoslatistical analysis is conducted than when a classical 
statistical analysis is perforned. 
Soil properties usutally vary in a systematic rather than random fashion in the naturalenvironment. Geostatistical methods provide a quantitative understanding of this variabilityusing a iiin iintinl numin ibe r Of field samples. Optimal management decisions call be
formulfated Once these spatial patterns are understood. 

The basic steps involved in the geostatistical approach include: 1) collecting soil sampleson transects or regular grids: 2) data analysis using the semnivariogram model; 3) datainterpolation by the tcchniqLue of kriging; 4) display of spatial patterns using contour mapsof the kriged soil property: and 5) application of knowledge concerning spatial variationsfor nianagement decisions. These steps are illustrated using an example involving
phosphorus fertility management of a commercial farm in the Columbia Basin region of
Wash ington. 

198 



Suggested 	phosphorus application rates 
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Figure 8. 	Suggested 1,6 !'ertilizer Application Rates on a
 
Spatially Vaiable Commercial Farm in the Columbia
 
Basin of Washington.
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Reduced sampling scheme 
700 -2.0

600 1.6 2.4 9.3 

500 -9.3 
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12.0 
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0 10.6 3.7  - 6.30 100 200 300 400 
Minimum: 0; Maximum: 20; Ccntour interval: 5 ppm 

Figure 9. Reduced Intensity Sampling Design for Phosphorus
Levels on a Commercial Field in the Columbia Basin of 
Washington. 
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Soil test phosphorus field #7 
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Figure 10. 	 Senivariance Values and Exponential Senivariogram 
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 properties when conducting 

and designing field experiments are as follows. First, the interpretation of fertility trials or 

breeding trials may be inconclusive because classical statistical analyses cannot compensate 

for the effects of systematic spatial variability in soil properties. Second, management 
use of soil, water,decisions based upon insufficient snfil data will contribute to inefficient 

crop, and fertili.'er resources. , bird, if sampling strategies are based upon classical 
ind equipment may be required. Thus, significantconcepts, excessive inputs of It.bor 

benefits can be expected front t-he application of geostatistical methods to field 

experimentation. 
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Soil test phosphorus field #7 
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Figure 11. 	 Contour Map of 493 Soil T"et lPhoslphorus Values (ppm)
i)erived from 20) Soil Salnpils anI(J Kriging at 25 Ft
Incremenits 	on a Commercial Farmn in the Columbia 
Basini of Washington. 
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Estimation variances field #7 
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Figure 12. Contour NIap (it' EIIstimation Variances (ppm2) Derived 

from 21) 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. Barbrika 
U.S. Department o] Agriculture. Ecouomic Research Service, 

Washington, DC, USA 

ABSTRAC7* (oisertation practices nst he evaluated bY what they offer to the farmer in 
terms of net intone' n' risk anataaenitntnd what they' offeir to the public in terns of net 
socia! bel'nfits. hi t',r to delct'init thetie t'tliu'e 'conservationpractices, costs and 

ben(jits 'a/ lt' alal.'/ed /)either a cosit-ef'iivct'.s.s or af belt(,it-cost analysis. Costs are 
of two ty/h's: I'WAOI rt ill h/tr .la opportunitv costs, that'C,.st. ispplies (nd equipliltnt, titld 
is, pro,its !ost b'.I'nplh.tying a ctoixerv''tion practice'. Th,' Clu.t cost-efeetite pracltices in 
terflis ill aliuiill co.st (ilti cr'siotlltreduti/ on ll e rts to thie fi ltler ile, ill ort'r: 

Ctil'stOTr( tllt littlt,'t' ollIoUtrilit, 1lttd w'ilti'l c'ovtt'r 'to .s. Othter prt'dic s ntilv b,e 

TeComlendlill'l it'l/t'i t onhe deisired evcl of 'rosioncontrol attd It titlds available. 
Farners lne/ii !/i'oi re'dlt't ot'rtioll 1by llilc'nU/wi(" o')ftheir ctrop vields over the long
teril and reduaced/i'rtili:zlcr 's. lilt, ooaltr 'olis'rl-atioll!belefitsof reduced soil erosiont 

d .usatia ctllsiwrhetl 

thaconservation pftt. /Uits, l rion poCtr amud easil 
ctlolAn aldo dic cctiintlarls ill drti pratichee N ll bue Se tiiesthe Soil 

Other In crniio. ac/.thefrm
bye te' :.f tt) the) arincr. Bi the dollar aueitcese .ocialnients is dicu t to what 

i NC I (Ir'tio nlp rac i.c e of, setq tua ntif\v , lD etervil tino l i lth , m ost i'' C0.1-[T of p ractices 

more i ti rmation than i tsadene ilal. Simulaion todelps have tandeenoliSceqoire l 
potentia level f terse cralttitit il. n time ' esstimateso . lit, eing, ill probably
doil 'll tol.s'i'\'tl~l pract'ic'c .sch/c liotl prtocedure of.filrtil 'T's. 

hie s inlvCetmet with the observation 
that coisevation per spec 
Any discussi t n 'co nt nic ( jn lcliscrvatiCCS Ost eei al 

has i CCo iCirllvlstce (nsr athn practicesntl be evaluated 
by what they offer tolthe Ifarnier ill icrins of' net incomel or risk management and what they 

offer the pli c in fer he ub.lhi paper reviews the iust beI benefits i itcenis that 
costs and henfits of Crosion c trol practices and determiningconsidered in estimating the

the best level of' erosion control. Few generalities are miade on tile circulnstances 
ass~ciated wih high return-ls to investment in soil conservation. One generality is that the 
return is determined by specif'ic lie circtnmsance , that are hard to generalize. Emphasis is 
on the costs and henelits to farnicrs. bt the~i pub-lic perspecctive is also recognized. 

Examples of [ihe beneftl 11ti Cost,-, of' crto,,ion contr'ol pratctices w,,ill be used to demionstrate 

the ;OIncepts uniider tliscussioin. Thei dala usCI in tme examples are drawn from the authors' 
expeirencc anal".,zing tile Ci',n'mlicS 01fsoil C0ilSCl'Vtll in the United States and are 
represeniaive ofl the ideal dCit rCluirCd for private or public analyses of conservation 
practices. 

This paper begins with :ailiSCussilil tf (1laa and prtlccdural needs. The analyst tuust 
recognize the intenldet audience the I\ pe of' reluired analysis, and then scramble to collect 

available data. The cists tfI' ersiol clt1110 are liscussed in the second section. The costs 
are easier to estiillatC tIhan tlhe benlefits bccause the farncr sees most (f1',.,2 costs as 
expenses r denlillds oil his tinlC anid CeIliplclltC1. However, socll of the :osts may not 

represent constuiled resourceCs hut rat 1cr f reginc profit Otr Opportunity costs. Adding less 

erosive crtlps that arc less profitlahle Itothe roittitn is an cxalplc of an opportunity cost. 

The cost of a practice can be negative. F'0r Cxailplc. conser'ation or reduced tillage has 
been foiund to be cheaper thlai1Cvilutiimil clean tillage in nilan parts of the United 
States. A p'rcedur tt dCIterlilne tileltthwsCt etI IpIacticc or set tf' practices f'or a given 
level of erlision redctuCtn ltllos, the CiSt scction. 

The benefits ritrll inslailing Soil ci servatiin practices are discussed next. A major benefit 
to farmers is a reduction in the nilcative impacts of' soil erosion on farni profits. An 
econilnic a tasis Inudicesrcognizcthe long term and cumulativeocftnservation tIU 

nature of these benefits. A prt'ciClure is ilveipIcdI aiid Used to estimate the productivity 
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value of' a ton of topsoil. Many practices that are considered soil conservation practicesactually improve the farm's profitability more by conserving water than soil. In addition tothese on-farm benefits which must also be incorporated into all economic analyses ofconservation pilacticcs, putblic analyses of conservation practices must also recognize asbenefits the reduction in damages suffered by the users of waters polluted by agriculturalactivities. These offsite benefits of erosion control can be greater than the on-farm 
benefits. 

The fifth Sectiin of this paper discusses the procCdtu es to select the best set ofconservation practices for a particular site. An cxarnple iS used to demonstrate the optimalselection process. 'Ilie final section makes a few general conclusions and summarizes the 
paper. 

Procedural and Data Evaluation of the nIctS if the practices is dependent onNeeds whether the amalysis is for thefIarmier or for the government aS the representative f tile public. In the presence of' full
information, a well functioning land market, and efficient capital markets, the onlydifTerence in the conscrvation choices of' a larior and a wise social planner would be dueto consideration of olTSite bnefits (McConnell, 1983). However, the real world hasiniperfectly f'lictionji markets and neither- ftrrines nor social planiers have all tile 
infolrmation neeCdcd for wise decision-nalrue 

In an efficient capital market, the interest rate will be both the farmers' price of' capitaland thie social rate of discounl used in public-oriented analyses. Selection of' an interestrate is inipoitailt because Of the lng-itcmiI nature Of tlhe benefits. To use any rate otherthan the opportunity cost Of' capitall \will rCsul in an unCliablC analysis. 

Some coOInistS have ar1ued that the planning horizan of' fairimers is not long enough forwise planning. A well Linctioning land market makes this argument irrelevant. An cficientland market Will calpitali/C the productivity of' the soil into the land price. I herelore, anyimproveimemits to soil pioductis'ity made by a farmer installing conservation practices willincrease tie selling price if arid. 'The recognition of this ."fect by the farmer will result intie correct consideration of the value of' future soil productivity in the farnier's soil 
conservation choice. 

A forllcr IuLt usC the prices paid for resources in calculating costs. A public-orientedanalysis would use Cstinitcd opportunity costs of resoLirCCS in lieu of' market prices if' the
prices are not determmiined by competitive markets. l)eviation from the assumptions ofperf'ectly functionling narkCts by a 1-ublic analyst IIust be iiade with care since they will,as a tninirum, increase tire complexity of tie analysis and can greatly increase its 
controversy. 

After the recipient oI' the analysis has been identified, the analyst ImstlS determitie the typeof' analysis. If' the recipient has alcady determined to set aside a fixed amount of' moneyfor conservation, or if the benefits cannot be estimated, a cost-effectiveness analysis issufficienl. A complete economic analysis such as benelit-cost analysis is perlormed if' therecipient \ants to delcrillic time oplinmal level of erosion control or io determine the -,,turn
ot \invesimmemill ir,0so) contl'. 

Cost-CfectICC Iessileasures tie benefits of' practice installation iv physical units, such astonncs of soil saved per dlai' of' cxpenditumc. The piocedule iinplicitly assumes that thecroled soil ha"(l tie sitimrc vauC ill all situations. A centimeter of' soil f'rorin a thin soil inonie aire is worti the "aiie as a centimcer of' deep fertile soil in another area. Also, atonne ofl soil affecting a salmon fishery is assumed to inflict the same dammlalge to society as 
a tonne of' soil crd ing into a filrmpond. 
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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-effectiveness analysis in determining the best distribution of 

investment by geographic areas, soil groups, land uses, etc. Multiple objectives, such as 

the maintenance of rural water quality, 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 orth of the investment relative to other nonconservation investments. The 

benefits of erosion control arc prinrily the damages avoided by reducing erosion. A 

benefil-cost anal.sis that results in a high benefit/cost (B/C) ratio may be demonstrating 

that a greater investment in erosion control is warranted. However, economic analyses in 

general are only ilcant to he used as one piece of information, albeit an important one, 

among other pieCL s that ire requited to make responsible investment decisions. Attitude., 

by the analysis recipient toward risk. equity, and th ethics of conservation will affect the 

decision to alopt 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 
reduced the productiv,.' potential of United States agriculture. Some mayof erosion has 

feel that there is a level of productivity' reduction which is unacceptable in terms of the 

risk to onr future food s,'ste ii regardless of what any B/C analysis result may show. 

The qua! it 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 resoturcCs. lite, or inclination to develop primary data for the economic 

analysis. Appropriate, scientifically valid 	data needed for a specific analysis are rarely 
available and the ain,lVst always fces the question of how to rationally extrapolate relevant 

data to the needs of the analysis. Mathematical models are an excellent way for a 
specific analysis. Recentsophisticated analyst to adapt existing scientific knowledge to a 

development of yield/soil loss models will greatly facilitate estimation of the soil 

productivity benefits of' conversation and an example of their use is presented in this 

paper. The type of data used is 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 tile analysis. 

The costs of comtriolling erosion are much easier to estimate than the benefits. 
types of costs which must be included in economicConservation practices can incur two 

analyses. ResOturcc costs are the conventional costs of tile inputs used to install the 

practices. The equipment rental and labor costs of installing a terrace are examples of 

resource costs. The profit sacrificed 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 add ing hay to at crop rotation are examples of opportunity costs. 

Erosion control practices can be categorized as either management practices or structural 

practices. The net cost of a conservation management practice is estimated by budgeting its 

costs and returns and conmparing these to the cost and return without the practice. 

Available data sonurces are used to estimate the price and quantities of the inputs and the 

output contnodity. There is no substitute for this laborious chore. 

Table I is an example of a conventional 	 fall tillage budget for soybeans in Iowa. In 
for soybeans in Iowa when conservation tillage iscomparison. Table 2 is a sample budget 

used. Both tillage practices ire assunied 	to have identical yields of 2427 kg lat. In many 

instances conservation tillage, which disturbs less soil, results in yield changes and changes 

in revenues. In our sample cisc the only difference was assumed to be in the tillage 
items associated with pre-harvestapplied. The retduced tillage results ill lower costs for all 

lalnr. interest, and ownership costs. '[he conservationmachincry such as fuel. repairs. 
-

shows a cost savings of $21.77 hat t over fall tillage.tillage budget 
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Table 1. Sample Conventional Tillage Budget. t 

Unit Price or 
Cost/Unit 

Quantity Value or 
Cost per Ha 

Gross receipts 
Soybeans

Total receipts 

from production: 
kg 0.27 

0 
2427.30 664.47 

664.47 

2. Variable costs: 
Preharvest: 

Seed 
Nitrogen 
Phosphate 
Potash 
Lime 
Pre-emerge herb 
Post emerge herb 
Herbicide appl. 
Mach fuel & hbe 
Mach repairs 
Machinery labor 
Interest on op. cap. 

Total preh arvest 

Harvest 
Mach fuel & lube 
Mach repairs 
Machinery labor 
Interest on op. cap. 

Total harvest 
Total variable costs 

kg 
kg 
kg 
kg 
t 

ha 
ha 
ha 
ha 
ha 
hr 
$ 

ha 
ha 
hr 
$ 

0.44 
0.40 
0.62 
0.24 

10.83 
26.81 
23.48 

7.14 

3.84 
0.14 

3.84 
0.14 

67.24 
11.21 
56.03 

56.03 
0.50 
1.00 
0.30 
3.00 

3.56 
80.69 

1.85 
0.00 

29.80 
4.42 

34.47 
13.47 
5.42 

26.81 
7.04 

21.42 
18.95 
13.37 
13.67 
10.89 

199.73 

7.39 
6.82 
7.09 
0.00 

21.30 
221.03 

3. Income above variallc costs 436.72 

4. Ownership costs (rep!acenient. 
tax-,s, interest, ins.)
Tractors 
Machinery 

Total owncrship costs 

25.99 
89.40 

115.37 

5. Other costs 
Land charge (no charge) 
General fit-no overhead 

Total other costs 

0.00 
0.00 
0.00 

6. Total of ahovc costs 343.12 

7. Return to risk and Ianagenient 321.35 

t Prepared by the(LCnicIor A\ericuhujraland Rural Development, Iowa State University. in cooperation with 
SCS. for the R A( ;'In.il.sV. 
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Table 2. Sample Conventional Tillage Budget. t 

I. Gross receipts from production: 
Soybeans 


Total 	 receipts 

2. 	 Vnriable costs: 
i reharvest: 
Seed 

Nitrogen 
Phosphate 
Potash 
Lime 
Pre-emerge herb 
Post emerge herb 
Herbicide appl. 
Mach fuel & lube 
Mach repairs 
Machinery labor 
Interest on op. cap. 

Total preharvest 
Harvest 

Mach Fuel & lube 
Mach repairs 
Machinery labor 
Interest on op. cap. 

Total harvest 

Total variable costs 


3. Income above variable costs 

4. 	 Ownership costs (replacement, 
taxes, interest, ins.) 
Tractors 
Machinery 

Total 	ownership costs 

5. 	 Other costs 
Land charge (no charge) 
General tarm overhead 

Total 	other costs 

6. Total of above costs 

7. Return to risk and management 

Unit 

kg 


kg 

kg 

kg 

kg 

t 
ha 

ha 

ha 

ha 

ha 

hr 
$ 

ha 

ha 

hr 

$ 

Price or 

Cost/Unit 


0.27 


0.44 

0.40 
0.62 

0.24 

10.83 

26.81 

23.48 
7.14 


3.84 

0.14 


3.84 

0.14 


Quantity Value or 
Cost per Ha 

2427.30 664.47 
664.47 

67.24 29.80 
11.21 4.42 
56.03 34.47 
56.03 13.47 
0.50 5.42 
1.00 26.81 
0.30 7.04 
3.00 21.42 

15.00 
10.60 

2.94 11.31 
73.19 9.88 

189.64 

7.39 
6.82 

1.85 7.09 
0.00 0.00 

21.30 
210.93 

446.81 

20.29 
84.56 
104.84 

0.00 
0.00 
0.00 

322.51 

341.96 

t Prepared by the (enter forAgricultural and Rural Develpment, Iowa State University, in cooperation with 

SCS. for the RCA analyss. 
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Some of the conservation management practices such as green manuring, critical areaplanting, 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 Strltura.l pr',ictices such as terraces, waterways, and windbreaks are
incurred at installation, but :,llhavc operation and rlaintenance costs. These practices alsoreduce tihc acreagc availdble hr crop production and this opportunity cost Must be 
included in the c st allalsis. 

Table 3 prcweilts Itc avcragc cost per Ilol"the tmost contmnton conservation practices in the
United States. The costs 	can \aryN widely between sites and are dependent on site
characteristics, iianageicil practices. and other 	fhactm-. Table 3 also shows the averagesoil savings fh[ lifte In CneralpractiCes. the stRuCUt-a practices save more soil but cost
enough miore per ha I atkthem mibore costly per ! of soil saved (less cost-effective) than 
Illost Iualnlatelllt pactices, 

Table 3. 	Average Cost of Val'iotis Conservltion Practices 
if the inited States. 

Ciuservation llractice, Average Average Cost per 
Cost per Erosion Metric Ton 
IIaf Reduction of Erosion 

per Ha:t Aeduction 

$. t 	 $
 

Structural 	 Practices 

Diversion 	and water clr str 165.01 108.12 1.52
Grassed WaitCrwa\ 	 445.27 213.72 2.08
Terrace 208.40 211.28 1.08
Windbreak 39.39 112.58 0.35 

Manageicn t Practices 

Conservation tillage -3 63 30.26 -0.12
Contour and stripcropping 13.32 85.34 
Cover and green manure 25.99 8.38 

0.15 
3.10

Critical area plantig 65.31 108.54 0.61
Enlergency tillage 	 36.57 32.36 1.12
Grasses and legules 195.63 93.21 2.09
l'asmic and hayland nitg 60.38 76.16 0.87 
Pasture aid havland pit 111.91 129.43 0.95 

1. PrIoSCiI l rv;,fi tlcom, ik Il Lfe ofihl pracuiccs. 
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Identifying Cost-Effective 
Practices 

200 

0 

150 -Retirement 

0 

.Minimum cost curve 

0 

100 0 

0 0 

-	 +
(.) 50 	 -CT ROT + STR +CON 

•-	 CT + Rotation (ROT) + Stripcropping 
(STR) 

0...................................................

-CT -i Witroer 

- CT -fContour (CON) 

-_ Conservation tillage (CT) 

-50 

-100 I I I 
0 30 60 90 120 

Reduction in erosion (t ha 1) 

Figure 1. Sample Cost Curve for Erosion Reduction for Soybean 
Land in Northeri Missouri (Raitt. 198I). 

Soil ,aving.s ( a nuniber ifilaticc conbi nations can be estimated for a specific area and 
theni the cost-Cffctive coillhinations can he identified (Raitt, 1981: Reisen eial., 1986). 
Figure I shows an example of this procedie. 'The annual costs and erosion reduction for 
many possihic combinatis of practices arc shown (as circles) tor a soybean operation in 
northern NMiss.ouri on it,,ccilfic soi gIr-olp. The solid line shows the minimun costs " 
achieving it rcductiom. The most cost-ellective practice to apply firstaiv,n eri).sion is 
conservattioi tillate .hlich hias i n..(eaitive" cost and svi\S about 63 t hitI. 1;!e next most 
cost-CIctive practicCs to add to rojisI, ation llre H-C contouring and then a winter 
cover Crop. All the cot-eflcctivc comihatios of practices are identified in Figure I with 
land retirement conser-ving tlL most soil. While terraces were an option, none of' the cost
effective combinltions iluMided terriL'Cs. The plarticular practice chosen under a cost
eflect ivencss analys+,is vill depcnd on the desirel level of crosion control or tie funds 
availahle. The ininiinnm cost curve will have the gencral shape shown in Figure 1,with 
avCrage cost incraCsing wvith greater crosion control. A more complete economic analysis 
requires allCstmlation of' the dollar benclits as well as the costs of erosion control. 
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Penefits of Soil 
Conservation 

Benefits to Farmers from Reduced Erosion 

The loss of topsoil will cause reduced yields under a given management scheme due to the
reduction of nutricits, 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 erosion on his soil. the farmer may increase purchased nutrienis 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 tlieyields 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-1 crop and is continually losing 30 kg of yield per year due to an erosion rate of 20 tha-t y-1. This situation is shown in Figure 2. If the farmer used conventional tillage, his
yield would fall to 5970 kg ha-1 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 farmerwould have that annual 30 kg advantage tor 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 ha- l in year 2 without having tried reduced tillage in year 1,but the yield in year 2 is 5970 kg
ha-1 with having tried reduced tillage in year 1.Any commensurate change in fertilizer 
costs would also continue as long as '>efirmner grew a crop. 

In the above example, a yield benefit of 30 kg ha t- was created by a one time savings of20 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 !-'g-1, the value of the annual yield benefit per t of soil savings

would be 1.5 x $0.10 oi $0.15. 

Time (yr) 

1 2 3 

6000 -
60 .. 
 Yield benefit from .. 
 saving soil in year 1 

5970 

"2 5640 

5910 

0 
 _ 
20 40 60 

Soil loss (t ha ') 

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 ($0.15 
t- 1) times an annuity factor, which is dependent on the number of years the benefits last 
and a discount rate. If we assume that tie land will be in crop production forever, then 
the annuity factor is just tie multiplicative inverse of tile 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 time savings of a tonne of soil in 
the above example would bc worth 25 x $0. 15 or $3.75. 

Any benefits from saving ferilizer or lime could be subjected to the same procedure to 
determine the present vttLuc of' thesc bcnefits. Obvxiously, the total present value of saving 
a tonne of soil would be tle suo of the present valucs of the yield, fertilizer, and lime 
benefits. If the fertilizer and lime cffets were not present in the above example, the value 
per t would remain at $3.75. The plresnt value of the benefits from the installation of a 
conservation practicc is th1e total presL nt ValuIe per t of soil times the number of t of soil 
saved by the conservation pt'acticc. a.,suming that the yield response to soil loss is linear. 
Thus, the total present va luc Of' bene fits from the adoption of' I year of reduced tillage in 
the above example is 2(0 times $3.75 hl i or $75.00. 

The annual benefits fron the soil savings generated b,, practices that last more than one 
year accumiulate is long as the practices continue in use and then last as long as tile 
farmer grows a crop. For exatnple, tile yield effects 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 second year of the practice saves another 20 t soil and maintains 

Time (yr) 

1 2 3 
I I 

6000 ......6000-- :...................
 
.............il Yield benefit from
Dsaving soil in year 1 

-- 5970 ..........
 
Year 2 

'05940
zk >- 5910i Year 3 

5910 

20 40 60 80
 
Soil foss (kg ha 1
 

Figure 3. Benefits over 'I'iie froiii Adoption of' a 3-Year Practice. 
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another 30 kg crop production. This 30 kg of yield is added to ;he half bushel produced
by the soil 	savings the previous year, StLIming up to yield 60 kg in the 2nd yearmore 
than would have existed without the conservation practice. By the 3rd year, the annual
yield would he 90 kg ha - I over what it would otherwise be and remains that much higher 
as long as the land is lairmed. 

We have assumed no yield effect due to exogenous technology changes. Technology could
increase productivity. thereby reducing commodity prices and the benefits of erosion
control. However. techno0logical advances could also he complementary to soil quality in 
crop production, which would make the yield reduction duc to erosion and the benefits of 
erosion control even greater than without such advances. 

1.5 

1.0 

0.5 
-


0.0
 

Total erosion over time 

Figure 4. 	Samnple Data anid Regr'essionl of Yield Ratio (Eroded 
Yield/Uneroded Yield) ais a Function of, Soil Loss. 
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Table 4. The Value of Average Yield and Input Losses 

due to Erosion.!-

Region Yield Nitrogen Phosphorus Lime Totalf 

.....................$ 1-1...................
 
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 
Lake States 0.45 0.03 0.07 0.01 0.56 
Mountain 0.12 0. 1! 0.04 0.02 0.30 
Northeast 0.95 0.04 0.04 0.01 1.05 
Northern Plains 0.22 0.09 0.04 0.03 0.39 
Pacific 0.12 0.04 0.03 0.00 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 

" 4 pICCclI i1I'It 'atcl h\ iII c i "til Imdis i ihtI..,d .crc lihilii, ()iIfip . gI' p i clu,soufceIrald area). 
1111~ ',IIKIN [I()[ ildd 10t NIlIIl 01 C0it1ll1il Mi I(M dL l I 1 101tlr1d111 2. 

Elven it the lss t topsoil has only a ttlllll ctue on avcrae yield, it May have a large 
eflect on vear variation in y eld. It the water-holding capacity and watertile to vca%r 
infiltration rate rerduc,.dl b\ reuCIOVal ol topsoil, then the yield decline caused by low 
precipitation will be greater than oltherwise. This increased variation in yield will cause 
increases in coSts to the larmner and socic[N which are not included in the above 
presentation. 

The eCstitimalc of productivity benelils fronm a conservation practice is sensitive to the chosen 
discoulfit Oc , the 1),ilit ,team is very long. For example, a discount rate of 8 
percent Would cut the bcnelits in ball Iroto ,what they Would be it a 4 percent rate were 
chosen. Econlmic atlalsts should r-ecOgniic that discount rates vary. A farmer facing
survival will have it mtuch higher discoent rate than Other farmers or than government. 

Productivit) Beneils Per lonnte o1 Soil 
Saved 

Based Oiltle coCcISepts dicussed albove, WC develofped tprocedure to estinmate the 
economic value Of'the proldnctivit. beielits per t of' represcntative soils in the United 
States. The relative yild and fertilier e'ects of'crosion ol each representative soil were 
estimIted by a simulation model reflecting the relationships between yield. veather. 
hydrolhgy, crop mnaittinent, and soil characteristics (Williamns (ta!., 1984). The 
simulation \its ruin 1,r 1 )years ustin tepresentatiye weather data. Subsequently, the ratio 
of yiClds On eloded to ulncrlOdcd soil wa regressed on soil loss to estimate the marginal
eflect Of soil los.s on yield I lltutiul 'i a.. 198-1). ()nlv simple linear regressiolt was used 
in the atmltlv.is bccaulse tmmrtCalisliC results occutrred vWhen higher order polynomials Were 
tried. Simple regressiom resulted illa straigt line, as shown in Figiure 4,and presumes at 
conslant marginal productivity of1soil. wich may not be realistic inall cases. Relative 
fertilizer effects \%crc Obtained fromli the ;inmlatioti model in the same fashion. Prices, crop
atnd soil distributions. starting yields, anrd fertilicr application rates were obtained from 
various Sources. 

Table 4 presents sonie frclimitum, estimates of' the average yieli and input damages pe." I 
per ha of soil loss nationally atd regiomally for the United States. The average value of 
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productivity damages in the United States is $0.37 t- 1. The regional averages vary from a 
high of $1.05 t- 1 in the Northeast where soils are very sensitive to soil loss, to $0.13 t-1 in
the Southeast and Delta states where yields are lower and soils less sensitive to erosion. 
Two-thirds of tile daahages came f'rom yield losses and one-third from higher fertilizer 
costs. 'hc relatively h1w valuCs HIM be surprising but are consistent with other estimates 
(Benbroirk ct al. 1 984). 

Water Conser\,atioi llenet.ts 

Significant roisture conIsCrvation benefits often accrue to farmers with soil conservation 
practice.,, in arid and semiarid rgions, Or in humid regions subject to frequent droughts. In
cool, humid arcas, tile benefits may be negative if yields are decreased because of excess 
mnoiturC or reduced soil ICIIperatuirc, caused by the conservation practices. Table 5, based 
nostly on linger ( 1984 indicates the effect that soil conservation practices can have on 
moisture and crop yiClds. It shoms that practices olften have a signifitant impact on
moisture, bs irCereasing infiltration. 1icu6r runoff. inicreasing water storage, or reducing
evaporation and iraniqpiraliol and milay rCult il increased as well as decreased yields. In 
addition. adolioln o1 sOil ColSer atiorr prIaetices on irrigated land can lead to reduced 
water wvithdrawals ('Irei cIa/.. I97, (i 18).Ch. 

The w.ater Col.Cr\atioi becllis of the cornservatiorr practices can easily be worth more tothe hrnecr irr dr\ areas Ihan the erosion control benefits. For example, Table 5 shows 
significai and cOrrsistcn) viCId ilil'\ernCrnts due to contoir farnin in dry areas. A
farmer aCraci .2 303 ke ctln lI, 1 at $1.32 kg -1, who realized only a 10 percent
itrcrasC in y'ied, ILieC have an increase in profit of over $48 ha -1 . If1o conio0urie., would 
the irirler haid a raipidly erodirrg soil that was losing 50 t ha 1 bfore contouring and 25 t 
hIa1 atelr contrituirr , thc , of the soil conserved would be tinder $8 ha- 1. Thus, in
this example. %khich isprohably corinion in dry areas, the water conservation benefits of a 
soil corser \atonl practice are \\orth iolre than 6 limes the soil conservation benefits. 

Other Ilenelits to Farmers 

The soil producti\ ity and \katicr conservation benefits discussed above are not the only
possible benchis to lfIarirers froni adopting conservation practices. Windbreaks have 
gencrall, been observed it increase sliort-lerni yields, soinetinles as much as 20 percent
(Baldw\in aind .thnstor. 1'984). Windbreaks improve short-term yields by reducing seed 
and swcdlirL ard impm ming,,ioss the inicroclinnate. Several conservation practices offer

ellnefits by Iv crtain 1costs of*lircduction but these effects are defined as negativeMUcrin 

practice 
costs and \xcrC discsed in the cost sCctil. 

The dalLiiacs froiuiirllCrosion alflect lhe returns f'roin farnining differently than sheet, rill,
and wind eroslon. ( ill\ erosion inay rel aid froll production and can reduce tillage
eflficiencics b breakirre up ficls. ts. tile bclrfits generated by gully control practices 
are tile opp rtlulii Ctot 0 land retained in production and the reduced costs of production 
front rmaintaining field si/e cfficicncies. 

Benefits ti Societ 

Pie public meccies subsla itial bnefits 'roin the adoption of' conservation practiccs on the 
fartin. The reducLtion in swdinicnit loadings to strearias improves the water quality for 
swrilnlers, fishncrilren. watelr sufply Systerins, reservoirs, and other users of the water. The 
increased water" sfrage in tire walershcd Can reduce ilash flood damage. In the United 
States tlne public berr (fi ' cornservnatiion praclices appear to be greater than the 
productivity benefits tire Ilrrincr receives. A recent study by the U.S. Department of
Agriculturc estirniated t1;at the value of inil)rOvCd walter qurality from installation of erosion
control practices llLer the irrjo'r coriIsCr ation prograis of' the United States government 
was almnost twice tire valuc of tihe soil produclikity 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 Yields Reference 

Contour farming Texas (USA) Cotton Runoff decreased 2991 Increased 61 % Fisher and Burnett, 1953 
India 
India 
Various 

Potato 
Maize 
Various 

Runoff decreased 44% 
Runoff decreased 78% 
Increased available 

Increased 6C 
Increased 465% 
Equivalent or increased 

Singh. 1974 
Singh. 1974 
Troeh et al.. 1988 (p. 306) 

(USA) moisture yields noted in 99% of 
600 sets of comparisons 

Stubble mulch 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 2F% 

Conservation tillage Indiana Maize N.R. No difference in 7 year Griffith ci tal., 1977 
(USA) 
iowa Maize, N.R. 

average yields 
No significant effect Amnemiva. 1977 

(USA) soybeans 
Kansas (USA) 
Nebraska 

Sorghum 
Wheat 

Increased soil water 
Increased soil water 

Increased by 46A to 65%(-
Increased by 6% to 91( 

Phillips, 1969 
Smika and Wicks. 1968 

(USA) by 28% to 48% 

Zero or no-tillage Indiana 
(USA) 

Maize N.R. Decreased 5 car average 
yields 14% and 34% 

Griffith et .l.. 1977 

Nebraska Maize N.R. Increased 3 car average Arnei~ia. 1977 
(USA) 
Kansas Sorghum N.R. 

yields 6'%' 
Increased 4 year average Phillips. 1969 

(USA) 
Nebraska Wheat Increased soil water 

yields 4% 
Increased by 21%(' and 15% Smika and Wicks. 1968 

(USA) 
Iran Barley 

by 20% and 75% 
N.R. Decreased 3 year average Hakimi and Kachi 1. 1976 

yields bv 29% 

Terraces Northern 
Plains 

Alfalfa Increased 5 year 
average water storage 

Increased 
yields by 

5 year average 
113% to 185,% 

Haas and Willis. 1971 

(USA) 
Iowa Maize 

by 243% to 550% 
Decreased runoff Decreased 3 year average Spomer ct al.. 1973 

(USAk) 
Texas Cotton. No decrease in 

yields by 4%-
Decreased yields in 3 of Armbrust and Welch. 1966 

(USA) sorhuni runoff during 4 years 

Texas (USA) Cotton 
critical period 
N.R. Increased by 24l1 and 59% Burnett and Fisher. 1956 

Colorado Wheat Water use efficiency Increased by 15% Greb. 1979 
(USA) increased by 14% 



Determining the Best Set 
of Practices 

A profit maximizing farmer will control erosion to the point where it ceases to pay. This 
can he illustrated by going again to the example of soybean land in northern Missouri. The 

-
soil in the analysis has a prodtuctivity Value of $0.34 t' (ERS, 1986). Figure 5 shows the 
productivitv benefits rel iionship along with the iinie m cost curve. A farmer receiving
only the productivit\ hict ilswoUld not install any conservation practices above the 
benefits line becausc all practices above the line cost more than the benefit he would 
receive. Of the livc practice coinhinations below the henefits line only three are on the 
minimum cost ctir\ aiid sorthN ot cojisiderantoi. 

The prrolt imn\ilni/inp Iri'r ,I select conscration tillage on As shown, uld the contour. 
in Table 6 farmcr ccrtainl practice conser tillage because he could reducethe s\wiuil ation 
costs h\ $33.X5 ha 1. 'h lari'r ould also latin on the colto1ur because it only costs an 
extra $6.42 (nimatinal cotl but incrca,, benefits by .)686 (marginal benefits). The farmer 
would not inclinCd the practice with other practices becausebe t) ildot) wintercover tile 

the lareailll coI (flK 2.24 e -c.IS
[lie $2.21) uf increased benefits. If the average value 
of oftsitc bencfits per I f Cosion cttrolled frn the USDA study ($0.60) were used
 
(ERS. 1980), ssintet .o,,cr \sMIld till Hot be practiced. Total benefits fbr winter cover

would onlk itic;isc i ,0.419. ()hiltisl the hrlitter would adopt more practices if the
 
govcrniment sldi ciisiSI il \ ;iem"ci VtSrati, or"other benefits were received from the 
practices other than the lon-tcrm producti ity benefits discussed hote. 

200 
2 Erosion reduction 

i-orequired to meet T' 

150 _ Retirement 

_ , oMinimum cost curve 
100 

50  -CT+ROT+STR+CON 
* , - +CTRotation (ROT) + 

0 Bef"e ha stripcropping (STR) 

0 CT + CON +Winter cover 

CT + Contour (CON) 
IConservation tillage (CT) 

-50 

-100 1I .
 
0 30 60 90 120
 

Reduction in erosion (tha 1)
 

Figure 5. Best Combhination of Conservation Practices (Raitt, 
1981).
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Table 6. Farm costs and Benefits of Minimum Cost Practices on 
Soybean Land in Northern Missouri (Raitt. 1981). 

Conservation Practices Erosion 
Reduction 

Marginal 
Erosion 
Reauction 

Cost Marginal 
Cost 

Marginal 
Cost per T 

Tctal 
B.nefits 

Marginal 
Benefits 

Marginal 
Benefits 
per T 

tha- I t ha-I S S S S S r -I 

None 
Con: -rvation TilLie (CT) 
CT + COMtour (CON) 
CT + CON + Winter Cover 
CT + Rotation + Strip-

cropping 

0 
63 
83 
90 
99 

0 
63 
20 
7 
9 

0.00 
-33.85 
-27.43 
-5.19 
45.47 

0.00 
-33.85 

6.42 
22.24 
50.66 

0.(X) 
-0.54 
0.32 
3.31 
5.65 

21.34 
28.19 
30.48 
33.53 

0(X) 
21.34 
6.86 
2.29 
3.05 

0(X)O.00 
0.34 
0.34 
0.34 
0.34 



Conciusions Economic analyses of conservation practices must consider the goals of the decision
makers. Farmers seeking to maximize profits are not interested in the offsite benefits ofconservation practices that may be a very important part of the benefits in a publicanalysis. Benefit and cost estimation for a farmer must reflect the input prices the farmerpays and commodity prices the farmer receives. The planning horizon and the discountrate call generally he assumed to be the same for both farmers and the general publicunless land or --apital market failures are clearly present. The soil productivity benefitsfrom erosion comtrol last long-lerm and are cumulative, thus the present value ofover tile 
these benefits is very sensitive to tilechosen discount rate. 

Simulation models pri\'idc a feasible method to estimate the yield and fertilizer changescaused by erosion. Thesc effects of erosion are needed to estimate the economic value ofthe productivity benefits froim erosion control. The water conservation benefits ofconservation practices can he more important to profitability in dry climates than theerosion control benefits. However, these water conservation benefits are not asdocumented for use in economic analyses as the productivity benefits of 
well 

erosion control.Other benefits, such as increased tillage efficiencies from the elimination of gullies, arepossible and when present LstI he included in +mlleconomic analyses of conservationpractices. Public anailyses of conservation practices must include benefits occurring off thefarm SLICI as improiveents it recreational opportunities, reduction in flood damage, andreductions in dredging costs. The offsite benefits of erosion control can easily exceed the 
benefits to tie farmier. 

The costs of conservation as required in an economic analysis are generally easier toestimate than tile henefits because if' the available cost data. All the cost of the resourcesused to tileinstall practices Must he included along with the opportunity costs of any
Fbregone profits. 

The decrniination of tilebest set of practices to install and the optimum level of erosioncontrol at a particular site requires development of a minimum cost curve. The minimumcost curve relates the cost of control to erosiontile reduction and portrays the least costcombination of practices for a given level of reduction. An hcr1 ea1 c'ompirison of thebenefits to the costs ,.ithe practices should reveal the point at which it does not pay to 
control iore erosion. 

As we have pointed out, selc,-ion of the best practice or set of' practices requires muchinformation. The use of microcomputers will make estimation of' a customized minimumcost function a reality for many farmers in the near future. However, most farmers will belucky if they can take adv'antage of generic analyses to limit their budgeting to a fewrationally selected alternatives. F'stiniation of the benefits a farmer will receive from hisspecific installation of a practice is made 111ore difficult than cost estimation by the lack ofdata. Eflorts are currently underway in tie United States to develop yield/soil losssimulation Iodels Ihat itmay be useful to individual farmers, but they are expected to bevery data intensive. I.arLe amio, lts of soil, weather, crop, and other data are required andit is not clear whether the detailed effort will be cost-effective. Best guesstimates willlikely predoninae the conservation practice selection procedure for some time to come. 
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Small-Scale Water Harvesting Techniques 

E.R. Perrier 
Inteniational Centerfor Agricultural Research in the Dry 
Areas, Aleppo. Syria. 

ABSTRACT. The implementation of snia li-st ale, water harvestintg techniques is examined
using the concepts o /')robabilitva(Id water balance tecniques. An exanple is developed
itsintg data and niin-nationfrom ilic El Haseke Province, Syria to denmonstrate the methods 
available fir technical and economical evaluation. A general discussion describes the 
catchment basin, colivevance (levice, sora, Iicility, and cultivated field type of iater 
harvestintg .V'stcivs i./ well as direct rto. ,,stenis using tied-rid,'sawl tnicro-catchienii 
basins. 

Introduction The old saw that "'everyone talks v'bout the weather but 110 One does anything about it," is
only partially triC fo'r water harves6ROg systemns. 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 agriculure is less 
devastating using these techniques. A well-designed water hcrvesting system can help in 
the establishment Of agricUture ill Most arid climates. Nonetheless. when mean annual
rainfall is less than 50 mm it is extremely doubtful that this technology would be 
economically feasible (Coolcy ct al., 1975). 

Even dUring years of drought, water harvesting systems can fail unless they have adequate
storage facilities. Collected runofff 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 cal be equi\valent to several hundred mm of rainfall
when supplied to a restricted cultivated area. The type and scale of water harvesting
system to be selected depends Upon the economic eva!ation of' the soil and the rainfall 
quantity. distriblt i(A, and intensity, is well as, the intended water use, site topography,
availability of' construction materials, and supply of skilled labor. 

The objective of thi. paper is to rev iew water harvesting systems fr small-scale 
application and methods for design criteria. Water harvesting systems can be separated into 
two general groups: 

I) Water storagc in tanks or darns: and, 

2) Direct applicatiin of runoff on a cultivatcd field. 

Water harvesting is a process of' collecting rain water from a modified or treated area to 
either maxitiii/c or minimize rtiof, whichever technology is to be implemented at a 
specific site. 

When runo0ff is max it ized the technique collects water for distribution onto designated 
areas 10 su pply:a dCquIrate atll )Utnt (1f water for crop growth. For example, the soil
surface of' a rainfall catchient area c(rld be formed into large firrows or ridges which
would direct surface water into channels. The ridged soil strfiace could be cornpacted or 
sealed with either asphalt, oil. paraffin, salt etc.. to restrict infiltration. The runoff could 
be collected and stored irt aipend 01 it could be irurnIcdiately rCdistribu,,-d Onto ctltivated 
areas. When a catchient is priperly designed and constructed, runoff from1 light rain 
showers of' 3 to 4 tiri calln be collected. 

The diagrams in Figure I sh i a water hirvesting systeni with i a catchient basin to 
maximize ru111 fl. coir evance device, storage faiility. and cultivated field. 'his systen 
provides f'or a rilthi-usagc concept when collecting and storing runoff and requires highlevels of management of resources anti capital to r rovilde a higher cropping intensity and 
ensure cconnllic gain. 
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atchment 
basin trap~Silt--

Cultivated field 

Figure 1. 	Diagram of Water Harvesting System with Catchment 
Basin, Conveyance Device, Storage Facility, and 
Cultivated Field. 

Figure 2 shows a similar diagrainl but with inmed iate use Of'tie ru no ft on to a cultivated 
area. This system may be less sophislicated but pro\vides a ty'01e of systeni design which 
can be economically implemented by fam'llerS Ol m1ost fields. Cultivated fields are 
constructed into a sloping runoff xatershed area with level conservation bench terraces 
(Jones, 1975). In sone drylaid areas Contour berms are iinade; deep furrows arc duiig on 
the contour where soil is placed m tihe dhownhill slope to firn berms which collect runoff. 
In general, these techniques aetter lar e Or group hlings wherearc applied 

mechanization and land-leveling equipmlnt is available. 

In other regions, capttiring water and h11hlLg itiplace serves asas a simple technique to 
minimize runoff for water harvesting. This cMcept of' zelo-rnofff implies that rainfall 
remains on the soil surface until it infiltrates into the soil or is collected for future plant 
use (Perrier. 1984). Techniques which hav been used ill MOSt rainifCd agricultural regions 
for retaining rainfiall in place are called tied-ridges (-Ildson. 1 71) or with slight 
modifications are called microcatchment basins (Figurc 3). Tied-ridgecs consist of closely 
spaced ridges covering the soil Sunrface illtwo direcClions at r-iglt angles, so thai the ground 
is forned ilito a series of rectangular depressions. 

)esign Criteria 	 The basic criteria lor designing small-scale water harve,,ting systems are essentially the 
same irrespective of the eventual use of the water. The design has to incorporate tie 
coistraints of' the local environment, equipment availabilit. and socioeconomic conditions. 
In addition, separate factors which may be interrelated mutLst be considered: pricipitationl, 
water requirements, alternative water sMrNces, t1 g1a0phy. labr am]t materials, fart ner 
acceptance, and infrastructural parameters of water harvesting systems. Each site may have 
unique characteristics which c alter the eventual design of the optimal System. 
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Figure 2. Diagram of Water Harvesting System ,vith Catchment 
Area, Conveyance System, and )irect Application to 
Cultivated Field. 

Figure 3. Schematic View of Tied-Ridges in a Field Layout. 
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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 element of major concern for plant 
growth. Because precipitation is a stochastic variable, its quantity and timing arc difficult 
to predict; therefore, probabiluty techniques must be used to help the farmer evaluate the 
amount of risk involved before construction of a water harvestin. system. The probability 
of the amount of" rainfall and timing to meet crop ".quirements can be estimated from 
analysis of daily rainfall 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 ValtCs about their relative magnitude independent of 
position. The mean of a data set, Y, is usually obtained by taking many samples so that 
the population ican can be estitmed. 

To illust rate various methods needed to design a water harvesting system, some analytical 
results from 28 \'eaS of daily rainfall data at El Hasekc Plrovince, Syria, are presented. 
The catchnent basin, for the ,'xamnple. will have a compacted soil surface which requires a 
threshold Of minimum rainfall of 6 mm1 before runoff occurs, i.e., 6 n of rainfall is lost 
to the processes of thewettilg and evapo)ratiOn . If' Rri1t1 Stiface chosen for the example 
had been ridged and panvcd with asphalt (a more efficient but costly collection system) then 
the threshold value would be 3 nnl. For w:ter requiremntl computations, wheat is the 
field crop c''oscni for the CUtivaied area. General statistics are computed for the runoff 
storms by month, y.Using the 101l'ing equations: 

Y = mean Z yi1/n. 

n = number of years 

s standard deviation = 1X (y, - y)2/n-111/2 

%CV = % coefficient of variation = 100 x s/Y 

g = skewness = n2(ZV3) - 3n( Xy)(1y2) + 2(XY)3 

n(n - I)(n - 2) sl 

Table I shows the analysis of ihe rainfall data from E!Hascke Province, Syria, for the 
example catchient basin with mean rainfall, mean number of storms, and nean runoff 
each with the standard OiL' 'Ation, percent coefficient of variation anid the coefficient of' 
skewness. The ican annual rainfall for the region is 278 nun and, for the example, an 
annual average of 15 runoff sto0rm1s yieldling 108 nun of runoff. 

The seasonal events October thrt May} show that January has the maxilmuin rainfall, the 
highest nLiiber o1 rt1no)ff st Orms, and the Iargest ain01Ult 0' runoff. However, the months 
of' greatest water need for wheat arc in teie fall at planting time (l)ecember); during the 
vegetative stage when fertilizcr top dressing is applied (March); and during tile grain 
filling stage (May). If these average valucs were repeated each year, production risks 
could be minimized with a catchillmnt area of only 2:1. 'he percent coefficient of' variation 
and the skewness cocfficient shoW the stochastic nature of tl'- 28-year data set. Ini 
particular, a maXimum .ionthlv rainfall of 223 mnn (1969) and a minimum monthly 
rainfall of 13 mnm 11970) occurred during Jantary. The difference between the mean 
monthly rainfall and the mcan m1o ofhlIv rlulnoff is about 36 percent therefore. 64 percent of' 
the rainfall on tire catchnent basin would not be collected. If the runoff surface were 
ridged and sealed, then a much larger percerntage of (he !ainfall could be collected. The 
months of October. November. and May are, in general, the most unsiable and to design a 
storage facility using these data reqlires 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, nun 
(s), Percent Coefficient of Variation (%CV), and 
Skewness Coefficient (g) for 28 years of Daily
Rainfall Data for El Haseke 1) Month. 

Mean Month 
Values 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May 

Rainfall (m) 12 22 43 52 39 42 46 20 s (m) 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 2.41
 

No. 	oflstorms I 1 3 3 2 2
2 1
 s 	 1 I 22 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 (Im) 4 7 17 21 14 15 18 8
 
s (mm1n) 	 1( 8 2( 29 13 16 18 19% CV 	 234 122 116 136 98 104109 242 g 2.91 1.08 1.95 2.98 0.70 1.47 0.94 3.34 

Probabilities associated with the individual nuniber of runoff storms by month, y,can be 
given by l.q. I11: 

y= Y + Ks. [11
 

where K = numerical value Ot the frequency integral which is dependent on the skewness, 
g (statistical tables of,Pearson type IIdistribution or Hjeliufelt and Cassidy, 1975). 

The exceedance probability, p. is the probability that a mean value, Y, will not exceed a
given p. o'odisplay the mealsured dala using he month of December as an example, a 
three-step pIrCCdttrC can be followcd' 

I ) Number of rutnoff storms lfr Iecember data. y. is sorted by ,nagnitude. The largest y
is given order numbIer In 1.and Ihe siallcsi y,order nume,r in = n, where n is 
the nlImerf Vet.ars f"the data set. 

2) 	 Ploiting positions I,(the prtbabililiy. p-axis. are assigned to each runoff storm value.
'File plotting position is determined by order number, il. and the total number of 
years, i, \ here P = rIn I- I). 

3) To estimate the return runolf soiII alue, I,the reciprocal of the probability, p,is 
used. TlW recuTrrence 1 ICtur inicr\al, 1,is comfputld by I = IPp. 

Table 2 sho\ s ti percent prohbabilit \ and iecurrence values (years) for the example data 
set. The nilninr storl included in lie anal\sis o runoff is a daily rainfall of 6 mm or 
more. For a probabilit\ ol 2.5 percent Or a recurrence of 40 years, the number of runoff 
storms lOr the month 
 'Decembcr vould be 5 storms/year whereas, for 10 percent
probability nra recurrence )fI(1years. there would be 4 storms per year. At 50 percent

probahiity or a recurrence of 2 years. there would he 3 storms/year or the mean monthly
rainfall (See Tahle I. 
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Table 2. 	Percent Probability and Recurrence Values 
(Years) for the Means of' Monthly Rainfall, rm, 
Number of' Runoff' Storms, and Runoff, mam. 

Months Mean 	 Percent Probability/Recurrence (%/Years) 
Value 

50/2 33/3 10/10 2.5/40 1/100 

Oct. 	 Rainfall 12 19 30 40 45 
No. of storis I 1 1 2 2 
Runoff 	 4 9 16 23 26 

Nov. 	 Rainlfall 22 30 43 54 60 
No. (f storms 1 2 3 4 4 
Runoff 7 I1 18 23 27 

Dec. 	 Rainfall 43 58 79 98 108 
No. of sioris 3 3 4 5 6 
Runoff 17 27 42 55 62 

Jan. 	 Rainfall 52 73 104 131 146 
No. of storms 3 4 6 7 8 
Runoff 	 21 37 59 79 89 

Feb. 	 Rainfall 39 52 71 89 98 
No. of >toi'ims 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 
RLIno1f 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 	 Rain.fall 20 37 60 82 93 
No. of storis 1 2 3 4 5 
Runoff 8 18 32 45 52 

The probability analysis denonstratcs that at 1:l Haseke a design storm based on runoff at 
the I0 p probability xalue is the iltOSt fkasiblC to calculate volume flows and storage 
f0r the design of, a water harvesting, system. The design storm at 10-year recurrence is 
doulC the mean iontihly runoff aid sufficient to justify selection of a water harvesting 
System large enotilch to niaiaic Ihis Volnne of water. Even though Storm daiage to the 
system could be expcted, dcsign criteria for larger Storms at smaller probabilities are not 
consideCd ccon1on1ical. Thc data slhow.s that for the months of' October and November 
there is o'ly one low VOtlilC Storlit per year which is not enough lfor System design. 
Statistics for ()ctoe r and Novemitber do not illicaitC coistrction of a direct application 
water harvest inc systcni: howcver, if a iltank or 1,md storage were available then water 
could be stO(rCd ftr uSe diring thie growing seasonI. 
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Water Reqbrements
 

Water requirements 
for designing a water harvc:,tng system are composed of severalfactors such as crop and livestock production, domestic uses, and supplemental irrigation.For agronomic applications of water harvesting, the growing season is that period duringwhich water will be needed and the supply should be adequate to support the waterrequirements of a crop. Water h. rice calc..,ations cstimate the water requirements and aid 
illsyste ttC.i n by deterrIining the magnitude and distribution of expected runoffcollectionSelected crops of the Near East aie pres,nted in Table 3. These values areguidelines for estimating dC:;ign rcclui:cmCnts for a water harvesting system. 

Plants respond posilivcly when soil water is available during a sensitive growth stage.Tablc 4 shows the best potential use of limited water supplies for selected crops wherewater appli6cation can be schcdUled at the moisture sensitive stages of plant growth. Forthese data, it is assuMCd thal tie soil profile is at field capacity at planting time.
 

Estimated water requirements lor household 
rtse and stock water for various animals in theNear East are shown in Table 5. In general, the water requirement per farm unit falls into
four Classes of use with relative perceitages: 

Dor estic purposes ......................................... 
 0 %Farm r i d a in als ..........................................

rriastio 5%........... ...... ..... ............ .............. 80 %
 

Waste ..................... ...
................
........... 5%
 
Waste is loss from the water (n veyance system, e.g., open ditches, pipe joints, generalleaks, and dcfecti\e equipurenit. Seepage and evaporative losses of water from storage mustalso he included as part of the water rcutlirement during the design phase of the program. 

Table 3. Seasonal Evapotranspiration tor Selected Crops
akt Mil)4111 -m .-ad Yi,.ik in tile Near 
Last. 

Crop (rowth Period Seasona 

Evapotranspiration 

IlmII 
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 
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Table 4. 	Moisture Sensitive Stages of Growth for Selected 
Crops. 

Crop 	 Moisture Sensitive Period 

Shooting Rotting 	 Heading/ Flowering Grain/Fruit 
Earring Formation 

Wheat 

Barley --------------------------------

Lentils 

Broad beans 

M aize 

Sorghum .......... 

. . . . . . . . . . . . M illet 

. . . . . . . . . . . . G rou n d n u ts 

Tomatoes 

C otton ---------------------------------------------


Sugar beet .......................................................
 

Potatoes .................................................
 

Clearly detincd sensitive phase:
 
-.-.
.Phnt insensitive hut responds; and,
 

..... No clear indication.
 

Table 5. 	 Daily Water Requirements for Domestic Use and 
Animals in the Near East. 

Use 	 Water Requirements 

Doncstic: 

10-60Per person 	(includcs cooking, drinking, and washing) 

I dI 

Animals: 
Beef cattle 35 
Dairy cattle 45 
Mature sheep 4-10 
Horses 45 
Chickens (10(0 head) 8-15 
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To insure that there a:e no critical periods when water will be insufficient, the size of thecatchment area and storage tank should be determined by computing an incremental waterbudget of collected water versus requirement (Frasier and Myers, 1983). The water budgetor water balance for the design of a water harvesting system for field crop use isdetermined by,c.,imating or measuring the imijor input and output components of watermovement on a catchnient area. The water balance equation can be written as: 

R = FT -RO + S. [21 
where R raintill on the collection basin, uinm: ET = evapotranspiration, im; RO
runoff, mm:11and S - soil-water storage, mml. 

In general, climatic methods for predicting the water balance are used because of thedifficulty in ottaining field measurements from equipment such as soil-moisture samplers,tensionIeters, neutron tube apparatus, weighing lysimeters, etc., which are used for dataverification. The crop water requirement to achieve optimal production refers to the timingand volhe of V,ater needed to replace moisture used by a crop growing under specificenv ironnliental conditions. As climatic conditions vary for each year (stochastic variables),a daily record is needed to estimate the water balance for design requirements of water

harvesting systems.
 

Rainlfall and water quantities are usually expressed by depth of water: therefore, it isconveniep: to express the water balance in similar terms, i.e., mm. Table 6 presents theconmputa1nis Of water balance for II days following germination for the required eleven
 
v'riables:
 

I) Daily' Rainfall, am, Rain. Daily rainfall ismeasured using standard rain gauges

which are monitored daily at 08X) hrs.
 

2) Evaporation Data, mam, E Evaporation is measured using Class A pans on
ipa.

nongrassed sites which surrounded byare a short ci'op or bare noncultivated area toprovile tile standard lCasu rement for evaporation, Epan This galvanized pan, paintedannuallY with aunlinunl paiint, has fixed dimensions: 121 cm diameter by 25.5 cm
depth. The pan must he mounted level on a 15 cm high open-frarne platform (pallet)with a water level 7.5 cm helow the rim. Large open screens which cover the pandiscourage birds, dogs, aid farm animals from drinking. Established weather stations,
monitored daily, provide tilenost reliable data.
 

3) Potental EIval)otrans)ir.atjon" min, 
 EIT. The pan coefficient, Kp,which is estimated 
for each location, is nIt iplied by the pan evaporation, Epan, data to obtain potential 
evapotranspiralion. FTI). The pan coefficient,groundcovers. relative humidity. 

Kp, is affected by different
and wind. For the El Haseke example, a pan

coefficient of K 0.6 is used: fhcrefore, 

IT1 = 0.6 > p,,. 

4) Crop coefficieu, Kt.. The \Value of Kc isrelated to the various stages of plant growthbut is affected by' site specific factors such as crop characteristics, sowing date, plantdevelopment, length of growing season, and clinate. The crop coefficient, KC, lustbe deternmined for each study location. Figure 4 shows the crop coefficient for wheat 
planted inDccemer and harvested inMay at El Haseke (Doorenbos and Pruitt,
1984).
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Table 6. Example Worksheet for Calculation of Water Balance 
Quantities with Rainfall for Spring Wheat at El Haseke, Syria, 
in December, 1981. 

Water 
Component 

Day 

1 2 3 4 5 6 7 8 9 10 11 

Rain 0.7 1.5 0.8 9.3 

Epan 1.78 

1.07 

0.7 

0.42 

1.36 

0.82 

1.30 

0.78 

1.52 

0.91 

0.96 

0.58 

0.44 

0.25 

1.64 

0.98 

1.02 

0.61 

1.40 

0.84 

1.30 

0.78 

Kc 

ETcr 

0.12 

0.13 

0.12 

0.05 

0.12 

0.1 

0.120 

0).9 

0.122 

0.11 

0.125 

0.07 

0.128 

0.03 

0.130 

0.13 

0.133 

0.08 

0.138 

0.12 

0.140 

0.11 

RD 0.160 0.161 0.16 0.163 0.164 0.165 0.166 0.168 0.169 0.170 0.!72 

RZM 

W B 

36.0X) 

36.00 

36.(0 

36.00 

36.23 

36.00 

36.68 

35.90 

36.90 

35.81 

37.13 

36.50 

37.35 

37.13 

37.80 

37.10 

38.03 

36.97 

38.25 

36.89 

38.70 

36.77 

Net Gain 36.57 37.45 35.90 35.81 36.50 45.73 37.10 36.97 36.89 36.77 36.66 

Perc/Runoff 

WD 

0.57 

0 

1.45 

0 0.33 0.87 0.40 

8.60 

0 0.25 0.83 1.14 1.48 2.04 
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Figure 4. Crop Coefficient, Kc, for Spring Wheat Planted in 

December and Harvested in May. 

5) Crop Evapotranspiration, mn, ETcr. The actual amount of water used by the crop,ETcr, is related o the potential evapotranspiration, ET0 , and a crop coefficient, Kc,
where 

ET,:= K, xr ET 0. [41 
However, at the start of the season when there are no plants (RD = 0 and RZM = 0), then UT1 roust be computed using K, without a crop: K. = 0. 1 for El Haseke. 

6) Root Deplh, in, RI). Thu root depth inm or effective depth of water use as afunction of ttne cal be dctermnined by: sampling roots in the soil profile; estimatingfrom 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 5. 

7) Root Zone Moisture at Field Capacity, mm, RZM. The percent available water thata soil will hold is estimated by the difference between the percent field capacity andthe percent permanent wilting point on a dry weight basis (% Avail. Water = %Field Calp. - '/'- For theWilting Point). E Haseke clay soil. t.he difference betweenfield capacity, 35.0 pr'cent . alld %ilting point, 17.0 percent, gives the available waterequal to 18.0 pe.-rccnt. 
i 

When the soil piofile is at field capacity the total availablemoisture, TA. mm m . in the soil profile (I(XX) n nini)1 is found by multiplying theperce'. available moisture by the apparent specific gravity. (Note: Soil bulk density,BD.j,,units of g cur 3 divided by the density of water which is 1.00 g cm-3 gives the
dimensionless apparent specific gravity for soil.)
 

TA = BD x % Avail. moisture x 1,0(X) mm m -1. 
15]
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Figure 5. Root Depth as a Ftitiction of Time to a Soil Depth of 
1.0 In for Spring Wheat. 

For the El -laseke soils,
 

TA = 1.25 x 18.0/100 x 1,000 tim m-I = 225.0 mm n-1. 

If the water balance is to he calculated 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 mcisture to the depth of the soil profile. 

The total available 1ncoiStn re inthe root zone, RZM, is then given by TA multip!ied by 
the root depth, RI): 

RZM =-RI) x TA. [61 

For spring wheat at El Hascke, the total available water in the root zone of the soil 
profile at germination (root depth equal to seeding depth) which must be available for 
optimal crop growth is given by 

RZM = (I. 16 x 225.0 = 36.00 min. 

8) Water Balance, nm,WB. The daily amount of available moisture inthe root zone is 
estimated by the water balance. W13, which can be an indication of plant water stress. 
At the start Of computtations, W13 = RZM, but thereafter, WB is equal to the previous 
daily value for nct gain. Ifnet gain exceeds RZM, the difference between the two 

runofff or dCCp percolation: then W13 becomes the previous value of' 
RZM. For thle Fl Ilaseke example, the first value of W13 is 36.(X) mm at germination. 

9) Net Gain, rm. The net gain is computed from the daily value of water balance plus 
rainfall minus FT,. Net gain is computed as 

Net Gain = WB + Rain - V~cr. [7] 

For El Haseke, 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, m, Perc/Runoff. The daily amount of waterlost to the plant growth system is computed from the difference between RZM and the 
net gain. 

I1) Water Deficit, nm, WI). Amnount of waler needed to replenish soil moisture used by
Cvapotranspi ratitn is the aCuCnMulated difference between RZM and net gain for each
day. If net gain is ereater than RZM. then WD = 0. 

To aid ill the designl ofl atwater harvesting system. several years of' water balance data canbe Colliptedt toletrilliin triouis 1ian vilues to e.timilatc the watcr required for aparticulir cropj. II aldditiol, the dtita can be used to determine probability relations andevaluate the ri,,k ,,f a spcitic catchment,/storage design. Il the calculation of risk,
econtli vallues of costructioll and lmliintenance call be added to further evaluate an
 
optimal desigl.
 

A simple calcnlation can he made to design a water harvesting system showing the rainfall equ iva lent v, ulcodhe expected for the Il laseke region, an average of' 278 mmi ofMIh 
ratifall per ear. At this les el of rainfall, the ratio of catchment to cultivated area rangesfrom 5:1 to 15: I w it a runoflf efficiellc ( 100 X runofT/raillfall) varying froll 20 percent
to 90 percnt.lThe ratio of ctcHtie.nnt size to cultivated area anid riunoff efficiency isdependeiit upon the s.stem lcsign. Small-scale \watcrshcds designed for rowcrops andslll grains usualh tL'ac c;tehlient size to cultivated area ratios of 10:1 or 30:1 when the average annualir+,falf" is ts los\ as 10(0 nim. Fot the El Haseke example, if a catchment 
area were de,,iened with a watesl',heL ratoi of 5:1 and the total annual runoff from the
catchinent basini \%crc .38.8 percent eflicient (catchitient basin threshold = 6 nni;

thcreforC, I(t0 -Ixnia runoff yield/ulean annual rainfall 
 = catchment basin efficiency or100 x 108/278 : 38.8 ( )then the volumne of' water collected from I ha (10,000 in2)
Would be: 

5 x l(100() 2 
>' 278/1000 in x 38.8/100 = 5,393 in3. 

For each ha of cultivated land rcceiving the same mean annual precipitation of 278 mam,

the voIlume of wtr cotllectCd woul' he:
 

10,0(0 i - 278/11110 m- - 2,78(1 tO . 

The total volume of riainlfall, plus the catchment basin runoff reaching the cultivated area
 
of the water harvestin syt em wOmld he:
 

5,393 m -; 1- 2.780 i 3 8,173 nl3:- or 

for each ha o1 cuthi\aled atea the rainiall equivalent would be: 

28,173 ill' 10.(f0() m - 0.817 in or 817 min. 

Table 3 shows that or seasotmal evapotranspiration this would be an adequate supply of 
water for itost o tihe crops grown in the El Haseke region. 

Alternative Wafer Sources 

Alternative water ,0tiLCces such as wells, pumpback systems, and intermittent streams canbe useful to reduce the risk of a poor harvest during periods of low precipitation. To
insure that tinllC arod iion1Iey are not wasted, alternative metlhods of' water supply should be
comisideled beforc ilstall ltit of i water harvesting system. Using temporary or
intermittent water sources mnia permit the installation ofi a smaler catchment area. 
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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 delcriiine the degree of compaction, infiltralion rate, and the effective 
he made of the terrain with reliable figures ofrunoff. Detailed designs and maps must 


inputs and outptLs to cstablish costs and returns for each design activity separately.
 

A topographic sur%e\ isnceded at each proposed site to evaluate the potential design of a 

specific water liarvcstinc svsteni. Thesc survcys should be sufficiently accurate for 

calculation of surface arca and of a scale to allow easy orientation within the site. They 

should ilcludc thc location of thc cAtchInent basin and storagc facility as well Isthe 
nccdcd lr sto-rIm water control at thC cultivated field. Whereverconveyancc dCvicCs 

from acrial photographs with on-site verificationpossible, the i aps shiul he prepared 
he decree ,1accuracy of th1e su|rvCy is matched to the topographic(ground truth). 

arerequirement of' the particuflar locaiim. Topographic maps used as a foundation for 

canal and draill;c layout, a1!swell as site plans. 

Materials and Labor 

selecting a water harvesting system. TheMaterials and labor arc Of primay concern when 
to be used for catchment andeconomic factors of altCrnaltie water sources or materials 

be conside rCd in determining the costs of construction and maintenance. Notstorage Moust 
tile quantity' and type of labor or maintenanceall catchmnent treatments require same 

(Frasier, 1975). For the coupacted soil treatments on the catchment basin, weed growth 
en ted. 'fihe storage facility and conveyance deviceMust be cliiin ated aid si CIOsifl piPre 


must he included in a lmairictlanc: program. This type of maintenance on small-scale
 

water harvestig ar'C.s Cal require I to 2 an-days about 4 times per year.
 

Some materials and installation tWchcliUies have high capital costs and require skilled labor, 

especialy for Ole chtcuncistorace Ir conservation bench terrace types of systems. In 

many installati m lesiNs fii w'cr. there several combinations of catchment andh. are 

storage si/cs which pn(s idC the required quantity of water without high capital costs but
 

are labor intensive. .t ridCes. nric ro-catchment basins. herms, etc.e.. cied-I 


Farmer Acceptance 

Faimier acceptaiice Af watcr harvesting concepts is an important -actor in the success of
 

any system. [arimuing \kitli water harvesting always requires more physical effort than
 

rainlfed farmingc ldCr corpau'ahrle conditions. Farning based ol small-scale water
 
th1e fiLod supply and does not ivwolve the patterns of organization andharvesting increases 

social control that charactcri/c larce-scale irrigaLed agricultuore. If the design of the water 

harvesting syste m presents thre farer \sith too0 bic tburden and too little profit, the 

systetm will likely la il.II arCas \'here wite r harvestin1,.g is not hilly understood or accepted 

because of' Variotis soci)ecoomlic factors. sNsten design is extremely critical. The system 

must he designed to coruforrir with thme lhcal lahor supply and implemented with materials 

which have a mirrirnum ainmmtemiaIce rcqieinlenIt and muaxiuln effectiveness. 'File selected 

harvestingc systerII ILISt support a positive economlic alternative: to existing conditionswater 
if farmer acceptance can be expected. 
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Surface Treatments of 
Catchnient Basins for 
Storage Systems 

Infrastructural Parameters 

Infrastructural parameters or the permanent facilities required in the support environmentmust be evaluated if changes which occur through implementation of small-scale waterharvesting are to succeed. This implies a reassessment of markets and road networkswell as access to transportation. The availability of agricultural extension services must 
as 

bealtered to assist the farmer in the decisions of' risk incurred by agronomic change.reorientation of cooperative Thesocieties and realignment of services must be supported toassist those farmers whose aronomic practices are changing.
 
There 
are three types of catchment basins which can be modified to increase the quantity
of runoff: 

1) Topog raphical,
 

2) ?t'd, and
 

3) Impermeable coverings.
 

A specific site should have a surface treatment designed for maximum runoff and

minimum maintenance.
 

Topography
 

The simplest catchinents involve 
some form of topographical alteration. Collection areascan be cleared of brush and rocks with small ditches cut on the slope to divert runoffwater 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 rock-lined ditchesat the lower edge of rock outcroppings. A more complex example of the use oftopography is the roaded c'tchnient of western Australia (similar to Figure 1)where largeareas of bare land arL shaped and compacted into parallel ridges (Laing, 1981).
 
Catchments using topographical techniques 
may be characterized by lower initial costs butcould have low runoff efticiencies. Hollick (1982) notes that slope angles and overlandflow distances must be designed to avoid water erosion damage to the catchment surface.Soil types and topographic features must be properly matched if these catchmnents are to be
effective. 

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).chemical To reduce infiltration,treatments are applied to the soil surface by spraying the surface or mixing in thetop 15 cut. These treatrnen:s are usually of bitumen, salt, a water repellent chemical, orparaffin wax. Potentially, soil surface treatments can provide low-cost crop water but soilsurface treatments have not been totally satisfactory in the past (Frasier, 1984). Thesetreatment designs onare dependent specific soil and climatic characteristics. 

Salt treatments consist of mixing a water-soluble, sodium-based salt (NaCI) at a rate of IItha1 into the top 2 cm of soil to form a sodium dispersed clay system (Dutt,salt is thoroughly 1981). Themixed with the soil, wetted and co:pacted to a firm, smooth surface.The most effective soils are noncxpanding lattice clay Aif20 percent or more (kaolinite orillite type). The sodium in the salt disperses the clay i ,oindividual particulates pluggingthe soil pores or holes and inhibiting water movement into the soil; the result is increased 
runoff. 
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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 renellency 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, 	 ruloff increases without soil stabilization and it has an 
effective life of three to five years (Frasier, 1984). Plueddemann (1975) in a laboratory 
screening procedure fund that certain mixtures of latex and silicone emulsions do stabilize 
the soil surface and remain water repellant for one to three years. 

Paraffin wax is used as a walcr repejlent treatment which can be liquified by heating and 
sprayed as a (hin layer on a prepared soil surface. Aldon and Springfield (1975) used 
granules or powdered paraffin wax sprinkled on tile soil surface at a rate of 2.5 kg n -2 . 
The sun heats the soil surface, remnelting the thin layer of wax which moves downward 
coating the soil particles with a water repellent wax (Fink, et al., 1973). This treatment 
(Frasier. 1980) is best suitcd to soils of less than 20 percent clay content and where soil 
surface temperature exceeds 55 C. the incting point of paraffin. 

Inlperleable Coverings 

Conventional construction materials such as concrete, latex rubber, black polyethylene, 
sheet metal, etc., have been used as coverings for catchnent basins for water harvesting 
(Cooley, et al. , 1975). These materials, although expensive, may last a long time, and 
.vhcn properly installed 1d ai ntained may be well suited to ionie locations. Most thin 
fioii coverings are susceptible to mechanical damage, wind damage, and sunlight 
det.rioration ((luff. 1975). 

Storage Facilities 	 A storage facility is geneially required for most water harvesting systems whether it is the 
soil, tied-ridges or inicro-catchnient basins, a tank, or a check darn. Efficient water storage 
is the primary objective and is associated with various water uses, e.g., livestock, 
commercial, domestic, and stippleniental irrigation for agricultural crops. Normally, the 
intended use of tile watcr will inlluence the design. Final recommendations for the 
selection of systel design will be dependent on cost and local conditions (Dedrick, 1975) 
such as: 

I) Chemical and physical properties of soils: 

2) Accessibility lofpersonnel, 	 equipment. and materials; 

3) Availabilitv of surlace scaling niateriails 

4) Current costs: and, 

5) Maintenance requirement for effective life of system. 

Soil 

In some designs of small-scale 	water harvesting tile cultivated soil is the water storage 
container, i.e., direct runoff farming systems. Tile collected water is diverted or directed 
onto the cultivated area 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 fields can Le 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 i high risk as crops can fail in dry years 
or can be badly damaged by flooding during heavy rains (UNEP, 1983). 
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Runoff farming systems are used extensively fbr the growth of trees. In Burkina Faso(French West Africaj, lone open slopes of denuded alfisolic soils are reforested withcontinuous chain of waler catchment a
basins (Wright, 1985). Ancient runoff farmingmethods have eliployed tile collection of rocks to build low rock walls along contours toentrap eroded soil and r'uiff for the farming of sorghurli and millet. Trees are plantedbehind these low walls and ntlive glrasses are seeded for stabilization (Chase, 1985). 

red-Ridges aind( AlIiero-Catchinviii 
Basins 

Ridges and depres7,ion:, increase the potential tor storage of - water on the surface andprovide for rtiiilf trappiaq which increases the potential for infiltration and storage ofwater in tile soil prlofilc (dlli, 1966). Fied-ridpes can be an effeciive system but they helpto produlce ilcta scdii Vieds S T''U 1111101T oW10s1)CCLS it ,! lrater rte thatinfiltration. o 

There areu a great n1any mcliarrical devices available for both animal traction and tractorPower especially designed to malie tied-ridees in a single operation. Ridges mnay be formedby tratr of, txell With i os\VeVer. ties Can1be con)structed by hand.Usually. ridces le lormed )'tlllIc t( one another. plaln: 'd on the tops, and tied ordainnied in the furrxVs. So)etimel1S thL tying, tdllg, o" blocking of the ridges is madeIt the saell heiglt its the ridge, i hudson (I 971) gives a word of caution about thisconstruction technique tha. if"the soil hecollies saltrated with tire depressions filling LIpand then overfhwloxin, the tic,, m dimin, may break. ()if sloping ground. once one ridgebreaks it releases a siriall fh1kOd v.lich can burst the next ridge, releasing more storedwater ar1d sO orl down the slope. This can haV it disastrous effect on soil erosion.Correct this sittioi. rides ,hO ctrctd Ol I 
To 

with tIe ties lower than tile 

Ted-ridges cail be couistrliicted its iiicro-catchnent Iainits. 'i tire 6 shows thai the basinscali be deep (30 clif) so that all tile water that falls or- r;ns into them will be captured. If'the rainfall probahili.y curve shonws that lie 25-year axe!agc sto: in is. say 8)tiico-catcelrieiit basili. nto, then aif deep enough. could captr:rc all rinli.all and hold it ill storage foreventual irifiltration. Ill geierail, the differernies between
licro-cachlinielt Iasils involve 

the two systems of tied-ridges andrainfall distribution and intensity, soil type. and slope, aswell as Ilaillitetl.ice and labor ;eqlilerllieits.
thol)ughu()t the dry suasOI 

Ill some areas the ridges are left in-place
1t caleb early raisllS, nrilnirilize runoff, arid permit earlycultivatio ftIlhe soill,.Under no-till pr;ictices, tile tied-ridges remain fromyears with otly two to threeinii ir riuitten arice, ho we ver-, these systeriis a re usually hand-seeded and

hand-weeded. 

Tanks 

A water storage facility cw be arty container capable of holding water (Frasier, 1983).many designs of water Inharvesting systems, tile storage facility is tile most expensive singleitem, ard may represent 50 percent of the total system Lost. There are many types.shapes,. and sizes oI \vood.n, metal, clay, and reinforced plastic water storage facilities. 
[igure 7 shows a oulld spread-bltik daif with a clay litter consisting oi eatuhirerit areaand tak ( laing, 1982). These have been successfuil in Australia because they are easy tobuild, SlituCd 10 diffiCull sites, arid rmiinterinac (1Laing. vI al., 1980). Theis loxx
cOripacted Ct.liiv C'vCr of tile catchllett area shtuld be about 20 crm thick. The radial widthof tile catu'hitent arica is normiallv I'rtm 20 i to 75 ftrdepetiditig ott location and si-,e ofthe water harvestin catchrntit artea. A ratio of 5 1112 o1' sulrface ar-ca of catnehe to I to- 3of Laink mtorage is used with armilnliuiil rairrfall of' 40011n (Stantotn, 1977) )r a catchnientarea of 2.5 li carl be used with a 5.(0() ri darn for suPplelireettaI irri-ation. Theecirotllic Critcriomt 1r design shotld rCsult ill th most efficient dami per cubic rreter of'
vaele 1supplied. 238 



15 crn 

Tied-ridge 	 Micro-catchment basin 

Figure 6. 	 Schematic Diagram Showing the Cross Sections of Tied-
Ridges and Micro-Catchment Basins. 

A 
Cultivated field 

Catchment area 	 Orw r 

Overflow tapk 

Inlet pipe 	 Ovrlw pipe 

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 techniqueimpound storm runoff. Small dams to 
can be constructed across flowing and intermittentstreams as well as gullies to create storage behind the dam walls. In many instances, thesedams can be handmade using rock and concrete cores with a compacted clay-earth coverand gravelled spillway. In general, these types of reservoirs are used for supplementalirrigation to reduce risk and increase yield for crop production.


Summary and Conclusions Small-scale vate r harvesting 
can economically reduce risk and increase crop production.Water harvesting ;o ttaximite or mininmize runof is a stabilizing factor for farmingsystems which depend on natrIlaprecipitation. Runoff can be used directly on cultivatedfields or stored in soil, or used with suppl,':nental irrigation when stored in excavatedponds or small check dams. Calculation of statistical parameters and probability analysisprovide design criteima lbr constructing and optimizing the catchment area, conveyance
device, storage facility, and cultivated field. 

The performance of small-scale water harvesting depends upon the effectiveness of thecatchment basin to inataue soil smurfi'ce conditions, e.g., inhibit infiltration, producerunoff, or increase soil water ,toragc. Effectiveness depends on several factors includingsoii depth and type, surface covCr, surface rough ness and slope, climatic factors, labor andmaterial costs. \water balance, waler quality, and availability of materials. 
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Role of U.S. Land-Grant Universities in Addressing Soil and
Water Management Problems 

J.I.L. Ozbli 
ll'.o/io,(opi Smtoi (/lipi r.iAl.p, l lhntn, (,oahington, USA 

1lBS7IA('l TO6id'niii' it/'!he /ltiil- t univrsitiest Jiorin in ithh'essing soil andwah'II0I 11('111(' A/hcif"i prblm.%, we nctwd to1.V look briel' (itthe origins and 

General Role of U.S. 

Land-Grants 

In I, (2 lic [1i802 Stthte ( 'l, rcslcrcd the lil'rs tnivcrsities. The federal
-'i I land-2rulnt 
pro',,iltidcdrovein cach "taw ,ith ;:t 'c ialitts I land to establish and maintain landa 

grant tnivcrsit\ tW Icach ii'willtu, and hii:,.,cclhanc Twentv-ljive years later, a,)thcrfedcral actl crt.k'l al ntlilnl ac.ii ltt ralI CXplcrimnItl statS,i litll SVstem11. individual units ofwhich %\C.ec It hc part (id t.,'h"laic's land-,rant tLi'erit'y. hn 1914 still another federallet Cablished ('iloperati c lA\ICt0io. tlie oUtleach aMll Of the land-grant university. These
last twit a , .',otail,d thli ILdrM;l tllitdi,2 spp-+t '-iwhich Continues todly. 

,The k'(lA _ICc 'tl;ni-lllcth(1H. ;1;p p,.idcd liIndith lor f'rtiial classroot instructionill gri.til 'lt II iclllcliatlj tsI-: it CrcttCd t I 111a o,c0t) iLtI.research to resolveaprictltural pr oilcUi,' ;midlit iccaicd t \','.a to tlake n'\ andl rleCvlut illbOrllnation tofIm'sltI Mronltmilt cclI .,tltc. ' i,,. then i,, the IOle of 1I.S. klnld-gratllu universities inaritt"., ,f pro~blemsl, s.ch i, s+,il aiil V.;ter ;ItiIIICIIt 0toConduct research thataddrles', ;iciciltl c0t.. cr1Ys1 tehCk) edu and illo)rii1 olattt ways to use new and
relvitiL tI nti)I atlll;!Iiol to rc"so l 'Il I H"ltiiis. 

Altr"Worll War I1. the' cinmtl t etabli,,hcd thc U.S. A fottylbr InternationalICcl)lmCnt 'SAll)) Mhich. \\ i:h \ l io other fediall aets, provided the means for andeClurtage'd ,UIl.nl itiii.uersitlic , to %','okdirctcl, with other nations in formal education,rescarch. and cxltcii,,tiit 'ru,.\l Andth a ddcd thie litlrtl dimension to the land-grant 
univcrsit'. r lc. 

\ lald-cai nni'crsit\ int.'htle,, ubjct nliattcr areaCis ill addition to agriculture.
Icreas"in'lr th,licears are hciii, cmlorIl .,l (t dilddhsS, spccil'ic topics through
iiterdi, ciplin: .ri - i:ri1 . 

('lili tiC. ,,ti)il. aiiil eColltli( i ccolitl ioili lln,, ethl tlie specilic interests of' tie individuallatid-graitl uiiiv'i',iL,. lIne' ill ti11 iiiltliiii'L the aipproaches and competencies availableo ddless'- lieci SLll', i t't.iiis. ' l with onlyItate ire' d Wiiienl three or four' majoracrtulti.l iiiioditi alnd hi id i+C-C1C;ilh ;iiid ediicatioin pogi.ga.'t ltoCLS oi them. 

l.inld-2raiall tIi\it 'nii lc I I iliiig relationships with the U.S.l)ep;rtiniit o .\griCutire Ht Si).\ Ih)Ilh ol these, iliilliCce hiii' .Iv d-gruaint tniversities , . apl-lnch slpiciii prlii hIhic SI), hasIsit0'. resacdCh s'rVicC. Many of' thesescietllist a rc sIati , tii laind -rant tii'crit\ ciiilpil"s inne' Tlc ee.rci s)IlC support fromie Ilttr\.lsit\ an id \ i k .lol,'.\ tlib I VscaCtlIth't a lie tllit.versit . Their research has a t'ctiial_ o iiitioi:i hous, but it i , ailielss.s-t ; 'IcC LCIIuNS. [his FrCes land-grantscilinisl t0 Ci- dti LIitihui I'C" cillth iI1tic specilic le satc. 

USI)A ;lsi a,,s ll Imcnsllin sci icmec tllillpl'iictitI \,ihit j)r'OVidCs niational prograit Support
for stale emteiisii i l, it. It ,. 

At first glance. residenl ilisltlliot pru'iill',ill ludl-cranut tuniverlsities mtay appear verysinilar. All thcuts, need al broad kliiildgt balme on '.',hich to build their education.While therce tm. hc ,iii,iitic, it theIund,_rgraatel;lC levCl. ,zradt, Itc programs differcOusider;ibl'. A I;urge iniiiibr m i.iilt'\ iit l\,d ill rsCSrcMh also leach. While theitolriat;i) ill a bi',Ic soils ci1u,,usc 111:1\ be thle ',;iIIIC a'roS the nation. the substance ofgraduate Ci ll"re Iicu'ise, iii iaN IL'.'r and 11unC spCcific areas Within soils. These areas aredleterlilnel h\ the iistrtuciou,,' csLarch intelest' ich arC based inn state need. 
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Washington.State . . 
University as a Land-
Grant University 

Each year, the: College of-Agriculture and Home Economics of Washington State--- . -
University (WSU) offers 42 courses which deal with soil and water conservation. WSU 
provides undergraduate and graduate education to students from a wide range of countries. 
Some of these students come to WSU in connection with technical assistance programs that 
WSU is conducting in their homenations. In 1981, 19 Jordanians were enrolled at 
WSU-10 in graduate school and 9 undergraduates. This year, two Jordanian graduate 
students are enrolled-- one in soils and one in bacteriology. They join 794 other students 
from 103 countries studying on campus. 

Washington has over 50 major commodities for which its,producers seek research 
information. This means the College has a broad scupeof research activity and expertise
which it can bring to bear on specific problems in the state or in connection with an 
international development project. Of a total of 317 research projects being conducted by
College scientists, 51 deal with some aspect of conservation, development and use of soils, 
wiiker, and related resources (1984 CRIS data). 

In the past, agricultural research focused on one specific subject matter area. A scientist 
looked for a specific way to stop rain water from running down the face of a hill and 
washing away topsoil. Today's research emphasizes a system or multidisciplinary 
approach. All physical and social aspects of soil erosion are being investigated at the same 
time and in a coordinated way to identify and predict occurrences beyond those which may 
be thought relevant initially. 

Our STEEP (Solutions to Environmental and Economic I-roblems) erosion project with 
Idaho and Oregon is one example. Program objectives inc,)ude: developing combinations of 
tillage machinery, cropping practices, residue managemcitl, and weed, control to control 
erosion in dryland areas; developing wheats with charac eristics that reduce erosion and 
maintain yields; integrating weed, disease, and insect crntrol with tillage and plant 
management systems; determining the economic and s6cial impacts of improved practices 
on farm organization and productivity. 

This project exemplifies: 

1) Our College's cooperative research programs with neighboring states. 

2) A systems approach to resolving problems. 

3) Our role in addressing soil and water management concerns. 

Washington is a large state and has a wide variety of growing conditions. We have a 
Mediterranean climate similar to Jordan, although our winters are a little colder. We have 
large acreages under irrigation. Thus, some of our research activity focuses on managing
and using irrigation water. 

We also have large areas of rainfed agriculture where annual precipitation ranges from 250 
to 500 rmii. Wheat is Washington's major crop and most of it is grown on rainfed lands. 
It should be no surprise then that research and education concerning all aspects of limited 
rainfall wheat production are a major focus in the College. It follows that our research, 
instruction, and extension faculty have a high level of interest and expertise in the many 
aspects of efficient, high-yield cereal production. 

In 1918, our wheat yields averaged 855 kg- 1 ha (12.5 bu acre-'); 1983 was our high 
average year with 4,391 kgt ha (64.2 bu acre-1). When growing conditions are perfect,
sonic land has yielded over 6,840 kgt ha (100 bu acre-1). This indicates both the success 
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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. Of perhaps greaterimportance, 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 which occur 
in its geographic area and for which it hasthe expertise, and to provide citizens with new and relevant information in a way they canunderstand and use. Initially, such activity focused on the state in which the land-grant wassituated. The global economy in which we now live offers the opportunity to expand such 
activities beyond national boundaries. 
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The Potential for the Production of Red Meat from Sheep in
the Semiarid Regions of the Middle East from Pasture and 
Rangeland Flocks 

I.G.H. Goddard 
European Economic Community/Jordan Cooperative
Organization, Amman, Jordan 

ABSTRACT. The potential for improved regional production of rainfed forage crops andrangeland pastures can only be economically obtained iffinancial returns from livestocksystems can be improved to pay for the required investment. Work carried out in Jordanhas clearly demonstrated that it is possible to obtain significant economic returns from thelocal Awassi fat-tailed sheep. hnprovement has been shown to be based on combining anumber offactors. The major ones are: 1) inprovement of nutrition throughout the
breeding cycle; 2) adoption ofdisease prevention practices; 3) implementation of soundmanagement practices; 4) following an improved lamb management program from birth toslaughter; and 5) to maintain progress by introduction of a sound breedig •policybased on 
accurate recording and selection. 

The data obtained from an ongoing program have shown the following levels ofimprovement: 1) 3Z 5 percent improvement in number of lambs weaned from extensivelymanaged flocks; 2) 59.5 percent improvement from intensive lamb fattening in terms of redmeat production; and 3) 219 percent improvement in total red meat production per 1,000breeding ewes. Thre program has also obtained data which indicate that the Awassi breedhas high genetic variability which provides a sound basis for breed improvement by
intensive selection within the breed. 

The potential for the development of improved stock from Awassi is of major importance asthe breed is well adapted to the local environment. Variation has been identified in thefollowing commercially important characteristics: multiple births, lamb growth rates, andmilk production. The improved economic returns from the adoption'of suitable technologyfor sheep breeding flocks can provide the economic base for the expansion of regional
forage production by coimnercial farmers in rainfed agricultural zones. 

Introduction The semiarid regions of the Near East have a limited agricultural potential in terms of
rainfed agriculture due in main to the limited and variable seasonal rainfall pattern.
Traditional agriculture in the region has been based on a wide variety of related farmingsystems centered on the cultivation of winter cereals and legumes, such as lentils andchickpeas. Many of the systems had a livestock component based on seasonal grazing andthe use of by-products. Development in the region over the past decades has been
associated with a rapidly increasing population, urbanization, industrialization, and ademand for a higher standard of living. These changes have resulted in the region havingan increasing dependence on imported feedstuffs from other regions to satis ly demands,
with concomitant increasing expenditure of foreign exchange. 

One of the results of these import levels has been the growing awareness of Governments
in the region of the need to increase agricultural productivity to reduce import costs and toimprove food security. Improvement of red meat production and milk production has beenconsidered in many schemes for rainfed agricultural areas. Development of these projects
has been influenced by two major limitations. These are: 
I) Shortage of locally produced feedstuffs from either range or forage plants or fromhuman food crops as by-products. Production is often limited due to current economic 

conditions. 
2) Lack of available water supplies for maximum crop growth due to poor water 

harvesting management, practices. 
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Table 1. Livestock Numbers in tile Arab World, 1982 
(AOAD, 1984). 

Cattle Sheepj Goats Camels Buffaloes 

Total (i 001) hcad) 	 37.448 103,998 57,521 14,344 2,'75 

% of total 	 17.6 48.9 27.0 5.3 1.2 

Jordan (1000 Ihead 	 35 990 590 I5 0 

Jordan "'r 	 2.1 60.7 36.2 1.0 

Syria (10 I() head) 	 791 11,403 1,150 7 2 

Syria ', 	 5.9 85.4 8.6 0.05 0.01 

Iraq (10)0 head) 1,900 I1,900 3,800 80 175 

Iraq '," 	 10.6 66.4 21.5 0.4 0.9 

The niajOil'it of the palp.s at thi, Workshop are related to improvencent of crop 
productiol. A" ;1l improvem!ents ha\c a financial cost which should be covered by 
increased \iclit ()lie expect" tarncrs to adopt such measures, then increased forage 
production or b\ -pnetc availajbilityl should be related to increased animal productivity for 
the developnt of all ccolltlic autrietltiral induStrv. In this semiarid region the most 
citiiiioni cra /ing atitials. arc sheep and goats. as shown in Table 1. The local breeds of 
sheep ;are C ell adapted to their e irtttllllllll and have a prodiction pattern which is well 
adjusted to tile ',cao',ial patiern of feedstulff availability. ()n-going sheep prograls in 
Jordlall ltW\e shoiI that cllanIes-, ill the tralitional lanagement of sheep flocks in the 
Kimdhm \Nill reth ill at ,,inificalit iiliproveillitt iil red meat and milk production from 
.\,ssasi flocks. 

This paper liscus',e', tile ceitiat ise notetntial of vario s provenl ncasures based on 
cOllilliercial L11111 etills ad atltlltp!s to assess the economiC valne of these gains. Only if 
farm incolie catl be itipiocd 	ot , shorl-tem hasis wil! firnIers invest in !ormg-ternl 
development and imnproemcntt. lhe potenlial was discussed at tile 1982 Sheep Workshop 
at t( it' enr it\ of .oh itn (( ;ouidrL . 1982). 

Improvemenl of Iwt 	 AS a poli. oflilile espaniioi ol eke ntuibers will increase [he problem of feodstnff 
Produtctiviy 	 availabilit\, the iim1 ot the plUrtll I has becI to deCelop ilethods of improving ewe 

1)Iir(dLtcti\it.\ il l I wtr l Ioiiiftber of latibs \%called. %k age. and weight and milki canin 
production. lhe alptl'chi has bCn to IIC;tSillne c iStine prodnetivity and to develop 

IaiCCIIIcut ,\,,lin,, :lthlr thl c.insider imiiividutal imlpro etnts. This review describes 
the tllethod, ictI ;an1d1 " he m11rall resnlthiMIelltlCdld c i tismlcit 	 . 

Values btlaiil imtl locial pts, andLstdie l1n t("aue(f local flocks showed that there 
\\as 	ahcad\ a \\ idt dcrele it \ariltmittl \Nithin and aionc ilocks t(GoddlLrd. !984: Hart, 
1983:' Shiek. Il982 '[lie li ic 111!iUtlliClt-ciattcul picutces have been foMund tog
icrt'lease pHtductl i it\ . 

I 	 .)S'l''u-tvCi!Cpuu//jiu- t/ur/tu t ". .llis is itenl dilficult due to lack of ain) 
recir'ls. atild \ic h Itste Iad ot coluiparative plh.sical cotndition amid dentition 
related s itl file shcpherd, IIlii\ asl to past perlilance. In some flocks culling of 
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over i5 percent of the ewes can be considered on these terms. The major problem isto develop ownLtr confidtence in the economic value of this approach, and lack of 
replacements within 0he flock structure. 

2) 	 hnprovenm'ent/'dinl.!hwk ,:utrition. The establishment of a flock feeding program
based on stage of productio:1 is very difficult due to the normal management pattern of 
a widespread lambing and keeping the flock as a whole with no separation of sexesand age groups. The gleneral apnroach has been to encourage owners to improve
feeding at the Ittating period to Eush the ewes, and to impsove feeding in late pregnancy aitil during lactZllon. This is possible in n-any flocks due to the common 
use 	Of' sMpplCmelltaly teeds in winter ai early spring. A number of possible ration
fb>rmulantionM locally available feedstuffs have been developed for on-farm uses usine2 
with initial recommnttdations for usale rates based on stage of production/breeding
cycle alld level of Jrodluctilon. These programs emphasize the need to produce torage
crops atnd to ItttiI (lieCc(rretly to gain the maximum economic benefit in terms of 
imllprOved prtnUCtiol. 

3) 	 Inrl/)li'men (It!a.'u and t,' prcicntion. Jordanian farmers are very aware of
disease alld a);lrasitc pr hle is, htwever, they olften are uncertain of the economic
methods of, control attd prevention. At present there is a development program aimedat identil'ing ecollo llic solutions to problems .s they are established as definite 
problens rcdtucing lroductisiviiy. To daie recommendations have been based onindividual solutions such as, control of external parasites or clostridial diseases rather 
than is annual flock plrogiants. 

4) C(iuum,. illoallaglle,/'at mmicti'e.v. Practical changes to improve farm efficiency basedott the Usc t1iIIIprOVCd basic cq ip:ltt'2nt dCsigls for feeders and drinkers are
considered t hbe of aluc is they help make f'armers aware of other problems such asi"ed wastage and water mctu irCnents, lDemonstrations on. handling methods to reducestress hiave helped crcatc interest ill improved ntanagement. The potential value of rant
separation as a llaagllItetI tool has been discuss"ed with ,aany farmers, however, thebasic problem is that the Coitittion1 setli-intensive grazing progrLm and physical
facilities make this itupractical lorinany commercial farmers. 

5) 	 Improi',u'llm b .mhclieti. There is atwide degree of genetic variation within the
Awassi breed in .hdan;l oddard, 1984) Iland farmers often stress the importance of 
good selection. lhm\ever there is only limited local progress at present. On manyfIarims the lack of records itakes it dit'licut to develop a systematic approach to
selection atL oielc 10htocl\ )1t llock inspection and verbal reports from a shepherd. 

The 	ap roach lUsed to aSsCsS l)rdtIctivitv has not beeti only to consider the number oflambs born but to assCss ewe IOCk., ol tihe numtber of ewe lambs weaned and on milkproductio n. This is because weaned laImbs,are the major sellable product along with milk.This has nItatt that as \ell as lookine at ewe Ilock management, the program has alsostressed lati, l tnatgemlit c rttli hirth to weaning t :reduce mortality and increase growth
rates. To date emphasis his been pllaced on tile flowing factors: 
1) 	 Ewe nutritiot f'rotn late pregnalcy throughout lactation. The aim is to encourage

strong healthy latubs atbirth and an adequate tmilk supply lor growth until weaning. 
2) Redluctiot ilt early illtrtality by 	 t0ai h iitproved IMaitagement

(a) reduce cliniig by good!biilding design or windbreaks: 
(b provtde checks ottearly feed inlake and mothering, especially with twill lambs; 

and 
(ci)improve hygici e att birth. Inilial results have shon that losses from twin births

catl 	be reduced by greater than 50 percent by adoption of simple management
practices ittcluding adopllot Or fostering during this critical pcriod. 
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Table 2. 	Improvement of Number of Lambs Weaned per 
1,000 Ewes Mated. 

Factor 	 Flock Type 

Traditional Inproved 

Number of ewes bred (mixed age flock) !,0W) 1,000 

Number of rains 30 25 

Number of barren ewes (including maiden ewes) 150 100 

% twinning 5 15 

Number of lambs born 893 1,035 

% Lamb mortalit, birth to weaning 8 4 

Number of lambs weaned 822 994 

Number ewc lambs required as replacements 300 280 

Number ram lambs as replacements 10 10 

Average age at weaning in days 70 55 

Average body weight at weaning, kg liveweight 20 20 

Number of Inhmobs available for fattening 

male 401 487 

female Il1 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 early weaning. Results from the University of 
Jordan have clearly s:jwn that the average weaning age can be reduced to 45 days 
from 60 days at the sane body weight. This allows for a longer milking period for 
sellable mlilk and higher yieids per C.C of scllablc inilk. 

The potential for increasing the number of lambs weaned per I,(X)0 breeding ewes is 
shown in Table 2. This result is based on \..lucs that have been recorded locally based on 
different combinations of the v:mious factors discussed. 

These results are based on improvements in semi-intensive flocks obtained from relatively 
low-cost improvement changes. The aim has been to try and produce one healthy lamb per 
ewe mated, as on currently available fced supplies a high twinning rate could cause high 
losses or expensive supplementary feeding. The program has also been baed on one 
lambing per year; it is considered that any intensification will require a significant increase 
in costs and technical management skills which are not readily available. 
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Local fattening trials on commercial farms based on fattening of weaned ram lambs for 60to 70 days on concentrate rations of whole grain barley and soybean meal mixtures have 
resulted in significant improvement in red meat vields (Table 3). The system is based on
lamb selection and the adoption of a simple disease prevention program for clostridial
vaccination antd treatlelrtt againtst inlcterraj parasites asstciated with good management 
practices. 

There have been a number of trials based on fattening lambs on cultivated pastures with
successful 	 results. However. tIhe question remains as to vhether the optimum use of such 
pastures is for lamb fattenin,, or as a feed source for the breeding flocks which requiregood quality louehlC to ttaxijitize pro+ductiol. The restIts of initial development 
programs 	organized b\ the .hordan Co) CralVe Organization have demonstrated that the
local Awasi sheep li(rk under commercial tanagcetnent have a very high potential for
improving red flieal prodtct io b% itrodULcitl n 0f I0%-ciOst changes illmanagement
practices. Ihe overall potential is shwn in Table -l by the summarized values of current 
results. 

Table 5 shms the ecotmtriic costs of such a ewe flock program in Jordan and the potential
rettirns based on USe f iitpuorted feeds to ,ain impr.ovement. Lamb fattening trials have 
shown that a profit of over .1.1). 3,5(10 per lauth fattened caln be achieved under good
tnanagenitfett. These results indicate that coItIItctrcil farmers could generate funds to invest
in incrca sed cYr,.p Itrodctio rt 1 it well-tnataged sheep flocks. The need to demonstrate 
that I'ariiu s\ stert chlMta-Cs 'ener,tC hiher fartmr inctomes is an intp'rtant component of 
stccessbl etelnsiot. 

Summary Results httt coti nuerciaIl sheep flocks ill the setitiairid recgion.,: of Jordan under semi
intensive Itnat eeit cta ,ltltus \e clearl lemon\trated that there is a high potential to 
increase red Meat litItUction b\ mer 200 percent frnt u,,Lchflocks by adoption of
improved 	 tanattent systems. A\aila le data also show that this improvement is
finlancially 	viable and ill (ie hoite-tern. can be based t(i local resources itrange areas and 
cultivated fItra cc p ,t,1it1titprveieItts are adopted. 

Table 3. 	 Inlpr,ovement in Red hfeat Prodluction by the 
Fattening of Weaned Lambs (Goddard, 1985). 

Factor 	 Mlanagenient System 

Traditional Improved
 

Loow Medium High 

% mortality + culls 	 10 7 5 3 

No. sold/I 	 )fiti weaned 900 930 950 970 

Average earcasse 
weight. kg 12.5 15.0 16.5 18.5 

Total weight sold. t 	 11.25 13.95 15.68 17.95 

%nimprovement 24 3.9 60.0 
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Table 4. Iprovement in Red Meat Production per 1,00Af 
Ewes Mated by Managemient Changes. 

Factor" Tl'adtional 
IaIIagenilt 

Improved 
Managenent 

NUmbCr of k1.inkh 

Nulnber ol la11hs 

[laIttned 

.,old 

5 i2 

461 

704 

683 

Average carcassC wcight, kg i2.5 18.5 

Red meal sold, 1 5.76 12.64 

Imnprovemennt. ' 219 

Tlaible 5. E:.Aitaed Econiornic Costs and Retturn,+of, 

Increased Lamb Production. 

Extra (osts .J.D. 

hi 

1() 

rel sed C.'t lee 

kg x ll)) 

rt.e.;lt iee. I per e x~e 

cwc, '..I.). 68,t 6,800 

lncrInasCd \eteri nary CBSl. I.I). (I.250iewe 250 

Total c ,,I incre e. , 7,050 

Inicreased flk( ilt, alI Weaning 

86 Extra riam Limb,,. 
@ J.D. 1.25 0,k,, 

20) k, ..WI. 
2,150 

106 Ixtra cwc [Inmims. 
@ .1.1). 1.200 / k 

13.500 kg lijll miilk 

(WJ.1). 0.2501/k, 

20 kg L.Wt. 
2,544 

3,375 

Total i 11crce11di 1cmenC 8,069 

Il1CICased 
oil ,lt 

"rOY, 11M'i2eim per eC te. 
otf acied liltloh". 

'ISed 
1.02 
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Effect of Weed Control on Soi! Water Conservation for Rainfed 
Agriculture in the Near Easi 

C.R. Fenster 
Pahlhandl' Research and Lotension Cetr, University of
 
Nebraska, Scottsbiuff Nebraska, USA
 

ABSTRACT] Weeds (and volunteer crop phnts compete vigorously with crops Jr stored
 
w'ater. Weeds ar stromg competitors because of their 'igorousgrowth habits and root
 
sYslems which are oftell art eXclensivet 1 those of crops.
 

Much (f t/it' 'rtalplroductitll in te world occurs il semiarid regions (ann1ual
 

precipitationless tMall 500 ntr). Within these re''iolls, truditional cultural lrictict's to 
control liveds hl]Ilicit' rliedI oil repecaled hanld 11lcetdilig, cultivations, and tivesitock graizing. 

ies traditioll l'oe'/ c'onltro/ pl'itctic.'5 ll lceai't' flit, soil bare atud subject to wind or 
wilier1 (Tro~ioll (1/11l high water('l c'lporalWtioll, 111ceds.grqtowinl withi ilhe crop an, 0Jen remlove, 

hl' hand whl teli l-,,'lr'5 to 20 t'1hi anifi,d to livestock. Weeds removed at this stage 
of i,rwthi1,tl -ii lreaV rithi''dcrop yields nild remtoved valtilblt' soil loistulre and 
liutlritlts. A/ic, l 'arvc',si,ot tlw.'and cr p r'sithsilrt' .lrquintly'used.fin' livestock fied, 
which i ntitriontially "lht weets generally h Iii,'qhIlow quality /oragt'. ' hic water'
 
r'equi'ents.
 

'"o ii'rea' flit' cf/ctivem'.lw ofpr'eipitatioti in the scnirid re,t'ions o crop production, 
conisideratioi must be given !oI'eed control to elimlinate competitioli wit th /it'crop.or 
lloi.stil'i' tild lrl'lrtlls. Cropping'' s5.temls iteed to be deh''lo d that pdi'uc'e grail aid 

fiage. Vet'i/itt1l1Y'/ nd tc''hmlical practices that will coliselve't aidtlu~ilizetIlh'lizii.t 
11or1 Otf the aiailtblc ititersuplic, f1 'rop/prodtuctiol. 

Dryl'ariiig has eeri practiced in parts or' Norlh .fiAica and the Middle East for centuries. 
Much of this lilld iNcharcterizted by winter rainlfall and hot, dry suLitmers (Brengle, 
1982). The period o' the year durin, which precipitation is received is generally short, 
two to live inoaillhs. Lilie, if iny. precipitation is received during ihe remainder of the 
year (ieurc I) (IClcStcr. The precipitation is principally raint'alli in the lowerI9801). 
latitudes and elevatllms. oti snow\ is comnirn, to sonie areas with high elevations. 

Small areas are t'iiic] I- l' fliliiliCs which use alnimal o\,i', wooden plows, hand 
broadcast seedilg, and hanld harveslinre. Grazill of' land is very itensc il both grassland 
and weeds' fiallow A noil as 1relen Plats are grazedvegctitlr)appears, ol'ten the ple 
irllmediallv, It' do t stircllieni greci pho)t(oisynthcsis takedl~i n have growth, caririot 
place tl devclop ilel pirirt iaterial. lhe nanlrtit'urrigll yt.llli of the phl is its Icave.'s, 
sO it is Ilecessarv to rilarti:iiiiii growth of pla rits to deevlop illore plant material. I 'you 

olllilitie to rr.io tile shot o' i platll. you evenltLally hill the root, even i llper'enrnial 
plants. No uiderstarding tireprinciple of' dry matler prodir.:tiorr, Iarners heavily graze 
their Ibrie, as soi as it begils to _,row. Coinset.rtly. ther' is little totallprodtction of 
carbohydrale tlbr forage. U.sine the ru!o tofhubi bars esthrr hall' aid leaving hlfl' of i 
lorage plant" \Lild greatly inicrcasc firagpe p'liiltrtitirr ill the Middle Fast arld North 
Africa. 

Small griiis are ilriporlail dryland crops 'td are gelerally growing in s hal iscalled a 
wleat-fal lw smteir. This is i forage-k i6Cit rcgiol in which the aid is Prazed durring 
the fallow period arnd rio atillpt is llade to coltrol weeds. l'*0r they aic olln fhe illy 
forage plaits rv'ailablc. Water coiservatilln is fil ill this systemi, aind weed colipetilioni 
with the 1l6lowing Cr'p olil reduces yields by 2) percent or triore (Ghloshch, 1975). 

Lorias (1972) re ptjrCd flie ascrac yiclds iOl' w he.rt in Irain usinig traditional produetion
1rirethods we're 30()0 tIo 4001 k, hi in areas rceTiving abotll 350 mii of' precipiiation 

annually, 700 kg ha I ill arcas receivilig ab Lurt 450 mnii annuall,, and lcould be ilicreased 
by itmiproved weed control alonr. Sell-silficiency in wheat production could bC attained by 
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Figure i. 	 Annual Cropping for Sniarid Regions with Winter 
Rainfall but No Cold Season When Plants ArmJ)ormant. 

imnprtoved Ili ll2ncrllt ,Li \CCL control. All livest,ock in the country. expressed is sheepunits, is estimated tlo be about 8) million head. The capacity to produce feed is estimated 
to be adLnarC for 21) million slccp units iShaidee, 1974). Improved management for cropproduction cannot be inplenentc d %kilhlltimprovCd animal and range Inlanagflenl. Thellalural frlagcs that providc 70 percent of Iran's livestock Ieed are essentially crop residuesand wLed,,. Licstock nutrition and raie conditions are extrcncly poor, and crop rLsidues 
are almlost conpletely removed ror the aid. 

According t(o I-pe torth vi a/. ( 1975) tle great maiaoritv of the wheat crop ill Turkey
suffers severcl\ front weed comlpctition. Rcsealchl trials have demolStrated that Weedsreduce lCeat \ieds fro0l I) to 51 percenlt Or lllorc. l)espite this great potential for
increased yields. lc.v fairnrs arc ohtairInL rNIaxihinIr 	 CICfits troni weed control. 

In 1985 a Scientific Planl Re\ icw of Ill and Farrning Applied Research il Morocco
reported ;auninarit livestock arC very importallt ill ie reCionl. The Irtail sources of 'oragc
appear to be, in approximatC oLdCr (of inlportlancc: cereal crop residue-s (Jule 1oSeptenber). vwecdy tallh vs (N ernilbcr to Mlrch). corn thinnings and weeds pulled fromcereal crop,, (.lalnarv to April). and, on occasion, dual-purporse barley crops. Tie forage
program has identified irriproicvecnrit of tie weedy lhllow and o1 sown for'ge crops as its 
top research priorities. 

Most weed coltr-ol ill I.Cbarnir is still doie by, hanrd pulling, hand hoeing, or tillage byvarious irriplCherts (('avir CI a. , 1972). Often the wceds are not removed by hand until
they are about 15 to 20 cr1 high because these -eeds are fed to livestcck. Hiwever, thenlost critical pciod in crop corripetitior is during the first I to 2 iroritls ill ti growth oftie crop. Their irretlrd of* weed coliril allows the weeds to grow at least 4 to 6 weeks, 
fprOluCig sulbstntiirl cr<op yield lossCS. 

In!tIle United States. \\eis arle aIserious problen to all wheat farmers (Reitz, 1976).Weeds compete with grming wheat for1 ,ar. light, arid urineral nutrients. They increasethe cost of prodrictitrn. reducC tile qrtatity arid qtrality of the grain, and harbor 	insects andcertair diseases. Weed seeds a re a ni ' otr part of" tire (Itockage found ill marketed wheat. A
latge panlIt orrCr111110rr usetwice as nitrogen,IrUslard sey rmruch twice as ImLIchphosphrus, tlur tirtres as riurCh pIiaslr. arid I'Mr tiles s 11uchr water as a well-developed
wheat plant. 
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The potential yield of cereal grain is much higher iin 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 tr utilization in 
increasing cereal grain yields. Emphasis must be placed on water use efficiency. To 
increase the effectiveness of precipitatiol [Or crop production, considci'atin mtlS1 be given 
to: 1) cropping systems that take advantage of the grMVing season precipitation: 2) cultural 
practices during the period between crop seasons which permit the accumulation or water 
in the soil profile; and 3) weed control as weeds are heavy user's of soil nutrients and 
water in competitien ,.th the crop. 

In the Panhandle of Nebraska, part of the United States Great Plains. yields of winter 
wheat were relatively low prior to 1940, averaging abtIut 660 kg ha-1 . Following the 
adoption of the fallow system after 1940, the yields of winter wheat more than doubled on 
an every-other-year basis alld became secure from drought as indicated in Figurc 2. Prior 
to 1950, mo st cl" tIle winlter wheallt land was fen ... and pastured during the fallow period. 
Frequently, fields were shallow-tilled a ter harvest to establish volnteer wheat for pasture. 
The volunteer wheat was pasttured during the LA! , winter. and into the spring. Tillage for 
surLimer fallov woild be'i around June I or later to 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. pastu ring of fallow land ,.was disconltinued and more ermlphasis was 
placed on weed control and residue retention diUrillg the fallow period. The storage of 
more water in the soil profile along with improved varieties of winter wheat tripled the 
yields of winter wheat in the fallow system during the late 1960s and I970s. Yields of 
winter wheat will corn inu tit increase with technolgy that improves water storage. 

The increase can he largely attributed to development and implementaticn of technological 
practices for the total production system of wheat. Following i an estimate of the percent 
increase in yield of winter wheat (Iec to ie w and iiclprcved teeI chlgy. 
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Percentage Increase in Wheat Yield Due to Improved Technologies. 

Improved varieties 30% 
Genetic high yielding factor 
Diseacse resistance 
Insect resistance 
Shorter straw 

Impioved storlgce of soil waler 35% 
Better weed control firon harvest to 

planting of wheat. No livestock grazing on 
the llhow or in the .rowinc\\heat. 

Wced control in tlit erowiac whcal. 
Improved tifliC ichniLielo ptiuhn water 

infiltrtion ;1d soil \\ater storace. 
Maileclincc of, cr p residues 
Runoff and crosoin control 

Inproved plantin techniques 20% 
Proper rate. dates. and cueClods of planling 

Imlproved harlivestticl techll]Itic., 10% 
More tincl',i and efficicit 
l.ess handlinc ofcram 

Fertilizei, cspccil' ()i sindv soil, 5% 
Low fertility suils 

Crop yielh losses ficii .\C'eLs islly\' 1ire proportional to the alount of water, light, and 
nutrients used by the koceds il the expense of tihe crop (Burnside and Wicks, 1967). One 
needs to delice fillcw, weeds, aild crate. 

Fallow is the period of tim frini Iiavesting (1 oie crop to the planting of the next crop.
Success ful fallow stires watcr. Cet lrols weeds, and prepares a.seedbed. 

A weed is any p!ant growiioc out, of place. 

A Iotage crop is gi, mn primarily lr alnitiill Iced. 

It'weeds in a crop arc: grotwn primiarilv fot forage, then they should be treated as a forage 
crop antid the soil v'ii-r lisC shil Ildhe charged io IOrage production. If not, the weeds 
should he coits;ldcred coimpetitio Io tile peoduction of' the crop If weeds are used for 
forage, the quality of \\cctOs for Irage inust he considlered. Inl a stludy by Marten and 
Andersen (1975), \cds sLch its Cilimicic ]il lbAIsqrtrCS ((0ienopuditum albll L, ) were as 
palatablhi t sheep is oialts. lwe\ e'r weeds such its wild miistard IBrassica kaber (DC.)L.C. Wheeler \ lr. innlc;cltliuitc ISiicksl were ipailatable. A number olf the thistles and 
many (ilher \vkced s ac ver' iinpalalthle to livestock, especially as they reach maturity. 

Re.warch wocrkerc hcc fouid that cclliipemiticc hcgins caly firom weeds that cinerge withtile crop and cfiti persists through it major portion of ihe growing seasocn (B~urnside and 
Wicks. 1907). Weeds that Llcrgc after the crop is csiahlisled cause less competition. 
Knake and Shide 96 iffI I ci nd thIi at \Cecds in corn and so\ybeans were destroyed the first 
3 weeks after plaiii. little yield loss resuled froici stubseqetlyllll eierging weeds. 
Burnside and \Wi,.l (I Q69) slijcCvd thatl the Iicost\sele \rCCeed eonclpetition to dryland
sOcrgltnl occurs dtiin, tihe first 3(1 days alte piiltilg, and Weeds that geminate later 
Ilave little effect O yield. 
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Weeds are the major economic pest of wheat (Rcitz, 1976). Yield losses to weeds depend 
upon the weed species, densihy, time, and a.1Ut of weed growth. Wheat cultivar 
selection, management, climatic conditions, and edaphic filitors also influence weed 
growth and resulting Cffcts. 13ecautIse of Weed competition for mo1isture, nutrients, and 
light, there is an inverse relationship between Weed growth and wheat yields. At Alliance 
and North Platte. Nebraska. Fenster and Wicks (1974) showed that a moderate infestation 
of downy b, me (Brono tectormn I. ) (9t 10) plants Ii 2) reduced winter wheat yields 30 
percent and a heavy inlfcstation rcduced yields 80 percent. 

iaad 	 as 
are allowed t0 e_0 w (1ItlrSt 1and[cItchr. 1966). Winter wheat starts growth in tile fall, and 
unless stand rcduction occurls dile to \%inierkill, vigorous pkant growth will LItilize the soil 
loistunic atl P1r"tf cc stliciciut l'ihage It dtel(Icly Shlfe the soil before 

Weeds cominpete eil I ic the Iife cyce ef W\Me1 co6ntinue to compete its long they 

t summer annual
 
weeds can become establied. Winter annual Weeds germinate at the same time as, or
 
later than, winter w heafr : are tbie to !,rov unchecked.
 

Weeds iH'stine spring w heat ale primarily e;lv laturing summer aiintls, while winter 
wheat is intested by wintCl annual w\ckds or broaltflleal weeds that germinate in ealy 
spring. Perennial weed prolems lend to increase ts tillage decreases. Gras,, weeds are i 
greater prohlem tham hroadleal wecd. since control illethodls which use reasonably priced 
herbicides are availahle for brotJlcal weeds in wheat. Annal grasses have increased in 
the spring wheat or ing ale-Cas Iccmusc 01' se llit\dwlrl' whealts and rednCCd tillage systems. 
The use of' 'ertilimers has also ilcrcatsed weef problems. 

Much ol the research wilh ;hllo\ has been devoted to weed control systems. 
Measulemlents ha\C shown thlat uncontrolled weeds nay ColSuLe soil watcr at about 5 Iill 
day t (Wicks aind imika. 1973). Certain broadlciaf weds, such as kochia (Kochia scoparia 
L. Roth) have a Ieedine lCpth andi radius of' tot extension e(Ltml to or larger than that of, 
most domestic crops. After harvest. erowtlh of w\ee,1ns in Undis -rbed wheat stubble in the 
central Great 	Plains of' the United States has iroduced lrom Xt)0 to 2700 kg hat of dry
 

1
matter (Greb, 1974). DlrV matter 	productimn of 100) kl ha1w by eleds consumes 80 to 100 
-mml1of, Water and abotl 31) kc hit i of available nitrogen. Good weed control resulted Ii, 

increased wheat yields of' crail aLd straw )I'ablIt 6(,1and 1210 kg ha! , respectively (Greb, 
1974). 

Mechanical implements control weeds, With varying success. Tillage. however, causes 0.5 
to 0.8 cin of' evaporative water loss Irom each disturbance (if moist soil (Good and Smika, 
1978). 1Herbicidal wee cooll, on the other hand. foes not1 disturb the soil. But to be 
effective. herbicides must rlpidly amnd coimpletely kill all unwatted vegetation. A stunted 
live weed CLutilLue, 1t ise Wallt'. 

Uncontrolled weed ertilh dIecrleases water storage, and weeds and voltnteci crop plants 
compete strongly with planted clops fOr stored water. Weeds arme strong competitors 
because 01'Iheir vie,.i ius c ri i\kthI hlabits and becaItse their rot svstetmis are 0f.en more 
extensive thatn those of planted crops ()avis o al. . 1965: 1967). Weeds allowed to grow 
fOr several weeks atter crp eitCrgencC rCdtLce soil water aid crop yields. Aftcr harvest. 
weeds and cllp residlIes lrclUeCntfy Used lo' li\'cstock feet! :mc nutritionally low quality 
forage. Weeds gelleradly have a higher wter requireillent tha Ilmost crops. 

To increase the effectiveness ofI precipitultioii ill the semiarid regions of crolp. protucti, 
cotisideration must be ,i\ci to weed control o eliminato coimpetition wilh the crop for 
moisture and nutrients. 'r-opping s,,,,tCIs need to be developed that produce grain aind 
'orage specifically. atd emphasis needs to le given to technologieal practices that will 

conserve and ntilize imiore ol the precipitation that falls oii the land for crop and forage 
prductiOn. 
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Introduction 

Fallow 

w' .4 

Storage and Retention of Water During Fallow 

R.I.-Papendick 
U.S. Department of Agricultivre, Agricultural Research Service,Pullnan, Washington, USA. 

ABSTRACT. A major purpose offallow in the dryland areas is to increase the supply of
waterfor the subsequent crop. 
 Tis is usually accomplished by storing precipitationduringa rainy season jor carryover to. the next crop. One of the-main limitations with manyfallow systems is low storage efficiency. With some of the older systems, one-fifth or lessof the precipitation is conserved in the Great Plains, United Statest'and about one-third isconsened in the Pacific Northwest. With newer systems of tillage and, improved, weed'control, efficiencies can be doubled. Basically, two things ?mst be accomplishedto achievehigh fallow efficiency: 1)the precipitation nust infiltrate the soil; and 2)- the soil watermust be retained, often under high evaporative demand. hifiltrationrates are generallymaximum when the soil is left rough and ciered il residuedri-ngthe rainy season.Tillage for this purpose should be accomplished aiead of rains. EPaporationcontrol is bestachieved ith surface residues during the rainy period and establishing a loose soil mulch
just ahead of a dry season. Tillage during intertnittelnt rains can increase evaporation and
should be avoided except to kilzweeds. Weed control should be accomplished withchemicals cismuch as possible during the time Ahen narimum moisture storage is
 
occurring.
 

Water conservation is usually the most important practice in dryland soil management. Themain approaches to conserving water usually involve 1)holding the precipitation where it.falls or is collected from watershed areas, 2) infiltrating the water into the soil, and 3)
minimizing evaporative losses of stored soil'waler. In some situations, an important

objective of soil management is to conserve water inthe seedzone for rapid crop

establishment.
 

Seldom in dryfarming is precipitation sufficient or adequately distributed during thegrowing season for pr6duction of economical crop yields. Thus, it is usually necessary tohave stored soil water available to supplement the.limited amount of growing season
 
rainfall.
 

Fallowing is a common 
practice in dryland agriculture for storing witer in the root zone
for the subsequent crop. During filluw, the land is usually left in rstubble with tillage usedto control weeds, improve infiltration and rctention of water,; and preparea seedbed.Alternatively, weeds may be controlled with herbicides, or combinations-of tillage and
herbicides. In sonic regions the fallow period serves additionally to provide stubble andweeds for livestock grazing, or to increase soil fertility, through mineralization of organicmatter. However, unless nutrients are recycled or supplied from outside sources suchfertilizer, nianure, as or nitrogen fixation, the fallow system becomes an exhaustive process,
and the fertility will decline as nutrients are depleted through'6rop removal. -

The length of the fallow period may vary widely in the different dryland regions, For
example, it may be, several crop years for each crop'year in the semiarid tropics of Africa,
half a year in the dry season of India, 
;!'
 

one to nearly two years in the continental regions,and one-half to one year, in the'Mediterranean regions. However, with increasing humanpopulations and nore pressure to produce food, the fallow periods are generally becomingshorter, which means in most cases less water to grow a given crop and a more rapid
decline in soil fertility. 
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Fallow Efficiency" 

Factors Affecting Fallow 
Efficiency 

ii , ;': : .
 

The basic types of cultivated fallow include clean or bare fallow, and stubble mulch 

fallow. Clean fallow is accomplished with tillage that buries most of the crop residue and 
weeds. With this practice the soil is often highly vulnerable to serious wind and water 
erosion. Stubble mulch fallow is accomplished with undercutting implements for maximum 
retention of surface residues while controlling weed growth at the same time. Chemical or 
reduced tillage'fallows are newer practices that"rely ;on herbicides to replace several or all 
tillage operation, during the fallow period. With some of the newer herbicides, weeds can 
often be controled more effectively with chemicals than tillage, and the fuel energy used 
in weed control with-herbicides is less than that used with tillage. 

The greatest problem with fallow systems for water conservation is to control weeds 
without causing serious soil erosion. Both wind and water erosion are generally increased 
by intensive tillage practices used for weed control. Frequent tillage and tillage of wet 
soils may also increase soil compaction. ' 

There is often much controversy over the moisture-conserving value of fallow. It is well 
known that with many soil management systems fallow efficiencies are very low. Fallow 
efficiency is defined as the percentage or fraction of the total precipitation received during 
the fallow period that is stored in the soil for the subsequent crop. Studies in the dryland 
areas of the Great Plains, United States," show that over a range of practices only 16 to 20 
percent of the precipitation during the fallow period is stored in the soil. Results with 
cultivated fallow in Canada and Australia show even lower efficiencies, often less than 10 
percent. With intensive grazing and weedy fallow the efficiency may approach zero. 
Nevertheless, where water is saved, though inefficiently, there is more dependable crop 
establishment and stable yields. 

Fallow efficiencies up to 50 percent or more are possible with new technology including 
effective weed control and improved tillage practices that maintain adequate soil cloddiness 
and surface stubble to maximize infiltration and minimize evaporation. Table 1 presents 
soil water storage efficiencies for several different fallow systems in the central Great 
Plains. With the older systems of soil management (primarily moldboard plow based 
agriculture) using 7 to 10 tillage operations, one-fifth or less of the precipitation is 
conserved during the fallow period. Fallow efficiencies are increased as the number of 
tillage operations is reduced and more stubble is retained on the soil surface. It is highest 
with no-till and full weed control with herbicides. 

Winter wheat yields in the central Great Plains dryland areas have more than tripled over 
the past several decades. Improved water conservation techniques account for about 45 
percent of this increase (Greb, 1979). 

A number of factors affect the water storage efficiency during fallow. These include 
precipitation and temperature patterns, weed control, soil characteristics, length of the 
fallowperiod, crop residues, and tillage and crop residue management. Precipitation, 
temperature, and soil characteristics are not directly subject to man's influence but the 
effects of' these factors on soil water storage cah be strongly influenced by management 
methods. 

Precipitation and Temperature Patterns 

Form of precipitation (snow or rain), rainfall intensity, and time of year during which the 
rainfall occurs are often just as important to conservation as the amount that falls. Snow 
precipitation is generally stored much more efficiently than rain except possibly when the 
soil is deeply frozen. High intensity and/or widelVi'paced rains may provide little available 
water for the crop because of high runoff and/or. high evaporation compared with the same 
amount of water falling in one slow, rain. Winter raii,s, such as those which occur in the 
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Table I. 	Effect of Different Tillage Systems on Fallow
 
Efficiency at Akron, Colorado, United States
 
,Greb, 1979). 

Tillage Systein 	 Years in Number of Efficiencyt
Use Tillage Operations 

Maximum 	 tillage 1915-30 7 to 10 16 to 22 
plow and harrow 

Convenlionla I
 
bare 
 1931-45 	 5 to 7 20 to 24 
shallow disk. 
rod, ced
 
or harrow
 

Modified 
conventional 1946-56 	 4 to 6 24 to 27 
disk (once)
 
chisel.
 
rodweed
 

Stubble mulch 	 1957-70 4 to 6 27 to 33 
Sweefp. r0)dwced 

Minimulm 	 tillage 1968-77 2 to 3 33 to 38 
herbicide to 
replace 
one or mare
 
tillages
 

No-till 1975-77 	 0 45 to 55 
herbicides 	only 

t l)timncd ih tIh ))crceridcnt ol precipitation stored i) the soil. 

Mediterranean climate of the Near East region, are potentially more efficient fer water s,.rago than >Junucr rainfall. For example, in the Sahelian countries south of the Sahara,
waler losses arc increased due to higher temperalure and evaporation during the rainy

period. Moreover. in (he winter rainfall climate, to be more
rains tend reliable and less

intense than SUlnier rainifIll and, hence, more effective for recharging the root zone.
 

Weecd C'ontrol 

The iupiraice oI' weed control to water conservation in dryland agriculture cannot be
overenphls i/cd, Before modern herbicides, weed infestations accounted for nearly 50 
percent of 	the crop losses from )est, in the United States (Crofts, 1975). The effect of
weed control on crop yields is ,:learl\, illustrated by changes in farming practices in
Western Nebraska. Prior to 1940. weeds were not controlled during the overwinter and
spring of the fillow period, and stubble and weed growth were intensively grazed by cattle
and sheep. Afker the gra/ing period in late spring, several spring-%umnicr tillage operations
were carried out to kill remaining weeds and to prepare it seedbed fr tall planting. Winter
wheat yields nearly tripled and became more secure from drought during the 1940s after 
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Figure 1.Average Winter Vheat Yields in Western Nebraska 
over Time. The Sharp Increase il Y 'clds during the Early 
140s Occurrd when the PlracticC OF Stubble Grazing was 
l)ccreascd and Wceds were Controlled over the Whole 
Fallow Scaso.n 

Iarnlners adoptcd a llh ,,stnr that e.linMinatCd dringcontrollCd all plant growthlnd 


cullatriMaid Lr hcrhicidcs 
yields ., naini, to increaeCd irldhle and tertilizer to 
between Crops %%itll I[liurc II. The marked increase in wheat 

astuc as acr i.ncreased use take 
ad atlaiUgC Of the addiionil s ater. h I.eIrtCntOf ',urfacC stubble was- important inAihll il 

%%, t]ltr\,, .\ iajlos loss 4t)itcreasi'un stored tlcl. jo.tala I e oi vater in tile mrC-I wstell 

frott wecd tratiplati . (irch "al. I1979) cited research showint, that nrowth of 
\oltiltccr w\heal and aralicLaotd s.cd', in tite central GrCat Plain',, prodtucCd f'ront 90( to) 

2700t) t-ofil'\ tiatti,'I utribturle,d ,tbd whcat harcst and during certainh ,ble folowinu 
tillles] L i "ai -collutetlC 111111i off \'.ae ,rdlv. 'roductionr of 1120 kg oif weed 
dr\ IIIA ter t abhtd o a.eI that cotld olerwise produce 701) 1300 kg ofrequir, 1in s! to 
wh.alt urml pCr Ila 

Forefectis ' cOttration, weed,, tulst he coitr led at an .irl\,grovth stage. With 
cuhiatiot. ,.Ccds are casitc" to kill or tire firsl tillage pass Poor weed cotroi early in 
the fahos rihl resuls it) wced', dcClopiige a den.sel, ot Syteill rCr the .Sil surhfIcC. 
Not only ismuch \:itr hlot but tire I,r.,c wceds are tw.rn very lifficuhl to kill wi tillage 
or ierbhicide, 

'l'illate lias loI bcer tire traditiona',l ICrethtod fotr coIltrilirte \,eCds durin hhio. l)urifte 

the recent dccade-, the lc\ elopihclit ofl IICv hericideC, ;aplicatiOnI madeailld IICIIOLIs Ihas 
it nilorc practical (Or Iltardr laid Ifrir.rs to use in lieu of tillagC fo+" weed'h111ic:i!s 

Control. an1] ee C.c'ittri residues tole ct'clively for waterc\e strlr'rc cotIservation a.nd 
el'osioll coritrol..Nmurrs er cost 11r1ideL 1t subStiltC hCrbicidCsetfits have it adVantageOuIs 
litO tilkIe IidCr ',otile r lard lartrinir cortditiOris. 

Falhlm
i etigth cilf 

GCnril theWetliCitic ot tIlos\ deccascs with increase it ler uth ofI tie tallow pCliod: 
hlto%\ to bie ie period 1ln fo0r l recipitatioti,ctcr. fl'ctisc healo, niust be eLilough sufficielt 
to rechar.,,2 ,lone. lit the which Ias a MeditCaneaCru tNpCItlo Pacific Northwcst. 
clilnaC, stoiaic u elie 'roni 70 perceti'cificieicies drirng, first winier of' flallow range 1) to 
of tileprecipilat0or rccei\cd. fliT.cielies tilesecond winler, where either wiltcr wheat has 
beCII fill p)1;llitCL or te fillw is ciari' I ovaI'er ispring crop (planted 21lot months alter 
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harvest of the previous crop), are about one-half of this ainount. First winter storage ishigh because the soil isinitially dry, and hence very receptive to water intake, and there is a full complement of surface stubble (Leggett ei a., 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 iesult in increased runoff and greater
evaporation losses. Soil,; also freeze in the Pacific Northwest and wet soils (the secondwinter) tend to remain frozen longer and are less permcable to water than dry soils, which 
also increases runftf. 

Figure 2 shows a relationship between antecedent soil rnoisturc and subsequent recharge
tor the Pacific Northwest. The figtr, sh ws 1I1t aS the amount of water stored during tiefirst winter of fallow h,'_reases (horizontal axis) there is a linear decrease in the amount of 
water stored the second year (vertical axis). In other words, the tallow efficiency generally
decreases as the length of the fallow period is increased. 

15 -

S 10 

00 
E a 

020
 
0) 

oL 5
 
U0
 

ad) E~ 

0 

0 
E
 

0r n 

-5 

5 10 15 20 25 
Initial soil water stored from harvest 

until spring of summerfallow year 
(cm) 

Figure 2. Water Stored or Iost after tile irst Winter of Fallow 
as Related to the: Ai)ourit of Water Stored during the 
First 'inter Period in the Pacific Northwest, United 
States (lctggct ci.l. 1974). 
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Table 2. 	Final Infiltration Rates on a Silt Loam Soil. A 
Total of !6.25 cm of Water Applied Over Four 
Runs at an Intensity of 5 cm h-1. (Mannering and 
Meyer, 1963) 

Mulch Rate 	 Runoff Total Infiltration 

t ha1 cm 	 cm 

0 	 7.1 8.7 
0.6 	 6.3 9.5 
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 mlhance water conservation in two ways: 1)by increasing 
infiltration ol water intoUllsatUllatled soil wh,_n rainfall intensity exceeds the intake rate on 
bare soil: and 2) hl slowing evaporative loss when te s ils are wet, hence allowing inor, 
time for infiltration. The el'fectiveness, of c.rop residues for conserving water is limited in 
many area, bec.'ause of the meager amonunts gener aly produccd by dryland crops. Even 
with stubble mulch. tillae. or"Clcetical llohw, water gains are somlretimes small because 
the residue atntioitlt, :.ire too low to eftcctively enhance infiltration and decrease 
evaporation. 

Nevertheless, relatively small quantities of surface residues, itI properly managed, can 
increase infiltration. especially during mderately intense and intense rains. Table 2 shows 
that With isimuIlated rainlfall. 0.6 t I I'mu lch increased infiltration compared with bare 
soil and that 2.2 t ha ofk mulch wa,,as eflective as greater amounts of residues 
(Mannering and Mex er. 1963). With low anmunts of' residues, placement (flat vs. standing 
stubble) may he an important fa1clor illdetermning effectiveness Ikr itfiltration. 

Surface r are-id'c1oost eflki ',,il suppr>.,,tmg evapotatin during the rainy season. As 
drying plOceCds, thC cl ct of much dhInirishes and becomcs greatly reduced0he stras, 
once the upper soil a',Irs ra'.e drIed. Grh (1966) showed in laboratory studies that 

-surface applicatior, of wheat strawv at rates, of" 1. 1. 2.2, and tI-l:at (equivalent to 30,
60. and 9tl percet stirfac' cn'McraCc) reduced water hsesform an initially wet soil by 16, 

33, and 41) percent, re.spectivel, . ov,.r a 20-day 1Cri od as cortipared vith loss from bare 
soil. Tlhese typcs of expelrents also show that the electiveness ".he mulch in 
suppressing evaporation d! iiishes x\ith time after drying. Black (1979) conducted field 
studies with straw rates 11p to 0.7 t ha 1an..d water althe end ofmulch Ihnd that available 
the fallow period increased 1 of st:a\v mulch. Similarly, Ulnger (1978)was by 5 mim 1- in 
the soulher (rireal and (reb ct al. 1970) in tile Great Plains, showed inPlains. central 
field studies that averarc a ailahlc stored water after the Iallow period increased 
significantly nd was positivelv cinrehated \i. iireasing residue levels. The Greb v1 a1. 
1970) study shmwed that bn,4i tfs iroin accrued doiritmg the,, winter andttst of the residueS 

when the interval between rains was short. Their stUdics also showed that snow catch by 
stubble was all,, SOlCC 01 stI,Ied water.alsoi impolrtant 
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lilage Proctices 

Tillage during fallow should be designed to hcilitate water absorption during precipitationand water retention during periods between precipilation events. Moreover., the numlrbCr oftillage operations shouldhie kept to a mitfainm for the purpose Of cr +siol control aldd
reducing farmihg costs. Where r'inol' is a problen, tilage may he nec ,'Sdr,,, o iancleasethe infiltration rate ard enhance water penetration into the depcir laycrs. Vater itakerates and rete ntion ilnthe sisrl'acc layers can be incre.ased b tillac ih.h Icaves the
surface residtite cmecred and rtlh Witl large deprc sionas Oi the ,Irlace I''r pitoilIing
vatcr. Concent rating %'.itertemtj)rlrl\ in)pockets promiotcs deeper lp)ilctratill. 

Tillage for the p!r e Ol incrcasing ;hhtltriItshuld bet,acCOIIIlIhcJ ahead 0[ the rainy
season with hest rculv whe.in tle ,oil is rlalivcly dr.. Chis,.l plows or hLIdC-t, lieinplenitns will cctei depres sinis leave'd tesiies th ,iirU A new lpc lI
implement that sllr\)v. p;omss, l'1iO"reducwing runoff is the ParalOw illaillficlturCd b1,theHoward ls inlyI) tile Itmitcd Kingdom.' machine is d, utencd vvth an undeCeUltingaction io hrcal, lraltic" or (olipactitln Zoss vhile rekAtiellg '.cr, liltt di iurlaiicC: to the Soil
suri'ace and o ciw p resiu in tue surface. It especially aplct s to have pitential lotilproving wattr ilfiltration il arca<S with slopineli soils, low an0,11i, Of , resiluCs.Isihic 
and low watr ilake rmct. 

When rain fall hcci :,es less frequent or Ceases for Ilie seissoill o iiti al:, iia tmbertcs.tilly to slo, ,!\aporaiio1 and prevtit lo s s fron tile deeper suil 1acrts. (iiltiv'alion
breaks capillary cioritiluity with the s!lbsoil la.yrs adil hatel si'MirHtion Of I icC drylaver. lillage ir this purposc Shiold be catried Out beOrel high tlltallr tellrlperalli.S
ocir. The loose soil iiislhl\ slows evaporaliti frlll! the se-CdI/tc layer and kill', anyweeds that have esc'aped pre\ious :Ii1&t.c Or herhicide application. lillagc illa have to be
repealcd 1torest.'lablith the Soil ritilSinisch if" i'eeStalsli liquid conlinuily thro1ulgh teli 
previous tillic layer. 

Soil Type 

Soil t'pe cartinfluence water StOragC aid reetioni duir fallow lhriulgh both waterholding chalaleristics ald conductivity p1- pfeC .sMitads have,cilth less ei acity to holdWater thi silts or clays,,, but santds gClicrallv have isiuscls hlitlieu ilsihriatiu :tes than finer
ltXlUled SOill+. Moi'Cilvr, duinge nXhCllded ,,i-.t,reiodialnd ii pollilnla! cv miratioi.sandS will lose nliuclh It",S 0lc't Ilal silts Or lay, tecaillse o their lhi\ walte-holding
capacitY aid rapid ilcmrease ill uaihssctivitiupon LrS usc. 
t'igusie 3 shows a c miuthi ii f c!isll %w l',sicr it fieldOliitifi ll Cilte starting, with
capacity'' fr a satid. +silt, aind clLi Soil drl.,. a 20-(tlkay pCrid of lih \dpitativc demand.Note that wafer loss Occturs pi oglcSivcl\ ;11t .e)er dpk11i w1ith sifiik olliSld to th finer
ItXtUtid Soils. This OccISi arc at
VCc'li1,. Cei lla, i ca. soil% N1hicli r '.\\;ile' ei tltCns
initially atd lllintaill higher tsatillitl co iducti.ics er a wider IaiieC tof w, ltf
coteliin lln h.11da iod tlsrche sislaiii liIC f0atesliquiid HtOW ov'r dcIcprdepths. Ihe nl cf e:t is that sand\ s(ils e seilcilf Ie'laii \%dlt'ir 1it0lC Cfieicnstlv h: silts
or"cly Soils dillln- iesCisl ()iij rtI ' i t'il falli cIiLcclt d orfivin'. eics arc rclatively high
inithe Pacific NoIt Cst is Ihi siI tl1i i ! 'Oils ,sCC
foams that border or urate itl it atidt 

(il i \ldI aMV rc i'll' rcd (line satidv 
Iu, litftid .'coiiiunit ratirira'pIlidly 11)O1drying. W aler cnsC alill i; 11iicli lia c dilliiult i Ci\ so ils bc ie tipvril d illovellslnt 

tof wValr Il'i l deel) Li ri tt 'lii ck'1t nic i iLsI l\' h Iih I - aI hligivl rates 

ut.' nIll inmled 1ilt'ritcdc nlli and t' yntaItll + are hr LlV i lil (t1 tic, It',Ii:Lt i1ld t1u i1 rifll)y csicfOrsciuicni or 
lfre iII: i litiiill Oif1h1itMs t 11iY fic 1ifh: Ihcniil Al ; S.. iiilI ILAIiihL 
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Figure 3. ('ompiiter Shimuation of Water Conlteint Profiles for 
Sand, Silt. and Clay afer flcikg Subjected to a Period 
fi' The Vei ical Dash Linesllih I'val)orative l)emand. 

Reprccttt the Field Capacilt Water Content a, the Start of 
Snitltit
the l)tyii t1L, ll. 

]Cea'L.c' It diI ,,reCl i\Ci ltioll~hips, water conservationILn', c:ip+itv and 
llletl:nr IW diflnit iik 1j\ reitlit dillcrent tillage maiageiments. For example. a 

Ih I'-inich i1101C iiiioc:iniIt l,0t ing water l')it Caly soi during extended 

lit.i, I,,\(calcr thal Ii j,AJil 1ai1iel TY) is-, 
tillaL'ilhlc 


truc [)r inflhration during rainy 

\\ci htl it,,, e Ilin ' and a\e tic iinfiltration rtles than clay soils.,,cbc ;IL" "'M!, IIiL r 

't illiipnr l ' )al III ,, a, is 1laitaill a;deqtl e water il thel al tli'. ne S lt 
secdoil dnl II'mL, hIr lipid c,,tallihncIt (fl the crop alter planting. 'This is 

folltn\s a dry summer and it is de:,irable forIaticil.,isl\ 0) hic 111 n ine cttsn 
, is the Case inaer'Ioil' ciii I tlilit.N .0op ahCld Of 1"all or wilt 1 J iaills. SUch 

,urxdil.,i v,hiett ice.i ll tdic P;iciltc Northwc!st where the rainy season does not begin 
I .II \t. ,i'tlci limplIriture" hllave Cooled considerably. Establishment ol'nittil Ilat hilI 11\ jicl 

Cro) ', illlte. s,[lIIIiWI* l II car, SeI.ptCiilier )with dC[) finrrow sedcling Carn increase 

\\ iteMr \, l 'I',!).\ .0i)+L'it Or inMic ctnpaied with late plantinlg becaISe' of 

early eltau nt-l on carryover ofi S cc,,'fdil lish relies 

sCcd1tHC,iliitu limiII thct' rc-'iiit wimnter thdrmgh the hot. dry. suimer falHow period.
impriitid v,,,at'rn'' llicnc\. +II 

Re',eaciIh cOtductd 11he l;ucilic Northwst wheat regiom sh(ows that if line tiflage mulch 
'
 

is hiuhLI, - C(IZn watr l SUnlliller 1r earl, Lstablishment ofellect'i\.- IM .ti '\ii ,c \cdtCn i r 
wintler (herat Ihimiil ct . . 1981: Lindstro'u c'tad,,1974: Papeldick el a/., f973). The 

dry in the spring and well before themulch insl be Ce,;Ihlislhcd telcr the stil begins to 
otnset ()f lit). dr\ \\cather Initial tillage is carried ouL with a sweep plow or heavy tandem 

disk If)atdel-pth (I 20 cmi. Subsequemt operations are with a rodweeder, which firms the 
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Coiservation 'illage 
Systems 


Research Needs 

soil 	at a depth of 13 to 15 cm 	and leaves loose soil above. Firming the soil below thedepth of tillage establishes liquid continuity between the seedzone and -he moist subsoillayers. The tilled layer beaks car, l'ary continuity between the surface layer and thesecdzone and, in additi, n, thermally insulates the seedzone. The insulation effect of a finetillage mulch is sutficiew to siow evaporation from the scedzone so that losses of water bydiffusion through the dry layer are replenished by upward liquid -,w fr,,,,,the subsoii.This keeps (lie seedzone from drying out and the water content fairly constant and
adequate for germination for a long time even under high evaporative demand.
 

The 	tillage mulch is less important on sandy soils that have a tendency to self mulch upondrying. It is cspccially effective in conserving seedzone water in soils of high silt or claycontent which loro cracks as they dry out. 

Experiments with eariv fallestablishment on chemical fallow (no-tili) hav, often beenunsuccessful because the untilled soils tend to dry out too deeply by seeding time(Lindstrom el al., 1974). Exceptions occur if timely rains occur just ahead of planting tosufficiently wet the seedzone. Research has also .,hown that a cloddy mulch is lesseffective I'< conserving See'.,)ne water during dry conditions than a fine mulch(Papendi. al.,1973). This is probably a result of greater convective transfer of heatand water vapor in rough-tilled soil whtre there isa preponderance of large voids

interconnecting the secdz;ne 
 with surface.
 
Conscrvation tillage is a concept of farming designed 
 to reduce energy requirements,p11otec, the soil 	 tofroill erosin, ;uId increase watcr infiltration into soil without reducing cropyields. It is n'i a new concept and was 	first advocated for semiarid regions many yearsa;-o for economic reasons. The U.S. I)epartment o," Agriculture definition of conservationtliage is "vlethods of 'arling that maintain adequate plant cover or residue on the land toconserve soil and water while reducing labor, energy, and capital." The main approach toconservation tillage is to reduce tiilage operations and use practices that conserve surface
 
Imsidues.
 

With today s agriculture, modern herbicides have made it possible to eliminate some or allof the tillage operations in the fallow system. In many cases this 	results in more effectiveweed control, reduced crosion, and 	 improved water conservation. Limitations withCOnservatioln tillage systems are herbicide costs, broad-spectrum control of weeds withherbicides. and inadequale Cqipuient for seeding through crop residues or in hard,rough-tilled seedheds. 	 orStudies in the Pacific Nortliwst also show that there is greaterwater loss in theIIpper 30 cmi of' soil with chemical fallow (no-till) than with conventionalstuhhe mulch f411w. Because of' the iniportance ef breaking capillary continuity in the
surface layers during dry weather, chemicals will pobably not replace tillage completely
for fallow for all soil typ:s. However, some minimizing o:. tillage should be possible and
desirable fr hoth erosion control and water conservation benefits. 
There are a numbem of areas in dryland soil management in need of research to improve
fallow efficiency. These include the fIilowing:
 
I Determiine tillage-residue management systems to maximize 
 water conservation underdiffLrent soil 	and climatic conclitionS. 

2) 	 l)etermine the water-conserving benefits of low amounts of crop residues typical ofdiryland production, and management methods that optimize their value for water 
conservation. 

3) 	 Determine how the value of crop residues for water conservation varies according torainfiall distribution during the fallow season and in relation to amounts of residuespresent and management methods used. 
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4) 	 Determine the effect of weed growth (density, species, 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 residue" for different crop, soil, and 
cliniatic conditio-s and how these rates can bc altered by management methods to 
maximize water conservation. 
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Introduction 

Amount of Residue 
Produced 

Utilization of Crop Residues in Semiarid Regions for Effective

Soil and Water Conservation
 

C.S. Ofori 
Food ud /1Ic'ilture Or,ani:.ainof the United Nations,
 
Rolm, la/iv
 

ABS7'I7?lC iTttechno/og" for eflicienl utilization o1 (rop residue fi)r .oil and water 
(otiSt'rTalioll ill hlll.%i
seuliiuetl l't'i. hen -'ell-terehuwdagriculture. Riar'h ii in highl'v 'n'hanizel larige-scalhs./1Iitrthr,le'eth/(/ oil vario (.V/cts of ri'.idile (ef'coflv itJonl rale,derh/opuiit of a,)propriau ti/hiagc iyhvil nt fin vari so.the dev'eloplnvian ( sttl 

nil tVpe. andtconditiots, (lldc1lng , !'llw" wi-''hic'ide. 

Uld1cr illl- li/I Nildilll-Nc /c ll'il, clmllliol'l.d ' nith limilt'd adoptioll o 'l/lialliuzatioll,option.1 'ortihe /o'c / ('r) c ro/ o,c[n cuxit. h ,ih ca.,c; il/icf integrati i of"lilestockWith ClrOp /piodllti,,l ,.%//otd/ /)e r,lln linji , V nurpri,'i"initial le). Pltlled pasttur ,iAn y[ A-/u" mi.olurt'S/iolil'I rola vital /)tl oftlei'Inin,, . vsten. i)i'lopnllntof. tillage ill/)clci/tA1l1. %h/ln/ be guicn,. 
 ig "'/ .,ior"'./ith/ be p/aniec' toj, lcxcarc/
S(litolm to li'til ,)ic"il,. IIlle' i.iittioiiI aitl"ntingtio4 Ii)aiis' tcc/ino/oif iPolt S//i/tr/oIct'ologi'ca/ ilatilionA. (hitilhir ctl//t/.a. o,cet dirc ted at theM l bec initial ,1'ges in 
optim izing w/ t t/ .fi/Illt'r (till
i/o /) hi/v tlculit) l ut.ICt.% tild imtalttjl /1)-odtlion. 

The role tf oreanric matter ill tile mnaineinance of soil productivity is well-documented. Itcontrihutcs to soii physical. chemical, and biological proipert ies and activities, the suil totalof whifh flltcncsC h0 J hltr2C t\hCl the prtohtaiVilv 01' the .soil. Soil aggregation,acralill, irihftralioi latc. catio n ccla-c capacit\. availability o1 plant nutricnts, andbuffer ani microbial activitics arc cr, nllici depctintlclil the level of organic matter
 
present in the soil.
 

The llill sourccs ofiouellic lltttr in ciultivttcd soils are root remtins of' harvested cropsaid r'cmai.ns of" a''iatl partl ofI crops. The latter is. however, not always left on the soil torecycle nutrin1t1s that have been taken tip by th crops. Depending on the agroecologicalzone, socrOCCOlnonc scettine, andti litfarming systems practiced, .hese surice residues
 
may find varionts 
 uses and arc oftenlfist coipleielV to tie firms. 

lie devCloplilcit oI croppini! systcrlrs illic variots agroccological zones has brought withit probri i, oI'r 'solrceillit ellrnermt. illparticular, tie cotnserva.iori oU soils fOr optimumprOdntclill01 i sUstaincd hasis. SnLciJrpblerns are illmore aClte senilarid zones wherelraluirirg urnder ritilfed conditions has a high risk element because of the variable weathercolditionls. Soil rlservatiiulc arid. illpariictlar. C( Selvatiol of ade"quate 1lOiStUre, ateessential in orde, to obttain rcasioablc crop yields. 

Crop yields, ndCr iali ilillaii lilgeilit illsemiatrid zre:, are genc "aly low. Soil andwater colnservatioln plhbfcrls on thesc filrm,, limit productivity, aid consequertly, yields of*crop residues are IMv. Rest trrecsC fror (!l l ping clH.clive c ;riservation programsIsuall\ 'aicr o ntcit 
are 

t.T use 01' crop residues crtuf o fer an OpportuRniy toimprove soil irrlOduclivit hut the farmer is faced with tire choice of alternate uses of theresidues prOIUCCd. P ssible stratcgics flr ptirlriziig tIe use of crop residues Ior soil andwater cor servatin by meditrit arid small-scale farlmers illsemiarid zories of the Near East
region are discussed in this paper. 

'Fle two imprilit (.!rir crops protcd il[he Near Fast region are wheat and barley.Wheat grain yields have improved and average 1500 kg ha-t md that of barley 1300 kgha.-1 (FA(). 1"984. Tlhesw two prain Crops are produced inareas with ai rifall of' 300 mm or more hilow ig twt-)car otr hrce-year rotations ('l'amimi. 1981).Jt 

fi it tri ri e r Ithllon. khe'al 1.r 'led Mill hood legures sucht a lentil and chickp:'as, while in tie threcyear rrtlatlflml
'.r . lild iLun'C.and %IIiIiicrl vc clahlc cn ps arc rtatcd i areas with high and reliableraintilgt. t,,thos ing is a cmilllnpllil.c iii alid \0ihh ;inil of 251 mim or tless (Tarnini. 1981 ). 
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Crop Residues in Soil and 
Water Conservation 

Grain yl. ids in semiarid agriculture are influenced by climte, soil, genotype, cropping 
systems, and soil Ilanagenient. Particularly crucial in determining crop yield is the amount 
of water available in the soil dliViing the cropping scason. Wilat and harley yields in 
semiarid agricuLtulR could be rIIuclh liehcr civen adlLtatC Ulat 1conservation. tillage 
practices. iIlnaUein'n11t SN'stelnls. nd the apropriate and reIquisite inlpUtS sIuch it.' I'ertilizers, 
pesticidis. and lichiideCs fr' ,cc control. 

The am1ount o1 crop1 rsCidueCICpllcedCCl Iby a cropl h'ars i rlationship to glrl'tiu yield. In the 
United StatcS. reCsiduC:eriii rallios o' 1.7 I'or wheat ([cnster and NIc(alla, 1970) and 1.5 
for barley (tiSl),\. It)75) lvc hCeu used to CstilatC cro([p residLC produced. Using these 
ratios, the anioiintt f l and .viClls in the Near Eastresiduc availlhlc th.ni ,heat 110NI+ 
region are 256(0 ku h I at 'Ll k,- Ia rCSpc)Ci.,.cl\ . 'IhCSC171 quaitits appear adequate 
to cotntrihuc partid.ll\ to so)il c'oioii contold under !'00d nInitintlln Mid approlpriaItC 
tillage prtac1tices. Ilh \\cir it inmin prolicli ar ise \,lin olitlr otioils for the kse of crop 
Iesidtues in) ihe lCi i I to C uecsitlcIcl 

Crop residue is tO' Illill olc o animal fccd in the Near last rcij at'd almost all 
residue iti a wintcr whet:, i reiii\eAd for livCtuck feedlite (Ra . 963). lhe 
remaiinng stnlblC is 1lrazCl h\ fIarC InLitihers of0slCCp let illtO the fields a"ter h:rvcsting. 
The ocvestockiiii- h. itscil i,, aI potential 'ausC ot soil er-osion and conscqlnt degradation. 

Ill many LIIsnuder railIed small scale IerictIIltiii- In seiiiid Zones the ,se iuf1residluCs 
for soil and waltcr eolser%ation is \'er\, limited. Ill addition to livetock teed. alternulivc 

,lul. hiitilditi. iiterilS 0rV 
farmrs21", atC 11clh 16i1her tihan the use1 the resCidues', 1f01soil and v+te. cuolisrvatiot. In 
Solle CIs the cas h rturn Iroimi ci0h1s In;IV :\CII hi hii'hcl Ihln fhoil tile .raill: . 

usCs such Lsf1 and rotiuii atracli\ C options, \\ hich the s Ill 

The optiowis aeltionct iluse of phlt iiitrients mil tileivl\u1eccsarit\ exportation 
flm lands. Nutriett alC iftli lost tm clp production since thcret is itt> or no recycling 

oA th lintriints ill this INp(: of :,.criCulttnr~il sy?tni. lhis sittalion is furtli aggravated by 

the low level utl iiiorealic tertilizer applicatioin Ilnsctliaruid mailtfed agrtcuhtueC. Estimates of 

nutrinllt, ill whCtI Mid harley tmop rcsidues priduetCd ill tile Near1.atlrciol . civen ill 

Table I 

Crop residue miiaMlacceit~lt i intrinlsic:lly asocilatcd \with siil and water conserlvaliml 

practices parit ri, ill Iaree seadIc iiCelaniZtd aiit cllltlrc ill sntarliuid zones. The valiotis 

nIat.:aei t sstelilk ch as lcavinu the' residties oil the siil stirfalce, or shallow oir deep 
inctrporatioiilh the soil in efli crilnu cit1t'ol ofI mestilt dilt'lil lui ind Conservation 

Inoistt i.
 

'rablc 1. Estinmates of Cro) ResiduC Pirodction, Wheat 
alnd Barley, and Nutrient Re:oval ini the Ner 
East Region. 

Crop (Grain St rai\ Nutrient Uptakec! Total Area Total Yield 
Y ed', YieleId : ..... . !I..liariestedt of Crop

N P K Residue 

-.............. kg ha 1........ . ......h x 10 t x '0
 

Wheat 1,500 2,560 17.2 1.8 2-4.8 21 .500 55,000 
Barley 1,31(0 1.97(0 14.8 2.2 21.6 7,61) 5,000 

t FAO} (1t98.). iclt ifs iri ;i .c;i.
 
:f Slfaw/gl':iii raliwl, alte: 1.7 hu M wh at mld 1.5 hit hmilcv.
 

§ Average N: P': K ciOiicCiiiiiiIIii iii li, i','Nitii. mic 0.75. It.11 iand 1.25'. Iii kailcy ilit (.07., 0.07 ald 

whalc.ticTct\cl\ iiOd0).97i; tiu 1 INiltii.iI P':1i Ilid lmilulc. 1962. USA). 
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Intensive research work on tillage systems coupled with the development of planting andtillage implements has contributed greatly to the effective utilization of crop residues inidryland farming. Another major contribution is the remarkable progress made in recent
times in the development of herbicides. 

The effect of crop residues on runoff has been well-covered by Onstad and Otterby(1979). Residues left on the soil surface contribute in various ways to water conservationand crop production by intercepting the impct of rain drops and thereby reducing soilsurice deterioration, ircreasing rainfall infiltration, decreasing evaporation from the soilsuiface, and reducing excessive temperatures during hot periods. Other advantages includeprovision of organic carbon f soil microorganisms, soil organic matter, and nutrients.St,. face-applied crop residues check wind and water erosion depending on the amount of 
residue applied. 

Residues left on the soil surlace show disadvantages such as their effect on the nitrogenstatus of the soil (Smil.k et al., 1967) and lowering of surface emperatures below theoptimum for germination in cold clinates (Greb et al., 1970). Release of toxic substancesupon decomposition could also be a major problem to germinating seeds (Norstadt and 
McCalla, 1968). 

Van Doren and Allmaras (1978) poinlcd out that the potential benefits of residues ottyield depend upon initial soil physical conditions, 
crop

soil drainage, precipitation quantities anddistribution, amount, kind and disposition of crop residues, and ability to establish adesirable crop and maintain satisfictory weed control. This underscores the cautiousapproach c.sential in transferring ine restilts obtained under one set of conditions to other
situation, without careful evaluation. 

Considering the relatively scarce quantities of residue available in semiaridcrucial question of quantity of' residue required 
regions, the 

to achieve the desired soil conservationeffect becomes important. Woodruff et al., (1977) poin^t out that different crops vary inthe effectiveness of their residue to provide sufficient cover to prevent wind erosion asshown in Table 2. It i.,evident frot the data that wheat residue is more effective inpreventing wind erosion than sorghum residue. 

Table 2. Kilograms of Residue Required per"Ha to Htold

Wind Elrosion to a Tolerable Level of 11 MNg
Hla-1 Yr-l 

Soil Wheat Residue Sorghaum Residue Growing WheatTexture-
Standing Flattened Standing Flattened In On Smooth 

Furrow Ground 

................ .......... 
 ..... ..
kg ha 1 .... ..... ..........

Silts 500 1040 2020 2910 560 
Clay and silty

clay 900 1790 3700 5320 1090 920
Loan fine 
sands i180 2380 4700 6940 
 1340 1120
 

t Silts with 50% noncrodible fraction greater than 0.84 mm in diameter, ctay and silty clay with 25%nonerodible fractions, loamy fine sand with 10% noncrodible fractions. 
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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 -1 . r: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 
operatons influence tile effective residue coverage of th soil. Management systems, 
therefore, play a decisive role in the effectiveness of the limitcd straw available. Under 
Near East conditions, it would appear that if all the crop residue were to be used as 
surface soil application (Table I) under good management tind similar climatic and soil 
conditions, some degree of soil moisture conservation and erosion control could be 
achiet,, as praicticed in the United States. 

Various factors affect the quantity of' residue remaining on the soil surface after its 
application. Anong these are climate, tillage operations, soil type, loading rate, and the 
microbial biomass associated with residue decomposition. The rate of decomposition of 
crop residues affects tile effective coverage of the soil surface by the residue for erosion 
control. Residue on the surface will not decompose as rapidly as that which is nuried 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, 197';). Knowledge of' decomposition rates is essential so that 
residue management systems can he devised to control te 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, termites play an important role in residue 
decomposition, especially in warmer climates. Termites travelling below the soil surface 
utilize crop residue for fi,,,,. Much of the residue left on the soil surface for erosion 
control is consumed before the next cropping season. Ilhe soil with no cover is thus left 
unprotected at the start of the rains and is more vulnerable to water erosion. Termite 
damage to growing crops could also be serious in some areas. 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 nmanagcnent by either incorporation or burying it in the soil is largely 
dependent on the avai!ahil ty of appropriate farm machinery and draught power. These 
residue management systLi, are less effective as soil erosion control measures. However, 
residue recycling increase.,, 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 mn for a period of 18 years, 
showed a net gain of organic matter under conditions of returned residues (Smith et 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; Dregnc 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 efficient use uf 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 arce olten burned causing air pollution and other environmental
problems resulting fin'ur lack of soil protection (Parr and Papendick. 1978). 

Although a large wimeI' reScircI dtaCt
iS available Under highly developed and
Illechaniied aericultiiral practices, incire Iesearchci crop residue management *inder

semiarid coriditi is is aldvcite.d to prlmiitc its wider application. Possible lines of
 
approach hav'e been sriiiiiiNii,/ed h Parr aid Paperdick (1978). These include:
 
SEVluticuil (f the tnlii . )ffCsidtlC attily needed to protect the soil fromiI\ 
 erosion 

and to a11diritin
it !i and p101d1ctii'ity'.
 

2) A thimrcundti t clirst101ircethe IILMs aif.ctiirc the decOMprisition of the residues by 
InIicrc ii tC ilsill-. 

3) I)etertminaticii ()Ithe natirc ii p titoxic CinstituCints rCsultiig fron the
 
deCccMpOiSi11 01i cici , Mid pcv:,sihie
Ciidtc iee,ling arnd selecting crop varieties 
specificalc hcr ccrisCratiliii-tillia C \steis. 

4) Mcnitcrinqi ()Ilaint cisea', ilIridinsect lid icideit infestatioll.
 

5) )eveiopiiciii 
 Idtliac ailliir~ estin.i iachinery to achieve desired residue 
ica n giCl II c'ise ,,.cciii c 

Small- and Nledi till-Nize ITrms 

in) large parts ci tie \.crld. i)d pic Otlclio is i:inly on sinill- and nedium-size farls.

The use cI fillill I., lluch limited oi these farIs. an in some
IIl:'hiie\ ,Cr\ cases,
nonexistet. ('rp iSi ltIns Lerlilcted Iilliithese faurs are hardly utilized for soil erosion
cODN.nic Such rsC-ilues ha\c high \illt., isfcedst,)ck :.rs netinics domestic fuel. In the
Near -.: t. for ex;i.pi . \\iltcr ,iciat rcsidtnc is mini fed to sheep. There i.at the sametime tie Irgerit icd Iir cir,isi. itici practices it,econticci somIie of' thle serious erosion
 
prol',c, ;.il ire rcuc in.
 

One (l',thep csihC slticuies (itdevch)inp clficicr utilization ()crcip residue to maintain
 
soi! pn)iductis it.illsCiiuIld areas 
 is tirccnugi tie intevraticin of' livestock into the farining

systemI.Plianted Pastlres cccitld ficriii a part ()I Ih.2 crop rutaliri and the residue could be
l'ed to tire livctcwik. hice rIciire prIducecCd Cmild he applied to the land I'r maintenance ofsccii fcrtiiit 5 . 

Effect of ,'alhos 

iallowirng ,,pralcticcd illIar e parls ()I sciiiarid zcrics as a nieans of ,_'iserving soil 
tuicistiie. 'lIc tc licicncy Of' Varicoush ater rige el fa lhcws ira' diff1er greatly depending on

tie Iiralnalercit s",cnllr. i.e., %kCed Cccrrcui stlra II ulcih Iniilagernent arid the number of
tillage (iperatins. Siiika arid Whitfield (19 6(0) nd Scicika and Wicks (1968) ,ave water
stirag e fiiciellcics ic htire(OCritial Ncrthern (treat Plains of' the United States as 25 toacid 

-iiRn's .tictecd b\ 
(re'll P iis rlllai.rliI i c 3 per enct. 

45 p *ciu., -vans arid I.cnirc (1957) mid leggett ,t /. (1N74) for the 
ic S 1 

Lare areas ci raicied ,rictitu;II .lll(ids flullwedtl in tie NcararC East regiun. Smith 
1979) esliirraecd that 55 percent 1"tire rairuied lnds arc left in fallow cach year. Loizides 
1979) pointed ocl that the hiimw esliniates fIor the Near Fast regiion are inflated and thatthese Might include land cr)pel ; irregular intervals inl the 200 to 250 mlmrainfall zone as well as rcccnagrictilttoral rrargiral linds devoted to rough grazing in the higher rainfall 
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Improved methods of fallowing significantly increase tile yields of succeeding crops. Greb 
(1980) ;'eported that the yield o! wheat f'rom a wheat/fallow rotation in the Central Great 
Plains (United States) was doubled in the last forty years. Similar increases in wheat yield 
reselllng from low1hY, s were obtained in Australia. Loiides (1979). however, reported that 
under a Mediterranean climate 1lloh0 docs not result in any significant increase in the 
amuntt of WIaler aviliablc to the nex' crop. The rcasons underlying this are not clear and 
the subject merit s greater attention. Some of the fallows in the region could he profitably 
replaced h plziltcd fo0raenc lcgunels suchII medics and clover in rotation v,ith winter 
cereals. 

The intlroductionl ()I the ic\ lariliing sv\sen ol Australia in some of' the countries in the 
regiion holds mruch prllse for more effective utilization of the hIllows. Such farming 
systems, i -li- aged enlancc organic recycling in the agricultural system andgit' 

increase soil pri)dtci',it> .
 

Tillagv and Weed (olo rol 

TilhlgC iruplemrlllnts have a rilajor ili'luence ol tile Ltilization of crop residues for soil and 
W,'ater tsc ill. Tillk," pro~vidles, ieans by which crop residues are managed, that is, 
left ol the rlicC.rixed in the sh:alow havrers or buried beneath the soil surface. In 
agriculturl, sstClls whCrC sillpie itnplemcnts ar. ill Use Without even animal draught 
power, crop rCidLcs, il ;rillcl, ;arc usullylv burnl to enable tile I'rier to reduce his 
labor inlot into s,.Ntdctl lrepvIati4)n. The developutent ()! tilltge implem,:nts and the 
:id0ptioil Ilpll[rlprilatc tille niihtods te closely linked. Strategies for efficient use of 
clop reidue h0 tn ktcl ,'tion f'Oremost,,il '1 conse mlust therefr e., first and be worked 
,)::t t( lsc till!, prlblclls il the ,pecific lr'it: ccotkcal zones. The increasing rate of 
adoptio 0oll oIiscrs attin tillhte i)rMi--tille ssCllls in tile sCmiarid areas of' the United 
States, the ereat ancLell tile IeCe(3lCmnt andIaillccs , tl'appropriate tillage implements, 
Iore cflcelis he'rbicide,, Ihac Ito greater arid nmrC efficient mllangelent oftc .iitrl'i~td 
c'rop resides, io soil er)il cotIrol aid collservatioll. 

Weed Control is a illijo piihleii facing the smrall farnici. particularly in semiarid zones 
\%ith seetc . eecd c lpeitiin fo die limited amount of" moisture available. Research 
inlto suitable, Ile.s \penis herbicides, nceds i4 be carried out as a part of conservation 
tillage dcvclopntt. 

The lec I*()trainir lcamlm 'b e)sclceillhasicd ill tile o elail desv.'lol)lllelt (if 
conservation tillac arld efliii 1tili/(tiul I Cl c[ esidues. 'aminfi (1981) pointed out 
the suhstantilal comllrihuititallt h rus I'arming and lack of trainingdie oI niachinei of 
op-ratolS has nudRte 10 tIe Iprilhri (I soil dcradation in the Near East region. 

A dtirctl tiaister ofl tcchnolim.1\ urfIMitrIntel\. docs iot al\ays provide the appropriate 
solttions to the pr(Ihl.rirs iill ilier sciirid arcas. lie approach should be to develop 
sUitilC. k.L 1.-0rl)MdiitCd resech prora21,slls talking into consideration socioeconolic 
conliliii.. aind licularl\ LaiuCrS pra'ticCs. Krishrinmrorthv (1980) pointed out that For 
technolo\ trallerl to be UsClul to a slll iriner. tile first approach svould be io optimize 
s,,,hat thC f:irre C;lll tit' bs hilliIcll. 

A research prilpiami hased or theitcamr approach is necessary to test soilte of tile solutions 
to crlp residue linahellell probflerrs a'lad V iblainCd under well-dIeloped, highly 
rncchalliZ d LdariCelturalI ss stetrs iii other semiarid zones. At the same time new programs 
should be dcvClpCd hased e.,sentially' ol problenis specific to the local conditions. 
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Rabilitation oD raded Agricutural Soils with Organic 
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.. JeF Parr and S. 1 loriick 	 ,,V iA clturegricultural Research Seric ' ,
Beiistillr MArylanwd, LISA 
. ABSTRA CT Soil"erosiw"n by, t'indand water and consequent land degradation aAilgsso: 

sti p'oductivity are seflous enviro"nental and economic problem in. the Unit d S..ekey to controlling soil erosion and nutrient losses through excessive funof" ,ies.the 
proper use of on-famn agricultural Iihsiex including aninal manures and,crop residues.oJffarn niiinicipd,Wastes such asI'sewagsludge and refuse are pIotentially valuable" 
organic rsources that cold be used as soil conditioners and biofrtilizers, Low-cost 
co"npostig tecinologies can essentially eliniate the envirolnental hazards and healthri~rk' associted iviik these materials . Strategies are~ 'Ptscussed that would proyide a morereliable approachfor using organicwastes-to inq~rovc the productivity f raded
agricultural soils and crop quality in bothdeveloped and developing countries. 

Introduction " 	 Soil erosion of agricultural croplands in the United States, by both wind and water,
remains our most serious envirojnlmental prpblem (Brink 
 et al., 1977; Carer, 1977), The . pfi ipoa reason fbr this is that many far in, ha shifted to highly intensive and
exploitiye farn iing sy.tims which mainly involve1continuous row crops which no longerinclude'sod based mr;tations":cover crops, green manure crpps, cdnservation tillage, strip2' cropping, and contouring. Many farmerssoybean rotations, iwhich: fai have.gone to continuous wheat or corn or corntopoietehagnt 
 widrnfail to provide the soil with adequate protectibn against wind andwater crosion. They have one short-term cropyields and profits,
which hiavCe takei precedence over the lon'ger-termiidvantages of soil and water 
conservation (Carter, 19777 1 ; ' 

According to Berg (1979) the currentaverage annual soil loss from erosion in the UnitedState!; Corn Belt, which contaius much of the countrys prime farmland, exceeds 8 tonsacre" (1 Mg haI) This is about double t.e maximum tolerable rate or T-value that will'sustain a reasonably high level of crop production. 

There is growing concern about the effect o"soil erosion 	on the decline of lqng-term soilproductivity (Follett and Stewart, 1985)." According to a 1984 Worldwatch Institute 
estimate, the loss of soil from cropland worldwide is some 26 billion tons per year.(Brownand Wolf, 1984). If,one assumes an average topstil depthof seven inches and ai iaverageweight of 160 tons per inch per acre,this is equal t thle loss of 23 million acres of ,1 cropland per year (Brownand Wolf, 1984). This crisis is'likely to worsen in the near 

2 .	 
future because rapidly ,expanding populations thrhour the Thd Worldhave necessitatedthe flarming of marginal lands that are often sieeply sloping; coarse-textured ackig in.i' 
ttopsoil, and, Ihus., highly erodible by wind and water..Already, ins'nime'rgions of the ' 
world, . Sub-Sahatrani Africa, food grain produtn per capita has decre 'aeddramaticaliy in the past few years, Much. of this caini' e attributed to'inprojitor 

~ I 
...

inadequate soil and water management practices and!'continued degradation o th t I '
 
resource base.jthenatural 

Proper management of organic wastes such as crop residues, animal inanures,,and.dewagesludges on land is essential for 	protectit'g agricultural soils from wind ndw".ter erosion,and for preventing nutrieit losses fihrough nioff. Efficient and effective use'of these 
.,miterials as soil anendiments alo provides on 'Of'the' best. nie w,6'haI 	 fortining,
S" - soil
pirodu~ctivity by recycling:,pntt 	nutrienitsand'byiniproving plysicap e,d.), 


t Soil productivity as defined In Sot 	 t,the 1957. USDA Yurbook of"Agriculure, i (he capability of a soil 
producing aspecified plant or sequence ofplains u adefined se o m e 
in lenis (f thootpus or harveist in relation to,ihe inputs of production tbclo: for a speific kindbffsoil 
under itphysically&ined sysici of nananigcont." i" Y' 
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lraditionA Use (it'Organic 
Wastes iiiAgriculture 

The heneficial el'flcts of organic wastes on soil physical properties are widely known 
(Allisrir, 1973 USI)A. 1957) a CvidnClceJ by increased water inliltration, water-holding
capacity., water content, aeration, ipcrmabcility, soil aggreation and rooting depth, and by 
dtecreased soil crusting. ilnotI. and bulk dewsity. 

preseut nwC%The F rposo oI till,, papelr ist '1o111C perspectives and strategies that may help 
t ilist -c the cIticcIit ild cf-ti c t otl) onlaic wastes to rcdlcC soil erosion and to
 
illros il dil'drrcti\ ,alid 11t1ril roth de101210)loped and dC'Ch ilogcountric.,.
r 

I)cvclopi ciuhiii,ml . ilI\C 1raditlloalll, Used otWL'a;lCic materials such isallnimal maureIUS,
 
crop residu IC. IllalllrC',. to illaintail or improve the productivity. tilth,
cr arid coiriplostis 

and ICrtilit\ i,their ,icriculilral soils. Such mraterials also \lCerthe principal o,"
sorurces 
plaint iitriertls illli itcd Stlies a,irictltutrc until the iate 194)s ad earl 1950s when
 
'arliI:r., hClni till rCplac tierri %%
ith chcllical tCrtili/ers. With tile beginning of the Green
 

Res lolliillliltcals i(t0. ilitidslcclop)ig countries begear to replace organic
 
rcc\,dliitu ilr tCllrcs.,, clr'hCiCl Icrtilicr, apClied hit-oyiclllir, cereal varieties, which
( itlh 
reutlired Krialtloll aild I r-Ccl t,seof peslicides. Crllseqently, the importance of' 
recsl,, di ll ,i.'rrii: Mi ttirl,, i ,ilproductisit\ controlling soil crosion was ' r, 1tillttitirr anlrd 

neLglectcd. AS a rCsult &Cta' iiLtillri ',Oils Illih desel2ipCd arid deVclriping countries
 

\6'111IrChaC tlld.re c ,sriousll, dL,.!rad'"tiotlla ltin I0r-, rfIt riOductiVity hee.alse of, excessive 
"oil cr(son alld iitrIcllt ritriolt l uio\Cl.. d"soil pritdictisits dcclin s there is
 
u,,t1lla\ o rII0t1' 14it tllCtrCs,.,eC illtre Crop tlisc icici.tric t1 ap liCd ch iical fIrtilizers.
 

lii tie Cad\ l)7t, 5 ;asdcrIe hcr1herc \.. t' t',Ill recl i 1 lleallic llatcriiaiS inl develnoping 
, 
 i", lCoUilliltllel"lllilnjtrieii'lt 'lrl irLIt iiss'lMi ll lcdi, ofts.e rltil, rising enrr'i corsts.' 


alld IhtI it Jht'ilrih'is'rillihrilitx Ofrtili Sllbs.'Lertlll. ir d andI l it l t.ers. tIe 
/\griciilriire ( )l'eatllrlairr I .\() ) tl li t' ttI Nailis, corlsned i series f1regional 
\mrk,,hi ,, ll OW %,i tle Iril)OtF'ArieC 4i g ' asics as soil amntrdn 1,tsti hiiilliAi/e rid d llirr\%, 
aldl trIclli tl irll'. tlisl ri. (0 t ce tal lish'lerl tech i t \Cl islls \ lllethirds and 
I)HrCtles' IM thei t li/,atrill tl;rrilt ii;illl_ ()Ice such ',,sorkshop \as held illthe
 
Nealr ,,lc
t rionht\(). 1t97N) 

11ilr ll
ThIe lPlc iiiii1 ,.nillOf! ()iii riLr \kSist + Illkli iest' (I iiri bhilnr'riiitlurial arid 
iIlrirt'llcls ll . ' iii tail se' hls\ l
Nils Itrir V nI lI rIl t t*IL ci iII . Ill'\tC;tilri 

i'tilds itles liet bet inC sll, lrntectig .rrictitluiRal 
n1t 1trit Ilrssts I Ire11 rgir[itot ldIannl lea hing. 

i is-t tLre .Irti'lJltrrrru ;11:l l t I.",d OI priluct I itt l ilt l Sols,. llutuck (I1981 
rIsui:toll,:[nL' rit crlI.il l liitilt ]a CoelmrpirrgItc OH * i lll", ill .rluntries 

04'illl oliniilt th Sit l)CiCrill it tIre' um!lo dtiluctir that will be n reeded'i111iC ll IIsrata,'d 
\% ltlkl' i lliIts Sear llih,tJl
 

All rrrifrtiilt 01ur0pt that P,i illilrrated Ill-ivureitCliI ,stiluiiikcnl atild I is thlt lnt, most 
aeircirniii .i soils inese as ol -f.rntirt'r~radars c sIc msoi innlol't losses, and 

iiglaric' Iriiler! dCltui.'rll laWc ii" iii ,illlltirieirirsl, with ,cIulre atioll practices sue h as 

Iesitnrv ualrrirVCHIn. latrii,. and e rire\ration tillage (tHhrnick anrd Parr , 19 7).CIIn rkit 
'lire pitentia ist il LCn till l il io lticill l , ilth d ICn s un e ilItctaCtirrll Of degladativC

',
pIOl2"sSs tit crie',ri!iit l iut Ou bsI aglriculuraliils, esog.. gerilly sloping,LlWC+,. ()rr . 

st Iric't llard 
be Itlllll I'\a C ,tist\ !L'l\ . L"S+,iMrill, 1r" ,licS that 

Hrie urn- I.\tIIrcil . \kclI lc %,itlh tlCCI) l si'oil.i high Ieel t proiductivity can 
lli I b)ut 'irllrll irr Cat r.adily

oltc i t tldr idtisc' irccss.s I lhiss en. uonrlargillal soils. e.g., steeply sliping,.d 
c.,arse-tC;tuirCtl, ii'rls ,irl.ctrid. \ith m depih. antd lo\ fertility, :toil .onscrvation 

t
ileIllailllir/c
practces rrmrrs iit tlstir fuirher dclradatirii. The vital coimptnent ill this
dy,,l~iatri ctluiililriirun is,siil igamic maltter sstichr is maitaired alnd replenished through
periodic app!icatinris ni hlr.rllic \%saste arnd residues. 
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Surveys of Organic Wastes 
and Residues 

Soil Degradation Soil Conservation 
Processes 
 Practices
Soil Erosion Conservation Tillage
Nutrient Runoff Crop Rotations
Waterlogging Soil 	 Improved Drainage
Desertification =... + Residue Management 
Acidification [-', / Productivity/Terracing Water Conservation
Compaction 

Crusting Contour FarmingOrganic Matter Loss Chemical Fertilizers
Salinization Organic Fertilizers 

Figure I. 	Relationship of' Soil Productivity to Soil Degradative

Processes and Soil Conservation Practices (Hornick and
 
Parr, 1987). 

Most devch 	f)iine countries, have never conducted inventories on the types, amounts, and
availabilily 	i)I ireanlic miiaterials 11h!Icwjuid be utilized as fertilizers aid soil amendments on 
agricultural lands. Such in'ho maton should be an essential part of national planning

doclents for the dCveh*1lmnt, cofrvation, and mianagement 
 of the natural resource
 
base (FAO. 1975).
 

is inf-,rinatiiin is n(t racadily al ailablc in developed countries either. For example, tile 
lood and A,,\riculttrC Act of 1077 (PI, 95- 113) nandated the U.S. lDlepartment of
Agriculture 	to prcpare a raIeporl f the .. Congres,, on the "practicability, desirability,

and feasihilitv of collectine. :ranspfrtiie.' and placing (I organic wastes 
on land to
 
improve soil tilth and fe'rtilit . -,A task bce! was inmmedialely as, igned to compile the
 
necessary. btnt then nonexistcnt, intorllatlon 
 ol tle kinds. amounts, and availability of

organic materials thlt eo)uld be tuscd as altcrnalive fcrtilizcr sources. 
This infnrmation was
urgenl., needed becetts of thc r~i tcinen I'r hL"effect of excessive soil crosioi on
the loss of so)il productivit. and theC p tentiall implct Of*atericuhtural chemicals, both 
fertilizcrs, and pesticides. on CliriineoC!tall (;lity (IJSI) \. 1)78). 

A sum0mry I the IUSI)A rcpo-t (f'ablc I show,) tiat appiwximaweiv 730 million dry Mg

of, organic ciipl,,t Wc ll
st . , 0 iaji 4)c A. 2'risC,. e\Cr," the United StatesprOdUCCd by
in 11978. When (lie &aid l:Itc,,)te, the Icrtilii/cr aluc o0' the inatrials in terms of' their 
content if Iilaci)[iitrL'itll. i.e.. llilltLcil, ph o . and potassium, It repiesents a 
national rCsoclle ()I SiiltiCllt conom1iKc \';tile. 50 percntMhic than )f the total is
Comprised iif Cl)p rcsiduCs, and ab)iU 22 pl-i11iit '(onsist.s (I .llil ni1antUres.il Thls,
.2rictlhtiral 	 wa;.tes. i.e., cl resitll, anaimal manures,p lsl] represint about three-tquarters
of the total annulial prioditin () I' \\;rni the Uniltdc,, in States. Thc USDA report
shows tie ,-ollnsiderable aniout of tlese 1\\w wasltes are alreai, being recycled on land,
and the probahiilit. (d incrleased uie 11nLind is low. Sc ,c lude and seplage make tip
only 0.5 peClCn I th tt)al piduictiOn. Ihowever. since these data were compiled, the 
ainliouit (11seICgeludge cilrrcntl, applied t) land has increased foin 23 to more than 40 
percent. 

The other f tl wiastc eeoric. listed in [able I have not been used extensively on
agricultural 	lanls bIa.sellC 1 ';,ll1 Ues: high costciiiin1eClitivc of Collection, processing,
transportaiion. and ap[plicattion: and Constraintsnof) usage due to certain undsirable 
chemical and lhysical plrpertics. For exanple. industri,,I wastes may contain highly to ic
organic chcinica.ls: ligiing an vaod%%-(1inanuacturing wastes may have ready markets as 
fuel and spccializtj constructioni niaterials: and inunicip: I refuse, even though shredde!d, 
may detract aestlictical, when applied to land because of fragmients of' glass, plastic, and 
metal. 
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Table 1. Annual Production of Organic Wastes in the 
United States, Current Use or. Land, and 
Probability of Increased Use (USDA, 1978). 

Organic Wastes Total Current Use Probability of 
Production on Landt Increased Use 

on Landt 

drY Mg x 1000 % of total % 

Animal manure 158,730 21.8 90 Low 
Crop residues 391,009 53.7 68 Low 
Sewage slude 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 Nvc;d 

manufacturing 32,394 4.5 (5) Very low 
Municipal r,2fuse 131,519 18.1 (1) Low 

Total 	 727,969 100.0 .. .. 

t 	 Values in parentheses are estimates hecausc of insuffiiecni data. 
Mcdiunm indic'tes !i likely incluase oi 29 to 30'7, low indicates a 5 to 20% increase, and very low indicates 
less than a 5, incrvase. 

Value of Organic The atmal value of organic materials as fe-rtilizers and soil conditioners is often not 
Materials as Fertilizers properly accounted for. "Ihe ,implest and moost common methd of estimating the value of 
and Soil Ciiditioners orgaaiL materials is to consider them as substitutes for chemical fiertilizer that the farmer 

wnuld otherwise need to purchase. This is done by using the current market value of the 
plant nutrients they contain, and is u. tally limited to thei,' macrk,iutrient content, i.e., 
nitrogen, pho;Forus, and potassium. This method was used to establish the value of beef 
manure, c,'op residues, sewage sludge, .wd municipal refuse reported in Table 2- Of these 
materials, sewage sludge has the highest nutrient content and is worth about $43 ton-i. 
Bee" manure has 'i somewhat similar nutrient content and is valued at $40 ton- 1. Most crop 
residues an(. nmnicipal refuse have considerably lower cotcnts of the three macronutrients 
and are worth (oly $13.40 and $6.70 ton - 1. respdc,:ively, 

Table 2. 	Content and Value of Nutrients Per Dry Mg of 
Organic Waste (USDA, 1978). 

Organic Material Nutrents 	 Valuet 

N P205 K20 

............. % ............. $ M ,-, 


Beef manure 4.4 2.5 2.9 40.0 
Crop residues 1.1 0.5 24 13.4 
Sewage sludge 4.0 4.6 0.5 43.0 
Municipal refuse 0.70 0.5 0.4 6.7 

t 	 Value per kg of N. P,(t) and KO was set at $0.46, 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 components in addition to organic matter 
and macronutrients (N. P, K) that can cO!1tribute significantly to higher crop yields. These
include secondary nutrients (S Ng). nicronutrients (Cu. B, Zn, Mn, Fe, Mo), andsometimes iime. WVhe these consilittients can suthstiiunc for plant nutrients that the farmer
would have to purchase. the value Ol the organic material increases accordingly. On the
other hand, some iorganic materials IllI contain such constittients as soluble salts, heavy
metLs, and hazardous organic elicitnicaIlhat could adversely affect soils, plants, animals,
-'nd the hunmn fotod chain. Some organic materials suchlas ,(rop residues may have very
high C:N ratios which wvould ieflect a l N content aiid it slow rate of' mineratization and
release o f inrganic N. (ther materials such as Iowd processing wvastes may have unusually
high levels of- acidity Or alkalinh, . Such pitperties would likely reduce the "Alue of these 
matezials as lfrlilizer., and soil cOnditioners. 

In somlte cases tile ir atic ,omjpmnltts Of I particular maItrial may have a higher

monetary value tha 
 that Of itS lotal iltritCll .'ontlnt hecause of the beneficial effect of

organic itatter m stil ph\sic:ul proplertiCs and ituprOvetunIt of soil productivity. "his is

especially true 
when e ;dii orcpa itc lllatelials such as coiipostCd sewage sludge are used 
to restore the produIcti\ity of t-%CvreNl\ Crod,d aericultural soils, or to reclaim marginal
soils (Hornick. 1982j. 

The rawe at which oreanie Fnaterial, decompose or tincralizc ini soil is highly variable

lepending on their chemttical and pli.\sical prperties, and soil environmental conditions
 
includinlg temperature, mtoisturc, aeration, p1l, an.l niodC/ncthod of application to soil
(Parr and Papentiek, I971. NexerthlfsS. or2anic materials have a greater residual effect on soil fertility thami mos Cltticical fertilizers because of the slov-relase character of the 
nitrogen and pl;tsphoru, comlponents. Tihus. a significant portion of the value of organic
materials as fertilizers is their IipaCit\ to elicit \ ielf responses from succeeding crops.
This response must he accomttltcd lor toI assess tle titC value of the niatrial. Barbarika et(it (1980) estillalCd that the cututilatixe ccttnt(nic valtie of some oirga.ticimaterials applied

to agricultural soil could 
 he as nulCt as li\ titie, grCater ill succeeding years than the

value realized duriu thc application ycafr.
 

There arc ma,!y prhtleCS iinvtdxcd itl hand liIig and applying organic wastes to landbecause their plhysical characteristics :re sn variahle. Such wastes ,ire almost always bulky,and can ranlge [rt01 lifuid Oil e11reCitte to dr\ slid imaterial onl the other. Existing

application technlogies are often inCfc ti\e and fiil t(i achieve time desired level of
 
erosion control or inICeased C.op )ltdtittitll. rhits. slecial itnanagelitent practices may be
 
needed to othain time full 
 \aluetf oraiic Miaterials itl'eriilizers atd soil ai endments.
Such Mtethods ilist he sitiIple. cotCffct'lvC ettCleg cIIser ving, and eeclive I'or nutrient
 
cycling and erosion ct~ltt-ol. 

An example of' a paticilarly effecthie soil erosion Ct0trtl nieasure lor sl'ping land is thatof vertical itilllln . a prtediiic which inc wlIraes turgarNi c materials such as ,rop
residues IWitO a vCrtical chatnel 30 to-4) cul deep and sonic 1( to 12 cit wide at the soil
surface (Parr. IQt59). The opcratitit is oiuttlytiducted ol the Cofllotir at intervals
ranging from 5 to If) it. A reecit modificatiot oF Ihi, piticedtire is referred to as slot
Imulch aMid has at(Ibeen dtti lll",lelctd ;illusilcticve tlealls of Cottrollinte erosion on steeply
sloping lainds in the wilIter kxx area WahsliitIl State (Sa.ixtoll / al., 1981).teatl 01fcistlerni 
Both techniques are hi-hl eflecti\en iiereej)tiiigIrttllOlf, elliallCiitg root pcnetration and
developmtent, anid p (hiiig lor efllc ixuexlter Oltser\ation and storage for crop use.
Although several INpeS oh itacMhincs tax e Ccit dCsigu'ed for these operatitns, similar 
results could he athiCcd usin2 h:itld labor. 

This conceptof res lu iianitteit iCilil\ ia\e pplici ion dellCOpiilg countries for
restoring th1e pruduicix iiv tO shopiig laids Hi have suffcred t'ronl severe soil erosion.
Besides crop residues, )tlher t\) 0[ 0 rgailic tlilteriaIs, tncludittg coniposts. could also be 
utilized inl the vertical ittulClt t1 ,htt tiitheli proceu rt.es. 
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Another 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 propertics. Thus, rather than attempting to treat an entire tract of 
cropland, it may hc tuch ilole efctlive to follow a localized placement approach with 
seed so\wig r phatiig into tile zone.ora of' seedlings directly treated 

Composting to Enhance Some of the asSociZtcdl utiIliation various organic (e.g. odors.leONCmIIS with tile otl wastcs 
the Usefulness and human pathogeis . and ,r;ige and handling constra ints) can be resolved by composting. 
Acceptability of Certain Composting is an ancient piictice 'Mhereb lbarincrs have converted organic wastes into 
Organic Materials useful materials th;t Ipro idc nutrientk rr crops and iipro C the tilth, fertility, and 

productivity of soils. "Thioih comptishne. orn-anic vwastes arC decoiiposcL, nutrient.; are 
made available to plats,, IMtlhorC S,atrc destroyed, and malodors aire abated. The historical 
aspects of colipostinep have bentlcchorughly discussed in reviews bN G{otaas (19561 and 
Golneke ( 1972). 

The U.. I)epatricnt of AgriculturC at illc. has dCv\elopCd highlyBChs1 Maryland tile 
sucCessful hIsc illC ACratCd Rapid 'olmpostint (BARC) Met'rod for composting sewage 
sludge, anil tnatuin i uiniicipal relC,ald pit latrine wastes (Parr cf al., 1978: 
Willson ct al., 1980). Th's ilelhod has CCn \idely adopted by both lar1ge and small 
niunicipalitiCs throughout t nitel StatICs lor coniposting sc\k1a2 sludge and solid waste.t. 
A number of devloping countries have also adopted this technology for- composting. The 
method is siimiple and iClativel' inexptnsivc. vc! elfectivc, and allows considterahlc tradcoff 
between abr .r capital.and 

In tie ,AR( Nltlirod 2) sC\ViagC sludgCs ranging Inroi 15 to 25 percent solids are 
mixed with 	%\oodchil as a ilkinu material and then coimposted i a stationary aerated 
pile for 3 to 4 	 this high will not rcadily ci nlpost\\,e.SluLe s inl inoisturC rnglI!e 
aerobically hecause sufficient air caiinot penetrate tle hionmass, either naturall' or through 
forced aeration. '[huS. it is CSCential to mix tie sludge with hulking material to provide the 
necessary stru(cturC and porosity to fitcilitate forced aeration. The hulking material also 

Composting with Forced Aeration 
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Figure 2. 	 A Schematic Diagrain of'the Beltsille Aerated Rapiid 
Coimposting Method for (omposting Sewage Sltudge and 
Other Organic Wastes. 
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Crop Quality and 
Bioavailability of Nutrients 

lowers the moisture content of the sludge thereby ensuring rapid aerobic/thermophilic
convbosting. Aerobic conditions are maintained by drawing air through the pile with ablower connected to a loop of perforated pipe in the pile base. Other bulking materials thatcould 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 finallyexhausted into a small pile of scrcened, cured compost where odorous gases are effectively
absorbed. The pile is blanketed with a 30 to 40 cm layer of screened compost forinsulation and odor control. Uniform temperatures are maintained throughout the pile with a tinier progammcd to operate the ex'aust fan aon predetermined intermittent cycle.
Within three days after composting begins, temperatures are well into the ,hermophilic
range (60 to 700() and remain there fbr several weeks. This ensures complete destruction
of enteric pathogens. There are now more than 50 BARC-type composting facilities
operating in United States cities and municipalities wih 25 other invarious stages of

construction and development (Goldstein, 
 1985). 

Composts provide a more stabilized form of organic matter than raw wastes and vastlycanimprove the physical properties of soils. [or example, addition of sludge compost to sandysoils will increase their ability to retain water and render them less droughty. In heavytextured clay soils, the added organic matter will increase permeability to air, and increasewater 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 et al. (1984) discussed the uses of sewage sludge compost for soil improvement
and plant growth including I ) establishment, maintenance, and production of turfgrass andsod, 2) use in vegetable gardens, 3) production of field crops and forage grasses, 4) use
on nursery crops and ornamentals, 5) use in potting mixes, 
 and 6) reclamation and 
revcgetation of disturbed lands. This paper provides recotimendations 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 thatwould greatly limit the extent to which they could be composted alone. For example, some 
wastes may have an extremely acidic or alkaline p-i, others may have unusually high orlow 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 wste (i.e.. garbage or refuse), crop residues, animal manure, foodprocessing wastcs, and certain industrial wastes, may alleviate these limitations andprovide itreadily conipostable mixture and a higher quality product (Obeng and Wright,

1987).
 

There are number of factors that can affect crap quality in the rehabilitation of degradedagricultural lands with organic wastes. These include the chemical properties of the 
organic fertilizer, the soil characteristica or soil environment, and the crop cultivar. 

As mentionc earlier, organic wastes "an differ widely in their physical and chemical 
properties. Some wastes such as cereal straws and composted animal manure and sewagesludges are more resistant to microbial attack. This higher level of organic stabilityprovides a distinct advantage in the initial reclamation of marginal soil because it imparts abeneficial and long-term improvement of ..oil physical properties and in turn increases theplant use efficiency f nutrients. It has been shown that the addition of lime and chemicalfertilizers 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). 
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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 yield 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 crop:s grown on soils with the two 
wastes, were attributed to difleren! rates of nitrogen mineralization. 

Often the effect of cultural and iil,,,'agcment practices on the nutritional quality of crops 
has been discounted while the crop cultivar has been considred :s the most important 
factor. Traditionally, plant breeders have selected crop cultivars ind new varieties for tWeir 
high yields and resistance to insects and diseases. However, th,,re is a growing concern 
that selection criteria should also include rcs:,;tairce to environmental stresses, i.e., drought 
and high temperatures, as well as nutritional quality, and even the bioavailability of 
nutrients coSlnmed. 

There is a growing worldwide shortage of good quality organic wastes for use in 
maintaining and vestoring the tilth, fertility, and productivity of agrictLtural soils. Indeed, 
most of our traditional agricultural wastes in the United States, i.e., 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 develhped and developing, countries need to conduct periodic inventories on the 
kinds, amounts, and aailability of organic materials that could be utiized as fertilizers 
and soil amendments, and especially municipal wastes such as garbage (refuse), sewage, 
and nightsoil. Coniposting 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 mnaterials represent it 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-efficient farm og systems. 

Most organic wastes and residues are lw in their content of macro- and micronutrients 
conigared with chemical fertilizers. However, research has shown that crop yields arc 
consistently higher when organic materials arc applied in combination with chemical 
fertilizers than when either one is applied alone. This would suggest that organic materials 
can increase the efficiency 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 onilbinations of organic and chencal 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.e., surface mulched, plowed down, diskcd in, or sidedressed), proper 
rate and time of application, best sequence of crops to be grown, and the rate of release of 
nutrients. A better undersianding of tile 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.I. Stewart 
Worl fmi er Atleiotion flrt0h Re.yonse Farming, Davis, 
Califrrnia, USA 

ABS7RA (IT Rail/fid /rlcaltprodution in odan is limited by low and variable rainfall.Fartners traditionallv dely pla.tliihg, until thc onset of the rains and adjust their wheathectarage I/tS o il(' allil,11Oti h/ fl e'rl"rainfill re/lative to nonnal. Variable rainfall also
its .f(1l'/lI('lS'li/li ilIt'cIIt;'A ./01" inve.sting in cotlV iqnttts which would rais, crop yields.

Lonrg-terin iair//llit/ rccor/s sholw that tolal wheat s'asonl rain'fidel is directly related to thedate on onset o/ the rlaiovy .scOSoll, that i, the earlier the onset, the higher the rainfall 
e'pectation.s, andithe higher t, wh vieati,'f. mnroved local rainfall fbrecasts early in thegrowving . andmAosl, ield iprdict is based oil wate. t]todefion fiuctions and rainfall
forecassts call .%ti 'nilthe l .fitr1 Ievl decisn-ioltl(1nki ill this enl'ironlne'nt. 

Re ponse ./imill, i.al f/cribI' fillming .S\'vtell hased on a rainfidl f'orccast .followed by anfl)PIprol'Oiat' a 4ronllti1,i rt'./polmc. Mt date of raintfidl onsit is used to predict seasonal
riaiifid'. R omllell'lldatiolls.,o crop . 'lction, f)/.'llltull, a Id inputs then arep'actices,
adjusted to that t.11'itatiOlhthrough tt us ) water pl'odutt'liolr junctions. Responseot 

firm igcomhins ile,be.t hit r'ccommenlatioln for wheat prodWtion developed by the
Jordan Coopelrliv Ceretl1s I rtI'llitlt t loct with/I ar/ners tr/'ditional practices toinpvrc w'/,'l vichis ill vars litilllill '-I lne:div:,t rain/a/l and to rehce losses in ,'earswithI rlvalilll/i.It i.Shop d thlt/ a )rtl-o/lch I//1Y be Idopitcid with more confi "enceby
the groi'tn''r .Si/cl i i.%ha.'ed o:, their Iai lititnal kAowlvttc and beliefs. 

Introduction Crop 'iClds alld CC~iitiiCCl retrl[S il the rairrfcd sectorr It .1ordan are, generally speaking,
limited by vwaler. lhwever. extrelic "aillall variability froin one year to the next, ratherthan rainfall arllounl per s , is re gr[aIl r part of the problem. The practical mcaningthe variabllvty isthat am, singlc 

of 
fixed far'llirlg S;stC!i which One might devise will be 

ptoorl' suitcd to tile actiral water supply it a Iajority of' cripping seasons. What is neededis a flexil1C far]llinc sv,.tCerII whichcC aS'easir] CtIrllasi/ s those crerp types (within theoverall system) antd [ili/es thiose levels 0l' illutS such Is sCCd rates andtiflrtilizer
application ratcs, herbicides, I),siecdcs. o!c. which will maximize yields or economic 
returns per unait 0f availalC water supply 
A cOriiparniOii parpr titled "'editerraarlil,,lpe Climriate. Wheat Prodtcti,.n, and Response 
Farriing" shows there is stifficient predictability il Mediterranean rainfall, includingrainfall ili Jordan, to make tile necedcd flexible frirr ,sStcrll a reality. The indicator ofr'ainfall ariourlt aid uiratioi tflrttu1ihtihe appl-roac)irino riy pCriod is the date of onset. 

MediterralCan railall rcCords ,,]l). clCan\ . %% probabilitv that total annualith . 0.01.
rainfall and rainifall dullillo the 'ical tdCclirlCI.'F(ANJll2 period in actual rainfall amount andduration withi delayd ont , t tiei"Iill,, I)Criol. Ill IratiCall trmus this means a farner
faces a rllra rkcdlv diflfre tl ,Cle Of M 1ii1itl lrtba ililics if ilc rain begins ill November thanif' it begins in l)cCCrCir tlr later. The record shows that each period when onset mightoccur carries %iti it a raigc o Ipossilh raiilfall OcClrrrenceS. but the range for each periodis greatly 1amr v,.,ed tM.C that urIc scs w ilci conrsideriro tlh cntire rainfall record. Anarriwed oliief p htiblCrailllalirlllrrirtS Mid tUrlIMiS ['[]Calle rilore accurates easier anid 
deci o n-niakirr lI tinelilau ilci. 

Response failniU i,, a termir tIeid t. dc.cribc a flexible nirming system based on a rainfallforecast fOllh, ed b, air appripriate aWrollOillic rcspnore. The rainfall forecast is thatdescribed ab ce. Ti ICSpitlISC lies illthe lccisiolns tire farnrer Ihei Imakes about how hewill operate ia lie UIc)tnniILO sasill to Illake Ihc best rise Ilf the expected water supply. Itshuld be iotd ;ha1the resplisC hrrrrlirllcIletirildhas as irrurcih applicabilily in animal 
rprodurction S\SIctns as ii crirppir p . anid ili irrigated as well as rainfed agriculture.
However. the locuis lf this palr is raill.ed cr'1) productiorn. 
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Jordanian Rainfall 
Characteristics and 
Predictability in Relat ioy 
to Wheat Production 

The response a fairmer makes to a given rainfall forecast may affect many aspects of his 
operation, for example, prcplant tillagc. Pending wet conditions may require sloping 
cultivation to facilitate runoff of excess water to av:id waterlogging the crop or soil 
erosion. Oil the other hand, a forecast of dry or moderat.y ,moist conditions woeld call 
for flat tillagc to assure retention of' all rainfall. 

Early onset, indicative of a long rainy season with relatively high total rainfall, would 
require cnlphasis on long season crops/varieties with higher water requirements and .-'eater 
value in the markL_ place. In this instance, production for the market, in addition to 
subsistence, would be anlicipalcj. Higher prodt!ction levels should be supported by higher 
input levels, including (firCquchtly) higher seed rates for increased plant populations: higher 
nitrogen fertilizer applications plus associated nutrients as nee'ded; herbicide and pesticide 
use as rc-tuirCd to protect thc enhrianced product ion: iarral:gement for augmented harvestir.g; 
storing and marketing assistan-.e: iandolier factors as applicable. 

Latc enset, indicatingi a short rainx period with relatively low total rain'all. would require 
Much different dec isions. Oftcn the opposite of those above. I many cases in Jordan, late 
onset may dictate switching crops altogether It will also be shown that Jordanian farmers, 
particularly those :n cropping areas with 250 to 400 min lican annual rainfalt, are already 
aware of' the imp!iations of late onsct of the rains, and respond to it by reducing planted 
acreage, changing crop types, and other m1easures. They may be less aware of the good 
inlpiicalions of early onset of the rains and how they might profit from increa:;2d input 
levels, etc. in those years. 

This papet concerns both the rainfall forecasting and responsc aspects of' response farming. 
Published meteorological and crop yield data frot j,.r! in are used to illustrate how this 
approach might work for farters in the low rainfall zones of' the Amman and Irbid 
Governorates. 

The data have been Used to develop water production functions which show historical 
relationships between crop yields ariid raifall ill the study areas of' Jordan. Seven crops, 
wheat, barley, chickpea, lentil, vetch, tobacco. and olive, "cre considerei. As might be 
inagined, these relationships, drawn frot crude and limited data, are only presented as 
illustrative. The plirpse is t'ofld: I) to suggest the lature of the benelits to be ga'ned 
frotn the response farming approach and 2) to the a researchurge hestablishtnent of 
progran to devlop water production funet ions a tIl related transferable equations in 
Jordan. The usCfles.. if the latter is also illustrated in this paper by introducing 
transferable informatiot t Whlat-watCr relationships developed in rc;earch at the 
University of California at I)avis. 

The study arca covred in this paper is the northern Jordanian Highlands from Balqa 
Governorate in tie 11rth th1ri u01.0"Irbid Governorate into the portion of Animlan 

rmrurate around a J us. sout i of' the city of Ainan. Mean annual rainfall is high in 
Balqa 5(510 tunit) and in Altin )istrict (543-599 uil) in the northwest of Irbid 

Governorate. Rainfall is tIodert,'cly high in Kura (402-490 fim). Irbid (455-481 mim), and 
Jcrashi 444 itr) )istricts of htbid Governorate, then fairly low in the Ramtha/Rihab areas 
(219-203 1n111) Irbid and Some if the discussion willo' soLteatS It Anian (278 min). 
cover all of these artas but most will focus On raitifall up to 400 innl. 

The comapai iaper Mentit)ed earl icir presents scatter tdiagraiMs which relate total annual 
rainfall to the actual dlatcs the rains effectively began for wheat productio ((late of onset) 
in each of, 31 years of collno record at sites in Morocco, CVprus, aid Jordan. This 
we.it-east transect across the Mediterranean indicates that o3,nset may occur anytime in a 
period of several lnths. and that each day that onset is delayed reduces the amiount of 
lainfall to be expected in the sason, is well as the duration of the rainy period. Details of 
the history of this phenomenon, as it relates to rainfall in the wheat production season in 
Jordan, may be seen in Figure I. 
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Old Amman Airport, Jordan
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Mean wheat season rainfall =247 mm
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Figure I. Decline of Wheat Season Painfall Amount with Later

Onset of fihe Rains in Amman, Jordan, 47-Year Rainfall

Record fron 1937/38 to 1983/84 Inclusive. Data Points

Represent Years anid l'xpectcd Wheat Yield Levels Are 
Indicated. 

Figure I,like igurc 3 im lie cmpanion paper. shows how (he anount of|rainfall at OldAiman Airptrt ri c,, it the dtc of nseo dt"he rainy season. But Figure I differs1'rom the lutrittion in the companioi papcr in tIvo ways. The rainfall record examined islengthened fr(iii 31 to 47 'Ciars. ild thc nlea..ure t rainfall is changed fronm total annual
to total whcat se il r'aiinfall TheICr excludeinefctual rains prior to onset and any

rainfall ilaCer Ma,,' 31 ' lien th vhCill ieaj 
 11'.4tesuCd m1nature. 

Wicall illilUruilll Mt Atuili o\e'r hC lcid of r1c'or0d was 278 rum while mean wheat seasonlirainlall a,, 247 mni. or 8) per.cn fIthe forier. ThcrelOrc, it is not surprising tosee that tie plieliicilmllo1dcclinin,, .cisomial r;infall with delayed onset is similar in bothrepresecilatiot . rhc ICe CI)i C lUtii n qUantil'illig this effect (Figure 1)is based on 44of' the 47 .%ris )[datla, hbcise ellfeeti \'e osllet f0r whialt plroduction never occurred in the
olher threce sCetsoiti. llev arre represClte.I KIte I lle in"ertcId triangle at the lower right
Side o1 !he fil'UrC. IllsiriSieC.'aI teriii tire re1gre.siOll is signi!cant at 
 the I percent level. 

tgu'c I lio s tli,,ut,11 'or %hcat p~rodttetion a11Aiman (defined as 30+ Iill of rainfall

Icc. ulted Illn he: d(
:LhC,) ] ,inllilttray cctur frot Novemher to Pebri.iry inclusive,with I)cetthor 22 ist flc tcdliatt datc illlIe sltludy period. Vertical lines divide the onset

period 1,, tntth,, it)titki.k it casier to sec tileChit" S itl raillfall amounts associated with
oiset ill e ilach four itill i .l the [ 

Figure I ilso ilttlusIwIMoie,hlrri,,oral V,hiCh- iidic0;te (roughly)I wheat yields expectedwith tie alllUlits o, Cisolill raintill represemec hy tlhelines. For example. the lower lineat It repiescilts ie least a'troui o1f18()nuni O rainfall which should produce a subsistence levelwheat yield of 3101 k, tal- uhitt lraditional larniine moethoids and levels of technology. InFigure I riinal'll leel le1s hair1 () tir arC prCSlnucd toresult in total crop failure,
denoted by llackeled dlala points. 
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Jordanian Wheat Farmer 
Responses to Late Onset 
(if the Rains and 
Implications for Food 
Security 

The upper horizontal line at 313 mm rainfall indicates the lower level for good wheat 
yield, with the amount of rainfall reqLui red 1 of grain utilizingto produce 2000 kg hia
advanced tecnologics, in iparticular comttiercial fertilizers. Between the two lines crop 
yields expected range from failr to poor. 

the ahove oCCllS the flal - point (February 232 
11m)which would in Ifact have been a totallv fiailed crop because rainfall in that particular 
season onl, pcrsisted otr38 days heond onSet. TIus. all February onsets in this record 
wouh1ha\ c rolu-'cd clop fItilursC. This raises the question of how rainfall duration is 
related to date olfolnset. Th,- median dt!e ofl' rainfall cessation in this record was April 21, 
with March 2 1 the earliest and My'28 th' latCst, a urich shorter time period than the 
possible onset period. Rotghly speaking, ,tone-daydlay Inonset may he expected to 
shorten the rainy period hw onc da . Tis meams that rainfall onset in February will 
always he very (t steat produhction. 

A single exception to ill righ, aa 23 onset, 

ttClrillICntail 


The nltai;) lessoti to be dra\llnfrott Fitirc I is that the animunt of rainfall expected in any 
given v, season totall ritn lfeattirc. tohct is not it 11is linked the actual date of onset, 
at which timc \\ C1:1\, it hiistWo isn l g-ide. quantify a narrowed range of possible 
Ocetiurretccs. llarro', cd with i Cet to tihe overall tlatgt of, possihilitics represented in the 
record icluollil datC ilset.h.le of 

The linkte hetscn ,ctseaonal rainfill andt dtilc of onset m1leans that tilepotential for crop 
failure rapidlv ine'reClSes wAith deli\Cel onsetl. Accordingly. the probability of a good crop 
stcadlilv decCiases. 

of0' a-ireThe actions (f the \IC\ l itallrcrs .Jordan demonstratc that they well aware of the 
toplicatti nis of latc onset for ksI ered viclds or even complete fiailire. They respond to late 

onset by' rCdlcillg the hecta gtcthe\ i'lmt to wheat and also to bailey. And in each 
sealson, if rtin, re onsiderahl\ belo\ normal during the p~rolngcd [tianting period 
followile olnset. they rctic ehC i)tlantCd areCa still further. Figure 2 shows the result of 

tilte ci I9)70,177. 
and Atmun (Sotlh) (;o tllellles. 
these actiems in iiinc-: perilod from I908/69 to averagcd for Balqa, Irbid, 

Figture 2 sholws consitlerah c \eir to \-ll \ ariatIton in railifall over the study area during 
the nine-yeal per-iod. i corire-slailding, ,idjustm in tihe area p~lanted andtnld i i: to wheat 
barley cich yeal, which o-otlills ClosCl to the riimifall amlluLt1. Note that Figure 2 
includes all of, the sttink from h\Ctest to 1thdriest.arcas teil 

In i report by [A) 1t)92. it is stated hiat illJordan: 

ellIte ;irlter,, 

is gone. If suffiCiitunis it+cied. allh if not 


It is interestin 1t( Iat , litat delay seeding till a go d part of the rainy season 
raiil the\ g id with their planting, then they do not 

tlot Iicic ,rlerlt+'s as lateplant. It is unuttlil. iuc.,10 ,C t'd plantillng wheal as late mid or even 
. I is o\ li t ilrid nilarginal of cont 

Accrd i kn fi i iltieawiI i! t the r'; season. 
Februarytl ill,pictlc er c Ctio e ail ltld lones tihe ry. 

llpa d o ilheItei! tIhese 5O0 tt', tI .eLidsOil r,v 1 

Dala On aea te tuttitlitild yed ( in each.'et wut tile seasonlpi un,p al w1hiai l l rainy 
is good. ill are in retetrelltC: puhlicatioll.it'tm po pretcli'd in Tahle 20 Isei It is 

inte-restil tlLib m1I tis i;,l, Ihtitli;u1 aitAn o(l :lla Jac Oudliiig tot,aihi ll dJoes nlt apply to 
the selii- iril ol ite i Iuhuiuiitls+lm s....
 

Although Stlle dtails, Of tile[A I1982) explanationt differ front the ,oriter's data and 
observations. tIhe icrnails Jordanialn cereal fartiters are practicing, andessence trile: now 
have histo ricallyv prticcd. wlat thisipa.ilr labels response farming. They are judging the 
c'0ttliitg raiifll .tWisttn illtO \\ils: firsit h the date Of onslt. and second by winter 
rainfall accitnlitlilo h illUl;l\ \,hilti final deiIs'Ons alrCltiade about 0howtnuch 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, Balqa, and Parts of
Amman Governorates, Jordan (AOAD, 1977a, 1978;
Water Authority of Jordan, 1985). 

plant. Note that planting begins whenever adequate rains begin and a minimum area forsubsistence is planted every year. It is the additional area planted flor market which is
decided upon at the last moment. 

The final report of a major research effort carried out by ICARDA, the University ofJordan, and dic Ministry of Agriculture Jordan, has recently been published (ICARDA,1984). Their best bet rCcommenLdations are for all wheat farmers to plant before the rains,with the implication that the entire area available will be planted each year. For rainfallareas greater than 250 mm (their z,mes A and B), a blanket application of nitrogen at 30kg ha-1 is recommended at seeding time. In all rainfall zones including the 200 to 250 mm zone, an additional 30 kg ha-1 N is cconmiended at tillcring (February), provided theseason is good. Summarizing then, planting practice recommendations suggest that the dateof onset and early season rainfiall arc of' no consequence, but the latter should be considered when the Lccision is made about the final nitrogen fertilizer rate. 

The ICARI)A report clearly alludes to the problems associated with fixedrecommendations for farming in highly vari:able rainfall zones. In an earlier report,Arabiat (1983) concluded that fi1tu rC research must )edevised to deal with the actual 
rainfall variability face'd by farie rs. 
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Water Production 
Functions to Guide Farm 
Decisions According to 
Rainfall Expectations 

The writer agrees with Arabiat's thesis and believes 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 I). Decisions such as planting wheat versus 
alternative crops, wheat area and varieties to be planted, and seeding rates and initial 
fertiliZer rates should be based i)nthis ceatcg(,iization. A revised rainfall season 
categorization sh)tLld he Mlade at tillerineg based on the actual early season rainfall 
chara'teristic's and Iinl decikioll', 111;iV he IMLde ab1out nitrogen rates and levels of other 
cOstl 3 n[ch alhe&rhic ide:, More detailed discussion will follow inN inputs to be cimil)lovcd. 
the section on dcvelopnlicllt of recolniriindations. 

Farm level dccisinmnakin invariablc rainfall conditions can be greatly strengthened by 
two types of1rescarch. The tirst has alread' bccn addressed: the study of rainfall history to 
sharpen t)Iciabili1'oprCdiCl ICtIt;ll raiilall expectations in the approaching season, early 
enougl o orll. ill 	 to10iodiv\ aCt01os was calculated maximize output with the expected 

watC supply. 

The second type of' research needed involves careful study of relationships between crop 
yields anl wialer suplN. t Three types ofthlalis to salwater ])trOltict ion Iuction studies. 
water prodtnti lclion studieC Ieneeddl. hlc types of studies and sequencing are: I) 
p'eet relltiolship, existing1 ill traditioWl agricultrlc 2, studies of potential crop yields 
with the available (valriabl) WFter sut)plV. aSsuminlg improved nanagement can overcome 
other liniit; liolls such as km, soil fertility: nlld 3) the actual elfecls of management 
decisions and pra'lctics ol iCld,\katcir rclationshilps in the local environment. 

It is tile collhinatioli tft ;'tcl )tduction f:unctions with water supply forecasting which is 
v rimneeded for tl)i u1ga; i.lc.l recttlullIldations. This paper presents examples of water 

production funlctions trl svcll c pts as they exist today ill traditional agriculture in 
Jordan. A sugge'stCd eltionship showing po(tential wheat yields with different rainfall 
anLouits is ilso prescltcl. bha.sed on transf'able ctlt:ations developed at UC Davis. The 
above watr prdtictitn ilmetiosidll ill1forrllnaiioll oinrainf.all expectations at Anman are 
combined to illustratC the approach tiewriter suggest:: for developmlent of improved farm 
level rCCO1mmmnendttiotl.m 

Figures 3 and 4 slit iw prcwiit lty mclat it.,tilps between wheat yields and rainfall, as they 
exist ill tradtional arictitllrc iii three distinct rainlfall zones in the northern highlands of 
jordaii. FLa-.rc 3 slhtss how wheat yield varies with total annual rainfall in the moderately 

high 	rainfall areasttf 1lrbicd. Kura, ind lerash l)istricts of' Irbid Governorate. The yield 
data l yeiCfiti i at) e ar ,utl\ by the Arab ()rganizati.n for Agricultural Development 
over the nert , Io() to 1977 iniclusive (()AWD. 1978). Corresponding rainfall data are 
publisied by timewatr.'I" A ith (1985).ni.ol Jtord;iii 


There are a nl,]umbcr of iIcsctilh,! I)iints o b. ImadC about tile information in Figure 3: 

I) 	 The yield vs. railnfall rClaltionship is fairly good considering that it represents only 
sirveCcd district avCradgCs anld raitilftl data fr-om) six locations. This type of 
re lationshi p ctl Ibe uisclul to )idplanners aind those engaged in early w/arning 
activities. 

2) 	 Although average annual rainfall is sinlalr in the three districts, there are important 
differcnces ill both rainllll bchaviolr aicd aSSOCiatcd wheat yields. lrbid District 
produced tile better then the Iiighest yields in Jerash three of thetverall iighcIt yicld, 
-tine years. and those in Kura f)loul 01' the tine years. Jerash wheat yields appear to be 

-
m1ost Iiimstablc. tIling helt\, tie sul)sistmclC threshold (300 kg ha ) two of' nine years, 
alnd bCtu0 ,, \ s cit'oimmic threshold (f -lOt) kg lia-t three of nine years. Kirad.tl.. ted 
was 	 text [omest with t)lie sctbSibICneme aihICr an', two economlic failures. Irbid showed 
no0 failures \Cr th,I sturdy perit)cd. 

3) 	 Despite rainfall nltct (( in ill nione than a third of all cases, yield never exceeded 
1150 kt ha 1. This will be dicutscd later. 
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Figure 3. Relations between Wheat Grain Yelds 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. Yield datafor the Amman South area may be seen in AOAD (1978). As in Figure 3, the relationshipbetween yield and annual rainfdll is quite good in the higher rainfall zones of Ajiun
District and Balqa Governorate, and still better in the drikr zones of Irbid 
 East andAmman South. The findings are very similar to those of a 3-year research effort in Syriaby scientists of the Arab Centcr 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(especially phosphorus and nitrogen levels), and others. As noted above, the closest
 
relationship is found when rainfall 
 is below 400 mim. 

As in Figure 3, Figure 4 shows no yields exceeding 1200 kg ha-t . On the lower end ofthe scale in the drier areas there are a number of subsistence and economic failures. Thiswill be discussed more when considering recommendations. In the wet zones only one
failure was seen in Balqa when rainfall fell to 350 mm. However, the highest yields are
below those in the dry zones, and overall water use efficiency is very low by comparison. 

Figure 5 is a compilation of the information in Figures 3 and 4, with tile data pointsremoved for clarity. Also, the 9-year mean rainfall levels and wheat grain yields areshown for ectch rainfall zone. On the left side of the figure is a suggcsted relationship forpotential wheat yield which assumes that water is the only factor limiting yield, and that74 percent of rainflll is used in evapotranspiration. The maximum watem use in this case is
estimated at 807 mll, with a maximum yield of' 6400 kg ha-1 . 
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Figure 4. 	 Relations between Wheat Grain Yields and Rainfall 
ovr the 1969 to 1977 Period in the Low Rainfall Areas 
of Ilrbid East and Ainnian South Governorates, and the 
High Rainfall Areas of Baia and Irbid Governorates 
(AOAI), 1977a, 1978: Water Authority of .ordan, 1985). 

The characteristics of tie potential wheat yield ftiction are derived from water production 
ftnction research hy the writer, by colleagues at UJC Davis, by other re, -archers 
elsewhere. and hy observations in Jordan. The linearity of the function and maximum yield 
are derived from research as ahovc the 74 percent efficiency of water use is suggested by 
the dry zone function in H itrc 4 which reache:; zero yied at 135 mm rainfall. Other 
research shows vield beginning with 11(11mm of' actual evapotranspiration: thus, 100/135 

74 percent cfficieCly. ["ilc iaxinmm water use of' 807 nmin is equal to the wheat water 
requirement estinated for lrbid, 397 mn, divided by the efficiency, 0.74. The curve used 
to estimate the wheat walcr requirement for Irhid imay be seen in Figure 6. 
Figure woinst es showing crop coefficients f1"r estimating water requirementsc kk 0 cut 

of wheat. These curves were LCvclpel by the writer using data gathered by W.O. Pruitt 
and J.L. Hatlield in fh)u. years 0f lysilmtcr st udies With wheat and barley. Daily 
neasurements of evapotrunspiration fron, the cropped (adequately watered) lysitneter were 
related both to evapotrinspirati n from a grass lysimeter (upper curve) and to standard 
Class A pan evaporation (lower curve). The estimated wheat water requirement, 597 mm 
at hbid, is based On Figure 6 pan coefficients arid ad.Iusted pan evaporation data fron the 
lrbid netcoiolog ical stations averaged over a number of years. The adjustmnt to the data 
cot -:,ts of' ntilliplying the original data by 0.94 to account for two nonstandard features of 
tile Irbid panl. These features are that ;t is located in a bare soil rather than a green grass 
compound. and it Is screened against I C depredations of hirds and animals. The screen 
reduces the rate of' CVa po rat io bu' e hare soil condition more than conpensates and the 
net rate is greater thin f'roi a standard pan. 
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Figure 5. Relations between Wheat Grain Yields and Rainfall 
over the 1969 to 1977 Period in Three Rainfall 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 tradiional agriculture 
 in Jordan, but for olives rather than wheat. The relationshipsbetween olive yields and annual rainlall in the medium-high and high rainfall areas, arestill better than those for wheat, probably because olives use a larger and more constantfraction of the yearly ,ital rainfall. This would include rainfall occurring before and after
the wheat season, and much of 
 that which percolates below the wheat root zone, especiallyinto the interstices between rocks in shallow soil, as are commonly found in the higher

rainfall zone of' Balqa Governorate.
 

Note that both olives and wheat in Balqa have lower water use efficiency than in themedium-high or low rainfall zones. The main reasons for this are the greater losses ofwater to both runolf and deep percolation, respectively, in the steeper and shallower soils 
of the high rainfall area. plus greater losses of'nitgen and other nutrients through
leaching. 

Still anolhcr point of interest inthe olive production functions is their often cited
propensity for alternate bearing, i.e., yielding relatively high in one year and low in thenext. In both the Irbid and BLalqa functions in Figure 7, the years in which yields arerelatively high with respect to rainf;all are the even-numbered years. Only the Irbid
function will be considered in the remainder of this paper, which focuses on the
performance of cr(ps when rainfall does not exceed 400 mam. 
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Information Requirements 
for Generation of 
Response Farming 
Recommendations 
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Figure 6. 	 Curves for Use in Estimation of Water Requirements 
(ET',) of Wheat and Barley in Mediterranean Zones. 
Based or. Unpublished Lysimeter Studies by W.,. Pruitt 
and J.L. Hatfield 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 Iinctions seen in Figures 3, 4, 5, and 
7, the yield data developed in the pr.viously cited A(A) studies were utilized to quantify 
functions for barley, vetch. lentils, chickpea, and t ,bacco. These are for the rainfall zones 
of less than 40 mll per a un . They are based on area-wide yield samples over the 
seven years 1969 to 1975 (Amman South) or the nine years from 1969 to 1977 (all other 
areas). In all cases rainfall is represelltCd by the published annual totals for the study areas 
in the indicated years. The functions for all seven crops are presented in Table I. 

Response farming recommendations are generated by combining improved information 
about rainfall expectations with research findings on crop responses to water. Figure 8 is 
'm example of this kind of combinalion, incorporating the water production functions in 
fable I and averaged rainfall data from the Animan-Ramtha-Rihab meteorological stations. 

The four vertica! lines in Figure 8 show the historical rainfall means tor years with onset 
in each month front November to February inclusive. Thus, while the overall mean is 261 
m, the means for years decline fromi a high of 318 mm (November onset) to a low of 

174 nun (Febroary 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 ,vith decreased rainfall expectation. Wheat, for example, has a mean yield 

-1expectation of 813 kg ha if onset is in November, 600 kg ha-1 with December onset, 386 
kg ha-1 with January onset, and 172 kg ha-t with February onset. 
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Figure 7. Relations betWeen Yields of. Olives 	and Rainfall in the
Medium-Iiigh Rainfall Areas of Irbid and the High
Rainfall Areas of Balqa Governorates, Jordan, over the
Period 1969 to 1977 (AOAD, 1978: Water Authority of 
Jordan, 1985). 

Table I. 	Water Production Fl'nctions Relating Yield (Y,
kg ha-') to Total Annual Rainfall (R, i1a1) for 
Seven Crq)s (l-own in the Low to Mediuni (to
40(0 nan) 	 Rainfall Areas of lrbid and Amman 
G;overnorates. 

Crop 	 Water Production Number of Coefficient of 
F,'unction Samples, 2n l)etei m*nation, r

Wheat 	 Y 4.45 R- 602- 16 	 .85Barley 	 Y - 4.54 R- 598 16 	 .61Lentil 	 Y 4.21 R- 553 16

Chickpea Y - 1.83 R 33 16 	

.75 

.25
Vetch 	 Y 4.43 R- 643 16 	 .91 
roacco Y 1= 	 R-1.41 16 16 	 .39
Oli~c -7: 7.44 R-1397 9 	 .64 
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1579 Mean Rainfall for Different Months of Onset 
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Figure 8. 	 Comparison of Water Production Functions tr Seven 
Crops Growi over the Period !969 to 1977 Using 
Traditional Technology iii 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 
rainthll. Mean yields for years with onset in each month from November to February are 
615, 527. 439, and 351 kg hat, respectively. This suggests that the anticipated wheat crop 
failures with January and February onsets (subsistence failure is 300 kg ha1 or less, 
economic failure is 4(X) kv ha-i or less), might be avoided by planting chickpea. 

Additionally, if one were dissatished with the overall long term wheat yield of 560 kg 
ha-I, one might opt for a total change to a perennial crop like olive, with a long tcrzm 
mean yield of 545 kg ha-1 . 2 will enable the reader to make more rapid comparisonst'lble 

of yield expectations of different crops with different onset dates of the rainy season. Note 
that these yields derive from traditional agriculture with Iw if 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 Amnian Governorates, Jordan.
 

Crop Crop Mean Yield Expectations 
Category Type
 

Long Month of Onset
 
Term
 
Mean Nov Dec Jan Feb

(261 mm) (318 mm) (270 mm) (222 mm) 
 (174 mm) 

..................... kg ha-1 .. ....................
 

Cereal Wheat 559 813 
 600 386

grains Barley 587 846 	

172 
628 410 192


Grain Lentils 546 786 584 382 
 180 

legumes Chickpea 511 615 	 351527 439 


Forages Vetch 513 766 
 553 340 
 128
 

Annual, Tobacco 352 432 
 365 297 
 229
 
cash 

Perennial. Olivest 545 969 
 612 255 
 0 
fruit 

f See Figure 8 and test for details of derivation.
 
t Figures shown are 
 it
averages of' all years. Due strong alternatc bearing characteristics of olives, averageyields 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
economic as wcll as yield expcctations. Water production 
 functions lend themselves readilyto economiic interpretation. Figure 9 sh,.ws how this applies in very siriplified form to theinformation in Figure 8. The only difference is that prices have been applied tr, each of
the seven commodities, forming 
 water return functions rather than production functions. 
The prices used are farm gate prices as of November 1985. 

Figure 9 bears soine resemblance to Figure 8, but also has sone interesting newinformation. As with yields, gross returns arc highest with high rainfall and decline withless. Tobacco, with its high support price, is clearly the most valuable crop at rainfalllevels below 360 nn. At rainfall above 360 mni. olives become still more valuable than 
tobacco.
 

If rainfall onset is in November or Decenber, lentils are the most valuable of the grains
or grain legumes, but chickpeas are norc valuable with late onset and low water
expectations. Table 3 summarizes the information in Figure 9. 
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Figure 9. Gross Returns f'rom Seven Crops Expected at Different 
Rainfall Levels as They Relate to Rainy Period Onset in 
Different Months. Units Are Jordanian Dinars with 
Commodity Prices as of November, 1985. 
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lypothetical Example of 
Response FarmingG;uidance D~evelopment for 
Wheat Production in lite 
Amman Area 

Table 3. How Expected Gross Returnist from Rainfeed 
Crops Differ with Differing Dates of Onset ofth Rainy Season under Traditional Management 
in the Transition Zones of' Irbid and Anmmni
Governorates, Jordan, and Long-Term Mean 
Rainlall of 261 nmm. 

Crop Crop Mean Gross Returns Expected

Category Type
 

Long Month of )nset

Terom 
Mean Noiv Dec Jan Feb
(261 mram) (318 mm) (270 ram) (222 mm) (174 nim) 

...................... JD ha 1 . . . . . . . . . . . . . . . . . . . . . .
 

Cereal Wheat 67 
 98 72 46 
 21
grains Barley 44 63 47 
 31 14
 

Grain Lentils 98 141 105 
 69 32
legumes Chickpea 87 105 90 75 60
 

Forages Vetch 62 92 66 
 41 15
 

Annual. "ohacco:i: 299 367 310 
 252 195
 
cash
 

Perennial. Olives 177 
 315 199 83 
 0 
fruit 

" (.onlmlllt\ I c , of NI) c r.t'mh)85. (V.ich price tinmated.) 
I l 't It 1)(IL I I)I Il -t IIL 'd dLI 
 lt' SILI1Cd 1)l 111C( li ICr ii.I ,%IIIItIi e aIIp ym nII u g i hId I 0Ig -171)(11fI2 0 11k t : 111,1 ML' I'IJeI (1'185ff HIS kv 

The folho012 Ce\;oIC is hISbCasd on1lhe: railnfall record displayed in Figure I and on these

COnI.Nidcralios arnd ssnullj) liorl:
 

I1 Rainfall Iorw he.at rlIretLCio occurs at three levels which, with two exceptions in the47 years, are those slro r in FigIirC I. The U)per level is rainiall above 320 rmin, or10 ol tie -17 The iCdlittir lceel is rm 180 to 320 nm'caris. which represents 23 ofthe 47 Nears. The eweptions are: ill.ilision of the year with 316 u11 in urid-January,
and esClsioI I.f life car with 232 ino and onset February 23. The latter is placed in
the lower level of 18( minIIor less, represening 14 of' the 47 years. 

2) It is not possihlc to hreak c,cii CirorliCIIaI' ll wheat prfoduction at the lower rainfalllevel. and not likul iih:t cxen a sbsisterce crop can ble ohtained. In terms ol national
tire toilfood 1cCrt. 0s te ion h not plialting in the lowest rainfall years isirtsig niliealf. lI IrVlfi.c, the only reasol a falIller plans in these veasls is to 'eap aSuhsistCeIcc crop. bc'aus le 2rC;tly prcfers difill wheat to the soft wheats ilmrportedby the goverrnimrtrr r.( eariile ,f',t1s1i hi thtte ri-,htlul ai (if the Iaurer is toc)ur 

plant all Of hik '.Al'at Land to MiC'rt hirrecr 1.rnirlal-, high or rliediunl and to planthal of tire aren 0 whcal (a,, a unihic) in !ow\ rainfll v'ears, with the other half
devoted tI( aterniie crops (oI failhmw) Of chhice, 

3) Rainfall Offsel l iOr b or Janti r 15 \will be terined Carl ,. and I'r'OIj January 16

(oin\ard, late. l ar offs,t Occurred 32 of the 47 years, with late (or no) (inset' in 15
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4) 	 Nitrogen fertilizer is assumed to increase wheat yiCeLI., by 20 kg ha-1 for each kg ha1 

of N applied, provided water is available to support the implied yield. 

5) 	 Water production lunctlIons describing the relationship!; between wheat yields (both 
unfetilized and fertilized) and wheat season rairifall (R)at Amman are a) Ytjnlert 
3.84 R season - 392, and b) YFCrI = 9.5 R season - 969. 

6) 	 The aim of fertilizer application is to enable IMaximunI yiekls with the expected water 
supply. bridging the gap between nCr l Ii/ed yjield'; and fICtilited ones. Nitrogen rates 
shown in the example are calculated to accomplish this. 

Table 4 shows the lpothlheical r.ponslnc airini- rcollIled;iiIlls which \%otild emerge 
fron a stLIdy of, FituIre I and the considcrations!asunpiotns lisied. The lable also Shows 
the 	traditional igriLtiltural practices and tie best bel recommendations developed in the 
major research effo1rt recently coIncluded in Jordan ICARI)A (I al. . 1984i. All of the 
above are compared in tile ipper parit of Table -1. then evaluatCd below. 

Traditional wheat production practices hivC tihe geia tl i of adapting the planting area 
almost perfectly in accordinHCe \itlh wheat seaon raiilfall. Iis is (',11of the aims of 
response faririiig also. Ilo\\cvCr, to accomplish this ls well is the lfarmlers dio requhcis 
planting very latc. well into February in liialiy years. This creates i number of' prolblemis. 
but chief atioe these is that the potential for hich yields is lost. Accordingly. the farmers 
do not fertilize \\ ith inilrocn o rtocrlhcr with earlieror other fertilizers. which would. 
planting. btCr \,eed contlol. Ctc.. cur!blc thciil lo reallzeltheir yield potentials. 

The 	best bet reCOlMriendrlitIi Iroll tire Jordaln t0 1 )rrtItiVC Ciereals hrprovellieilt Project 
(ICARI)A. 1984) oU idL tie hulk of the needed inputs for higher yields, but go to the 

other extrcrieC b\ iecoiirner1Cildng planting before the rains every year in Noveiber. The 
obvioLis prwblnCrm with this approlch is thal tll of, Ie wheal ;rea is both planlted and 
fertilized eve y year. despite tire lact that total failureClcan e expected ill 14 of 47 years, 
or 3 yearr in M0. These failures are c.'ostll inl lertins f labor and capital, and may not1 be 
evident in ziie to lurr to alterl tiivC crops. 

The response I'rlhiiirgr apprlach takes advantage otf tlre Iic lhit rainfall is1related to OnSet 
date to combine ihc better tatureS thr1 cCOveitional rCsCarcth-basCdfbolh trulitiOril IdIIL 
systenms. The tirie scale fo0r onsel I.,divided or) Jilatulry 15 irtro tWo sLIbsetsl. arly (1nset 
implies that either liglr or iitdiuiiI rainfall is expccteL aild r'cCOiirireCLded plarting practices 
reflect that expeclation. Tlie date Of planling, based on aCtuIal tilnC Of oinet. is early 
enough to assure high yields provided that the long range forecast is realized. Six out of 
ten high rainfall seasons have onsct in Novenibcr, with two riore in Decermber aind only 
one m1ote before Jania' I. As sCei in Fiure I, tire enth hielh railnlfall Seaon had a late 
onset, ald tIMS constilultes ai excCptitoi. 

Other exceptions include tile three low rainf'ill seasolis with early olsCl. Irt these years. the 
lanI would receive the ihnitiall nilrogcl ferilialiol ad all of the hrlld would be plalnltcd, 

rather than tIle 50 percent desirCd. This is the majon pirObletnI of tire best het 
rccoiniuiLdations. but hit prhi blen r wlluld occur in aill 14 lovw rainfall years ralher than 
just il 3 of lhcrn. 

When Ja.iniUary 16 airrives witlhout rIilf;ill olset, planiling reduced teCtaratge (50 percent) 
should pIocccd itlhoult tile use of ililt'oen bc .tCausc itiher low or itediitiI rainfall is 
expected. not high raillfiti. Wiilhng for oulSCt beCNold hathis datei should h VC ieal effect 
oil pract ices bc;ause tire f'arrMners rave drI1olstrated h1tMcV,'Ir itl tile Worst cOlnditiois 
tlhey still wish to planlt a iilitiii The leSrulise f 'ir-tIrig lherlhecraIrale. tpproach Causes 

to move their plhinlirny date fOrwarld inl Itm rainill years and lets them plit ahacid. 
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Table 4. 	Comparison of Wheat Farmer Traditional
Practices with Recommended Practices Based on
Conventional Research and Response Farming
Research. Also, Evaluation of Expected
Achievements from Each Approach.
(Hypothetical Example for the Amman, Jordan
Area with Mean Rainfall of 278 mm.) 

Wheat Actual Practices & Recommendations from 3 Approaches
Production 
Practice rraditional 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 selectedcrops unplanted for unplanted
wheat area wheat area 

Nitrogen, None 30 at sow- 40 at sow- None atkg ha- I 
ing + 30 at ing + 40 at sowing, 40 
tiller if tiller if at tiller if
good season good season good season 

Weed control None 2,4-D ester 2,4-D ester None 

Comparative Evaliation of Matching Practices 
to Rainfall Yields, an(d Other Aims 

Planted area, 100 	 70 85 
% of years 
correct 

N rate, % of 30 70 91 
years correct 

Avg N rate, 0 36 38 
kg ha- I 

Avg wheat 530 1150 1200 
yield, kg la -I 

Avg land 15 0 15 
area for 
alternative 
crops 
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Both the best bet and response 	fanning 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 bottom 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 N when 
needed, and none when not required. The result should be an overall average yield 
increase on the order of 50 kg ha-1 . At the same time, the response farming method 
reduces the basic planting effort and costs by 15 percent in seasons when the effort 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 earlier 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 area accordingly, may find favor with 
them. When they see that the recomended system is based on their own traditional 
fweliefs about rainfall, it may give them the confidence required to purchase and apply 
needed inputs in years of early onset. 

Conclusions 	 The long-term record shows that Jordanian rainfall totals for the wheat growing season are 
strongly linked to the time of onset, the earlier the onset the higher the rainfall 
expectations. 

Jordanian wheat fl:rmers 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 area when lower rainfall amounts are experienced. The 
reductions in planted area are in all areas, wet to dry, and are based on early rainfall 
relative to normal for the particular area. 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 Inprovement Project have the major strength of introducing realistic 
quantities of 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 
require planting the maximum wheat area together with costly inputs every year, prior to 
the onset of the rains. The farmers' traditional behaviors are 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 early season 
rainfall amounts. Thus costly inputs are not called for when indications for the season are 
poor. This approach may be adopted with more confidence by the growers since it is 
based on their traditional knowledge and beliefs.3 
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Development Process as Applied to Rainfed Agricultural 
Development Projects and Regional Soil-Water Management 
Programs 
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University of Hawaii and Jordan Highland Agricul;ural
 
Dveloptment Proj, 4ninnian, Jordai
 

ABSTRACT "Ihe College anopicdaAgriculturend Human Resources at the University

of Hawaii has developed a planning and nanacnent system to ensure that its instruction,
 
research, and extension progranismeet the niecelts o the agricultural industries and other
 
conicrrnedsectors ill Utawaii. It is believed that with apro/)riatc nodification, this system
 
can sere a.s a practicalmodel fir agricultural dc'vclomnent in less developed countries.
 
7he Svste'n atic Anoaodit'Resnurc' (SCRAD) Process has beenAlnal\'sis and Dcvelopmntc 

used in Jordan to p/au teit, Highland tgricultural ),velolminent Project. Du'in this
 
Workshop he SCRt,,1) Proccss wa, tt.ce! to: I) identibj' tle, components of aun effective soil
water niatnalgen'iut lrogran,: 2) ichnti/'v constraints that prevent tle, realiatio of tihose
 
coni)oIIntis; and 3) idelll'ntl. 
 sollc at'liol, that could be used to overlcome the colstrailts.
 
Results of this crcise ti1c pr1C('S)nted. It i.s cccllched that I) the SCFAD Process ii
 
simlh'; 2) it as.sist,s people in thinkinng .s\et'maticil'kabout com ponets of'the agricultural
 
sector within titc [r,'e'r' . 'ei(,'%mcomnomic
c systic, (11d .a) the ntor limitations 'o the adoptioni 
of sound soil-wtal't Inalle ,tlgee'llt rt tiep'cs t.ll' tlel'c.v So ,io c ollcmnic. 

Like all other American land-erant ichrl colleges, the basic Mission f1 the College
of Tropical Agricuhlure alid ll-h Rsotrces (C'TAHIR), is to LarryS University of Hawaii, 
out inslructicm, rcsCarch, and cxten ion programs that meet the needs of the agricultural
industries and rclatcd htsincss:s ill the State of Ilawaii. -however, the manner in which the 
College has irga iized itsell amld he\ it plans almd micanages its programs is somewhat 
tnique. It is helicVCd that With aplrepr iate modifications, the system developed by the 
CTAHR can serve as a practical 11OcIl f'r agricultural rescarch, extension, and 
development in developing cictntrics. 

Organization and Mianagement Sy,;tem 

In the mid-1970s, the CTAI-IR Uindertook a major reorganization to improve the 
coordinatii of research and extension so that the latter ftnctioncd as a 
continumtmmii/1fcedback source uf' the furicier, and to se! progiam priorities that concentrated 
on the neCCds o1 the aaricultral sector and communities in the state as well as those of the 
academic discipli ncs. Thus, [Ie Hawaii Institute of Tropical Agriculture and Human 
Resources (HITAII,), hich aicalgancatcd research and extension into a single
administrative unit, was cstablished (Prir to this, Hawaii had the traditional structure of 
separate units tOr :he tHawaii AvricuiUral Experiment Station and the Cooperative
Extension Service). PCl cuore crucial than the organizational structure has been therhaps 
planning and cian1agciient systems that CTAHR has adopted to ensure that programs focus 
on the cIrrent and future l)rierity neCCs 01 the state's aericuthtral sector, communities, 
families, and clisillciclS as well as ite idCCLs cIf the disciplines. 

Planning for dicipIlic- -cmtciedIteprrani, is undertakeiV 1Multidisciplinary faculty groupsby 
as well as iy individuatl CpartmCnts. Somce of the programs that were planned in this 
manner arc intcgrated psCl cIcaecicecit bietechnohcccy, biclogical nitrogen fixation, 
benchmark socils and ierotccnolgy traisler, agricultural )r(uction systems, crop
mdeling, colputer applicati, ls and cdueation, acluactlture, pesticides, and human 
resources. In addition, all of our departments are required to undertake program reviews 
in conjUnction with annual hudget allocations and departmental/college staffing plans. 
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The College has developed a commodity and resource subsector anal'sis process which
draws upon representatives (farniers. cooperatives, agribusinesscs) from the subsector andpertinent county, state, and federal agencies, and a multidisciplinary team of research and
extension faculty to conduct a comprehensive analysis of that commodity/subsector. The
analys;:, determines thte bottlenecks preventing that subsector from achieving its full
potential and sets prioriti,:s for actions to be taken by each applik abie agency and the
farmerS themelir, to0overconc each lof the bottlenecks. This includes the estimated cost,
time rcquitcd successand plrobabilil for of the actions. When a,.cepted by representatives
frout the ,ti'1ctor. the subscttor analysis/action plan is presented to he Governor's 
Agricultu re ('oordinatill Cotmmit'ce If a :ccpted by the GACC,GACC). it becomes an

official part olf the State oI" I-aEaii's functinMal plan for agricultural development. The

GAC( lro ides gratnt fulld., to the ('olPgc 
 to support research and extension projectsdeterminicd 1) the contodityiresource analyses to be of high priority. Such 
Collllll( )dit,CSOlCC aIalyses have buen conducted or are in process for all major crops

and arc updCtd l)CiOdicalls
 . 
I ) Sinclic col titodits c.source anialysis process was initiated. 58 analyses involving 25

tah(ir coumtmodi tics have been completed: three for the fourth time, seven for the third
tiltu 1iht tilmc, and the remaining seven for the first time.fr 	tC sCcond 

2) 	 These ct nunoiditicS rCreIcnltd 94 petcent of the total 1984 farmgate value of
c()ltttttecial crlop. cron in the stal. Thus, tile coverage of major agricultural crops
b, theC ttod itviresource 'talys is system is nearly complete. 

3) 	 Approximatcly 0) percent of the a1ricultural research projects in the College are
directed at cliiiinating hitlIcnecks ide nt ificid through cotmodity/resource analyses. 

The cuim ',dity/rs ilre anlysis process, as modified for the Jordan Highlands
Agricullur:;I )cvclopinil Project (JHAIDlI). will be described later in greater detail. 

Factors Essential t) Success 

There are several factors that havc been essential to the success of the University of
 
lawaii's systel. These are:
 
1) [he estahlishment 1 law of' a high level coordinating body to ensure that all relevant 

agencies as well as growcrs participate in the planning, approval, and implementation
of agricultural delopitient projects. 

2) 	 The a,alganiat ion Iw the C'TAFIR ol" research antd extensim functions into a single
unit sO that thte Organiational structure will facilitate, rather than hinder, the planning
and 	 mattageencit Iof )rograitts/projccts. 

3) 	 The adoption of a systcmatic agricultural industry (coinmodity/resource) analysis
process to ident i ' probleits and set priorities for actions designed to overcome such
hottlcnccks The proccss not oinly has wide participatiotn but has gained the acceptance
alld cOMM11it1ctIt Of farmers and otltcr affcted individuals who themselves set thepriorities. 

4) The availabiility of fnds, apofroprfted by the state legislature, which enables the 

GA(_C to make grants to the University and private sector organizations to initiate 
follow-up aclittis. 

These features have been retained in the planning of the JHADP. 
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Tie Jordan lighland 
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 o'Agriculture (MOA), Directorate of 
Research and Extension (1)RE). Inpractice, however, agricultural research and extension 
have also been carried out by tileUniversity of Jordjn, Faculty of Agriculture (UOFA),
 
tie Jordan Cooperative Organization (JICO)), private sector companies, and by various
 
projects past and rent. Due to problems ot resource and administrative constraints,
 
I)RE has experienced prolleils in carrying oi its responsibilitie:;.
 

One 	of the ininediate purposes of tile .IHAI)P is to strengthen and institutionalize 
Jordanian (hoth public and private sCctor aericultural technology development and transfer 
capability insnupport of highland development. This is to be accomplished by establishing 
an organization that will analamate cscarch and extension in recognition of tilefact that 
flunctionalv tie\' con,tittIe a comiinutn of knowl.-dge developlent, transin ission, 
application. and feedback: provid fOr .systematic plannilng and management of programs 
and pro,jecls: and ServC as ainechanisin for utilizing available puboc and private sector 
resouIre, and chI ne liii iid c0u0dinalingi their eff)rts toward agricultural development oftai a 
the highlands. 

Organization ad Malnagement Principles 

The 	basic principle, tile JHADP were asthat guided orlganization and programs of' tile 

fillows:
 

I) The .11AI)F %Ill ide for tilepro establishnient of technology development and transfer 
capability predom inantly f0 rainfedlhighland arictltllre. A National Center for 
Aricuittral ,esearc'h and 'leclhnolocy Transfer (NCARTT) and a high level 
agricnlIiurI ie direction to the planning and implementationldevelmICnt council to 


of, govrCnmelcnlltand dorli-Sponsmed projects shonld be established.
 

2) The NCAlTT should have the lCxibility to address hig, riority needs as they arc 
identified Ibroigh colntintlmuis, anailssiS Of the aeriltiCural development requirements of 
the highlands ind COnipatible regionil and internitional needs through networks for 
exchanee of ill lecluiolov.forliialioll and 

3) The NCARTT should take i(advantagc of available research capabilities and focus Ol 
the adapt: io imnprelicnl of imported or locally available technology instead of 
CoiucliiiiL resCaich 1in scrtilch. 

4) 	 The devehl)pment and delivery of lechnolgy and services should be based on 
inultidiscipiintary taim apploaches,colliprised of both research and extension 
collpolnents and Involve nr[PCi,cooperatives, and other private sector interests that 
wiii be affected h tihe piotcct. 

5) In addition tIproviding field rcsearch support, district agricultral service centers 
Should be Ctahished to serve isa local point 1I,0r dctln.stration. workshops, 
ilfrl'nualiotn disseminalion. ind i-CSl0ndii Itoindividual requests for assistance or 
service. 

6) The N('ARIr should pirolid tchnlical, analylticil. and diautLslic set-vices ill support 
)1research p1ojectl, Imillers ant olie.r clientele groups and selected private sector 
iil(iiltries SCvingz the hmi lands. 

7) Thl N('ARTT should \ork inclose collaoriatlion with other units of the MOA, 
UO.lFA. Yarmonlk limii Ictaellt\ of Agriculture (as itisdevcloped), JCO, ACC, 
regional gnd iippropriiite plivI'atemCIm1ationl orIanilliiis. an 	 scctor companies. 

8) The N(ARTT should serve as a repository for inforiition oilrainfed agriculture in 
.lordan and participalc in regional aind glohal agricultiral infornation networks. 
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I":'wcordance with the above principles, the JHADP has instigated establishment of three
irportant 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 
Committee 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 .,ill 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 formal tsponsibility 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 research 
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, ftrmer and private sector training, and other extension activities. These 
include testing and adapting new technology appropriate to their Iccality, demonstrating the
technology to users, promoting its adoption, and providing trainin , n its use. '1hey may
also provide facilities for JCO or other service activities. Five of nese Centers are
projected for the highlands and construction will be financed for 1hte most part with loan 
funds under the JHADIP. The existing Jordan Valley Service Project at Deir Alla will be 
the RASC for the Jordan Valley. 

Planning, Management, Evaluation System (SCRAI) Process) 

One of the primary functions of the JHADP will be to establish an ongoing planning, 
management, and evaluation system based in the concepts of systems analysis. An 
overview of program elements Ior national, agricultural sector, and subsectors (crop and
livestock) is shown in Table I. rog'am elements for other programs, including those for 
soil water managemcnt. unit be separately defined. As planned the Systematic
Coninodity/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 
NCART'" researchers, other specialists, agents, and others most knowledgeable about 
the coinoodity/resourcc to: (a) analyze its economic potential as a commodity
subsector, (h) identify the constraints preventing the subsector from achieving its full 
potential, and. (c) outline the steps needed to be taken by NCARTT/RASC, applicable
GOJ agencies, donors, UOJFA and other research organizations, cooperatives, and the
farmers themselves to solve each constraint. Each component is examined. For crops
the elements are: land: water: labor; capital; improved cultivars; insect; disease; weed
and other pest controls: culture and management (fertilization, spacing, cultivating,
pruning, etc.): 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 recgulations. Similar components with appropriate modifications are 
analyzed for livestock subsectors. This phase of the process results in a Commodity
Analysis Workshect. The preparation of the Worksheet is the responsibility of the 
CMTL. A sample Worksheet is shown in Table 2. 
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Table 1. Planning Overview and Program Elements 

National Development 

Infrastructural 

Water/Wastewater 
Land Use 
Transportation 
Energy 
Communications 
Government/Legal 
Financial 

Social 

Housing 
Health 
Education 
Social Services 
Arts & Culture 

Production/Service 

Agriculture/Agro-
forestry/Forestry (1) 

Fisheries/Mari-
culture/Aquaculture 

Tourism 
Industry/Manufactur-

ing/Processing 
Business/Commerce/ 

Trade 

Agricultural 
Sector Development 

Long-Term Commitment 
Sustainable 

Natural Resources 
(Land, soil. water, 
forest. range) 

Infrastructural 
Requirements 
(water. transpor-
tation. energy, 
communications, 
etc.) 

Human Resources 
(training, staffing, 
personnel policies) 

Inputs and Services 
(cooperatives. 
credit, machinery 
supplies. etc.) 

Technology Develop-
ment and Transfer 

Improved and Alter-
native/New Con-
modities (2) 

Crop Protection 
Farming Systems 
ProcessJig 
Marketing 
Nutrition and Dietary 

Improvement 
Socioeconomic Consid

erations and Programs 
Private Sector 

Development 

Subsector Development 

Crop Subsector 

Water Resources 
Land/Soil 
Capital/Credit 
Labor 
Improved Cultivars 
Insect Control 
Disease Control 
Weed Control 
Control of Other 

Pests 
Culture and 

Management 
Harvesting 
Post-Harvest 

Handling 
Processing 
Transportation 

to Market 
Marketing 
Production 

Economics 
Farm Management 
Government 

Policies, Laws & 
Regulations 

Livestock Subsector 

Water Resources 
Land 
Capital/Ciedit 
Labor 
Improved Breeds 
Control of Insects and External 

Parasites 
Control of Diseases and Internal 

ParLsites 
Protection Against Toxic 

Chemicals, Poisonous Plants, and 
Other Hazards 

Reproductive Performance 
Nutrition 
Environmental Stress 
Production Systems 
Waste Management 
Slaughter 
Processing 
Transportation to Market 
Marketing 
Production Economics 
Pasture/Ranch Management 
Government Policies. 

Laws and Regulations 



Table 2. Example Work Sheet. 

WORK SHEET 

Possi- Resources
Ibility _ Impact ifAgency of jSupplement bottleneckPriority Bottleneck Action Required Responsible Success Duration IRequired Allocated Source not eliminated 

4 1 r 



2) 	 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 (e.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 or time. 

3) 	 A meeting of all participants is called, at which time the bottlenecks for each 
component are thoroughly discussed and revisions are made to the Worksheet. The 
constraints are identified and the subsector representatives, through open voting, set 
the priority order for solving each of the bottlenecks (the other participants may act as 
resource pIe vw ing).rsoIns but do not take part in the 

4) 	 After the priorities have been decided, the Workshect is finalized into two documents. 
The first document prv ides a narrative analysis of the constraints tor each 
component: land: water: labor: etc. The second document is the Draft Action Plan, 
which orders the constraints according to priority, the actions required to overcome 
each constraint, the agencies/f'a rmers/private sector responsible for taking action, the 
possibility of' success, the estimated tin,- 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 iiay be necessary to rely on whatever 
information is available and the judgment of tie commodity multidisciplinary team 
until subsector leaders hegin to emerge. 

5) 	 The Analysis Action Plan is presented to the ADSC. Upon approval by the Steering 
Committee!. the Analysis Action Plan becomes tie official plan for development of the 
commodity/subsector. 

6) 	 A researcher or su, ject matter specialist (SMS). usually a .1,mnber of the 
multidisciplinary team for .that commodity, is asked to propose a research/extension 
project to overcome a priority bottleneck. 'Fhe project, after approval of the NCARTT 
Director, is presented to the ADSC. Upon its approval, th; ADSC will allocate funds 
to the project. A researcher or an SMS becomes the Project Principal Investigator and 
may request other researchers or specialists to participate as co-investigators. The 
project proposal will incluie a description of the project objectives, the research 
design or activities to be carried out. an estimated budget, and procedures for 
evaluating project accomplishments. Projccts may also be proposeLt by UOJFA, 
international centers such as ICARI)A, the JCO, or the private sector, in which case a 
contract would he drau,n up between the AI)SC and the contracting agency. 

7) 	 A project account is set up for each project to 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 to be reviewed at 
least aniually. 

8) 	 The commodity/resource analysis for a comumodityi/suLsector is revised periodically 
(usually every two or three years). Revisions are based on a progrcss, report for the 
subsector which is prepared through the same multidisciplinary team process. The 
report indicates the bottlenecks that have been resolved, the status of each remaining 
bottleneck and new prrhlerIIs Or needs that have emerged. 

9) 	 The SCRAI) process may be adapted to analyze other types of programs such as 
farming systems improvement and soil-water management programs at either 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 actions. It will provide the incentives for farmers to participate in land 
aggregation and demonstration projects; the ability and flexibility to purchase contract
services for research, farm machinery operation, or any other purpose from universities,
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 ,aken by the farmers and others who provide inputs to the agricultural 
sector.
 

The 	USAID funded portion of tile ADF has four basic components. 

Land Consolidation ($1,000,000). Land fragmentation is a malor obstacle to the economic 
use of mechanized farming. This account will be used to lund 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 boundary 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 individu is 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 landowners 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 to participate in an on-farm demonstration project, which will 
commit the fairmn manager/operator to fbllow prescribed methods, to allow publicity
and visitations by intcre:;ted parties, to agree to make cost and profit/loss data 
available to other farmers, aud to cooperate in demonstration activities. 

A number of demonstrations illustrating the different modes of consolidation should be 
utilized. 

On-Farm Demonstrations ($650,000). This account will be used to underwrite the
cost/risks of farmers 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, live:.tock animals, feed, etc. The net profit, after these expenses have been 
paid from tile sale of the crop/livestock, should be divided between the farmer and thedemonstralion account. The share of profits accruing to the account should be sufficient tounderwrite new demonstration projects on a revolving fund basis. 

Equipment loan Guarantee ($350,000). This account will 	be used as a fund to insure 
firm equipment loans made by the ACC against defaults on a self-insured basis.
Borrowers will be required to make a down payme-nt. Since the equipment is used as 
collateral, there should le little or no need to utiiic this account if the loan program is 
administered properly. 

International Technical Support (.I,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. 
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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-year 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 AI)SC. 

Implementation with i'mphasis on Integrated Multidisciplinary Programs and 
Farming Systems 

The Subject .Matte Specialist (SMS) most familiar with a commodity will usually serve as 
a Multidi,,ciplinary Team Leader (NTLI). The team wiii be com;rised of other SMSs, 
Regional Agricultu ral Services Officers. university and NCARTT researchers, and private 
sector specrilists as appropriate. Related commodities ",I!! be aggregated into a program 
with one of he MTI.s serving as Chairman for purpose of coordination. Programs, in 
turn, will be ;urthe,:r agregated into farlming systems. Farming systems will have a 
designated ovei'all coordinator chosen from armontg the program Chairmen. Figure 1 
illustrates tile re!ationship of coiImIodity /resource, programs, and farming systems. 

There is a signific it a nouIlt Of improved agicuilt uraIl techology avaiiable and deliverable 
to tile Jordan highla.ids. TIis is particularly true in cereal grain production. It is estimated 
that only 21) percent ol prcims research results On wheat production in Jordan have been 
adopted t(. date. livestck production could be substantially increased by improving the 
nutritional regime s anrd ji1anage cilt of tile animals. Range ilmprovemcnts could 
significantlyIncreaie gra/,1g capacities. Forest watershed technology could result in fewer 
fires, rcluccd erosioil, IIIorti: la/iing area. and forest products "roin existing and reforested 
areas. There is also extensive lrilrlat ion on fruils, particularly olives and grapes, dryland 
vegetables, and trees that sIoti]li he introduced and lested locally. The project will focus 
initial ly on these ilarll-ready tlNcch ogies based on priorities revealed by the SCRAD 
analysis of each Connlliodity/ 1rcsource :ubsector. As of this Workshop (January 1986), the 
JHADP was Only in the pre-implineritaiti4, phase. 

The single Iliost important limitii,_, factor in rainfed agricultural production is rainfall, or 
water. Chisely related to water are soils aid plant nutrition. Additional impo:tant elements 
are temperature. air hitiliditv. wind speeds, and solar radiation. Together they comprise 
the agroliate wlhich influences crop selection and other production management 

decisions. 

At this p1),ilt in tinie. temiperalure and solar radiation are factors largely beyond man's 
control, as is rainfall. Mana'gemient of the soil and the water provided by rainfall, 
however, can be achieved and is inecessary for tile long-term improvement and success of 
rainled agricultural production. 

Althoughi a separate projec, oil relote sensitlg is planned, the JHADP has not provided 
explicitly for a soil-,'ater maagellenl compolent . This Workshop has thus served as a 
strong reminder to correct this oversight when detailed implementation planning for the 
JHAI)P through the SCRAI) process is carried oilt. 

In the best Of worlds, how would a pllIfer aIpproach acrictltural development planning 
fOr it largclN rainfed area such as tile Jordan hiIlIlatIds. and wvhat rle would soil-water 
management play in that process? RCcognizing that the preparatiot of such a plan would 
be highly complex and its iniplementation woilId require years. perhaps decades, of effort 
as well as an indeterminate allnount of resottrces, a somewhat brief and simplistic analysis 
will be tmade of the basic steps involved. 
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Figure 1. Interrelationships among Commodity/Resource 
Programs, and Farnm.ng Systems. 

318 

http:Farnm.ng


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 agroclimnatic 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 sensing that can subsequently he 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 electronics have made battery-driven devices 
available for about $2,000 each, 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 to identify suitable agricultural uses by agroclimatic zones. 
The categories of agroclimatic zones/land use,, 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, chem:ical, biological, and behavioral 
characteristics 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 seem, 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 agrocliniatic 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-waer and cultural management practices can 
increase or maintain crop production even under poor rainfall conditions. 

Forest/watershed zones should be subdivided into areas according to the most suitable 
varieties of trees and/or ground cover. 

Rangeland zones should be subdivided into areas according to the most suitable varieties of 
range grasses and other vegetation and the type of livestock most suited to such vegetation 
and agroclimate. 
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Cropland zones should be subdivided according to the most suitable varieties based on soiltypes, agroclimate, and topography. Categories are fruits and their varieties, cereals/grains
and their varieties, vegetables and their varieties, and so forth. 

Such zoning does not mean that experinientation should be discontinued o, new crops withpotential for introduction. In fact, information fiom the RAIN and similr,r projects, such as
the University of Hawaii's International Benchmark Sites Network for Agrotechnolegy
Transf'er (IBSNAT). would encourage such experimentation throufgh the ti,:Isfer ofagrotechnoh(gy aimong similar agroclimatic zones w'ithout the need for extensive research. 

Storage, Conservation, and Efficient Use of Water 

Another important Conponent of effective rain fed agricultural production would be the 
capture, storace2. conservatiOll. and efficient use of scarce rain water. 

This aspect of soil -water management would faIll inito several broad categories a; follows: 

Runoff/Erosion Preveation/Water Catchment Techniques. There is a wide variety of
actions that can be taken, ranrin irig fi'Om i mdarinmi, afforestation and ground cover,
retaining devices and walls, terracing, and small'--scale ,rater catchment techniques. 

Tillage/Mulching Techniques. There is growing awareness of tile importance ofconservation tillage based oi the soil, topography, climatology, and the crop involved. Thebenefits of iriulching seem to le more tiiivcrsallx acknowledged. Some preliminary work
done in the West African Saliel at Niamey. Niger. inidicates that mulching has a long-term,
cumulative heielicial eflfect even under the poorest soil and drought conditions. 

Fallow Techni q u es. It woiuld seein that prosper fallowing can make a significant differencein tie moisture retention capacity of cropland soils. and that this can have an impact onwhether next Sasoln'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 leavelittle or no crop r .sidUes during famllow f)r replenishnent of' organic matter in the soil,
water conservation, anid erosion control. The most effective way of overcoming this 
problem would be to develop barley/legunie forage crops to replace tile use of cropresidues (mOstly wheat hay), that have little or nm iiutritioniial value as f'eed. Another optionis to develop cormpost froni treated sludge aind garbage to replcnish organic matter. 

Stress Resistant Cultivar's. Many existing plants are acclimated to the local agroclimatic
envi ron ient. The search Imr new 0rm inI pr-oved cuIrtiValrs should be cOnriiined tlirough theintroduction and testing of promisiig varieties from similar agroclimatic areas of' the 
world. Pest as well as drought resistance should be soae,ht. 

Control if'Weeds. Weeds anid other harniftil plants are fierce competitors for scarce waterand must he controlled. Weeds also can be tile hosts for insect pests arnd plant diseases. 

Potential Applications of' Biotechnology. Conlrol of soil arid water behavior through
biotechnology. development of' stress rcsi:,tait ctltivars through genetic engineering, aind
growth and yield regulatirs are somIC 0l*tile Ohimis hioteclinological applications that have 
potential for improved soil-water inaitagenicill practices. 

All of' these soil-water management practices should be incorporated into farming systems
for both large and small scale operations. The riglit combination can be omnd tlhrough
experiments which also serve as demonstration trials. 
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Legal, Social, Economic, 
Organizational, and 
Management Aspects of 
Soil-Water Management 
Programs 

Application of Basic 
SCRAD Concepts to Soil-
Water Management 
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 example is comprehcnsive watershed development. It is crucial, therefore, 
that economic analysis be perforined to ensure that the benefits will justify the costs. 

Inportant lgal cctisiderations are land inheritance, landlord-tenant arrangements, 
agricultural and conservation zoning. and soil and water development, use, and 
conservation laws. Other laws that provide disincentives or incentives to land
owners/tenants to practice proper soil-water management should also be reviewed. 
Traditional land inheritance laws have restilted in excessive land fragmentation which 
makes llechalliZCd ])Catittills tineconoical. The leeds of'\Vonlen who are impcrtant 
participants in the agricultural sector also need atteltitl. 

Finally, institulional sltalland maagetl leit Capahililties mist ht developed if they do not 
exist. Otherwise, cvCn the hcst oflplans will not utaterialize. 

tiiry reorganization 
fui.ctions ofl the N in istr, of Acriculturc aind the adoption of new management systeris 
adapted fromli Hawaii to the J tdanian situation. Similar efforts will he needed in those 
countries of' thireion where CffectivC agricultural technology dCvelopnlnt and transfer 
capabilities do tHot exist or ire iuadcquiate. 

The JItAI)I places pri cmplhasis onl of the research aiI extension 

So far, the SCRAI) process has heetn used successfully in Hawaii to analyze aid prioritize 
actiu plans for 24 C'tnuint ditics tlle It was decidediid maj or natural resource-forcstry. 
to test at this Wtrkshop thther the SCRAI) rocess could he adapted and applied to plan 
a soil-water iatag cnil t prtora i. Acctrdingly, this paper has aIpproached soil-water 
prOgrani planuine irttill specialist rather thanthe point of viev of a miinageiiteittplanning a 
soil or water retniurce scieniist. The technical aspects of stil-water progralns were 
discussed illpaies p~reset.ed althe \WorkShttp by, soil, Water, natural resturces, and crop 
llanaglnllclt s_'iciists and eceoitlists. 

Unfortunately. there \is illsul'iicl litie t Itull)' the SCRAI) process. Rather,apply
participants Were dividgd into gnls to out the first three steps of thertmnikipgcarry 

SCRAI) process: I) to identify the ctmpolnents tf an effCctivc soil-water management 
prograin, 2) to idCllitv tlhe constraints that prevent the realization of those components, 
and 3) to identify ',tic actitos that ctotld he taken tt) ovCrconie the constraints. Results of 
the exercise are [resCllteCl helttV. 

Current Statusi'ind Potentials of Soil-Water N'lanagenient Progratns tor Rainfed 
Agriculture in the Regiom 

listorical Perspecti'es. Nlii areis throughout the region were once covered by forests. 
The cutting t1 the lrCCes t cle'ar farml lands and for fuel has virtually eliminated tile 
forests. Atcinpis at relOreslatio arc naking progress but there is a long way to go. 

There is evidence thal water catchilent techniques such :is retaining walls and terracing 
have bccn prliCtOcd tlLiite widely alld this prttvides an hist trical hasis for renewed efforts 
in this arca. 

Ciu rrentt Statis. Ilhe ctithiiiio n of dry years and decades of overgrazing has caised 
adverse effects o l veectatiti. ltt traliic ialter ill soils, and poor water retention/soil 
erosion, especially in rangcland ireas. \ttveCr, recent deonsllltratitns in Tunisia and 
Mooctct poin ut tllha ia uge eevegetalion are feasible and cani and grazing nianagenent 
yiell illllediate and long-termn benefits. 
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Partly in response to governmental pricing policies, there has been a tendency to pushcrops beyond their suitable agroclimalic zones. For example, wheat is grown at elevationsand on topography where fru it and othler trees should be grown, and in drier areas wherebarlev shouh be grown or anigelard grasses aid sI hrubs wouid be more suitable. Thispractice iot only places considerable stress oil soil-water resonuices and management but itresults inpoor yields. It would be better to get a 0od yield of' barley or forage, use it tofeed the sheep, and sell the lariib and milk prodticts. which would bring moi prolit than a 
peor yield of whealt. 

Due to lack oI know ledge a' lecoinllic factors, very few rIloiderrImanagement - , soil and water-. ,X.
h'. opted by, the averag di lard farei ii .ior'dan and inother parts of the rgior. Alti, there are rnariy projects (sorie very large) dealing withwatershed and ,oil-water rrar, ent, lew arc part of' comprehensive program plans.Althugh implementtion of' hore-r'arnge plans rrrrst be dolne incrementally in projects that are econorlicallv I'easible. siuch projects should be part i "a com pre hens ive soil-water 
nianagemnieit~'rrr 

There are aurl;rrrr teclrioloties rh1rugh1rt e wot ti0 rld that are rvailable for transfer, butthere is a lack o' mcchanisrs florsysteliatic iiformation exchange, and little
organizational
capacity ard le per.oillel trained torcei\C arid Carry out such technologies illan
 
institutional frame\\ rk.
 

Future Potential. The iripollrarr.C of soil wkatcr management prograiis illrainfcd
agricLture las been recoeri,.ed arid ation', are being initiated to begin planning
national and itntrartihal,,jrul basis. 

on a
 
This \Vorkshop was a priie example, and it is

hoped that itw,ill pI\ idC .iut ltchallillipel s.
 

The RAIN priecI vnuld be crucial to fIreilitatirr inormatior exchange and technologytrarsf'er eNer..istin r(ei region, aid -'oiCriitayIIlV lessen the economic burden of each
country havirig to dc.elop kn.oledge aidIcCirmohogv 
 from scratch. It kkould be extremelyshortsighted rHot topoceed with the RAIN project since it can suppleirerit the IBSNAT
 
project (which is worldwide) h\ pro'idirg 
 riore intelsive informatiom and technology
transfer wirlir Irlrl serve '1s 

Colliprelierrsive plpc,)It.ls such as tI 


rlr regiorr c'a.In a.prototype For sirmilar regional networks. 

e
i!IIAI)tarid the Zarqla Waiterished Project in Jordanwill vield xitmble irlfrm;tiot. ()rutputs rlrese ailldollir other projects throughout theregion will bc pit irn(( the RAIN data basc. lCecaursC soil-wterii management is a crucial
eleent ConiIIi tIo all rariled rgr'icHrl tire, itis tle ideal pr uft\ttypC
priog ramin for regionalilorinift rmion ari ITclrrhl. esclrarr tIhi
rough lieRAIN prnjeci. The I-IADP hopefullycali becorrie a rnodel for insrituliioraliirig coliprelierisive agricultural development 
capa ility
at aitional Ic\el 

From the regional ,lardpoiint, siiil-\',ater niiarragcilent will be a key clenient of the RAIN
 
project while. lriirii rhe national point of view.
agricufltural developnteri irmJnrdari it will bea Imaijor conponient of rainfedIhirtighi thre.ItlADP. 

Identificalion of' (Comiponents, (instraints, and Actions Needed 

The first thrcc steps ill tie SRAI) prtcc',,e,retluirC: I)the identification of the keyeellrierits and ci)rmpll..nis itat ire irCCCSr\ it orlder to aIchievC anl effective soil-waternranagemieint pltiiglii: 2) the constrairts relating tin each cmpontient that are preventing theprograti fi'0ti reachir-i its Ifillpttertial; artl 3)the acritins necessary to overcome theco)nstraiits. InlSection 3 of! this paperl sontc ol' thc key elerlrerits of a soil-waterInartageirerit prmIgrF'Ir ver'e discussed. 'Ili abhsence )I',or partial lack, ineach of theCmlrtponit,, constittres a colrslrirt. t)tlier Cnistraiils cat only be identified throughanalyses by rirriltidisciplinary tOails. As cich constraiNlt is idCrtified tie multidisciplinary 
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team must also identify the actions necessary to overcome that constraint. The participants 
of the Workshop were divided into three groups simulating SCRAD multidisciplinary 
teams with tile University ofexception of Group I. The working group leaders were 
Jordan faculty members who would follow up with additional steps of the SCRADtile 

process to develop Action Plan. fOr a Soil-Water Management Program for Jordan. 

The last one and one-half days of the Workshop were devoted to the working group 
discussions. Six key elements :"lnd.six working group discussion leaders were designated. 
The elements clIIosen by the Workshop orgarnizers were: 1)agroclimatology, land use, and 
c:op selection: 2) soil/watcr conservation: 3)efficient use of' water, 4) soil, water, plant 
nutrient relaionships: 5)effects Of livestock and crop residue practices On soil-water 
conservation (due to its special concern in Jordan and other Near East countries): and 6) 
lariiin systems and stio,ccoonlnic aspects. It was the task of' thie discussion group 
leaders, alon tilesimulated rimulidIsciplinary groups, to define the comnponents within.,.'With 

each key cielment area, idCntifV the constraints for each component, and suggest actions 
that could be taken to vercolle each collstrilint. 

The first da, Of the ,iirking group ses;ons did not go well. Unfamiliarity with tile 
SCRAI) proccss Oil the part of both discussion leaders and participants and the large size 
of' at least one of tIe groups inhibitCd di:,cussion, the discussiois Were oftei off tarlci, and 
the coinponiclts. Ctllstratillts, and ,:6tiuns suggested were n[ot organiel illtilesystern4!ic 
m1anner re11C[' forlt prhensie soil-water llnan;gelent program. The dayiredl to a collltllrI 
ended with coiiidcrablc tncrCtaintlv alid apprehension among the Workshop organizers. 

That nu it a kc i)rLccdlial adjusticrnt \is atrde and ill)leiinted the next day. Each 

participant vas given aiblank \\ oikshcct and 'asked to wrile down what he or she thought 
were the ilportall corripo Cll.constraills, and lctions needed. After 20 to 30 inhutes of 
wililg. participanls werel asked to present whal tley had written, and to comment, discuss 
or present their own \wic\s. Not only did paiI-ticipation increase markedly, but the 

commernts bcCallle iiore ,sl[CItelatiC trorll the standpoint1 of def;lning a comprehensive soil
water nranaiernet por .The discussions finally began to resemble the exchange of 
professional view s ideas C\pCcted of' SCRAI) IIltidsciplinary gr'oups.nlld 


The sccoIRI set of group discussions began with each participant filling out a worksheet 
and presenting his/her firidings. The discussion group1)s were able to finish their work in 
less than half the litle thai Ire\) niceled prCVitIInsly. 

The working griup scssions cimncluded by cach of the six discussion leaders summarizing 
his group's finding,s ill i ifcr~iar session. 'fihe key conclusions that could be drawn were as 
follows: 

1) 	The SCRAI) prIocess ilogical arId sufficientlytrIcomplicated so that a diverse group
 
of professionals call eillear begin Irmake it work in a couple of days.
it allid to 

2) 	 The SCRAI) piOcCss iildliccs people from i wide range of disciplines to think 
systetlilicaIll. to \ icw the \aiious elemients if'aiprograi as allinterrelated system 
and to look ilprograinas ;,part of tile wiOlC arrictlultlral sector iswell as the larger 
socioeclonoiric svstci. ThIis ssas cvidcncCd bv the fact thil quite a few of the 
Colmllpolents alld Collstriilts wcie rcpCatcdly briugtlmt tipby several or all of' the 
discussion groups indictiling Itlra each eliliellt Could not be discussed in isolation from 
the rest of tlre soil-ater raiianlnrcigciicri/croppinril/ivestock systci. 

3) 	 The technical pIpers presented at the eaiiier sessiolns of the Workshop as well as the 
discussions tilit in the Working groups indicated that there is plenty ofensued 
availahble techniology. The niajor constraints that are preventing the adoption of sound 
watler imanageliclit pracliccs. as well as other available technology. are decidedly 
socioeCOllOliuc in ilatille: 
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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, etc. 
c) Land fragmentation resulting from inheritance laws that prevent mechanization and

result in diseconomies of scale.
 
d) Governmental pricing, marketing, 
 and crop allocation policies which over the yearshave created a general dis;trust of government programs among farmers. 
e) Traditional livestock ownership and grazing practices and the small size of farmshave resulted in ovCrgratzing, soil erosion, and low soil organic matter, and "'ill makeit difficult to achievc inttogi aed crop-livestock systems. 
f) Low salaries and indiscriminate transfers of key personnel have resulted in generallyweak research and extension organizations that are not effectively serving the needs offarmers, women in agricultural activities, and rural families/colnmunities. 

These socioeconomic constraints must be overcome if effective frming systems and
increased Nrodtuction are to be realized. 

The results of the discussion groups are indicated on the pages following the text. 

Other Steps of the SCRAI) Process 

As indicated previously, only the first three steps of the SCRAD process were simulatedby the discussion groups/nultidisciplinary teams. Evcn if the remaining steps of theSCRAD process as described in Section 2 of this paper were carried out, it would nothave resulted in a workable Action Plan. The reason is that tne constraints, actionsrequired, the agency or organization(s) responsible for the action, the probability ofsuccess, duration of action, resources required, and impacts all differ, sometimes
markedly, from country to country and, therefore, the SCRAD analysis must be country
specific in order to constitute an executable or- real life Action Plan. 

It is the intention of the Workshop organizers that the Jordanian discussion group leaderswill continue with the remaining steps of the SCRAD process to produce a Soi-Water
Management Action Plan for the rainfed highl: nds of Jordan, and that this will serve as aniodcl for developing similar Action Plans for the other countties in the Near East region
through the proposed RAIN project. 

Conclusions This paper has described the successful efforts of the Uni,-'sity of Hawaii to take a
systems approach to comilrodity/resource planning and development, and the attemptsbeing made to adapt that systeni to the agricultural development of the Jordan Highlands.This Workshop has attempted to define the first component of' the proposed RAIN project,that is, to lcfincthe parametcrs ofla regional soil-water management program within theRAIN framework. Such a soil-water management program for Jordan will be both animportant component of the JHADP as well as Jordan's segment of the RAIN soil-water 
management comlponent. 

The SCRAD process is simiply the application of logic, common sense, and the concepts ofsystems analysis to agricultural development planning. It can be a very powerful andversatile planning tool. If administered properly with the kind of wide participation anddecision-making that has been achieved in Hawaii, it can also be a powerful mechanismfor coordinatcd, committed actions based on a rationally derived set of priorities. It is also 
a device to efficiently allocate increasingly scarce resources. 
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This Workshop has demonstrated that the basic concepts of the SCRAD process can be 
used as a potential management tool fo, analyzing and planning soil-water management 
programs. It is hoped that follow-up actions will be taken by th 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 Discussions 	 Group I. Agroclimatology, Land Use, and Crop Selection (Discussion Leader: Dr. Ian 
Stewart, USAII)/ANE-S&T, I)avis, 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 rainfall, 
data bank. temperature, and 

soils. 

2. 	 Install agro
climatic (rainfall, 
air and soil 
temperatures, solar 
radiation, 
evapotranspiration) 
data loggers at 
experiment stations 
and other major 
agricultural 
producing areas, 
especially in 
marginal/transitional 
areas. 

Lack of soil survey/ 1. 	Establish soil 
interpretation/ 	 survey unit as 
evalation 	 part of 
capability, 	 soil-water 

management 
program. 

2. 	 Provide technical 
assistance and 
training as 
necessary.
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Group I (continued) 

Component 

Soil/land 

resources 

mapping. 


Crop selection 
based on topo-
graphy, soil, and 
agrocliniatic 
environment. 

Constraint r ction 

3. 	Secure long-term 
commitment of 
necessary
 
resources by
 
cognizant 
government 
authority. 

Expense and time I. 	Utilize satellite
involved, remote sensing to 

develop broad 
scale zoning for 
agriculture
(watershed/ 
forestry, crops, 
range, desert, 
etc.) 

2. 	Conduct spot soil 
tests to 
verify/refine 
satellite based 
zonings. 

3. 	Develop 
computerized
overlay maps based 
on data logger 
findings. 

Crop selection I. Based on known
based on tradition crop requirements 
or perceived for 	soil-water and 
profits, which often temperature,
tends to push crops develop cropping
beyond their suitable pattern by agro
agroclhinatic zones. climatic zones 

(e.g. fruits, 
vegetables, 
cereals, pulses, 
forages, range 
grasses, etc.) 

2. Conduct soil
moisture tests for 
specific farms and 
recommend 
appropriate crops. 

3. Confirm or 
recommend changes
based on actual 
experience. 
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Group I (continued) 

Component Constraint 

Selection of Lack of inlormation 
suitable crop for farmer to make 
to plant based such a decision. 
on projected 
rainfall for 
the season. 

Action 

Recent research 
indicates a strong 
correlation between 
the date of the 
onset of the rainy 
season and the total 
rainfall for the 
season. The earlier 
the onset, the 
longer the season 
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 (l)iscussion Leader: l)r. Theib Oweis, Faculty of 
Agriculture, University of Jordan, Amman, Jordan). 

Component Constraint 

Minimize runoff! Current plowing 
soil erosion. 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. 

Action 

Adoption of contour 
plowing. 

Land aggregation and 
demonstration projects 
through agricultural 
development 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 

Management 
practices to 
maximize water 
infiltration 
and moisture 
retention/ 
minimize 
moisture loss. 

Constraint 

No practices to 
reduce wind 
erosion. 

Reduced ground 
cover vegetation 
through over-
grazing. 

Hard soil 
surface prevents 
infiltration and 
causes runoff. 

Crop residues 
are used for 
feed and grazing. 

Use of 
traditional, 
less effective 
methods of 
fallow by 
farmers. 

Farmers do not 
want to incur 
extra cost of 
proper tillage/ 
fallow. 

Action 

Experiments/demonstration 
on ridging of soils 
through tillage which is 
known to reduce wind 
erosion by as much as 85 
percent. 

Improve grazing capacity 
of range through re
vegetation/grazing 
management projects to 
decrease grazing 
pressures on erodable 
areas.
 

Adoption of tillage
 
pract,-es prior to
 
rainf_., 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 (I) 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. 
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Group 11(continued) 

Component 	 Constraint 

Lack of weed 
control 
practices. 

Lack of 
appropriate 
herbicides. 

Lack of 
machinery for 
spraying. 

Lack of non-
chemical methods 
of weed control. 

Proper mulching. 	 Lack of 
mulching 
material such 
as crop residues 
due to grazing. 

Soil amendments. 	 Lack of national 
organic 
materials. 

Developing Lack of analysis 

soil water and action plans. 

conservation 

system. 


Lack of commit-
ment of 
resources, 

Action 

Adoption of weed control 
regime as part of tallow 
and crop management 
through demonstration 
project funds. Factors 
such as timing of weed 
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 
(early establishment of 
crop, etc.) 

Experiment with (1) soil 
mulching techniques, (2) 
other organic wastes, 
(3) plastic mulches. 

Experiment with (I) 
green manuring, (2) 
composting with sludge 
and other wastes, and 
(3) nitrogen fixation 
through use of legumes. 

Through application of 
full SCRAD analysis, 
identify priorities and 
actions needed. 

Redirect resources to 
developing soil-water 
conservation program as 
critical component of 
soil-water management 
system For rainficd 
agriculture. 
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Group 111. Efficient Use of Water (Discussion Leader: Dr. .dullah Jaradat, Faculty
of Agriculture, 

Compment 

Capture and 
store runoff 
for supplemental 
irrigation. 

Use captured 
water for 
supplemental 
irrigation for 
maximum benefit 

to plants. 

Use of waste 
water for 
supplemental 
irrigation in 
rainfed 
agriculture. 

Cultivate water 
efficient crops 
that are more 
suited to the 
agroclimatic 
environmuent. 

Yarmouk University, Irbid, Jordan). 

Constraint 

Lack of water 
catchnient 
practices. 

Lack of knowledge 
of how to use 
supplemental 
irrigation 
effectively for 
specific crops. 

Waste water is 
used for inten-
sive irrigation 
rather than for 
supplemental 
irrigation, 

Because of 
government price 
support, large 
areas (approx-
imately 80%) are 
devoted to wheat. 

Action 

I. 	 Experiments/demon
trations 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. 

Experiments on 
supplemental irri
gation techniques
 
for different crops.
 

I. Initiate plans to
 
have future waste
 
water available for
 
supplemental irri
gation in the rain
fed areas.
 

2. 	 Look at supplemental 
irrigation, for cereal 
crops as well as 
vegetables and fruits. 

I. 	Areas of shallow 
soils and slopes 
should be planted 
with tree crops, 
especially fruits. 

2. 	 Barley should be 
grown in areas below 
280 mm of rainfall 
since it is a more
 
efficient user of
 
water than wheat.
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Group III (continued) 

Component Constraint 

Use of water Local small grain 
efficient crops are not 
cultivars. 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 
either not avail
able locally or 
expensive to 
obtain, 

Action 

3. 	Areas of lesser 
rainfall should be 
considered for 
revegetation as 
rangeland using 
drought resistant 
rangeland shrubs and 
grasses. 

1. 	Screen available 
local germplasm 
for water use 
efficiency. 

2. 	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 
to select cultivars 
that can adjust 
phenotypically to 
available moisture. 

I. 	Utilize cooperative 
arrangements with 
international centers 
or develop a 
technical assistance 
project to secure 
needed capabilities. 

2. 	Explore tissue 
culture aad 
biotechnology as 
rapid means to 
develop or introduce 
drought resistance/ 
water efficient 
cultivars. 
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Group III (confirued) 

Component 

Make more 
effective use of 
stored moisture 
during summer, 

Make more 
efficient use 
of winter 
moisture. 

Develop system 
of cultural 
practices that 
make efficient 
use of water or 
moisture. 

Constraint 

Traditional weedy
fallow since 
summer periods 
are devoid of 
rainfall. Farmers 
do not realize 
that weeds are 
using stored 
moistu,, that 
could be used to 
grow crops. 

Lack of local 
disease 
resistant 
cultivars 
adapted to 
winter conditions. 

Lack of knowl-
edge and data 

Action 

1. Test suitable summer 
crops with object of 
reducing areas 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 varieties 
that have nutritional 
content for 
livestock.) 

Introduce winter legumes 
from temperate zones for 
testing to take 
advantage of winter
rains/moisture. 

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. 
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Group IV. Soil, Water, Plant Nutrient Relationships (Discussion Leader: Dr. Sayed 
Khattari, Faculty of Agriculture, University of Jordan, Amman, Jordan). 

Component Constraint Action 

Determine soil Lack of data Carry out fertilizer 
fertility and specific to trials involving var
fertilizer Jordan Highlands. ious soil types and 
requirements major crops found in the 
(N,P,K) for Jordan Highlands to 
different crops establish standards for 
for major soil soil testing/recommenda
types found in tions. Develop prescrip-
Jordan tions based on soil 
Highlands. taxonomy. 

Determine Lack of data I. Design watcr/ferti
optimum water! lizer/nutrition 
fertilizer measurements 
(N,P, K) into fertilizer 
relationship in trials to find 
different soil optimal amount and 
types found in regimes. 
Jordan to maxi
mize nutritional 2. Test for fertilizers 
benefits and that require less 
crop yields, water or are water 

efficient. 

Provide soil Lack of capa- I. Secure technical 
and plant bility to provide assistance if needed 
tissue analysis timely infor- to develop labs and 
capabilities mation. trained pcrsonnel. 
for experimental 
and farmer 2. Provide training to 
recommendation farmers on how to 
purposes, take soil and leaf 
including micro- samples at critical 
nutrient times tor corrective 
deficiencies, actions to be taken 

on a timely basis. 

Promote Cost of ferti- I. Acquire in bulk 
efficient use lizer to farmer through cooperative 
of fertilizers, and lack of and develop capacity 

proper machinery, 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 

Maximize root 
development and 
water/nutrient 
uptake by plants 
and crops. 

Protect plants 
from diseases 
and other pests 
that retard 
elficient use 
of' water and 
nutrients. 

Constraint 

Lack of attention 
to 	 this aspect of 
plant physiology 
in 	Near East 
region. 

Lack of effective 
plant protection/ 
pest control 
programs. 

Action 

3. 	 Experiment with crop 
rotations to take 
advantage of 
fertilizer residues. 

I . Test cultivars vith 
strong root stock 
development, water 
efficiency, and 
drought resistance. 

2. 	Test fertilizers
 
that promote early
 
and rapid root
 
development.
 

Develop integrated pest 
and disease management 
program with emphasis 
on: 

0 	Introduction/develop
ment of disease, and
 
. matode resistant
 

cultivars.
 

* 	Biological control of
 
pests, disease, and
 
weeds.
 

* 	Chemical control as 
necessary utilizing 
EPA-registercd 
chemicals. 

* 	Non-chemical control 
methods such as hot
 
water, dry heat,
 
irradiation, etc.
 

Improved methods of 
handling and 
propagating disease 
free plant stocks. 

Protection froin
 
introduction of pests
 
and diseases from
 
foreign areas.
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Group IV (continued) 

Component Constraint Action 

" Importation or 

development of plant 
disease treatment 
methods, such as 
inoculants. 

" Systems/multidisci
plinary approach, 
including 
biotechnology. 

Promote soil Lack of organic Carry out program of 
amendments. matter in soils, retaining crop residues 

for soil amendment 
purposes (See Group V 
findings). 

Scarcity of I. Develop composting 
natural organic through use of 
matter. sludge and 

garbage for 
restoring organic 
matter. 

2. Develop green 
manure techniques. 

Provide for Lack of knowledge 1. Carry out program of 
nitrogen fixing and experience, crop rotation using 
crops. 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. Develop capability 
for biological 
nitrogen fixation 
through FAO 
Technical 
Assistance/Training 
Program. 
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Group IV (continued) 

Component Constraint 	 Action 

Provide for Lack of program . Develop researchtreatment of for naturally program specificall.'
saline and sodic saline soils (as aimed at high-lime
soils found in opposed to and other types ofhighlands. irrigated soils), saline soils fbund 

in rainfed areas. 

2. 	Treat saline arid 
sodic soils as 
separate resources 
cutting across all 
aspects of a soil 
water management 
program. 

Group V. Effects of Livestock and Crop Residue Practices on Soil-WaterConservation (Discussion Leader: Dr. Nasri Haddad, Faculty of Agriculture,
University of Jordan, Amman, Jordan). 

Component Constraint 	 Action 

Maximize use Beoeficial On-farm demonstrations
of crop 	 effets of crop should be conducted to
residues for resiciuc for soil- show beneficial effectssoil and water water conser- of residues on water in
conservation. vation are not filtration, lessening 

known by farmers, evaporation, runoff, and 
wind erosion. 

Lack of knowledge Conduct research at 
about optimum various levels of 
amount of residue residue to determine 
needed for effcc- optimal residue/
five soil moisture balance. 
moisture con
servation. 

Residue is used 1. Agreements should be 
for grazing and reached between 
is not available farmers and sheep
for soil and owners/grazers to 
moisture conser- keep livestock out
vation. after hay has been 

cut. 

2. 	Proiide alternative 
sources of summer 
feed through forage 
crops or baled hay. 
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Group V (continued) 

Component Constraint 	 Action 

3. 	Till the fields 
immediately after 
harvest to prevent 
grazing. 

4. 	 Fencing, if 
appropiate. 

5. 	 Educate farmers and 
livestock ownrs/ 
herder about the poor 
nutritional value of 
residue as feed and 
its high value as a 
soil-water 
conservation agent. 

Make excess hay Lack of machinery 1. Make combines or 
available for to cut and bale baling machines 
livestock use. the hay. available through 

cooperatives or 
custom operators. 

2. 	 Treat hay to add 
nutrient value 
before feeding to 
animals. 

Minimize soil Lack of knowledge Conduct experiments on 
compaction and on what degree of soil compaction, lack of 
soil erosion grazing can be infiltration, runoff, 
caused through tolerated with- ana erosion at 
excess grazing. out damage. different intensities 

of grazing. 

Increase organic Lack of programs I. Develop a waste dis
matter content to convert waste posal/treatment plant 
of soil through into usable that will convert 
other types of organic matter. garbage into usable 
organic matter compost. 
supplementing 
crop residues. 2. Develop a sewage 

treatment/composting 
plant to convert 
treated sludge into 
usable composting 
materials. 

3. 	 Both would be good 
bricks and mortar 
type of project if' 
USAID funds for 
Jordan remain at a 
high level or are 
increased. 	 337 



Group V (continued) 

Component 

Develop range-
lands as alter-
native to heavy 
grazing of crop 
residues. 

Develop forage 
crops/intensive 
grazing 
techniques 
using supple-
mental irriga-
tion during 
sparse rainfall 
and dry summer 
periods. 

Constraint 

Rangelands, 
which typically 
constitute a much 
larger area than 
croplands, suffer 
even more from 
overgrazing due 
to 	scarcity of 
edible range-
land vegetation, 

Lack of knowledge 
and technology 
adapted to Near 
East rainfed 
conditions. 

Action 

1. 	Undertake a range. 
land revegetation 
project through AID, 
UN and other 
sponsors. 

2. 	For example,
 
rangeland
 
revegetation
technology developed 
in Tunisia should be 
tested for adoption
by other countries in 
the Near East region. 

Technology in intensive 
rotational grazing has 
beeni well developed in 
New Zealand and should 
be investigated as to 
whether it can be 
adapted to rainfed areas 
with supplemental 
irrigation. 

Group VI. Farming Systems and Socioeconomic Aspects (Discussion Leader: Dr.
Suleiman Arabiat, Faculty of Agriculture, University of Jordan, Amman, Jordan).
 

Component Constraint 

Establish basic Lack of knowl-
farming systems edge and train-
capability among ing among staff,
extensionists. 

Action 

I. 	Establish a subject
 
matter specialist
 
position in farming 
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 

Improve cropping 
and livestock 
systems and 
farmer practices. 

Convince farmers 
to adopt new 
technology 
system. 

Constraint 

Lack of data. 

Since many farms 
are operated by 
short-term 
tenants rather 
than owoers, there 
is no incentive to 
invest in new 
technology, 

Farmers do not 
want to incur 
higher cost of 
machinery, ferti-
lizers, pesticides, 
etc. 

Action 

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
 
optimal farming
 
systems based on
 
cropping and
 
livestock patterns
 
siited to the
 
agroecology 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 each
 
farm is too
 
expensive and
 
probably unnecessary.
 

I. 	 Enact appropriate
 
legislation to
 
protect tenant
 
farmer as well as
 
the 	landowner. 

2. 	 Encourage use of 
custom operators who 
use improved 
technology. 

Conduct on-farm 
demonstrations to 
show that higher 
yields and profits 
will more than corn
pensate for the 
higher cost. 
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Group VI (continued) 

Component 	 Constraint 

The farmer views 
the additional 
cost as being too 
risky in view of 
the uncertainty 
of rainfall, 

Adopt govern- Farmers have 
mental policies strong distrust 
an,2 programs of governmental
that assist 	 policies such a.: 
farmers, 	 pricing practices, 

crop allocation/ 
control, red 
tape, ineffective-
ness of extension 
services. 

Action 

Research needed 
on risk management
 
and weather
 
prediction 
techniques to reduce 
the margin of risk. 

1. 	Government should 
provide incentives 
to farmers to 
increase or improve 
farm inputs instead 
of price subsidies te. 
consumers at the 
expense 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. 
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Group VI (continued) 

Component 	 Constraint 

Adoption of Land fragmen-
mechanized tation makes it 
farming. impractical to 

use mechanized 
operations. 

Promote Small size of 
integrated farms makes it 
crop-livestock economically un
systems. feasible to have 

integrated live-
stock systems 
except for a few 
goats. 

Traditionally 
the farmer and 
the livestock 
owner or herder 
are separate 
individuals and 
compete for the 
residues. 

Promote improve- Technical assis-
ments in small tance projects 
farm/family and studies have 
systems. largely given 

only lip service 
to the needs of 
the small farmer, 
women in agricul-
ture, and the farm 
family. 

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.
 

Undertake land aggrega
tion through incentives 
and legislation such as 
prohibiting physical 
division of farm lands 
below a certain minimum 
size. 

1. 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. 

I. 	Initiate a small farm 
implements project 
to relieve the farmer 
of hand labor. 

2. 	Provide programs for 
women in agriculture 
and family resource 
management. 
Provide women 
extensionists in the 
field to concentrate 
on these programs. 
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Group VI (continued) 

Component 	 Constraint 

Maintain Urbanization and 
a strong development is 
agricultural 
sector. 

taking agricul
tural lands out 
of production, 

Young people are 
leaving the farms 
for white collar 
jobs. 

Action 

3. 	Develop crop 
management techniques 
specifically geared
to small scale 
operations. 

4. 	 Develop soil water 
management as part of 
the small farming 
system. 

1. Agricultural zoning
 
legislation.
 

2. 	Make farming more
 
profitable.
 

3. Take other measures
 
to restrict urban
 
development (restrict
 
infrastructure
 
development, provide
 
improved services and
 
amenities in rural
 
communities, family

planning programs,
 
etc.).
 

1. Have programs that 
promote agriculture 
as a business and 
profession. 

2. 	Exploit the trend 
toward off-farm 
income for the family
but promote the need 
to keep the family 
lands in agricultural 
production. 
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Group Vl (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 
bo 	developed for each 
country through 
application of 
remaining steps in 
the SCRAD process. 

3. 	 Long-term, sustained 
effort is necessary 
to make lasting 
impacts. 
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