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As in prwias years, the format of this report is centred arcand 

the four major projects within the prug-ram, namely: The Mamgmmt 

of Soil, Water and Nutrients: Agm-ecological &aracterization for 

F&saxce -; The m i o n  and Impad of New Technology ard . . llammg and ~grdxdmlogy Transfer. The report contains, in 
addition to this -on, seven d m p k s .  Chmter 2 

prcnrb2es an Executive Summy of cur and training in 

1988/89. T h i s  surmaary only refers to the content of this rep r t  

which itself does not attempt to report all cur activities. A 

full listing of all cur research activities are given in 

B. Chanter 3 contains several jnprtant reports within cur 

Project on the Management of Soil, Water and Nutrients. Of these 

reports, t h r e e p r e s f m t a s u m n a ~ ~ o f r e s e a r & ~ w a t h e  
last four seasons. 'Ihe wits covered are the on-farm evaluation 
of fertilizer use on barley, the on-farm assessment of inpmved 

chickpa prdwtion tedmology and the results fran a l q e  scale 

anstation trial assessing the produdivity of cantrastiq wheat- 

based fanning systars. ChaDter 4 presents reprts an three 

contrasting aspects of our research on agrwcolqical 

characterization. Section one illustrates h m  ICARW1s model for 

spatial weather generation can be used to identify respoaw 

domains within which the pmbability of climatic events, and their 

inpact on technology p e r f o m  can be identified. The seccnd 

section illustrates an equally important aspect of 

characterization, namely the description of different fam types 

within relatively haqenecus response domains in Jordan. It is 

the characterization of contrasthq farmer strategies within 

respcme danains which allows the identification of more specific 
mammedaticar damins. The third section chumstmtes how lcng 
term climatic datasets and a W t  grnwth sknilation mcdel (&RFS- 



N) can be used to assess the intexaction of different levels of N- 

fer t i l izer  use on mils of varying N - s t a t u s  ard their inpact on 

wheat pIUdUCtion in Xian Prwinae of China. -5 amtairs 
six reports amemed with the Wqtion and B r p c t  of Technology. 

A wide range of subject matter is covered including the adoption 

dynamics of winter chickpa in Hmxco,  an analysis of Syria's 

aurrent strategy for f w  its e x p d q  National Sheep Flock, 

an assessrent of prcduction functions as descriptors of the inpact 

of t.echo1ogy on barley pmdlxtion in Syria and 'nlrkey, arrd 

ammries of eight case studies ach assess& the inpact of 

dmqing t d m l o g y  on agricultutal labcn: in Algeria, M o m ,  

W i a ,  Jordan and llrkey. Chauter 6 rwiews au. program of 
, . trammg and workshcps during 1989 and C h a w  7 and 8 list our 

plblications and staff mspckively. 

In smmary, whilst not reporting all ax activit ies during the 

year, our 1989 Annual Vrt pmvides a detailed account of a 

broad range of subjects. These illushate bath the breadth of 

undertaken and their rmlti-disciplinary and integrated 

nature. A s  always, it i s  w i t h  great pleasure that wa express aur 

sincere alqxeciation of the dedicated effort of program regicml 

staff d the National Scientists w i t h  whcm we work. 

1.2 Staff Changes 

Ruing 1989 we bid farewell to several of au staff, h t  were 
delighted to w e l a n e  many new additions. Cur IEC finded ?2SF+ 

Project in Tunisia cam? to an end in July, and Dr. 'Rranas 

Stilwell, cur agrcomnist resigned. Cur thanks to him 
for  a l l  the mrt he pmided to the project and also to  his 

m e a r c h  assistant Samir Eaccari who also l e f t  ICARW and nw 
works for INRAT. Dr.  'Rranas Nonlblan (Agriculhmd Econcmist), 

who joined the Program in 1981, departed for a well earned 

&tical leave in Australia, and on his retutn in 1990 w i l l  be 

w f d  t o  ICAW]Ars -, Forage and Livedxxzk Program. 



~ r s .  ~ e r i  Wtaker (-te EcMcmist) carpleted her 

field work on the design of an eamanic sub-mine for the Ceres- 

N Wheat Model ard has returned to &m£ord University to ccmplete 

her thesis. 'ItJo visiting scientists also returned to their 

respective cumtries. Dr. Hamid Fakki (Agridtural Econanist, 

Slldan) carpleted a trainiq nranudl on on-farm reseamh, and is 

nrw producing an Arabic version in SIYhn. Dr. Scbhi Naggar 

(k ' t, Egypt) ccmpletd six reports on the Systars 

of the N.W. Coast of Egypt whi& ie k p e  to plblish m. Our 

than)cs to both Hamid and Scbhi for their excellent work. Mira 

Abdelnarr, after 10 years as ane of cur senior msaamh 

assistants, also resigned to devote her attention to her new son. 

OR aqratulaticns to hgl: ard Dr. W. Emkine (FLLP) and cur 

heartfelt thanks for her work whilst she was with us. 

We also said a partial goodbye to Miss Bana Rifaii (secretary) who 

has berm transferred to ICARWts Visitors Services. 

Findlly, ie bid farei4.l to Messrs Zuhair Masri iud Ezzeldine 

Hassan who joined us for a year fmm the Syrian Soils Directorate 

of Ale~po ~IXI Hassakeh respectively. We thank them both for the 

excellent year's work they cmtrihtd to w moperative 

fertilizer researcfi p~ogram. 

wing 1989, we also welcaoed severdl new visiting scientists. 
Ih. Shi Zuntmg fmn China joined us to work on our package for 
-logical Characterization and to assess its potential for 

use in the wheat growing areas of Xian h w h .  Mr. Khazaa El 

Hajj (Syria's Soils Directorate) also joined us in a 

collaborative evaluation of w recently developed prajrm~ for the 

Nationdl Allocation of Fertilizer. Lina Mayda (also Soils 

Directorate) joined us as a trainee to work with Khazaa on this 
project. Dr. N a r d b e  Mom (an ex-te stu3ent) re- 
joined the h-ogram as a visiting scientist fmn Aleirpo University 

to assist us in the carpilation of a thomaqh literature review of 



issues mncerned w i t h  the awnership and managenrent of mrginal 
lards in West Asia. Finally, another previcus colleague, Dr. 

Elizabeth Bailey, also re-joined the progrem as a visiting 

scientist. Elizabeth is an agricultural ecoslanist w i t h  

specialization in risk analysis. She will be working closely with 

other colleagues a t  ICARDA on land use strategies in the mqinal 
agricultural areas of West Asia and North Africa. 

We WE also joined by two podqmdute stuknls. Mr. Maurice 

Saaae (Michigan state University) is working for his FN) in 

plsriculhml &manics w i t h  special reference to the allocatim of 
fert i l izer,  and associated risk analysis. Mr. Elias Afif (CQ* 

University) is working for his FN) in Soil Science and is focusing 
on the dynamics and availability of @oqhorus in calcareous 

mils .  Both are making good progress, and are welcape additions 

to m. 

Finally, we welcane Miss Ffaala El Naeb who joined us as a 

l'edmician to give added suFport to  car  Agroclhatic 

e. 

Ihe seasur~ of 1988/89 in Syria and LebaKn had two distinct 

periods: a start w i t h  anple, & higher than average rainfall 

follawed by a long, very dry second pericd. 

substantial and early rainfall amwrts were received a t  all 

stations, starting the s d  week of Octdwr. Quite heavy rain, 
in ambination with fairly mild knpxatures, continued unt i l  the 
end of the year. FYm the second week of January omwd a quite 

different weather pattern prevailed w i t h  very little rainfall 
(except for a w e t  spell in March), cold nights and sunny days with 
high ewaprative daMnd in spring (see Table 1.1) . Tbtal seasandl 



Table 1.1 Intra-seasnal distribution of rainfall 1988/89 

&id 1 
Oct - 8 Jan 

Wid 2 
9 Jan - Kay 

Sub total Percent of S u b M a l  Percentof 
m seascplaltotal m seasonaltotal 

rainfal l  w a s  f a r  below the long term average a t  all sites. 'Ihere 

is only appmximtely a 1 in 10 &axe of receiving the same or 
less rain than during the 1988/89 season, and one has to go back 

in history u n t i l  1954/55 to fird a season with a similar intra- 
saimml distribution of rainfal l  in A l e .  

The heavy rain in October and Novei&e.r fell in distinct spells 

whi& made planting in time passible, as the f ie ld  surface had 

sufficient time to dry in between. 'Ihe good rains up to Dseuker 

enabled early s w n  crops, cereals anl legumes, to develcp good 

stands wfiich m g e d  to withstanl the following f ros t  and drcught 

better than one might have e x p c t d ,  yielding up to half of what 

is harvested in a "normal" season. 'Ihe rectuced w e d  infestation 

due to the drought also contributed to this effect. Later sawn 

~ n p s ,  hcuever, suffered severely frwn drmght a d  fnxst, often 

yielding not nrore than 10% of the average when harvested. In the 

barley-livestock areas, rrpst f ields were grazed off before harvest 

time. Even i n  the wetter, wheat growing areias, grazing of the 

crops w a s  widespmad. 

Further details of the mther in 1988/89 are provided in 

Tables 1.2 to 1.5. 
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JinlFress 
Mean m. 33.1 24.5 14.8 12.2 11.3 15.1 19.8 29.5 31.1 31.6 34.5 33.7 
Meanmin. 17.1 12.4 6.0 4 . 4  -2.1 0 .9  7 .6  11.3  14.4 18.2  21.9 23.3 
Average 25 .1  18.5 10.4 8 . 3  4 .6  8 .0  13.7 20.4 22.8 24.9 28.2 28.5 
AbE. mW. 38.0 34.3 21.8 18.4 15.9 23.6 24.9 36.1 38.6 37.0  37.9 38.0 
AbE.min. 12.1 7 .0  -3.9 -3.8 -8.7 -8.1 -0.3 5 . 8  9.3 14.2  18.9 19.0 

----- ~ - ~ p - ~  - ~- ~ 

Average 26.1  18.5 10.1 7 . 5  4 .8  6 .9  13.1 20.2 22.3 25 .6  30.0 29.2 
Abs. nrw. 40.5 35.5 23.6 18.2 17.0 23.0 24.6 37 .1  38.8 39.3 41.7 40.9 
A h . & .  13.2 4 .8  -6.6 -4 .5  -9.7 -9.9 -1.1 2 . 9  7.7 12.2 19.9  18.8 

Em& 
Mean nrw. 34.5 25.1 15.2 11.7 11.3 15.0 20.9 31.3 31.9 34.3 38.5 36.9 
Mean min. 15.4 10.8 4.3 2 . 1  -2.4 -0.9 6.0 10.0  12.8 17.2 19.9 20.1 
Average 25.0 18.0 9.7 6 .9  4 .5  7 . 1  13.4 20.7 22.4 25.7 29.2 28.5 
Abs. pax. 40.0 35.0 22.9 17.0 16.5 24.0 26.2 36.9 39.0 39.4 42.9 40.5 
A b 6 . b .  12.3 5 .7  -5.8 -4.0 -8.8 -9.4 -0.8 4 . 0  7.7 12.7 16.0 16.2 

Plrerife 
Meanmx. 33.5 24.8 14.7 11.0  10.2 14.0 19.9 30.7 32.1 34.3  38.3 36.9 
Mean&. 17.5 U . 6  5 .0  2 . 6  -1.6 0 . 1  6.7 12.5  15.0 17.8 21.4 20.9 
Average 25.5 18.7 9 .9  6 . 8  4 .3  7 . 0  13.3 21.6 23.6 2 6 . 1  29.9 28.9 
Ab. mM. 38.9 33.4 23.8 16.7 15.2 23.0 25.7 36.7 38.5 39.3 42.2 40.3 
- .mine 14.5 8 . 2  -4.0 -3.0 -8 .6  -8 .0  -2.5 6 .8  10.0 14.3 19.0  18.1 

lwa 
Mean mx. 31.0 23.9 16.2 12.2 8 . 4  13.0 17.2 27.5 27.7 29.9 33.0 33.2 
Meanmin. 11.2 8 . 0  2.8 1 .6  -3.0 -2.6 2 . 1  5 .9  7 .8  10.0 12.8 11.5 
Average 21.1 16.0 9.5 6 .9  2 .7  5 .2  9.7 16.7 17.8 20.0 23.0 22.3 
Ab. nrw. 36.5 31.5 23.5 21.5 16.0  23.5 23.5 32.5 34.0 37.0 36.0 36.0 
Abs.nin. 8.0 4 . 0  -8.0 -5.0 -8 .5  -10.0 -3.5 0 . 0  2 .0  5 .0  9 . 0  7 .5  



Table 1.4 Frost events during the 1988/89 season 

O C T W  DM: JAN W MAR?+FRSEASON 

Jildimss 
No. Of frost days - 3 5 25 13 1 - 47 
Abs. IIliIl. (OC) - -3.9 -3.8 -8.7 -8.1 -0.3 - -8.7 

TeumYa 
No.offrostdays - 4 5 23 18 2 - 52 
Abs. min. (%) - 6 . 6  -4.5 -9.7 -9.9 -1.1 - -9.9 

No.offrast&ys - 4 8 22 16 2 - 52 
Abs. min. ( 9 )  - -5.8 -4.0 -8.8 -9.4 -0.8 - -9.4 

midar 
No. of frost days - 3 10 26 19 1 - 59 
Abs. Hii.n. (%) - 6 . 3  -3.9 -7.9 -10.0 -1.3 - -10.0 

No. Of frast  days - 4 7 21 15 1 - 48 
Abs. min. (%) - -4.0 -3.0 -8.6 -8.0 -2.5 - -8.6 

TBrw 
No. of frost days - 10 11 27 22 7 1 78 
Abs. min. (OC) - -8.0 -5.0 -8.5 -10.0 -3.5 0 -10.0 

m l e 1 . 5  Frost events a t  5 an abwe the grayld during the 
1988/89 season 

O C T N W  DM: JAN W MAFt AFRSEASON 

zkuB!am - days - 5 7 25 19 2 - 58 
Abs. HLin. - -8.3 -5.5 -10.5 -11.3 -2.0 - -11.3 



DEUIEW SMWRY AND HI-- OF 
RFSEMUI AND TlWNIM2 REPOWIS 

In this section, we p m t  swrrraries and highlights of the 

research results we are reprting this year. Readers are referred 

to specific Sections in which the full and detailed reports are 

presented. In addition, we provide a full listing of eqeriments 

and research activities oxduct& wing the 1988/89 season in 

Appenlix B. 

2.1 Project 1. -of S o i l .  Water andMrhients 

Fw Year Summarv of Resear& on 
Fertilizer Use on Barlev (section 3.11 

Between 1984/85 and 1987/88, 75 on-fann trials were conducted in 

Zones 2 anl 3 of Syria to assess the biological and economic 

response of barley to nitrcgen and @cqhte fertilizer. Sites 

were selected to represent a range of rainfall coniitions, soil 

types, soil depths, soil fertility levels and cmpping q e r c e .  

At each location, 16 nitruJen and @oqhte fertilizer 

canbinations were assessed in factorial design with two 

replicates. Each site was fully characterized with respect to the 

range of environmental variables which were thought to have 

i n p r t a n t  effects on fertilizer responses. In two seasons, 

selectd fertilizer ambinations were also evaluated in parallel 

f-mged trials, and throughcut the four seasons surveys 

were umkrbkm to determine farmers1 current barley production 

strategies, the associated casts and prices involved and their 

reaction to the on-farm trials. A thoruugh analysis has been 

done on this important and extensive data set, and a surmnary of 

this analysis is presented in this year's report. 

P g r o d c  analysis addressed severdl aspects. m e  general 

response of cmp grrwth to site conditions was quantified, ard 



seasoml rainfall, soil type, soil fertility lwel and crcl, 

sequence were all shown to have important effects. Yield (grain 

and straw) responses of barley to fertilizer were also analysed 

aml several tmm% were clear. Responses were cbtained to N 
W o r  P at 74 cu t  of the 75 sites, but it was noted that: 

a) the importance of N increased and that of P with 

increasing rainfall (and, less clearly, in passing fron zane 2 

to zone 3 ) ;  

b) N was mre important in barley-barley than in fall-barley 
rotations, though not by a wide margin; 

c) P was mst important, and N least important, in gypsiorthid 

soils; and 

d) initial soil contents of available m t e  (Olsen) at 0-20 
Cm depth and *-N at 0-40 tau depth influenced fertilizer 

response. 

Based on the dataset, both descriptive and predictive models 

oltlCe develcpd which relatd grain and straw yields to 

~ h x m e n t a . 1  variables and fertilizer application. It was shown 

that grouping of sites into different mammdation dwains 
inpmwd the predictive p a e r  of these models, enabling them to 
aa!umt for between 60 and 77 percent of the observed variability 
in barley yields. me predictive equations generaw were also 

~ t o a s s e s s b a t h t h e t e c b n i c a l o p t i m a a n d t h e ~ c ~  

fertilizer rates for various contrasting reccanmerdation damins. 

Fertilizer use on barley was faurd to be highly d c  in these 

dry areas with mrginal rates of return m i n g  betwea U5 and 

330 percent. It was also chemed that the use of fertilizer 

to reduce the variability (as assessed by CVrs) of barley 

yields. 

Studv on Phosthate of Maior Soils 
-1 

A detailed study was made on fifty soils of Syria. 'Ihirty of 



these soils were sampled fran sites b b ~  coawxlrrent fertilizer 

trials were being undertaken on -&eat and barley, and twenty other 

sites, representing irrigated and very high rainfall locatiors 

were also sampled. F'ull Fhysical and chemical soil analysis was 

performed, and in addition, several extzaction procertures of 
#Ksphate were evaluated. 

k q e  differences exist in the auumt of available phcqhoxw 

extracted by varicxls methods  used. T?E smallest auumt was 

cbbined with the water extzaction and the largest by the citric 

acid solution of Dyer. 

Very high correlation coefficients were ckexved between the 

values of N--P and the Labile P-dxa&4 by anion exchaqe 

resin. FWthemm~, the relatiomhips betwem 01-PI oxalic P, 

c i W P  or total-P were fami significant. 

?he stror~~est relationships between relative yields of barley 

and -&eat and soil P were faurl first for NaIiq-P 

(Olsen-P) and secondly with the water extxadable P or resin-P. 

Similarly, under ccpditians, the relative yields of 
ryegrass grnwn in the wfreat soils correlated best with the Olsen-P 

and- resin-P. It was fand possible to establish q&te 

critical levels for fcur of the soil P tests that divide soils 

into grarps that are responsive and non-responsive to @nqhate 

fertilization. 

PPdsomtion Isotherns in Qlcarecus 
soils (section 3.2.21 

lb further enhance cur urders tadq of Fdynamics in calcareous 

soils, the P-adsorption isotherns of W v e  contrastbq surface 

soils were studied. Methodolq evaluation irdicated that 



equilibrium of m t e  adsorption fmm a 0.02 M KC1 solution . . cc&amrg a rarqe of amcentrations of phosphate (KH2F04) was 

achiwed in 6 haus, and was relatively -itive to the natural 

fluduations in laboratory tapmture. Both the Freudlich and 

Iangmh equations w e n  teste3 for their ability to describe the 

adsorption cuzves, ard the former was fcurd superior. Fhosphate 

adsorption p u e c  of soils was significantly related to the clay 

content of the soil, but to no other measured soil pmperty. It 

is mtemrthy that there was no relationship between phosphate 

adsorption a d  free 8.q content, and this sqports recent 

evidence that iron oxides may play a mre active role. 

Nitroaen MinerdLization Fwterttial of 
mian Soils (section 3.2.3) 

Previous reports (see EFW Annual Report 1988, Section 3.6) have 

presented results shwing that a lawwledge of the nitrqen 

minerdlization pmess in soils can assist in predicting respnses 

of cereal ~ n p s  to nitrogen fertilizer. ' I t is year we report an 
analysis of the relationships of No (the size of the pool of 

mineralizable nitrogen) ard K (the mineralization constant) to 

various soil properties. It was f& that as estimates 

of No varied widely aimqst soils, being highest for Mollisols ard 

1- for sardy Entisols. Values ranged fmm 30 to 325 n q  N/kg 

soil (0-20 an). No values were highly arrelaw with bath 

organic carbon and total nitrugen content of the soil. However, 

the minerdlization ccastant K varied only slightly between soils. 

&tween 1985/86 d 1988/89, 30 on-farm trials were corducted in 

Syria which assessed the biological and econmic impact of a range 

factors knmn to the production of chickpa. 'Ihese 

factors were time of sowing, wed cakml, @cqhte  application, 



irnculation and s m i q  method. T h e  qxximental design 

(replicated 2" factorial) allowed win effects and f i r s t  order 

imteractiaerj to be I. Biological and ecananic reqmnses to 

a l l  the factors investigated were  &served, but the frequency and 

mgdtuk of these rspnses variable, d e p a d q  upon the 

season mnditiaerj. Howwer, it was concluded that w i n t e r  

swing of chickpa (early D x e m h r )  canbined with weed control and 

mte ~ p l i c a t i o n  was consktmtly profitable across all 

locatiaerj and seasons, and always dartbated the ccmparable later 

scun trea- bath in terns of yield and profitability. Across 

yeirs and locations, the early averaged 1590 ky/ha grain 

ard a net revenue of 13,640 SYLJha mnpared with 1170 kg/ha and 

9660 SIIJha for the la ter  sawn treatment. 

Selectim of Barlev Genotwes for Svsters 
U s h  SuoDlanental Irrisation [section 3 .41  

Wirq 1987/88 and 1988/89 (two very carrtrastiq m m  with 

t o  rainfall) a range of barley genotypes were evaluated for 

their response to supplanental irrigation. The study was 

a t  Baueidar in N. Syria, a site located in Zone 4. 

Amlysis focus& on the inpact of three levels of sqplemental 

i r r iga t im cm grain and s t r a w  yield, water use efficiency ard 

protein producticm. All barleys reqmdd  w e l l  to additional 

water, but of these, Ribane-03 w a s  clearly the best. Its 

increased yield resulted frcm more grains/hzd rather than mre 

heds/n?. In  the s6m-d season, rainfed grain yield of Rihane-03 

rl £ r u n  0.22 t/ha to 2.70, 4.75 and 6.72 t/ha as it 

re0Eived sqplesaental irrigation to replace 33, 66 and 100% of the 

water balance deficit  respectively. Highest water  use efficiency 

was obtained when 66% of the water b a l m  deficit  was replaced by 

sqplesaental irrigation, with a man value for all genotypes of 

17.8 kg grain/ha/mn of water (rainfall + irrigation applied) 

ccapazPd with a value of 5.4 tmkr rainfed can;titions. 



In 1983/84, w e  established a large scale rotation (each plot is 

0.54 ha) a t  T k l  Hadya to examine the prduztivity of seven tm- 

crxlrse crqping systans. They are: wheat/fallw, wheat/sumper 

Q.cp (water melon), wheat/lentil, wheavwinter sawn dckpea, 

wheat/vetch (Vicia s a t i n ) ,  wheat@&c (Medicam sw.) and 

wheatmt. Pdditicmal *bents are inposed i n  a spli t-spli t  

plot design on the wheat phase of the rotation which examine the 

effect of contrasting nitzqen fer t i l izer  rates (0, 30, 60, 90 kg 

N/ha) and three kheat stubble retenticm strategies. Uniform 

m t e  (50 kg P205/ha) is -lied to the wheat m. The 
trial is a entry design with three replicates and occupies 

an area of 22.7 ha. 

F'ull details of the t r i a l  are reported, and an analysis of the 

pmrtuctivity of these crqping s y s t a ~  wer the l a s t  4 seasons is 

presented. Althalgh tmds are evolving which reflect the inpact 

of the ccastrasting stutble manag- treabents, these are nut 
dbmssd in this yeirrs  report. Instead the analysis focuses on 

the h k r a d d o n s  between season, nitrugen response of wheat, the 
water use d water use efficiency of selected rotations, and the 

averdl1 biologicdl and d c  productivity of the system. 

Mean wheat yields across a l l  rotations varied qreatly between 

the f a n  seasons (0.83 t/ha - 3.62 t/ha), largely due t o  xainfall, 

but within seasms, m i n g  seqence also had a pmmumd 

effect. Wheat yields follwing f a l l w  2 melon > vetch 2 lentil > 
chickpa > medic > a t .  R e m x s  for these effects are 

dbmssd. Responses of wheat to N fertilization w e r e  also 
affected by season, and to some e x t a t  by rotation. 'Ihe 

pmauctivity of the food legume phase (dm and lenti l)  is 

also discus&, and it is noted that  there is clear evidence of a 

negative respollse of these legumes to previous nitrugen 



application on wlseat, largely due to greater water use by the 

fertilized theat crcp, and heme greater stress in the 

legume '==Pa 

Zhe p e r f o m  of livestock (grazing days, liveweight gain 

and milk produdion) grazing the vetch and medic pastures is also 

pmsmted and discussed. Grazing days/ha for vetch ran# betwen 

1270 and 2212, and for medic 1320 to 2850 days. Full d c  
analysis of all seven cm~ping systaos was undertaken and the 

prooedures used are presented. Caution is raised with reqard to 
the methcdolcqy used to assess the profitability of systans whid'i 
Mude  livestock. !Ihe analysis M c a t e s  that systens which 

M u l e  livestock (wheat/vet&, w h e a w c )  in general have the 

hi- gross matgins with wheat/vet& being superior. Of the 

othar mtations, wheat/lentil was ccarsistently superior, and in 

contrast, amti.rlums wheat was c€nsistently the poorest and 

usually provided negative gross matgins. 

In last year's report (section 3.2), we presented results on the 

biologicdl and feed prcchztivity of canhasting barley based 

rotations. For the last twr, reasons (1987/88 vezy Wet, 

1988/89 very dry), nitrogen andlysis of harvest sanples was dlso 
wderhkm which all- us to examine the nitragen ecancrny of 

these rotations. 

W are long tenn rotation trials at twr, locatims (lkl 

Hsdya ard Breda) which examine the systems prcductivity of barley 
in rotation with fallow, vetch, lathp, vet&&arley mixbms, 

lathyrus/barley dx tu res ,  an3 amtiramus barley. Several 

fertilizer m q &  strategies are superinposed on W 

rotations. ?he s b d y  concludes that: 



- As has been reported before, a t  the same lwel of 

fertilization, barley-legume rotations produce more dry m a t t e r  

than barley-barley rutatiom (in this case, 26-68% mre, 
dqen3hg on site and seasan); but the superiority of the 

barley-leguw rotation in term of crop nitrqm yield is very 

nud~ greater (-tely 100-200%). 

- Use of legume-barley mixtures in place of plre l e p n e s  appears 

to be disadvantagecus. In prtiarlar, the use of mixtures 
reduoed crop nitrogen yield by a m a n  of about 10 kg N/ha in 
each of the rotation. 

- Rotations involving Lathyrus satiws consistently outyielded 

rotations involving Vicia sativa, w i t h  means of about 8% mre  

dry matter and about 18% mre  nitrugen. 

SDatial Rainfall Generation: mles f m  
A C a s e  Studv in the Al- Area, N.W. Svria 
[section 4.21 

Since 1986, a spatial weather generator (SWG) has been under 

develqmat a t  IC?NX. The reasons for un3erbki.g this work have 

been discus& in previous reports. ?he -tor is naw 

operational, and in this year's report we present examples of its 
artplt and use. 'Ihe f i r s t  part of the report the 

process of developnent of the tool in  sanre detail. 

m i n g  the develqmat of the SWG, it has been fcund 

to incorporate a ntrmber of measures to axyemate for various 

deficiencies e n c c a M  in rainfall r ~ ~ r d s .  These are: 

- Records of unequal lergth between different stations ard 

mrds w i t h  gap,  



- Inhcmogeneities in station records caused by a relocation of 

the station, chaqes  in the observation n~thod, or dmqes to 

the surrandirqs of the station bhich affect the 1-1 wind 

field , 

- Vary- reliability in report- rainfall amxnts below 

-+=ly 2 m, 

- Rmfihq off values to the closest value divisible by 0.5 or 

0.2, 

- Outliers, i.e. rainfall amxrnts with a very law probability of 

ocarrrence within the observation period of a station, 

- Unreliable stations, which need to be detectel and excluded. 

Ihe case shdy area in N. Syria is described, and a series of 

ewnples (preserrted as maps) of the qlication of the SK; are 

discussed, us- both generated daily and mthly rainfall data. 

The examples based on daily generated data are concerned with 

the influe~z of tenprdl anl spatial variability of rainfall on 

crop establkhuak and survival in early and late sum crops. 

Early (or dry) sawing on octcbx lst is sham to be a highly 

risky. In wheat and barley p i n g  areas, one a d  expest to 

wait between three to f a x  and five to six weeks respectively for 

germination rains to occur o m  year aut of every tm. Further 

maps illustrate the pmbability of severe dmqht during the 

seedlw stage follawing early planting and gemination. In wheat 
p i r f ~  areas, such a drmqht has to to expeded in 20-40% of the 

years, khile in sane barley areas, the risk increases to over 50%. 

A similar analysis for later planting shaws it to be a more 

appnpriate Strategy for risk avoidance. The potential danger of 



delaying plant-, and then being unable to enter the field due to 
contirnuxls rain is also evaluated. 

Ihe seam3 set of -1es is based on g m t e d  nunthly data 

and utilizes regression equations w t e d  fmm a s e t  of 75 cm- 

farm barley fertilizer trials (see section 3.1.1). The 

regressions relate barley yields to to April rainfall 
totals and levels of N and P205 -lied in barley-barley and 

fall-barley trapping sqwmces. Maps are galerated which shcrw 

the distritpltion, at the 80% prcbbility level, of unfertilized 

and fertilized (60 kg N/ha + 30 kg P 2 ~ )  barley yields. 

c3aracterizir-a Lhvland Farmincr wstms 
of Northern Jozdan (section 4.31 

The Jordan University of Science and Technology (JUST) and FFMP 

began a multidisciplinary cooperative research program in 1988 
with the objective of &aracteriz- the agricultuzal production 

systems of the so-called "maqinal zone" of rainfed agriculture. 
Agpnxhately 70% of the arable land in the Ha&mite Kb@an of 

Jordan falls into this category and receives between 200 and 300 

mu of average annual precipitation. -tely 41% of the 

cauntry1s m a t i o n  lives in this marginal zone. 

In this year's report, we describe the project area (Mafraq), 
which was chc6en to rep- the marginal zones of Jordan, arCi 

trace the develapnent of aqricY1tUre since the early days when it 

was dani~ted by m d i c  herdsmen. Based on a survey of 114 
farmers frcan 35 villages within the project area, an overview 
&scription of nrrrerrt fanning q s k n ~  is present&. 
analysis indicates that fcur basic fannirq strategies (or 
enterprise mixes) chinate within the area, with all tut 4 of the 
114 interviewed farmers falling within this grouping. They are: 

cereal/livestock production (CL), cereal/livestock/olive 



produdion (a), axwd/olive production (03) and cereal 

prcduction (C). axeal prducticm is larqely barley, a x l  

livestock are duninate3 by sheep. Preliminary enterprise 
and farmersy camwnts clearly show that of all these enterprises, 

livestock production is the mmt financially mmrdbg, and both 

CL and CLD famzs rely far less on off-farm enplayment to meet 

their family needs. hben asksd to identify their principal 

e l e m ,  almast all fanuers with livestock said an adequate feed 
supply. Rrhaps mre importantly, they said they desired to 

hcrease the productivity of their land with the specific 

intention of lesmbg their dependence on external scurces of 

livestock feed. 

U s i n g  the interrelations ammg the variables ewmined the 

report concldes that a preliminary target fanner popllation wculd 

display the follawirq mjninum characteristics: (1) man farm size 
of 20 ha, (2) mean ccnd~ined sheep ard goat flock of 90 hsnd, a 
(3) wan annual area plantxxl to barley of 8.5 ha. Such a grcup 

would be geographically oxcentrated in Zone 2 (200-250 m) and 

would depend on on-farm samxxs for the bulk of its hcusehold 

incme. It would also be a fair assamption that this grcup wculd 

have a reasoMble lwel and flexibility of disposable incane. 
Inproved technologies and cultural practices targeted to this 

pcpilation bald seek to raise the amxlnt of liv- feed which 

the farmer cculd pmduce f m  his land. 

CP1ES-Wheat Model and Stratfxic Plannim for 
NitrC9~ Fertilization - A Flamwrk [section 4.41 

CERES-wheat xdel was applied to the question of wheat yield 

responses to N fertilization under varicus ccnditions in Xian 

region of P.R. of China. Grain yield data obtained by a~plying 

the CP1ES-wfieat gmwth rrndel are examhd,  for strategic planning 
of N fertilization. lhis stLdy was undertaken to examire the 



feasibility of using tools such as this rodel to inprove 

fertilizer nxmmtlatiorr; and to develap long term policies for 

the makkmme of soil productivity. Soil pran-eters, the 

moesary crop mefficients rqu i red by CERFS, and nine seasons of 

daily clhtic data i h x e  used to predict wheat responses to 

levels of nitrogen fertilizer ranging between 0 and 210 kg N/ha on 

fcur soils of contrasting nitrogen status. Mcdel cut@ amfinned 

that msponses to nitrogen are sensitive to initial soil nitrogen 

levels and amxlnts ard distribution of seasoml water supply. 

Further analysis indicated seasonally dependent emncanically 

a p t h  rates of N application ranging between 0 and 150 kg N / h a  

in the driest and wettest years respedively. Timing of 

fertilizer application was also evaluated, and the m&l output 

ccnfinnd that split applications at ming ard at the start of 

stem elongation was superior, and on average gave a 10% inrrease 

in yield wer a single application at ming. 

Crop/soil nitrogen balances w x e  also assessed, and it was 

ccnc1- that in order to avoid long term depletion of soil 

nitrogen reserves, 120 kg N/ha shcPrld be added annually to wheat 

crops in Xian Pravince. 

2.3 Wect 3. W a n  and lhDact of llxhmlosy 

M i o n  Dmamics of Winter Sawn 
Chidccea in Moraxo (Section 5.2) 

In 1985/86, the demmstration of winter smn chidqxs in farmers' 

fields started in Morozm, and in 1987/88 two varieties IIC 482 

and ILC 195 were released ard the demonstration program was 

e x p r x k l .  Wing 1989, 1- aqmated with M o m  scientists 

in axducting a major survey to evaluate the adoption dynamics of 
winter chidqxs. A toW of 112 f- were interviewed. Four 

categories of farmers wxe identified: 



i) Non-adcuters farmers who had participated in previcus 

demNtrations kut had decided not to g r m  

w i n t e r  chickpa 

ii) Trial  farmers farmers i n  the process of evaluating winter 

chidqxa thrux& cllrrent damnstrations 

iii) Pdasters farmers who had startsd grcuing w i n t e r  

cfiidqxa independent of the damnstration 

Pmgram 
iv) psiahbars farmers had never grown w i n t e r  chickpea, 

but had seen neari3y demnstratiom 

The design an3 cbjectives of the survey are dkcused in 
deta i l  ard the results of the analysis are presented. ?he 

econanic perf- of w i n t e r  sawn chi- was assessed, and a 
w i d e  range of gross margins ( f m  -1213 CH/ha to +4667 m) was 

m. Reasons for this 1 q e  range are discussed. Trerds in 

the farming systems were evaluated, and it was confirmxl that  the 
area mder food l e q m ~  pmdudion was declining. 56% of the 

fanm=xs reported a dazease in  the land sown to J . e g u r ~ ~ ,  an3 only 

22% said they were grcuing more. Fanaers cited several reasons 

for reducing their area, kut disease and high labor costs of 

legume pmduction were aks'mdq. High market prices were  the 

major mason sane farmrs had ' + their area. 

Farmers were asked rn the major advantages they associated 

w i t h  w i n t e r  c h i c k p ~ ~  carpared with spring sewn varieties. Good 

plant starrl, high grain and straw yields, less risk of crop 

failure and resistance to disease were all frequently cited as 

FdmmgeS. &the other hard, when asked aboutprcblenrs, fa?m2rs 

cancerned abak the sndll seed size (hence market value) of 

the c;urrently released varieties and also their apparent 

susceptibility to disease. Additional problems with weeds wax? 

also f-y mentioned. V h n  asked possible constraints 

to further adopticn of w i n t e r  sown chickpa; small seed size, mre 



technical information and greater availability of seed wsre 

fmqently mentioned. 

Based on the malts of this survey, the report mludes with 

a section describing how the adcption process may be enhanwd and 

indicates the positive actions already being put into practice. 

Imreas' ma Shee~ Feed Sumlies in Svr ia. 
aurent ard Al-tive Stratecries fsection 5.3) 

Rising demand for livestock prdwts has resulted in a dramatic 

hma%e in National Sheep Flock size (3.1 to 13.3 million) in the 

last 35 years. The derived d d  for barley grain ard straw has 

caused an equally dramatic haease in the area sam to barley 

which has risen £row 0.75 million in 1960 to 2.9 million ha in 

1988/89, but yields/ha have largely stagnated. Andlysis of 

sexmhy  data of area, yield and production in terns of sheep 

feed equivalents (SFE) shawed that thirty years ago, Syria woule 
have expckl a sheep feed equivalent deficit of 3.0 million SFE 

only o m  in ten years, whereas now, it would be expecb3 that 

this deficit wculd exceed 4.0 million SFE nine years out of ten. 
'Ihis is reflected in our analysis of barley trade figures which 

Mcate  that Syria has mved £ran be- a frequent expo- to a 

frequent importer of barley in the last 25 years. 

Ihe data indicate that the rapid expnse of the area utkr 
barley has been achieved by expar&q cultivation h t n  mre and 

mre marginal environments, and through the adoption of barley 

monoail-. National average yields have not increased, but 

clear indications of increased yield variability are present. 

Currently, barley cultivation occupies two thirds of the arable 
land in Zones 2 to 5. Ihe hplicatians of this apparent straw 

on sustainable pxducticn and resource ccawrvation are discus&. 



Other possible strategies are ewmined the utilization 

of sane of m researefi results on iqmmed barley production 

practices and inn,ruved crqping systPns. 

'Ihe analyses inaicates that alkmntive strategies are 

possible. R e 3 x i . y  the area under barley in the q i n a l  m of 

Zcnes 4 and 5 a rd  iapming pmduction on the rerminirq area 
the introduction of shple inn,med practices such as seed 

dressing, drill s w m ,  the use of nitrcqen and plosphozus 
fertilizer and the maintenaxe of the barley/fallow rotation, has 

the potential to meet Inti& flock feed rqh=mks  in 75% of 

years and, at the same t h ,  will the stability of 

production wer tinre. In addition, the htxdxtion of forage 

legumes warld further enhame the Intional feed supply in all but 
the driest years. 

Chancres in Lentil Pnxhction Wchnoloqy 
m Svria: A Camnative StUCty (section 5.41 

In 1978/79 and 1979/80, ICARW scientists coxiucted a Lentil 

Produdion Suzvey in N. Syria. lkn years later, as part of an ar 

farm survey t ra in i rq cuxse at Tel Hadya, ICARDA scientists and 

trainees caxhctd a similar survey. Althcugh the g e c q q h i c d l  

areas cavered differed slighly in the two suzveys, and in spite 
of the fact that the raw data fmm the first sunrey was not 

available, sane intemsting observations on the wolution of 

lentil production practices wer ten years are possible. 

In general, famws have increased the rnrmber of land 

preparation cultivations with the bulk of famxs (65%) nclw 

cultivating twice. 

Over a ten year period, farxlers have also increased their seed 

rates substantially frw an average of 144 to 185 kFL/ha, k u t  



seeding method (70% manual, 30% mchmical) has remained largely 

unchngd. Similarly, the varieties used are also the same (80% 

local slvdll red, 20% local white large). Farmers are also tendirq 
to s a ~  their lentils several weeks later than 10 years ago. 

Average rate of @csphte a~plication has enorn~~~~ly 
(fmn 64 to 145 kg P20@), and 10 years ago 50% of 

farmers -lied no P, now cmly 13% use no fertilizer. 'Ibis 

increase in fertilizer use is dlmost certainly due to the relative 

price of fertilizer. In 1979, the farm gate price of 1 kg of 
Triple Super Fksphate was equivalent to 1 kg of lentil grain, 

whereas now it is equivalent to only 0.35 kg of lentil w i n .  All 
fanwrs interviewed still harvest by hanl. 

In mnetary tezms, production costs of lentils have increased 
shaxply, but relative production costs have declined dramatically. 
The average pnduction costs of 1 ha of lentils in 1979 had an 

quivalent value of 1218 kg of lentil grain, but this has fallen 
to 667 kg grain in 1989. 

Stubble Eurn.im in N.W. Svria. 
An Interim &DO* (section 5.51 

Cereal straw and stubble (partiaiLarly barley) are traditionally 
viewed as a valuable livestock feed. Stutbles are m i v e l y  

grazed during the summer mths and straw is often stored on farm 

for supplemental f- during the late ami Win*. T h e  

1987/88 and 1988/89 seasons in N. Syria represented the 3% most 

pmductive and 3% least productive of years. Very different 

stubble m g a w n t  strategies were w e d  in the two respective 

SUPPneTS. 

suzveys were ccosduded in both seasons to gain greater 
hight into haw fanners make decisions un stutble mnagemnt, and 



a short sumnary is presented on the infomtion gained in the 

f i r s t  survey t x d u c t d  in the highly pzrrduction season 1987/88. 

In spite of the value they place on stubbles, many fanners burnt 

them after d y  a partial grazing. In fact, 38% of the fanners 

w x e  burning their stubble for the f i r s t  time. When asked why 

they were hxrhq their stubbles, 63% of the fanners stated that 

they did this because (a) it eased cultivation and seedbed 

prepamtion or (b) it w a s  an effective rodent amtrol measure. 
23% said they needed to renuve the stubble as fast  as possible in 
order to plant an irrigated sumner crap. In general, f m  f e l t  

they had mre s t u b l e s  than were desired or needed that  year. 

A more detailed carparative analysis w i l l  be pmsemted next 

year. 

parlev Prduction Fhxztions as DescJriutors of 
the Irrmct of Technolow on Yield in S.E. Wkey 

N. Svria lsection 5.61 

Similar surveys on barley production practices w e r e  in 

N. Syria (1981/82) a d  in S.E. Wkey (1984/85). Canparative 

analysis of these surveys has keen undertaken, and we reported 

SUIE results in l a s t  year's Annual Report (section 6.4) . lhis 

year we present an across country analysis of the use of 

prcductim functions as descriptoxs of factors affecting barley 

yields. It was shown that six variables recorded in the survey, 

namely average rainfall, seed rate, seed variety, amount of 

mte =lied, amxnrt of nitrugen =lied anl soi l  depth 

acaxnrted for 62% of the variability in reported barley yields. 

Ihe authors argue that  such analysis of diagnostic survey data 

is a useful tool in determining important topics for future 

researh. They W i z e  that such production functions are 

almDst oertainly specific to the project area surveyed. 



pnricultural Iabor and ' l ' k d i m l c u i ~  
Chancre [section 5.72 

Wing 1987/88, as part of cur Regioml Agriculturdl labor and 

 logical Change Project, we coordinated eight case studies 

w i t h i n  the region. 'Ihese studies (am3wted by mtiavil 
scientists in Algeria, Morocco, TWLsia, Jordan and Wkey) were 

and discussed a t  a workshq a t  ICARW in July 1988. 

They have a&eqwnUy been m i l e d  into a boak whi& w i l l  be 

mished in 1990. In this section we present sumcaries of Ule 

principal findings of these eight case shdies. 

2.4 4- and 1 . . 
=fer (&or 6)  

- our Residential Training ~aurse (February 26 to mrch 30) 
focused on the design, amduct and analysis of farmer sunreys. 

It was attended by 11 trainees from Syria, Tkkey, Morocm, 

Algeria, Sudan, Ethiopia, North Yemen and Pakistan. (See 

also sectim 5.4 of this report for the results of the 

traineesr practical survey work. ) 

- We held three short cnurses: (i) Soil and plant analysis 

(February 5-16) attended by eight trainees fmn Syria, 

Algeria, llmisia, North Yemen and Ethiopia. (ii) A sub 

regional axlrse held in Algeria (June 17-26) on Fann Suzvey 

Methods which was attended by 15 trainees fma Algeria, 

Morocco, Tunisia and Libya. (iii) A course on the Schedulbq 

of SQplemental Irrigation (Novabr 7-9) attended by 10 

Extension agents frun Aleppo Province, Syria. 

- We jointly suprvised 4 mc and 5 FN) &dents, and prwided 

individual nm4egme training to  8 trainees. 



We held five meetings: (i) Jointly with Cukunnm Vnivezsity, 

Wkey an International Seminar on Farmirg Systens Rseamh 

(Octcber 31 - N w e !  3, 1988). (ii) A travelling workshcp 

in Tunisia and ~rocco (MI& 11-18) to visit and discuss 

activities in Soil T e s t  Calibration. (iii) Jointly with W, 

an International Symposium on the Zqruneteorology of Barley- 

Barley Based Systerm held in Tunisia (M 6-10). (iv) 

Jointly with MAAFRA (%key) and CDMYT an Irrternational 

Worm on Soil and Crop Mamgemmt for lmpmved Water Use 

Efficiency in Rainfed Areas, held in Ankara, W k e y  (May 15- 

19). (v) Jointly with the Syrian Soils Directorate, a meeting 

to provide an wexview of cur fertilizer resxch on barley 

and to develop extension/demonstration plans for 1990, held at 

Tel Hadya (June 11-12) and attended by Extension pxsonnel 

fran the major barley producing provinces. 

We m r M  with four visiting scientists and two pxtdccbral 

fell- in studies on the generation of barley pmducticn 

fmxtions, the application of climate and czcp models, the 

allocation of fertilizer at the National level, land tenure 

and management of marginal land, the finalization of reports 

on the farming systems of the N.W. Coastdl Region of Egypt 

and the production of a training mnual on on-fann -eys and 

trials. 





2. To dwelap strategies for efficient management of soil, w a t e r  

and nutrients in cmpping systens. 

3. To provide data for the developnent an3/or refinement of 

methods for the e&raplation of research findings in space 

ard time. [Linked to Project 21 

4. To provide socio-econcmic evaluation of problems farming 

systws and of the adaptability of research results to 

strategies for r s m r e  mmgemnt at the farm level. [Linked 

to Project 31 

'Ihe praper mnagement of soil, water and Q-OP nutrients lies 

at the heart not only of increasing productivity in West Asia and 

North Africa, but also of sustaining those increases wer time. 

Research on these topics is neither rapid not easy and by 

necessity requires that envirunmental interaction with technology 
ard long tenn inplications of alternative managerent 

strategies shauld be sMied. Such research is an in- part 

of Pmject 1, and this year cw report hiqhlights sane of the 

results of this work. 

Barley is an hprtant feed crop in semi-arid, winter-rainfall 

regions. Its major advantage is that it will grow in areas of law 

rainfall hhere other rrops, such as wheat and lequmes often fail. 

Urder such dry corditions, efficient water use is essential. 

Not only is the rainfall law and unreliable, but there is a hi* 

e~porative daMnd and, where severe deficiencies of soil 

nutrients oaw, up to 80% of the seasonal rainfall m y  be 
eMporated dimztly fran the soil in farmers' fields am3 only 20% 



of total water used by plants. However, extensive research at 

ICMUX has shown that application of fertilizer to barley results 

in a substantial inrrease in transpiration of water by the crq, 
ard rduc& losses due to evaporation fran the surface ulrjer the 

crcps. Fertilizer thus pmncltes a better wa te r  use efficimcy by 
the barley. However, a c c o ~  to the results of a survey of 
barley prcdwers in Northern Syria, less than 15% use fertilizer, 
even though deficiencies in the major soil nutrients P an3 N are 
widespread in their soils. 

These findings were d i m  by merrJ3ers of the IORLA Fzum 

Rescume MaMgemerrt hogram an3 of the Soils Dimcbrate (the 
Syrian Gavernwlt agemy reqonsible for detcmhbq fertilizer 

r q u h a k m t s  and Pecomnendations) at a workshop in Kamh 1984. 

Based on the deliberations and recannendations of that workshcp, a 
Collaborative proiect on Fertilizer Use on Barley was initiated in 
1984/1985 jointly by the Soils Dir%ztorate and the Fann Rt.souroe 

Program. 'Ibis cooperative research project ran for 5 
seascm anl was brmght to a successful mnclusion in 1989. 

The cbject of the project was to assess the biological and 
axmanic effects of the use of nitxugen and @m@mrus fertilizer 

cn barley, Wmugh miltipl- rmltiple-location trials an 
farmersf fields in the agricultural stability zones 2 and 3 of 

Northem Syria. The range of locations and seasons all& 

envirolntental variability to be taken into consideration in an 

analysis. At each site, soils were characterized ilnd -led for 

s&6qwnt nutrient analysis. Rainfall was measured weekly, so 

that the critical p r a m e m  of available N and P rainfall 

cauld be incorporated into the interpretation of results. Soil 

profile descriptions were undertaken at each location. 

Between the season 1984/85 to 1987/88, 75 researcher managed 

on-farm fertilizer trials were successfully harvested. The 



agrcnmic analysis of this extensive and u n i ~  fw: year data set 

is reported in section 3.1.1., and an ecarmic assessaent is 
reported in section 3.1.2. 

Wing the 1987/88 and 1988/89 seasans, we also evaluated 

farwr maMged fertilizer trials in om3x to assess 
i f  the we cbserved waild also be &hind by fanaens 

them soils, fertilizer and crcps were maMged entirely by them. 

Ik axprison of respcrrses cbtained in scientist managed Md 

farmer .mmg~~I trials is reported in section 3.1.3. 

In additicm to the abcnre studies, we have also mkrkhn 

mtrient analysis of grain arrl straw w l e s  froa s e l e  

trea- over the fax year period. Initial analysis of W 

data has sham large variability in the prcrtein cmb& of bath 

grain and straw and has illustrated that both environaental 
f- (seasmal rainfall and soil fertility status) ard 

Paragenerrt factors (application of N and P fertilizer) have 

w e d  effects on total protein production arid % paptain 

untmt. Ihe full analysis of these results is v i r g  arrl w i l l  

be--year. 

3.1.1 
Sllararv. 1984-1988 

M. J. Jones 

Ik series of maMged barley fertilizer trials 

on farrrrers* fields a- northern Syria is rru 
anplete. In the f a r  seasons, 1984-1988, a tatal of seventy-five 

trials were .sucess£ully harvested. Trial  sites are Mcated in 
Figure 3.1.1. 



Figure 3.1.1 Dis t r ibu t ion  o f  t r i a l s  in  northern Syria:  locat ions used in  
one (.), two (01,  th ree  (A) or  four  (0) years .  

'Ihe a p r b m t a l  pmc&ure was uniform thra@c&. Sites wmz 

selected each year to rep&: the main soil types used by 

fanners for  barley; the range of natural f e r t i l i t y  f a x d  in those 

soils; and the two predaninant crop rutatims, barley f o l l a w i ~ ~ ~  

fallud (F-B) and barley folluding barley (5B). Each trial 

ccnprised tm replicates of a rankmized canplete block with four 
rates of nitmgen (0, 20, 40 ard 60 kg N/ha, sup l ied  as d m  

nitrate)  and fcur rates of @mqkorus (0, 30, 60 and 90 kg 

P20+, supplied as t r ip le  super m t e ) ,  32 plots in a l l  
(each 12.5 m x 2.1 m). 

'Ihe initial cultivation w a s  done by the farmer, usually with a 

"ducks-foot" cultivator to m3erate depth (10-15 can); but f inal  

seedbed p~reepamdtion (with a spikes-tooth harrow), saving and a l l  

~ U s q u e n t  operations w e r e  mnctucted by a mobile researcfi team. 
Barley seed (var. Arabic Aswad) was treated w i t h  fungicide 

(Vitavax) and sum a t  a rate of 100 kg/ha us- a 12-mw py-jorrl 



plot drill set at 17.5 an r a ~  spacing. Mean sawing date w a s  15 

N c n r a k r  f 8.1 days. The @ m q h r u s  fertilizer and half of the 

nitrogen wxe  drilled with the seed, the renrabirq nitrqen being 

tcpdressed at the tiller- stage. Weeds  we^ controlled with 

Brcmindl Plus (240 g braninalh), -lied once or twice as 

r e x s s q  during February and Mamh. Harvest was usually in the 

first half of May. 

Soils tm-e sanpled in 20 an increments dawn to 100 an (or 

bed-rock, if shall-) at planting time for the detmm.ination of 

minerdl-N ad (Olsen) available-P. Rainfall was recorded on a 

weekly or two-weekly basis at each site, starting abcut 2-3 weeks 

before planting ard cmtummg . . until harvest. Yields were 

determined by c a k t h r ~ ,  at g m x d  level, eight or ten I-meter 
lengths of rcrw in each plot at mahrity. These samples were oven- 

dried at 80 C for 24-36 haus, weighed to detennhe total dry 

mtter, then threshed to determine grain weight. 

'Ihe present report attanpts to sumaarize the main agroncmic 

findings axl -te the main trerds. 

A major concern of this study was the effect of himy variable 

em' ntdL corditions on barley reqonse to fertilizer. We 

therefore start here with a sumaary of conditions at the 

experimerRdl sites and the broad effect of those conditions on 

c=P p e r f o m .  

Most soils were classified as either xerochrepts, 

calciorthids or gypsiorthids. T h e  gypsiorthids o a m m x i  mainly in 

the East (Hassakeh anl Raqqa provinces) and al.m& entirely in the 

drier Z a e  3, while calciorthids were mre ammn in the West. 

aR of 75 sites, 57 had soils at least 1 m deep, 14 0.5-1.0 m deep 



and 4 less than 0.5 m deep. 'Ibis distribution almost certainly 

urrder-rep- the use of shdllaw soils for barley by f a . ,  

but sites with shallaw soils suitable for mimentation were 

difficult to identify. 

Soil minerdla and availabl-P crxltents at planting time were 

mstly law tut with a few scattered hi* values in both cases 

(Table 3.1.1) . Mineral-N values tended to be higher at F-B sites 

and also in the drier Zone 3 and gypsiorthid soils; but available- 

P values wens w t l y  d a t e d  to rotation, zone or soil type. 

Table 3.1.1 Distribution of (a) soil OlSe. available-P ockltents 
(0-20 can depth) and (b) soil mineral* amtents (0-40 
an depth) at planting time the 75 experimental 
sites 

MmJwr of 
sites: 1 15 19 18 11 5 1 1 3 1 

Nun33er of 
sites: 2 31 23 10 6 0 1 2 
F-B sites: 1 18 19 9 5 0 0 1 
B-B sites: 1 13 4 1 1 0 1 1 

rainfall totals varied widely betwen sites wex the 

fw:  years, with a mean of 283.7 (_+ 100.2) mn and an extreme 

range, 135.9-567.8 mn. (These values anit any rain fall* 

betwen +Ae beghmirg of May and the middle of and will 

therefore, in sane cases, be less than the w- 12- 

mmth totals.) 'Ihe distribution of tcki ls is skewed: 48 sites (32 

out of 42 in Zone 3; 16 out of 33 in Zone 2) had rainfall less 



than 300 mn, krt there was a laq tail of higher values. Wst of 

these arose in 1987/88, w h i d ~  was an u t u s ~ d l y  wet season. Of the 

ather three m, 1985/86 and 1986/87 Were  ath her dry, 

1984185 d d  be described as average. ~ouever, al- each 

season had cerbb  features general across most s i tes ,  there were 

also wide differenrms between sites in both seasonal and mcartNy 

O N 0 3  F M A  O N O J  F M k  O N D J F M A  O N D J F M A  

T o t a l  r a i n ,  mm:- 

Mean 271.8 228.2 220.2 423.9 
Range 208.0-338.9 135.9-288.5 151.3-333.0 342.6-567.8 

NO of s i t e s  10 22 23 20 

F i q u r e  3.1.2 

P a t t e r n  of  r a i n f a l l  i n  each exper imenta l  y e a r :  month ly  means (+  s.d.) and seasonal 
t o t a l s ,  meansandranges. [Values f o r  October were f o r  l e s s  than  a f u l l  month 
i n  most cases.] 

Barley yield was strmgly, positively and linearly related to 
total sewmal  rainfall in each of the first three seascar;. For 

exanple, in 1985/86, linear ~xsgressicm on rainfall a m -  for 

74% of the variance of site man  yields of grain. In the nuch 
wetter 1987/88 seasan, hcuever, yield shCkAd little relation to 

rainfall; and over the four-year data set the general yield- 
rainfall - is better described by a quadratic expmsicm. 



4uations fitted to mean data £run F-B and B-B rotation sites 

sepmtely indicate dry-matter yield maxima for both rotations 

sanewhere between 400 and 500 mn, althaJgh yields in B-B rotation 

were generally 1- at all rainfall levels. Use of man data 

disguises quite large yield diffenmces, at all rainfall levels, 

between fertilizer treatmnts; tUt carprison of regressions 

fitted to data fmn the two extremes, zero-fertilizer control and 
the 60N:gOP treatment, shCkys the general trerd of the yield- 

rainfall relationship to be unaffected by fertilizer in either 
rotatim (Figure 3.1.3). 
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F i q u r e  3.1.3 R e l a t i o n s h i p  o f  t o t a l  d r y  m a t t e r  y i e l d  t o  r a i n f a l l  under 
ze ro  and h i g h  f e r t i l i z e r  regimes i n  F-B and 8-8 r o t a t i o n s  
sepa ra te l y .  F i t t e d  equat ions :  

R 2 ,  % 
B-F N60P90: Y = 74.214 - 0.08274~'  - 7583 (kg /ha)  67.3 

NOPO: Y = 52.17Q - 0.05868Q2 - 5792 51.4 

B-B N60P90: Y = 79.679 - 0.09282Q2 - 9455 65.9 
NOPO: Y = 34.60Q - 0.03931Q2 - 4016 43.7 



F&gressions on total seasonal rainfall take no acccunt of the 

distrihkicm of that rainfall. 'Ib examine the i r n p o ? i t . ~ ~ ~  of 

this, we have canpared the equation used so far (I) with an 

equation in d c h  the linear carponent of the regression is 

divided wer the monthly rainfall subtotals. ?his example is for 

grain yield (kg,ha) across all 75 sites: 

Y = 14.09 Qoct + 26.62 gaV + 28.56 Qdec 
+ 19.81 Qjan + 26.84 Qfeb 
+ 19.05 QJIW + 20.80 Qapr - 0.0224 $ - 2500 .... F.qn I1 (R2 = 59.1%) 

where Q is total seasonal rainfall, --April, and Cpz t ,  Qnov, 

etc., are the mthly subtotals. [All terns in each equation are 

statistically sicjnificant at the 1% level.] 

Increasing the ccmplexity of the equation gives sgne increase 

in the v a r d  a m t e d  for. Altkqh not particularly large, 

this increase inplies that rain made a greater or mller 

contribution to crq, yield according to when it fell. 

Given the limitations of the data set and the single 

quadratic tenn, it is a h n i t  certainly unjustified to place too 

precise waning on the individual values of the linear 

coefficients for ~ach m t h ;  kut their g e n d  trend, illustrated 

in Figure 3.1.4 is pmbably Jful. Coefficients for grain 

were mzderately corstant, inplying that rain at any time had 
approximately equal utility for grain praiuction; but 

cnrnzqmdq values for straw shwd larger differences, the 

peaks in Nave&er and Dxaher suggesting that early rain had 

greatest effect on pruhiction. T h e s e  trends to be broadly 

of fertilizer rate. Absolute differences between the 

ODefficients for zero-fertilizer ard high-fertilizer treabmts 

for most months w e r e  quite large, h t  the pattern of their values 

acmss the squenze of months was ranarkably similar. 



k g / m  1 Gra in  

Mean r a i n  24.1 29.8 37.3 61.5 50.5 52.1 28.5 

S.D. (+) 27.7 15.8 18.6 22.2 24.4 28.9 24.3 

40 - 

F iqu re  3.1.4 C o e f f i c i e n t s  f o r  month ly  r a i n f a l l  terms i n  r e g r e s s i o n  
equa t i on  111 f o r  g r a i n  and s t r a w  y i e l d s  i n  ( a )  h i g h  
f e r t i  1  i z e r  t rea tments ,  N60P90, (b )  zero  f e r t i l i z e r  
t rea tment ,  NOPO, and ( c )  mean o f  16 f e r t i l i z e r  
t rea tments ,  i n  each case a t  75 s i t e s .  [ A l l  va lues  
p l o t t e d  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0.01% 
l e v e l  i n  t h e i r  r e s p e c t i v e  equat ions . ]  
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Haever, a~pmiable differenoes when data were 

seprated aca,rdhg to rotatim. In the B-B rotation, the 1- 

effect of Nuvenber rainfall w a s  between 1 . 5  and 4 times greater 

for both grain and straw ploduction than that of rainfall in 
subsequent mnths, whereas, in the F-B rotation, coefficient 

values m i n e d  qroxhmtely canstant fran Novenber to March. We 

m y  hypOtheSize cautiausly that this arises frun a greater dryness 

of the soil profile in land prwimsly acqpd. to barley, whicfi 

makes the volume of early rain rmre criticdl for the p e r f o m  

of the new cmp. 

Effects of soil type kere nuch sndller than those of 

rainfall. Over all treatnk=nts, cdlciorthids gave the highest man 

yields of grain and straw, despite having a 1- man rainfall 

thanthat of thexem&rqts (Table 3 .1 .2 ) .  rainfall and 

p b l e 3 . 1 . 2  Summry of m a n  siteand yielddata onthe three 
min soil types 

Mrmber of sites 36 18 14 

Means across sites: 

T b b l  sa!imal rainfall, mu 294.5 273.4 259.1 
Minerdl-N 

(0-4Oandepth) ,Fpa 10.4 13.2 44.2 
Available-P 

(0-20 an depth), m 4.4  4 .9  4 .0  

Harvest yields, t/ha: 

N0po -tment - grain 1.42 1.69 1.04 
straw 1.71 2.05 1.30 

N6#90 -bnWk - grain 2.19 2.38 1.75 
straw 3.60 3.37 2 .66  

1 6 - t r e a b ~ n t  man - grain 1.83 2.02 1.32 
straw 2.58 2.70 1.84 



mean yield were lmest for gypsiorthids, a predanhntly Zone-3 

soil. Higher yields on calciorthid soils appeared to arise f m  a 

greater responsiveness to rainfall on those soils (Figure 3.1.5) . 
'Ihe reasons for this are not IaXxJn. 

0.oJ I I 1 
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F iqure 3.1.5 E f f e c t  o f  s o i l  type on t h e  response o f  t o t a l  d r y  mat te r  
y i e l d  t o  r a i n f a l l .  Equations based on values f rom 
a l l  16 treatments: 

C a l c i o r t h i d s :  Y = 74.454 - 0.07517Q2 - 10007 (kg lha)  
Zerochrepts: Y = 48.214 - 0.05274Q2 - 4616 
Gypsior th ids:  Y = 64.53Q - 0.07930Q2 - 6980 

[Variance accounted f o r ,  62.1%, 43.9%, and 67.0 respec t i ve ly . ]  

Effects of soil mineral-N and available-P contents on yields 

(site means or individual treatment&) were rmch snaller than those 

of rainfall and were also partly a m f w  with them, since soil 

mineral-N values terded to be 1- ad available-P values 

slightly higher &ere mean rainfall was higher (e.g. Zone 2 

cwpared with Zone 3). For these reasons, it is diffiaiit to 
identify site yield differences (wen in the zero-fertilizer 



rmtrol treatment) attrilxltable to initial soil fertility 

differences. Nevertheless, as we show belw, the effect of such 

differences on crap respmse to fertilizer can be dewmhated. 

One further site difference was that of rutation. As noted 

W e ,  yields and values of yield/mn of rainfall m generally 
lower in B-B than F-B rotation; d, as the means show (Table 

3.1.3), this cannot easily be attributed to differences in 

measured site factors. Nor can it be attribute3 to any 

substantial differenoe in resporrse to fertilizer. Regmsions of 

totdl dry matter on rainfall show similar discrepancies between 

rotations in both zero-fertilizer and high-fertilizer treatments 

(Figure 3.1.3). Part of the differenoe may have been of 

biological origin (i.e. rotations differing in pest and disease 

incidence) and part, at least in sane cases, due to differences in 
the m t  of stored water in the soil profile at planting time. 

Table 3.1.3 Mean site aditions and mean yields (16 treatments) 
in F-B and B-B rotations 

Yields, t/ha 
Mineral-N, AvailableP, 

Rotation Rain, mn ~ p n  FFn Grain Straw lbtal 

F-B 286.4 18.4 4.3 1.99 2.79 4.78 
B-B 277.0 15.4 4.9 1.40 1.95 3.35 

3.1.1.3 General pattern of vield 
resnorse to fertilizer 

Mean yields of grain and straw acmss the 75 trials s h w d  highly 

significant respollses to both N and P fertilizer (Table 3.1.4). 
Inmsa%s over the control treatment were rather greater for straw 

than for grain (88% conpared with 48%, at the highest fertilizer 

rate, NbOPgO), msulting in a reduction in harvest index with 



increasing fertilizer rate ( f m  45.5% in control to 38% in 
N60PgO). Fertilizer effects on 1000-grain eight w e r e  sndll, 

especially in the case of @mqhate, but significant. Values 

tended to dexease with increasing fertilization. 

Table 3.1.4 Mwn effect of fertilizer treatment wer 75 sites on 
barley grain and straw yields (tm) and 100Ograin 
weight (g) 

Mean 

Mean 

*** 
100O-GRAIN 0 33.5 33.3 33.2 33.2 33.3 

WEIWI? 20 32.7 32.4 32.3 32.2 32.4 
40 32.0 31.6 31.6 31.7 31.7 
60 31.6 31.1 30.9 31.0 31.2 *** 

Mwn 32.5 32.1 32.0 32.0 32.1 

Standard ermrs (2) of main treatment mans: grain,  0.015; straw, 
0.042: 1000-gain weight, 0.083. Analyses did not test for 
significance of N x P interactions. 

Analysis of the same data on a trial-by-trial basis shew 

that barley grain or straw or both responded positively and 

significantly (at 5% level or better) to N and/or P fertilizer at 



74 of the 75 sites. Significant responses were mre nrrmemus to P 

than to N but not by a wide -in: 50 to 53 for straw ard 45 to 

36 for grain. Again, we see the sanewfiat greater responsiveness 

of the straw. Examination of the frepency of significant 

responses to fertilizer in relation to site factors (Table 3.1.5) 

,shews that: 

a) the importaxe of N bxeasd ard that of P decreased with 

inrreasing rainfall (ard, less clearly, in passing fmn Zone 2 

to zone 3 ) .  

b) N was more important in barley-barley (B-B) than in fall* 

barley (F-B) rotation, thaqh not by a wide -in. 

c) P was nrst important, ard N least inprtant, in gypsiorthid 
soils. 

d) initial soil contents of available p~aqzhate (Olsen) at 0-20 

an depth ard mineral-N at 0-40 an depth infl- fertilizer 

response. 

Significant interactions between N and P fertilizers were 

relatively few - 14 sites for grain, 18 for straw - but this 
w&r-values the extent to w h i c h  one nutrient had a syneqistic 

effect on the other. 'Ihere were very few sites at which reqxmse 
t o P w a s n o t e n h a m x l b y t h e p r e s e n c e o f  atleastalcwrateofN. 

[See also the positive NP term in the equations given in Table 
3.1.6.1 

These Wyses show that, in a general way, barley respxds 

well to fertility but that the size ard statistical significanoe 

of that reqmnse may depend on envirommtal conditions- 

rainfall, soil type and preceding cmp. However, for better 

understanling and for practical a~plication, further analysis is 



w e  3.1.5 Summary of the percentage distributions of 
significant ~mspome to N and P fertilizer as 
affectcrl by main site factors 

Factor 

Grain straw 
NlRdler 
of sites N P N P 

Rainfall < 225 24 21 88 50 96 
225-300 nm 29 52 52 76 79 

> 300 rm~l 22 73 41 86 59 

-tion F-B 54 44 65 65 81 
B-B 21 57 48 86 71 

Soil Csarp Gypsiorthid 14 21 86 36 100 
Xeroduept 36 64 53 89 72 
Calciorthid 18 39 61 72 89 

Available P < 5.0 ppo 50 46 68 64 88 
5.1-8.0 ppo 19 37 53 79 68 

> 8.0 ppo 6 100 17 100 33 

Rainfall values are totals fmm mid+ct&er to end of April. 

rqubd to express relatimships quantitatively as 

equations or models. 'there is no single mrrect way to do this. 
We have chosen a dired ~rqmssion -&. We have looked for 
sinple nrodels that express yield in imms of the rate of =lied 

fertilizer ard rainfall, for alternative sets of envimnmentdl 
ap-ditiors, and in doing this, we have recognized two cliff- 
aims: 

i) Descriptive - to inpruve our of the separate 

and interacting effects of fertilizer a d  var ias  

envirormental factors on crcp performance. 



ii) Predictive - to Mate haJ barley will respord to 

fertilizer on future occasiorr;. 

'Ihe first facilitates scientific interpretation of the 

results. The semnd is essential to the practical of 

&velaping fertilizer reamwrhtions. Ihe tm n&.hodolcgies 

differ, because not all the infonmtion available for 

rebxpztive description is available for prediction. 'Ihis is 

chiailsly true for rainfall hR may also q l y  in muy cases to 
soil parameters. 

Zhe descriptive model used has the general form: 

w b x e  N and P represent r a w  (w) of fertilizer N ard P205 
amlied, Q is total seasonal rainfall, am3 a, b, . . . i are derived 
ccefficients different for eacfi version of the equation. 'Ibis 

all- for the large linear ard quadratic effect of rainfall on 

general yield level; yield reqonse, linear and qmdmtic, to 
fertilizer; ard the first order b c t i a n s  of rainfall on 

fertilizer respollse. Further ccnplexity has M famd to give 

arly marginal increases in the variance accanrted for. 

ODefficients for the abwe equation for various set or subsets 

of the data are given in Table 3.1.6. In all cases, caution is 
needd in interpretirq the meaning of individual tenus. For 

irrstance, a negative value of the ooefficient for the linear N 
term does not mean that yields are generally depressed by =lied 

ni-. Rather, the response to N is sbmqly rainfall- 

deperrderrt, and this is oovered by the positive interaction 
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term. Such effects are most easily represent& grqhically: for 

ewnple, the grain ard straw yields in F-B rotation (Figure 

3.1.6). At the hic@st fertilizer rate, the calculated grain 

yield inp1wexe-k over amtml rises fmn 483 w at 150 mn to 
961 kg/ha at 400 w (an imrease of 478 kcyha or 99%), while 

figures for straw are 967 and 2270 kq/ha (an 

imrease of 1303 kcyha or 135%). 

lhere are other ways of repmsenting the relationships 

-ibed by sub. equatiorrs. For kstance, isaquants for grain 

yiald increases over zero-fertilizer amtml have been derived 
fmm the quatiorrs for F-B am3 B-B rotations at three rainfall 

values, the seasmal mean of the 75 trials and one standard 

deviation abwe and below that mean (Figure 3.1.7) . For F-B 

rotation, e c e p t  at the lawest rainfall, iscqmts are 

appmxhately equidistant f m  both N and P axes; h t  for B-B 

rotation, with increasing rainfall they becane increasingly 

orientated parallel to the Paxis. This damnstntes the 

increasingly greater inportance of N fertilizer for continuously 

crqped barley urder increaS- rainfall. 

Alternatively, we may look at the effect of soil nutrient 

ccdxnt at pl- t h  on barley reqmse to =lied fertilizer. 

T h i s  is illustrated for total dry matter production at three 

stadard rainfall values in Figure 3.1.8 in resped of three 

different states of soil nutrient availability: %apaI1 (low 

available N and P), 'CNAp" (high available N, low available P) ard 
WAPAI1 (hi* available N and P). The state wmPAtt is a n i t t e d ,  

because it includes too few sites. In fact, the dividing value 

between high and low available P, 4.5 p, is already rather low. 
O t h r  work arggests that the "criticalQ1 Olsen-P value abcrve wfiicfi 

fertilizer resporrses rapidly decline is amunl 6-7 ppn. 'Ihis 

uuAd have made a more ~propriate dividing line, but one whi& 

pit mst soils in the low available-P category. 



Grain - 
400 

Figure 3.1.6 E f f e c t  o f  r a i n f a l l  on the d i f f e r e n t i a l  responsiveness o f  

9 r a i n  and straw t o  N and P f e r t i l i z e r s  i n  F-B r o t a t i o n  
drawn f rom equat ions b and d i n  Table 3.1.6). 



FALLOW-BARLEY BARLEY-BARLEY 

Figure 3.1.7 I s o q u a n t s  f o r  g r a i n  y i e l d  i n c r e a s e  ( kg /ha )  o v e r  ze ro -  
f e r t i l i z e r  c o n t r o l  i n  F-B and B-B r o t a t i o n s  a t  t h r e e  
d i f f e r e n t  seasolla1 r a i n f a l l  v a l u e s :  ( a )  183.5 mm; 
(t ') 283.7 mm; ( c )  383.9 mm ( i . e .  7 5 - s i t e  mean f 1 s t a n d a r d  
d e v i a t i o n ) .  Numbers i n  b r a c k e t s  i n d i c a t e  z e r o - f e r t i l i z e r  
c o n t r o l  y i e l d s  ( kg /ha )  i n  t h a t  r o t a t i o n  f o r  t h a t  r a i n f a l l  
va lue .  ( P l o t t e d  l i n e s  c a l c u l a t e d  f r o m  e q u a t i o n s  b  and c  
i n  Tab le  3.1.6). 



F iqu re  3.1.8 E f f e c t  o f  i n i t i a l  s o i l  n u t r i e n t  con ten t  on t o t a l  d r y  m a t t e r  
response t o  a p p l i e d  f e r t i l i z e r  a t  t h ree  r a i n f a l l  l e v e l s :  
increases ( t l h a )  over  z e r o - f e r t i  1  i z e r  c o n t r o l  ( a )  f rom 
N - f e r t i l i z e r  a t  two r a t e s  of P - f e r t i l i z a t i o n  and (b )  f rom 
P - f e r t i l i z e r  a t  two r a t e s  o f  N - f e r t i l i z a t i o n ,  f o r  
naps (-.- .- .- ), NApa ( -  - - - )  and NAPA (-1. 
(Drawn f rom equat ions h,i  and j i n  Table 3.1.6). 



Nevmless, the three equations shaJ sare inbxe6tb-q 

differences. With the single exception of resparje to P cm NApa 

soils in the absence of added N, all fertilizer respar;es increase 

with increasing rainfall. But they also m e r g e .  That is, the 

higher the rainfall, the less critical the effect of initial soil 

fertility on yield response to fertilizer. At 200 n, yield 
inrreases fmn the highest fertilizer rate on n a p ,  NApa ard W A  

soils are, respectively, 2.12, 1.85 ard 1.25 t/ha; but at 400 nm, 
3.47, 3.03 a d  3.34 t/ha. 

Where differences occur, that is at lrw rainfall (exsrplified 
by the values calculate3 for 200 mn), they amform largely to 
qxxtation. 'Ihus, mspmse to fertilizer N is greatest in napa 

soils; in fact, in NApa ard NAPA soils it is negative in the 

absence of added m t e .  Respolrje to fertilizer P is also 

greatest in napa soils but only in the presence of xUe3 N. K k n  

no N is added, greatest response is in NApa soils. 

Many other equations, and ways of representiq them, can be 
derived to represent the information in the 75site data set. 

Haever, there are limitations. For ewnple, we may canpare yield 

mspnse to rainfall aml fertilizer on three different soil types 

or in t m  different rotations but not in each of the six different 
ambinations of soil type ard Iotation sqarately. Site numbers 

are too few to give six reliable equations. Nevertheless, in 
general, the regression qmch adds greatly to am understanding 

of the pattem of yield resparje to fertilizer pmided by 

stardard analysis of variance (Tables 3.1.4 ard 3.1.5) . Among the 
points that stand art are: 

a) 'Ihe diverqence between rotations in crop resparje to amlied 

N. ?hat response intensifies with hxeasing rainfall wre 

m l y  in B-B than in F-B rotation, to an extent that 

a~pears displaportianate to any initial differmce in soil 
mineral-N content. 



b) The convergence, with increasirq rainfall, be- soils of 

different initial nutrient omtent in crop response to 

applied N and P. 

Such effects shcoild be seen in the cakext of the very large, 

curvilinear response to rainfall that occurs irrespedive of soil 

type, nutrient status or rotation. Between 150 and 450 mn, with 
or without applied fertilizer, the bi- incl-8ases three- or 
wen far-fold with, pmsmmbly, appdmtely prqmrtimate 

increases in the demand for nutrients. 'Ihere is thus a remarkable 

d q e m k c e  on rainfall in the efficiency with which 

nutrients are utilized. 

For instance, under 200 nun rainfall, a soil with 3-4 ppn 

available P and 10-15 p n  m i n e r a l - N  might yield It barley 

grain/ha without fertilizer and perhaps 1 . 5  t/ha with fertilizer 

(N60pgO); but 400 URll, the Same Soil, lQiC$lt ploduce as IIUd'l 

as 2 .0  t/ha withart fertilizer and 3.5  t/ha with fertilizer. In 

particular, yield w n s e  per unit of fertilizer nutrient- 

"fertilizer efficiency" - varies widely (Figure 3.1.9) . As well 

as declining with incraashq rate of application and taking a 

higher value where both nutrierrts are applied tqether, this 

efficiency differs 

a) between rcrtations, for both N and P (e.g. in the presence of 

60 kg N/ha, 50 kg P205 increases grain yield by 6 . 3  kg/kc~ P205 

in F-B rotation but by only 3.5  Jcg/kg P205 in B-B rotation) ; 

b) a m -  to rainfall anwnt, for N (e.g. in the presence of 

90 kg P205/ha, 35 kg/ha increase grain yield by 5 kg/lq N at 

200 mbut by 15.1  k g / k g N  at 400 nm). 

The above points underline the difficulty of m & k q  reliable a r ~ I  



econanic fertilizer-rate A t i o n s  in a highly variable 

rainfall envirorrment. In the search for a useful model tn achieve 

predictive aim, but aarmnodating rainfall unpredictability, 

two aFproaches have been anpared: 

Fallow-Barley 

Rain, m 

Fiqure 3.1.9 Ef fec t  of r a i n f a l l  and r o t a t i o n  on grain-yield production per 
u n i t  of f e r t i l i z e r  n u t r i e n t :  ( a )  response t o  N a t  t h r e e  r a t e s  
of app l ica t ion  in the presence of 90 kg P205  (- ) and in the  
absence of appl ied P ( - - - - - ) ;  ( b )  response to  P a t  th ree  r a t e s  
of app l ica t ion  in the presence of 60 kg N/ha (- ) and in the  
absence of appl ied N ( - - - - - ) .  (Based on equat ions b  and c i n  
Table 3.1.6) .  



I. 'Ihe calculation of s-le equations representing yield 

hmease over zero-fertilizer control, quadratic with respect 

to N and P fertilizer rates k t  cmittbg rainfall terms. 

11. The application of historical rainfall data to saw of the 

descriptive models already described to look at the long-term 

pzPbabilities of response to different fertilizer rates. 

We also recognize b m  different recarmendation abjectives: 

a) general remrmerrhtions, for bzmdly-defined envirolrments, 

which any farmer growhg barley in that environment could 

to use with the mininum of risk; 

b) mcmmwdations that a m t  of kncm values of available 

N and P in the soil. 

For the general rearrpnendations uder a~pruach I abwe we have 

used equations representing the immase in grain yield due to 

fertilizer use, aver zenrfertilizer control, of the form: 

there N and P represent the rates of fertilizer N ard P205 applied 

(kg/ha) and a, b, c, d and e are derived coefficients. 

Such equaticms have been derived £run subsets of the data 

specified, for ease of m k q x n t  prediction, in tefins of easily 

identified site pameters :  geqmphical location (province, 

region) ; rrop rotation (barley after fallow, F-B, or barley after 

barley, B-B) ; ard agricultural stability zone. amparisms 

between actual mean yield jnmeass and those germated by these 

equations make it quite clear that equations give a nuch 

better fit than does the "generalo1 equation based on the full data 



set (Table 3.1.7) . Al- this is rut true validation, since 

the equations are be- tested only against the data fmm which 

they were deriwd, there is a strorg implication here that 

amropriate subgrarpw warld give better pzeaicticm. 

Table 3.1.7 Carparisas between actual hcmases in man .grain 
yield for three fertilizer treatmmts and estmtes 
calailatd frun fitted equatiars (given below) 

Fertilizer treatnmt, N : P205 

0 : 90 60 : 0 60 : 90 

Sites Actual Calctd Actual Qlctd Actual Ollc8d 

All 234 217 160 177 717 728 
Zane 2, F-B 153 163 2 18 197 720 733 
Zone 2, B-B 463 391 7 12 744 1113 1085 
Zone 3, F-B 338 297 -83 -35 684 689 
Zone 3, B-B 16 36 254 245 539 581 

(Based on the follawing equations: 

coefficients for Equatirm N 

Sites a b c d e 
Mj R~~ 

% 

**** 
All 75 7.520 6.517 **** 
ZDne 2, F-B 25 6.733 5.797 **** 
Zone 2, B-B 8 24.759 7.882 

+ 
Zone 3, F-B 29 3.517 7.892 ** 
Z q i e  3, B-B 13 7.352 3.994 

significance levels of cceff icients: **** 0.01%; *** 0.1%; ** 1%; * 5%; + 10% 

Zone 3 group includgs a few Zone 4 sites.) 



Fmm a practical stadpint, the question is, which system of 

subdividhj the data gives the best predictive equations. There 

are considerations of both reliability and field applicability 

involved here. One wezhess of the division into two zones and 

two ratations shawn abave is that the "Zone 2, 5BIt subgraup 

oanprises only 8 trials, hardly an adequate sample. One 
alternative division, of similar field practicality anl having 

~ m r e  equdl partitic* of trials betwen fllbgrcorps, is that into 
two zones and tm geograFhic regiorrs, W e s t  (Aleppo and Harna 

Prwhces) and North-East (Raqqa and Hassak& Prarinces). 

Equations for these subgraups also generate treahent values that 

fit well to the actual exprktal means (Figure 3.1.10) . 

For situations where soil available N and P values are kmwn, 

equations have been developed for fcur states of preplanting soil 

fertility: "nap" (law available N and P) ; l@Mlpall (high N, law P) ; 

"naPAa@ (law N, high P) ; and l*NApA1l (high available N and P) . As 
dxsexved previcxlsly, the (Olsen) available-P value, 4.5 ppn, used 

to separate I 1 p l 8  frun @@PABt, is itself rather law (because the 

distrbtion of expriment.1 soils was rather averweighted taJazds 

low available-P axbmts). Heze, an "WA1* equation is included- 

- for ccpnpleteness - but, based on only 10 trials, it may be less 
reliable for predictive puposes than the other three. 

Isoquants derived fmn these equations denmstrate that 

initial soil fertility status produces substantial differences in 
Me fertilizer needed for a qecific mean yield increase (Figure 

3.1.11). For instance, on a per hectare basis, an extra 400 kg 
grain requihs just 20 kg N in "wpAq8 soils; 20 kg N and 40 kg 

P205 in %apaot soils; 20 kg N and 60 kg P2O5 in oWApziw soils; and 
40 kg N and 60 kg P205 in I1NAPA1 soils. If the soil is already 

relatively rich in available nutrients, a greater inprC of 

fertilizer is required to give the saxe  yield increwlt. F i x  

"NAPAll soils, there is a fairly law limit on the yield inxease 



F i g u r e  3.1.10 Values o f  g r a i n  y i e l d  i n c r e a s e  ove r  c o n t r o l  under  
f i f t e e n  f e r t i l i z e r  reg imes:  comparisons o f  a c t u a l  
means (-) and va lues  c a l c u l a t e d  f rom subgroup 
equa t ions  - f o r  f o u r  geograph ica l  s i t u a t i o n s  
w i t h  va lues  c a l c u l a t e d  f rom t h e  genera l  7 5 - t r i a l  
e q u a t i o n  ( 0 ) .  
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napa ----- NApa -.-.- naPA --- NAPA - kg P2051ha 

Fiqure 3.1.11 Isoquants i n d i c a t i n g  t h e  amounts o f  f e r t i l i z e r  required t o  g ive  
mean g r a i n - y i e l d  increases over cont ro l  o f  200, 400, 600 and 
800 kglha under four  d i f f e r e n t  i n i t i a l  condit ions o f  s o i l  
f e r t i l i t y  

that  can be d e v e d ;  no ferti l izer rate w i t h i n  the mqes 

tested, w i l l  give a mean grain-yield increase of 600 kg/ha. 

A l l  the abwe predictive equatiom contain no rainfall term 

but, instead, ~~assumew a rainfall that  is, in fact, the man of 

the rainfall totals recorded in the trials contrituting to the 

data set upn w h i c h  the equation is based. T h e  equation for, say, 

F-B rotation in Zone 2 assumes an O c t c h r - A p r i l  rainfall total of 

315 mn, and that for F-B rotation in Zone 3 262 mn, these being 
the mean values, rxqectively, for the 25 ard 29 tr ials  in  those 
subgroups. Given that these mans are reascolably repre!sentative 

of the zones cmcemed and that "next season's rainfall" is always 
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I 

Rainfall, mm 

Figure 3.1.12 Probabilities o f  October-April rainfall totals a t  six sites in 
north-west Syria (based on 23-28 years of records since 1960). 
Sites: A: El Khafseh; B: Abudhu; C: Munbuj; D: Breda; 

E: Saraqeb; F: Qadi 

unpredictable, su& an assurrptian may seem mavoidable. Hwmx, 
where long-term rainfall feoozds are available, it is passible to 
inprove on this. Acoeptm that p r w i ~ l s  rainfall reCOLTjS may be 

taken as a reliable guide to future rainfall prdmbilities, 

descriptive quati- that express yield in term of both 

ferti l izer rate ard rainfall can be used to make statements abcut 
future yield reqomes to fertilizer in pdmbi l i s t i c  terms. 

For example, Figure 3.1.12 shows Ockber-April rainfall totdls 

a t  pmbabilities of 10 to 90% for a rmqe of ~ m l q i c a l  



stations in north- Syria (based on 25 _+ 3 years data fmm 
the perid, 1960-1989). Fran these, it k pcrsible (using the 

appropriate equation in Table 3.1.6) to calculate yield increases 

at the same m i l i t y  levels for any dvsen fertilizer 

trea-. An ample axpmis fan- fertilizer treatmnb -lied 
to barley in F-B rutation at a m%rately wet  station, Bmimj, ard 

a relatively dry staticn, El xhafseh (ockbm-m man totdls, 
264 _+ 79 nm and 215 _+ 61 mn, mspectively) (Figure 3.1.13) . 

Probabi l i ty, !  

r I I I I I I I I 

0 200 400 600 800 

Grain, kg/ha 

Fiqure 3.1.13 P r o b a b i l i t y  o f  g r a i n  y i e l d  increases over c o n t r o l  from f o u r  
f e r t i l i z e r  treatments app l i ed  t o  ba r l ey  i n  F-B r o t a t i o n ,  a t  
Munbuj (- ) and a t  El  Khafseh (-.- -- ) 

Given a sufficient density of staticsls with long-term rainfall 

lpcords, one may take this process csle step further anl -late 

maps of rainfall pmhbility into maps of fertilizer response 

prabability. Figure 3.1.14 illustrates the potential h t  also two 
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of the current limitations of this method. First, the density of 

stations decreases rapidly tcwards the drier areas; and, 

unforbmately, it is these areas where the question of the 

reliability of barley response to fertilizer becanes most 

critical. Semrdly, there is the @1en of inconsistencies 

between neighbmring stations, arising mainly fmm smll 

differences in the time sparrs of the available data. In a mcord 

of only 25 years, the pres~ce or absence of one or two years8 

data can make a substantial difference to the probabilities 
indicated for a particular rainfall oxxiition. limever, the 

dwelqment of reliable statistical techniques, a u r e n t l y  in 

progress, for the generation fmm existing records of long-term 
rainfall data sets on a regular mapgrid basis waild  pear to 

pzcPnise mch scope for refinement of this I&hoL 

3.1.2 

A. Mazid 

Faur years8 results fmm the collaborative ~ I C A R I Y L  on-fami 

barley fertilizer trials a m  nm available and allow a detailed 
econanic analysis of fertilizer use on barley in zones 2 and 3 of 

N. Syria to be mnducted. 

In a partial budget analysis of the fan-year data & (Table 

3.1.8), values of net rwenue. and marginal net benefit/- 
ratios were ccwpared, for each fertilizer treatment, betwen three 

groups of trials using 1988/89 prices of grain, straw a d  

fertilizer: 

F-B rotation in Zcare 2 
F-B rotation in Zone 3 
8-B rotation in Zones 2 and 3 together 



W l e  3.1.8 Calculated mean values of net reverue ard q i n a l  
net benefit:& ratio for F-B rotation, zanes 2 and 
3 sqxxately, and B-B rotation 

Net- Net benefit:- 
sryha ratio 

kg P20+: 0 30 60 90 0 30 60 9 0 

F-B Zone 2 0 0 -66 545 71 
(25 sites) 20 -123 1076 1418 1168 

40 455 1468 1992 2138 
60 653 1537 2180 2547 

F-B Zone 3 0 0 335 609 893 
(29 sites) 20 69 1269 1363 1448 

40 -54 897 1542 1898 
60 -532 1205 1767 2315 

B-B ( A l l )  0 0 216 133 214 
(21 sites) 20 977 1171 1648 1335 

40 1278 1913 2046 2091 
60 1562 2572 2597 2576 

Net revenue values indicate that fertilizer use on barley is 

profitable in a l l  treabmts e c e p t  (i) the low rate of mte 
without nitrogen (P30N0) ard the low rate of nitrugen withart 

w t e  (PO+O) in F-B rotation in Zone 2; ard (ii) all  rates of 

nitrogen w i t h o u t  w t e  (except PdJ20) in F-B robtion in Zane 

3. 

Twhnicdl ard eaxanic inpt optima were calculated for thirteen 
different defined emrimnmnts, by taking partial derivatives of 

the relevant estimated respmse function for grain yield (see 

aecticn 3.1.1). 



Technical optima (i.e. yield maxima) were f& by equating 

the partial derivatives to zero and solving the two resulting 

shmltaneaus equations for N and P: 

For the eo3nanic optima, the partial derivatives were equated 

to the relative prices of fertilizer and gain and, again, the two 
~~ equations solved for N and P : 

d Y Rice, N-fert d Y Price, Pfert 
- = -  - = (2) 
d N Price, grain d P Price, grain 

'Ihe prices of barley grain and fertilizer used w e r e  the 

Government prices for the 1988/89 sason. In the case of N 

fertilizers, two different canpcunds, &urn nitrate (33.5% N) 

and urea (46% N) , have been rmpared. -, the assmption 

is made that the farmers1 objectives are: (a) to maximize grain 

yield, (b) to protect theaselves agahst the risk of loss of 
revenue; for these reasons, the calculations taJce n, a m t  of 

straw value and set a threshold for adoption equal to a nwginal 
rate of return of 40 percent. 

The calculated values of the fertilizer rates that maximize 

yields (technical optima) are high (Table 3.1.9). In almost all 

circumstances they lie above the highest rates tested 

experimentally, am3 for this reason they rmst be rqaxded as only 
approximate and unreliable irdicators. MD1-ecrverf the calculation 

for model 7 a m  anamlaus and probably m d  be disregarded.* 

Hawever, the tedmical opthum is never a practical taqet, and 
it is the d c  clptimnr that is of i m p o m  here. 

* It should be noted that those technical optima are specific to 
the response mcdel formulated, in this case a quadratic. 
Alternative formulations of the response function waild produce 
different kchnical optima. 



W l e  3.1.9 Model specificatim and calculated mean technical 
cptima (fertilizer rates maximizing yields) 

At yield cpthm Netrevenue 
(max yield) increase ov8r 

G r a i n  zerofert. 
Fertilizer, kg/h?~ yield in ?in 

W V .  
Model specificaticm P2% kz/ha lama 

1. F-B, Zone 2 
2. F-B, Zone 3 
3. B-B, zones 2 and 3 
4. F-B, Zone 2, West 
5. F-B, Zone 3, West 
6. F-B, Zone 2, North-Fast 
7. F-B, Zone 3, North-Fast 
8. F-B, Zone 2 
9. B-B, Zone 3 
10. Irw NA, Low PA 
11, Law NA, Eii* PA 
12. High NA, Low PA 
13. High ML, Hi* PA 

NA and PA refer to available nitrogen and w t e  in soil at 
planting- t b  overall ratations, all zones, nutrient levels 
dividirq "hightt atd talckl": NA 10 ~pn,  PA 4.5 ~pn.  

Tables 3.1.10 axxi 3.1.11 present the ecomnic @ b u m  N and 

P205 rates, derived for each model using the relative prices, per 

unit weight, of fertilizer nutrients and barley grain. Ihe 

following values were also cdlarlated: 

a. the predicted m a n  grain yield at the apthum N and P205 

rates ; 

b. the resulting increase in net revenue (expressed in kg 

grain/ha) wer that fmn zero-fertilizer amtm1; 

c. the marginal benefit:& ratio, as a percentage. This is 

equivalent to the rate of return fmn =lying fertilizer at 

the optinVal rate ccnpared with no fertilizer use. 



Table 3.1.10 Calculated man eccncmic cptima, assrrmirg a maqinal 
rate of reburn of 40 per cent and the use of 
d u n \  nitrate as nitrogen smrce 

nEm3sein 
A t  yield cptimrm netzwenue 

Qain 
m i n a l  

fert, Wb benefit:& 
yield eqyivalents ratio 

mdel N P mm Wb % 

1 66 78 2733 502 175 
2 53 90 2039 410 146 
3 57 56 1691 503 221 
4 55 60 2585 510 223 
5 50 76 1947 414 166 
6 71 90 2623 640 202 
7 0 0 1019 - - 
8 55 62 2191 762 329 
9 63 57 1409 3% 149 
10 60 84 2035 476 168 
11 54 37 1974 610 332 
12 57 110 2387 450 139 
13 29 54 1968 201 125 

Calculatims are based on relative prices of fertilizer N ard P205 
to barley grain of 2.13 ard 1.86, respectively. 

Table 3.1.11 Calculated man d c  optima, asnnaing a q i n a . 1  
rate of return of 40 per cent ard the use of urea as 
nitrogen - 

Increasein 
A t  yield aptinum netrevenue 

GLain 
M a r s w  

f&, %fh= as grain benefit:& 
yield epllvalents ratio 

mdel N P @m )oz/ha % 

1 71 80 2751 534 197 
2 59 94 2064 439 158 
3 60 57 1700 529 251 
4 57 61 2594 535 251 
5 53 78 1961 438 184 
6 75 92 2638 673 224 
7 0 0 1019 - - 
8 56 62 2195 785 368 
9 67 59 1428 387 170 
10 63 87 2052 505 186 
11 56 37 1979 633 382 
12 63 115 2417 482 149 
13 36 56 1992 221 133 

Calculations are based cm relative prices of fertilizer N ard P205 
to barley grain of 1.74 and 1.86, ms@ctively. 



Little differenoe between the econanic optima is indicated for 

the two fonns of fertilizer nitrujen, d u r n  nitrate ard urea. 

Because it is slimly chedpr per unit of N, urea shows sli@tly 

higher benefit:& ratios for all nrxkls. 

Calculations of mayindL benefit:& ratio bere exhn3ed for 

each of the 13 models to cover a range of relative fertilizer 

prices, Rice variability and mitivity analyses shewed that 

fertilizer use wnuld still be beneficial and the benefit:cost 

ratio would still exceed 40%, for N and/or P prices up to 5 times 

higher than that of grain. 

3.1.2.3 Yield Variability 

A further pint, with a p a r t i d a r  bearing on the econanic risks 

associatd with fertilizer use, is that fertilization appears to 

reduce yield variability. Coefficients of variation of grain 

yield decreased with increasing fertilizer rate (especially 

w t e )  in ea& of the three main sul-, of trials tested: 
F-B Zone 2, F-B Zane 3 and B-B (Table 3.1.12) . Further anl mre 

detailed analysis of fertilizer use, yield variability and risk in 

currently lmhway. 

3.1.3 A C of Fanmzr H a m a d  and - Barlw/Fertilizer 
Trials (1987/88. 1988/891 

A. Wahbi and M.J. Jones 

lb relate the 4 year results of m s e m h r  mmaged trials (see 

section 3.1.1) to famxxs8 colditions, it was necessary to ccanpare 

the barley respnses to fertilizer obtained in cur researcher 

managed trials with those drrtained uncber the fanners' awn m g e d  

practices. In 1987/88 and 1988/89, we ccupled a farmer m g e d  

trial (FMT) to each of cur researctaer m r q d  trials (KW) . In 



these fam& managed trials, the fanner hinrself -lied several 

fertilizer ~ i n a t i ~  (N40, Pg0 and N4&0 lcg/ha in 1987/88 and 

in 1988/89 an ab i i t i cma l  treahkmt of N2@45 kg/ha) and grew the 
barley crop a a x d b q  to his usual practices withcut researcher 

influence. 

Table 3.1.12 Effect of fertilizer rate on mean grain yield 
and coefficient of variation in F-B mtatim, 
Zoaes 2 and 3 =?paramy, ard B-B rotation 

Fertilizer, F-B, Zone 2 F-B, Zare 3 B-B, all 
kg/ha ----- 

NO. N P205 Gzwt SD CV% Grwt SD CV% Grwt SD CV% 

Grwt = grain weight, kg,ha; SD is the standard deviation of that 
grain weight; and CV is the coefficient of variation calculated 
f?zwn them. 

1987/88 and 1988/89 seasons w e r e  ve2y different in terrrrs of 
rainfall (Figures 3.1.15 and 3.1.16) , the f h t  (87/88) being very 

w e t  with an average rainfall of 422 mn across locations and the 

second (88/89) very dry with an average rainfall of 174 mn. In 

both seasons, the probability of receiv* such wet ard dry 

seasol.dl totals was -tely one in thirty years. Imbed 



Season 1987/88 
Number o f  t r i a l s :  10 

F i g u r e  3.1.15 T o t a l  d r y  m a t t e r  p r o d u c t i o n  o f  b a r l e y  f o r  
f o u r  f e r t i l i z e r  t r e a t m e n t s  i n  Researcher  
Managed T r i a l s  (RMT) and Farmer Managed 
T r i a l s  (FMT) i n  N. S y r i a  (1981188).  

Season 1988189 
Number o f  t r i a l s :  20  
Mean r a i n f a l l ,  mn: 1 7 3 . 9  
(Range, mn: 126.5 - 221.5)  

F i g u r e  3.1.16 T o t a l  d r y  m a t t e r  p r o d u c t i o n  o f  b a r l e y  f o r  
f o u r  f e r t i l i z e r  t r e a t m e n t s  i n  Researcher  
Managed T r i a l s  (RMT) and Farmer Managed 
T r i a l s  (FMT) i n  N. S y r i a  (1988189) 



these two years we.re so extreme that this series of trials 
contained no sites that received rainfall kdxeen 250-350 Imn, 

al- in terns of man rainfall this range defines the 

major barley growing areas and is the major focus of our work. 

However, in spite of this, the trenrls of yield mspcmes to 
fertilizer were similar in both years and in bath types of trial. 
Haever, as Figure 3.1.15 shaws, in the wet season, RMr slighly 

cutyielded the FMT in each treatment, krt in Figure 3.1.16 (dry 

season), RMT cutyielded the FMT to a greater extent. In spite of 
the unusual rainfall totals associated with the two year trial, 

the results allaw us to ooncl* that aren llnder extreme and 

opposing conlitions, farmers will also obtain the same pattern of 
fertilizer responses as we observed in our managed 

plots. We see no reascm to that this &d not also be 

true in more I1averageg1 seascms. 

As a result of the work reported in sectim 3.1.1 to 3.1.3, 
we have been able to fornulate provisional fertilizer 

recanmendations that cculd be tested further in demonstration 
fields. A meting was held at ICARDA, the Soils 

Directorate and Extension Directorate on 11 and 12 June 1989 to 

familiarize the m i o n  Diredorate with cur d t s  of the past 

five years and to discuss the initiation of a collaborative 

program between the two Directorates. Ihe meeting was a success. 

A provisional fertilizer recomoerdation was by accepted by all 

parties and both Soils Directorate and Extension Diredorate 

agreed to carry out a series of damdxation trials aver the next 

two years in five pmvhcs (IBra'a, Hama, Alw, R a m  and 

Hassakeh) . 'Ihese will be financed jointly by the Syrian Ministry 
of Agriculture and N e a r  East Faurlation. 1- will also 

participate in this activity by cmtmnng 
. . to carry aR social- 

d c  studies a c h  will mmitor farmezs' readion to the 
demonstrations and assess factors associated with fertilizer 

adoption and impact. 



S o i l  amlysis for asses& of native fertility levels in 

fanners1 fields is a useful tool in guiding the fondation of 

targeted and efficient fertilizer reamnendations, and yet we mst 

also be aware that they are only spot mzaxmmk in time. In 

reality, soil fertility levels are not static, kR urderyo 

continuous changes, both within and bebeen seasms. They are 

influexed by the weather, the activity of soil microfama and 

flora, chemical and Fhysical reactions associated with basic soil 

properties and of cause by the cqx themselves a d  the sequence 

in w h i c h  these cmps are gmmn. It is therefore not surprising 

that shple soil analysis at a given mcmerrt in time does not 

always pmvide the desired prediction of the nseasonall* nutrient 

supplying pmer of soils. In this section w report current 

progress in same of ax mre basic soil fertility researcfi w h i c h  

is aimed at gaining a greater of such nutrient 

dynamics, and the factors d c h  affect them. M x h  still -ins 
to be done,ard previaxi mrldqide experieme of such researh has 

served to m i z e  the carplaity of the bio-physical processes 

involved. Progress is slaw. Nwertheless, withcut such 

qualitative and quantitative description and amlysis of these 

processes, the efficiency of fertilizer use will continue to 

suffer frcm the limitatims inposed by enpirical relationships. 

3.2.1 ~ c n t h e ~ ~ o f M a i a r S o i l s i n S v r i a  

A.E. Matar, M . J .  Jawis and P. Cdcper 

In successive field and laboratory studies of Syrian soils it has 

been repeatedly fasld that m r u s  availability in ~ t i v e  

soils is generally law, and responses of rainfed cqx to P 

fertilization have been dmonstmted on barley, wheat, food and 

forage5 legumes. 



Within the frammrk of project on @-te status in the 

Meditemamm soils being carried out by the InstiM bkxxiial des 

Fhcqhtes (-) in Casablanca (Morocco) and the Societe 
Agricole de Sewices au Maroc (SASMA), a joint study between 

IOARDA, mPK6 and was canducted to study the phosphorus 

status of the mjor Syrian soils. 

The present work represents a detailed study of the phoqhte 

status of the soils where thirty fertilizer trials on wheat and 

barley were ccndlucted in farmers' fields during the 1985/86 

seasrm; with the addition of soils fkun 20 other sites 

representing irrigated and high rainfall areas artside the IcXUA 

mdate with no amwmmt field expr-. 'Ihe barley 

experiments - part of a collaborative resear& project between 
the Soils Dimztomte of Syria and the Fanu F&soune Managemmt 

Program (FaMP) at IcXUA and ainred to study the biological and 

e d c  respclnse of barley to nitrqen and W t e  fertilizers. 

The  exprimnk on wheat represent the FlWP effort to relate soil 

testing for available-P to ~ n p  respanse to @asphate 

fertilization. The field work in Syria was carried out by staff 
frwn ICARDA and the Soils D M r a t e  of the Ministry of 

Agriculture. The conwrent laboratory work was oonducted ky 
IMREOS-SASMA. 

T h e  present report sum~lrizes and integrates the results from 

agronomic field and soil laboratory studies. 

Twenty sites - cfiosen within agricultural stability zones 2 

and 3 of the four prwinces, Aleppo, Hrrma, Hassakeh and Raqqa, to 
represat  the daninant soil grnups used for p i n g  barley. A t  

each site a fertilizer trial on barley was canducted caprising 

two replicates of a ccnplete mmkmized factorial design with fcur 

levels of N (0, 20, 40 and 60 kg N/ha) and four levels of 

-orus (0, 30, 60 and 90 kg P205/ha). Detailed information on 



nunagement, soil classification, the grain ami straw yields 

cbtained and the d c  analysis have been plblkhd elsewtrere 

(SD/ICARDA ksemch Report 1986, see also section 3.1.1. of this 

report). All soils classified acconlirq to the USW Soil - m. 

Tb represent wheat, ten sites were dxsen in A l e  province, 

with soils ranging in NaH03j-P content betwen 2 an3 24 parts per 

million at sow-. All m classified as vertic or 

vertic ~~. At each site a Ffertilizer trial was 

conducted on wfaeat (Sham 1 variety), with 4 levels of P (0, 50, 

100 and 150 kg P205/ha) and 3 replicates. A basic dressing of 60 

kg N/ha was added to all plots, split, with 30 kg added at sawing 

and the rest at tiller-. Conxlrrently, P-reqcmse trials were 

cafucted in the greenhouse for the wfaeat soils. 'Ihe results 

obtained, soil P bzzt values and wheat respcslses to P 

fertilization, have been plblished elsewhere (Matar et al. 1987). 

To mmplete the represmtation of major aqriwltual soils in 

Syria, soils were sanpled frun twmty irrigated and high rainfall 
sites in various provinces. 

3.2.1.1 S o i l  Shdies 

Basic physical and d-iemical pnperties were determind for the top 

0-20 an soil layer. These incluhl organic matter amtent, active 

calcium cxknnate, cation exdmqe capacity, and achaqable K. 

Tutal N was determined by the Kjeldahl methcd, and particle-size 

distribution by the pipette methcd after remxdl of the calcium 

e n a t e  a d  orqanic matter fractims. Soil pH was measured in 
soil suspension, with a soil to solution ratio of 1 to 2.5. 

More detailed sbdies w e r e  amhcbd cm soil @msphoms. 

'Ihese included the determination of total PI Oryanic P and water- 



soluble P. Available P was dekmimd by several different 
laethods: (a) Citric acid exhadim, (b) oxalic acid extraction, 

(c) anion resin desorption, (d) water extraction, and (e) NaHC03 
extraction. Finally, P fixing was determined as the amxPlt 

of P that nust be added to the soil to ad-iieve an equilibrirrm soil 

solution of 2 mg 1-l. 

3.2.1.2 soil ClassifWcn of the Sites 

All sites were classified according to the U.S. Soil Taxormy 
System (Wle 3.2.1) . Most fell within three main soil classes: 

W l e  3.2.1 Classification of sites into varicw soil sub- 
orders in Syria 

Soil Gnup Class Soil Suk4nkr Sites Mrmbers 

1 Inoeptisols Typic XemAuqt 
Lithic XemAuqt 
RupticLithic 
Petrocalcic 
Lithievertic 
CalcixerOllic 
Vertic 

2 Vertisols EMic Wlloxerert 
Qpic 

3 Aridisols Typic Calciorthid 
Xerollic l1 

Typic Salorthid 
Typic Gypsiorthid 
Calcic II 

m i c  

4 Entisols Typic Xeropjamnerrt 
Typic Torriflwent 

5 Mollisols Typic Haploxemll 



thirteen inceptisols, fifteen vertisols and sevaben aridisols. 

lhere were also a few entisols anl millisols. 

The soils differed widely in their basic characteristics. 
Calcium carbmate amtents ranpd between 0 and 68 percent, arrd 

the active fraction of 8CO3 betueen o and 14.5 percent. Organic 

matter contents ranged be- 0.7 and 5.60%, a l w  m;st soils 

contained betwen 1 and 2%. Total ni- content w a s  generally 

very lw, with 80 percent of soils havhg less than 0.1%. Soils 

terrded to be of d m  tatme, but over all, clay contents ranged 

between 9 anl 68%, anl cation admqe capacities betueen 11 and 

62.5 milliequivalents per 100 gram. 

of vari far -lm 
. . 

3.2.1.3 C (XLS i soi l  
m s  availabilitv an a l l  soil canns caobined 

Amxnrts of soil @msphorus extracted differed greatly according to 

the e&raction method used. rawest values were those of water- 

soluble P; hi- values were those of totdl PI extracted by 

strong acid (Wle 3.2.2) . 

Table 3.2.2 Means and range of 
extractable ptmqborus by 
various solutions fmn all 
sites 

Variable Means Range 



'Ihe water extmctable-P mpssnts, on average, 0.05 percent 

of the tatdl P in the soil, and the organic fraction 13.9 percent 

of tatal P. This lw figure is to be expect&, because s o i l  

organic a o a t t e r  crntents are lw as a result of the a r id  climate 

and law return of biological a o a t e r i a l  to the soil. 

'Ihe citric acid extmctable-P (P-Dyer) and oxalic acid 

extractable-P (P-Joret Hebert) both represerrt a larger fraction of 

Mdl P than that extracted by NaIlCOg solution (Wlsen)  or anion 

desorption (Pres in) .  This m l y  aacanrts fo r  the good 

o~rrelaticm obsemed between total P and PJoret Hebert ( r  = 

M.65) (Figure 3.2.1). 

Total P in soils mg kg-] 

150 ' 

d 

'M 125 - 
Y. 

3 
a 

100 - 
d D 

U U 

75 - 
8 
IJ i 

2 50 - 
Y 4 

Figure 3.2.1 Relationship between total P in Syrian soils and the 
available P in soils as extracted by the oxalic 
solution of Joret Hebert method. 

P - Joret Hebert - -11.85 + 0.101 Total-P 

r - +0.65 8 

+ 
1 ++ 

+* 
* a *  

** * 
+ + 8 * * * 

* +  * * 
t i t * *  * 

* a *  * + 

'Ihe relati-p between resin-P an3 -3-P (Olsen-P) was 

f an r l  t o  be very significant with r = +0.97 (Figure 3.2.2). This 

supports the previcus results of Agbni et al. (1983) and Matar & 

& (1988). 



P - Anion desorption = -2.76 + 1.144 NaHC03-P 8 

* * 
r = 0.91 t 

Figure 3.2.2 The relationship between the NaHC03 extractable-P 
(Olsen-P) and Anion desorption P in Syrian soils 

The organic matter content (CM) ard/or the total nitrogen ('IN) 

contents of soils w e r e  fard the only soil characteristics that 

correlated mcdemtely well with the varia~s parameters used for 

characterizing the available P in soils (with r = 0.45 for both aM 

or 'IN). 'Ihis axld be the result of the extraction of part of 

the soil phcqhorus associated with the oqanic carponerrt of soil. 

Both the acid actmcticm solutions of the Dyer (citricp) and 

Joret Hebert methods (Owl& acid) or the NaHC03 solution of the 

01- nrethod ccaiid lead to a solubilization or dispersicm of the 

humic fractions of soils. 

Soil phcsphorus fixing pxer (PFF) correlated positively with 

cation e x w e  capacity, (r = 0.67) and less with the clay 
content (r = 0.43). 'Ibis indicates that -rus fixation 



tends to hxease with increasing soil ccP-rtents of f ine  surface- 

cfiarged particles (see also section 3.2.2). Hcw=ver, variaus 
inoxqanic colloids have quite different s o n  capacities. 

Juo and Fox (1977) fum-3 a highly siqnificarrt correlation a t  1% 

level be- PFP and free iron (Fe203), clay Corrtent and clay 

surface area. Similar results wems obtained in Lwisols. But on 

the other hand, PFP is negatively correlated w i t h  the organic 

mtter content of the soils ( r  = -0.40) . Howwer, Greaves and 

W l e y  (1965) &wed that soils w i t h  hi* levels of aM ( h m  

orqanicp] l~intained high levels of available-P clue to a gradual 

process of mineralization of ompnic-P. 

~ ~ ~ a e r e a l s t o ~ t i c  
fer t i l iza t ion in the f i e ld  arrd 

The relat ive yields (RY) of wheat and harley (- ra t io  of 

yiel& without P to yields with optinmu P =lied) were calculated 

for  the f i r s t  30 sites where NP fe r t i l i ze r  experinmts were 
comluctd. When the RYs for grain (GY) a x l  total dry m a t t e r  ('ICM) 

at  hanrest were correlated with variaus soil @mqhorus paramters 
(Table 3.2.3) , it w a s  faurl  that NaHC03 gave a better correlation 

coefficient than any other soil P parameter: r = +0.49 fo r  GY and 

r = +0.46 f o r  W. No significant re la t ionship  ken2 faux3 

between Oxalic-P or Citric-P and relative yields. 

For ompzrison of various soil P tests controlled 

gmmha~= -ti-, the relative yields of ryegrass obtained 

f m n  pat tests with the sanre soils, plblished elsewhere (Matar & 
& 1988) were  correlated w i t h  the values of the four major soil P 

tests a t  planting and plotted in Fiqure 3.2.3. Using the Qte- 

Nelson graphical method as modified by the analysis of variance 

method of Nelson and Adersm the relative yields of ryeqass 

(Yo/Ymax x 100) against soil test values for PI the 10 soil types 



Table 3.2.3 The linear correlation 
coefficients between soil 
phosphorus parameters and 
relative yields of grain (GY) iud 
tatal dry matter ('IEM) in the 
barley ard wheat experimenlx 

Barley + bhat 
Soil P 

GY Tu4 

axld be subdivided into major grarpj: respollsive and non- 

resporrjive to P application. Ihe critical respnse iwels of 

soil test for P for w h i c h  is maXimrm were equivalent to 11.5, 

13.5, 38.5 anl 0.5 Irg/)o3 for NaHC03, anion resin, oxalic acid (J- 

H), or water soil tests, respectively. A l e  the NaHC03 test 

pmxdure was superior to other tests in predidhq respnses to P 

application, the values were also sufficiently good for the 

coralate, water ard resin tests to qxxate soils into respnsive 

and rn mspwive to P qplication. 

'Ihree major soil grmps -t.e the soils of barley ard wheat 

growing areas in Syria: Aridosols, Vertisols, ard Inoeptisols. 

b q e  differmoss exist in the amamt of available ~osphoms 

extraded by variars nrethods used. Ihe soallest amount was 

mined with the water txtraction ard the largest extmcted by 

the citric acid soluticn of Dyer. 



O
x
a
l
i
c
 

A
c

id
 

0
 

0
 

0
 

E
x
t
r
a
c
t
a
b
l
e
-
P
 
in
 
S
o
i
l
s
 
(
m
g
 k
g
-
I
)
 

F
i
g
u
r
e
 
3.
2.
3 

S
c
a
t
t
e
r
 
d
i
a
g
r
a
m
s
 o
f
 
r
e
l
a
t
i
v
e
 
d
r
y
 
w
e
i
g
h
t
s
 
(Z
) 
o
f
 b
o
t
h
 
c
u
t
s
 
o
f
 
r
y
e
g
r
a
s
s
,
 
a
s
 
r
e
l
a
t
e
d
 
t
o
 a
v
a
i
l
a
b
l
e
 
P
 

in
 
s
o
i
l
s
 d
e
t
e
r
m
i
n
e
d
 
by
 
f
o
u
r
 
d
i
f
f
e
r
e
n
t
 
t
e
s
t
s
 
f
o
r
 
P.
 



Very high correlation coefficients w e n  &eemed between the 
values of NaHC03-P and the Iabile -ded by anion exdmqe 

resin. Furbemure, the relationships behem Olsen-P, Wit P, 

citric-P or totdl-P uem f d  significant. 

Tl-e stmqest relaticmships betwen relative yields of barley 

aml wheat ard soil P parameters w x ~ ?  fand first for NaHC03-P 

(01-P) an3 secady with the water extradable P or resin-P. 

Similarly, & conditicns, the relative yields of 

ryegrass grown in the wheat soils correlated best with the Olsen-P 

aml Resin+. It was f a u d  passible to establish ~ r o x i r n a t e  
criticdl levels for fcur of the soil P tests that divide soils 
into grarps that are nspmsive and m-responsive to @msphate 

fertilization. 

Agbmi,  M. and El Mejahed, K. 1983. emparaison des methcdes 
l'analyse due @lcqhre d a E  quelques sols Mammi.s. pp 
249-261. In 'Ihird International col.lgress of ~ O N S  
Cmpxnxb  Prcc. Institute Kxdia l  &u -te ( I K W X ) ,  
Casabl~, w m .  

Greaves, M.P. ard Webley, D.M. 1965. A study of bnsakdawn of 
organic phcqhates by micm-o?qmkms froa the coast regions 
of certain pastures grasses. J. -1. Bacterial, 25: 454- 
465. 

Jw, A.S.R. ard W, R.L. 1977. Fhcqhate sorpticm capacities of 
sane bencfrmark soils in West Africa. Soil Sci. 134: 370- 
376. 

Matar, A.E., Abdel Karim, J. and El Hajj, K. 1987. Studies on 
response of cereals arrl food legumes to &@te 
fertilization in Syria as related to available P in soils. 
m e s  133-151. In P.N. Soltarpxxlr (Ed.). Proc. of the First 

Asia aml North Africa soil & Cdlibraticm Workshap, 
ICARW. 



M. JWcheit Said 

Information abtained f m  experimentdl mrk carried cut in Syria 

has sham that cdlmrtxus arrl phoqhte-fixing soils are 
deficient in @CS@IOLUS. Annual qlications of phcqhate 

fertilizer gradually increase the level of available P. 'Ihe 

availability of the qlied P is axitrolled by the sorption arrl 

desorption characteristics of the soil. 'Ihe reactions holved in 

these phenomena are influenced by soil properties and 

environmental factors as well as the amount of phcsphrus added. 

The major soil properties that influence these reactions include: 

the amount arrl type of clay, amounts of iron arrl aluminum oxides, 

organic matter, pii arrl Calcium Carbonate (Solis and T o m t  1989; 

Bennoah arrl Aapaye 1989). The influence of these factors is, at 

present, little known. For ewmple there is increasing evidem 

that in calcareaus soils iron oxides play a significant role in 

phosphate sorption (Ryan et al. 1984). This influence may be 

either by direct reaction, or uthect . . 
ly a d f y i n g  

effect of coating the C a q  phase. The djectives of this study 

are to determine arrl dmmcterize the P adsorption isuthems of 

these soils, to study the soil properties affecting adsorption and 

to use this unl- to explain arrl estimate the need for 

phosphate fertilizer. 

3.2.2.2 S o i l  Sa~les 

12 surface soil samples (0-20 cm) of varying properties, 

collected from sore of ICXUIA1s barley arrl wheat on-fann trials, 

were used in this study. The samples were air+ied and passed 

thruugh a 2 m sieve for subsequent analysis. Table 3.2.4 s h ~  

sore physicdl arrl dEemicdl properties of these soils. 



3.2.2.3 PMsmddal Studies 

Raction time was M s d  by equilibrating duplicate 2 g samples 

of two soils of widely varying properties in 40 nil of 0.02 M KC1 

containing 5 anl 20 P as W2FQ4. A few of toluene were 

added to inhibit m i d i a l  gmwth anl the suspensim was shaken 

for periods of contact ranging fmm 1 to 48 hcurs at roan 

tmperatum ard then oentrifuged. TIE anmnt of P s o w  was 
calaiiated by ddxa&bq the anmnt of P in the supematant 

solution fmm the anmnt of P initially adled. P was determined 

wlorkkrically by the -ic acid method. P edsoqkion is 

lolown to iJKmase with imxeasing tenperature, txlt roan 

tenperatme variatians in this strdy had l i t t le  effect. Ideally, 

su3l stuiies M a  be cc&u&& urk3e.r ~ l l ~  

hrprature d t i o c l s .  A portim of the data &bind for the 

0 Soil No. 11 

Soil KO. 19 

2 4 6 
Time of Shaking in Hours 

F i g u r e  3.2.4 Time Adsorption Curves Far Two Soils (No. 11 and No. 19) 
And Two Initial P Concentrations ( 5  and 20 ppm) 



time/adsorption curve is given in Figure 3.2.4. 'RE data irdicate 
that a 4-6 h a  shaking time is adequate to q l e t e  the 

adsorption reaction. A 6-hour shaking time was used in all 

mkqumt P adsorption studies. 

'RE m t e  adsorption data of the 12 soils were obtained 
us* 2.5, 5.0, 10.0, 20.0, 30.0 and 40.0 initial P 

ancentmtions. Figure 3.2.5 gives the adsorption isotherms for 

these soils. ?he data obtained were plotted according to the 

linear form of both the Freundlich and Langrmir equations and 

gave ccnsistently better and highly significant correlation with 

the former than the latter equation. For anparison as to the 

goodness of fit in the linear form of the equations, R~ exceded 

0.977 in each case for the Fhmdlich equation and 0.834 in each 

ose for the -equation. This fimlbq is in agremmt with 
that cbtained by Polyzcpculus et al. (1985) and Berigari (1988). 

'Ithey fami that the Frerndlich isatherm fitted the m t e  

sorption data better than the Iangmm isotherm . . , hcwevex, its 
dmwbck is its inability to estimate the adsorption maxinun. 
inportance of the adsorption maxinun is that it can be related to 
various soil praperties and hence w l y  infonuation about the 

nature of the reaction between the soil and the @xqhate 

fertilizer. However, the asslrmption of the Langmrir equation of 

I1no lateral inkmction amrq the so- m t e  species and 

cxrrstant free energy of adsorption does not fit well with the 

present knculedge that so- W t e  carries cfiarges and that 
surface rharge and potential ckmease as mre #mqhate is so- 

an oxide mineral or in soil systenrsw (Kim 1988). 'Ihe plots 

a o c o ~  to the Freun3lich equation are illustrated in Figure 

3 . 2 . 6 w h e m x =  gPadso&edpergof soilardc=equilibriunP 

conzntration in g P per m l  of solution. Idedlly the adsorption 

waild be determined in a system in which the surface is free of 

adso- W t e  or a correction is made for the initial surfaoe 

phmqhte. 'Ibis correction is small in soils of law fertility. 
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Figure 3.2.5 Phosphate adsorption isotherms of soils. 



A Soil 1 1  

ry=2.065+0.438~ 
*y=1.939+0.503~ 

A Soil 4 
soil 5 

~y=1.919+0.528~ 
*y=1.773+0.512~ 

- A Soil 10 
Soil 8 

A Soil 22 
Soil 15 

ry=1.893+0.539~ 
y=1.688+0.507~ 

-0.4 0.4 1.2 2.0 

Figure 3.2.6 Phosphate Adsorption Data Plotted According to the Linear 
Form of the Freundlich Equation. 



?he inporkme of this linear relationship is that it can be used 

for the detemdmtion of P fertilizer requimmmts of soils using 

an adsorption isotherm fran only two data points (Berigari 1988). 

Unlike the Lanp.RLir equation, the Freundlid-i equation does not 

allaw the CdLculation of a @cqbte adsorption mxhnn, (Olsen 

and Watmah 1957). As a result of this the soil P adsorption 

£ran the hi- P conzntration (40 ppn in this case) was used to 

relate adsorpticm to variaxi soil properties. Hmwer, because of 

the htemcting effezt of these factors it is diffiat to 

evaluate the effect of ea& property properly and indeprxlently. 

Of all the soil properties s W e d  (Table 3.2.4) only the clay 

ccmtent influenced @xqhte sorption in these soils significantly 

so that 69.2% of the variation in adsorption can be regarded as 

associated with variation in clay content. Olsen an3 WataMbe 

(1957) fcmd a close relationship between the mte adsorption 

maximna and surface area for both alkaline soils ( s  = 0.960) and 

acid soils ($ = 0.922). T h e  observed relationship between the 

clay content and w t e  adsorption is a t t r W  to the high 

W S c a ~  @Iysical ard M c a l  p q x x t i e s  of the soils 

Soil 
No. 

T.H. Po - Aleppo 
T.H. PsO - Alepp3 
Beeaa Po - Alepp3 

p60 - 
Mes - Idleb - - Idleb 
mumbar- Hassakeh 
Sap3 A l i  - Hassakeh 
Scuba - Hama 
W A l i  - Elam 
T e l E l D l r a -  Hama 
=myeh - Aleppo 

E.C. 
Available n6/ 

P, FPll an 

3.6 0.25 
12.9 0.25 



surface area the clay prwides for phcqhte  adsorption. It is 

mtemrthy that there is no significant correlation between 

adsorption ard QC03 ($ = 0.106) althcugh QC03 mntent in these 
soils ranges fmn 1.8 to 49.1%. ~ y a n  et al. (1984) a e d  the 

significance of iron oxides and calcium arbonate particle size in 
gkiqhate sorption by calcareaus soils using correlation and 

regression coefficients with actual P retention f m  solution. 

T h i s  reseach indicated an involvement of Fe (as extracted by 

cordlic acid) but there was no effect of CaCD-, particle size. 

Holford and Mattingly (quoted by Ryan et dl. 1984) reported that 

the reactivity of CaCD-, is dependent on specific surface, thich is 

related to m r b ~ t e  particle size distribution, rather than to 
total chemically determined CaC03. Thus, P sorption 

cbraderistics of cal- soils may not be well related to 
total Cam-,. The absence of relationship between adsorption and 

either pi (9 = 0.019) or organic matter ($ = 0.016) is likely to 

be due to the samples having a very narrow pi xange (7.9 - 8.4) 
and a law amtent (1.41 _+ 0.63%) in the case of organic matter. 

FbAhez work is needed on factors influencing mte sorption 

in these soils with er@asis on iron and aluminum oxides, calcium 

cabmate and specific surface area. 

BeMoah, E.O. and Aapaye, D.K. 1989. Fh0qAat.e sorption 
~cteristics of selected major Ghanaian soils. 148, 114- 
123. 

Berigari, M.S. 1988. Use of the Fruendlich sorption equation for 
evaluatirg the w t e  -ts of arid zone soils. 
SIC, Jordan. 

W, S. 1988. mlication of a dfied Eaqdr isotherm to 
@cqhte  sorption by same acid soils. Soil Sci. Soc. Am. 
J. 52, 97-102. 

Iblyzqmlus, N.A., Euamidas, V.Z. ard Kiosse, H. 1985. 
Fbqhte sorption by same Alfisol of Greece as described by 
ammIily used isotherns. Soil Sci. Soc. Am. J. 49, 81-84. 



Ryan, J. , -in, D. and Keenra, M.A. 1984. Significance of imn 
oxides ard calcium carkcnate particle size in mte 
sorption by calcareous soils. Soil Sci. Scc. Am. J. 48, 74- 
76. 

Solis, p. and mrrent, J. 1989. Rnqhate sorption by calcareous 
vertisols and incepthls of Spain. Soil Sci. Scc. Am. J. 
53, 456-459. 

Olsen, S.R. and Watanabe, F.S. 1957. A methcd to detennine a 
phc6phom.s adsorption maXimrm of soils as measured by the 
b n g m i r  isotherm. Soil Sci. Scc. Am. Pmc. 21, 144-149. 

3.2.3 N i ~ ~ i z a t i c n R A m t h l o f S v r i a n S o i l s  

A.E. mtar, D. Beck, M. Fala, S. Garabet 

Amunts of residual in soil reflect manag- and N 

fertilization practices, and influence amxlnts of N fertilizer 

required for wfieat. The remahxkr of soil derived N is supplied 

thrmqh mineralization of soil organic N. Evaluation of effects 

on rrap available N of a pool of readily mineralizable N 

representing a smll pruprtion of the total soil N, which is 

mineralized at a rate proportional to the size of the pool, 

necessitates of residual nitrogen fmm previous 

fertilization ard estimation of soil N actually mineralized 

between harvest and planting ard during crop growth. 

'Ihis pool of mineralizable N can be estimated to be of size 

No, and its magnitude is -roached asynpMically by Nt, the 

camdative N mineralized in time t, according to the quatim 

Nt=N, (I-ekt), where k is the mineralization amstant. 'jhraqh 

measurement of Nm aver tine using laboratory incubations, No and k 

can be estimated by an iterative prooecbue using a non-linear, 

least squares procedure in a first-order model. Nitrngen 

mineralization is kmwn to be influenced by such envirommbl 
variables as terpxature and wisture aml by soil dmracteristics, 



but the technique whereby potentially mineralizable nitrogen 

fractions are measured using sucaessive laboratory incubatians has 

pnwed the least empirical method available for estimating the 

nihqen-s&plying pcwer in widely varying soils. 

In order to gain a better of N availability in 
Syrian soils, 18 soil samples were selected frnn dcminant soil 

grtmp for study of their N minerdlization patentids (Table 

3.2.5) . Several different approaches to caldate No and k wre 

m l e  3.2.5 Classification and chemical properties of surface (O- 
20 m) soils used in the N minerdlization study. 

Surface soil properties(%) N-Minemlization 
Site Classification potential (No) * 

QCD, Organic Tatal Clay q / k g  soil 

% - 1 - 2 

Mollisol 1 
Mollisol 2 
Mollisol-3 
Mollisol-4 
misol-1 
misol-2 
Misol-3 
Gypsiorthid 
Vertisol-1 
Vertisol-2 
Vertisol-3 
Vertisol-4 
Vertisol-5 
Vertisol-6 
Vertisol-7 
Verthl-8 
Inceptisol-1 
Inceptisol-2 

* T h e  (No) values cited PSP- the N mineralization 
poeerrtial estimated £row (1) the expcmntial equation suggesbl by 
stanfoni and smith (1972) and (2) the empirical equation: 



utilized, incluiing hyperbolic and expmntial equations based on 

first-lder kinetics, with the aim to provide in the 
mqicm with a sinple but acauate mdd for calculation. Results 

using the various -1s were highly correlated, &ling use of 

the sinpler enpirical linear equation relating No to the slope of 

N mineralized (Nt) with the scpare root of time (t) as: No = 6.5 

(L1 Nt / L1 t1l2). 

It was fand that: (1) estimates of No varied largely among 
Syrian soils, being highest for Mollisols and lohest for a Sardy 

Entisol (Figure 3.2.7) ; (2) difference between No values estimated 

by various mthematical m d d s  were not significant; 3) the rate 

of mineralization rrmstant (k) for the test soils varied only 

slightly, with an average value of 0.0376 week1. 'lhe average 

time r eq rkd  for half of No to mineralize under laboratory 

caaitions (25%) was 18.5 weeks; ard 4 )  estimates of N, 

mrrelated well with both organic carbon content (OC) and total N, 

w i t h  values of 0.78 and 0.90, respectively. No other soil 

pmprties correlated with No values, e.g. Qq of clay content. 

the amtrihtion by nitrcgen fertilization and 

rotation practiw to ard stability of this potentially 
mineralizable N in various soils rmld lead to a mre sustainable 
production in the mt-based famir~~ system of the region. 

Short-term laboratory incubations (6-8 weeks) ccupled with 

inte.rpretation using the enpirical equation provide a sinple 

practical tool for e s t ~ ~  S i z a b l e  N in ~~ 
soils in evaluation of the lay-term effects of soil and systems 

management. Ongoing work in this area at ICN3X will assess 
relationships between vari- mil N tests, includirq No, plant N 
up tch  and N fertilizer respatr;es. 



4 8 12  16 20 2 4 

Time e lapsed i n  weeks 

F i g u r e  3.2.7 Cumulat ive  N m i n e r a l i z e d  w i t h  t i m e  f o r  s e l e c t e d  s o i l s  f rom 
v a r i o u s  groups i n  S y r i a .  



Stanford and Smith. 1972. Nitrogen mineralization potentials of 
soils. Soil Sci. Soc. Am. Proc. 38: 103-107. 

pnxlmtian FTactioes for OlidDzEI: 
Cn-Farm AssgslPnt in Svria 

M. Pala and A. Wzid 

Wlheat amsunption per capita in ICARW m i o n  is higher than 

anywhere in the world except E a s t  Ebxpe and the USSR, an3 three 

times the average for developirq auntries. H b a t  provides most 

of dietary energy and protein k u t  lacks certain essential aminr 

acids which food l qmes  are able to q l y .  lhey are thus 

important to a nutritionally w e l l  balanced diet, especially for  

lower-incoane peaple wtLo cannot afford nuch meat, and, i n  addition, 

provide variety to  the menu. In terns of protein production per 

hectare/day, fcur of the world's b p  nmkhg crcps are lequms, 

all being cool season species, and they are also the cheapst 

source of protein (Oram and Belaid 1989). 

Arrong the cool season food lequms which provide the bulk of 

pilse supply in the WANA region, d c k p a  occupies f i r s t  place 

overall. 

A k u t  8.7 million hectares are sam to d c k p a  in the m r l d  

as a wtLole (FAO 1988), repmsmtiq only 1.1% of the total cereal 

plus piles area. Hawwer, chickpa accumts for 13% of the total 

m r l d  area of pilses, and 24% of the total dckpa area is f a n d  

in ICMCA region (Tables 3.3.1 and 3.3.2). 'Ibe haease in 

chickpea area i n  west Asia and North Africa f m  1981 to 1988 

results minly fmm f d l l w  replacanent in Turkey. 



W3.l- Total- Qlidqel - 
Arable (x 1000 ha) (x 1000 ha) (x 1000 ha) yield (k@a) 
apps 

(X 1000 ha) 1979/81 1988 1979/81 1988 1979/8l 1988 1979/81 1988 

Algeria 
Libya 
Ebrcxm 
W i a  
4w 
Mhiqria 
Sudan 
mrmA%.iCa 

Iraq 
Jordan 
lebanon 

Iran 

~ L i a  

W3.l- 
World 

mle 3.3.2 Area am3 yield of dckped in the world and in 
ICARPA regicm (FP9 1988) 

chickped status - 
Area harvestxd 

m i o n  in 1000 ha % of the World Yield in kg/ha 

World 9530 8650 - - 624 671 

- North Africa 326 3 56 3 4 736 691 
- West Asia 1414 1694 15 20 52 5 758 

Total 1740 2050 18 24 564 747 

Since there has only been a slight imxease in the area under 

chickpa in the region during the last decade, ploduction per unit 



are. nust also be substantially increased to meet the rising 

daaard for food legume. In this respect, recent researrh at 

ICARW has produced enccxlraging results. It has clearly 

&castrated that l w  yields of chickpea in West Asia and North 

Africa can ke hzrased thxmqh the use of newly develcped c r q  

gemtypes and inpmed agroncmic practices. Yields of about 4000 

kg/ha have been f m t l y  obtained in research trials (Saxena 

1984, Hawtin and S m  1984, K8atirqe and Coaper 1984, 1- 

1985, FLIP 1984, 1986, 1987, SaxeM 1987) . 

Chidpea is grown in the mre favourable envhmmmts where 
annual rainfall exaxis 350 mn. Haever, local varieties of 

chidpa are susceptible to cold damage ard severe infestation of 

Awmhyta Blight, a d i m  wtzich is mst prevalent urder cold and 

mist winter coniitions. As a result, chickpeas are traditionally 

plantea in the spring (late February-May d e p r d n g  on the 

locality) are largely dependent on moisture which has been stored 

in the soil during the winter months. Wer such c i r c u m w ,  

the entire plant develapnent takes place under corditions of 

hxeasbq temperature, day 1erqU-1 and aridity with diminkhbg 

soil moisture supply, and a l w  p-ility of any significant 

precipitation d u r w  the growing period. In addition, 1- 

mistwe levels in the seedbed at the t h  of gennination of 

sprirqsa~ncfiickpearesultsinpoorcrcpstandsinmostareasof 

the region. lhis poor crcp stand is a w e d  by further 

reduction in yield due to -irq water stress during flawering 

a pod filling mes. 

3.3.2 Winter Saring 

A potential b- in increasing the produdivity of 

d c k p a  in West Asia and North Africa is possible hmever 

thruqh a shift in the date of sclwing f m  spring to early winter 

thus pmvidirq better use of the available moisture by crop and 



earlier harvest (Hawtin 1975; Saxena 1980, 1984) . By ma- the 

vegetative and reproductive of the crap with more favourable 

thennal and moisture su~ply regimes than are possible when the 

crap is sawn in spring, winter planting results in the developwnt 

of plants with a larger vegetative frame capable of sqporting a 

bigger reprrduztive stmchwe, leading to greater water use 

efficiency and increased productivity (Keatinge Cooper 1983, 

1984). For example it was reported by Saxma (1984) that the 

yield of Ill3 482 chi- cultivar inmased by 69, 155 and 250% 

respectively with prqn=ssive actvancement of the sawing date f m  

Marrh 11 to February 13, Desnber 19 and Novenber 20. Averaged 

over all the genotypes, the winter sowing ( N o v a k e r  20) resulted 

in a 118% higl-ter yield than f m  the spring sawing (M 11). 

Hwwer, associated with this in;reased yield potential, it is 

also true that the winter sawn crop is likely to face a more 

serious weed pmblem than the spring crop as most of the we&s 

that wculd have competed with the spring cmp are killed by the 

preparatory tillage. In the winter swing, most of the weeds 

merge with the crop am3 create serious ccarpetition for water, 

nutrients and light because of law cmpetitive ability of 

chickpea crop specifically during the early stages of crop grmth. 

Depending upon daminant weed species, and the lwel of 

infestation, chickpea yield losses d w  to weeds have been recorded 

in the range of 23 to 54% in West Asia (1- 1981; Saxem 1984) . 

The choice of weed contml methods depends on the available 

technology, the type of crop culture and farmers' w. 'Ihe 

traditional methcds of controlling weeds in the region involve 

h a d  hoeing during the early crop stage, hand weeding for fodder, 

or a canbination of both (ICXIIX 1978). All of the weeding 

q s t e ~ ~ ~  have been &awn to lead to larger yields, k u t  rising labor 



oxts anl also unavailability of labor in time inpose increasing 
limitations on hard weding in the region. 

Inter-rod arltivation is a feasible alternative, kut rquhxs 

special and carefully set equipnertt stxh as ducksf& cultivator, 

as well as inprnved cmp sawing -try. Because of this, 
chemical weed control merits apprcpriate consideration. Several 

krbicides have been tested in different cumtries as well as at 
the ICARW stations for heed control and crcp tolerance. 

Same of them have been identified as effectively con troll^ 
weeds. Ihe ambination of p- applications of 

cyamzine, or teztxltryne with p d d e  has prwed to be quite 
m i n g  for broad-spctnm weed -1 with a slight 

susceptibility depending on the locdlity. 

7% amxurt of major nutrients that a m a t e  in the cmp is 
generally pznportional to the total dry matter yield due to the 

small variations in the nutrient amcatration (Saxena 1984a). 

Sinz the yield levels of a winter sawn crcp are nuch higher than 

those of the spring sawn crcp, it miqht be e>qxcted that the 

nutrient rqukmmt of the former wculd also be considerably 

higher than that of the latter. Soils with a poor fertility 

sta- m y  m t e  a significant m i n t  to the realization of 
the lqer yield potential of a winter s a ~ n  cmp. Chi- is 

capable to met a major part of its n i w  mqukemnt by 

symbiotic N fixation, prnvided the suitable Cioer Ifiizobium is 

present in the soil and no other mineral nutrient is limiting the 

functioning of the symbiotic associaticn. Al- chickpas s e m  

to have a rmd.1 lower critical value for the available soil 

@x@-iorus than other grain legumes, their gmwth and yield can be 

mmrkably restricted in the soil with deficient  oru us 
w l y .  Phosphorus is also needed for M a t i o n  .-e. 



Drill use for sxing staculd replace farmers' methcd of 

brmdcasting to prwide unifonn se&hg  depth, a uniform stan3 of 
the crop, efficient use of seeds ard fertilizers ard a more 

favorable effect of herbicides. It wculd also all- the 

paasibility of using of intex-row cultivation for me&anical seal 

cultml. 

3.3.6 C b i m  On-Fazm 11985-19891 
w i a r  'on 

Wing 4 seasons, starting frun 1985/86, a series of 30 on-fam 

trials were m%&ihm in NW Syria which examhed the main effects 

and intemcti- of several mamgmmt practices dbxssed in the 

previous section which were thaght to be inportant in inproving 
chi- pmdudion. 

Treatrwlts in all years are given in Table 3.3.3. In 

the first year, qx2r- were sawn acC0rdil.q to farwrs' 
practice of harrl broadcasting sed  and fertilizer over ridged 

land, and suhqwnt splitting the ridges to cover the seed with a 
cne-set ducksfoot cultivator (row spacing is abak 45 an). In 

years a single pass &cal planter was CT- 

with the farmers' methcd. Details of the omstmcticn and 

aDerandi of this planter have beta reported prwia~sly. 

Results cbtained fmn these trials have been fully anal- 

and also subjected to deal evaluation. Firstly, the 

hiwights of chi- yield respanses to agxmmic practices are 
thmqh a s u m ~ l y  examination of pmled data acruss 

locations for each season. In the secord part amxmbg the 
d c  analyses, grain respnes of each treahmt ambination 

and their associated variability, both between sites years is 





discussxi. The mlyses focuses on a ccmparison of net revenues 
for each treabnent canbination, and their associated variability. 

Finally we conclude with a disrxlssion of the inplication of these 

results for our future reseaxh strategy for inproved chickpea 

production. 

7% lmin effects, first order interactions and levels of 

signifim for grain yield nspxses of cfiickpea are presented 

for each year as pled analyses in Table 3.3.4. Because of the 

law econcxnic value of chickpea straw as animal feed, straw yields 

are not considered in the analyses. Howwer, the straw yield 

responses to treatment dination were similar to these of grain. 

Advancing the date of sawing to early winter resulted in 
substantial a d  quite mnsistent yield increases in all years 
across locations, with 23 cut of 30 trials giving significant 

positive respnses. ?he response to early sawing was reduced in 
the 1985/86 season due to a severe infktation of Heliothis m. 
at the podding stage in winter sawn chi-. In the 1988/89 

season, again the reqmnse to early swing was 1- because of 

40-50 days very l w  ~~ which adversely affected the 
develqmst of the winter sawn crop. H m e v e r ,  overall hcmases 

in chickpa grain yield by ~arly winter swing was 32% wer late 

sawing for the last 3 seasons. 

Effects of inoculation were mall ard inconsistent: in the 

first season only 2 out of 8 trials shawed a positive response, 

whereas in the second season no significant response was dkained. 

m s  treamt was drqpd  in the last two m, and instead 

soil samples were colleded to fird the most appropriate 

Rhizabium strains for the respective sites of the trials. 
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Significant and consistent responses to chemical weed ambm1 

viere observed in the first season in 6 cut of 8 trials. -use 
weds pose a more serious threat in winter sckrln chickpea there was 

a significant interaction between time of sawing and herbicide 

use. Weed infestation was 5 times greater in winter sckrln chickpa 

ampred with the spring sawn cnp (1174 vs. 274 kg/ha of wed dry 

matter across all locatims). Herbicide thus had a greater effect 

in winter sewn crops which only achieved their greatest advKRage 

when weeds were controlled. Howwer, since the effect of 

herbicide use wer the ccatrol was clear, the @on then arose 

as to the effectiveness of hand we&hq as an alternative, s h  

there is always a slight crcp sensitivity to the herbicides used. 
?he results shawed that hanl gave significantly greater 

yields than chemical control at only 7 cut 22 sites in last 3 

years. Ihe relative writs of the t w ~  methods are discussed 

further in the Section on d c  analyses. 

Crop responses to W t e  mlication were significant only 

in the first 3 years, but the respme was erratic with only 7 cut 

of 30 trials W i n g  positive 7. Significant interacticns 

(not sham in Table 3.3.4) indicated that in the first year the 

effect of M e t e  fertilizer was greater in the absenoe of med 

control, preslrmably due to preferential sthulation of chickpea 

gmwth allow- better carpetition with weds. Again in the first 
year, a significant seccd order interaction indicated that 

Fhosphorus was clearly effective in winter savn chickpa without 

-icicle w h e r e  it gave a 30% yield increase. In the second and 

third seasons, significant irkexactions were also abtained between 

Fhosphorus and time of sawing. Reqases to phosphorus were 

greater in early sawn chi- than in later swn crcp. 'Ihis is 

rrPst probably due to a higher nutrient xx@mnmt of the early - crop. 
Other research on barley has indicated clear relatimships 



betwen native levels of available Olsen-P and EspOnseS to 

m t e  (~ooper et al. 1988). such a clear relationship was not 

farmd for wheat. Twenty years of continuaus a~plication of 

m t e  and in the wheat based Systens has radically changed the 

Pstabs of these soils (SWARJICARW 1988, 1989). Chickpea is 

oolrmcaily grnwn in these areas in rotation with wheat, thus similar 
results would prcbably be exp?cbd for chickpa. Irdeed, a 

critical level of 7 ppn Olsen-P was reported for chickpa as we11 

as other food legumes in trials crnducted in Tel Hadya resear& 

s t a t i c m  w b x e  the original 01-P level was very law. In the 

light of sucfi findings it is not clear why similar relationships 

were not obtained in farmers' fields in the -t based fanning 

areas since in several instances native Olsen-P lwels were 5 ppn 

or less, ard yet no responses wre obtained. R m q h ~ l l l ~  dyMmics 

of these soils are being further M e d .  

In the last three years, method of sowing was also studied. 

Drilling the s e d  with the single pass planter (SPP) gave 

substantial yield bmeases arer broadcasting (fazmers' methcd) 

w i t h  12 significant respmse cut of 22 trials across all seasons. 

Iicw=ver as irdicated in Table 3.3.4 there was a dmxq interaction 

betwen time of sowing of sicwing with larger responses 

to drilling in the early wwing in 1986/87 and 1988/89 and in late 

swing in 1987/88. 

In 1986/87 ard 1988/89 saaims, excellent soil conditions 

ocaured during early sowing. Early rains w=re well distributed 

w i t h  sufficient dry spells to allaw soil drainage & the 

effective aperation of the meal single pass planter (see 

Figure 3.3.1) . But in 1987/88 season, such dry spells did not 

ocr;ur so frequently, and early wing had to be done under wet 

soil cordtiom. As a result, the efficiency of the planter was 

greater in late spring planting when better soil wnditiomi 

axwred. These results shaJ that the timing of planting 
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F igu re  3 .3 .1  Mean month ly  r a i n f a l l  amounts and t h e i r  a s s o c i a t e d  
s tandard  e r r o r  i n  on-farm ch ickpea t r i a l s  i n  NW S y r i a  



aperatians is important on the heavy clay soils if the planter is 

go* to give its maximum benefit. 

3.3.8 P 'c Analysis 

-led -ianoe analysis were used to evaluate the d c  

fmibility of inpmed pmdwtion practices for dm. In 
each seascn the base treatmxles for emnanic analysis were thc6e 

w i t h  the 1- levels of i q k s .  

% werall effects of tmatmmt mination on grain yield 
and their associated variabilities are p m  in Table 3.3.5 

and partial budget analysis of respective tmatnent minations 

are given in Table 3.3.6. The parameters utilized in the analyses 
are given in Table 3.3.7. The inoculum a~plicatim tmatmnt was 

dkxuntd in the analyses in 1986/87 since there was no 

significant response. As a result, the last 3 years became 

carsistent in treatrent mobination. 

Table 3.3.5 Ihe effaffects of on cpain yield atri thair associated 
s t a r r h r d d w i a t i a t i n a n - f a m ~ t r i a l s i n I W S y r i a  

man O f  last 
1985/86 1986/87 1987/88 1988/89 3 -  

Tha tamI tQa in  S D Q a i n  S D -  S D Q a i n  S D G r a i n  SD 
No. 1 )41/ha )41/ha %n= %n= %n= 



1985/86 

Incraase 
Net Rev. Net Rev. 
(sYyha) (SYyha) 

1986/87 - 
Net Rev. Net Rev. 
(SYyha) (SYyha) 

1987/88 

Increkse 
Net Rev. Net Rev. 
(sYyha) (snJha) 

1988/89 

Imxease 
Net Rev. Net Fm?. 
(suIJha) (=-ma) 

met. 
No. 

3.3.7 Ruamtezs used in the eccplanic analysis for each 
season 

Sees price (SYykg) 5.5 
nE- (SYyha) - 

Planter method (SYyha) - 
Hana weed ccortrol ( S W )  - 
Cbmical weed control (SYyha) 563 
Fertilizer costs (SYyha) 121 
Harvesting cost (as 
percentage fnm l'btal Rev.) 5% 

In geneml e a d c  results reflect the results for grain 

yields because the costs of all treatments were relatively law 

coropared to crop values. 



N e t  revemes for each set of treahmts were calculated by 

assigning axts for each of the treatmnt elements (for field 

scale ~ p l i c a t i o n )  and subtracting these fmm the pmducts of seed 

prices and yields. "nxxxwes in net revermesol were derived by 

further subtracting the value of the base treatment. 'Ihe base 

treatment in the f i rs t  seasm amprised spring sowing with no 
hmadum, herbicide or pxsphate ~ p l i c a t i o n .  In the l a s t  three 

seasons, the base treatmmt for gxxranic analysis was the late 

w i n t e r  sowing with farmers' mthcd of planting, herbicide 

a ~ p l i c a t i c n  and m W t e .  

For risk analysis, average net revenues for each t~~~tment 

cubination were plotted against their associated standard 

deviation. These are presented in Figures 3.3.2, 3.3.3, 3.3.4 and 

3.3.5 for the four sasms. E a d ~  treatment cubination is 

assigned a mmber for reference in the subsequent text. 'Ihese are 

Mated in each of the abave figures. 

In 1985/86 all treatrents with w i n t e r  sowing daninated th 

carparable spring sawing treabenb in terms of higher average net 

revenues for the same costs CXcqJt treatm3l.t No. 9. !me lae& 

average net revenue of the w i n t e r  sown treatnats (No. 10) was 

greater than that of the h i m  average net revenue ammg the 

spring sawn treahents (No. 8) (Figure 3.3.2). No treatnent 

consistently gave positive effects on net revenus aQDss the 8 

lacaticns, hwever, as indicated atme, the mrst treatment was 
No. 9 (winter sowing w i t h  zem level of other -bents) wfii& 

gave 5 negative cases cut of 8. Trealmmt No. 11 with w i n t e r  
sowing cmbined with only bed amtrul was further distinguished 

as giving the highest average net revenue. However, average net 

revenues also needs to be omsidered in l ight  of the variations 
fmm location to 1-tion. It is m l e  that variations amxlg 

the w i n t e r  sowing treatments beIe greater than w almrKj the 

spring sawn treatments (Figure 3.3.2). 



Treatment  Number: 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

Sowing Date: E a r l y  (E ) ,  L a t e  ( L )  L L L L L L L L E E E E E E E E 
Inoculum: ( 0 )  ( + )  O + O + O + O + O  + 0 + 0 + 0 + 
H e r b i c i d e :  ( 0 )  (+) O O + + O O + + O  0 + + 0 0 + + 

9000 Pnog 

1 
( 0 )  (+) O O O O + + + + O  0 0 0 + + t + 

Sowing method: (B )  (S)  B B B B B B B B B  0 B B B B 0 B 

Standard d e v i a t i o n  o f  n e t  revenue (SL/ha) 

F i g u r e  3.3.2 R isk  a n a l y s i s  o f  ch ickpea agronomy t r e a t m e n t s  a t  8 
l o c a t i o n s  i n  NW S y r i a ,  1985/86. 

In 1986/87, all trea- with early winter swing dcminated 

the c%mprakble late winte.r sck~n treatments in terrrs of higher 

average net rwenues (Figure 3.3.3). Consistently pasitive 

effects m net rwmues, acruss the 6 locations, were  faund in 

aily five treabmts (11, 12, 14, 15 and 16) , while all ather 

treabmts gave negative results at sane locations. It is notable 
that all these treatments were under w i n t e r  s.cwing. Treatmmb 

U, 14, 15 and 16 were  also distinguishsd as givirq the highest 



T r e a t m e n t  Number: 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

S o w i n g  D a t e :  E a r l y  ( E ) ,  Late ( L ) :  L  L L L L L  L L E E E E E E E E 
I n o c u l u m  ( 0 )  ( +  0 0 0 0 0 0 0 0 0  0 0 0  0  0 0 0  

( H )  C H C H C H C H C  H C  H  C  H C H  c o n t r o l :  (C)  (,) 
+ + + + + + + + (O) 

( 5 )  B B B B S S S S B  B  8  8  5 S  5  5  

7500 
3000 4000 5000 6000 7000 8000 9000 10000 

Standard d e v i a t i o n  o f  n e t  revenue (SL/ha) 

F igu re  3.3.3 R i sk  a n a l y s i s  o f  chickpea agronomy t r ea tmen ts  a t  6 l o c a t i o n s  
i n  SW Sy r i a ,  1986/87. 

avarage net Wenws. A m q  these treatments 12, 14 and 16 had 

the 1- s t a f h d  deviation in net revenue in cc~ltrast to the 
previails season. 

In 1987/88, all treatments with early winter sawing again 

dauinated the mrparable late winter m treatments in tenns of 
higher average net revenues (Figure 3.3.4). In addition, all of 

the winter rn treatments gave consistmtly positive effects on 
net rwenue5 across all t l ~  6 locations, while all late s m n  

trealments gave negative results at scme locations. Treatments 

10, 12, 14, 15 ard 16 gave the highest average net revenues. 



Treatment Number: 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

Sowing Date: Ear ly  ( E ) ,  Late ( L ) :  L L L L L L L L E E E E E E E E 
15000 lnoculum 

1 
+ 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 

Weed cont ro l :  ( C 1  lo' ( H J  C H C H C H C H C  H  C H  C  H  C H 
p205: ( 0 )  (t) O O + + O O + + O  0 + + 0 0 + + 
Sowing method: ( B l  (S) B B B B S S S S B  B B B 5 S S S 

Standard dev ia t ion  o f  net  revenue (SL/ha) 

Fiqure 3.3.4 Risk analysis o f  chickpea agronomy treatments a t  6 locat ions i n  
NW Syr ia ,  1987/88. 

In 1988/89, w h i c h  was the driest year with many frost days, 
all treatments with early s0wit-g again dcaninated the cmpmble 

late swing treatmats except treatment 9 (Figure 3.3.5). Howwer 

no treatment consistently gave positive effects on net revenw 
across the 10 locations. Treatments 10, 12, 14, 15 and 16 as in 
prwia~s season pmvided the highest average net menues. 
Similarly standard deviations of these treaatments were in the same 
range of amparable late SOXI chickpa treatments. 

Variability in crop yield is u~voidable even in the same 
agroecolcqic zone due to d a y - m y  or month-b-mnth or year-to- 

year variability in rainfall and taperature. 



Treatment Number: 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

Sowing Date:  Early [El. La te  ( L ) :  L L L  L L  L L L E E E E E E E E 
1nocu1u. ( 0 )  (t) 0 0 0 0 0 0 0 0 0  0  0  0 0  0  0  0  
Weed con t ro l :  (C) 

l5OO0 , PzOs: 
(H I  C H C H C H C H C  H C  H C  H  C  H 

( 0 )  ( I  O O + + O O + + O  0  + t 0  0  + t 
Sawlng uethod: (01 ( 5 )  B B B B S S S S B  B  B  B  S  S  S  S  

Standard d e v i a t i o n  o f  n e t  revenue (SL/ha) 

F igu re  3.3.5 Risk ana l ys i s  of chickpea agronomy t rea tments  a t  6 l o c a t i o n s  i n  
NW Syr ia ,  1988/89. 

As mentimed earlier in the first season, the greater 

variations among the winter sawn treatments were due to a severe 

damage of Heliothis SUD., in spite of being spxayd with 

hsecticides . In the follwhq seasons, due to timely 

~plication of insecticides using femmne traps to d t o r  

Wiothis paprlation, variations a n c q  the early sum treatwnt 

axbinations wxe kept within quite ~ l r a w  -ies and net 

revenues became substantially higher. 

In spite of the variations across locaticns, there were scae 

oorrsistent trends over the f w  YESES. Fixst, there was a 

substantial boost in net meme resulting fmm winter planting in 



early Decgnber with a new cultivar t o l d  to cold and to 
Asoxhyb Blight. In addition, weed mntrOl prwided highex net 

revernaes in ombination with early winter .swing in all seas~lls ,  

w i t h  hard weeding being more profitable than chemical weed control 

in last three seasons. Al- ham3-wedh-q was mre effective 
than d-mnical weed control, the availability of labor is likely to 

be cbzidbg factor and is expectd to vary frwn place to place. 
'Iherefore it is wise to Corrtirrue the rsearxA on chemical weed 

mRrol in the future. 

Rhizobia inoculation did not give sufficient yield 
to cover the cost of this cperation. Haever, if chidpea 

cxlltivaticn is expanded to drier areas where this crup has not 

been gram in recent decades and mations of Cicer rfiizcbium 

are nat present, inoculation may becune profitable. 

In all seasons, phcqhate fertilizer was mist profitable for 

the ChiClqEa Qops rn in early winter. Results were less 

ansistent in the cases of sprirq or late winter saw*. 

The use of the planter (in this - a single pass planter) 
aanpared to the fazmersl traditional saw* method of broadcasting 

over the ridges gave a strong boast to net rev- especially in 

the case of early winter sawing especially in 1986/87 season, but 

the results were also positive in the last two years irrespective 
of sawing date. We can conclude that local cereal drills can 

gananically replace traditional bmadmstiq methods. 

Early winter drill sawing of chickpea (sarly -) canbined 

with weed mntrol and ph-te ~plication has pruved to be 

cmsistently profitable in these on-farm trials. T h e  next step 

nust now involve the wider testing and demmtraticm of the mst 



pmfitable and stable treaiment anbinaticsls in f- mmagfXl 

trials. Such wrk wcarld nrst prcperly be undertaken by the 

national resear& ard exterrsion systems. Such an initiative 

a d  clearly start in Syria, the c u m t ~ ~  in w h i d - ~  these t r i a l s  

were lxrt the results of this shaild also be 

tested, and where necessary adapted, in  other major c f i i c J ~ =  

grw- areas w i t h i n  the region. 

In W I ~ ,  such an initiative is well underway, and in 

section 5.2 of this report we highlight the findings of a of 

the -an dynamics of winter sum &&pa. 
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Abcut 6000 years ago, sqplawtal irrigation started in the 

uplaxls and foathill regions mar many saall rivers ard streams 
in the Near East. These efforts were devoted to the pnxbztian of 

cereal grains; minly barley and uhest. Even n c k ~  su~planentdl 

irrigation continues to be indigemxxs to the region. Whemas 

axventional irrigation su~plies the entire plant-water need 

because rainfall cannot be relied upon during all or a large part 

of the p i n g  season, s q p 1 ~  irrigation oauzs in an area 

khem a crap can be grown by natural rainfall alone but additional 

water stabilizes and inprmes yield. In addition, irrespective of 

seasondl rainfall, sqplemmtd irrigation can prwide mnditiors 

suitable for using him irputs, s u c h  as high yielding varieties, 

fertilizers, herbicides, etc., as well as mre intensive cra~pbq. 

The use of suFplemental irrigaticm can allwiate climatic risk 
factors in d-arid regions by increasirq choices for soil ard 

crop maMgewnt which can stabilize yields. Ihe m a q n i w  ard 



1. The f i r s t  year, 44 barley genotypes, selected at  the Boueidar 

station and suggested by the Barley meders of the Ceredl 

Impruvemnt Program of the ICARW, WE entered into the 

design; and, 

2. me semrd year, only 16 of thee genotypes which showed a 

respolr;e to -1- irrigation were seleded to be 

entered in  the semrd seasons's trials. 

'Ihey  we^^ nrainly barley lines fmo advanced trials being 6 c u t  

of the original 44 genotypes barley varieties already grcwn an 

farm; their names or c-rosses are reported i n  Table 3.4.1. 

A l l  plots w e r e  fertilized with 50 and 80 k@a of P205 in the 

form of t r ip le  supqhwte a t  the beginning of the 1987/88 am3 

1988/89 seasons w i v e l y .  N i l x o g m  fer t i l izers  were not 
=lied in either season. In  Table 3.4.2 the results of both 

cfiemical and mechanical analyses are reported for every layer of 

the soi l  profile up t o  the depth of 1.2 m. 

T h e  profile was more than 1.5 m deep. Ihe Tbtdl Available 

Water was 227 rrpn/m. 

Rainfall a t  sawing time was adequate for germination for bath 

seasons. Scheduling of supplenmtal irrigation was by water 

balance methods (Perrier and S a l k i n i  1989) employing the Class A 

pan evaporation measuremerrts, ard verified using g r a v h t r i c  soil 

samples and neutron probe measurements. 

3.4.3 Weather Caditims 1987-89 

Figure 3.4.1 shaws mean k p x a t u n s  on a l a y  basis for both 

seasons f m  the first period of N a v e  to the end of May. 



Wle 3.4.1 Wames or cnsses of the gaDtypes alpos- f p e p o o l  
wder test a t  the Bmeidar statlcn d u r q  the 
1987/88 d 1988/89 Seasas 

Wference 
Name of Qoss 

1987/88 1988/89 

A p c p ~  000046//Line 251-11-2 1 
Lignee 13l/-i Abiad 2 
w / w m  oooJ46 3 
A f i m  5 9 0 8 / A t h S / / L i m  610 

(ICEml-0210--) 4 
5604/1025//A~abi Abiad 5 

5 9 0 8 / & b / h  640 
(ICB91-0210-1AP9AF-OAF') 6 1 

~ / / 1 0 8 7 6 - 2 / 3 / 7 C b 2 2 4 2 3 / B l  7 2 
WI2198/Harmal-02 8 
Nacta/Arabi Abiad 9 
--awWP= ='//A== 1 0  3 
Mr46/WI2198 11 
A r b n a  5908/&b//k36e/3/F208-74 12 4 
Ha~ml-O2/Arabi  Abiaa//ER/Apn 13  

527-W 14 5 
Lignee U42/Arabi A b i s l  15 
m00/m3//F\m+3/3/.rra/4/10925-1/5/ 
/Bco.W/As/6/Seea Scunm 72-5" 16 

W I 2 2 6 9 / 3 m i / l b b / / R W  134-73 17 
--2/3(-//B6 18 6 
F&m/Arabi Ablad 19 
-5-56-4/NKl467 20 
-/1806-4I//Harmal-02 2 1  
w12269//a 08887/a05761 22 
Api/CM67//Mzs/3/Arabi hbiad*2 23 
Q-- m/Rn/ /e3/3 /Ap~/dyj7 /4 /wn/~~i1~161 24 7 
DL7l/~/~'S'/3/11016-2~BS-E-72 25 

686 26 8 
NK1616/0cnp.Q-. 89 27 
AFm/tWII-lY//Apn/IB65/3/Gitane 28 
- ( * ) / w / Q 1 . = / 3 m /  

/ 4 / T L 7 ~ s t r a i n  205 29 9 
ntts/ec 30 1 0  
eW 1awh== 3 1  11 
Bgs//MD XIT&+B-4-2-2-B-B/3/Arar 32 
A r i z m a  5908/Aths//ra72/~iou-2 33 
m r i J ~ 2 / / K y 6 3 - l 2 9 4  34 1 2  
E!ums*2/Arabi Abiad 35 
mi/Atbs*2/- 36 
m m - 0 2  37 
hT 2291 38 13  
W I  2269 39 
Alar 40 14 
Riharp03 4 1  15 
Harmal 42 
Psabi Pswad 43 
A r a b i  Abiad 44 16 

B o l d n a m e s a r d ~ m e a n t h a t t h e g e n o t y p e h a s b e e n s e l e c t e d  
f o r t h e ~ s e a s a s l  



Table 3.4.2 Results of nitrate-nitrcgen, extractable 
@xx@orus and mechanical analysis of 
e ight  combined samples from the 
exprhmtal f i e ld  at  Bcueidar, 1988/89 
seasoul 

Medxmical analysis 
Depth N0-j p (01-1 
an FP FP % Clay % S i l t  % Sand 

*Presenoeofgypsum 

Note: Sanplhq was carried art after plcughing. 

F 

NOV DEC JAN FEB MAR APR MAY 

Fiqure 3.4.1 Mean temperatures d u r i n g  2 seasons a t  Boueidar, N. Syr ia ,  1987/88 (- - - - ) ,  
1988189 (-). 



IXlring the 1987/88 season relatively clcudy wther with the 

cansequent reduction of irradiation caused relatively mild 

tapmhres. Only 20 frost events were recorded and the c r q  

develcped rapidly. Gnxlnd ower axlulPd early in the season by 

the erd of February. 

The 1988/89 season was nuch colder with ta'pratwes drqping 

belcw freezing point 59 days of which 53 were remrded during the 

period of Decaober 19 to February 21. 'Ihe cold season a l q  with 

dmqht hindered mrmd plant gmwt31. N l  gxmn'd oxer axlulPd 

mly by the erd of Mazrh. 

Figure  3.4.2 shms the xwt:shoot pattem of qraJth relative 

to the 1988/89 season. 'Rris pattem is sanexhat different to that 

described by Pxrier (1989) for wheat at Tel Hadya, and is 

prchbly largely due to the cold season and the resulting delay of 

plant m. 

0 12.5 30 4 7 . 5  65 82.5 100 

P l a n t  h e i g h t  (cm) 

Fiqure  3 . 4 . 2  R e l a t i o n s h i p  between a c t i v e  r o o t  depth and p l a n t  h e i g h t  o f  b a r l e y  a t  
Boueidar,  N. S y r i a ,  1988/89. 



Mcolthly accumulated rainfall for both seasons is shrxYn in 

Figure 3.4.3. 'Ihis c o n f h  that rainfall distribution is erratic 

in the region. 'Ihe 1987/88 season totalled 385.7 mu of rainfall 

whereas the follawing season was only 186.4 m. In the first 

season the rainfall distribution was good during both Jarwry and 

February and soil water availability, with relatively mild 

t m p n t u r e s  allwed the plants to grnw without soil moisture 

stress. Rainfall started to decline during Mamh and, the 

following months, two supplemental irrigations w a x  ne&ed to 

replenish the soil misture in the active root zone. 

SEP OCT NOV DEC JAN FEB MAR APR MAY 

Figure  3 .4 .3  Monthly r a i n f a l l  t o t a l s  a t  Boueidar,  N.  S y r i a ,  
over  2 seasons .  



'Ihe follawing season was different: the rainy season started 

in October ard ceased tmards the erd of March. Hwever, two 
p?xmmad dry spells ccmmed. The first, a 23 day dry spell 

fran Navenber 20 to k c a b e r  13 (7 mn acarmJlatd rainfall) and 
the second a long draqht fran the beginning of January to M 

12 (just 5.9 nun acclmpllatd rainfall). 'Ihese unusual droughts 

caused many failures of rainfed barley fields m g e d  by farnrers 

in the region. The qzerimental plots had to be supplementally 

irrigated ~arly in the seascn. Five irrigations were applied 

starting as early as Dezmber. Table 3.4.3 shaws the quantity of 

water applied ard seasoml rainfall for ea& supplemental 

irrigation treatmnt during bath seasons. 

Table 3.4.3 Quantity of water  (mn) applied ard 
rainfall for the supplemental irrigation 
treatments for the 1987/88 ard 1988/89 
g-mwing seasons at Boueidar 

Irrigation levels Rainfall 
supp1- 
irrigation Total 

1987/88 

Rainfed 385 0 385 
1/3 replenishment 385 12 5 510 
2/3 replenishment 385 12 5 510 
3/3 replenishment 385 12 5 510 

Rainfed 186 0 186 
l /3 replenisinwnt 186 177 363 
2/3 replenishment 186 353 539 
3/3 replenishment 186 523 7 09 

Wing the first season an3 because of problems of water 
distrhtion, we were forced to irrigate balancing the volumes of 

water applied. Thus, the treatments 1-1, 1-2 ard 1-3 received 



respedively 30, 60 and 90 w of water on April 29-30 ard 95, 65 

and 35 n on May 10-11. In so do-, with the t w o  irrigations the 
treatments received L25 mn each but scfaeduling of a@icatians 

differed. 

'Ihe pattern of water demwd, relative to Class A pan 

evaporation and to the 1988/89 seasm, is shawn in Figure 3.4.4, 
where the Chp Coefficient (kc) is plotted against days after 
emergence. This illustmtes the hmeae in  water deroand that 

follow- stem elongation. 

J u l i a n  Days 

F igure  3.4.4 Seasonal v a r i a t i o n  o f  the b a r l e y  crop c o e f f i c i e n t  ( K c )  dur ing  1988/89 
a t  Boueidar, N. S y r i a .  



3.4.4 mts of BE First seasan 

% 1987/88 season was not a typical one at- the site. 'Ihe 

weather, p-lens of prsonnel and p r o j e t  management made it 

inpossible to have reliable data concerning yields. Nonetheless, 

some data were collectd abcut agroncmic aspeds that influeme 

grain yield, such as the capacity to not lodge urder h i m  water 

regimes, the weight of 1000 grains, the wight of &/ear, etc. 

These -ts all& a first selection aimd at reducing the 

mmter of gmoqpes in the seccarl year's experiment. 

lhose genatypes which were selected shawed an appreciable 

mqmce to supplemental irrigation and significant increases in 
the weight of sex% per ear anrl/or the weight of 1000 grains. 

Ihen, all whi& m i t e d  a high rate of lodging were also 

?his characteristic results in a mechanical 

-istam? to water flm in the stan and to a re3uction in yield 

~ quality (Eriggs 1978; Day 1957). In addition lodging 

genatypes cannot utilize the irrigation water efficiently because 

of hindered @Acqmthesis. T h e  re~ining genotypes sel- were 

tk6e shawing trerds of hcnased yields m o r  other factors that 

imxease yield. A tatdl of 16 g e m t y p s   we^ entered in the 
follming season's trial. 

3.4.5 Mts of BE seard Season 

After  harvest all the data needed to estimate the effects of the 

different sqplemental irrigation treatmmts were measured 

( B i a n a s ,  no. of ears/&, wight of the ears, grain yield, 1000 

grains wight, absolute protein and lysine contents) or calculated 
(Straw weight, no. of fertile spikelets/ear, water use 

efficiency) . 
'Ihe ANOVA calculations were carried out according to the 

follawing table: 



Saurce of variation D.F. 

Replications 
Supplemental irrigation 
Error A 

Barley errtries 15 
-&ion s.irr. *barley entries 45 
Error B 180 

Statisticdl analysis shCkRd that all the supplemental 

irrigation treatmmts had a positive effect. The factors of 

yield, no. of ears/m2,  no. of fertile spilcelets/ear, and weight of 

1000 grains, w e r e  related to the level of water applied (Figure 

3.4.5) . These chamcteristic in;reased yields aca3-ly. In 

Table 3.4.4 the mean yields for the different genotypes are 

reported for each supplemental irrigation treabnent. 

500 50 - Weight o f  100! gra ins  ( g )  - .- No. o f  earslm 

400 

/ 

100 

0 
1-0 1-1 1-2 1-3 

Fiqure 3 . 4 . 5  Determinants of b a r l e y  g r a i n  y i e l d s  a t  d i f f e r e n t  l e v e l s  
o f  supplemental i r r i g a t i o n  (see t e x t )  a t  Boueidar, 
N. S y r i a ,  1988/89. 



Table 3.4.4 Mean yields (t/ha) of the 
genotypes at different 
sqplemntal irrigation levels ; 
weights are at field misture 
content 

Irrigation 

Mean 0.26 1.89 4.25 5.17 

LSD 0.05 = 0.74 between two irrigation means 
for the saw entry mean 

LSD 0.05 = 0.61 between two entry means at the 
saue lwel of irrigation 

I S D  0.05 = 0.45 between +xu irrigation means 

'RLese dramatic results was caused by the unusual dmught 

durhq the year, and the corsequerrt necessity of a~plying a 

greater volume of water than is normally required for supplemental 

irrigation at this location. 

Grain yields of each genotype were significantly 

frun 1-0 to 1-3 at the 5% significance lwel. Hawever, genotypes 
2, 4, 5, 8 and Arar did not respold to the highest level of 

irrigation. 



The highest yielding genotype b a s  Rhm-03. It recorded 

0.22 t/ha under rainfed ccaditions all the way up to 6.72 t/ha for 

full replacement of the water deficit in the soil pmfile. Other 

good yielding genotypes 1, 4, 8, 10 and WI 2291. Other 

genotypes had good reqmss to supplemerrtdl irrigation, but the 
magnitude of their yields was significantly different f r a n  higher 

yidaing genotypes. 

Differences be- genotypes at the same level of irrigation 

are less reaurent and the analysis of the regressions of variable 

grain yield vs. totdl anumt of water received (Figure 3.4.6) 

shoclFad that only Rihane-03 had a significantly different behavicar 

in 5 ccmparisons art of 15. This nears that the group of barley 

genotypes is nearly honogMeous with regard to supplementdl 

irrigation response which is a t t r W  to the first years 
selections. Another point was that all genotype materials were 
selectd at the sam site ax i  all were selections fmn rainfed 
barleys. 

water use efficiency, WJE, (Bolton 1981; Cooper 1983) was 

carprted as: 

Total water (nun) 

where biomass is the total weight of the harvested plants (not 
i n c l ~ r o a t s a n d ~ )  a n d w t r e r e t h e t o t a l w a k i s t h e s u n l  

of the seawnal rainfall ard the water -lied by mans of 
~~@ementdl irrigation. 

'Ihe WUErs are reported in Table 3.4.5 for ~ a c h  genotype a x l  

for all the ~ l e m m t a l  irrigation levels. 

In general WE increases significantly fmm 1-0 to 1-2 where 

it reaches its maxima; then, it reduces significantly in 1-3 where 

i t s  value is similar to that of level 1-1. 
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F i g u r e  3.4.6 L i n e a r  r e g r e s s i o n  o f  g r a i n  y i e l d  vs.  t o t a l  wa te r .  



Table 3.4.5 Water use efficiency ixkxes 
(kg/ha/mn) for the different 
genotypes and supplemental 
irrigation treahents 

Irrigation 

w 1-0 1-1 1-2 1-3 

1 4.84 16.12 17.79 17.82 
2 4.50 15.83 18.56 17.18 
3 5.65 13.09 15.62 16.39 
4 4.39 15.52 18.13 16.05 
5 5.09 13.77 18.55 16.56 
6 4.94 12.36 15.63 12.53 
7 5.25 14.16 16.57 14.28 
8 6.32 15.76 18.38 15.87 
9 6.38 13.48 14.99 13.96 
10 7.09 16.55 18.74 17.79 
11 5.18 19.42 20.05 14.93 
12 5.75 18.55 17.42 16.14 
13 WI 2291 5.65 19.53 20.17 17.71 
14 Arar 4.28 13.67 14.50 12.64 
15 Rihane-03 5.61 17.51 19.81 17.72 
16 A. Abiad 4.80 15.38 18.73 16.81 

Mean 5.36 15.67 17.75 15.90 

LSD 0.05 = 2.82 be- two gemtype means at 
the same level of supplemental 
irrigation; 

LSD 0.05 = 2.93 betweq two supplemental 
irrigation mans for the same 
genotype 

LSD 0.05 = 1.08 between two irrigation means 

The hiqhestm wen? achieved by the genotypes 2, 4, 5, 8, 10, 
11, 12, WI 2291, Rihane-03 and Arabi Abiad in irrigation 1-2. 
IIawwer, Rihane-03 utilized the water to produce more grains than 

straw wfiereas the other genatypes had a different behaviour. In 

Grain yield (kg/ha) 
m= .................... (2) 

Total water (mn) 



sbcws that Rihane-03 p w  1.18, 7.47, 8.84 and 9.57 kg/lm/nnn 

of grain for the treatments 1-0, 1-1, 1-2, and 1-3, respectively. 

The differexe betkneen its WE index in 1-3 (ccmplted aamrdinq to 

equation (2)) and those of the other genotypes at the same lwel 

of irrigation are significant (i.e., ISD 0.05 = 1.43 between hu 

m at the saw lwel of irrigation), an3 shaws that the last 

sqplemental irrigation inmeas& the grain yield fadors mre 

than straw wight. T h e  number of fertile spikelets per ear was 

the min factor reqmmsible for the yield inuease, as it changed 

fnna 30 in 1-2 to 39 in 1-3 whereas the number of tillen/m2 (m. 
of ears/$) and the wight of 1000 grains did not increase between 

1-2 to 1-3. 

Absolute grain pmtein content decl.8ases with s u p p 1 ~  

irrigation treatrrwt fran 1-0 to 1-3. In Table 3.4.6 the man 

prcentages of both protein and lysine contents are reported for 

each supplenwtal irrigation treatmi-&. 

Table 3.4.6 ARsolute omtents of both 
protein and lysine in grains 
(%I of all genotypes1 

Treatment Protein % Lysine % 

LSD 0.05 = 0.49 betmen two irrigation - for pmtein 
LSD 0.05 = 0.01 between hu irrigation 

mans for lysine 

W i n  quality is stable with a slight m e x y  to hawse 

fmm 1-0 to 1-2. 



T h e  lysine to protein ratias a m  reporbd in Table 3.4.7 for 

the supplementdl i rr igat ion treatnmts. Both prPtein anl lysine 

absolute omtents decmase with hcmasbg w l i c a t i c n  of 

supplanentdl irrigation, but lysine dmqes a t  d i f f d  rate then 

pmtein, in other its rate of reduction is less. 

Table 3.4.7 Lysine to protein rations 
( 1  of a l l  genotypes) 

Rainfed 
1/3 replenishment 
2/3 replenishment 
3/3 replenishment 

LSD 0.05 = 0.05 between two ream 

~ v e n  i f  the absolute protein content dscreases, a big increase 

in the total weight of protein yielded cums, d t b q ,  of 

oause, frna inmeas& yields. Table 3.4.8 mprb the msan 
kilogram of protein yielded for ea& supplemntd irr igat icn 

treatnrent. 

Table 3.4 .8  Weifplts of grain protein 
yielded (kq/ha). (Mean of 
all g=otYPs) 

Treabmmt Protein 

Rainfed 
l /3  replenishment 
2/3 replenistnrmt 
3/3 replenishment 



Straw is an inportant aqriailtural by-prduct especially in 

thcse areas were barley straw provides a resaxe to fed 

livestock. In Table 3.4.9 the tcsrage of straw harvested is 

reported for each gencrtype and sqplemental irrigation trea-t. 

Table 3.4.9 Mean straw yields (t/ha) of the 
genotypes at different 
~ 1 -  irrigation levels 

Irrigation 

Mean 0.47 2.62 4.12 5.27 

LSD 0.05 = 0.77 between tm irrigation means 
for the sanre entzy mean 

LSD 0.05 = 0.73 between two entry ~ ~ ~ a n s  at the 
same level of irrigation 

LSD 0.05 = 0.30 betwefa two irrigation means 

'Ihese results are similar to these for grain yields. 

in stzaw production is due to the height of the plants 

a d  to the inrreased rnmber of tillers per square meter. 



?he increase in s t r a w  e i g h t  does not nntch the trend of the 

grain yield, i.e., Rihane-03 was the top yielding genotype 

amcemhj grain, haever, it prcduces a 1- quantity of s t r a w  

with supplenxmtal irrigation. 

Absolute protein content of s t r a w  (Table 3.4.10) decreases 

significantly f r w  1-0 t o  1-2, txlt the further small decrease is 

&served in 1-3 was not significant. 

Table 3.4.10 Absolute protein content in 
s t r a w  (%). (Mean of a l l  
genotypes 

Rainfed 
v 3  -1- 
2 / 3  replenishment 
3 /3  replenishment 

LSD 0.05 = 0.77 between twomeans 

Thus, absolute protein content decreases also in s t r a w ;  ht, 

due to the ranarkable in straw yield, the total weight of 
pratein yielded clearly incl-8ased as a result of supplmentd 

irrigation. 

Drawing conclusions from the data collected during the second 

year of experimntdl work shaild be done w i t h  sane caution as the 

results are of course affected by the charaderistics of the 

seasan which in this case was p r t i d a r y  dry. Hmever, we can 
&serve the following: 

- A l l  the barley genatypes reqordd wel l  t o  additional water -. 
=lied by supplemental irrigation trea-. 



- Rihane-03 gave the best msponse to water. Its inrreased 

yield was due to the inrreased mm33er of grahi per head and 

not to the rnmber of tillers per square meter. This m - 
that, in selecting barleyls genotypes for supplemental 

irrigation e, the criterion of taking only good 

tiller- genotypes could result in saue potential material 
being lost. 

- The other genotypes all respxkd to the different levels of 

supplemental irrigation but, havhq all k e n  selected at the 

same site (Boueidar), they did not shm differences in 

reqmnses. Thus, intrcduction of new genetic uaterials ccming 

f m  sites where rainfall rxqes are different should be taken 

into consideration and it axld bz rmch more advantageous to 

haease barley yields in the considered region. 
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H. Harris 

ICAFW4 is developing tecfinologies for the inprovement of food 
pmducticm in the dry winter rainfall areas of North Africa and 

West Asia. Of ne=essity, mrfi of its work is organized alcslg 

lines of d t y  and disciple. Hmever it is a feature of the 
C w h r  that it is reaxpized that there is a need to draw 
together work on individual amcdities and of Mvidual 

disciplines and to evaluate researcfi fh3ing-s in relation to the 

f m  systans with a c h  the Center works. 'Ihis is partiollarly 

inportant in the light of the variability of envimmental 
oxlitiors, especially those which relate to seasonal weather. It 

was thus felt that it was neoessary that new tedYlologies shculd 

be tested by the Center, wer time, to detemhe their ptential 

productivity. 

To achieve this objective tmux rse  rotations were  

established in the 1983-84 season on land that had been under 



--based rotatiom fmn 1977-78. Seven ~ n ~ ~ i n g  

Mmely wheat follawing fallaw (W/F) , sunwr cmp (W/SC) (water 

melon), lentil (Wfi) , chickpea (W/C) , vetch (Vicia sativa) (Wp) , 
meaic (Medicago m.) (W/M), and wheat (W/W), are replicated three 

times, and both phases of the rotations are included each year. 

uldividual plot s i z e  is 0.54 ha, and each rotation therefore 

c ~ ~ e r s  3.24 ha. lBese rotations prwide the o p x h m i t y  for new 
system to pmve their worth in the variable conditions of the 

region. 

The soil is a Calcic Wmdaxeralf (- 1980) and the trial 

is sited on sloping land. In mDst of the area the soil is 1 to 2 

m or mre deep, but there are areas kd%=m the depth is variable 

w i t h  sane pa* w i t h  less than 0.5 m of soil. 

In the f i r s t  twr, years no irplts wre used, but fmn the 

1985-86 season fert i l izer,  ard weed, pst and disease Cantrol 

meknnes have been -lied, and iqxwed cultinns inbxduced. 

T k  exprimentdl treatments are superhpced in a split-split plot 

design. Faur levels of ni- (0, 30, 60, and 90 kg N/ha) are 

applied to sub-plats in the wheat @mse for the dual rurpose of 

m i r q  the long term reliabil i ty of nitragen resp=es and 

evaluating the capability of the 1- to w l y  nitrogen to 

the system. The wheat stubble is subject to  three management 

treatments - heavy grazirq, mdemte grazing or stubble retention 

- whid.l form the ab-sub-plats. 

Here we report findings cm the perf0rmr-m of the rotations 

and on the effects of nitrcgm in four crq, seasons, 1985-86 to 

1988-89 inclusive. Sam? trends a~pear to be emerging in the 
stutble treainents, tut e prefer to defer discussion of these 

unti l  they are more clear. 



Tillase. S h  1987-88, primry tillage in the wfaeat phase is 

carried out with a tyned cultivator after the first rain of the 

season, and this is followled by a pass with a spike-- 

harrw for seed bed preparation. 

Plant-. In the first two setscm (1985-86 an3 1986-87) the 

traditiondl method of broadcasting seed on to ridged land and 

covering it by splitting the ridges was used. Haever this 
d t s  in poor crcp gecwtry with widely spaced (48 an), dense 

bands of plants giving insufficient grand cover, espcially 

early in the season. 'Iherefore in the last two seasons seed has 

been drilled, wfieat with a locally hilt seed drill at 17.5 cm 

r a ~  spacing follawing seed bed preparation as abave, and legums 

(vetch, lentil and chickpa) with a zero till planter directly 

into W t  stubble at 30 cm nw spacing. Medic seed was broadcast 

in 1983 and 1984 an3 now pastures nqenemte annually. Water 

melon, wfiich is gmm in the sumaer cm water stored in the 
profile during winter, is established as single plants on a 3 x 3 

m grid acco- to local practice. 

Wheat ard the legumes mnmlly are planted in the second half 

of N w e r b z r  and early DecerrS3er respectively, follawing the apening 
rains, ard water melon is sum in mid-April on land that is 

fallwed to that time. seeding mtes are: wheat, chi- and 

vetch, 120 kg/ha; lentil, 100 layha; melon, 1.5 m. 

Odtivax-s. The i n p w e d  dunnn wheat, Sham 1, has been used 

Uxc@mut the fow years. ILC 482, a cold tolerant chickpea 

cultivar with tolerance for aschod~yta blight, now released in 
Syria as Chab 1, was seleded for the early sowing stratesy used 

in the trial. Syrian local d l  lentil, used for the first two 
years, was replaced by a newly released cultivar, Idleb, in 



1987-88. ?he veb3-1 and water wlm are both strains used locally. 

A mixture of medic w i e s  arrl cultivars was scwn originally, 

w i t h  the objective of stuctying their pcpilaticn dynamics. Zhe 

pkstures are now dambated by -- ard M. riaidulg 

(P.S.Cocks, persondL cammication). 

Fer t i l i zq .  Fkqhate fert i l izer was broadcast over the whale 

area in the first two years a t  60 ard 90 kg P205/ha respectively 

to raise the fe r t i l i ty  level. It is nm drilled w i t h  the wheat a t  

50 kg P205/ha. ?he nitrogen is hand broadcast, half a t  planting 
and the remainder a t  the t i l lering stage of wheat gmwth. 

Cron Pmtection. Wed Control. In the wheat #mse b-1 

+ M 6 A  and diclofapmethyl are -lied %hen necessary a t  the 

t i l ler ing stage to contrul b d e a f e d  and grassy weds 

respectively. herbicides are used for the food 

l e g u ~ ~ ~ ,  t&mtryn and cyanazine for chickpea, arrl p d d e  and 

cyanazine for lent i l ,  follawing, i f  mcesaq, a contact herbicide 

(pamquat) to Control cereal volunteers prior to planting. Vetch 

and medic are grazed and no other d -1 is inposed. 

Fall- are maintained weed-free either by cultivation with a 

tynea iqlement or by the use of paraquat ami/or glyphosite. 

CKID Protection. _Fest. Seed dressing 

used ruutinely for a l l  spcies, and furadan is drilled w i t h  lentil  
to control sitoM weevil l a m .  Insect and mdent m a t i o n s  are 

d t o r e d  am? controlle3 as neoessary. An Gltbmak of awhdyh 
blight in chickpa i n  1987-88 was treated with the fungicide, 

CNorQthalonil. 

G r a z h  MaMaement. Medic pastures are grazed the 

year for as long as they w i l l  sqprt 8 to  10 e k ~ s  (and lambs) per 
hectare. Vetch is also grazed and is use3 to fatten weaner lamb 

in the spring. 



field Determination. AFpmXimately 20% of the plot area of 

what and drickpa is harvestd w i t h  a plot car33ine to de- 

grain yield, usually in the f i r s t  half of June. 'Ihe hamest index 

is estimated fmn 20 x 1 m mw sanples per sub-plot ard total dry 

matter ard residue yields are estimated fmn the grain yield ard 

the harvest index. 'Ihe same praportion of l en t i l  plots is ham3 

harvested ( l a te  April/early May), dried and thmihed ard seed and 

residue yields are nmsured. A l l  yields are reported as wen+ 

weights. The 'yield1 of the vetcfi ard of medic pastures is 

estimated as grazing days per year (rrrmber of days x stocking 

rate) and as a n h d  products. 

'Irotal seasonal rainfall in the f i r s t  tm years was equal to the 

long term average (Figure 3.5.1), while in the third and fourth 

yeas it ~prmched the u~per and 1- extremes, respectively, 

for the area. 'Ihe intraseavndl d i s t r i h t i on  was more f a v d l e  

in 1985-86 than in the follmirq year, w i t h  rain in April ard May. 

In  1986-87 the rain whi& f e l l  in .%ptmbr ard Wkber was 

follawed by a six week dry spell and was l a y  ineffective. In  
bath years ~ q s  did not fully establish unti l  rain in l a t e  

Decacbx pmrnoted final germinatim. Bcdlent Octaber rain in 

the next two seasons allowed early establimt of wheat and 

medic, and of the other 1- in 1988-89. Howver in 1987-88 

saw- of vetch, l en t i l  and chickpa was delayed by wet  

arditians unti l  early January. In  1988-89 there w a s  only one 

effective rain event af ter  Deazbzr, and the January anl Febmaq 

rainfall  total was  estimated to be a 1 in 200 years low (w. 
Goebel, personal camrunication). Rainfall in May was too l a t e  to 

have any effect m yields. 

'Ihe most significant tenperatwe events on the four years were 
the long cold spell,  associated w i t h  lm a i r  humidities, in 





S O N D J F U A U J J A  S O N D J  F U A  

F igure  3 . 5 . 2  D a i l y  maximum and minimum temperatures a t  Tel  Hadya Meteoro logica l  
S t a t i o n ,  1985-86 t o  1988-89. 

Januaq and Februaxy of 1989, an3 a relatively cool period in My 

of 1986 (Figure 3.5.2). 

m. Mean wheat grain yields have varied with seasonal 

a d i t i c m s  fmn 0.83 tfha in the dry ywir to 3.62 t/ha in 1987-88 

(Figure 3.5.3). 'Zhe difference between 1985-86 (2 t/ha) an3 

1986-87 (1.5 t/ha) was due to rain in m y  in the f i r s t  year which 

not cmly relieved water stress in saae nreaslre, but also was 

Smcnpanied by relatively cool tenperatmes. Growing conlitions 

for most of the season in 1987-88. Al- 

w t u m s  a w e  35% in mid-8hy (Figure 3.5.2) no dcubt 

shDltened the grain-fillirq phase of crwp gruwth, the yields of 

4.5 to 5 t/ha of fert i l ized w x p  follawing f a l l w ,  melon, v e t h  
and lentil can be mrrsiderd as a~proachirq the potential of the 

cultivar for  rainfed conditions in the env-t. T h e  extreme 

dnmght of 1988-89 was sarr&rhat mitigated by the f a d  that the 

p r e v i w  year w a s  exoeptio!nlly wet, and the yield of several 

Zptaticms was, in fact,  better than the a d i t i o n s  of the seas~ 

a x l d  otherwise have produoed. 
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'Ihe crop sequence has a strmg and virb.aally consistent 

i n n m  on the yield of total biorrass and grain. 'Ibe 

~~ to the p r e a d h g  is fallaw 2 melon > vetch 2 
lentil > dckpea  > medic 2 wheat (Figures 3.5.3 and 3.5.4). 

Excqtiorrs ocarred only in the wet  year, 1987/88, when grain 
yields follawirq vetch and lentil  did xmt dif fer  f m n  those after 

fallaw, and those follawing medic and dckpea  were equal. In the 

same year the cosltinua~~ wheat plots were decimated in January by 

a severe infestation of l a n e  of the wheat grmmi beetle, Zabnis 

tmebmides. 'Ihe pla ts  were resa~n the weather Wtted in 

early March and yielded poorly. 

A s  the results for  the wet year irdicate, sane of the ranking 

can be explained almost entirely by the water ba lm of the 

rotations. More detail on this is given in the wct sedion.  It 

is now recognized that there has been a h d l d  up of mot knot 

nepatdes in  the wheat-chickpa rotation and joint s M i e s  with 

FUP to be ammemd i n  the 1989-90 season w i l l  at- to 

W i f y  their impact on wheat yields. Wheat follawirq wdic or- 
\*lest lacks vigour, but the rcasms for  this -in cbscure. 'Ihe 

suspicion that root pathagems may be the cause of the decline in 

the continuous wheat was not amfirmed by m i t i c a l  a e s  

(Krause 1988). Detailed grcwth anal- of wheat follawirq medic 

(Smith 1989; H a r r i s ,  utpblished data) shar that f m n  the cutset 

of gmwth plants are snaller and have fewer tillers than when the 

cmp is preceded by fall-. Further work to try to identify the 

cause is planned for  the 1989-90 sesm. 

lbbl dry m a t t e r  of wheat follawing fallaw o r  sunnrer crop 
(water r d o n )  has been increased by nitrugen a~pl ica t ion  (Figure 

3.5.4) in each year. 'Ihere has also been a respanse fo l lwing all 

of the legumes in three of the f a x  pars, althcugh not always in 

the same year. There is mthing in the data that would suggest 

that the 1- cmtri.kute significant amxlnts of nitrqen to the 





follwhq -t crcps. m, in the w i n t e r  of 1988-89 wheat 

after wdic shaJed no N deficiency qnpbrs whereas deficiencies 

w x e  clearly visible in all of the other rotations at zero and l w  

N a~plication rates. lhis sqges td  that there m y  have bm a 

krildup of N f o l l ~  the third cycle of medic pasture kR the 

effect was negated by the dnx#it. Ni- balanoe studies w i t h  

1%~  we^^ ixgm in 1988-89 (D. ~eck, cummication) and 

what is hcp3ed will bermre mutine start-ofseasan soil sanp1i.q 

will be inpl- fma 1989-90. 

There was an werall mspa-se of grain yield to 30 lq N/ha in 
1985-86 and 1989-90, and to 90 kg N/ha in 1988-89. Q q 6  

follwing fallw, melon a d  c f i i ckpa  wst mistently show a 

gtatistically significant resparse in grain yield (Figure 3.5.3) . 
In the first two of these rotati- -y p t e r  

availability of water allakfi the respcnse to be expressed in grain 
yield. lYer&  follow^ the uther legums are similar to those 

after chickpa, and it is perl-qs by d x m x  that only these for 
chickpea reach statistical significance. Coefficients of 

variation for the trial are Nte high, due mainly to the variable 
soil depth and hence variable water availability in sane plats. 

Because of the locatian of plats the results for 1986-87 and 
1988-89 are nn6t affected. 

It is fma these data that the yield depression in 
the wheat,hdic and contirrvxls b b ~ ~ t  rwtatia-6 is not due to 

nitmga nutrition as the resparse is prcportionally no greater in 

these than in other rotations. Soil @mqhate concentrations in 

the trial area are above the critical level at which a reqmse 

can be e x p s t d  (A. Matar, prsmal d c a t i o n )  . 

Food LacMnes. Seed yield of the legumes has been relatively 
stable, exoept in the druqht year (Figure 3.5.5). Failure of 
these czops to respca*j. to the good sascm in 1987-88 was due to 



F igu re  3.5.5 Seed y i e l d  (kg/ha) of l e n t i l  and chickpea grown 
i n  r o t a t i o n  w i t h  wheat a t  Te l  Hadya, 1985-86 t o  
1988-89. ( I n d i c a t e d  N l e v e l s  were a p p l i e d  t o  
prev ious wheat crop. ) 

the delayed s d q .  Cold and very wet comlitions during 

establishre& lead to inferior plant stards and this is reflected 

in yields. 

Ientil has responded negatively to nitrogen applied to the 

wheat crcp in eacfi year, althmgh in 1987-88 there was 
first a positive reqmse to the residue of 30 and 60 kt&ha. The 

mest  likely explanation is that crops f o l l c w ~  heavily 

fertilized wheat suffer more mistme stress (see next section). 

Similar trends are appamnt in the seed yield of chickpa tut 

here the nematode infestation noted abve also has affected yield 

to an un)auwn degree. P l w  are in hand to quantify 1- due to 

nematodes in the next season. 

-. Grazing of vekh n o d l y  begins in early March when 

lanh are weand, and oontinues for as long as the 1- are 



gaining might. A t  sbxkimg rates of 25 to 30 head per hectare 

the period of grazing has varied frau 7 to l3 weeks depending an 

the seascn. 'Ibtal li- gain has varied fraan about 250 to 

350 )oZ/ha (Wle 3.5.1). 

w i n g  days and live weight 
skin (kl/ha) of 1- graz- 
f a r a g e w t & i n t w D c a u s e  
rutati0~~6 at !lkl Hadya, 1985-86 
to 1988-89 

Seascn w i n g  ~ a y s  I ~iveueight Gain 
kl/ha 

1 Nullher of lambs x days of grazing 

It is not normal farmer pract ia  to use vetch in this way. It 

is narmdLly hmeded a t  maturity and both the seed and residue 

are stom3 for feeding in the late auhmn and w i n t e r  whi& i s  the 

main period of feed deficit. HaRver its potential for the 

fattenhg of 1- was identified by farmers during farmer-managed 
e f a m  trials in the drier areas (- 1988) . 

. Medic pasbms have established w e l l  in ea& year and 

since uniform grazing has been h t m l m x d  have N l y  

sheep for pericds of fmu 4.5 to 9.5 months (Table 

3.5.2). 

Grazing has normdlly kqun in late Ncnmber or early kcerber 

iilld except for short, very cold and wet periods, has continued 

into the late m i n g  and ammer. In 1988 sheep grazed thru@mt 

the wnrmer. Early grazing aqrises largely volunteer wheat and 



Table 3.5.2 Grazing &ys, liveweight gain of lambs (w) and 
milk prduction of medic pastures in two axlrse 
mtatiws a t  lkl Hadya, 1986-97 to 1988-89 

stocking Grazing days Liveweight gain 
Season rate of lambs Milk pmduction 

(-/ha) - (w) (w) 

Nat available 

weeds, p m i d i q  effective & cmtm1, and by abclut early 

February the &a~& canprise virtually pure wdic. 

Water melon. The harvested yield of water melon ranged fmm 

2 . 0 t o 3 . 5 t  freshh.uit/hainthefirstthreeseasans. =er, 

this cannot be taken to represent the pIodudivity of the crop as 

we harvest only those f ru i t  not stolen by workers on Tel Hadya. 

Rrere was insufficient stored water to plant in 1988/89. 

I 

Neutson pmbe access tubes are installed penmnerrtly in  the No 
and Ngo treatments in two replicates of the WheaVfallaw, 

wheat/cbickpea and whea-c rotatias to d t m r  the water 

balance. 

The data are illustrated as fsto& soil water' or water use. 

Stored soil water is calculated as the change fran the ammt of 

water present a t  the f i r s t  -ling of the seasm. Negative 

valws therefon? indicate either water &mmd in the profile 

the - that is subsequently up by a map, 
w o r  that there was rain before the f i r s t  q l i n g .  lhis 



treatment of the data avoids the ever pmsmt problem in soil 

water lneasurenent of hhexent cliff- in the water 

mrRent of profiles due to highly localized soil variability 

(Harris 1989). 

Qmulative water use and the pattern of stored soil moisture 

acamvlaticn and use during the three seasans are shcun in Figure 

3.5.6. bhximm storage ommxd  in mid-February in 1987, at the 
end of March in 1988, and in midJanmy in 1989. ?he mxhm 

quantity stored in 1988/89 was r u t  mvfl less than in 1986/87, but 
in 1986/87 the maximnn was maintained for mch longer. 

F'allw-stored water used by the following wheat crq, ranged fmn 
25 nm in 1986-87 to 40 nm in 1987-88 and 170 nm in 1988-89 or 8, 

12, and 35 peroent of the rainfall of the previw season. The 
ancunt of water available fmn the fallow for 1987-88 probably was 

not of sicpifim to the final yield as there was also drainage 
thrmgh the profile in that year (Figure 3.5.7). Hawwer in 

1988-89 almost half of the total mmmt used by the crq, was 

stolpd water (Figure 3.5.8) . 'Zhe efficiency of fall- is quite 

variable and is largely related to the depth of wet soil, storage 

being mch mre efficient helm 30 a n  in the soil profile. 

Nitrogen a~plicatian incresd the total amxlnt of water used 

by the wheat. 'Ibis is illustrated by soil water profiles for 

wheat in 1987/88 after fallow at the two levels of N (Figuxe 

3.5.7) . Fertilized crcps extraded more water f ran greater depth 

in the profile due no doubt to iaprwed root growth (Blown-. 
1987; ODoper a. 1987) . 

Both of these legunrr dry the prufile to about the same extent 

as wheat, with the medic appmntly exhacting a few mre 

millimeters than chickpa (Figure 3.5.6). RLis is further 

illustrated for the two extrene - in Figure 3.5.8. In 

rutations with these 16-p~~ therefore the crops of each @mse 
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M e  available to  them only the water f m  the current season's 

rainfall. 'Ibis contrasts with aur m t i o n s  in a wheat/lentil 

rotation trial elsewhere on Te l  Hadya (Harris and Fala 1988) wh i&  

show water remaining in the profile after short sasnn lentil 

QPPS that  is used by the fol lwirq wheat crap. The relative 

yields of the rotations i n  this trial lead us to infer that here 

too a similar situation exists after lenti l ,  vetch and water 

melon. 

Ihe water use efficiency (WE, layha/m) of wheat was greatest 

in the w e t  year, is greater for W/F than for either the W/C or  W/M 

rotations, and is hmesed by N fertilization (Table 3.5.3). 

Iicuever it nust be borne i n  mind that in a W/F rotation land is 

croFped every - y e .  

Table 3.5.3 Water use efficiency (-) of above gmx-d 
bianass and grain production of durum wheat as 
influenced by rotation,  nitrogen fer t i l izer  
a~plication and season 

wheat/Fallw M E a t / c h i ~  Wheatpedic 
Season Nitrogen 

(ww WEB1 el WEB m WB rn 

1. WEB, Bianass; q, Grain. 

Above grouxl b ios~ss  and grain yields are closely related to 

totdl water use, which, in both pammters, acoolnrts for 85% of 

the variation acrcss rotations, nitrogen t.ma+mmts and seasons 



(Figure 3.5.9). Ihe difference in the slope of the line for 

fallad fnm those for the other rotations reflects the differenzs 

in water use efficiency of Table 3.5.3, kut is not statistically 

significant, the lines each be- based cn only six data pints. 

Ihe water use of the mnainh-q rotati- (W/SC, W/V,  W/L, and 

W/W) pnxlicted f m  the relaticnship for fallaw in Figure 3.5.9, 

together with estinntes of water use efficiency are shown in 

W e 3 . 5 . 4 .  T h e s e & t . a ~ t h a t f m n 6 0 t o 1 0 O w o f  

srtractable water reaained in  the soil after melon, vet& and 

lentil in 1987-88, & - quite feasible frun ax 

meksurements in other trials. HaJwer, the estimates for the 

other txm years are generally 1- than waild be expzckd,  and 

the data need to be treated with considerable caution. 

m e  3.5.4 Mimated crcp season water use (nnn) and water use 
efficiency (kg/hqhm) of total bicmnass production of 
durum wheat in wheat/water melon (W/SC) , what/vet& 
0, wheat/lentil (W/L), ard wheat/wheat (W/W) 
rotations 

Fcn tecfinolcgy to be adopted, the f i r s t  requisite is that it lrust 

offer the farmer greater profitability, ard in all prdxbility 
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nust do so in all years as for -r fanwxs reliable 

cash flw is possibly mre inportant than the maximization of 

irrxme wer several yeas. Partial hr&ets therefore have been 

-id cut for all of the ratatiars. Leal values of the irpxlts 

ard artprts have been used, or where, as for sane chemicals no 

local market exists, values have been aPnrerted to Syrian Lira 

(Sn) at the prevailing international rates. 

The costs have been divided into two q-mup; thase 

for crop establishment and crcp prntection which, for wheat, are 

a~mpcn to all rotations; ad haxvest costs which vary with the 

yield ad therefore are unique to each rotation ad treabmt. 

Ftmhg is widely mchnized in Syria. Few farmers am I=&-, 

m hirirq is standard practice and the costs are reradily 

idmtif ied . 

Itas included in the first gmup (Table 3.5.5) are: machimxy 
hire for tillage W o r  plantiq; seed ad seed broadcasting; and 

fertilizer, herbicides, insecticides ard fungicides and their 
a~plication. Of these, d m i c a l s  are the major aaponmt. 'Ihe 

aDsts of h a .  (Tables 3.5.6 and 3.5.7) inclu3e: the ccst of 

d i n ?  harvesting of wheat (10% of grain yield) and chi- (59 

of s e d  yield) ; wheat straw collection (assumed also to cast 10% 

Ue3.5.5 Costs (SYyha) of crap establkhmt and clrp 
protection in two crxl~se rotations £ran 1985/86 to 
1988/89 

Season h'heat Melon Vetch Lentil Chpea Fall- 
N30 N60 N 9 ~  



'I;rble 3.5.6 Costs of harvest (SYyha) of W t  in two - 
rotations fmn 1985/86 to 1988/89 

of its value); labor costs for hand harvesting of melon ard 

lentil, and lentil threshing; bags, and lodng and tmnqort to 
market. 

All costs have escalated -iably in the fcur year period. 
This is due to a wter reliance on lm-bicides with the 

hkxduction, f m  1986/87, of stutble m m a g d  treatments ard 
a fall in the value of the Syrian Lira. In 1987-88, wet  

d t i o m  at the critical time prevented a~plication of kcbicide 

for grassy w e d  control, so the cost of crop protection wis 

reduced (Table 3.5.5) . Rain hndhtely after planting in the 

same year prevented the use of p- herbicides on the 

legumes, and mre cost ly p a s t - e m m p ~ ~  chemicals were used later 



in the season. High costs for v e t d ~  in the same yearwere due to 

a need to control surmrer gmwim~ weeds which became a pmblem 

because of the moisture available in this year. ?he axst of hand 

harvest- is reflected in the mest costs for lentil (Table 

3 .5 .7 ) .  

Table 3.5.7 of h a .  (SYyha) of crops in 
t h e ~ p h a s e i n t w o c a u r s e  
rotati-, 1985/86 to 1988/89 

Seasan N Melcm Lentil O L i m  Wheat 
'Ihrent 

'I;rble 3.5.8 Value of the cutplts (SYl&g) of the individual 
rotations 

Season %eat Melon Lentil Chpea W t  Milk 
Grain Straw S e d S t r a w S e e 3  



Gross Cutout. Gross autplt (Tables 3.5.9 ard 3.5.10) for the 
crrps has been calculated frna the yield ard the value of autplts 

(Table 3.5.8) . I t  has been Govenrment policy to in=rease the 

prices paid for grain and seed as costs have increased. Straw 

p r i e s  respolyl to seasonal m. In estimathq the value of 

Wt straw it has been asnrmed that part of it is collected and 

W o r e  has a market value kut the reaaider, the sbkble, w i l l  
be grazed and has a 1- value on a per kilogram basis. Straw 

values have been scaled by 0.75 to a l l w  for this. 

mle 3.5.9 Gross autplt (SMJha) fmn duzum a t  in tW, aurse 
rotations £run 1985-86 to 1988-89 

Season N Rotation 
?merit W/F W/SC W/V W/L W/C W/M W/W 

It is diff icult  to laww hckl best to value the cutprt fmn the 
grazed legumes. For the vetch, it is asam& that a farmer waild 

awn 1- that caild be fattened on the crcp and the grcss value 

has been calculated fmn li-im gain ard the mrkt value of 



Table 3.5.10 Gross autprt (SYyha) of the non-cereal of 
rutations fmn 1985-86 to 1988-89 

sheep (SYL/kg of liveweight). If, hawever, a farmer did not awn 

lambs he x u l d  need to either bq them in or, prcbably more 
likely, agist them. There wculd be costs associated with both of 

these options that waJld reduce the value of the output. As this 
use of the crq, is not c a r r a t l y  farnrer practice there are m 

market values cn which to base estimates of gross catgut. It has 

also been argued that costs sxh as dqherding shculd be 

aaxxlnted (Nozdblan 1989), but as this is often done by family 

members am3 therefore does not entail a cash outlay it has not 

been amsidered. 

Animal plpctucts (liveweight gain and milk) were also used in 

the estimatim of gross artplt fmn the medic pastures. In the 

first two years 1- were not grazed, brt they now are included 

as part of the system. Haever the value of medic lies not only 
in these direct products, tut also in the substitution of grazing 



f o r t h e f ~ o f ~ g r a i n a n d s t r a w a n d o m c e n t m t e s s u c h a s  

cattcol seed cake and wheat bran during the winter. In the past 4 

years sheep grazing n a M  pastures a t  2.3 hd/ha reoeived 

s u p p l ~ t i o n ,  on average, of 40 kg/M of eacfi of hay and barley 

grain in December, J m  and Febmry (F. Edhhady, 

cammication) a t  an average mst of SYL 200/M. 

Again there may be -ti& costs, such as 

&e@mdhg or fencing, which should be included. Hcklwer, & 

ccsts are also inrwred sheep graze native pastures. Ihe 

whole question of har to assess the d c s  of animal producticn 

in hteqated s y s t a ~ ~  is  aurently m3er study (T.L.Nordblan, 

persondl camunication), and better ll~lys of reporting shaild be 

available in the future. 

Because of the assmrptions used in estima- the returns f m  

grazingthegrosscutputrmstbemgardedwithcaution. 

Gross mruins. It is asslmred that half of the lard in the 
mtations is i n  each phase in each year. Ihe gross margins (Table 

3.5.11) have therefore been cdlailated as: 0.5 ( (gross Glput for 
mt + gross outpk for m-cereal) - (Costs for wheat + cc6ta 
for n o n e )  ) . 

Carparisctls shclrld not be drawn amollg all the rotations 

because of the questions related to the methods for estimating 

returns for the grazed treabents. It &es seemvalid, kwwer, 

to arnment on the relative returns of the other rotations. AmePlg 

these wheavlentil stands out as being consistently supdor to 
the others. 'Ihe deMnl for lentil  residue for animal feed, 

especially in dry season., contrihtes to the stable incrw ~IUII  

this rotation. It shculd be recognized that, with an Werage 

rainfall of appmximately 330 mn, Tel Hadya is very marginal for 

the production of chickpea and this is reflected in  the gross 



maxyh. Zhe other feature is the very poor performam= of 

omtbums wheat. 'RLiS is cbviously not a practice to be 

M. 

3.5.11 Gross margins (SYyha) of seven 
zubtions frun 1985-86 to 1988-89 

m l e d a e m n t s .  Many people cmtritute to this trial. Generdl 

mmpmnt: Mr. R. M a b x l  assisted by M. Iababidi, M. Karram 

(FFUW); Soil water 7: Mr. H. Jo)Ehadar assisted by I. 

Hal-, M. Zaki, A.H. Dibo (FFWP). Sleep and medic pasture 

marragement: Drs. P.S. Cocks d E. nYllsan d Mr. F. Bahhacty ard 

sheep unit staff (PFIP) ; Wtivars: m. M. Nachit (8) , K.B. 
s m ,  w. Erskine ( U P )  P.S. Cocks (PFLP) ; Pathology: Dr. 0. 

mmiluk (CP); Enbmlogy: D r s .  S. Weigand ( U P )  and R. Miller 

(8); Weed control: Dr. M. Pala dMessrs A. Haddad d S .  Dozan 

(FFUW) ; Nutrition: Drs. A. Matar (FRMP) ard D. Beck ( U P )  ; 

-retation is the responsibility of the author. 
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pie barley-- rotation trials at Tel  w;tdva and Breda are 





ii) since, respectively, one or two crqping seasons m w  

intezvene, all cmp data ray be kssMlred to be clear of any 
ambiguity arising fmm two earlier changes in mamgaak: a 

~ i n l e g u m e h a r v e s t l h e f m m t h e h a y s t a g e t o c m p  

maturity, introchaced in 1985/6; and a chanqe fmm peas to 

lathyrus introduced in 1986/7. Ihe new data thus cover a new 

practice and a new crap, each believed to be better fitted to 

the climate and famhg practices in the area for which we a m  

working. 

E!&h trials canpare three basic rotations, barley-legume (B-Leg) , 
barley-fallaw (B-F) and barley-barley (B-B); but the *Leg 

ratation cccurs in fax fom, distinguished by cliff- in the 
nature of the legumghase crop: lathyrus sativus (lathyrus, 

Lath), vicia sativa (vetch, V) and mixtures of each of those 
legumes with barley (B/Lath, B M .  However, we canpare here first 

the B-F and B-B rataticms with just those two &Leg rotati- 

which include pre legume crops, =Lath and B-V, in each case with 

two fertilizer reghss: zero-fertilizer cantrol and N and P 
applied biannually to the barley @mse [4ON:60P205 at Tel Hadya 

a d  20N: 60P205 at Breda] . 

lbkd dry matter and total crap N prdwtion are sunarized in 
Figure 3.6.1. Fbr each ratation, yield and nitrugem content (for 

barley grain and straw + legume grain and straw, wI-me 

qropriate) has been sumned across bath of the rwtath 
on a per hectare basis (0.5 ha per phase). 'Ithe high yield levels 

(of dry matter and N) in 1987/8 were very similar at Tel Hadya 

and Breda despite an appmxbmtely 100 mn differenoe in rainfall; 

but the lcrw yields of 1988/9 shCkRd a nu& greater reduction over 
those of 1987/8 at Eh-eda than at Tel Hadya (Wle 3.6.1), 

~ ~ 1 1 y  due to the 40 w differenoe in rainfall. Ferticularly 



TDM, t / h a  87/8  88/ 9  87/8  88/ 9  

R a i n f a l l ,  mm 495 

N, kg/ha 

a b c d  

( a )  B-L 

a b c d  

( b )  B-v I ( c )  B-F / (d )  B-B 

Minus a p p l i e d  N 
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F i g u r e  3.6.1 R o t a t i o n  e f f e c t s  on mean y i e l d s  o f  t o t a l  d r y  m a t t e r  
and c r o p  n i t r o g e n  under f e r t i l i z e d  (+F)  and 
u n f e r t i l i z e d  ( - F )  management, New R o t a t i o n  T r i a l s ,  
Tel  Hadya and Breda, 1987/8 and 1988/9- R a i n f a l l  
va lues  a r e  October t o  A p r i l  t o t a l s .  R o t a t i o n s  a r e  
o f  b a r l e y  w i t h  l a t h y r u s ,  ve tch ,  f a l l o w  and b a r l e y ,  
r e s p e c t i v e l y .  



Table3.6.1 &an yields of dry matter and crop N 
harvested in 1988/89 trials expressed as 
a penrmrtage of yields of the same 
rotaticar; in 1987/88 (data for both 
phases ard fertilizer regimes pled) 

-- 

B-Lath B-V B-F B-B Mean 

Wl Hadya 52.1 51.1 79.5 61.1 61.0 
Breda 25.8 24.5 28.6 24.6 25.9 

N Tel Hadya 55.1 51.2 109.8 67.1 70.8 
Breda 35.8 30.3 41.3 28.0 33.9 

at Tel Hadya, B-F was the lrPst collservative rutation; halving the 

rainfall reduced dry matter production by only abcut 20 per cent 

and actually hxeasd  the N yield slightly. At both sites and in 

all rotations, N yield W e d  to be more amservative than dry 
matter yield. In other wds, the smaller rnass of plant material 

pnxdced under drier carditions was usually richer in ~ t m g e n ,  

as is well demmstmted by the figures for barley in Table 3.6.2. 
At the extreme, the mean percentage N-content of barley straw at 

EWeda was 76% greater in 1988/9 than in 1987/8 (see als0 secticm 

3.1.4 for further diS(11SSion on -). 

Quite clearly, in 1987/8, the two rutations that include 
legumes produced nucfi more dry matter than the two rotaticns with 
no legumes (Table 3.6.3) . The mean differences exceeded 2- 

(amurd 60%) at both sites. Under the rmch lwer-yielding 

oariitiovls of 1988/9, differences nucfi smaller both 

absolutely and, at Tel Hadya, as peroentages as well. Hmever, in 
terms of crop N yield, the differences that w e r e  very large 

(m 200%) in 1987/8 large in 1988/9. Even when a 

all- for the fertilizer ni- -lied to barley in fertilized 

treatments, the net yield of crcp N in B-Leg rutations was arum3 



75-100 kg N / h a  in 1987/8 and 20-45 kg N / h a  in 1988/9, ampared 

(zespectively) w i t h  5-28 kg N / h a  ard 0-28 kg N/ha in the m 
legume rotations. Wat ive  to the B-B rotation, which yielded the 

least nikmga, additiaml cmp N p- by the other 

rotatiom auwntd to: 
B-F rutation - 3.2 kg N/ha/annun 
B-V rutatitin - 35.9 kg N/ha/annum 

B-Lath rotation - 50.1 kg N/ha/annum 

'Jbble 3.6.2 Year and site effects of N- 
oontent(%) of barley grain and 
d m w  (meam of four rotatiom, 
w i t h  and w i t h c u t  fertilizer) * 

Grain 1.44 1.85 1.37 2.05 
Straw 0.35 0.48 0.37 0.65 

* V a l u e s  were 1- in the absence of 
ferti l izer (except for straw a t  Breda), 
h t  their pattern in relation to site, 
year and rotation was similar. 

e 3.6.3 Caparison of legume rotaticns with nrrlegume 
rotaticns in respect of dry m a t t e r  ard ni- 
prodcaction (mans of fertilized and unfertilizad 
rutaticms) * 

Total dry mawxr (t/ha) ---------- 
+Leg -Ieg Diff. Dm. 

m N (rn) 
+Leg -Leg Diff. %Incr. 

* Ratations: +Leg is the mean of E-Iath and B-V; 
-Leg is the man of B-F d B-B 



Lhy matter and N yield data frem all faur B-Leg rutaticms (i.e. 

indl- lqme/barley mixhues as wlell as pue legumes), ead~ 

ypM llnder far fertilizer r e g h ,  are surmnarized in Figum 
3.6.2. Gewrdlly, the effect of @xqhate t h i n g  was d l ,  and 

any differences were -istent sites and years and 

statistically nonsignificant; RR, unsuqrisingly, differmces 

the three regimes su~plying N and P and the un£ertilized 
acrrtrol qui te  large and axrsistently significant. 

Rotation differences also axrsistent and, in many cases, 

also significant. Rre general tzPnds are clear: 

i) the B-Iath rotation always cutyielded the B-V rotation in 
both dry matter and N; and the saw pattan existed wfiere 

pye lew= were replaw by lemW=1ey mWxx--; 

ii) mtatias involviq pue legurmes always cutyielded those 

having lqur~/barley mixhues instead, in both dry matter ard 
N prdwtion. 

In respect of nitrogen yield, differences betwen 1- 

m i e s  arcse entirely within the legme phase of the rotation: as 
Figuze 3.6.2 shews, amxnrts of N harvested in the barley m 

identicdl (in the t w  plre legme rotations and in the tzm 

legrrme/barley mixtux rotatiom) at any prticular sitelyear. 
Differaces between -1- rotati- and 1-ley 

rubtiom, hawwer, arose in both @mses (Table 3.6.4). Zhat is, 
the yield of N in a mixed legume/barley crcp was less than that in 

a plre legume (by an average of 10.7 log N/ha or 11.18) and the 

yield of N in the barley following a mixture was also rduoed (by 

an avcmge of 10.2 kg N/ha or 19.4%). 



Fiqure  3.6.2 Ef fec t  of f e r t i l i z e r  regime and legume on crop t o t a l  d r y  ma t t e r  
and N y i e l d  i n  four  B- leg  r o t a t i o n s  i n  New Ro ta t i on  t r i a l s .  Tel  
Hadya and Breda. 198718 and 198819. 

a 
TEL HADYA BREDA 

8718 88/9 87/8 8819 

N i n  legume phase 

@ N i n  b a r l e y  phase 

a)  F e r t i l i z e r  regimes: b)  Rotat ions:  

111 - 60P t o  ba r l ey  phase L - b a r l e y  - l a t h y r u s  

I V  - 30P t o  ba r l ey  phase; L+B - b a r l e y  - l a t h y r u s l b a r l e y  
30P t o  legume phase m i x tu re  

V - 60P t o  legume phase V - b a r l e y  - ve tch  

V I  - No f e r t i l i z e r  c o n t r o l  V+B - b a r l e y  - ve tch /bar ley  

( a l l  means across 4 r o t a t i o n s )  m i x t u re  



Table 3.6.4 HaJ the use of 1-ley mixtmes decreases N 
yield in both @mes of B-Leg rotatims relative to 
plre legumes ()Uz/N %) 

V-VM -2.3 -7.1 -6.5 -2.1 
(1.9%) (14.4%) (5.7%) (6.5%) 

Mean: 10.7 (11.1%) 

V&&/bar-Vetch -14.6 -10.4 -12.5 -3.8 
(21.0%) (21.8%) (19.2%) (16.9%) 

Mean: 10.2 (19.4%) 

3.6.4 Barley 

Ea& year, continuaus barley (B-B) is grckln urder far different 

fertilizer treatmnts, ccnprisbq 3 different reg* (or 
fertilizer lmtatiorrsl) : 

I. No fertilizer at all (mne si.me start of trial) ..... 0-0 

2. Fertilizer wery 2 years 

- a. last year, not this year .................... F-O 
- b. this year, nat last year .................... 0-F 

3. Fertilizer every year (since trial started) ......... F-F 



Rotations 1 and 2 were used above as, respectively, 

unfertilized and fertilized B-B in the with B-Iath, B- 

V and B-F. Here we ccnpare them with the annually-fertilized 

rotatim 3. -tion in Figure 3.6.3 is as single @ases, kR 

for both 1 and 3 the picture for the whole rutation d d  be the 

sane ( s h  bath rotations mist  essentially of one phase, the 
same eacfi year). For rotation 2, it wxld be the mean of 2a axl 
2b. 

TEL HADYA BREDA 

N  y i e l d  

N  y i e l d  l e s s  f e r t i l i z e r - N  i n p u t  

F i q u r e  3.6.3 Y ie lds  o f  t o t a l  d r y  m a t t e r  ( t / h a )  and c rop  n i t r o g e n  (kg/ha) i n  
s i n g l e  phases o f  b a r l e y - b a r l e y  r o t a t i o n  under d i f f e r e n t  
f e r t i l i z e r  regimes ( f o r  d e t a i l s ,  see t e x t ) .  

i) that the respmse of dry matter ard, to a lesser extent, ~ a p  

ni- yield to fertilizer -lied in the current season is 

qdte large (carpare 2b axl 3 with 1); h t  response to any 

-idual effects of prwicus fertilization is either snall 

(aapare 3 with 2b) or even slightly negative ( a ~ r p a r e  2a with 

1). 



ii) that, if the =lied fertilim is actual 

yields of nitrugen in ccmtinwus barley are d l ,  and they 
are 1- (average a m x d  20 ]ql N/ha) in the unfertilized 

mtation, 0-0 (Table 3.6.5). 

m l e  3.65 Effect of fertilizer regime on the net crop 
nitrxgen yield (crcpN minus fertilizer-N) 
in Cartirnwxts barley rotation, Ei-B 

Ratation: 1 2a 2b 3 
Fertilizer: 0 4  F-0 0-F F-F 

(0.0) -lies a net lc6s of nitrugen. 

1. As has been before, at the same level of 

fertilization, barley-legume rotations produce mre dry matter 
than barley-barley rotations (in this case, 26-68% msre, 
depending on site and season); M the superiority of the 

barley-legume mtation in tmm of crup nitrugen yield is very 

mch greater (a~pmxhately 100-200%). 



2. Use of l w / b a r l e y  mbtmea in plaoe of plne legrm~s a~pears 

to be disadvarrtagecw. In partiaulu, the use of mixbYes 

reduced crop ni- yield by a mean of a k u t  10 kg N/ha in 
eacfi @lase of the rotation. [Oo - l i r q  reductiorrs in dry 

matter prxdw35an do not conflict w i t h  the earlier results of 
Oman anl Nersopn (1986). Their positive endorsement of 

legun~/barley forage mixtures was largely in relatian to 

barley grown after previaus m; ard a (hay-stage) forage 
yield greater fmm leqm~/barley mbchres than for plre 

1 e y . m ~  was acbievBd in cnly one art of tm exper- 

Y-• I 

3. Rotations involving lathyrus satiws omsistently cutyielded 
rutations involving vicia sativa, with means of abart 8% m 
d r y m a t t e r a r d a b a r t 1 8 % n ~ . m n i ~ .  

FWP 1989. Farm Program, ICAEMA, Ale~po, 
Syria. Annual m r t  1988, w 26-36. 

Janes, M.J. 1989. Barley rotation trials a t  Tel Hadya ard Breda 
statiorrs. 1- report No. 140-Eh, R, 30. 



In this project, ax long term goals are to help 1- and 

natioml progranrs inprove the efficiency, relevame and targeting 
of research thmqh the application of techniques which both 

d-mracterize aqnxxxAogica1 variability and predict haw such 

variability will irrteract with ard modify the irrpad of new 
technology. We will attain this goal thtuugh the following medium 

term cbjectives: 

1. To develcp, test and make available techniques whicfi 

characterize and map agro-ecological variability and define 

harogeneaus rerxrnwrlation danains for inprwed targeting of 
resear& awl technology develcpent. 

2. To develcp, test and make available M q u e s  which integrate 

and translate the effects of agro-ecological variability, crcp 

genotype differences and maMgement strategies into associated 

expressions of crq, productivity, thereby assisting the 

assessnent of the long term suitability, adaptability and 
*ct of new technology. 

3. To &ine the abwe tdmiques w i t h  d c  ard livestock 

p e r f o m  data to evaluate the long term impact of new 

techolcqy on pmduction and ecoPrmic return at the farm, 

A t i o n  damin, district am3 national level. 

recarmerdation damins are defined as areas, not 

necesarily contiquam, in which the ambined effects of 

tcpgnphy, soils, clinrate and sociosconcmic conditions are such 

that any given reamaerdation will have an equal pnhbility of 



suxess within the baxxbries of the danain. The level of 

specificity at which cme defines such danains will be depnknt 

upm the tedumlogy or I1packett1 of txxhmlogies for ~ c h  they are 

developed, and also upon the detail of infonnatim available. 

In this year's report we illustrate haw two very different 

types of information can be used. One ewrrple illustrates how 

higtorical daily and mmthly climatic data sets, thra~gh the 

a h t i o n  of bath -ral spatial weather generation can be 

to define danains in which the pmbability of climatic wents 
ard their effect on txxhmlogy perfomaxe can be determined. 

A seoccld ewnple uses fanu lwel suzvey data, obtained fmn a 

relatively small project area, to identify far distinct types of 

fan~s. Zhe aontrastiq production strategies and their 

implication for the possible targeting and adoption of new 
~ 1 c g y  are disaxsd. 

A third section illustrates the a~plication of CERES-N wheat 

mDdel in the evaluation of cartrasting nitrogen fertilizer 

strategies for rainfed wheat in Xian Province of m. 

S h  1986 a Spatial Weather Generator (SWG) has been un3er 

dwelqment in FRW. The reascrrs for this work have 

been sumarized in the Program's Annual Reports for 1986 and 

1987. 

Weather gemntors are useful tools for estimating the 

frqwxies of climatic evmts which are of significams for crop 



pmdwtion, like dry or wet spells, frosts etc. In d i n a t i o n  
with crop nndels of varicus types, fmn sinple regression mdels 

to -1ex sinaiLation models, they can prwide information on the 

expecbd distribution of yield and on the e f feds  of mmagemnt 
alternatives. A weather generator consists of tWb main parts: a 
patameter estimation part reduces the original weather data to  a 
set of coefficients for each weather station: a generator part in 
the strict smse - id ly  synthetic sequences of 

data fmn the sets of coefficients. In a spatial weatbr 
gemrator, a third m, the interpolation of the coefficients 

between the stations, is added between parameter estimtion and 
data generation. lh is pennits questions to be anmeml an 

e x p c b d  frquem=ies of events, crop yield distritutions, and 

effects of a lbmative crop m m c p m t  for a l l  locations, 

independerrt of their distances fmn d m l o g i c a l  stations, and 

to present the Wts in the form of map. 

'IheSW;usedinthisstudycangeneraterainfall,lMxirmmand 

minjnum tmpentures and solar &tion. 'Ihis report, howwar, 
is crncerned w i t h  the generation of rainfall only. lhis part of 
the SW; is constructed to mrk on a daily or on a monthly the- 

~ ~ c n t h e ~ o f t h e t a s k a n d t h e  

availability of data. I f  rainfall dab  are available from sane 

statiors in daily form and only i n  rmFlMly form fmn athers, the 

mrrthly data, totals and, %here available, information on the 

nmpber of rainy days per month, are used t o  hpme the parameter 
estimation and the sptial interpolation of the coefficients for 

the generation of daily data. When w)rkhg on a daily t-, 
generator coefficients are estimated by taking a l l  days of a 
particular cdletlcbr mnth from all years on record of a station as 

me popllation. 'Ihis increases the mmber of data values for the 

estimation of Bach coefficient by a factor of 30 ccmpared to  

separate estimation for each cdl- day. This approach is 

particularly suitable for the e s t h t i o n  of coefficients for 



rainfall during the drier parts of the year an3 when w~rkinJ 
data f m  stations with short records. 'Ihis pmuxlue results in 
ane set of coefficients for ea& cdl& month. Before 

generat- daily data f m  them, the coefficierrts are smoothed 

amxs the year with the help of polyrnnial splines in  avfi a way 

that  umthly tutals and averages are preserved (for details an 
this and other cqluLrItional procedures see zqpndix 1, sectien 

4.2.4), vihii is not mcessarily the case i f  a mier series is 

ueed for coefficient smmthbq as is -y dcme (Wool.hiser, 

Harrson and Ridaardsm, 1989; Stern, Dennett and M e  1982). 

The =ma& the SW; uses to sirnilate rainfall is 

similar to that of rnany other rainfall models (e.g. B u i d w d  1977, 

Katz 1977, Stern, Emmett and Dale 1985, Ri&ardsm and Wright 

1984, Woolhiser ,  Hanscn and Ri&ardsm 1988) in having two steps, 

sepamt- the pmbability of receiving rain fmu the amxlnt of 

rainfall received. 

When war* cm a mtnthly time-step the straightfonmd, 

u n u x d i t i d  pmbabilities of ea& of the cdl& months havm 
at leastcmerainydayareusedtodeterminewhetheradryora 

I+ mcprth is more likely to be gemraw. Cn a daily thestep, 
-er, the &ti- an the p i -  days M1umoe the 

m i l i t y  whether the next day w i l l  be wet or dry. 'Berefore 

theSW2usesaseaml~rderMarkovchainwithtwostates, wetard 

dry, to model the sequence of wet and dry days, i.e. whether a uat 
or a dry day is mre likely to be gemraw deperrls cm the status 

of the pmzdbq tm-day period. Ihe use of a searrl order Markcw 
chain is a a m e  betwm the need to keep the mmbxs of 

coefficients (i.e. the Ixamitian Vilities) mamqeable for 

the qatial imtmplaticm and the desire for a m t e  modell- of 

theQpMdenoestructureofdailyrajnfal1. R-equent lyaf imt  

cder Markov chain, d-macterized by d y  two k & p r x h t  
trrvrsiticm prchbi l i t ies ,  is used (e.g. Woolhiser,  Hanscn ard 



Rid'mdsn 1988, Ricrhardson and Wright 1984). Qlin (1977), 

Bishnoi and SaxeM (1979), DeMett, Fblgers and %tinge (1983) 

and others have, haever, f d  that this is an inadequate model 

in certain climates. The  added acmracy fmm using a third or 
higher order Markov chain is, haever, very d l  and does not 

wazrant the extra cosfficierrts involved ( H h d ' h x m  1987). 

'Iherefore, a seccad order m3el characterized by far indeperderrt 

transition prcbabilities has been cfLosen for this SWG, which is 

interded to be used with data fran diverse climates. 

For modelling the anumt of rainfall received duriw a w e t  

day or a wet mDnth, a Garmna-dkb-ihtion is used. S h  Cast 

pioneer- work (Das 1955), this has been demrdrated to be an 

xiequate nndel wer a wide variety of climates (Kotz and NewnraM 

1963, Katz 1977, Gartutt, Stern, Dennett arrl E l m  1980, Dennett, 

RaQzrs and %tinge 1983). 'Ihe flexibility of the Ganma- 

distrikhion makes it possible to use cne nudel for hoth daily 

rainfall, where it takes on the of an J, as well as 

for monthly data, where it -1es a skewed Normal-distrikuticn. 

A Gamna-distrikution is &fined by three parameters, slcpe 
parawter, scale pammbx, and a third parraaeter which defines 
the point helm which the value of the density function is zerp. 

Slcpe ard scale parawters are estimated by the & likelihood 
method frcm ari-c and gecmetric mans of the rainfall values. 

The SWG uses total mcorthly &all ard unmrditicmal pmbability 
of a day (or the moslth) bing wet ,  frcm rJhicfi the arithm&ic xrean 

of rainfall on a mt day (or morrth) is derived, as well as the 

ratio of gecmetric ard aritlnnetic means as coefficients, sboe 

these are mne madily IlrKped than the shape ard scale factors 
thmselves. third pammebr of the Gama-dkb-ikution is set 

to zero, as evidently there is K, mgative rainfall. 'Ihis is lrrt 

withart pnblerrs, s- &all value8 belw abart 0.1 mn are not 

measured quantitatively, if at all, i.e. a truncation occurs 



-between 0 . 0 5 m a n d  0.1mn. The Gma4 i s t r i t u t i on  is 

quite sensitive to this and ignoring this problem causes severe 

d k t o x t i c m  of the gmemted data, especially when the distribution 

has an inverted Jshape (daily data). Unfortunately, the m r y  

of Ganma4istrikrticm lmmated near the origin does not seem well 

developed to offer an easily inplemented solution. T h e  use 

of censored Gma-listributicns, whi& belw a certain threshold 

xw&m cnly the f- of such snall rains rather than their 

values (Ems 1955, euishand 1977, %em, Dennett and aale 1982) 

aoes not &ly help because the flquency of these sndl 

rainfalls is also not often lauun. The SG werumes the prcblem 

with the help of a table of the effects of the truncation on shape 

and scale parmaeters. 

Wing the develqmmt of the SG, it has been found xcessaq 
to incorporate a rarmber of measures to oxpasate for various 

deficiencies mamkemd in rainfall remrds. 'Ihese are: 

- Femrds of umqual lerqth between d i f f d  stations and 

records with gaps, 

- Inhcmogeneities in s t a t i c m  m r d s  caused by a relocation of 

the station, d m q e s  in the dssezvaticm method, or charges to 

the 0 of the station whi& affect the local wind 

field, 

- Varying reliability i n  reporting rainfall amounts belw 

Ww-ximately 2 m, 

- off values to the closest value divisible by 0.5 or 

0.2, 

- Outliers, i.e. rainfall amounts with a very law pmbability of 

axxlrrence w i t h i n  the &sexvation period of a station, 



- Unreliable stations, which need to be detected and excluded. 

As these prcblens and the methods used to rectify them have 

almady been described before (Farm &Wagem& Pmgrama 

1989) it is not mcssaq to go into detail here. (For mm 
details on the mpkational aspects also see 1 to this 

antrihtion. ) 

The  spatial interpolation of the generator coefficierb is 
mainly Qne by hanl, guided by tcpagraply, satellite imgery where 

available, and information on typical weather situations during 

the caurse of the year. If exercised with pxuper care, this 
method presently is still superior to all autanatic mapping of 
rainfall (Bartels 1986). In spite of encauraging progress 

ule last years in developing objective spatial intexplation 

methods for rainfall, these methods, so far, either ignore all 

influexes of topograFhy on rainfall (Woolhiser, Hansm and 

Ri&ardon 1988) or they incorporate only an average effect of 

altitude (Hukhhcm and Bishcp 1983), and therefore require a 

quite dense network of rainfall stations for satisfactory results 

in hilly terrain. Mamal irrterpolation on the other hand is 
extremely flexible with regard to data availability; whatever is 
Iarrwn can be incorporated into the maps and in all situations, the 

best possible estimate can be obtained. The major drawback of 

manual interpolation is that it is very time c m m m h g ,  since the 

mapi of all coefficients must be free of rmtual contradictions at 

any point. Rcis adjus- is facilitated if regionally valid 

regressions of same coefficients cm othem can be established. 
such relationships may be particularly helpful during the 
ccllstrudion of maps of the Markav transition probabilities fmn 
map6 of the moxfiitional probability of r a w  days (for first 

0de.r Mrkav chah ,  this has -ted by IWshfield, 

1970) . 



Al- the individual subrwtines of the S W  have been 

validated independently with data fmn West Asia, East Africa and 

Ehst Asia, the results presented in this ccntrikrtim still have 

to be viewed with cautim, as the model as a whole so far  has not 
been prcperly validated due to the lack of suitable datasets 

which have to be sufficiently large and of high quality. 

Carprehensive validatim is umlemay as part of a newly started 

collaborative p j e d  with NARS and Meteomlcgical Serviaes in the 

WNA regim. 

4.2.2 ! 4 b  C2se Strdv: and Irart Deta 

Ihe study regicm is located bebeen 35030' and 3690' North and 

between 3690'  and 38O0o8 ~ a s t  i n  NO- Syria, its center 
abart 20 km scuth of Ale~po. It stretcfres fmn the mxlntain ridga 

f0~ theBas t e rnesca rpnen to f theChab in thewes tno tqu i t e  

to the Euphrates River in the east, and fmm near the Syriarr 

Wkish border in the north to a raqe of =re elevated land 

e x b m d i q  easwank fnm MaaKt=t-el- in the south. Ralq.hly in 
the middle of the area, there is a range of hills e r b x d h g  frcn 

near A l e p p  to KhaMsser in  the sartheast. Except for this range 
of hills and the -ins in the west, the area is largely 

aaposed of vast agricultural plains and rangeland occupyirg the 

driest part in the scuth-east. W i t h i n  the l a s t  few years, nwh  of 

this traditiondl rangeland has been planted to barley. 'Ihe area 

tmmects all Syrian agricultural stability zones (cf. secticm 

5.3,  Figure 5.3.4 in this report) fmn Zone la i n  the west to the 

Z a n e 5 i n t h e w .  I n t h e w e t t e r ~ a r d r m r t h w s k m  

part, wheat-based fanning systars -te, the drier part 
is oaapied by barley-livestock systars (for comeniexe, the 

areas of wheat- f a d q  systars w i l l  be referred to as wheat 

gmwirg areas, those of barley-livestock systars as  barley areas). 

Annual rainfall Mals in the area drcp quickly £ma up to 



6 0 0 n m i n t h e w e s t t o 4 O O m n a s ~ m w e s ~ o u t o f t h e  

manrtains on the western side. Across the flat land rainfall 

~ t o Q Q - e a s e g r a d u d l l y t o ~ 2 0 o m i n t h e s a r t h e a s t  

and 300 mn in the northeast of the area. In general, rainfall 

s h a J s a t e n d e n c y t o ~ f r a a v l e s t t o e a s t i n t h e s o u t h o f t h e  

area ard fmm northwest to sarthsast in the north of the area. 

Plis t renl is interruptedbythehi l lssautheastofAl~whicf i  

receive higher rainfall than the sumwrdq plains (cf. Figure 
4.1). 

F i g u r e  4.1 Mean annual r a i n f a l l  i n  t h e  s t u d y  area i n  NW S y r i a  and 
network  o f  m e t e o r o l o g i c a l  s t a t i o n s .  C i r c l e s :  s t a t i o n s  
w i t h  mon th l y  data ,  do ts :  s t a t i o n s  w i t h  d a i l y  data ,  
c rosses :  ICARDA s t a t i o n s  b e f o r e  1985 ( d a t a  n o t  used) 



Rah£all data fmm 49 meteorologicdl ard rainfall stations 

were used in the study*. For 19 of these, daily data ken= 

available, ard for the other 30, only mrmthly totals and the 

Maber of rainy days per mcslth were available. 27 of the stations 

used (14 with daily and 13 w i t h  monthly data) are located inside 

the study area itself, the others are situated within a perimeter 

of up to about 30 )aa a ruml  the area, facilitating the 

interplation of coefficients right up to the b o w  of the area. 

As far as possible, records fmm a shdard period of 26 years, 

1960-1985 (data for earlier or later years were not available for 

many of the stations at the time the dataset was -led) were 

Inrnplete records were c o m x t d  to represent the full 

standard period as described in Appendix 1. One station in the 

llDltheast W i d e  the area had to be dropped because of 

imemncilable differences between its data ard those fman other 

statiolls. 1- stations were not used, since less than 7 

carplete years are available for them up to 1985. Although the 

density of the network of stations is quite adequate in parts of 

the study area, there are a few gaps ax l  places, &ere the 

irrterpolation of rainfall coefficients depends heavily on the 

displtable interpretation of data frun a single station: 

- Zhere is no station in the slrmnit region of the mtains in 

the west of the area; coefficients are based on cxhapolation 

of data fmm stations located at the foot of the range and on 

the slopes. 

- Zhere is m station in the hills on the east side of the 

Mrin valley and in their eastmm hinterlard. The shielding 

eff& of the hills on the other side of the valley is 
difficult to estimate, as is the effect of these hills on 

their hinterliurl. 

* data ken= kindly -lied by the Meteorological Department 
of the Syrian Arab Ftqublic. 



- 'IhereisnostationbetweenSaraqebardBredainthescuthard 

Dana and Ale~po in the north. ISM, for d c h  only mPlthly 

data - available, therefore gets a very high weight in . . 
detemmq the gradient across the f l a t  lard with Tel Hadya 

in its center. 

- 'Ihere is only cme station, 'Patt, for which only an hamplete 
monthly dataset w a s  available, situated in  the hills 

southeast of Ale~po. On the ev- of that station, it is 
assured that the hills xweive significantly more rain than 

the surranding plains. 

- 'Ihe rainfall gndient across the plain east of A l e  to sane 

extent deperds on the -tion of the sanwhat 

contmdictory datasets £ran Jaball ard wiress, Maskmeh a ld  

ElKhafse (beycadtheeasternbozder). 

4.2.3 M t s  ard B8m,les of Generated M~KS 

500 years of daily rainfall data and 1000 ye- of mxrthly 

rainfall totdls were g-ted for the central p in t s  of 2* by 2, 

1- redzmgles of land, i.e. for a regular grid of 30 by 45 

cells of about 11.1 each.* Figure 4.2 gives examples of the 

raw, character-oriented outpt  (the maps are the same as 

reprc~5~A in Figures 4.4 and 4.10) Each character represents 

m e  2*  by 2' large grid cell (due to the fixed line spacing and 

type face of the printer, the maps are canpressed in  east- 

direction). 

The raw out@ maps still show a certain a m w t  of noise, 

which is eliminated after a aqxrison with the coefficient maps 

* 2* (2 minutes) colmspord to approximately 3.7 Ian in north- 
saRh direction and 3.0 Ian in east& direction at 36O latitude. 



Fiqure  4.2 Examples o f  raw ou tpu t  from the SWG. The map on the  l e f t  shows the  
r i s k  of a 20 day- long drought 1 Nov. t o  10 Dec., based on 500 years  
o f  generated d a i l y  r a i n f a l l  ( c f .  F igu re  4.4). The map on the  r i g h t  
shows the  y i e l d  increase o f  b a r l e y  from 60 kg N and 30 kg P205 
expected i n  4 years  out  o f  5 i n  a f a l l o w - b a r l e y  r o t a t i o n ,  based 
on 1000 years of generated monthly r a i n f a l l  t o t a l s  (cf. F igu re  4.10) 

and a tcpograFhic nap. RLis mise is caused by defects of the 
mefficient l ~ p s  (isolines not dense mot@ or remaining 

incansistencies between different e f f i c i en t  rasps) and the 

limited Mmber of generated years. A t  the cost of time spent on 

the careful construction of more detailed mfficient nraps, ard 
time used to gwerate longer runs, this noise can be 

mducd. From a mnparison of the two n q s  in Figure 4.2 it is 
evident that aQut maps based on daily generated data are mre 

p m  to noise. 'Ihis is due to the larger mmSw of coefficients 

involved carpared to mthly data and also the higher demand on 
cxmptbq time restricting the length of generated runs. 



?he exan@les based on daily generated data (Figures 4.3 to 

4.7) are concerned with the plarrtirg ard crop establishment 

phase. Keatinge, Lkrm&t and Rodgers (1985, 1986) have f d  that 

10 m or more of rain over 3 days is likely to cause germination 

of cereals even when the soil is rather dry before the event. 

Early plant* is desirable especially in the drier areas as it 

exbds the effective gruwth period of the crop thereby conferring 

a yieldadvantagewhichis further ' lbyahigherwateruse 

efficiency, as early plarrted cmps develop a closed campy mre 
rapidly, reducirq evapowtion fmm the soil surface (Cocper, 

Keatirqe ard Hughes 1983). In the wetter areas, early germinat* 

rains on be used to cultivate volunteer cereals before planting 

the field to legumes. ?he major drauhck of early planting of 

cereals is the risk of a severe drcught in the early vegetative 

@asel causiq cessation of growth ard possible seedling 

mortality. Such a risk can be defined as a 20 days or longer dry 

spell  within 40 days af ter  germination (Keatinge, Dennett ard 

F&cQers 1986). On the other hand, l a te  planting not only rdwes 

yield because of the reasons stated above. In addition, since the 

probabili ty of long, u n .  wet spells inrreases 
thru@mt the planting period, so does the risk of not being able 

to enter the field because of the wet  surface, thereby causing 

even wre Way. 

Figure 4.3 is a map of the nredian date of the start of the 

first germinat- rain, express& as days elapsed since 1 Cctober. 
Eveninthewetkstareas,onehastowait~tothreewee.kfor  

such an event in one year cut of two. In the major wlaeat 

prcducing areas, this span is three to four weeks, in=reaShj to 
five ancl six weeks in the barley areas. Assumby germination had 

o o x r r d  by 1 November, Figure 4.4 gives the prcbability of a 
severe druqht  during the seedling stage. In the wheat growing 

areas, such a drought has to be e x p e c t d  in 20 to 40% of the 

years, while in same of the barley areas, the risk incl-8ases to 



A 36-45 days B 31-35 days C 26-30 days 0 21-25 days 
E 16-20 days F 14-15 days 

Figure  4.3 Median number o f  days a f t e r  1 October t o  r e c e i v e  
> 10 m r a i n f a l l  w i t h i n  72 hours  ( f o r  s c a l e  and p l a c e  - 
names s e e  Figure  4 .1)  

over 50%. Frcm these two maps it is evident that dry plant- in 

early 0ctoh.r is nat an advisable prcpositim anywkre in the 

stucty area. A mre realistic scenario is depided in Figures 4.5, 

4.6 ard 4.7. Ihe median date of germinating rains, asmnhg 
planting m 1 -, is shawn in Figure 4.5. It is less than a 

week in mst of the wheat gmw- areas, and only in the driest of 

the barley areas m the map does one have t o  wait mre than two 

weeks for germination in one year cut of two. The risk of early 



F i q u r e  4.4 P r o b a b i l i t y  o f  a  > 20 days l o n g  p e r i o d  w i t h  < 5 mm 
r a i n f a l l  d u r i n g  40 days s t a r t i n g  1 November ( f o r  s c a l e  
and p l a c e  names see F i g u r e  4.1) 

drought is markedly decreased during the 40 days following the 

first of December (Figure 4.6) . With less than a 10% chance, it 

is marly negligible all across the heat  gmwbxj areas and only 
i n t h e d r y ~ ~ ~ t h ~ c o r n e r o f t h e r n a p d o e s i t ~ t o w ~  

20%. Figure 4.7 gives the pznbabilities of not being able to 

enter the field for weeks starting 1 Decmber. 'Ibis wcnrld be 

caused by 10 or more days of rain, not htenqkd by more than 
three days with no or only light (< 2 mn) rain, asslrming that the 



A 16-21 days B 13-15 days C 10-12 days 0 7-9 days 
E 4-6 days F 1-3 days 

F i g u r e  4.5 Median number o f  days a f t e r  1 December t o  r e c e i v e  
> 10 mm r a i n f a l l  w i t h i n  72  hours  ( f o r  s c a l e  and - 
p l a c e  names see F i g u r e  4.1) 

soil surface takes three days to dry cut sufficiently. EXen 

durirq the first half of Deceober it bxmi cut that this risk is 

negligible all wer the barley areas an3 belaw 20% in the wetter 

of the wheat graring areas. Fmm Figures 4.5 a d  4.6 it wadd 

seem that dry planting of cere?Lls during the s d  half of 

Novaber is a valid @ion across the whole area; hmwer in the 

wetter half of the wheat growing part, earlier planting during the 

first half of Novakr or in late october may be a superior 



F i g u r e  4.6 P r o b a b i l i t y  o f  a  > 20 day l o n g  p e r i o d  w i t h  < 5 mm 
r a i n f a l l  d u r i n g  4n days s t a r t i n g  1 December 
( f o r  s c a l e  and p l a c e  names see F i g u r e  4.1) 

stratesy. In the driest part in the southeast, any rainfed crcp 

production is a risky un%rMdq. 

Ihe seam3 set of ewnples is based on generated mnthly 

rainfall M s .  Regression equations of barley responses to 
oztcbr-to-April rainfall totals and nitrcgm and w t e  

fertilizer cbtained by Jones ard Wahbi fmm on-fann trials ard 

described in section 3.1.1 of this report were used to & b i n  



F i g u r e  4.7 P r o b a b i l i t y  of a 2 week l o n g  p e r i o d  of c o n t i n u o u s l y  wet  
s o i l  s u r f a c e  s t a r t i n g  1 December. The s o i l  s u r f a c e  i s  
assumed t o  be d r y  a f t e r  72 hours  w i t h  < 2  mm r a i n f a l l  
( f o r  s c a l e  and p l a c e  names see F i g u r e  4.1) 

imps of mean unfertilized barley yields in fallow-barley and 

barley-barley rotations (Figures 4.8 ard 4.9) , as well as maps of 

barley msponse to 60 kg,ha N ard 30 kg/ha P205 apctd in four 

ye3rs art of five in the same rotations (Figures 4.10 anrl 4.11) . 
Ihe maps assume the sate I1averagel1 soil types and corditions as 

existed at the sites of the trials, thereby werpredidhg yields 

in areas of shallow and degraded soils, such as encamtered in 

hilly ard degraded areas sxthea& and west of Aleppo. 'Ihe 



Figure 4.8 Mean barley yield in an unfertilized fallow-barley 
rotation (for scale and place names see Figure 4.1) 

regressions are -re not valid for areas reoeiving rainfall 
beyond the range represented by the trial locaticns. !Ihb 

bamdary has been marked on the maps by a dashed l ine. C ~ p r b q  

Figures 4.8 ard 4.9 one notes that the mean barley yields in the 
barley-barley rotation ckmxse f m  abcut 1500 h~/ha in the mDst 

favowable areas to d y  arum3 300 kg/ha in the driest parts, a 

de~-ease of 80%, bhemas the yields in the fallaw-barley rotation 

caily drop f m  2100 kg/ha to 900 kg/ha, or abcut 57%, partially 



F i q u r e  4.9 Mean b a r l e y  y i e l d  i n  an u n f e r t i l i z e d  b a r l e y - b a r l e y  
r o t a t i o n  ( f o r  s c a l e  and p l a c e  names see F i g u r e  4.1) 

reflecting the haeasd benefit of mois tu r e  cxnsematicn by 

fallawing in the drier areas. Other beneficial effects of 

fallawiq s u d ~  as soil fertility status, weed rmtml and rduced 

h i d m  of pests art dkeases are also )olarn to be htprtdIlt. 

?he expckd fertilizer respmse at the selected rate is 
miderably higher for barley in the barley-barley rotatian 

aqamd to the fallw-barley mtaticn aver the whole area. 'Ihe 



Figure 4.10 Y i e l d  increase o f  ba r l ey  i n  a f a l l ow-ba r l ey  r o t a t i o n  f rom 
60 kg/ha N and 30 kglha P2O5 expected i n  4 ears ou t  o f  
5 ( f o r  scale and p lace names see Figure 4.d 

reasons for this behaviaur axe explakxl in section 3.1.1 of this 

report, and are largely associated w i t h  the greater of 

barley to nitrogen when it is gmwn as a cartirums crop. It is 

of interest to mnpare the map for the expctd yield inrrease in 
barley-barley rotatic82s (see Figure 3.1.14) w i t h  the map in Figure 
4.11. Whereas the thu maps agree reasoMbly d l  in general, 
noticeable differences exist east and sautheast of A l e .  'Ihese 

differences are ctue to a different interpretatim of the rainfall 



F i g u r e  4.11 Y i e l d  i n c r e a s e  o f  b 3 r l e y  i n  a  b a r l e y - b a r l e y  r o t a t i o n  
f rom 60 kg/ha N and 30 kg/ha P2O5 expected i n  4 y e a r s  
o u t  o f  5 ( f o r  s c a l e  and p lace  names see F i g u r e  4.1) 

data. In the pnqmation of their map, Jones and Wahbi did not 

.Imke use of rainfall data fnm Tatt and did not assume any 

i n f l m  of the hills smtbast of Aleppo on rainfall. Further 

north, differences exist in the interpretation of the sorcr-ylhat 

amtmdictoly and partially incanplete rainfall data of Kweiress 

ard JaWal, A h  Qalqal, El m f s e  and Maskamh (just beyond the 

eastern border of Figure 4.11) , on which hinges the gradient of 

rainfall and, therefore, the gndient of barley yields across the 

plain between Aleppo and the EQAmtes. 



'lhe n q e  in Figures 3.1.14 and 4.11 exemlify two equally 
valid ways to d e v e  regionalized Wcticm of variables 

on weather or weather events themelves in ~ i l i s t i c  

terms: 

- Caloulate the values of the relevant variable for a rnrmber of 

sites, then interplate between sites to abtain the desired 
. This prooess has to be repeated for each additional 

variable and prcbability level. 

- Determine the values for the -tor coefficients for a 

nrmber of sites, map and digitize them, generate We desired 

results with the Sm: for a grid of locations so dense that 

further interpolation is v. 

The advantage of the seaad m i o n  is an cperattiondl one. 
Qloe the generator coefficient maps are digitized, a l l  artput rmps 
can be prcducd -tospeak at the plsh of a htton, and it is 

~ t h a t a s e t o f m a p s ~ i n t h i s ~ i s f r e e o f  
mbal  ~ c t i o n s ,  scmethirrJ which is very difficult to 
acfiiwe othemise. 

on a daily timestep a second order &kov &in with two states, 
dry ( i .e .  no rainfall or trace) and wet ( i .e .  any measured 

rainfall greater than trace) is used to model eqwmes of wet  aml 

dry. 



I f  the follwing synkols are used: 

W, D: wet day, dry day 

W, WD, Di, CD: two day periods of w e t  -or dry days 

&, m: umxditional pmbabilities of wet days, dry days 

&, pwd, p*, m: d t i o n a l  milities of tm-day periods 

&/wwl &id, &/&I &/a: pmbabilities of a wet day fol1owi.m~ a 
sequence of two days (transition 
pmbabilities) 

-, pa/d, ~d/&, pa/m: pmbability of a dry day following a 
seqm-ce of tho days. (transition 
pmbabilities) 

q,,, nd: numbers of wet and dry days in a mcklth 

, " a /  "a/dd: - of 'k/ww, nw/d, +/a, / =-fOf a 
or dry day a- 

the Mated sequence of days 

then, for wery calendar wrrth, the estimated trarssition 

probabilities are abtained fmm: 

The transition pmbabilities can be written in matrix fom: 



lb find the co3mection between the seam3-0- transition 

probabilities d the uncarditimal pmbabilities of the 

ccammm of a w e t  day, this 2 x 4 matrix of transition 

pmhbilities is transformed into a square stochastic matrix H. 

If M is a regular sbchastic matrix, then there exists a 

vector V so that V*M = V: 

'Ibis leads to a system of four equations for the three 

mhmn~ k. w and P*I wh=~-2 w = ~ d w .  

Solvk~~ the system for pw, and or pdw also gives the 

mamditimal prchbility of a wet day, since the prcbability of 

marrexe of a wet  day in any period of t h ~  canseartive wet days 

W is 1 1  in any period WD or W it is 0.5: 

T h e  resulting fornula is rather laqthy an3. shall therefore 

mt be repruducd here, tUt it is amptationdlly very fast since 

XI rarmerical ~ t h a d  is involved. 



WhetheramrrthiswithaRarainydayornatisasslrmedtobe 

b&px&nt of cckditias during the previous m3nths and the 

Urrxpditimal pmbabilities of wet and dry wnths are used to 

m o d e l t h e s e q u e m e o f w e t a n d d r y ~ .  

Bathcnadai lyandonamrmthlyt inestep,  therainfallamxlntm 

a wet day/mcPlth is assumed to follow a GamM-dktribution and to 

be irdependent of rainfall amxlnts received during previous days 

or wnths. TIE prrbability density function of the Ganma- 

distrhxtion of a variable X is given by: 

where a is the shape parameter, b is the scale parameter, -(a) 

is the Garrma-function value for a, and c is the distritution's 

imlmdiq value. 

S i m e  rainfall cam-& beocme negative, c is set to zero. a 

ard b are estimated by the nwcinum likelihood method for arery 

calen3ar mcslth from the axxmts of rainfall received on wet 

QysW IIiaRhs, using -te solutims given by 

and (1960) : 



i .e. ,  the natural logarithm of the ratio of arithmetic man to 
ggmretric mean. Values > 17 for Y & not oaxr in practice. 

'Ihe estimator of the scale parameter is then calculated as: 

i;= c(+) / % / a  (JohmsonandIMz 1970). 

The Gamm-fumtim value m ( a )  is a p p a h a t e d  by Hastbg's 

f d a  for values of a 5 1 (Davis 1964): 

camM (a) = (l+b1~a2+b3a3+b4a4+bga5+&a6+1>7a7+bsa8) /a 

Values for a > 1 are cbtaind fran the marreme fornula: 

GanHia(z + 1) = z'Gmm(z) 

Ari-ic ~ R W S  of rainfall received on w e t  days/nmths are 

aDdectea by the ratio methcd (&swmnpr 1986) for gaps in the 
station recozds. If x and y are arith&ic means of stations x and 

y for absexvatim periods a and a+b as  shawn by indices, then: 



Usually the weighted average &),&a of several statiolls is 

used instead of a single staticn. The statiolls are selected in 
sequenoe of onbined rank f m  geap@lical distanm and 1- 

correlation of the akeruit transformed mcnthly totals w i t h  those 

of the station a c h  is to be corrected. 

It has been fanrd u s e N  to expard the mtkd for the 

correction of the pmbabilities of wet days@mths, the m i t i a n  

p-ilities of the daily mall model and of the ratio of 

arithmtic and gemzhic mans  of rainfall cn wet  days/mcPrths. If 

y d a  are > 1, howwer, the equaticn takes the fom: 

in orQr to avoid estimates > 1. 

3.2 axmxtian for -ties 

lhhaqmei t ies  are detected by the d o u b l ~  method (SculWms 

1969) , i.e. by plottirq omdatives of coefficients a g a M  the 

averaged omdatives of a large m&er of summdbq statim. 

Dhmqemit ies  show up as changes of gradient. W i t h  the method 

of least squares, straight lines are fitted to the periods before 

and after the date of a inhcmogeneity. If x(t)  is the d a t i v e  

averaged value of many stations a t  time t, yr (t) the original 

value of the station to be corrected, G ( t )  the mrrected value, a1 

and a2 the htmxpk and bl and b the gradients of the 

regression lines before and after the inhcmogeneity oaxxred, thn 

the mmxtd amulative values after the omurmm of the 

hhamqmeity are estimated as: 



If the values fmn the time before the inkmogeneity are to be 

corrected rather than those fmn the time after, camulative values 

are calculated frcw the end of the remId backwards. 

3.3 anxxctian far varying reliability 
in " ~ s r a l l m i n £ a l l ~  

With the help of g-fzqhs of fmqwmy distrikutions of daily 

rainfall values, the staticns are visually sorted into a grcup of 

ref- stations which is assume3 to record a l l  rainfall events 

reliably and another one which is aSSlDllEd to miss recoxding part 

of the rain days w i t h  less than 2.1 mn of rain. For each station 
which is to be corrected, the ratios of the rnrmber of rain days 
with 0.1 to 0.7, 0.8 to 1.5, 1.5 to 2.1 mn to the total mke of 

rain days is calculated and ccmpared with the weighted averages of 

the same ratios fmn reference stations which are sufficiently 

close and well correlated. This pmvides an estimate of the 
rnnnbers of okservatiolls missing in each. of the thme classes. 
'Ihese missing ahsezvatiarrs are mdistr- be- 21 classes 

fmm 0.1 to 2.1 nun in such a way that an-tely invexse J- 

&ap& d i s t r h t i o n  results. Finally, the co- nwS3er of 

rain days are inserted into the recod of the station to be 

oornxted rardanly on sud~ days, on which m a l l  was r e r x M  a t  
neightar* stations, but not a t  the station in need of 

correction. 

Stations fmn which only monthly data ( M a l s  and nurbers of 

rain days) are available can be d y  very w r O X h t e l y  corrected 

by adding the averaged effect of the correction on surraudIng 

daily stations. 

Scme stations report nmd values (half or full mn) or even values 

lnrfi mre often than values in betwen. If necessary, this is 



sirrply corrected by redistrikutirq the excess observaticns to the 
classes 0.1 to 0.2 mn W e  or below the preferred values. 

3.5 amxx&i,rn far a k l k  of daily atxi rcrrthly ra infa l l  
Mals 

A method fmm Kin33er (1979) for Gamm saaples with mkmxm shape 

and scale m t e r s  is us&. '&st statistic is the kurtcsis of 

the a h  root transformed rainfall values. Tables of significanoe 

levels are Ccpltained in Bxrscm and Hartley (1966) and Barnett and 

Ievis (1984). In a straightforward m i c a l  process, u~per 

aRliers are demasd and 1- artliers increased in value 

steprise, until the hrtosis dmps below the value tabulated for 
the cfvsen significance level. 

After c0nxxtion.s have been applied to coefficients of a station, 

the coefficients have to be checked against each other to renwe 

any apltradidions which may have resulted from the corrmzticm 

-. Such amtradidicns have to be apctd since the 

oxrcdicns made are only based on best estimtes fran various 

saurces. Therefore, the coefficients are scaled up or down so 
that the follming ~ t i c m s  are met for eacfi tale month: 

- Zhe trarrsiticn prcbabilities of the & & m a i n  mcdel of 

daily nbfall nust be ampatible with the umxditicnal 

prubability of a rainy day as described in section 1.1 abwe. 

- The arithmetic mean of rainfall on rainy days dtiplied by 

#I? umxditional pmbability of rainy days and the marker of 

days in a mnth mst yield the mean mrrthly rainfall totdl. 

- Ihe arithmetic mean of rainfall durirq rainy wnths rmltiplied 



by the probability that the calendar month has at last are 

rainy day mst yield the mean monthly rainfall total. 

In principle, spatial interpolation of the coefficients is dcne 
manually. To ensure a spatially consistent set of coefficients, 

the following m a p  are ca&m&d for ea& mslth: 

- for daily data generation: total monVlly rainfall, probability 

of a rainy day, man rainfall an wet days, ratio of gecmetric 

and aritlnnetic means of rainfall on wet days, 4 Ma&m 

transition prcbabilities; additionally a map of annual totals 
and a map of annual pmhbility of any day being rainy, 

- for mcmthly data genemtion: total uunthly rainfall, 

p-ility of the month having one or mre wet days, mean 
rainfall during months with wet days, ratio of geanetric an3 

ari-ic means of rainfall durirq months with wt days, 

additionally a mp of total annual rainfall. 

~n cases, regressian rmdels can be used to facilitate the 

am&ructim of scam= of the coefficient maps. In partiailar, 

unmmiitional pmhbilities of wet days can be used to estimate 

the transiticm probabilities of the Mar- model as Hershfield 

(1977) has denmshated for first order chains. For a s2cu-d 

on%xr Karkar chain, the follawing regressions are calculated: 



Fb/Q and &/a are - by -ion of pa/&# and pa/& 
from 1. 

Tk interpolation prmess nust not a t  any pint cause 

cmtrxiictims betweem different coefficients as described in 

section 3.6 of this AFpendix. Pdditicnal amstraints are that the 

m y  m p  of rainfall Mals nust add up to the annual total 

and the probabilities of a rainy day each mwth nust not 

amtradict the nrap of annual prchbility of a rainy day. 

khen worm on a daily time-step, the -tor coefficients, 

which are m y  averages, are saDothed aver the ccxlrse of the 

year to avoid abrupt dmqes. T h i s  is done with the help of 

plynanial splines. If ni are the nwr&r of days in each of the 

W v e c d l e n d a r ~  ( i = O i s e q u a l t o i = 1 2 t o e n s u r e t h e  

w e  is saooth arand the year), a i l  b i  and ci are 3 sets of 

pmm&ers, m i  is the m value of the gmemtor coefficient for 

mwth i, and t i s t h e  day of the- ( t = O a t t h e b e g i n o f  the 

month and t = ni a t  the end of the month), then a secorriorder 

polynanial is given by: 

y i  = a i  + b i t  + cit2 

Tk value yi a t  the begin of the mwth (t = 0) nust be 

identical with the value yi-1 a t  the exl of the mwth (t = ni-=) , 
leading to a f i r s t  set of 12 equati-: 

For srmth trarsiticns, the first derivatives must also be 

equal a t  the transition f m  one month to the next. The 

derivatives are: 



T h i s  prcnrides a seconj. set of 12 equations: 

The third constraint is that man of the coefficients across 
the mxrth nust be maintained, i.e., the area unler the fitted 

awe nust be equal nimi: 

'Ihe set of 36 parallel equations is solved for the 36 

coefficients air bi and ci of the 12 polynanial splines. If 

prcbleas w i t h  negative values oow, these can be avoided by the 
use of higher order polynanials enablhg the inclusion of 

additional constraints. 

6. -on of ~ain£al l  values 

A randcm m m b r  f m  a uniform distribution between zero ard m e  

is gemxated. If it is larger than the trarsition prabability to 

a wet day frcm the state &fined by tm previausly genezated days, 

a dry day is generated, otherwise a wet day is generated. 

If a randan rumker generated frun a unifonn(0,l) -distribution is 

larger than the unmnlitional probability of the mrmth having at 



6.3 of rainfall val- 

Daily ard mxlthly rainfall values are m t e d  fmn Gamna- 

d.i.stributia w i t h  the same method. First shape and scale 

parametezs are corrected for the error caused by truncation below 

0.1 mu w i t h  the help of an eapirically am&ru&d table. 'Ihe 

gemxaticm process i tse l f  i s  adapted fmm Pubinstein (1981) ard 
largely f o l l a ~ s  prooedures f i r s t  &scribed by Joehnk (1964) : 

1. L e t  af denote the fracticmal part of the shape -ter a ad 

ai its irrteger part. 

2. Grzemte a randcm rnrmber £run a dform(0,l)-distrkution and 

raise it to parer l/af to ge t  Y1. 

3. -te a seand random nsnber ard raise it to parer l/(l-af) 

to get y2. 

4. If Y1+Y2 2 1, repeat the proc&we fmm step 2.  

5. Gentxate another random nsnber R and carplte X = (-log R)* 

yl/ (Yl+Y2) 

6. -te ai rarrkm m m b e ~ ~  am3 add their negative natural 
logarithms to &itah Z. 

7 .  G = b(Z+X), where b is the scale parameter. G is the 

desired Ganma variate. 
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A. Jaradat (rn), 
M. Oglah (FFMP), and R. lUtwiler (FFMP) 

Ihe Jordan University of Scienoe aml lredylology (JUST) and FEW 

began a n u l t i d i x i p l i n a r y  cooperative pmgram in 1988 

with the objective of d - a r ac t e r i zbg  the agricultural p x d u c t i m  



system of the so-cdlled ~ ~ i n a l  zone1l of rainfed agriculture. 

-tely 70% of the arable land in the Hashemite Kbqdan of 

~ordan falls into this category and receives between 200 and 300 
mn of average annual pmipitation. -tely 41% of the 

cxmrtry's pcpilation lives in this m i n d  zone. 

Cbmcterization is an essential el& in the process of 

agricultural tecfrnology develcpaent, testing, and eventual 

transfer to fanaers. Ihe most widely recognized and M 

dimmion of &aracbxization is m l q i c a l  characterization. 

'Ibis is a specialized field which docrmrnts a -cal areals 

env- chmcteristics and their variability, includirg 

rainfall, teqm-ature, soil characteristics, gruwing seasons, and 

c m ~ p b q  systew. lhese are then translated into expressions of 
crop productivity and rmFped onto the -ail area for the 

p r p c e  of predicting haw  logical variability will -ct 

w i t h  an3 modify the inpact of new tedmology. ICRRW is p m t l y  

in the pmcess of develcping and adapt- a range of tools to 

quantify t e n p a  and spatial variability in ecological resaurces 
so as to exanLm strategies for minimizing its constraints on 

inprWea w i v i t y .  Progress in this work is reported 

elsewhere in this yearls report (see &ion 4.2). 

Characterization also includes on-farm resea& into the 

pxcductivity of existing fanning systers and ail- practices, 

the eoarmic organization d &ti- of the fannhq 

@ation, an3 the 1-term agricultural strategies being 

follawed by farmers. W i t f r u t  these 4 t i a m . I  " of . . - i t i s ' -  " 1 to Qvelcp iqxovd b3dmology 

f~d toap lr i f i cgmupso f farmers ina  'Iticndcmain 

ard thereby to the txdmlogy's eventual inpact on the ---- 
Ihe brmd artlines of Jordan's dryland fanning system have 



been described (~aradat  1988). Pcpilation pressure and econcmic 

gmwth have p t  unpreoederrted daaands on the fragile rescluroe 

base. ccmersicm of natural gxazing land to regularly crcpped 

fields has precipitated extensive soi l  erosion, redudion of 

pratective granrl caver, and encmadment of the desert. A t  the 

sam time, cultivation has beaome mre intensive. Ihe practice 

of prolaqe3 fallowing is giving way to annual -ing in an 
effort to hmease on-farm prcdxtion of f e d  for m m b m  

of livestock. As a result, -loitation of wistum reser\nes 

and &clin.iq soil fer t i l i ty  appear to have led to reduced 

yields. Althcqh Jordanian farmers have been in 

Wising ways of q i n g  with difficult em- amstmints 
in the context of law capital irpxlts, traditiardl production 

mthcds my no lcslger be the apprcpiate ways of managing farm 

resources. 

Eut before can rerxlrwnd a~propriate technologies 

to alleviate fannersr pmblers, it is of i rnporbrce to 

f i r s t  define these p m b l m  am3 identify the mints 
- i d  by farmers a t  the farm level. In this way, d t i c r r s  

a t  the farm level can play a vi tal  role in identifying and 

selecting the tedmologies and cultural pmctioes whicfi w i l l  have 
the greatest likelihood of w o n  and m f i c i a l  inpad. 

'Ihe JWT/FRMP team beqan its dxma&erizatirn mrk by sel- a 

mall g m c a l  area that is nqmentative of the entire 
mmginal zcple in Jozdan. Called the Mafw area, the study area 

isbandedonthemrthbythesyrianbolder, on thescu thby the  

Zarpa valley, on the east by the Hejaz railway, and on the west by 

the Fhmtha-Jerash highway. lhese kumdaries e~xnpass an area of 

-tely 1000 srplare kilcmeters. &cut 40% of the land is 

arable. Zhe rest consists of rocky hillsides, very shallow soils, 



scrutby -and, wastelard, and village sites. Aar,niiq to the 

last census in 1979 thcxe was a m a t i c n  of 35,550 persons. 

S h  then, the totdl rural pcpilation has eqxrded to abcut 

50,000 pazple livin). in 84 villages. A masamble estimate is 
that two-think of the people are engaged in agricultural 

activities, althcugh nost fann families receive a greater or 

lesser amxlnt of off-fann incaoe, as well. 'Ihe sheep and goat 

pqulation aJned by loal farmers stccd at aranrl 150,000 head in 
1988 (see Figure 4.12) . 

Along the periFhery there are three sizeable market tams: 

Ramtha in the northwest, Jarash in the sxthest, andMafraq in 
the east. Joxdan1s secnnd lanpst town, Irbid, is sane fifteen 

kilometers to the west, and the subxbs of Gmter Aman end a 

few kilaneters away fmn the sautheastern corner. Wing the 

1980s considerable road construction took place in the Mafraq 

area, and rmd eveq village is mnneded to the principal 
highways between Ramtha and Mafraq, Jarash and Mafraq, and Mafraq 

ard k m m .  

Rainfall chamcteristics are difficult to establish. A 

considerable anuunt of data going back to the 1950s has been 

wllectea at Ramtba and at Mafraq, kut only recently have 

rainfall gauges been installed at same of the sd-1001~ located 

within the s t d y  area. All of this infomation is a r r e n t l y  been 

evaluated by the agro-ecolcgical characterization project in 
FRW, kut n, results are yet available. The pmvisiornl ischyets 

presented in Figure 4.12 are based upon plblished estimates and 

the advie of local exp?Ax. 

These lines divide the study area into three rainfall zones. 

Zone 1 is the wettest and receives fmn 300 mn up to as high as 
500 mn near Jarash. 'Ihe second area, or Zone 2, lies between the 

200 mn ard 300 mn isohyets. It covers slightly wer half the 
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Figure 4.12 Settlements and provisional isohyets of 
Mafraq area 

Mafraq area and includes xme 60% of the farm m a t i o n .  

Finally, the less than 200 mn area, or Zone 3 ,  covers the 

corner. These  zones shculd be considered as only 
broadly inlicative. In fact, rainfall varies cansiderably f m  

year to year and within individual years thrcuqhout the study 

region. For exallple, in the wettest year on record Ramtha 

received wer 600 m of precipitation. In the same year Mafraq 



town enjoyed just slightly un3e.r 300 mn instead of the more usual 

less than 200 mn. 

rrpograFhy further divides the Mafraq area into distinct sub- 

areas. There is a line of law, barren ridges in the extreme 

mrth along the Syrian frontier. !tb the the of these ridges is 

a gently rolling plain by gullies of varying width 

d depth. In the eastern third of the st&y area the plain 

~ ~ a l l t h e w a y t o t h e Z a r q a v a l l e y , b u t i n t h e  

west it abuts another line of ridges abaR two kilanetexs s m t h  

of the Imid to Mafraq road. Successive lines of ridges follow 

cne after the other until rear3h-q the Zarqa valley. All of 

these have eastern t e r m i n i  on a north-scuth line ?mmbq abaR 

mid-y thragh the area. 'Ihe ridges tum into distinct 
hill cumtry in the corner of the study area Wiere 

there is heavier rainfall. 

In classical tiws llorthern Jordan omtained l ~ n y  agricultural 

villages and a few major tams, imt existing documentation 

inaicates that in the middle of the nineteenth century the only 

permanently occupied settlement east of the Ramtha to Jarash road 

was the police post at Mafraq (Lewis 1987). l'bgether with Ramtha, 

Ma£raq was an inportant stqpirq place along the old pilgrimage 

rcad mmbg f m  to the holy cities of Meaa and Medim. 

In fact, the Hejaz railway was originally intaxi& by the Ottanan 

m i t i e s  to partially q l a n t  this ancient caravan mute. 

'Ihere were a hardful of villages in the area which had been sites 
of permanent settlement mch earlier, imt a hmfcd  years ago they 

were only SeaScnally occupied by d c  herdas. 

I n t h e n h t e n t h c e n t u I y t h e r e w a s m f a r m i n g s y s t a n , a s  

in the Mafraq area. Instead, the local emnany was 



danimted by nmadic herding of sheep and goats and, to a nu51 

lesser extent, camels. The W£raq area was only a snall part of 

the geographical region u t i l i zed  by the nards. Each spring they 

wmld begin their migration art of the eastern region into 

the Mafraq area, they wculd enmrp for a few mnths to take 

advantage of the natural pasture regemration follawhng the onset 

of the wir r te r  rains. onoe the pasture was exhausted, the herders 
wmld m e  further west into the agricultmal areas aranrl Irbid 

to graze upon the oereal crq? residues of the v i l l w .  

The relations between eastern herders and western 

agriculturists w x e  nut always peaceful, and the ottawn 
authorities of the time rarely had the ability to regulate 

relati- between tha villagers who pzoduced crcps and the herders 

b scught access to the residues. Generally speakbq, i f  there 
kas a dry rainfall year and the natural grazing in the Mafraq area 

was insufficient for spring grazing, then the herders wculd graze 

their flocks i n  the agricultural area by any means available to 

thw, often including occupation of oeredl fields and the 

mmackiq of villages by force of arnrs. In the secafil half of 

the nhehmth century and up unt i l  the beginning of R r l d  I, 

the pecple of Ramtha, Irbid, and their neighboring villages 

~ i e n c e d  nrmerms anned cl- with the pastoral tr- 
(Atujaber 1989). 

British army occupied the axvltry of Jordan a t  the end of 

mrld  War I, and during the wrt tm decades they pacified the 

wicm while setting up the strmg central achninistration which 

becanre the HaShdte KirrgQm of Jordan. The present farming 

system in the Mafraq area date £mu this period. A few 

s c a m  old villages were  muxupied and new ones spzang up in 

the of pace and sec;urity. A t  f i r s t ,  the new 
agricultural areas w x e  ammtzated in the smthwe& arwnd 

Jarash d t i o n s  wtxe  xmst favorable, but later villages 



the area. TMay's pcplaticm distrikutian 

reflects these developnents. Pepilation density is t w u  to three 

tinreS as great in the wetter hill than in the drier north 
and east. 

TIE present agricultmal pcpllation largely ccmes fmm the 

original pstoralists, who began to settle daJn ard produce their 

awn crcps ard feed su~plies cnce access to the western grazing 

kc an^ nure regulated by gwerrrment authority. With the 

establklmmt of a strcng central admmskm . . ticm, the villagers 

to the west of the Mafraq ama were able to more easily refuse 

mralist daMnds for collected a c p  residues and cpen grazing 

cm their fields. RpiLatim gnwth arrl the intensification of 

agriculture to the wst of the Mafraq area further forced the 

pastomlists back into the Wraq area. 

As early as the 1890s the leaders of the pastordl tribes 
utilizing the Mafraq area had enxxlraged their folla~ers to take 

up the plw. Individual sham began to lay clah to specific 
tracts of land in the ~ n a s  of their tribal sections. Tribal 
claims were given a great boost in the 1930s when the . . admmstmtian began a prqram of oentralized land registratian. 

Tb a large extent the c l h  of the sbaykhs were affirmed and 

recognized by the garenrment. Many of the villages of the area 
date fmm this period, arrd the families of the original a~ners 
and their follawers are taday the umzm and cultivators of the 

1 , .  

A seaad grcup of settlers were imnigrants who had not 
previausly used the resauoes of the area. Sane of these ompe 

f m n t h e c r a r d e d a g r i c u l t u r a l a r e a s t o t h e ~ a n d o t h e r s c a m e  

fmm further afield in Palestine. These families settled l k c q h  

squatting on unclaimed land or by plrctrasing land fmn the 

original tribal claimants. 



Ihe fardiq of new villages continues today. Six  new 

villages have beM established and recognized by the gwemment 

since 1979. Five of these are in the southwestern half of the 
s tu iyareaard thera~in ingoneis in theext remenor th .  New 

villages largely result from the yaaqer generation leaving older 

villages to begin h@er&nt ha~&~lds, but is still a 
trickle of imnigration. 

'Ihe &aracterization work of the J[EST/FFQJIP team is planned to 
centhue over a period of three or more years. Ihe first year 

(1987-88) was Spent in -11- data and a t e d  

in an exploratory farmer survey with a sanple of 55 farns among 

20 villages. 'Ihe resulting gerezal description of the f e  

system and its problems was presented at a national workshcp in 
&man in Septmkr, 1988 (Oglah and Jaradat 1988). The 1988-89 - continued the farm survey resear&. A slightly dfied 

questionnaire was acbnuzlstered . . to59fannersandcoveredan 

additicinl 15 villages. Ihe semxl sanple was &cen to 

ocmpl& the first so that the two tcgether are representative 

of the entire area. 

Along with the amtinuing farm survey work, the 1988-89 

saw the introduction of diagnostic agraumy into the 

characterization process. Trials were instdlled in three 

locations across the rainfall -yet (see Figure 4.13), and a 

mmbw of sinple experiments were uderbkm with cwperatbq 
farmezs. Ihe tridLs an3 experiments were designed to collect 

productivity information for barley am?i feed legume varieties 

llnder various ecological and maMgement mnditions. 

The remainder of this section describes the farming s y s b n  in 

general. It is follow& by a preserrtation of the different types 

of fano systeaa in the area and the characteristics of &. 



Agronomy t r ~ a l r  

Vlllage in 1988 
survey 

V Village i n  1989 

Figure 4.13 Survey samples and t r i a l s  l o c a t i o n s  i n  
M a f r a q  a r e a  

pie first to keep in mird v,ben corsidering the farming 

systen of the M f m q  area is the extreme unoertainty of rainfall. 

A n y o n e ~ t a l k s t o f a r m e r ~ i n t h e a r e a r m s t b e i r q p ~ b y t h e i r  
pmaxupaticn with unpredictable weather. As a result, they 

davote ocnsiderable thaght in selecting cultuzal practices w h i c h  

they think clan ensure even a mininum prductivity uder  these 

adi t ims .  



%e second important characteristic is that agriculture in the 

Mafraq area is extensive. Rather than amomtmtirq their t h  
and energy on small plots to make them mre productive, farmers 

tenl to spmad their efforts aver larger areas. 'Zhe average 

labor tiw spent per hectare is law, and most of the work ocaus 

a t  planting and harvest time. The schedule of extensive fanning 

all- for relatively long periods wtaen farmers can, i f  they wish, 

engage in off-farm activities. I n  fact, the average praportion of 

total imxm derived fran off-fann activities in  the Mafraq area 
now stamis a t  a h x t  44%. 

A third point is that farm ho1db-q are averwhehbqly a~ner 

cperated. 'Ibis no doubt stens fmn the recent establishmnt of 

the fanning system in the area and the pal5Acular history of 

settlement. m y  aka& 58 of the cultivated land is under rent or 

shareaop ambacts, and there are significant differences in 

tenure patterns amcolg villages. Kcever, it shaild be noted that 

althagh the incidence of -ted fazns is very high, thc? 

ammt of land awned jointly by more than one t i t l e  holder (289) 

d t u t e s  an i m p o m  pqmrtion of the cultiMtsd land. 

Usually the joint owners a~ close relatives, kR only one of 

them is farming the joint pmperty. 'Ibis can have inportant 

inplications for land use because altha@~ they are not engaged in 

pmluction, joint miners reserve the right to have a say in hcw 
the land is used. 

Finally, the agricultural houssholds of the Mafraq area are 

fully hteqated in the w i d e r  market econany. Even thaqh they 
amsum a v t e r  or  lesser pruportion of what they p m d ~ ~ ~ ,  they 

canwt be amsidered subsistence farmers, nor even farmers whose 

f i r s t  priority is to take care of their awn -ion needs and 
t h e n t o s e l l  any surplus l e f t  over. hi red labor^^ 
in- are m i v e .  Virtudlly a l l  of the farmers surveyed had 

a t  least sane cash costs. 



'Ihe fanning system of the Mafraq area is similar to that 

which oaxrs in wide areas of the Meditemmam basin. Winter 

cereals, particularly kikeat for human omarption and barley for 

anhml conslrmption, a m  for most of the cultiMted area. 
m s  are augmented with olives, other tree craps, and to a 

lesser extent by leqms and vegetables. Flocks of sheep and 

goats often represent the nrost inportant capitdl assets and source 

of b. They are fed on barley p i n ,  straw, and, 

increasingly, plrchased feeds. Where available, we&y fall- and 

smmwdiq mtural grazing lards are an inportant scxlroe of 

seasxally available animdl fed.  

Table 4 . 1  presents the average holding sizes and lard uses in 

the study area aocxxding to rainfall zones. Average ewe ard goat 

flock size per farm are included to inaicate the relation bebeen 

craps ard animals. 

-1 Mafraq AIpa Farm Size and Land Use 

Rainfall Zone Av. Fann Barley e t  Olives E k e s  Goats 
size (ha) (ha) (ha) (ha) (head) (head) 

2- 1 (> 300 nun) 14.1 3 .0  2 .6  3.0 47 19 
Z o n e  2 (200-300 nun) 23.6 9 . 5  5 . 1  1 . 1  81 7 
ZOne3(<200nun)  26.2 13.3 4 .0  1.4 59 13 

Mean 22.4 9 . 4  4 . 3  1.6 69 11 

Althmgh it is reasoMble to a s s m e  that there is a fair 

degree of stability in farm size fmn one year to the next, the 

same assmption cannot be m x k  for lard use. Iard use decisiorrs 

are closely related to seasonal rainfall and, to a lesser extent, 

to inlividual famrx prduction strategies. T h e  proportion of the 

average holding planted in 1988/89 was 77%. T h e  figures for 

1987/88 and 1986/87 were 83% and 67%, respectively. These 



praportions parallel seasoml rainfall differences. T h e  ratio of 

planted area to unplanted area terds to be greater in the drier 

areas than in the wetter ones. Shnilarly, the year-to-year 

fluctuations in this praportion are also greater in the drier 

a r e a s w h e r e l e s s l a n d i s u r d e r ~ t t r e e m q s a n d t h e ~  

rainfall for raising cereals is less dependable. 

T h e  incidence and proportion of land intentionally fall- 

fma one year to the next is dif ficvlt to determine. In general, 
f m  laud the benefits of fallowing, and scm 27% of farmers 

(in 1988) claim to regularly fallow their prwiav yearis oeredl 

fields as part of a fixed rotation. E u t  many farmers practice 

what might be dled ciramrstantial fallowing they judge that 
rainfall amlitions are not sufficient to permit planting or 

because of the desires of joint umers of land. Bassd on survey 

results, a reasanable estimate of the proportion of the total land 

under fallow in an average year is about 27%, with the incidence 

of fallow being ~reater in the drier areas than in the wetter 
anes. 

Figure 4.14 shows the relative division of on-farm income 

amang the various enterprises for the entire survey sample. 

Sareral o$servations need to be made. First of all, farmers were 

asked to estimate the relative proportion contrifxlted by each 

-rise averaged wer the past five years in order to lessen 

the effect of dramatic price rises or declines in any single 

year. Second, farmers w e r e  asked to figure the relative weight 

of whst ard barley as a contrbtor to total hame and not 

shply as inam? realized by sale. 'Ihus, the contrhtion of 

barley should be seen in ternr: of its role in the fanning system 

as an on-farm source of feed for livestock. Third, the average 

figures do not reflect the considerable variation across the 

study area. Livestock and crops are not evenly distrbted. 

Ree amps ard wheat are mre coPmMily grown in the wetter 



Livestock 

annua 
22% 

crops 

Figure 4.14 Sources of  on-farm income i n  Mafraq area 

sarVlwestern area whereas the north, central, and eastern areas 
are dmimted by barley and livestock produdion. 

Barley yields a~pear to be low in general and highly unstable 
frun year to year. Tihen asked a b u t  their eqwiences of the 

past ten seasorrs, farmers intemiewed in 1988 gave the responses 

sbasn in Table 4.2. 

Table 4.2 Barley Performmxs for Last Ten Seasons 

M m b r  of Years 0axrrh-q 
M w ~  SD 

Grazed, no harvest 
Lcw yield (av. 208 loyha) 
Average yield (av. 626 ktylm) 
High yield (av. 1454 kcyha) 



As with barley, olive production 1-1s are law. In generdl, 

a mature olive tree in the Mafraq region only produces fruit every 
other year. W practice is to plant abart 100 trees per 
hectare. AssLrming that a l l  the trees are mature and bearing 
fruit, this means that about 50 trees per ha per year shculd be 

pmduci.ng. 'Ihus a farmer with the average of 3 ha in olives in 
the w e t t e r  Zone 1 of the study area a d  exped to hamest abaR 

150 trees per year. m u s e  the number of new orchards is rapidly 

ircmasing fmm year to year, most farmers even in the wet te r  
areas have a law percentage of mature prPducing trees. The 

preserrt ratio is about 54 pmductive trees out of every 100 

plan-. 

Fanners e s t h b d  the fruit yield per harvesbd tree as 
follms: 

In a poor year 5.3 kg per ixee 
In an average year 12.5 kg pzr tree 
In a gmd year 25.0 kg per tree 

The lMxirmrm yield of a tree urder irrigation is said to be 100 

ks. 

The initial analysis of the farm survey data was done with the 

objective of identify- different g r m p  of farm wfiich display 

dxmicteristics which are pertinent to the tmqeti.ng of the 

bduiolcgies being tested in aur agmnmy reseamh. Several 
general parameters have been recognized as potentially useful 
characters: rainfall zone, farm size, enterprise mix, total 

inccme, and the relative dependence on off-farm boxre sanoes. 

Table 4.3 shms the distribution of the survey sarrple by farm 

size and rainfall zone. 



m e  4.3 Rmn Size D i s t r i h r t k n  i n  Rainfall Zones 

Fano Size Rainfall Zones 

Farms 
(Vble sample) Zone 1 Zone 2 Zone3 

No. % No. % No. % No. % 

The distrikrtion of the sanpled farms is a masonable 

qpmxhation of the adual distritution of all f a n s  in the 
s b d y  area, and reflects the 1979 amsus figures. Hcwever, the 
mnr&rs of fanns i n  the sanple fmm Zone 1 ard Zone 3 are biased 

s l i q h y  in  favor of Zone 3 for the f o l l a ~ h g  reasors: (1) the 
pnportion of full-time f a n m s  in Zone 1 is less than Zone 3 due 

t o  the pIvximity of Jarash and Almml to zone 1, aid (2) the 

mangindl zone enterprises of barley and livestock are loore 

inportant to Zone 3 fannersthan Zcme 1 fanners. In  short, Zcne 3 

is mre dmmcbwistic of the 200-300 mn rainfall zone in Jordan 

as a whole than is the wetter area near Jarash. 

A s e x d  generally amepted way of lmkirq a t  variation within 

a farming is to focus on M v i d u a l  f a m x  w a n  

strategies or mix of entexprises. T h i s  aspect is saaetimes 
termed 'Ifam as to farmFng grstars (Fresco ard 

1988). A l l  kR 4 (3.5%) of the fanas in the survey f e l l  

w i t h i n  f a r  farm systern cabpr ies .  These production strategies 

are as follcws: cereal and livestock prdwticm (a) ; m, 
livestock ard olive pmkction (CID) ; cereal an3 olive pmlwtion 



(a)) ; and cereal prcductim only (C) . Their relative frequemy in 
the Mafraq area is given in Figure 4.15 a?d their land use pattern 

(av- acrass all z-) is given in Table 4.4. 

C L O  strategy 
31.6% 

Fiqure 4 .15  Distribution of prdduction strategies i n  
Mafraq area. 

Table 4.4 Strategy a d  errterprise 

Mean 22.4 1.6 

amparisions (average figures) 

&rises 

Ihe assignment of each case b a particular prduct im 

Strategy was done by ccmt~inirq the list of -rises on each 

fann w i t h  sources of m-farm inccm(e. A l t b q h  virtually all 

fanners keep a t  least one e m  or goat, hcusehold flocks with 

m t e g y  
Holdbg Olives 

s i ze  (ha) (ha) 
\Wt Barley Livestock 
:ha) (ha) EMes Goats 



f a n r  than ten head were not amsidered to d i t u t e  a farm 

enterprise, s b  the scale is not large ens@ to -t a 
major portion of l-msehold incune. Similarly, mst farmers have 

a few olive plantd next to the W, irrigate3 with waste 

water. 'Ihese were not amsidered to constitute a farm enterprise 

either. l'b be h1- cn a fanner's list of enterprises, he 

needed to have at least 30 mature pmduchg tmes. 

Table 4.5 shaJs the didxikuticn of w o n  strategies 

within the rainfall zones. The  m u t e s  point out the canparative 

advantages of olives in the wetter arevls and livestock in the 

drier n. b h a  this is ocapared to  farm size, the pattern is 

reinforced (e I'able 4.6) . 

Rainfall Zones 

ZcPle1 zone2 zane 3 
No. % No. % No. % 

There is cc~lsiderable geograFhicdl werlap between olive 

 ion, on the cne hand, and livestock productim, on the 

rffher hami. No e m l a g i d  b a m k y  divides the two p S i c m  

enterprises. There is, rather, an ecological continuum across the 
M a l l  iaohyets w i t h  a declining relative i n p o r n  of olives 

and an increasing i n p o m  of barley d livestock as m e  rmves 

fmm the better to drier areas. For ewnple, olives are part of 



Table 4.6 F '  size and pmduction k t e g y  

the pruduction strategy of 83% of inZanelbutcmly39% 

of farmers in the drier areas. % wrrt farwrs include 
livestock in their pmduction the drier areas than in 
Zore 1, but more inporlattly in Z 2 and 3, the average flock 

size is by abaut 45% a d  sawn to barley to feed the 
sheep - fcur-fold. 

Stratcqies 
Farm size 

CLCL CLO 
No. % No. % . 

The relative inportance of cm-f versus off - fm irwxoae as 
omtritutions to totdl bxsehold 
is fran 100% derived on-fanu to as ittle as 10%. The ratio can 
have important implications fc/r farmer  decision^, 
especially decisiarss abcut capital investments, 
and cash expd ihres  on irplts. 44% of inmme for the 
entire q l e  canes f m  off-farm . T h i s  high level is 

inaicative of Jordan's recent m i o n  in m- 
agricultural sectors, the Mahaq emtian near eevaral 
large tawlls ami gavenmw& the relatively ueager 
agricultural resouroes of the of an - fm to off- 
farm inxme as affected by fanner zcne is shown in 
Table 4.7. 

a, C Other 
% No. % No. % 



Table 4.7 Distrihtion of household incane scurces by straw 
and location (man -) 

-tesy zone 1 n m e 2  zone 3 

on-farm Off-fann m-farm Off-farm on-farm Off-fanu 

What emexyes very clearly is that livestock p- are 

different fmn 03 and C farmers in terns of their reliance on cn- 
farm incame. V i h a  the caparison is made on the basis of 
location, the CL fanners are further dis thpishd  fmn their (ILD 

colleagues. 

'Ihere are some plausible explanations for these diff-. 
First and f o m ,  preliminary enterprise i x 4 e t  data and farmer 

ccmnents indicate that livestock are & more rermnerative than 

any other enterprise in the Mafraq area in tenns of return to 

variable costs. Second, govemnmt animal feed prcgrams and a 

ready market mke livestock less risky than dryland oereals and 
olives &ich depend on urpredictable -ther. Third, livestock 

raising absorbs mre family labor the year than cereals 

or olives, thus lessening t i n e  &ich amld be spent in artside 
arploylaent. In fad, the sunrey data indicate that livestock 

pm3sem are far mre likely to enploy nn-family labor for 

longer periods of time than other f-. 

Most of farm family m&xs wfio are enployed off-farm have rut 

been able to sxm-t? particularly well-paid jdx. Lcw level civil 

service posts ard soldierirq are the mcst cam~n jcks in the 



sample. It is difficult  to irrlep=r&me frun 

farming frwn t h e s e  occupations, because they also require 

substantial amunts of time the year it is 

difficult  to keep an off-farm large nw3sers 

of sheep and goats. a t  a lw 

salary level, can offer 

and olive production on the scale camnnly practiced in the 
Mafraq area do not 

contrast, sheep 

provide a 

oilled adults. 

Reliable incoarre data, tenm;, is notoriously 

difficult  to collect and ly, it w a s  possible 

to  cbtain reasoMble estimates fran half the q l e .  Farm 

size, prduction stratesy, and to off-fann income ratios 

for these fanners are generally the same as for the entire 

sample. In term of , single regression 

could be related 

to variation in that large farm 

tenl tx prcduce mre skeq than er farns, then the relation 

size 

'Ihere is an interesting relation 

i n c o m e a n d a m o u n t o f t o t a l i n c ~ ~ k = .  with the hi* 

hcaE levels also had the highest of on-farm incare. 
Farmen with a high d q r e  of off-f actually appear to 

have lcwer total inxme. 

iKxme for livestock producers 64% higher than the income 

earned by non-livestock producers Mafraq area. In sunary, 

sheep prahcexs with mre than 80 statist ically (1) tend to 

have the largest holdings, (2) have highest total h a a r e ,  (3) 

a m  located i n  Zone 2, and 

hcaE frcan off-farm souIces. 



It is mrth noting a t  this pint that a carparison of the 

farmers reporting the highest barley yields against the f m  

reporting the lowest barley yields on their f m  no clear 

pattern of differerr=es with regard to rainfall zone, soi l  w, 
soil  depth, or h o l m  size. In fact, the only variable which 

seeas to correlate with yield lwel is degree of deperdence on on- 

fann inXme. the average, fanoers reporting the hi* 

average yields received a b u t  25% of inmne fnm Off-farm sources 

while the lawest yield farmers averaged 61% of h z a w  fmn off- 

farm xurces. 

To assess how fanners dmxacterize their own farming system, 

awey participants were asked questions about what changes 

have &sewed in their villages during the past ten years. 'Ihese 

were followed by questions desigr& to e l i c i t  the farmers' 

imrestzmt plans for the next five years. ?he responses wze 

mixed ard a t  t h  amtradictory. In light of the variable nature 

of the area and its fanning system, this is understardable. 

Table 4.8 gives the results of five questions about trerds in 

the farming system. Fazmers were asked to consider a list of 

observations abart their villages during the past ten years and 

state whether or not they agreed w i t h  each one. 'Ihe response to 
the cbsezvation that pmple are raising more livestock was abcut 

evenly divided. But there was  general consensus that raising 

livestock is the best way to raise mre inXme. AlrrPst 9 art of 

10 farmers agreed that pwple are insreasing the land planted to 

olives, but a substantial minority disagreed with the asserticm 

that me's best farmland shruld be planted in olives instead of 

some other crcp. 

Over 60% of fanners were not prepared to say whether or not 

the fanu inaw lwels w i l l  inpruve during the next five years. 

Ihe mst frequent reqonse to this sta-t was that it is 



inpossible to p r d d  the future 

-1e position given the 

People are raising more 
livestock 50 

Table 4.8 Fanner perceptions (1989 

Observation %Agree 

L i ~ b e s t ~  
of farm incane 

85 I 

saaple) 

%Disagree %Noanswer 

w l e  are growing mre 
olives 

Best farmland shaild 
be & olives 

Farmers were less reluctant to future plans for their 

awn farms (Table 4.9). Answers alnrcst equally divided 

hetween increasing farm size,  ing ol ive  area, ard 

inareasing livestock flock size. was a large majority which 

s t a t e d t h e y w c p i L d n o t ~  they plant to cereals. 

Farm inCaae w i l l  hpmve 
i n n e x t 5 y e a r s  15 

Table 4.9 Fanner's plans (1989 

24 61 

Plan %No %Nomswer 

Tb increase farm s i ze  
'It, hcmase olive area 
Tb increase livestock flock 
T b b c r ~ s e c e r e a l a r e a  

43 53 4 
50 45 5 
47 47 6 
36 60 4 



To have a reasonable chance of v, any propam to inpmve 
the pxdudivity and inXme £ran fanning in the Mafraq area nust 

avoid requiring farmers to make great dmqes in their pxdudicn 

strategies, nor shculd it involve dramatically hi* cost inpzb 

thanthosealreadybeiqused. Thesecretstosucxzssaremd~& 
objediws and incranental benefits built upon the existing 

pxdudive base and fanning systeP. The a~lclusion fran an 

r3amcterization of fanms is that the key on-farm el& to 

focus on is the liv-q jnte.r£ace. W&SI asked to kkmtiQ 

their ~ i p a l ~ l e m ,  dLmost a l l  f a z ~ l s  w i t h  Li- said 

an =t.e feed apply. R=rtmp DXX? bpdantly, tbq aaid 

t h e y d e s i r e d t o ~ t h e ~ v i t y o f t h e i r l a n d w i t h t h e  

spacific hkitim of their d q x ~ & ~ ~ e  an exbmzd - of liveskr3c feed. 

AlWaqh other issues (such as the low pmductivity of olives, 

for ample) are relevant to the problems of the area, the 

examination of farm and farmer -istics wenhehbqly 

pints to the focus on increasing local pmduction of l i v d  

feed because of the patential adcption and hpct for the 

tzqew fanner gruIp. 

U s i q  the interrelaticas amcp.lg the variables ewmined in the 

previous section, a p r e l h h q  tanget farmer pcpllation wculd 

display the follwirrg mininum dxmderistics: (1) mean farm size 

of 20 ha., ( 2 )  mean cabined sheep arrl goat flock of 90 head, arrl 

(3) wan annual area planted to barley of 8.5 ha. Such a grap  

wwld be geograFhically amzentmted in Zone 2 (200-250nm) and 

wwld dqerd on on-farm samxs  for the kiUc of its hcusehold 

inmne. It wxld also be a fair asunption that this group wculd 

have a rexamble level ard flexibility of disposable incaare. 
Inpmved technologies and cultural practices targeted to this 



powat ion  wculd seek to raise the 
the fanner could produce frcm his 1 

Al- agrcsrmy resear& zone is still a t  a 
very preliminary stage, the f i r s t  's results indicate that  it 
may v e q  w e l l  be possible to feed produdion by 

introducing new varieties of lcqvms, better 

mamgmmt techniques, and an a1 ive rotation that includes 

feed legumes as a s a b t i t u t e  for irq and continuous barley. 

'Ihis is re-en£orced by our greater ience in similar marginal 

zones of N. Syria. 
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1989. 
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Cabridge: Cambridge 
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Fannirq Systenns in 

The  CEFGZS-wheat model was the question of wheat yield 

resporrses to N fertilization varicus conditions in Xian 

region of P.R. of olina. Id data obtained by amlying 



the CEE(ES-wfieat growth rrndel have keen examined, for strategic 

planning of N fertilization. This sady was unleltdcen to 

examine the feasibility of us iq  tools such as this -1 to 

hprme fertilizer reamnendations an3 to develq, long term 

policies for the IM- of soil productivity. aE to 

limitations of the data rexure, only nine wheat gruwth seasons 

were run by the nrodel. T h e  conclusions frun this paper should 

themfore be regazded with caution until an analysis with a lqer 

data set can be canpleted. 

4.4.1 M G r a i n  Yield to N i t r o s e n  in Watim 
to  iff& ~ t e s  of N Fertilizer u m k  ~ a r i ~ s  Soil 
Nitrocren Onditiols 

--wheat was used to cdldate the grain yield of crops 

fertilized with various rates of N thraqh nine % d ~ ~ t  growth 

seasons f m  1971 to 1980 for ~ c h  daily climatic data were 

available. Based on actudL soil analysis data frcxn Xian, four 

hypothetical soil grarps were established with high, medium, law 

and zero soil nitrqen levels. T h e  oryanic c d x m  (%) , ammium N 

(mZflog), and nitrate N (q/kg) in the 0-20 centimeter soil layer 

were 0.53, 5.36, 5.12 for graup 1 soil, 0.26, 2.68, 2.56 for graup 

2, 0.13, 1.37, 1.31 for g r w p  3, arid 0 for grcup 4. These soil 

parameters, the necessary c rq~  coefficients nquim3 by ClTUS and 

the daily climatic data were used to nm the wdel for the nine 

seascm. Subsequent sections describe the xdel cuQut an3 its 

inplications for N fertilizer strategies of wheat in the project 

area. 

Figure 4.16 shows that the grain yield hxwses due to 30 

loq/ha nitrogen inmemmb are inversely related to the soil 

nitmqm level. In other words, the fertilizer efficiency 

lam- soil nitrogen auditions is greater than that under higher 

cnes. Figure 4.16 also shows that m average fertilizer input- 
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F i g u r e  4.16 S i m u l a t e d  y i e l d  d u ~  
30 k g  N/ha i n  f o u r  
low,  medium and h i !  
p o i n t  i s  t h e  mean I 

outprt relaticmships follow the law 

additicmal units  of ferti l izer inp 

results in smaller increase in yield 

respcme to rates of N ferti l izer i 

base soil  nitmgm level. In soi l  5 

soil nitmgm level, there is a shaq 

immumt per additional unit  of f e  

trerd hk with smaller deawmes is 
N-status. 'Ibis inplies that input- 

ferti l izer is law tut stable a t  the 

but declines sl-mply a t  the pax soj 

prediction, under the given assun 

authoris exprience. 

6 6 7 
ts of N Applied 

Mmdlum Sol1 N 8- Hlph Soil N 

t o  s u c c e s s i v e  i n c r e m e n t s  o f  
s o i  1  s  w i t h  h y p o t h e t i c a l  ze ro ,  
h base n i t r o g e n  l e v e l s .  Each 
f 9 y e a r s '  s i m u l a t i o n .  

ofdilninishing returns. A s  

: are used, each extra unit  

cutplt. Likewise, the yield 

obviously affected by the 

mups that belong to the low 

decmase in the grain yield 

t i l izer  =lied. A similar 

wident in soils of a higher 

ltput efficiency of chemical 
higher soil nitrogen level, 

L nitrogen lwel. memodel 

kiosls, coincides w i t h  the 



Ihe tcM water w l y  is defined as soil water stored in  advance 
of the sawing Qte plus rajn£all during the wheat grcwing seasoP1. 

lhere is a pcsitive relaticnship b&een grain yield and tntal 

water w l y  (Figure 4.17). (31 the high N S t a t u s  soil, a yield of 

4555 kg/ha of wheat grain was abtained fmm 555 nm water, while 

1280 kq/ha was cbhbd frcap 243 m. Grain yields of 3500 to 4500 

kg/ha u x l d  be achieved by a water ~u~ lp ly  of 40M00 ma. 

Total W l h r  Bupply (mm) Grain Yield (kg/hal 
Ow r 7 so00 

l moma soil watr nm~n during s...on * YI.W 

F i g u r e  4.17 Pre-sowing s o i l  wa te r  (mm) , growing season r a i n f a l l  
(mm), t o t a l  water  supp ly  (mm) and s imu la ted  g r a i n  
y i e l d s  of  w i n t e r  wheat ( kg /ha) .  S i m u l a t i o n s  used 
9 y e a r s  o f  weather data  from t h e  Xian reg ion ,  
P.D. China. 

W c u n b h t i c m  of both rainfall dur- graRh water 

stored before the season is inportant for wheat grain yield in the 

envimnnent of Xian Province i&ere there is substantial srmmer 

mal l  prior to planting. Ihe grain yield is mrrelatEd neither 

w i t h  the rainfall nor stored water alcne, but is clearly affected 

by t.crtal water -1y (Figure 4.17). Soi l  surface lMMgaaent 



precediq the wheat graJth - store mre of the simmer 

rainfall in the soil is one a~pruach for increasirq 
grain yield. 

Fertilizer efficiency is described a$ the gmin yield or benefit 
fmm a unit of fertilizer irrprt. m e  4.10 shows that fertilizer 

efficiency is obviausly different in Idifferent graJUl eascm and 
with different anumts of fertiliiter -lied on the d u r n  

nitmpn level soil. Grain yield pmduced by using 210 

kg/ha nitrogen jnplt ranged betwal 862 to 996 @/ha in the 

seasons 1971/72, 72/73, 73/74, 74/?5, 76/77 and 78/79. The 

increoent was 506 kg/ha in season 197b/ao, krt dlmost no increase 
was observed in the 1975/76 and 1937/78 seasons. A series of 

quxhtic functims fitted the esthted nitrcgen 

respollse data for each year. Acm#dhg to the values of the 

coefficients b and c of the finu=tlicn?s, fertilizer efficiency 

status can be classified into three $mups. 'Ibis is illustxated 
in Figure 4.18 where the difference in marginal yields based on 

the first derivative of these equatiohs are preserrted. The grcup 
with high fertilizer efficiency inclb six of the nine grarth 

seaso~ls which had similar high 9' yields. (Note: Data for 

1974/75 were virtudlly identical to & for 1976/77 and are not 

shown in Figure 4.18. ) The middle niqe of fertilizer efficiency 

is by the 1979/80 season where the marginal yield is 

mderate and is always lckner than ~ the fimt grcxlp. Ihe law 

fertilizer efficiency includes two &sons 1975/76 and 1977/78 

w h i c h  shcrw negligible yield msponse to fertilizer in@. 

F'mn Figure 4.17, it is clear that fertilizer use efficiency 

depends stnqly cn the amaurt of t&al water su~ply. The high 
fertilizer efficiency seasons had water supply between 400-500 mn. 
Ihe middle fertilizer efficiency seascpl had 300-400 mn and the law 



Nitrogen Applied as Fertilizer (kg/ha) 

Marginal Grain Yield (kg/ha/kg N) 

Figure 4.18 The i n f l u e n c e  o f  c r o p  season on t h e  marg ina l  g r a i n  
y i e l d  response o f  w i n t e r  wheat t o  n i t r o g e n  f e r t i l i z e r  
(kg/ha/kg N) . 

6 - 

5 - 

4 - 

3 

2 - 

fertilizer efficiency seasms had either more than 500 mn or less 

than 300 mn. ?bus the fertilizer efficiency is predicted to be 

highst in seasms when the water sugply ranges £run 400-500 mn 

water, but declines when the water supply becanes more or less 

than this quantity. 

- 
fertilizer efficiency at >500 mn of available water 

seems unusual. Hmwer, it  pears to be explained by the fad 

that umkr these canditims more mineralizatim of soil N oawzPd 
prior to planting, and the plant &mar& were met ccmpletdy frun 

the initial soil nitrogen pool. Rainfall during the wann sumner 

in this emrirommt prcnrides very favcurable d t i c n s  for 

minerdlizatim of N £ r u n  c r q  residues. 'Ihe average nitrate 

nitrogen ccortent of the tcp five soil layers (45 an) predicted by 

the model was 12.2  pa in 1975/76 the entire growth 

seascn and, w i t h  555 mn, m water stress axurnxi. This level of 



available-N is abcut fan. tines mre tjhan the 2.3 predicted in 
the 1976/77 season with a rmre now water supply of 425 mm. 
'Ibis model out@ needs to be against field data for 
high water regimes. In cmtras t  wi+ this, -y lar 

water sqply, less than 300 mu, m b  is the main constraint 

for crcp 9rCkJU1. Ihe sndller bianjk and luwer Fhysiological 
activity caused by water stress lidits nitmgen uptake by the 

amp. For instaxe, wdex the fertiiization of 210 kg N/ha, the 
maxbum bicmass was 5190 kg/ha in W 1977/78 seascpl with a poor 

water sqqly of 243 nun. 'Ibis is d y  46% of the 12,750 Ic;l/ha in 
the 1976/77 season with a nomal ammt of water. 'Ihe margindL 
grain yield response to fertilizer was less than 0.5 kg per 

kil- of nitrogen applied. 

4.4.4 Fertilizer -' Bade3 on Benefit Analvs is 

In ternr; of cptimization theory, tl$e maxinum net cash M i t  

will be gained when marginal yield is equdl to the price ratio of 

each unit of fertilizer to each ur$t of wheat grain (dy,/dx = 

px/Py, Ey = the price of one kg graih, Px = the price of one lq 
fertilizer). In P.R. of Qlina, the cost of ni- fertilizer is 
1.30 yuan per kilogram of e l m  M. The wheat grain price is 

about 0.34 yuan per kg. The ratio bf fertilizer cost to grain 
value thus is equal to 3.82.  he qbta listed in the -M 

yield columns of Table 4.10 are the yield increase frun each 30 
k g / h  N inarrment invest&. From th$se data and the prioe ratio 

it can be estimated that the a p t h  b m n t  of fertilizer -lied 

in every year shaild be that w h i c h  gives a grain yield increment 
of appmximately 115 for each 30 lq/ha fertilizer applied. 

The application of fertilizer ammtp above this threshold will 

result in hi- grain yield, krt lawELr cash benefits. Using this 
criterion, m e d  fertilizer qplication rates wxld be 

slightly over 150 kg N per hectare in four of the six high 

fertilizer efficiency seasons identified in Figure 4.18. Slightly 



more muld have been needed in 1974/75 ard scmewhat less in 
1978/79. In the middle fertilizer efficiency seascm d c f i  had 

300-400 w tcrtal water sqply, the optimnn reoamwded fertilizer 

quantity muld be between 30-60 )cgl/ha N. In the law fertilizer 

efficiscy seasons acl%q any anumt of fertilizer wxld result in 

negative benefits. 

It is not possible to W at the beg- of a seasm haJ 

mYfi Mal water su~ply will be available. Fhmers, hmever, need 

to decide how rmcfi fertilizer shxlld be p-1 arxl -lied to 
soil prior to the srwing date. 

Table 4.11 prwides ref- budgeting data to help farmers 

nrlke this decision. Within one fertilizer efficiemy the 

ap&d net cash returns are nat significantly different among 

fertilizer inputs ranging frcm 30 to 150 IuyIm. 'Ihe grain aUtprt, 
hmever, increases 449 layha ccllpariq 150 lq/ha with 30 

fertilizer hpt. Different pferenoes may exist - 
different farmers. ?he subsistence farmer is likely to be 

irrterested in harvesting as nuch wheat grain as possible ard the 
higher investment cption may be selected. 'Ihe farmer who has a 

market preferenz may select a 1- inveshmt @ion an3 mild 

thus place the rest of his money into a business with a 

patentially greatex d c  return. For the gw-, hcmver, 

the increase of yield is of prime inporbme. It is possible to 

stirmlate farmezs to in;rease imrestmpnt by mearrs of adjust- the 

price ratio, such as increasing grain price or decreasing 

fertilizer price. 

4.4.5 Wkx& Yield F to Different Fertilization 
W t b m s  a d  Time of PJxlliotion 

'Ihe farmers xmnmlly apply fertilizer twice. (Xwz before srw- 

during soil plawing (&led fandation fertilizer) and a seccnd 
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addition after this, called sqplemmtay fertilizer. Using the 

 me amtamt of fertilizer, krt cbarqirg the pattern fran 

faaxlation fertilizer to sqpllementary may result in an hxeaae 

in grain artplt. Haw nu& yield caild be ' a m t o  

on the date of applementary fertilizing. In Table 
4.12 similated grain yields fmm different fertilizatim 

strategies with the same arrmnt of 90 kg N/ha are shown. 

Splitting the fertilizer a~plication increased yield by 6% 

averaged acmss all dates of sqpl- addition. Maryinally 
the best pattern is 30 kg N/ha applied as a fcuxhtion dressing 
and 60 kg as a sqplementary application an Julian day 70. Over 

the nine seasons, this straw shaJed an average yield increase 
of 294 kg/ha or 10% over the use of a single prescwing 

a~plication. 

'here are three clear points fraa the Table 4.12. ?he first 

is that hi* grain yield will generally result when the total 
amxnrt of fertilizer (90 lp3 N) is =lied in two dases, as basic 

and wlementary fertilizer application. N i t m g e n  rqu immb 
of plants dmqe with time and sqplepentary fertilizatim meets 

the needs of plants better than a single application. Soil 

nitrogen carzntration awes aga- time shewing a bi-ncdal form 

wre f a d  in soil with s u ~ p 1 ~  fertilizaticn patterns but a 

single peak an]. a declining auve wmz shawn with basic 
fertilization only. It amid be that the £ o m  is closer than 
thelattertomatxhhgthecmpNrequiranentcurve. 

Secondly, the preferred time for sqplementary fertilizatim 
is near the start of Staa elongatim, axmrd Julian day 70. 

Starting fraa elongation, cmp m@?xamt for N insreases rapidly 
as bianass speedily acamulates. Without doubt, fertilizer sqply 
at this time can result in a Rmper grain harvest. Application 
prior to or after this o p t h  fertilization period is sanewhat 
less effective. Clearly if su~p1- fertilization is 



W
l
e
 4.
12
 

lh
e

 y
ie
ld
 w
it
h 
di
ff
er
en
t 

p
at

te
xn

s 
ar
d 
d
a
t
e
s
 o
f
 f
er
ti
li
ze
r 
ap
pl
ic
at
io
n*
 

G
IW

k
h

 s
e
a

s
o

ll
~

 
19
71
/7
2 

19
72
/7
3 

19
73
/7
4 
19
74
/7
5 
19
75
/7
6 

19
76
/7
7 

19
77
/7
8 

19
78
/7
9 

19
79
/8
0 

A
ve

ra
g

e 

Fe
rt
il
iz
er
 a
rm
li
ed
 c
s
l
c
e
 
15
 c

la
w

 
be
fo
re
 s

w
im

. 
lI

n
co

m
or

at
ed

 i
w

 w
l

m
 

9
0
 k

g/
h

a 
a
s
 b
as
ic
 

fe
rt
il
iz
er
 

28
80
 

32
73
 

27
43
 

31
96
 

45
53
 

32
43
 

U
7
7
 

35
86
 

!
3
u
m
l
e
n
e
n
t
a
r
v
 f
er
ti
li
ze
r 
a
m
l
i
e
d
 a
t 
J
u
l
i
a
n
 d
av
 
35
. 

[S
oi
l 
th
aw
) 

30
 b
as
ic
 +

 6
0
 

29
56
 

35
03
 

29
60
 

38
89
 

4
5
5
7
 

37
94
 

11
66
 

40
99
 

6
0
 b
as
ic
 
+ 
30
 

29
11
 

33
90
 

28
47
 

34
23
 

4
5
5
5
 

34
56
 

12
35
 

48
63
 

W
l
a
n
e
n
t
a
r
v
 f
er
ti
li
ze
r 
a
m
l
i
e
d
 J
u
l
i
a
n
 d
a
v
 7
0.
 
lB
ec
ri
n 

s
k

in
 e
l
o
m
a
t
i
o
n
1
 

30
 b
as
ic
 +

 6
0
 

31
09
 

38
10
 

28
32
 

41
49
 

4
5
5
8
 

39
37
 

11
75
 

42
04
 

6
0
 b
as
ic
 
+ 
30
 

2
9
8
8
 

35
55
 

28
91
 

36
17
 

4
5
5
5
 

35
66
 

U
3
5
 

38
98
 

SU
oD
la
ne
nt
ar
v 
fe
rt
il
iz
er
 a
m
l
i
e
d
 J
u
l
i
a
n
 d
av
 
10
5.
 
IP
re
-h
ea
di
nr
l 

30
 b
as
ic
 +

 6
0
 

31
27
 

3
3
9
5
 

20
10
 

3
9
9
1
 

4
5
4
6
 

34
81
 

11
75
 

3
9
7
0
 

6
0
 b
as
ic
 +

 3
0 

31
68
 

33
11
 

24
84
 

37
58
 

4
5
5
1
 

34
29
 

U
3
5
 

39
84
 

S
lw

le
n

w
ta

n
r 
f
e
r
t
i
l
i
z
e
r
 a
m
l
i
e
d
 J
u
l
i
a
n
 d
av
 
12
5.
 

6
ta

x
-t

 o
f 
a
m
i
n
 f
il
l1
 

30
 b
as
ic
 
+ 
6
0
 

22
75
 

30
78
 

19
85
 

32
55
 

45
49
 

25
82
 

11
75
 

28
44
 

6
0
 b
as
ic
 
+ 
30
 

27
08
 

31
25
 

24
78
 

3
1
6
0
 

4
5
4
8
 

28
11
 

12
35
 

32
24
 

30
 b
as
ic
 
fe
rt
il
iz
er
 

22
61
 

30
76
 

19
85
 

30
67
 

45
49
 

25
63
 

11
78
 

28
06
 

6
0
 b
as
ic
 
fe
rt
il
iz
er
 

27
02
 

31
25
 

24
78
 

30
86
 

45
48
 

28
01
 

12
37
 

32
08
 

* 
m

in
g

 d
at
e:
 
ls

t 
o
f
 O

c
to

b
e
r;

 
s
o
i
l
 n
ut
ri
en
t 
ba
si
s 

=
 l
o
w
 l
ev
el
; 

J
u
l
i
a
n
 d
ay
 
1
 =

 J
an
ua
ry
 
1:
 

pl
an
t 
p
q
u
l
a
t
i
o
n
 =

 2
50
 p
la
nt
s 
pe
r 

q
u
a
re

 m
et

er
. 



postpones until the start of the grain filling period (at Julian 

day 125, Table 4.12) , the grain yield is significantly lawered as 
it is too late then for wheat to use the additional N. This is 

illustrated in the last 4 rws of Table 4.12 which show that 

t hm was no response to supp1enmlx.q fertilizer applied at this 
time. 

?he third point is related to the two fertilization patterns, 
30 kg N / h a  basic plus 60 kg N/ha s~plplementary and 60 kg N/ha plus 

30 kg N/ha.  The grain yields wzre approximately the same in these 
two cases. -fore farmrs do not nee3 to consider carefully 

haw rmch fertilizer should be added as the basic dressing or as 

late suppl~tion. 'Ibis means that fertilization practice can 

be mre flexible a o c o ~  to other ccaditicns. For vie, 

su~plemenhry fertilization cculd imprWe the d c  utilization 

of fertilizers in the middle and low fertilizer efficiency 

seasas. Winter wheat in the Xian region has a growth period of 

eight mnths, of which six have elapsed by the time a decision on 

s!&plementary fertilization needs to be made in mid- (start 

of stan elongation). Most of the total water supply is !mown at 

this time and the remainder can be predicted more effectively than 
a full season's rainfall. In this case, the farmer can make the 

decision on supplementary nitrogen based on totdl water s~plply. 

kxambg the anvxvlt of total water is in the middle or law 
fertilizer efficiency sesms, farmers will adjust the mmunt of 

sqplemmtary fertilizer. Let us say a farmer plans a totdl 

fertilizer application of 90 kg N/ha. If, after 30 kg N/ha was 
applied as basic fertilizer, he finds the water supply to be in 
the low fertilizer efficiency range he wxld not add 

s!&plemmtiuy fertilizer. This m d  save 60 kg N/ha or 78 

yuaqha of investment and, canbinbq investment with artplt 

benefit, cculd prevent a lass of abcut 70 yuan/ha. 



Initial soil nitrogen is a very h p r t a n t  fador affecting grain 

yield both in a single year am3 in a sequenz of sedsa?s as shewn 

in the previaus sectims. Ihe potential productivity of four 
classes with different initial soil ni- mrtents (see 

Section 4.4.1) is illustrated in Figure 4.19. 'Rris clearly -, 
as expzted, that the grain yield in unfertilized soil deperds on . . 
the initial soil nitrogen level. So, m a h t a m q  initial soil 
nutrient levels is inportant. 

Grain Yield without Fwtl l lar ((/ha) 

r 

01 
0 0.25 0.5 1.0 

Relative Sol1 Nitrogen Statua 

F i g u r e  4.19 The p r o d u c t i v i t y  o f  w i n t e r  wheat  w i t h o u t  
a d d i t i o n  of f e r t i  1  i z e r  on f o u r  h y p o t h e t i c a l  
s o i l s  w i t h  a range  i n  n i t r o g e n  s t a t u s  
( 0  r e p r e s e n t s  seve re  N d e f i c i e n c y  and 
1 r e p r e s e n t s  a  h i g h  s o i l - N  l e v e l ) .  

Some grain yield will be harvestd withart extra fertilizer 

addition, but this yield autplt will cause a decline in the soil 
nutrient lwel and affect productivity in subsequent seascprs. 'lb 

prwent degradation, mineral fertilizer shaild be applied to 

onplement the lass of soil mineral nitzogen th?mqh cnp uptalre 



fran the soil pool. RLis also w i l l  help to maintain soil organic 

m a t t e r  by the additicm of fresh organic m a t t e r  fran greater ~ n p  

residues. 

Tb maintain soil ni- nutrient levels, the ammt  of 

fertilizer =lied to the soil shaild be equal to or mre than the 

cmp uptake. Average amunts of elemntal n i t rqa  added or 
t a k e n u p f r a n t h e w d i m n i ~ l e v e l s o i l t h m @ ~ ~ & n i n e y e a r s  

fran 1971-1980 are shawn in Figure 4.20. dynamics of soil 

ni- can be assessed by calailating the amcunts of soil 
nitrogen added or taJcen up. Grain yield increased as fertilizer 

N 8dd.d or talon up (Icpnu) C h a w  In 8 d l  N 8tltua 0Olh.l 
210, r 80 

Nltmosn Applied a. Fortllizor (kolha) 

- U Ipplled + W fmn Phnt h I 4 W  

+ H Up1.L. 4 C ~ D  Ohanp. In @I1 U 

F igu re  4.20 The s imu la ted  components o f  t h e  n i t r o g e n  balance 
o f  w i n t e r  wheat systems on a  s o i l  w i t h  an i n i t i a l  
m idd le  l e v e l  o f  s o i l  n i t r ogen .  Each p o i n t  i s  t h e  
mean o f  9 c ropp ing  seasons f rom 1971 t o  1980. 

additicm increased, ard plant uptxke of nitrogen increased 
linearly with yield. Pihen the ammt of fertilizer applied 

3d frcm 30 kg/ha to 210 kg/ha, the grain yield increased 
fran 3178 kyh to 3758 kg/ha, and the ni- uptake b m a i e d  

fmm 110 kg/ha to 165 w. A t  the same time, the anmmt of 



nitmgen c o n t r W  to the soil pool increased at a higher rate 

than crcp uptake. In addition, there is also 2150 kg/'ha of mot 

ard -1e residue fmm the previous crcp d c h  -lies abart 21 

kg N/ha nitroga to the soil wery year. In reality the amxnrt of 
roots and residue waild be e x p e c t d  to hcrease with time at 

higher lwels of N a~plication. Hcuever, to avoid the 

acamulation of possible rmdel errors, values are reset to the 

initial value each season. 'Ihis estimate is therefore 

ansemative. 

After 10 years, the soil nitrcga cartents differed with the 

axrcunt of fertilizer a~plied, fmm -73 kg N/ha without nitrcgen 

addition to +65 kg N p  when 210 kg N/ha/yr of fertilizer was 
added. Ihe addition of 120 kg N/ha resulted in no soi1-N 

depletion. 'Ihis indicates that in o m  to prevent deqadation of 

soil nitrogen lwels, at least 120 kg N/ha shculd be applied wery 

season. 'Ihis is in line with the e d c  and social benefit 

analysis in &ion 4.4.4, ard suggests that a masonable 

-tion for the medium nitrcga lwel soil would be betkRen 

110 and 130 kg N/ha/yr. 

WhFlst the results in this presentation depend on n d e l  axput, 

ard mly a limited rnrmber of seascm were tested, the author 

d u d e s  that the estimated resporrses cbtaimd in this exeEise 

are in line with his field experience. Eased on this initial 

analysis, a mre tho- evaluation u s h ~  longer climatic 

datasets, several cckltrastirq locations, arrl validation with field 
trial data has been prqosed. 



Zhe formation of a project focvsed m questions of adoption and 
inpact is a reflection of both National h-ogranrs' and ICARW's 

maturation. New technologies have been developed which are IXW 

available for farmers. In many countries fanners are already 

using some of these jnprwed fambg methods. 'RLe extent to whi& 

farmrs are able to adopt new technology, and the impact such 
technology has on productivity d c  return nust 

continually be mnitored to assess the relevance of resea& 

pzqram. l h i s  project develaps methods of predicting, assess-, 

and imprwing the adoption and impact of new technologies. 

Technologies mst be acceptable to many parties in order to be 

put to widespread use. 'Ihe f- is usually considered the er~I 

user; for him, a new technology na~st be appropriate and profitable 

within his means and abilities, culturally permissible, and not 

unreasoMbly ri*. In this region, where gwemmmh play an 
important role in the agricultural sector, their priorities also 

rmst be Illlderstood; these concern food self-sufficiency, pricing 

policies, and allocation of prcduction inplts ammg sectors. It 

is also necessary in some cases to consider the conslnner of farm 

pmduce, as in the case of rrops whi& rmst meet certain standards 
to be marketable. A better understanding of these factors will 

allw 1- and mtional research prcgmms to cmcentmte efforts 

on tecfinolcgies which will most likely be extended and adopted. 

In establishing research priorities it is inportant to 

quantify the potential impact of technologies on food pruduction 

and national agricultural inXme. We mst be prepared to predict 

and monitor the impact of new technologies on the econcmic well- 

being of farm families. Issms of previcus ~ l c g i c a l  change 



( e . ,  the "green re~olution'~) irdicate that inpact nust be 

considered in  a broader sere,  incluii.ng the side effects of new 
tedumlagies and u n b a l d  costs and benefits within different 

parts of the agricullm-al sector. These in=1& effects an 

employment, nutr i t ion,  women's opportunities and i n m ~ ?  
distribution. 

O u r l ~ t e ~ ~ ~ g c a l i n t h i s p r o j e c t i s t o i g f f n f a c t a r s  

related to the ,-ability of rru txdnmlogies, atd dRRZcp 

P e t b o a s t o p n e d i d ' d ~ a n d ~ t h e a d c p t i c n a t d i m p a c t a f  

~ c q y  at the natiu?al, ammmity atd fam level. We w i l l  

attain this goal thruqh the f01lawh-g medium term cbjectives: 

1. To help biological scientists design tedrnologies w h i c h  can be 

easily adcpted by farnrers thruqh the collection and 

interpretation of information on the needs and canstmints of 

f-. 

2. To help to derive ways to introctuOe new practices into farming 

systaPs of the region. 

3. To describe ways to estimate the inpact of new techmlogy, and 

to identify benefits and prcbleas arising frcm new practices 

and their inplicatiom for techmlogy design. 

4. To assess, within the region, trends in crop prducticm, 

policies affecting agriculture, labor q l y  and ather 

sociological and economic factors directly affecting 

agriculkrre. 

In cur report this year, a variety of topics are addressed 

cwering the adaption of winter sawn dckpea in M o m ,  risk 

assxiated with current strategies to met rising sheep feed 

&rank in Syria, a anparative analysis of m i n g  lentil 



prcduction strategies over a 10 year period in Syria, the 

inplications of variable season rainfall on faners t  stutble 

maMganent strategies and a ccmparative analysis of production 

functicns as descriptors of the inpact of technology an barley 

yields in scutheast Wkey and Northem Syria. 

In addition, kle present sunmary highlights of eight case 

mes of agriail- labor and technological change. These 

sMies fozlned part of a specially £wdel project and were 
axdwkd ihnr iq  1987 and 1988 by national reSearcfi tearrrs in 

Algeria, M O ~ C Q ~ ,  lmis ia ,  J o n h  and 'Ruby. 

M. Amine (DW, Momcx!~), M. I(amdl (INRA, l4omcm) 
M. Solh ( r n P ) ,  and R. m1er (E'mP) 

&i&peaconstitutesthesecondmostinporhntfoodlegumecrcpin 

l b m a ~ .  Produdion is amcentmtd in drylard areas to the viest 

of the A t l a s  mambins that receive mre than 300 mi average 

armual precipitation. 'Ihe fanning systenrs of these areas are 

dxaracteristically daninatd by cereal and livestock pmdudian, 

h t  chidpas usually fu l f i l  an impartarrt role w i t h i n  the usual 

t m - c a n e  rutations with w i n t e r  cereals and, to a nuch lesser 

extent, vegetables and forage rraps. localized l h c e  

varieties are the predaninant drickpa ailtivars and are 

trcditionally sckm in the spr- (late February-) for 

harvest i n  surmrer (JuneJuly) . Yields vary greatly fraa year-b- 

year, f m  region to region, and f m  farmer to fame?. 

Figure 5.2.1 presents agg?xgate yield and area planted for the 

fifteen year period 1970-1985. Whm carpared to rainfall data, 

the fluctuation in both yield and area planted correspollds 
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closely with variation in prprcipitation. But rainfall, althwgh 

the most easily identified, is only one of a mmS3er of factors 

a n t r i h t h g  to the carrsiderable variation in pmhctivity that 

are not disdlcsed by aggregate m t i d  statist ics.  'hexe is 

little infonuation available for yield variation f m  region to 

mian and f m  to fanner, tut there is considerable evidence 



that these differences are great. Wide variations in culturdl 

practices, farm - allocations for dckpea, incidence of 
diseases and pests, and other factors all se.rve to separate highly 

praductive fazmers from their less successful colleagues. 

The last twa decades witnessed a marked change in the 
geagm@ical distritxltion of dckpea pmduction in M o m .  

Formerly highly prrrductive regions to the scuth and scuthwest of 

Casablana have mnsidembly mducd the total area planted to 

dclcpea, and many farmers in this region have abm%md 
chidpas altnge#er. The retreat has been attxikRed to two 
causes: a prolonged dmught and the ravages of the blight 

Ascochvta rabei. Another factor cited by fanners and researchers 

~ t M o m c a , i s t h e h i g h c o s t o f p i n g a n d h a r v ~ t h e  

~ n p  using hand labor. Ceredls wculd a ~ p e a r  the clear victor 

aver chickpas in planting decisions based cn ansiderations of 
risk and labor costs. 

ICARW has devoted amsiderable efforts tawards hprcuhg 
chickpea yields in the West Asia and North Africa region. 

Scientists in the Food Legume Inpmwmmt h-ogram have develcped 

cultivars d c h  are cold tolerant and therefore can be sawn in 
Navmber-- for harvesting in early smmr. The winter 

sown chickpea is also bred for enhanced resistance to A s e d y l a  

blight. Ch-station and on-farm trials indicate that w i n t e r  sown 
d m ,  with its 1onge.r grckuing seasan, and therefore greater 
likelihood of receiving adequate rainfall in the Meditwmmean 

climate, can prcduce up to twice the totdl biamass of spring sown 
varieties. Seed yields have been as high as two to three times 

that of spring chickpas. Looking at the new technology fmm the 

farmers' point of view, scientists see the possible disadvantages 

of the winter cultivars, as apposed to spring dckpeas, as 

being: (1) the ned  for at least one ackliticmal weed control 

operation during the 1onge.r gmwing season (2) the noticeably 



sreller s ize  of the chickpa seed pmhoxi  by released varieties. 

Smaller seed size may be trarslated into lower market prices. 

Haever, even for  increased weed control Costs and 

possible market value, the w i n t e r  chidpa loaks more 
profitable than sprm -use of its hi* produdivity and 

r&wd risk of crcp failure due to -t (see also section 3.3 

of this report). 

Monxran authorities have given cxrrsiderable attention to w i n t e r  

#wn chidpa cultivars as a possible way of stabilizing and 

reversing past pmducticn trerds. In  p r t i d a r ,  the new 

tedvrology is viewed as a mearrs of reclaiming old pmduction areas 
ardeJqmdhgintonewanes. I f f a r m e r s ~ t h e n e w  

bdmolcgy, then there a d d  be a m&er of naticmal benefits: 

(1) i n p d  farm inxlme, (2) ' sd eambq of foreign incase 

thraqh exprts, (3) immasd darestic protein cawmption, and 

(4) enhanced soil nitmgm crpltent. 

Beg- with gernplasn develcped a t  ICNCA, scientists at 

the Institut Naticmal de la P1, 'W (m) started 

in the early nineteen-eimties w i t h  the prooess of adapt- winter 

chidpa bxhmlcgy to the d t i o n s  of MDnxxan farmers. IXRA 

f o l l d  a dual a~proach: on station work -ted cn 

adapting gernplasn and cultural practices to Momcem d t i c n s  

while on fann work a M  a t  verifying the new tedmology and 

identify- the coIlstraints to achieving mximm yields. 

Bmnstmtion plots m pit on farmezsl fields on a limited 

scale in  the 1985/1986 season. TW varieties, ILC 482 and IIC 

195, m released by INRA in 1987/1988, and a nation-wide program 

of demnstntions on farns was begun by the Direction du 

Production Vegetale (DW) of the Ministry of Agriculture and 

Agrarian Reform. Danonstrations had been started earlier by INRA 



i n  the Settat and c h a d a  areas, tut these wxe on a limited scale 

only. 

Ihe msults of these efforts - pmaishJ. Ihe 1987/1988 

demonstration plots gave excellent yields as ccmpard to local 

spring cultivars, and an r r m b i t i c u s  program of same 104 

demonstration plots was planned for the 1988-89 season as work on 

station c c m t W .  Hawwer, there had been l i t t l e  in the way of 

£am-level analyses of fanaersl mctiorrs to the new tdmolcgy 
nor asses& of its adcption ptential. DW, INFA, and ICARDA 

agreed in -, 1988 to umbA&e a -ti- sb3y which  

mi ld  prwide this macfi needed infomation to help guide further 
m, develqment, and extension efforts. 

Ihe moperative sb3y began with mdest objectives. Ihe primary 
cbjectives were *fold: (1) to describe the Meal 

perfonnance of w i n t e r  sawn varieties on farmers' f ields us- 
m e n t i o n a l  cultivation practices and (2) to e l i c i t  farmer 

to grayhJ w i n t e r  chickpea. 'Ihere wsre two !seca&q 

objectives: (3) to collect partial wet data enablirq an 

erxxlanic caparison of winter and s p r i g  sawn chickpa and (4) to 

identify the principdl hxntives and cmshaints to adcptiw 
w i n t e r  sawn chidpas within the drylard farming systarrs of 

Momcc~. A co101lazy of cbjeztives (1) and (4) was to check the 

validity of a ~ r i o r i  asslmptions ~.egarding the weding costs and 

marktability wnstraints for isdcptig w i n t e r  chickpea. 

mta collection w a s  done thraqh a ffanner survey. The 

questionnaire was divided into fcur grnups of questions. Ihe 

f i r s t  grarp amentrated on describirq the hold ig  and the 

f a m b g  system. Ihe second grarp related to the h t m k c t i o n  of 
w i n t e r  chi- and its adcption or non-ackption by the fa-. 



The third gxup looked a t  the technical and e d c  aspeds of 

pmduciq w i n t e r  cfiickpa. Finally, the fourth g r m p  of 

questions mt farmer evaluations of w i n t e r  chickpea and asked 

abart£utllreplaI?stogrowtheQ.cp. 

The sunrey sanple was strat if ied alcmg three dimensions as 

f o l l m :  (1) location, (2) aperim with growing w i n t e r  

cfiickpa, arid (3) aooess to resaurces. Geqmphically, f a ~ r  

prwinzs were selected as target areas by Mo- scientists. 

~ w e r e S a f i a n d S e t t a t p r w i n m S i n t h e s c u t h a r d F e s a n 3 .  

Khemisset in the north (see Figure 5.2.2). The northern provinces 

rep- c;urrent principal pmducirq areas of drylami spring 

chickpa. Ihe two southern provinces are previously producing 

areas i n  w h i c h  it is hqed the new tezhnolcgy w i l l  fac i l i ta te  the 

re -h tmhct ion  of chickpea. 

In terms of exprience, f a  f m  categories were 

delineated: Category I were farmers who had pmi(x1s1y 

participated in trials and daoarstrations kut lmd decided not to 

grwd winter dckpa in 1988/1989; Category I1 were farmers who 

were gruwjrg w i n t e r  chickpa for the f i r s t  time in 1988/1989 as 

participants in the D W  demmstmtion program; Category 111 were 
farmers gzarirq winter in 1988/1989 w t l y  of the 

CW7 .pngzam h h  may or may not have had previous expaienoe w i t h  

the cmp; and Category IV were farmers who had newr cjmm w i n t e r  

chickpa. Category I fiunrers were dmxcterized as llnon-adcpkrsu 
because they preferred not to continue with w i n t e r  chickpea. 
Category I1 were current 88tria11g farmers in the prazs s  of 

evaluating the tahmlogy for the f i r s t  time. Category 111 

 farmer^ represent4 an " a d c p t & I  gxup, alttaaugh they had 

different degrees of v i e m e .  Category IV farnr=rs wsre knwd 

"neighb~rn~~ because most of them lived in clcse proximity to 

m e m b e r s o f t h e a t h e r g r a r p s a n d h a d s ~ ~ ~ & - h d ~ t o t h e  

new t d m l o g y .  
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F i q u r e  5 .2 .2  Win te r  ch ickpea s t u d y  r e g i o n s  i n  Morocco, 1989. 

Access to resaurces was defined broadly in  terns of farm s ize  

and flexibil ity of lard use. 'Ihree farmsize grarps were decided 
upan. Large hol- were those w i t h  100 hectares or more. 
Middle holdings contained 99 to 30 hectares, and small ho1- 
were less than 30 hedams. In general, t3iex-e w a s  a 
CO- between farm s ize  and equipnent (tractom and 
aUEer inplanents) awned by the farmer. 

Sample selection pmceded in the follawing way. F ir s t ,  the 
inte?xiew h a m  visited the Direction hwinciale de 1'Agriculture 

(DPA) in each province to be surveyed. In consultation w i t h  the 
director of the DPA and the dhecbrs of the Centres de Tmvaux 



(CT) in the p r w h ,  lists of farmers fi t t ing into anyme of the 

f a x  categories were m i l e d .  Follawirrg this, farmers to be 

cartactecl ard interviewed were determined by the stratificatim 

criteria and the fanu=rsl availability. 

IMemiew were an-farm by a team carposed of bm 

scientists fmm DW and a mpesenhtive of the local extensim 

sexvice within the jurisdidicn of ead~ CT. For all interviews 

in Safi p r w h  ard sare of those in Khemisset p n x r b ,  the 
teuma was accmpnied by an ICARW scientist. A pretest of the 

q u e s t i w  was done in late  Mamh, and sumey interviewing 

started in June a d  lasted Vmqh July. A total of 112 farmers 

were interriewed. 

Climatic rmriiti0l.s during the 1988/1989 gmwing season kvx 

poor. Ihe auramt of rainfall was fairly gccd, with Mal 

acamulation near annual averages in the four provinces surveyed. 

Unfortunately, distributicn during the season was uneven, ard the 

heavy r a i ~ ~  v h i &  came in April were a i v e  to A s n x h y h  

blight in all areas except Safi p r w h .  High rainfall early in 

the season was follar*red by a dry period in Deoar33er until 

mbmary. Ihe two mrthem provinces suffered both w i n t e r  and 

spring weed infestatiorrs due to the timing of this year's minfall 

(see Figure 5.2.3). Altlmu#~ the two sarthern provinces have a 
larg term average rainfall abart 150 mn less than the two northern 
prwinces, this year they reoeived similar anramts. So total 

rainfall was not as hpxbnt in distir&shimJ north frao scuth 

as was the timing of the rains. 

Adverse weather and serious biotic factors are reflected in 

the results of m-station chidcpe breeding nurseries ard agronomy 

trials. Many tested lines wtyielded the high-yielding releasad 
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F i q u r e  5.2.3 P r e c i p i t a t i o n  a t  t h r e e  r e s e a r c h  s t a t i o n s  1988/89 i n  
Morocco 

ard wi&ly adapted line ILC 482 that was seriously affected by 

Asaxhyb  Blight in almost every location. A t  Marhmch station 

i n  Khaaisset pmince, for ewnple, the highest yield for ILC! 482 

was cmly 2.3 cpr/ha (i.e., 230 kg per hectare). Other stations in 

the surveyed provinces did better. A t  Janraat Sahim in Safi 

p n ~ ~ h  IIC 482 yielded 31.3 cpr/ha, and a t  Daryet in Fes province 

ILC 482 yielded 21.7 rpc/ha. Even when I E  482 esm@ the ravages 
of Asoocfiyta Blight, weds cauld be a mjor  detr- t o  high 

yields. A t  a m i c i d e  agmnmy trial a t  D a q e t  (Fes prwinoe), 

the weedy check yielded 9.7 qx/ha die ampletely &-free plots 

gave 15.5 cpr/ha. 

Surveyed farmers faced similar pmblaas w i t h  Asoxhyh  ard 

weeds, and they also exprierced substantial yield variations. Of 

the 52 farmers in Categories I and I11 who were gr0wi.g winter 



chickpea i n  1988/1989, 28 had sericus Asccchyta attacks. Sane 

f ive  of these had no harvest a t  a l l  because of blight,  ard a 

further eight had less than 5.0 cpr/ha yield. It is l i t t l e  

-lation t o  these farmers that 1988-89 was also a terrible 

year for spring chidpa yields because of the ra infa l l  pattern 
and msu iq  Asmcfyta. 

Chickpea yield carparisms surveyed farrrrers are 

preserrted i n  Table 5.2.1. Despite the ravages of ksmchyta, the 

released w i n t e r  chidpa lines ILC 482 ard ILC 195 &-per fow 

local spring ailti~ls by a slim -in. Intere&ingly, Category 

111 farmers (-) had hi- yields on the average than 

QtesOry I1 f a m x s  (demndration p la ts ) .  Lccation hwld  pear 

to be a significant factor, with Safi average yield being more 

than dcuble that of Khemisset. W i n t e r  chickpa yields show 

greater variation than do spring yields. 'Ihe average w i n t e r  yield 

figure in the previous year (1987/88), a year with favorable 

climatic ccaditions, w a s  14.3 a figure based upon the 

reported yields of the 23 farmers in the sanple who grew w i r r t e r  
chickpea last year and remenSxred their yields. 

Table 5.2.1 Sumary of w i n t e r  ard spring chickpea yields, 1988/89 
(based on survey results) 

Yield range Average yield 
% with 
Blight W i n t e r  Spring W i n t e r  Spring 

Mean for fanns 54 % 
wm=dby- 

Mean for 1987/88 15.3 NA 



Mbmever possible, the survey collected frwn Category I1 and I11 

farmers detailed a m t s  of a l l  pmduction aperations for winter 

chickpea fmm f i r s t  tillage to post-harvest operations. 'Ihis 

informtion was then used to anpi le  enterprise gmss maqins. 
Any cost for ~~, renting, or shamxqping land was not 

included. V a r i a b l e  costs, such as thcse for tillage, labor, and 

inplts, were figured i n  two different ways. The f i r s t  way was to 
shply  record and sum a l l  actual cash expnlituES for custcm 
hire, daily laborers, seeds, fertilizer, and so forth. 'Ihis 

method does not include, for ewmple, unpaid family labor as a 

cost. Ihe secoxl method saqht  to pit an hptxd cost on family 

labor and the use of farmer wned equipnent. All labor was 

assumad to be hired and a l l  tillage operations were assun& to be 

d m e  with hired tractors and equipnent. These items were then 

costed using prevailing wage and hire rates for the aperation and 

the time of year. 

By dividing each cost calculation by gross artput in quintals 

two figures were derived: cash paid per quintal and inplted cost 
per quintal. To achieve a reasoMble figure that  wculd all= 

carparison be- farms operating d y  on a cash basis and 
thce w h i c h  relied p r b i l y  on family labor and other non-cash 

expmiituES, thecashpaidandtheimpRedcostwereaveragedfor 

each farm. It was therefore possible to rank a l l  pmducers 

a030rding to variable costs in Hxoccm dirimm (M) per qx. The 

~IPSS margin was calculated by subtracting the average variable 

cost frwn the gross artput. lhis was then calculated as a gross 

maqininMperhedare. Table5.2 .2preserrtstheresultsof  

this accaunting exercise. 

When a l l  4 1  cases fmm Categories I1 and I11 which harvest& 

winter chickpas and cculd pmvide cost information are ranked by 
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101 
101 
88 
85 
85 
U 7  
152 
18 
60 
179 
125 
143 
157 
118 
171 
30 
134 
103 
166 

I11 
I1 
I11 
I11 
I11 
I1 
I1 
I11 
111 
I11 - 
I1 
I1 
I11 
I1 
111 
I1 
I1 
I1 
I1 
111 
I1 
I11 
I1 
I11 
I1 
111 
I11 
I11 
I1 
I11 
I1 

I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 

Yield 
per 
85ma 

3 
2 
4 
5 
1 
8 
17 
6 
9 
13 - 
14 
26 
10 
21 
16 
15 
11 
18 
23 
7 
12 
25 
20 
22 
23 
19 
29 
27 
30 
28 
31 

4667 
4489 
3738 
3180 
2881 
2770 
2656 
2283 
2226 
1695 - 
1676 
1562 
1516 
1490 
1441 
1395 
1320 
1286 
1211 
1086 
1019 
1006 
947 
787 
757 
634 
596 
461 
331 
301 
121 

4.0 
0.8 
1.0 
1.0 
38.0 
0.5 
0.5 
10.0 
0.6 
0.8 - 
0.5 
0.1 
20.0 
1.0 
1.0 
1.5 
1.5 
0.8 
0.4 
6.0 
0.8 
2.5 
0.8 
2.0 
0.8 
2.0 
1.0 
0.5 
0.5 
3.0 
1.0 

All l'rdxes: Mean 
Std. Dar. 
M i n .  
Max. 

Inplted 
CCSY 
M/Bc 

------ 

9.7 
5.6 
1.0 
22.0 

0.8 
0.8 
0.5 
0.5 
0.5 
0.5 
0.8 
0.5 
0.8 
0.5 

287.5 
312.9 
40.8 

1411.0 

22.0 
21.0 
18.0 
16.0 
13.3 
15.6 
20.0 
U.0 
13.3 
U.0 - 
12.0 
20.0 
10.0 
14.5 
10.8 
10.0 
9.0 
10.7 
13.3 
6.0 
7.0 
11.5 
8.8 
8.0 
8.3 
5.5 
9.0 
6.0 
6.0 
4.4 
5.0 

6.7 
4.7 
5.0 
2.0 
2.0 
2.2 
3.0 
1.2 
1.0 
12.0 

379 
353 
357 
669 
676 
794 
718 
1392 
1411 
463 

Paid 

w m  

44 
72 
41 
68 
50 
95 
152 
78 
112 
157 - 
133 
224 
96 
193 
145 
136 
122 
133 
166 
uo 
149 
146 
160 
160 
160 
151 
197 
317 
255 
261 
286 

----- 
165.4 
209.7 
0.0 

1228.0 
---- 

Variable 

Rankin3 

1109.6 
1413.5 
-1213.5 
4667.1 

121 
193 
232 
320 
405 
285 
284 
708 
1228 
239 

32 
33 
34 
36 
39 
38 
37 
40 
41 
35 

-2 
-108 
-223 
-489 
-581 
-637 
-753 
-960 
-1070 
-1214 



gross margin per -, - pa- anerge, 
particularly for the battan ten producers who had negative gross 

m q h .  lIhese farmers are a l l  i n  Category 11, and 9 cut of 10 

are located in Khemisset province. N o t  surprisingly, their 

yields are low and their oosts are high due to weed infestations. 

Incontmst, sevencut0fthetcptengross~inperhectare  

pmducers are C a t q o r y  I11 farmers, and half of the top ten are in 

Safi provinceuhem weeds w e n  not a p*lmthis year. 

Wbm asked abcut costs insured in prcduchq winter c h i c k p a ,  

fanners most often cited labor as their biggest 

006t. me mast labor deMnding q3emtimS are report& as being 

~ n p  mairkemme activities to control weeds and hamesting, 

hl- post-harvest threshing ard bagging. Table 5.2.3 gives 

the aggmqate figures for labor allocation by winter chickpea 
prrdwers. The  left-hand oolunm lists the farmer gmups 

considered: a l l  pmducers in the survey, four grarps based on 

locaticn, and two grnups based cn cost rankirrg. Produdion 

-ti- are divided into thrw= categories: tillage and 

seeding, ma- and weeding, and harvest and post-hamest 

cp?.rati-. In general, about 62% of labor is dwoted to 

Wle 5.2.3 Labor allocation by winter chidpa pmducers 
(person days per -1 

-grapS Average Tillage & Mainten. & Harvest & 
days/ha seeding post--. 

All prxduaxs 18 1 (5%) 11 (62%) 6 (33%) 

Fes farmers 32 4 (14%) 19 (58%) 9 (28%) 
Xhemisset farmers 13 0 (2%) 11 (85%) 2 (13%) 
Safi fazmers 10 1 (10%) 7 (65%) 3 (25%) 
Settat farmrs 24 1 (10%) 13 (54%) 10 (42%) 



-1. 'Ihis can be divided into tm periods of peak d d .  

Ihe first is abart a month to six IE&S after planting and the 

a is abaxt six t o  eight IE&S before harvest. It is 

interesting to note that minteMnoe patterns vary by location. 

In the northern pmvinces more labor is devoted to the earlier 
weed corrtrol aperation, Vmile in the scuth the later, pre-harvest 

cperation, absorbs more labor. 

In terms of absolute days per hectare devoted to weed corrtrol, 

location in Safi is clearly an advantage. By the same token, 

nine of the bottcm ten group with the highest variable costs in 
pmduction were located in Xhemisset province. They averaged a 

t r e m m h s  64 days per hedare, half of which was used in weed 

aontml. 'Ihisisfullythreetimestheaveragedaysperhedare 

of the tatdl sample. 'Ihe inportance of weed control is also 

demnstmted by the relative labor exprditure devoted to it by 

the top ten least cc6t famrzrs. Eighty-thre per cent of their 

labor went to the task of weed omtx-01. It shculd be noted, 

d e r ,  that their 1m labor costs in harvesting was due 

m y  to the f a d  that  three of the ten used mdanical 

harvesting, accepting sane yield loss in order to demease labor 

costs. 

The average farmqate p r i e  for winter dckpea in June and 

July of 1989 was DH257 per quintal (~pmxhmtely  U5$30.24 per 

100 kg) . 'Ihis was slightly higher than the 1988 price of tYi233 

per quintal ard the 1987 price of m 1 2  per quintal. The lawest 

price received in 1989 was Ell85 and the highest was RI400. Just  
u n k r  50% of pzmhxem selling their harvests did so in local 

market places. Abart ane in eight of the sellers sold to 

neiqhbxs who htemkd to plant winter chickpea next year. Table 

5.2.4 gives the distriLxltion of selling arrarqemmts. 'Ihe 

mr ted f-te price for the largerseeded local spring 

dIic.kpas w a s  h t w e e n  CH300 and UU50 per quintal, or abcut 25% 

hi* than the price for winter chickpea. 



Table 5.2.4 Selling for winter 
chickpa ( p m  having sold 
or planning to sell, July 1989) 

Percent us iq  
= - = Y e  

Sales in local market 
Sales to neiFplbcur for seed 
Sales to buyers-up 
Sales in distant markets 
Sales by prior omtract 

S t i l l  awaiting gccd price 23% 

'Ihe adoption potential of wirrter sawn chickpea cannot be assessd 

w i t h a r t  f i r s t  amsidering the nature of the f ambg  system. 'Ihe 

majority of farmers surveyed practice a tm-cam~ 

rutation with winter cereals follwed by both fccd and feed 

legumes or fallow. In the 1988/1989 season, cereals were sown to 

about 60% of the total land of the 112 f-. Focd legumes 

~ ( ~ e r e d  about 20%, and the remm w a s  divided between fallcw 

and foxages, tree ~ a p s ,  am3 vegetables. 

?fiere are sane significant differences in crqping patterns 

between Category I farmers, the non-adopbxs of winter chickpa, 

and Category I11 farmers, those wfio have selected the new 
technology. T h e  non-adopters average 57% of their land in 

cereals, 20% in food legumes, and only 3% in fal low. The 

remainder is mostly devoted to forages and tree Qols. Adopters 

of winter chickpa gmw slightly rmre cereal (61%) anJ. one- - less food legumes (15%), but have m c h  more fallow land 

(14%). The aaopters tens to have l a q e r  fanns, W awn less of 

the lard they cultivate (65% as cFposed to 86% awnership by non- 

-1. 



Almost all farmers practice mixed f m ,  and animals 

a m s t i t U t e  an important econanic resarrce clmely linked w i t h  

cereal and legume prduction. 'Ihe overall average for the sample 

w a s  14 ca t t l e  (-, bulls, ard of fspr iq )  and 81 s w i l l  nmharb 

(sheep and goats plus their offspring) per farm, althcuqh sane 

farns had several hundred head and a few had none a t  all .  Wst 

farns also possess a t  least one beast of hY.den. Mules are 

particularly poplar for draw- p l m ,  k n h  donkeys and horses are 

widespread. Tradors are also rmch in widence, and the sample 

was about equally divided ktwem those who awned one or  more 

tractors and thc6e who awned m. 

VirtudLly all farmers in the sample enplayed seasad labor, 

particularly for crap mhtenanm and harvest activities. A 

surprisirqly large n u n h r  also enplayed permanent workers. 

Laxqer flocks of sheep ard goats and herrls of ca t t l e  are almfft 

always tended by a professional shqheni or  cmherd who usually 

mrks for a percentage of the animal prcxhction each y w .  Other 

perraanent workers t m ~ I  to be specialized tractor operators or 

general laborers. Ck7 an average, the farm in the sample had two 

permanent hired workers. A l s o ,  an average of two family 
not inclu3.i.q the fanner himself, worked on the farm w i t h c u t  pay. 

'Ihe general view that food legume produdion has been 

declining i n  dryland areas was borne out by the survey. Table 
5.2.5 shas the charges in farm land devoted to food legums 

reported by the surveyed farmers. Overall, 56% of fanners 

reported a deaease in land xwn to food legumes on their fanns in 

the past five years. Only 22% said they %ere gmwing more 

hedares in food legumes than i n  the past, for a net figure of 34% 

of farmers gmwing less land i n  food lqmes. 

'Ihe decline varies fmn prwince to prwince, farm s ize  to 

farm size, ami category of farmer t o  ca-ry of farmer in the 



m l e  5.2.5 Reported changes in food legume area planted (wer 
past five years) 

of f m  reporting: 
Net 

=PJ=P Increase Baxase No- fanoers 
in area in area inarea changing 

All farms 

Safi p m v h  
Settat province 
Khenisset pmvince 
Fes pmvince 

Size mre than 99 ha 
Size between 99-30 ha 
Size less than 30 ha 

-%lory 1 
Category I1 
Category I11 
- w r y  Iv 

survey. Safi province has a net b a l m  between f- 

decreasing their area of food legums and farmers increasing the 

area they plant. In Fes pmvince, half the farmers said they 

deQ-eased, but 30% are increasing, so the net mmber of 

is only one fanner in five. S e t t a t  and Xhemisset pmvinoes, 

where A s c d ~ y t a  is partiaiiarly prwalent, shaw that abcut tm- 

thirds of farmers have decreased food legume production, and cmly 
slightly over 13% are increasing. With regards to farm size, the 

smallest farm (& 30 ha) shaJ the ?mst stability. hqe farms 
(100 ha and aver) show the highest degree of champ. hqe f a m ~  
decreasing area are mre offset by farms increasing than is the 

case for medium-sized fanus, where food legumes have declined the 

nnst. 



Ccnprison based on the survey farmer categories does most to 

indicate the potential inpact of winter sown chi-. N m -  

adopters, by anl large, are ~ 3 ~ ~ i . q  &MI their fccd legme 

production. Cme suspects that they are not pre-disposed to 

ansider adopt- any new food legume technology. But when 

Category I11 &c@e?zi are omsidered, they have the smallest net 

decline arb the highest inrrease of all fax farmer 

categories. lhis shms the effect of adopting winter sown 

chickpea. Taken as a whole, the n u m k m  in Table 5.2.5 muld seem 

to indicate that the met likely area of -ion of fccd legunr? 

pxhction in the n a z t  five years m i q h t  be amxrg winter chickpea 

adapters in Safi provime, and pmbably this will be met evident 

a m q  farmers with holdings of 100 ha and W e .  

When asked the principal reason for derreasing or keeping 

stable food legume area planted, 44% of farmers cited diseases and 

pests, particlllarly Orobanche for faba bean, rust for lentil, and 

Asxchy ta  for chickpea. A further 30% stated that hi* labor 

costs mde fed legumes less profitable than W s .  Ihe 

remainder gave other rexms, or no reason at all, but only 4% 
asserted that food legurr~s received pmr prices in the mket 

(see Table 5.2.6). 

W l e  5.2.6 Reasons for W, decrease and stagnation of fccd 
legume area (wer past five years) 

Reasons for increase RBasons for derrease or stagMtion 
ami % farmers reporting % f- reporting 

Good prices 40% Diseases and pests 
New rotation 24% High labor azsts 
Acq2h-d land 16% Conflict with cereals 
Mshnical  harvest 8% No land available 
Gocd yields 8% Foor prices 
Early harvest 4% Risky yield, UESLS, other 

No reason given 
100% 



Most farmers agree that food legumes fetch good prices in the 

market. In fact, 40% of the fanmxs reporting that they have 

increased the area they plant to food legumes claimed that they 

did so to take advantage of high prices. Another 16% said they 

aevoted any new land they a a p k d  to  food legume plDdllCtion. 

A b a t a  quarter of those* hmsase3produdiondid s o a s a w a y  

of diversifying their farming Systw. In addition to taking 
of good prices and reducing the risk of loss due to the 

failure of any single rrap, these fanaers c l a w  that food 

legumes gave the advantage of feed for livestock and enhanced 

yields for cereals on the same land in the following year. 

Immasing food legunre area usually was dom by decreasing fal lar  

~ n o t ~ a r e a .  

Since 1987, abcut 92% of the w i n t e r  chickpeas produced in 
Morocco have been sold. reanabler has stayed on-farm, either 

destined for household conxqkion (1%) or used as seeds the 

follawing year (7%). Laqe fanns tend to sell a greater 
pnportion of their production, khereas &l fanns tend tawards 

household mnsunption. In 1989, the praportion of the total 

harvest sold, kept for ccpwmption, and irrtended for seed was the 

same as in previcxls years. However, i f  the figures are bmken 
dckm and lcokd a t  fmn the point of view of farmer categories, a 
slightly different pattern enmges. On an Category 111 

aaopters sold 878, tut Cabgory  I1 davnstmticn farmers withheld 

hxln the market 62% of their prdxkion, p r b p  an indicaticn of 

intention to plant winter chickpa again next year. 

It is wxth ncrting that all winter chickpa pmducers 

mentioned the value of the straw and crcp residues for feeding 

household livestock. 



Curiosity abcut a new agricultural b3irmlogy mtivated IIE& of 

the farmers to plant winter chickpa for the f i r s t  time. lhis 

w a s  especially the case for the rnn-adcpters and demnstration 

farmers in the sanple, abart 85% of these farmers cited curiosity 
rather than another reascpl for f i r s t  producing winter chi-. 

Curiosity alme was less inportant for the adcpters. Half of 

them had seen winter chickpeas growin? on yrneone else's f m  

before they themelves cultivated the crcp, and it was the easily 

&emable higher yields w h i c f i  mtivatd them to accept the new 

technology. In addition to higher yields, a nunbr of adopters 

cited seccdaq advantages as rmtivatim. 'RE tW3 IIE& 

inporkant of these were the poterrtial for mcbanical harvesting 

due to greater plant heiqht and the early harvest date for winter 

chickpa as aFposed to  spring chickpa. 

khen asked specifically abart earlier harvestirg, the sixty- 

five farmers in Qtegories 11 and I11 gave a variety of reasons as 
to why this was advantagwus. Abart a third said that casual 

labor was cfieaper and mre readily available a t  winter chickpa 

harvest time, whic f i  is abmt  four to six weeks before the cereal 

harvest peak denrand period. Abcut a quarter said they toak 

advantage of the earlier harvest to prepare the field sooner for 

the next crcp, noting that this consemed mre misture in the 

soil. A f i f th  of the fanm=rs said that early harvest and early 

sale of their winter chi- gave them the &ed cash f l w  to 

either repay autstanding debts or firrance the upcaning cereal 

harvest. W v e  per oent sinply said that having chickpas 

harvested and ready for sale a month k f o r e  anyone else mark that  

they a u l d  take achnbge of the best possible prices. A mnth 

later, when spring d- hit the m k e t ,  prices f a l l  

dramatically. Cklly nine per cent of the fanners said that an 

early harvest was of no -fit to them. 



A l l  farmers wax? aslced to onpare winter with spring chidpea 

a l q  a number of d i w n s i w .  Seven famers in Category IV f e l t  
t h a t t h e y d i d n o t k n m ~ a b a . k a n e o r t h e o t h e r c r c p t o &  

this, but the remaining 105 farmers gave their opinions (see 

Table 5 . 2 . 7 ) .  'Ihe poll showed w i n t e r  chickpea a clear winner w i t h  

regard to better plant starrl, more straw produced, higher yield, 

less risk of law yield, and better resistance to diseases. 

Winter chidqea reoeived 1- scores for seed size, market 

prices, ard seed quality (all  of whi& are closely related i n  
farmers1 minds). 

Table 5.2.7 Ocnparison of w i n t e r  and spring chickpea 

Ehnaber of farmers 
characteristics Winter Spring t& not 

better better knm 

Plant stanl ard grnwth 
Amxlnt of s t r a w  
Yield 
Less risk of Q-CP fail= 
r(iesistancr!todiseases - suality 
Market prices 
Seed size 

A few farmers said that they preferred spring chickpea because 

it all& them greater flexibility in respmse to the 

unpredictable d n f a l l .  Planting decisions for w i n t e r  chickpea 

have to be made in Navar33er or early a t  the latest, 

whereas the farmer can wait unt i l  February to decide whether or 
not to plant spring chickpea. Delaying the planting decisian 

all- the farm=r to leave lard fall- i f  the f i r s t  half of the 

rainy season brings a di sap in thq  amxlnt of precipitation. In  
contrast, the winter chickpea farmer rmst camLit land to the clrp 

before knowing haw rmch rain w i l l  fal l .  lhose who prefer spring 



chickpa often do so because they feel it gives them mre 

flexibility within the cereal - fallow/legume lotation. For 

others, -, this is not a dis-incentive for winter chickpa 

because they feel the less r isk of crcp failure ard greater 

potential yield mbeighs the need to see hew nuch rain fa l l s  in 

Deoember ard Januazy before planting. 

Finally, there is considerable dis _ nt and debate abcut 

the effect of wirrter and spring chickpa on the following year's 

~ n p .  Sonre say cfiickpea dep- yields, others say it 

either has no effect or the effect is beneficial (see also sedion 

3.5 of this report). Interestirqly, of the ten Category IV 

fa- who o f f d  an opinion as to which crcp winter chi- 

waiLd replace on their f a m ,  five said awther food legume, faur 

said fallow, ard one said maize (wh ich  is gram in the spring as a 

f* crop in  Safi p r u v h )  . 

Farmers were asked a series of questions desigmd to elicit their 

cr i t ical  waluatiolls of w h t e r  chickpa. me f i r s t  questicm had 

to & with the pnblems they had exnmtad in pmducing winter 

chickpa. It was asked of a l l  farmers except those in Category 

IV. Table 5.2.8 presents their reqmses. 'Ihe left-hard column 

lists a l l  the prublens menticoled by fanners. The ~~ 
oolmns list the rnrmber of times a prcblan was mentioned. 

Farmers were asked to mention a maxirmm of three prcblens and to 
rank these accontbq to degree of severity. I f  a problem was 

mentiased as be- most sericxls, then it was given a weigh- 

value of three points; sanethat sericxls received t w  points, ard 

least sericxls got one point. Thus weigh- values for each 

prcblen m i m e d  is the sum of points received for being 

mntioned acmrding to severity. Table 5.2.8 ranks the pzrblems 

a c o o ~  to weigh- values. 



Wle 5.2.8 Prcblems eKauntered in producing win te r  chickpea 
(resporses by fanners in categories I, I1 and 111) 

pmblem b b s t  Smevhat Least  Fmqxnq Weighted 
seriacts seriaus serious mnticned value 

Smdll seed size 
D i s e a s e s & p e s t s  
Wesds 
Market & prices 
Laboraosts 
uhceaain yield 
Mitt w / c e r e d l s  
Need infonmticm 
Seed availability 

No prublem given 9 32 59 

$mall seed s i ze  leads the list, being closely f o l l d  by 

susceptibility to diseases and pests. The disease in question is 

primarily Asmchyb Blight, a l e  there were of 

fusarium wilt i n  saf i  pmince. The npr&lans enxxnrtered in 

prukticmlI question is desicpled for an imrrvliate referent, that 

is, the farmer's direct experience w i t h  the QOP. Therefore, it 

is M y  suprising that in this year of an Amcfiyta epidemic 

that diseases and pests rank so high. Small sea3 size is 

ansidered a mas primarily because of the peroeption that 

small size is tramlated in the rmrket into 1- pr*. Many 

fanners a?phasi& this p i n t  by listing g b m a r k e t  and pricesgg as a 

seaPrhry or tertiary problem after havirq already mentioned saall 

seed size. It skuld  also be mted that gWeedsgg received a 
fairly high ranking. 

The seam3 question asked farmers to think abcut possibly 

the area they might sow to w i n t e r  next year 
aHd in the follawing years, and what wxld be the amstmin t s  they 



would face in bxeasing the area they devote to winter dsickpaa. 

Wle 5.2.9 gives their resporr;g. 'Ihere are subtle differences 

in farmers' thinking fmm the prwicus question abart prcblaas 

already e x p e r i d .  Small seed size again tqs the list, h t  

not by the same q i n .  Arda i seasesdpes t sd rcps  

significantly dam to the sixth position. The need for mre 
information abart ar l t ivat im practi- and questions abart seed 

availability for planting f i l l  the rnrmber two and three slots. 

Weis are barely mentianed a t  all .  khm asked about my they did 

n o t r a n k ~ & p e s t s o r ~ a n y h i g h e r a s c c k s t r a i n t s t o  

apamLbq production, farmers tended to respotrl that  these are 

pmblens they a p e d  with any crcp anl that this year w a s  a 

partiailarly bad one for chickpeas. They did not expect  that 

these pmblens a d  - in every year. The s n a l l  seed size 

of w i n t e r  chidpea, homver, they saw as a rerwrent econanic 

pmblem r w t d  in the nature of consumer Qmand. 

Table 5.2.9 Constmints to expaxhg  area planted to w i n t e r  
chickpa (resporses to farmers in catspries I, I1 
and 111) 

Mcst  Sanewhat Least Frequency Weighted 
seric~ls sericus serious mentioned value 

Small seed size 
Need information 
Seed availability 
Market & prices 
Labor casts 
Diseases & pests 
Mlict w / a x w d s  
Land availability 
uncertain yield 
Weeds 

No prcblem given 
-- - 

The W question asked farmezs to spearlate abart the 

adoption potential of w i n t e r  chickpea. 'Ibis w a s  addressed to all 



farmer ca-ries. They here asked to nanre factors whid they 

f e l t  waild limit the ability of other farmers to accept the new 

~ l c g y .  W l e  5.2.10 shows their respopws. The mjority of 

farmers either tha41t that knawle+e was the most limiting factor 

or caiLd not amnent on what their colleagues mi- experience as 

a mDst l i m i t i n g  factor. The  impression is given that the farmers 

in  the survey w e r e  cptimistic abart the adoptability of winter 

&&pea. They thaqht  it was a good idea, al- they 

aclasowledged that there were saw pmblens, as there are w i t h  any 

cmp. Eut generally advised the extmsion services, W ,  and 

I N R A t o ~ m r e r e s o u r c e s o n ~ t i n g f a r m e r s i n t h e n e w  
tedlnology. 

-0 Fadars limiting adcptim of winter chi- 
(responses by farmers in all catqories) 

Limiting factors b B s t  Sanewhat Ieast mequenq W i w  
limiting limiting limiting mentioned value 

Mom information 
Small seed size 
Seed availability 
Market & prim 
D i s e a s e s  & pests 
land availability 
Laborcosts 
Uncertain yield 
Cr rmf l i c t  w / c e r e a l s  
Weeds 

No factors given 27 66 103 

Table 5.2.11 representx a ambinadion of the amaxs given by 
Category I11 fanners to the previous questions. The overall 

picture is that small seed size arrl n e d  for more i n f o m t i m  

abaut w i n t e r  chickpea are the biggest omstraints to its adcption 

and increased ailtivation. 'Ihese are f o l l w d  by the lack of seed 
available to potential adcpters and those who wish to expard the 



lard they = to w i n t e r  chickpea. Marketing pmblars and law 

prices follars,  ard in turn are follcwed by diseases and pests. 

After this, with values less than half those of the two leaders, 

are a number of p d l e r s  d d ~  waild tend to be specific to 

certain fanners and their particular farming systens, sucfi as 

potential conflict with oeredl prabction and the availability of 

suitable land. 

Wle 5.2.11 Ferceptions of w i n t e r  cfiidpea adcpixm (weightd 
response Val'-=) 

Problan/Constraint R /  " J % " q  RB9afdiTr7 ltJtd 
production q x n s i o n  adqticm value 

Small seed size 
Need mre information 
Seed availability 
Marketing & law p r i e s  
D i s e a s e s & p e s t s  
Ccnflict w/oerea l s  
Weeds 
Land availability 
Iabor cmt 
Uhoertain yield 

As a way of gauging adcption potential, is there a noticeable 

difference between the of Category I ncn-adcptes ard 
(3a-q 11 1988/1989 demnstmtion fanners? Table 5.2.12 

p m  the respanses of the madcpters and gives clues as  to 

why they decided to suspeni production of w i n t e r  chickpea. I f  

marketing and law p r i ~  are taken as closely related to snall 

s e d  size,  then it can be seen that these two aaxnmt for m3st of 

the decision not to adept. kwver, a mm33er of fanners in the 
m-akpLer cabgory are still interested in the new technology to 

the extent that  they WOuld l ike  to know mre about it. In 

particular, they are interested in learning ways to rdwe costs 
and raise yields, willing to take lam- prices as anpmd to 

sprig chi- i f  they can achieve higher yields at 1- cost. 



Table 5.2.12 Perceptions of winter chickpea --adopters 
(weighted respoaw values) 

~ l e m / ~ i n t  RF+ -. J m T b t a l  
production expansion adqkion value 

W l  seed size 
Marketing & law prices 
Need mre information 
uborcost 
Seed availability 
Diseases & pests 
Weeds 
-ict w/cereals 
Land availability 
Uhcertain yield 

Table 5.2.13 relates to the demnstmtion farmers in Category 
11. Having had the exprieme of g r m h g  winter chi- in a 

season with unfavorable weather ccssditions and severe blight 
pxblems, they see d l  seed size and the need for nme 

infomation as be* equally amsbaining. DiseaSg aml pests 

ta)re third place and is follmed by the rest in e x p c b d  order. 

5.2.13 Fenqkions of winter trials farmers 
(weighted resKolse values) 

-1w- R w " J  W - F - , " ~  F e q d i n g  mtd 
prcduction expansion adcption value 

Small seed size 
Need mre infomation 
Diseases&pests 
Marketing & law prim 
S e d  availability 
Uhcertain yield 
Labor oost 
Weeds 
anflict w/cereals 
Lana availability 



w i n t e r  chickpea adopters aFpear to be mostly self-selezte3. M o s t  

of them f i r s t  aiLtiMted winter chickpea because of a -thy 
axicsity to try new teciumlogies. 'RLis quality w a s  ampled by a 

perception that  the new varieties would lead to higher chickpa 

yields and larger profits. A t  least half the adopters had no 

direct contact with INRA, DW, or extension agents before they 

decided to plant the new varieties. 'Ihey had, hawwer, seen 

w i n t e r  chickpeas g r u & q  either on neighbors1 fields or  on 

stations located in  the cmmtqsick. 

Bath those with more than one yearls exp=rience w i t h  w i n t e r  

c h i c k p e a a n d t h o s e w h o a r e g m w i n g t h e c r c p a s p a r t o f t h e  
darnnstration plot program are doing so with a minimrm of artside 

supemision and expertise. 'Ihe limited people wrk.ing i n  CT1s 

have only the barest of logistical wrt, and they rarely a .  

able to v i s i t  fanas more than c~lce or  twice in a growing sixison. 

To its d t ,  DW has designed its damsha t ion  plot program to 

enxrurage a Wnimm inprt" package. mis is wholly in keeping 
w i t h  farmer pradice w i t h  rqank to spring chickpea, and it would 

mt serve the cbjective of facil i tat irq adaption amMlg a wide 

spctrm of famers to denad cost ly irqxlts in addition to the new 
varieties. Surprisingly, the survey f d  that mny adapters and 

denmstmtion farnrers are hie& cnmnitting additional resaxcs 

to winter chickpa w h i c h  they waild not usually devote to spring 

chickpa or  to other food legumes. In particular, many farmers 

*lied fert i l izers,  arrl athers -lied herbicides or fungicides 

(to ccmbat blight). Fmn the point of view of whether or not 

fanners are inclined to  accept m w  ideas and new technology, 

these actia-s are very enmuraging. 

Another finding of the survey is the high degree to which 

irdividual fanners rely upon their neighbors as a saxre of nw 



infonnation, expertise, and wen tecrhnolagy itself. 'Ihe 

resulting I 1 s p r e a d  effectn fmm sinple d3senmtion of &at is 
hqpnhg  on neighbring farms has been mentioned, but thrmgh 

informal interviews in Safi pmince, it was revealed that 

successful demonstration plat farmers quickly beams an 
inportant, if localized, sarrce of seeds for neigtborirg 

camunitis. one farmer who got 30 cpc/ha £ran an INm 

verification trial in 1985/86 has continued to plant each year 

an3 sell the bulk of his harvest as seeds in his awn and four 
surmunding villages. He alone can account for about a dozen 

adc@ers, albeit all of then are on a modest scale. He reported 
that by selling winter chidpeas as seed to his neighbors, he can 
get mrh higher prices than are offered by buyers-up or mezrhants 

in the local market. 

This h a m  elsewhere, as well. 'Ihe langest producer of 

winter chickpea this year, a large-scale agribusiness, sold abcut 

40% of its harvest to an v r t  firm and kept about 6% as seed for 

next year. EM 54% was sold ad hoc to farmers vho, having seen 

the mop before harvest, came and rquedx l  to bq seeds for 
planting. me producer was haFpy to do this because the per kg 

pris famms were willing to pay was substantially him than 
the bulk price offered by the export firm. 

Casual obsenmtion, haever, can scmetimes lead to seriazs 
disappoinbmmt. One farmer related a story abcut his awn attenpt 

to adapt "inter chi,2Jqza. " -t1y, he saw chi- gmw* 

on a researcfi station near his village in February of 1988. 

!lhbkhg that the secret to getting a mop as inpressive as the 

one he saw lay in an early planting date, he plarrted his local 

spring chickpa cvltivar in December of 1988. 'Ihings were gobg 
fine until February and March when his field was struck by 

kwc-hyta anl his crop suffered fmn a cold spell. 'Ihe mop was 

nrined. It was only later that he l e d  that winter chickpea 

is a new variety specially develcped for early plantbq. 



Withc*lt denyirrg that farmers face problems and constraints in 

mhg winter chi*, it nust be stressed that category I11 

farmers in the survey were enthusiastic abart the new te&nology. 

'Ihey are certainly the best ~ ~ s a l e ~ n e n ~ ~  for prcmoting its adoption 

in the future. Wen mnfmntd with pmblems of disease, w e d s ,  
htor a&s, or market prices, they rPspond in two ways. First, 

they list benefits like higher yield and less risk of crup 

failure as artweighing the pzoblems. Semrd, t h y  suggest ways 

to get arand the constraints. Herbicides and mechanicdl 

harvesting are w a r  ideas for rducing labor costs. Farmers 

want to )nwrw i f  there is a fungicide w h i c f i  is effective against 

Ascochyta. 'Ihese are people who are willing to adapt their 

f a d q  practices to the new -logy i f  they beliwe there is 

gaxi reason to do so. 

Any effort to emxmge the acxzlerated adaption of winter 

chi* llust listen to and mrk clcsely w i t h  the c a b p r y  I11 

farmers and those in category I1 who Qcide to m n t h  with 

w i n t e r  dm produdion. 'Ihese are the best w i t h  

the rmst experience in prcducirrg w i n t e r  chickpea under farmers' 

aarlitions. They also knm their fellow farmers and the 

incentives arrl constraints facing these potential ad-. 

Fmn a farming systems perspective, the lrPst pranishg 

-ation for future adaption targeting would appear t o  be 

farmers who have not alreacfy decided to decrease or M o n  their 

pmduction of food lequrnes. Wrwver, within this category 

attention shculd be paid to those who either cul t ivate  a higher 

than average of their holding i n  fccd legumes or who 

tend to fallow mre of their land than others. ?his inference is 

based upn the farm use characteristics of category 111 versus 

Category I farmers, the responses presmted in Tables 5.2.5 and 

5.2.6, and the answers given by Category lY farmers to the 

questicm ~ g a d n g  allocation of land to w i n t e r  chickpea. 



'Ihe 1988/89 survey inaicates a number of areas for further 

ac t im  and msearch. F i r s t  and foremst, the results shaw that  

the LEV demxshaticn plot program, with certain mrlifications, 

shculd continue. It is true that the yield and econcmic results 

this year were disappointing for many farmers in Fes, Khemisset, 

am3 Settat provjnces. Blight and w e d s  - devastating, krt this 
w i l l  not necessarily be the case every year. The variety I W  482 

was not as blight resistant as el krt ILC 195 did 

amsiderably better anl sane lines behq tested ablstation did 

very hell indeed. O f  cause, it should not be forgotten that the 

local spring chickpea w a s  equally hard hit .  More to the point, 

ule importance of having winter chickpa being gmwn by fanners 

where it can be seen by other fanners cannot be werstressed. 

Ihe reqmses of the Category I11 farmers in the awey shaw the 
efficacy of the D W  approach. 

Pddirrg heibicide treatments to the demonstration plot program, 

&ile increasing the costs of the w i n t e r  chickpea package offered 

to  farmers, is m c s s a r y  to test an alternative to hand kReding. 

'Ihesurveyshawsthatweedantrulbysanemeansatherthanhand 

labor is the abvicus way to incmase farmer gross mrgins for 

winter chickpa. F;umers are we11 aware of this. When asked hckl 

many hectares of w i n t e r  chidpa they would plant i f  an effective 

he&icide w a s  available, 17 cut of 81 (or one in five) said that  

they would increase their area. Over half of these 17 do not 

pes@n+-Iy graJ w i n t e r  chickpea. More surprising, w, is 
tha t  i f  these farmers were to actually plant the additional area, 

then the total w i n t e r  chickpea area planted by a l l  the farwrs  

surveyed wculd junp an as- 108%. 

In terms of on-station work, increased seed size shauld be the 
nmnber one priority in breeding and selection. Hamer, this 

shculd not be pusud a t  the expense of losing msistance to 
Asmct.lyta. Already, a few new lines whi& d i n e  lazqe seed 



size with high resistance to Asmchyta Blight are being 

evaluated. It should be noted also that fusarium wilt is also a 

potential problem area. Table 5.2.14 indicates farmer response to 

the i h  of new, larger sed& varieties of winter chickpa. N o t  

only do the vast majority (80-96%) of C a b p r y  I1 and I11 farmers 
say they warld gmw mre winter chickpeas, h t  80% of the non- 

adoptes in Category I claim that larger seeded varieties wald 

make the difference between adopting and not adopting the new 

~ l o g y .  

Table 5.2.14 dlso indicates the considerable itrterest fanners 

have in mechanical harvest- technolcgy for winter chi-. At 

present, a number of the adqkers are ushq mines to harvest, 

an3 they claim that it cuts labor costs and hanrest time 

amsiderably . 'Ihe econcmic and Meal evaluation of 

mxhnical harvesting cptiorrs should be sMied carefully. 'Ibis 
is an avenue thruugh which the &zed benefit of taller 

plants OXld be enhanoed. 

W l e  5.2.14 mitive replies to the question: Wculd 
you g n x ~  any or would you gmw mre winter 
chickpeas if the following was available? 

MedMIliCdl harvesting 44% 63% 80% 6% 
Lmger seeded variety 80% 80% 96% 23% 

F&gar&y the information constraint, DW, INRA, and ICARIlA 

are already taking concrete Steps. In coaperation with the 

b b m x a n  nationdl pmgmm ICARW will hold an in-axmky training 

cxurse for extension agents on winter &* agroncany and 

pmdudion methods during the 1989/90 season. Also, m m  
scientists are organizing the production of a short (20-25 



minutes) vidw tape W winter &.idpea, its advarrtages, ard 

how to grow it for view- by grcups of farmers. 

Zhe pmblem of seed availability is more cclrplex. First, 

t h e r e i s t h e i s s u e o f h a v ~ ~ s e e d s t o m e & ~ .  men 

there is the questim of qality amtml and certi£icertim. 

'Ihird, there are questions akut which lines to nultiply for 

release to farmers and when and where they should be released. 

'Ihis is a matter careful amsideration. the 

~1~ of the m>re successful adcpters in certified seed 

pra3uction schemes cuild be M p N  in future years. 

In addition to the demsbat ion  plats, arfarm work skuld 

a m t i n u e  to monitor the process of adcptim. 'Ihis involves 

return v is i t s  to the Qbgory I1 and I11 farmers covered i n  the 
1988/89 survey and inclusion of next year's demrrstration farmers 

in the general data base. Pdcpticm is a long-term process, and 

this year's survey pruvides cmly a slapshat of the situation a t  

me point intime. Lceqi tudindl data are r equkd  i f  develapnent 

researr31 and adcptim efforts are to be informative and effective. 

Monitor- includes the ocrrtinuing analysis of data already 

collected. This report has presented an exploratory analysis 

that  pruvides a sinple description of the present situation. It 

has scught to identify inportant an=as for further msemh and 

&velapnent. 'Ihe next s t q  is to test hypothetical relatimship 
JY&WSI fann cbraderistics and CliLtural pmztices, on the me 

hand, and adqkion and successful econcmic performance, an the 

other hard. Zhe statistical analysis of the SUFI- data is the 

place to start, k t  to hcrease its ut i l i ty  the data ned to be 

expaded in tenns of numbers of farmers and yearly and 

adoption variations. In addition to amtinuing the structured 

survey m e W ,  tracer 6 e s  of winter chidpea p i o n  and 

farnrer &ision-rraking 6 e s  a d d  amlrilxke substantially to 



c u r  of the adcpticn dynamics of w i n t e r  chi- in 

-. 

Finally, more attention needs to be paid to the dynamics of 

the dryland farming system as a whole, for it is only i f  winter 

chi- can be integrated into the larger systen practiced by 

farmers that it w i l l ,  in fact, be widely adcpted. 

An h & a c  5.3 'th -- 
arrrent a d  Albzmatiw 

P. Oxper and E. Bailey 

Meditmzmxm fanning systens have evolved in an envimmmt 
dxuacterized by highly variable and often chmnically M i c i e n t  

rainfall. lgny of the strategies M c p e a  as W f e r s "  'against 

this of rainfall are seill u fea- of axr ren t  

fazming systas, M are -Y -- 
r a d i c a l t ~ i n f o o d a r r l f e e d ~ ~ g x e a t e r ~ ~ e ( ~ ~  

the regicn's m w. 

Wlst the climate, soils, cnps and livestock which form the 

essential w c  am3 biological carpcPlents of the farming 

system have pmhbly dmqed little aver time, kmth the social 

ard d c  envircpment in bhi& farmers cpmte are tDday 

radically different. Ttmqhak the region the relative 

hprtanm of agriculture has declined in recent decades, ard in 

most canrtries food proctuction per capita has also declined, yet 

the m a t i o n  is in;Teasim~. It has been estimated that by 1990 

the cumtries within the Mxii- basin w i l l  face an annual 

30-34 millicn ton food deficit. 



P r w h  

Safi 
Fes 
Safi 
Safi 
Kheniaset 
Xbemisset 
Xbemisset 
safi 
Safi 
Settat 

Fes 
Saf i 

Safi 
Fes 
Fes 
Safi 
Settat 
Fes 
Saf i 
Settat 
Safi 
Fea 
Settat 
Fes 
Safi 
N-smis& 
% 
Khemiseet 
p88 

Xbemisset 

Fazmer 
C a k q x y  

Fes 
KheniSset 
Xbemisset 
Khemiseet 
Xhemisset 
Khemiseet 
Xhemisset 
Kheniaset 
Kheniaset 
Khemisset 

111 
I1 
III 
I11 
I11 
I1 
I1 
I11 
111 
I11 

I1 
I1 
I11 
I1 
I11 
I1 
I1 
I1 
11 
111 
11 
111 
11 
111 
11 
III 
111 
111 
I1 
I11 
I1 

Area 
plarRed 
(ha) 

I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 

4.0 
0.8 
1.0 
1.0 
38.0 
0.5 
0.5 
10.0 
0.6 
0.8 

0.5 
0.1 
20.0 
1.0 
1.0 
1.5 
1.5 
0.8 
0.4 
6.0 
0.8 
2.5 
0.8 
2.0 
0.8 
2.0 
1.0 
0.5 
0.5 
3.0 
1.0 

W ~ : M m n  
Std. Cev. 
Min. 
Max. 

Yield 
per 

QWa 

0.8 
0.8 
0.5 
0.5 
0.5 
0.5 
0.8 
0.5 
0.8 
0.5 

22.0 
21.0 
18.0 
16.0 
13.3 
15.6 
20.0 
12.0 
13.3 
12.0 

12.0 
20.0 
10.0 
14.5 
10.8 
10.0 
9.0 
10.7 
13.3 
6.0 
7.0 
11.5 
8.8 
8.0 
8.3 
5.5 
9.0 
6.0 
6.0 
4.4 
5.0 

9.7 
5.6 
1.0 
22.0 

rnptd 
c m t /  
WQx 

------ 

6.7 
4.7 
5.0 
2.0 
2.0 
2.2 
3.0 
1.2 
1.0 
12.0 

44 
72 
41 
68 
50 
95 
152 
78 
112 
157 ------- 
133 
224 
96 
193 
145 
136 
122 
133 
166 
120 
149 
146 
160 
160 
160 
151 
197 
317 
255 
261 
286 

287.5 
312.9 
40.8 

1411.0 

Paid 
cash 
W* 

379 
353 
357 
669 
676 
794 
718 
1392 
1411 
463 

31 
0 
44 
35 
17 
50 
83 
41 
53 
60 

88 
120 
101 
101 
88 
85 
85 
127 
l52 
18 
60 
179 
125 
143 
157 
118 
171 
30 
134 
103 
166 

----- 
165.4 
209.7 
0.0 

1228.0 
---- 

Variable 
Cn6t 

IIankirg 

1109.6 
1413.5 
-1213.5 
4667.1 

121 
193 
232 
320 
405 
285 
284 
708 
1228 
239 

Gmss 
margin + 

3 
2 
4 
5 
1 
8 
17 
6 
9 
13 

14 
26 
10 
21 
16 
15 
11 
18 
23 
7 
12 
25 
20 
22 
23 
19 
29 
27 
30 
28 
31 

4667 
4489 
3738 
3180 
2881 
2770 
2656 
2283 
2226 
1695 

1676 
1562 
1516 
1490 
1441 
1395 
1320 
1286 
1211 
1086 
1019 
1006 
947 
787 
757 
634 
596 
461 
331 
301 
121 

32 
33 
34 
36 
39 
38 
37 
40 
41 
35 

-2 
-108 
-223 
-489 
-581 
-637 
-753 
-960 
-1070 
-1214 



Su& predictions highlight recmt tmrds of increased demand 

for livestock pmducts, bath msat ard milk, and the associated 

derived &mrd for Jd supplies of coarse grain feed, 

principally barley. Substantial regional deficits in barley 

proauction already exist, and are p d c t e d  to rise sharply by the 

year 2000. 

In  the cartext of b x e a s i r q  sheep feed supply to meet the 

dmamk of expmlhq naticmal flocks, the nations of the regian 

will amtime to rely heavily an barley pmduction a s  a major 

scautx of feed thnxqh the amsmqkicn of grain, s t r a w  and often 

thmqh green grazing of inmature uqs. In addition, they w i l l  

also a m t i m e  to depend on the naturdl pastures whi& are 
seksldl ly  &able on m a r g i n a l  lards. Such lands are 

unsuitable for cultivation, either due to -cal features 

or because they uxur in areas too dry for sustainable 

apiculture. S h  barley is also l e y  p t d u c d  in the drier 

am3 1- potential agricultural systems of the region, 

that of the d e c t e d  kzease in shes, feed m y  

-. Bath the challenges involved ard the potential 

threat to the agricultural resamx! base are very real. 

Within the Mditenanem region of WWi, Syria chmmtrates sane 

of the rrrcst dramatic trerds in livestock and livestock feed 

proauction (Figure 5.3.1). 

S i x e  1951, the national flock size has increased steadily 

fmm 3.1 million to a level of 13.3 million in 1988, reflecting 

similar hmm lxpilatim dmqes. W i t h i n  this g e m  

m, two periods of decline i n  numbers ocarrd, 1958-1961 and 
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Nat l ona l  f l ock  s i z e  (sheep) o No o f  sheep s laughtered i n  S y n a  
To ta l  b a r l e y  prod. ( tonnes)  A Human popu la t i on  

F iqu re  5.3.1 Nat iona l  t rends i n  sheep number, human popu la t i on  and b a r l e y  g r a i n  product ion:  
Sy r i a  1951-1988. 

later fmn 1970 to 1973. These dowmmd tsends correspad to 
periods of successive drcught years when national barley 

prcduction levels wcm? very law indeed, and ather srxlrces of feed 

must also have been similarly affected. Vndersudl 

cinxmstances, f- are forced to sell a part of their flocks 
in order to raise capital to pmhae feed to sustain the 
raairder. 

?the nunbers of sheep s1aughte.t-d for wnsmpticm within Syria 

rose in praportion to pcpilation unt i l  1982, tUt since then has 

levelled off suggesting that risirg prices of meat may be rdwbq 
per capita cansunrption. Hcwever, we nust caution that the 

figures represent those animals registered in Syria's official 

slaughter-h-, a d  do not include animals slaughtered privately 

(aahhaay, 1989). ?the increasing difference i n  the nationdl flock 

size and the rnrmber of sheep slaugh-a probably also reflects 

increased exprt of live animals to saoe of the Gulf States. 



In corrtrast to the dramatic chqes &served in livestock 

nrmbezs, barley production has  largely stagnated, with only a slaw 

L p a r d  trend starting in the early 1970s. Hawwer, a more 

detailed waminatim (Figure 5.3.2) indicates that this 

in totdl pmduction results errtirely fnm an e x p x k d  area uder 

productian, rising fnm a relatively amstant 750 thausard ha 
between 1960 ard 1970 to over 1.4 million ha f m  1983 onwards. 

In tb? 1988/89 saason, 2.9 lillia~ ha of -ley was  pan in 
Syria, aPldg~x1tplansarefk2.5miLLb1hainthean~ent 

1989/90 seasm. A part of this hxeased area has occurred a t  the 
expense of wheat in the higher potential wheat based systens, tut 
the vast majority has been achieved thmugh the expansion of 

barley cultivation into drier ard mre marginal  environment^, and 

the q'adwl abmbm?d of fallw by f- in tnditiandl. barley 

wing areas. Ihe inplicatiom of these changes are exmind in 
more detail in section 2.3.4. 

Year 

Fiqure 5.3.2 Bar ley p roduc t ion  i n  Syr ia 1951-1987 



Natimal average yields of barley have hawwer m i n e d  highly 

variable and show no uprard trerd aver the. Such variability is 

typical w i t h i n  the region and is largely attr-le to 

variations in seasonal minfall. To illustrate this arssociatim, 

we took the sxxsoml rainfall M d l s  £ran aver 25 meteorological 

stations w i t h i n  the barley p i n g  areas of Syria and £ r a n  these 

remrds, obtained a mean I1natioml average1! rainfall for each of 

the years from 1961 to 1986. lhese Ibatioml averageg1 mall 

estimates were closely related to naticnal average barley yields 

a c c o w  to the equaticn: 

Nat. Av. Yield = - 283 + 3.50 N a t .  Av. Rain = 0.684) . . . . (1) 

a t  ICARW and elsewhere (see Cwper et al. 1987, 

1989) has sham that hpxuved crop and soi l  mmgemmt offers 

considerable scope for greater crcp water use efficiency, grwth 

and yield of barley in these dryland areas, and yet in ccortrast to 
similar s M i e s  on Syria's mt pmdwticn, a sinple 

of "national water use e f f i c i e *  indicates no SL& inprwewrt 

between the period 1960-1970 ard 1975-1985 (Table 5.3.1). 

Table 5.3.1 National average barley grain yields, rainfall and 
water use efficiency 

Feriod N a t .  Av. Yield Nat. Av. Rain Nat. Av. Water Use 
(kwh4 (m) Efficiency (lcg/ha/m) 

Figures in parerrthesg are CVs ( a )  

C u r  sulvey results and research trials waild suggest that this 

aFp"ent lack of charqe pmbably concedls sane inpmment in 

prcduction practices in the wetter areas which are offset by the 



minimnn bpt practices follared by farmers as c o n t h u x s  barley 

bxres more widespread and production expnAs into more m q i n a l  

ard risky envirornnerrts. 

t o ~ t h e ~ ~  5.3.3 Jarlev: Its- 
of the Svrian Naticnal Flock. 1960 ard 25 Years 

In the p r w i a  section we have sham that the national avexage 

barley yields shar a natural variability, closely associated with 

seasmal rainfal l ,  and that  there are no iqpmint trerds in yields 

or mter use efficiency. W e  do note haRver (and w i l l  discuss in 

mre detail later) that the coefficient of variation (CV) of 

mtional  average yields in the period 1975-1985 is considerably 

higher than that of 1960-1970, and yet the CV of national average 

rainfall was substantially lawer (Table 5.3.1) . 

For the plrpose of cur analysis, hwever, we have ut i l ized the 

entire 27 years yield dataset (1960-1986) to  calculate the 

amdative frequency d i s t r i h t i o n  of national average yields, and 

have asslrmed tha t  this distribution was equally valid fo r  the two 

f ive year periods, 196065 and 1982-87. Based on this asamption, 

w have made a series of calculations which illustrate 

dramatic c k q e s  in the abi l i ty  of the barley crap (grain and 

straw) to meet the energy leplirenents of the national flock, and 

the extent to which additional saxces of f e d  nust be mt. 
smmes inC1Ide inportation of barley grain, pshased agro- 

irdustrial by-products and the use of q i n a l  grazing areas. 

Plese m t s  are presented as W a t i v e  fi.equency d i s t r i h t i o n s  

in Table 5.3.2. 

Section A of the table presents the d a t i v e  f r e q e n q  

distribution of national avenge grain yields, and in section B, 

W are apnrerted into a m d a t i v e  frequmcy of grain prduction 

for the periods 196065 and 1982-87 using the average areas under 

pmduction during those periads. A further t r ans fomt ion  of the 



Table 5.3.2 amulative Distribution of National Average Barley Grain Yields, 

deficits .  Based on Syrian National Statistics (1960-1986) 

Nute 1 UES average area under producticn of 0.75 millicn ha in 1960-65 period, and 1.50 millicn ha in 
1982-87 period. 

Note 2 m i o n  of prahction to SFE asslmPs (1) Harvest Index of 0.40, (2) =ley W = 11.5 w/kq, 
(3) Barley Straw = 5.5 MJ/kg, (4) Annual mergY = 4200 MI-. 

Mile 

-- 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

-- 

Note 3 Uses average National Flock of 4.0 millicn in 196065 period and 12.0 millicn in 1982-87 pericd. 
Deficit figures lPpresent additicnal feed required over and above that prwided by barley. 

(millions) 

196065 1982-87 

0.81 1.61 
1.12 2.23 
1.49 2.98 
2.14 4.29 
2.54 5.08 
2.90 5.81 
3.27 6.53 
3.53 7.06 
3.93 7.87 

Note2 

Yield 
k g p  

230 
318 
424 
609 
723 
826 
929 
1084 
1119 

(mil l im torrj) 

1960-65 1982-87 

0.172 0.345 
0.238 0.477 
0.318 0.636 
0.457 0.914 
0.542 1.084 
0.619 1.239 
0.697 1.394 
0.753 1.506 
0.839 1.678 

Note1 

G I a i n ~ ~ a n s h € e p F e e d E q u i v a l e n t s s h € e p ~ E q u i v a l e n t ~ h e r g y R e q u i r e m e n t s o f  
Deficit (millions) 

196065 1982-87 

3.19 10.39 
2.88 9.77 
2.51 9.02 
1.86 7.71 
1.46 6.92 
1.10 6.19 
0.73 5.47 
0.47 4.94 
0.07 4.13 

Note3 

National Flock met by barley 

196065 1982-87 

20.3 13.4 
28.0 18.6 
37.2 24.8 
53.5 35.8 
63.5 42.3 
72.5 48.4 
81.8 54.4 
88.3 58.8 
98.3 65.6 



data into sheep feed equivalents is preserRed in section C, based 
on the energy content of barley grain and straw, an asslrmed 

harvest index, and the annual energy nquhmmts of a sheep. 

Skcti0n D of Table 5.3.2 presents the amulative frequency 

distritution of sheep feed equivalent deficits, based on the 

average Natiord Flock size in the two periods. These figures 

represent the additid feed required over and above that 

prwided by barley and i l l a t e  the dramatic d.langes which have 

maured. Many observations are possible, sane important mes 

are: 

- In the period 1960-65, the feed equivalent deficitll 

wculd only have been ap6Aed to exceed 3.2 million one year 

in ten, whereas now it can be e x p e c t d  to exceed this figure 
by 1 million sheep fed equivalents nine years in ten. 

- Traditionally, barley grain and straw were, on average, 

e x p d x d  to meet a b x t  60% of the sheep's energy 

in Syria ('Ihomson, 1987) . cur cdlculations (section E) confirm 
that this wculd have irdeed been achieved or exceeded in 50% of 
the yearS in the period 196065, tUt n c k ~  is only likely to be 

possible in the 20% most productive ye-. 

5.3.4 lacact of Ibsznt RPnds m the Unmrtaintv of 
Earlw Pmdwldan and Svria's N a t i c n a l  Rzsmme Ease 

In order to meet the e q x m i h ~  feed of its natiord 
flock, Syria has m e d  fma be- a frequent net expo- of 

barley to a frequent net inporter (Figure 5.3.3). 

As ilhstmted in Figure 5.3.2, Syria has respoPlded to this 

increasing dependence on barley inports by the of 

fallaw (see also Table 5.3.3) and the apamion of barley 

cultivation into drier anl rmre marginal areas. We believe that 



Thousand Tonnes 

500 

400 

300 
E x p o r t  

200 

I m p o r t  
-200 

-300 

F i q u r e  5.3.3 S y r i a :  n e t  t r a d e  i n  b a r l e y .  

this trerd has a h m h g  irrplicatiws for the fhture uKElrtainty 

of n a t i d  barley pnxlwtion and for the ccmsemation of the 

fragile rexrurce base w h i c h  is arrent ly being exploited. 

In 1975, Syria defined Agricul tura l  Stability Zones based on 

expctd seasoml rainfall, and to sane exbmt on the prcbbili ty 

of receiving those ammix.. I&amm&tions of the agmnanic 

suitability of crcps and ~ o p p i n g  seqnmxs were based on years of 

previcus experience, years when the absence of nrxe recerrt 

pressures had all- the developnent of fanning systeas well 

buffered against c l h t i c  uncertainty (Figure 5.3.4). 

Bar1eywasreccwnendedtobegmwninzones2 ,3andtosome 

extent in Z o m  4. In Zone 2 it was laryely mstridedto the 

shallaw soils of law water ho1di.q capacity, such land usually 

being under a two year barley/fallaw rotation. In Zone 3, barley 

was identified as the principal crop, again largely being gmwn in  



Zone la Average rainfall  wer 600 m. A wide range of crcps m y  be 
gnrn here. Fallowing is not necessary. 

Zone Ib Average rainfall  between 350 a d  MM w and not less than 300 
w in two thirds of the yErs surveyed. At least twJ cnps 
can be g r a ~ n  every three years. ?he rmin crrps are wheat, 
pulses ard ammer CEpS. 

Zone 2 Average rainfall  between 250 and 350 w and not less than 250 
w in thu thirds of the years surveyed. W crops are 
normally planted every three years. Barley, a t ,  Wses 
a d  awPer crcps are gmwn. 

Zone 3 Average rainfall wer 250 mn ard not less than this in half 
the years -eyed. 0-e or twJ crops w i l l  y ie ld in wery 
three years. Barley is the principal crcp but sane Wses 
can be cpxxm. 

Zone 4 Average rainfall  between 200 and 250 mn and not less than 200 
w &ring half the years -eyd. Barley is g m .  ?he 
area is also used as grazing lard. 

Zone 5 Oovers the rest of the -try. ?his desert and steFpe lard 
is not suitable for unirrigat4 a g r i c u l m  k t  parts of it 
offer - winter pasturage. 

Figure 5.3.4 Agricultural stability zones of ~yria.(from 
Watson 1979). 



a barley/fallaw, or barley/barley/fallaw rotation, but sanetimes 

in rutation with lentils. In Zone 4, sane barley was also 

reamaendsd, but it was also recognized that of Zone 4 was 

to0 dry for cultivation and shculd only be used as r j r a z i n g  land. 

Zone 5 was clearly identified as an area unsuitable for the 

cultivation of rainfed cnps, resemed only for the provision of 

winter grazing or for irrigated agriculture. 

Since the establisbmt of these zones in 1975, the area urder 

barley has expa&ed fmm 1.01 to 1.84 million ha in 1988, and to a 
Staggerir%g 2.89 in 1989. 2.54 million ha are planned for the 

1989/90 sxson. Ihe details of this expansion in area for each 
zare are given in Table 5.3.3, and the associated barley yields in 

W l e  5.3.4. 'Ihe pzment cmtribrtion of each zone to the 

national production are given in Table 5.3.5. 

W l e  5.3.3 Totdl land area, amble area and area under barley 
pxdwtion in the different Agriarltural Stability 
Zanes of Syria (1000 ha) 

1 5 Zone 2 3 4 -  
mtdllandarea 2710 2470 1300 1800 10200 
!Ibtal arable land 1710 1878 859 998 563 

under barley 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 



Table 5.3.4 Average yields of  barley grain cbtahed in 
the different Agriculhnal Stability Zones 
of Syria (@/ha) 

Mmn 
(%) 

Occasiolls on which the hlk of the crop a d  have 
either been grazed during the v-tive stage or as 
as mtue stanairrg crcp (Rumson u, 1983). 

s e  5.3.5 Percent contribution of different 
i?gricul.hural Stability Zanes to Syria's 
total barley prcductim 



The area under barley has gradually expmki in all zones 

except in Zone 1 (Table 5.3.3). In Zone 2, cur survey results 

indicate that this is largely due to displaoement of wheat by 

barley on the better soils (Wly awl Rassam, 1985) , but in zones 
3 and 4 the inueasd area largely results fmn the abando3nnent of 
fallaw. In a national survey of 153 barley producers ccolduded in 
1982, Sanel et al. (1984) shae3 that many farmezs were already 

grnwing contirnmus barley or were reducing the freqwncy of 

fallawing as Shawn belaw. 

Rotation X F  X B  e F  other 

zone 2 53 20 20 7 
Zone 3 33 36 25 6 
Zone 4 25 65 10 0 

T h e  dramatic increase in area under barley in Zone 5 results 
from land traditionally resenred for grazing being put u m k  the 
plrxlgh. Inevitably, it is the higher potential -and 

bordering on Zone 4 which is cultiMted first. A. can be seen in 

the area planre3 for the current season, this policy of plaghbg 
&ep=lard has received the official sanction of the Government of 

Syria, tcqether w i t h  the abm%mmt of fallaw. 

Average yields mined in each zone are given in Table 5.3.4. 
As wauld be e x p z k i ,  yields decline steadily fmn Zone 1 to Zane 

5, and the coefficient of variation rises dramatically. 

Acanpqing this rise in the variability of yield is an increase 

in the frequency of occasions on which no grain W d  be 

harvested. This does not, of cauzse, constitute c r q ~  failure in 

the acoepted sere, since both green grazing and the grazing of 
mature crops, uneconcPnic to harvest, do provide valuable sources 

of f&. Such practices m y  make barley cultivation in Zone 5 

earrmic for individual farmers, but we cerbinly question its 



wisdan  at the national plambq lwel. Not only are the severely 

threatmed natural pastures of the steppeland, already weryrazed, 

being gzadually destmyed thrmgh cultivation, hut soil, wind and 

water erosion in these areas has accelerated rapidly during recent 

years (~tyrear, 1989). ~f we examine the percent cwrtrikution of 

each zone to Syria's nationdl barley produdion (Table 5.3.5), 

this point is further reenforced. Even in extremely w t  -ns, 

su& as 1989, the amtribution of Zone 5 is marginal at 13%. 

Given that such seasons are only likely to occxlr once wery thirty 

years, and the highly variable yields cbtained (CV of 114%), we 

believe that cultivation of barley in Zone 5 is neither 

sustainable in econcmic terms, nor, and mre inportantly, in terns 
of the conservation of the natural resamx base. 

Fwtknmre,  the tamds barley mma~Iture, although 

attractive at first sight, and now aFparerrUy officially 

by g w a  policy, is also unlikely to provide 

sustained hmeases in pnduztion. LDng term trials at ICARDA 

have demndrated that yields decline unless fertilizer is applied 

regularly, and wen when it is, the variability of yields wer 

time remains greater than in the traditional barley/fallcw 

mtation. 

5.3.5 - al Imoroved Earley PmduztiCn 
~ i n s v r i a : l h e i r F t k m t h l t o ~  
N a t i a m l  Flock Feed I&u' C 

potential Barlev Produdion fmn Inurwed Practices 

In 1984 the Syrian Soils Dimdorate and 1- initiatd a 

collaborative researrh project to assess the biological and 

d c  effects of the use of nitrogen ard @~osphorus fertilizer 

m barley, through nultipleseason nultiple-location trials on 

fanoerst fields in the agricultural stability zones 2 ard 3 of N. 
Syria. 



Ihe trials have been ccudwtd over four years (1984/85- 

1987/88) cm a total of 75 sites. Sites were d e l k m t e l y  selected 

to rqmsent a range of soil type and depth, rainfall and 

rataticn, inc1ud.b~~ land in both barlq/barley (WB) and 
barley/fallaw (B/F) rotaticms. Althxgh the trials wm 

restricted to zmes 2 and 3, it shculd be noted that during the 

f - y e a r s , ' = - ~ d r y y e a r s - ~  
d t i c m s  normally prevailing in Zcne 4. 

trials are &scribed in detail in secticpl 3.1 of this 
mport and elsewhere (SMR/ICARDA 1985 to 1988). In this paper, 
r s s u l t s  fmm these on-farm trials (OFT) are used, in anjumtim 
w i t h  data cm n a t i m  average rainfall and barley to assess 

the poterrtial of inp- barley prduzticn to meet feed 

Todothiswehaverestrictedananalysistoyielddatafrcm 

four treatmnt~ representw the t~ rvtaticms w i t h a r t  fer t i l izer  
(Bow anl m/F) and w i t h  20 kg N/ha and 60 kg P20g/ha applied in 
the barley # m e  (Bnp/Bnp and Brg/F). Ihe m t m e n t s  wi- 
fer t i l izer  still represent inprwed pctices of seed dressing and 
drill planting. l%e fer t i l izer  txealmmt of 20 kg N/ha and 60 kg 

P 2 ~  ms selected because it is close t o  the rate recomnended 

fraa results frcm the tridls and cumently being cbmstmted to 
farlwrs. 

Yields (grain and straw) per hectare uem amarkd to Sheep 

Feed Equivalents (SFE), as dkussed earlier, and tha 

relaticmships between SFE/ha and the rainfall a t  each OFT 

site wxe  estimated, w i t h  the f o l l a w ~  mts: 



Ihe estimated respatlse relatimships and our llnaticplal 

aw3xge" rain£all estimates were used to predict the poterrtidl 
glnaticPlal averagegg SFE/ha obtainable fmm ea& of the four 

s e l e t r e a t a t E n b f o r t h e 2 7 p a r p e r i o d .  

To e s t h l t e  tbe potential plmkction fmm these treatments 

r e q u . h s s a p e ~ c m s t o b e m a d e r e g a r d i n g t h e a r e a p l a n t e d t o  

barley. Ihe total arable area in agricultural stabil i ty zones 2 

to 5, arxi the Syrian C a m m m t ' s  planned area for barley in 

1989/90 were given in Table 5.3.3 and are rqmdwd belaw: 

Million ha --- ~ o n e 2  Zone3 Zone4 -5 E&d 

Total arable area 1.878 0.859 0.998 0.563 3.725 

Planned barley area 0.646 0.580 0.867 0.400 2.493 
% of arable area 34.4 67.5 86.9 71.0 66.9 

Ihe planned barley area repres€mts xrme two thirds of the 

Mal arable area in Zles 2 to 5. 'Ifhe planned area for Zone 4 

inplies that barley is to be gmwn in mrtinuauS rutaticn, 

reflecting a deliberate policy to abarxkm fallaw mtatims. 

In estimating the prducticn patentidl of the four selected 

treabzrks we m i z e d  two scenarios. Scenario I retains the 

plaroled barley area for 1989/90, -1uih-q that planned for Zone 

5. Zone 5 is exclu3ed f i rs t ly  because it was nut inclu3ed in the 

OFT and, seoolrlly, because the p r k i p i l  oanezn mhi& pxlnpbd 

this - uas to irrveStigate m?ans of mch5mg feed deficits 

rhile at the - time halthq the expmicn of &ti- irdm 

tbafrsgile ' of t h  d ~ y  urrs. 

'Ifhe seocsla scenario, Scenario 11, redwe6 the barley area in 

the drier marginal zones even further. Here, we referred to the 
original definition of agricultural stabil i ty zones. Ihe planned 

area for Zone 2 was z?&ained. Ihe original description of Zcme 3 



states that barley is the principal crop, tlYmgh saae pllses can 
be grown. W e  therefore allocated 75% of the tatal arable area in 

?me 3 tohrr ley.  This an increase of 65,000 ha on the 
planned area in Zone 3 for 1989/90. Finally w a l l 0 ~ 2 ~ t e d  half the 
arable area of Zcne 4 to barley, the remainderbe ingccremdfor  

natural grazing. 

Ihe two -io6 are sumaarised belw: 

fkernri0 I 0.646 0.580 0.867 0 2.093 
Scenario I1 0.646 0.645 0.499 0 1.790 

Ihe eskbted llnaticnal average" SFE/ha fmn the fcur OFT 

treatments were rmltiplied by these areas to obtain the 

distr i tut ion of poterrtial production crver the 27 year period 1960- 

1986. In the case of the two barley/fallw rotation treatments, 

the area in eacfi zone was  halved to estimate barley produdion in 

each year. Ektimated amulative f r eqwmy distrikutions of 

patential -on for  each of the two samarics are presented 

i n  Table 5.3.6. 

The distr i tut ion fm the two scenarics dif fer  only in their 

scale; the degree of variation (% CV) is the sam, therefore 

gewral omnt=&s on the relative effects of &tion and 

fe r t i l i ze r  use apply to both samario6. 

Fallw is f a m l  to be valuable in mainhhbg artput in only 

the very driest years, reflecting the soil moisture mnserving 

advantage of a fallaw rotation. In these driest years the B/F 

rutation muld produce more than cckltjnums barley despite the 

fact  that cmly half the area is yielding a crap. Hokiwer, as 

rainfall  hmases, the area dmrbge of continuous barley 

artweighs the moisture omsewing advantage of the barley/fallaw 

rutation. 



Table 5.3.6 (Imulative frqwrq distributions of potential 
production (million SFE) from in@med practices for 
two h w c a l  somaria6 

PlPdicted SFE (million) 
Wiles Seasaml 

rain (mu) Bo/F W / F  Bnp/Bnp 

Scenario T 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

Mean 
% CV 

Mean 
% CV 

Notes: 

a) Scenario 1:Planned barley area (1989/90) e x c l w  Zone 5 
Scenario 1I:Plamd area in Zone 2; 75% of arable area in Zone 
3; ard 50% of arable area in zone 4.  

b) Bo/F: F!arley/fallm lotation, no fertilizer 
Bnp/F: F!arley/fallm, 20 kg N/ha, 60 kg P205/ha 
Bo/Bo: Crmthums barley, no fertilizer 
Bnp/Bnp: Crmthums barley, 20 kg N/ha and 60 kg P20+ 

c) For Bo/F ard Emp/F amas were halved (only half the area 
utilized for barley in any given yer) . 



Iihm fer t i l izer  is -lied to a barley/fallow rotatian, 

production would exceed that £ran unfertilized barley 
(fmn dauble the area) in all  but the kettest 20% of years. 

Hadever, conthms barley w i t h  added fer t i l izer  clearly dauinates 

EPlp/F in a l l  but the driest years. 

& 
Remhmmb: Alternative Stratexies 

In selecting the OFT treatments and defining the two scenarios 

analyzed here, we were cmcernd w i t h  assess- to what extent 

inproved production -ices an a reduced area auld fulfill 
naticmal feed mpinmmk aqard with the ayrerrt prduztian 

straw. 

W e  w i l l  take as cur reference point Scenario I (planned barlw 

area exclW zone 5) ur&?z mPltirolous barley (Bo/Bo), reflecting 

current policy to abandcsl fall-. 'Ihis a reduction in 

the cultivated area in only the very driest areas (-), and 

the minirmm inpmvmmts in pmduction pactices (seed dressing, 
d r i l l  planting). T h i s  w i l l  be refend to as Strategy A. 

Imprwed strategies rep- by: 

Strategy B: reintmducirq fall- into the lvtation and adding 

fert i l izer to the barley phase (Bnp/F), ard reducing 

the cultiMted area in Zase 4 (Scenario 11); and 

Straw C: fert i l izer to ccPltiruous barley (Wpm) an 

the  me m 3 u c d  area (Scenario 11). 

The  d a t i v e  frequency -ions for these three 
Contrasting strategies are dwwn in Figure 5.3.5. 

By a d d i q  the hpmved practices of seed dress- and drill 
planting to O D U r t i n w s  barley pmdwzticm al the cunent planned 



STRATEGY 

N a t i o n a l  Planned Area 
(1990) exc lud ing  zone 
5 under BoIBo 

Reduced a rea  under 
BnpIF 

Reduced a rea  under 
BnpIBnP 

0 2 4 6 / 8 10 12 14 16 18 20 22 

1 Sheep Feed Equ iva len ts  ( r n ~ l l i o n s )  

7 . 2  M S.F.E. 

F i q u r e  5 .3 .5  Comparison o f  product7on s t r a t e g i e s .  Cumulat ive 
frequency d i s t r i b u t i o n s .  

area in zcmes 2 to 4 (Strategy A), Syria wuld achieve or woeed 

60% of its feed (7.2 million SFE) in a~plmXbE~tdy 

75% of years. Hwever, the same result wuld be achieved by 

a~plyirq fertilizer in a barley/fallow rutation on a reduced area 

(Strategy B). In Figure 5.3.5, the crc6sa-er point between the 

distrikrtio~ls £run Strategies A ard B ocuus at a~pmximately 6.5 

million SFE. Below this cmxwver point, in drier years, 

potential producticm is higher mier  Strategy B. Strategy C, 

alzplyitq fertilizer to cmntinucus barley on a reduoed area, shifts 

the distribution to the right and potential production is hi* 

in all but the very driest years. S i x t y  pmmt of national feed 

wuld be achieved or e .  in a~pmximateiy 80% of 

years. 

Any distinction made the three strategies deperds on 

the criteria used. If the objective is to maximize the 

pmbability of meeting rational flock feed requiremPJlts, then 

Straw C is preferred. If, on the other hard, the objective is 



to maximize the SFE Wined  i n  the poorest of years, then 

Strategy B is preferred (but only marginally). Equating risk w i t h  

variability, then Bnp/F (Strategy B) a d  be preferred (catpare % 

Ns in 'Pable 5.3.6). In Strategy A, areas in Zone 5 were 

excluded. In a wet year, yields from the planned barley area in 

Zcne 5 may h k e 3  boost pruduction above that shown in Figure 

5.3.5. the negligible yields a&& in Zone 5 in dry 

years (see W l e  5.3.4) d d  merely serve to hcmse the 
variability in production. Even in the infrecpntly 0uxrrb-q 
very Wet seasons (eg. 1987/88), the W W o n  of Zone 5 to 

Syrials tatdl production is minimal (see Table 5.3.5) . 

In any went, the analysis dmmshates that there 

alternatives t o  the cvrrent straw of e x p d q  cultivation into 

nure and mre marginal areas. F&ducing the area m3e.r barley in 

the marginal areas of zones 4 and 5 and inpming production 

practices on the remaining area (by enwuraging ferti l izer use and 
maintaining a barley/fallow rotation) a d  I&UX the 

pmbability of dzastioally lar production in dry yeazs fmn land 

tmbr ccmtinuous barley, and increase the stability of pxuduction 

aver time. 

In assessing the patential ccntribution to the nation's sheep 

feed sqply  thmgh the introduction of forage legumes in barley 

based rotations, we have used a dataset fran a sirqle l c q  term 

rotation trial established in 1980/81 a t  Brda (long term average 
rainfall 270 nm) in N. Syria. Unlike ax analysis fmn the nulti- 
season, mlti-location mfarm ferti l izer trials, we recognize 

the dangers of extrapolating the results of this sirgle location 

trial aQ.oss spaoe. Instead e have used long-term climatic data 

(1960-1987) from Breda for extrapolation aver time anly. Details 

of this t r ia l  have been reported elsewhere (Jcnes 1989). 



We have selected the yield data fmn six treatments 

repmsenting a ambination of three ratations (barley/fallow, 

barley/barley, barley/vetch hay) and t m  fertilizer treatments (0, 

and 20 kg N, 60 kg P205/ha -lied to the barley w). The 
barley and vetch yield data were c o ~ ~ e r t e d  into sheep feed 

equivalents (Table 5.3.7) , and the relationships between sheep 

feed equivalents/ha and seasondL rainfall were established for 

each ratation/fertilizer ambination. 'Ihese am presented in 

W l e  5.3.8. 

Table 5.3.7 Basic Dataset c o ~ ~ e r b d  into Sheep Feed Equivalents 
( S W / h a  

Rotations 
Rainfall - (m) Bnp/F Bo/Bo Bnp/Bnp w'vo Bnp/Vo 

a) cmversions made asslrming following metabolizable energy 
values: 
Barley grain = 11.5 MS/kg; Barley straw = 5.5 MT/kg; 
Vetch hay = 9.0 MS/kg; and 1 sheep mquires 4200 MS 
metabolizable enerqr per year. 

b) Values for Bo/F and Bnp/F were divided by 2 (only 1/2 ha 
utilized) 

c) Values for Bo/Vo and Bnp/Vo assume 1/2 ha barley, 1/2 ha 
vetch. 

Using the relationships in Table 5.3.8, and seasondl rainfall 

reoords fmn Breda village for the period 1960-1987, prcduction in 

ternrs of sheep feed equivalents were predictd for the 27 year 

period. These are presented as d a t i v e  frequency distributions 

in W l e  5.3.9. 



Table 5.3.8 Relationships ketkem SFE8s of 
0mtmsth-q r a t a t i ~ ~ l ~  a d  seasmal 
precipitation (P) at Breda (N. 
Syria) 

mtatim 1  quat ti on ~2 

m/F SFE = -2.34 + 0.018 P 0.795 
%FP SFE = -2.14 + 0.026 P 0.808 
B a r n  SFE = -1.31 + 0.014 P 0.840 
B n p m  SFE = -2.17 + 0.030 P 0.670 
Bo/VO SFE = -3.72 + 0.030 P 0.888 
rnp/vO SFE = -4.06 + 0.040 P 0.898 

1 B = ~arley, F = FdLlaw, v = Vetch my 
0 = no fertilizer, np = 20 kg N + 60 kg P205 

Table5,3.9 amulative fmquenq distrikrtiars of sheep feed 
&valents/ha fram ccdm&hq rotati- at Breda, 
N. Syria 

Rotation 
Seasonal 

m i l e  Rain (mn) Bo/F Bnp/F Bo/Bo Enp/Bnp Bo/V m/V 

Ihe effects of IDtation (barley/fallfw v. barley/barley), am3 

the inplications of a&iing fertilizer are similar to those 
predicted f m m  wr on-farm trial resultg, and needn't be further 

-. The  irrtroduction of vekh, either to replace fall- or 



cartirnvxls barley, a~peazs to be beneficial. Ccmpared with a 

barley/fallw rotation, a barley/vetch rotation is clearly 

superior in terns of sheep feed equivalents, except in the driest 

yeazs (carpare BD/F v. BorJo; Ew/F v. EPrp/Vo at decile 0.1 in 
W l e  5.3.9) . In spite of twice the area being urder production 
in the barley/vetch rotation, it has little or no advantage in 

dry years. HocJwer, sesom with as little as 136 w 
rainfall have not been vienced in the life of the trial, and 

d we nust view this exclusion with cxme caution. 

Omsidering the situation of replacing  continua^^. barley with 

a barley/veth rotation, we again m e  the benefit of inclu3hq 

vet& except in the drier years (carpare m/Bo v. Bo/Vo; EPlp/E?p 

v. Rp/Vo at decile 0.1 in Table 5.3.9). 

Cur analysis suggests that the introduction of vetch as a hay 

crcp warld pnfiue greater sheep feed equivalents in abart 90% of 
the years carpared with either a barley/fallaw or barley/barley 

rotation both in the preserroe anl absence of fertilizer. Huamx, 

we nust eqbsize tw~ inportant pints: 

CXmwmmt on-farm suzveys trials in Syria, focusing on 
the irrtmcfuction of forages, have clearly irriicated that 

whereas farmers a p p a r  re&y to accept this technology, they 
prefer to utilize the forage as a source of green grazing 

rather than a hay cmp. 'Ihis is associated with the a& of 

h a d  harvesting (nrlly, 1984) dry matter losses h c u n - d  
during the hay d c i r q  process (OsMn anl 'Ihcnson, 1985). M x e  

on-farm trials have sharn that either green grazhj or 
h a m e  the forage as a mature crcp are both e d c  ard 

aaxptable to the farmers (?honson et al., 1989). 

- Cur analysis indicates that forages may be axsidered risky by 

s a w   fame^, due to their pmr perfonname in the drier years. 



'Ibis is based only on artplt data and d a s  not 

wider. the the Costslved in the pmduction of the -aria 

rataticms. IB~ECTI et al. (1989) have shown substarrtially 

immzwd prduction the when replacing fall- w i t h  forages, 

and this wmld urdcrubtedly cmtrilmte further to  sxm fazmrs 

rI=l- to adept this tectmology. 

Syria's rapidly increasing pcpilation ard rising standard of 

living, -ed by a gndual process of u tmiza t ion  has led 

to a dramatic inmeace in the densmi for livestock prcducts aver 
the last quarter of a century. This has been reflected in a 

threefold bxeae in its nationdl sheep flock and an equivalent 

in demand for livestock feed. 

~~ fnm this increased feed demand, several clear 

trends are evident. 

- Syria has m v d  fma b e i q  a freqwnt net exprbr  of barley 

to a frequent net importer. 

- IXle to greater livestock nunkers and greater frequencies of 

f e d  shortages, the natural pastures are rapidly being 

destmyed-wergrazing. 

- In ozrler to bcmase its principal feed sqply ,  Syria has 
officially sanctioned the &tivation of the steppeland ard 

the abandorrrment of the traditiondl barley/fallw rotation and 

the adcpticn of barley mmculture. 

- As a r a t  of this policy, barley pmduction is becaning mre 

variable, krt has only shown slight increases on a national 

basis in reoerR years. 



We do not believe these maqinal haeases  are sustainable, 

and already an accelerated degradation of the natural resource 

base is evident inthemaqiml envirormrents~barley is being 

gmwn- 

Hawwer, alternative strategies are pcsible. Rducirq the 

u d e r  barley in the maqinal areas of zones 4 and 5 and 
improving pruluction on the rmainbq area thruq?~ the 

hhrdudion of sinple inpmved practioes sucfi as seed dressiq, 

drill s a ~ i r q ,  the use of n i w  and @os@rus fertilizer a d  

the maintemnce of the barley/fallm rutation, has the potential 

to nreet national flock feed mquhmmts in 75% of years and, at 

the s a w  time, will inuease the stability of praiuction over 

time. In addition, the introduction of forage legumes wuld 

further enhance the national feed q l y  in all but the driest 

Y-. 

For such stratqies to suazed, Syria wculd n e d  to develcp 

positive m r t  policies which not only make the essential inprts 

available, but also encourages an active dsmxstmtion of their 

effective use to fazmers. 
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Lentil is an inportant c r q  in the drier amas of W e s t  Asia ard 

Narth Africa in the cereal based rutaticn. Not cmly does the 

grain pruvi& a valuable scurce of protein in lnnmn diets, M the 

straw is widely used as feed for livestock ard, as with ather 

legrrmes, ni- f ixaticn by the lati1 crq, helps to inprove the 

m i l  nitrogen dynamics in cnpphq systans (see also section 3.5 

ofthislxpxt). 

Ten years ago, in 1978/79, ICUUM recorplized the lack of 

infomation available on lentil fanning in general and on 

production practices in particular. Thus, a diagnc6tic survey was 

aasducted in the nrajor pru3uci.g pruvinms of A l e ,  Iclleb, Hama 

and Hassakeh during the growing - of 1978/79 ard 1979/80 to 
gather more information. C m  hm3nd arrl fifteen lentil proSJoers 

in Syria were htemiewd (Suzvey I). 

In 1989, the Fann Flsxmce Kmgemmt Program (m) at ICARW 
held its annual residential training rmrse in Al-. Ihe cumie 

focused cn the design, caxkzt ard analysis of farm surveys, 

particularly dhgnostic surveys. ?he oxrse had a st,rurg 

practical bias. 

For this p r p c e ,  follawing the design of a questionnaire, a 

sanple of 55 lentil producers in A l e  and Idleb provinoes was 

m. Within the lentil growhq areas of these tm provinces, 

villages, ard lentil growing farnrers w i V h  villages, were 

selected at  radm. aLis sample was interviewed by the trainees 

in Mard~ 1989 (Survey 11). 



M a n y o f t h e v a r i a b l e s ~ i n t h e t w o ~ n w e y s a r e ~ y  

e e .  Thus, it is possible to onpare lent i l  p m h t i c m  

practices in the a r m m t  season (1988/89) with those of ten years 

ago a d  determine whether lentil pmductim kdmology has 

~ a n y c f i a n g e s d u r ~ t h e l a s t t e n y e a r s .  

Difficulties do exist in capr ing  results fmm the twu 
w n v e y s d u e t o s o m e d i f f e r e n c e i n ~ c a l a r e a a n d t h e  
d a b i l i t y  of the raw data fIom Suzvey I. In additim, both 

wnveys lazgely focused an the p m h t i c m  strategies of farmers in 

the adudl season of interview, and thus w e  nust e q h s i z e  that 

some season specific reprises may contrilcute to appamnt 1- 

term chanps in p r d w t i m  strategies. However, the findings 

belaw seme to give sane inportant indication of 

d e v e l w  in lentil prcductim wer the last ten ysars. 

Figure 5.4.1 naticmal area and pmduzkicm data for Syria 
for the ten year period under review. - 1979 and 1985, 

there was a decline in the area planted to lentil dLmost entirely 

b to the relative prices of productim and hawest Val-. 

-, recent hmases in the price of lentil (1986 onwards) 

has resul- in a substantial in=rease in the area plardxd. 

Overall, lent i l  prices have hxeased fran 0.8 SYWkg to 9.0 

SYf#g during the ten year period. In geneyal, production ken% 

minor those of area, k u t  yearly variatiors i n  national average 
yields, largely due to rainfall differences, are appamnt. High 
yields were obtained in the very wet season of 1987/88, when 

n a t i d  average yields acceded 1 ton/ha for the cnly tiw i n  the 
ten year period. 



Year 

Figure 5 . 4 . 1  Total area and production of l e n t i l s  i n  Syr ia .  

5.4.3 Emdxd Lentil Yields 

In Suvey I and 11, fazmers were asked to state the lentil yields 

that they vmld exp3A in good, poor a d  normal years. 'Ihe data 

abtaind fron farmess irdicate that farmers believe that yields 

have immsed durbq the shx3y period. It was f d  that average 

acpcted yield in poor years has increased by 21 percent ampred 

to abcut 6 percent in good and normal years (Table 5.4.1) . 
Haever, only the h m a s e  in normal years was statistically 

significant at the 5% level. 



Table 5.4.1 Chmges in farmers expc td  lentil grain yields 
(]og/ha) aver 10 Years 

1978/79 1988/89 (b) 

Average yield in good years 1683 1775 5.5 
S.D. (605) (480) 

Average yield in pwr years 386 468 21.2 
S.D. (190) (272) 

Average yield in n0nua.l years 973 1028 5.7* 
S.D. (308) (289) 

A- yield during the 
1- tern N?i 1113 

(330) 

To describe the changes in tedumlogy in lentil fannirq and 

their inpact on yields, the data from the two surveys wxe  
snxlpea into (a) farmersf practices (b) fertilizer a~plicaticn by 

farmrs (c) pmduction casts of lentil. Carparative analyses 

were made kehem inportant variables in ez& grcup. These are 
presented in the sukqwn t  sections. 

5.4.4 Fa23ners' Practices 

Farmers' practices canpared are: seed rates, number of 

cultivations, seeding varieties, planting date, 

harvesting nu&hcd arrl crop rotations. A omgmiscm of these 
practices are given in Table 5.4.2. 

It was f d  that the average seed rate in 1988/89 is over 28 

percent higher than ten years ago. Fazmers attrihkd this to two 
main reasons. Firstly, they use a higher seed rate to bmease 
plant pcpllation in an effort to control e; secardly they 

hcrease seed rates when they use fertilizer, and, as will be 

Shawn, fertilizer use has inneased since 1978/79. 



m e  5.4.2 Chanps in l&il pmduction practices over 10 years 

- owha) 
S.D. 

mmaration f$L 
No t i l lage 
me tillage 
'nm tillage 
'Ihree t i l lage 
F t u r  t i l lage 

Manual 

Seed variety 
Red aml l  seed (local) 
wte lazge seed (local) 

date fa 
I s t w e e k o f  Nov. 
2nd wek of Nov. 
3rdweekofNov 
4 t h  week of NCW. 

Ist week of Dec. 
2nd week of Dec. 
3rd week of Dec. 
4 t h  week of Dec. 

Ist wek of Jan. 
2nd week of Jan. 
3rd week of Jan. 
4 t h  week of Jan. 

-tion 
No specific rotaticm 
Cereals-lmtil-summer crcp 
Cereals-lentil 



plere was also a differeme in iAe rnrmbers of cultivations 
~ i n t h e t w o s u ~ v e y s .  'Ihismaybeexplainedbythefact 

that the of farmers awning tractors has increased by 31%, 

ard the relative "lentil grain equivalent" cultivation mst 

p e r m  has decreased £ r a n  52 lq of lentil in 1978/79 to 20 kg 
of lentil in 1988/89. 

M c s t  farmers still s m  by hanl brmdcasting; only one-third of 

farmers in the q l e s  in the two wweys used either a 

fertilizer spinntzr or a oeredLs dr i l l  for scwirg. 

lhere has been no change in the lentil  varieties grown by 

farmers; rmst farmers used the r d  smiall seeded variety, and a l l  
farmers used local varieties because no new varieties w x e  
available to them. 

Ihe results also indicate a tendency awng fanwrs to plant 

lentil later, althaqh sane "season specificity" may be 

responsible for this obsenmtion. Ten years ago, mmt of the 

farmers planted lentil in the f i r s t  week of Nmabr ard finished 

planting in the seed week of Eecembr, while in the 1988/89 
sekson it was f& that n r x t  of the farmers planted their lentil 
during the f i r s t  week of Decen33er t o  the seocnd week of 

Januuy. T h i s  shift in date of planting is due to the farmerst 
belief that Oxban&= and weeds can be controlled by delaying 

cultivation until after the onset of rain. Farmers' believe that 

their weed prcblem are increasing and associate this with greater 

fertilizer use an both lentil ard the pmcdng theat crcp. 

Host farmers still practice a threr? caurse rotation (cereals- 
lentil- crcp, particularly ma la  and water a m )  ; this 
rotati~iSmstcarm~ninwheatbasedsystenswherethelentilis 

m. 



All faners are still harvesting by hand ach r~qu i r e?~  a lot 

of labor during a short period. W m u a l  harvesting costs are 

still hi*. F;urmers indicated that the irrtroduction of a new 

tedrmlogy for mdmnical harvestbq would reduce one of the major 

prublens associated with lentil production. 

5.4.5 Fertilizer Wicatirn 

W t s  fmn the two surveys irdicate an in fertilizer 

Kplication by lentil farmers in llorthern Syria durhg the period 
1979-1989. In 1979, abart 47 percent of saanple fanners did not 
 ply any fertilizer on lentil carpared to only 13 percent in 1989 

(Table 5.4.3). Inrreases in the application of W t e  

fertilizer are particularly significant. Arurd 35.5 percent of 

the simple farmers -lied phaqhte in 1978/79 mapared to 63.3 

percerrt in 1988/89 while the percmtage of farmers apply- both 

@lc@-ate ard nitrogen h x e m d  fmm 11.2 percent to 23.6 

percent. It was also fami that the average rate of fertilizer 
applied had by more than 127 percent for Triple Super 

~hcqhate, ard 41 percent for Urea. % increased use of urea is 

intereStirg. Previaus resex& at 1C;ARW (see FEU@ Annual Report 

1988, section 3.7) also tested the potential of nitrugen 

fertilizer on lentil crops in farmerst fields. 'Ibis was m e d  

because we had shown that many farmers' ~ n p s  were severely 

attacked by sitom wevil larvae which destruy the nitrugen 

fixing nodules. Sitom mntrol gave substantial increases in 
lentil yield, but the chemical ( a r k f u r a n )  is toxic ard would 

require strhqent safety precautiocs. T h e  possibility of 

ampensating for poor biological nitrogen fixation thruqh the 

wlication of N-fertilizer was clearly attractive, krt an- 

results showed no significant -. 

In general, the inmeas& use of fertilizer on lentil dLmost 

certainly results frcm large changes in the relative cost of 



fertilizer to lentil pr ies .  In 1989, the fann gate price of 1 

kg of 'ISP was equivalent to 0.35 kg of lentil grain, ampared to 1 

kg in 1979, while the price of 1 kg of Urea in 1989 was equivalent 

to 0.33 kg of lentil grajn crnpared to 0.8 kg in 1979. 

3'able 5.4.3 Fertilizer use (% of farmers) 

1978/79 1988/89 

No fertilizer 
QilY p205 
Qily mtrogen 
Buth N and P205 

D i s t r W o n  of phosphate use kg/ha of TSP 

Average Tsp (wha) 
S.D. 

D i s t r i h t i a  of Nitrugen use kg@ of U r e a  

Average Urea oo3/ha) 
S.D. 



In nrPletary terns, lentil production costs shaw a sharp inmease. 
In the 1978/79 seascm, the estimated cost of production was 974 

syWha anpared to 6003 SnJha in the 1988/89 season. Figure 

5.4.2 presents the estimatedprdwtimcosts b y m i n  itens. 

u 
SEEDS CULT. SEEDING FERT. WEED HARVEST 

Figure 5.4.2 Production costs o f  lentils, 1978/79 v s  1988/89. 

Harwer, the relative production costs of lentil grain per 

hectare have declined fmm 1218 kg of lentil grain in 1978/79 to 

667 kg in 1988/89. 

Figures 5.4.3 ami 5.4.4 carpare the percentage costs by iten. 

It is noted that seed costs represent 28 percent of total costs in 

1988/89 ocnpared to 15 penmnt in 1978/79. RLis is due to the 

hzedse in seed rates discxlssed earlier, while fertilizer costs 

were higher in 1988/89, ccnpared with 1978/79, due to the 



F i g u r e  5 . 4 . 3  Produc t ion  c o s t s  of l e n t i l s ,  1'37817'3 
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hxease in the rate of fertilizer a~plication. Cn the other 

hard, there has been a decline in harvest- costs, fma 64 to 50 

percent, due to in the relative price of labor. 

By armcluctirq tm ccnparable surveys wer a 10 year hterval, it 

has not c d y  been possible to desrsribe current lentil produdion 

practices in Syria, but the results also give same indication of 

&velapnentS in lentil prdwticn s h  1978/79. 

There has been an averall positive trend in pmduction and 

area at the national level. It urns farnd that the average seed 

rate has insreased, that there are differences in the rnmS3er of 

p r e s e d h q  cultivations. ?here is also a hr3ency among farmers 

to plant lentil later. The costs of manual harvesting are still 

very high; new tdmology for mxhnical  harvesting b a l d  solve 
many of the pmblens associated with lentil produdion. 

Ihe average a~plication rate of fertilizer has increased by 

mre than 127 pens& for @aipbte and 41 percent for nitrogen. 

'Ihis is due mainly to the decline in the relative price of 

fertilizer to lentil grain and to the rapid rate of adoption of 

fertilizer in general. 

'Ihere has been a sharp haease in pmduction costs in 

mmetary term, but it was fand that the relative pmdudion 
costs of lentil per hectare declined fma 1218 kg of lentil grain 

in 1978/79 to 667 kq of lentil grain in 1988/89. 

Acknawldxments: 'Ihe staff of FRMP are grateful for the 

enthusiasm and hard work of the trainees who attended cur 1989 

Widential Training Cause. Withcut them this study would nat 

have taken place. 



R. Wiler (FIMP), 
A. n- ' (=) 1 and F. Bahhady (pm') 

Following the musully plentiful rains of the 1987/88 

seasan, thereaFpeazgdtobeamarkedincrekseinthemmbrof  

stubble fields being pR to the torch by farmers as wxpret1 to 

previous years. Since it is well knxm that cer8al cxcp residues 
consti- an imp0rht-k grazbq resame for sheep and goats, it 

wnuld at first glance appear suzprising that farmers - 
destmying the stmbles. FPMP and PRP organized a quick survey 

amc~lg 31 villages of oereal farmers in order to ascertain the 
frequency of kmmirq and the rekso~ls bhy farmers * to hrrrn 
their cnp residues in 1988. Villages here stratified w i t h i n  

bruad rainfall ischyets to represent both the wheat based and 

barley based fanaing systems, and then selected at randoa. 

O f  fields cwered in the wwey, 38% had been t u n e d  forthe 

first time in 1988. 'Ihis tbat 1988 

a substantidl hm=ase aver prwious years. Fifty- per- 

of the sanple irmease o c a m d  in areas d v *  less than 350 

m of ammal pmdpitaticm. Farmers in hi* &all amas temi 

to turn stxbles, and in particular vhsat stxbles, mme often 
t h a n d o f a n o e r s i n t h e l a w r a i n £ a l l z o s l e ~ s h e e L , a n d g n a t s  

oftmrepresentm~reimportarrtecDnanic~thaninthehifPler 
rainfall areas. In terms of reasons given by sanpled f- for 

hmhg stxbles in 1988, wier cultivatim (tillage) and 

iupmved s e d i r q  for the next crcg, tmg&=r with pest (e.g., 
inseks, weeds, and rodents) arrtrol, aooanrted for 63% of the 

fieldsburned. Needtoremwereshheebythe fastestmethod 
possible before plantir'q a ammer crop a a m m t d  for a 231 

of the blmlilq. 



Despite the rise in burning frquency, cmreal residues 

antin& to be viewed as an inporhnt resource for livestock. 

Cbly cne cut of 43 bYned fields surreyed was h r m d  bmdiately 
after harvest w i t h c u t  f i r s t  being either rpazed or having straw 

collected or bath. Barley straw was  oarsidered relatively mre 
valuable by fanaers than wheat straw. Fix barley, straw ws 

collected cm 78% cm the fields before burning and grazing took 

place cm 100%. Fix wheat, straw collecticm toak place an only 

372 of the fields before burning. 

Why did farmers decide to brim M l e s  mre often in 1988 

than in p r w i w  years? Initial analysis of the  survey results 

Mcates that the constraints to bumhg, especially the need to 

m e  crcp residues for livestock feed, were greatly lessened 

by the relative of residues and natural 

pmducd by the unusually plentiful 1987/88 rains. T h e  reduced 

need to preserve residues allawed farmers to take advanbge of 

what they see as the benefit prwided by bumhg, especially 

easier ailtivation and pest mmtml for the next crop. I n  short, 

farmers f e l t  that in the sunmer of 1988 they had more stubble5 

than vere nee id  or &ired. 

Farmers1 to the mch higher than usual rainfall 

across the errtire gradient in northwest Syria may be useful  to the 

ccr~0j.m~ reSearcfi intn ~ n p  residue managaaent. In ordinary years 
of low or medium rainfall, residues in the 200-300 nm areas are 
marraged sinply by having sheep and goats gzaze the W l e s  down 

to grand level, leaving cmly the root systen in the soil  to 

possibly make t i l l ing more difficult. Grazj.mJ is the by either 

the farmer's own flock, the anmmil village flock, or by 

migmnts fmm the eastem steFpe kho rent stubble fields to graze 

their awn flocks. In  the 1987/88 season, hawwer, them were 
aarsiderably mre residues than livestock d d  eat, anl 

-y res ib  rnaMgement b e m ~  a real question farmers 



had to face. A t  this point, the issues of easier cultivation and 

pest aatml came to the fore. Aml farmers very definitely have 

opini- as to haw stutbles l e f t  in  the field hinder the 

pmdwtivity of next year's cxup by incmasing t i l lage costs and 

the prupagation of inswzb and mdents. Whether or 

not the farmersf cpinicms are justified by the facts rmst await 

another study. In particular, it is debatable whether or  not 
stubble hunhq is an effective way of dkmrag ing  irsed pests 

campn to the area. A g r a m y  trials ccnducted by FFMP scientists 

at lkl Hadya are designed to prwide same m-station answers, but 
fanaersf attilxds w i l l  of cayse be very inpoxtant i n  the 
prooess of adcptin3 recaanended methods of residue maMgement in 

those times and places where livestocJc do not coapletely mmve 
the residues by grazing. 

The suzvey year of 1988 w a s  aceptiondlly &. Such years have a 

are in thirty prrhbi l i ty  of ooasrence. lbe following year, 

1989, was, in oxplete contrast, an unusually dry year, again with 

a me in thirty pmbability of wc;urrenm. Cereal straw 

pruduction was, as a result, substantially less, and stubble 

lmmhq greatly reduced. A second identical m e y  was undertaken 

in the sunaaer of 1989, and in  next years q m r t  we w i l l  present a 

detailed ccnprative analysis of these tm contrasting and extreme 

seasorrs. 

5.6 J 3 a r l e y P m & c t & n ~ a s  of 
tbe-of" - - an Yield in 

~ m d N D n t h e r n S v r i a  

0. Erkan (Cubrova University, Tbrkey) 
and A. mid (m) 

Barley is gram in almost all geqqhical  regions of Thrkey and 



Syria. It is used mainly for livestock feed and is the searrl 

most hqxrbnt a c p  after wheat in tezns of area and production, 
in both 'I\lrkey and Syria. 

The agricultural production pruxss is carpla and COntinudLly 

m i n g  as new technologies are htrduxl and hpt-cutput 

relationships are continua~~ly changing. kwever, the econcmic 
issues in relation to barley have not been ewmined adequately in 
either cumtry. In order to gain a better of the 

barley production envircrment in Northern Syria, a survey was 

by scientists fran FWP in ICARW in the 1981/82 season. 

later, in the 1984/85 season, a similar sluvey was conducted, with 
the w r t  of I-, by scientists frun Culauwa University in 
SGltheast Turkey. mta were collected to initiate a ccnparative 
andlysis of barley pmducticn in SE lUrkey and N. Syria. 

The pupose of this study is (a) to show that diagnastic farm 

surveys m y  be organized to abtain data for the estimation of 

praiuction functions which axe reessay for the forrmlaticm of 

appropriate research tcpics in the regicm, and (b) to determine 
w h i c h  envinrnnental factom and irqxlts have an inpact on yield 

variation in the axnbimd region of SE Turkey and N. Syria. 

SurveyswerecoIlducted inthecontrastirgemirornrents of N. Syria 

and SE Turkey. Data in N. Syria rr~ere collected thrcugh 

questicmaires fran 153 farmers in areas reuzivirg 200-350 mn 

average rainfall. The survey covered the provinces of Al-, 
Idlib, Hama, Hans, Al Hassakeh, Al Ram and Deir Ezzor. 

* More informtion * survey area selection, sanpling of 
villages and farmers, method of data collection can be faad in 
"Barley Produdion F4mnunics in SE Wkey and N. Syria: A 
W t i v e  S'hxly", ICAKR, A l e p p ,  Syria. (Forthcahg). 



I n S E W k e y t h e s u m e y w a s ~ i n a r e k s r e c e i v i n g 3 5 0 -  

550 w average rainfall and 181 fanaers were i r I t e r v i d .  Pre 

survey area ccverd the pmvimes of Gaziantep, Sanliurfa ard 
Mardin. 

5.6.3 Analysis 

In agricultural production, for each level of inprts, there w i l l  

be a unique cuput. 'Ihe production function describes this inprt- 

cutput r e l a t i a p .  It explains the rate a t  which resaurres are 
transformed into products. Mathemtically, a pmducticn finr=tim 

can be written as: 

where Y is cuput andXl .. %aredi f ferent  i np t sused in the  

prpaUCtion of Y. 

In the analysis of production functions in this research, 

data relating to the largest barley plot on ea& farm surveyed 

were used. Most farmers had more than one plot of barley, and an 

sane farms soil quality differed significantly betweem barley 

plots, so that prpduction practices differed also. Incl~%W all 

the different soil characteristics and managewnt practices into a 

single production function would greatly ccnplicate the analysis. 

In xst d c  production m i o n  shdies, artplt is 

m e a s u r e d i n t e r n s o f m c e s e t a r y v a l u e , b u t i n t h i s ~ t h e a r t p l t  

is- byqrainyields.  ' I he reasonfor th i s  i s t h a t t h e  

s b 3 y  was in t w  different cumtries aml in  different 

years and the barley price policies follcwd by the gov- 

are very different. Barley straw is used by sane fazlners but 

straw production was not taken into axlsideratim in the 

functional analysis. 



'Ihe variables having mDst influeme on barley yields w e r e  

selected us* tecfinical methods of correlation and factor 

analyses. These included amxlnt of rainfall, irmxlnt of fertilizer 

uaed, seed rate, seed variety, and soil quality. 

In order to assess the inpact of different variables on yields, we 

pled the Wkish ard Syrian data and analyzed the data set as a 

uhle. 

Different specifications of prcdwtion functicns (linear, 

quadratic, square mot and (Xkbkaqlas) were exambed and it was 

f d t h a t t h e l i n e a r r m d e l w a s t h e b e s t f i t .  

'Ihe equation of linear fom is given belaw: 

w b m ,  Y = Yield of barley (kg/ha) 

X1 = Average rainfall (by zone) 

X2 = Sees rate (kq/ha) 

X3 = Variety (black = 1, bhite = 0) 

= of P205 (m 
% = Amxlnt of nitrugen (kq/ha) 

X, = Soil depth (deeFF1, o+A=sO) 

All coefficients were signif icant at the 0.05 level or less 
(the figures in parentheses give the level of significance of the 

coefficients) . 'Ihe interaction betwen the abare variables was 

tested and adjusted F? did not inprwve mch. Also the t-test for 



the coefficient of this interaction was not significant. 

'Rrerefore it w a s  not included in the abwe fomula. 

Zhe effect of dmqes in average rainfall on barley yields is 

l a q e  and highly significant. Each additional mn of rainfall is 

estimated to bzease yields by 2.93 Jcg/ha. 

seed rate also has a positive influence on yields. As s e d  

rate is increased by 1 kg/ha, yield is estimated to increase by 

3.13 W. Haever, this r e su l t  rmst be treated w i t h  ~ a U t i 0 n .  

It does not imply that i f  seed rate is hcreas&, pmdudion w i l l  
rise accozdhqly in a l l  areas. It may also be related to rainfall 

and ather factors. In addition, in the case of both seed rate and 

rainfall, hcresing values w i l l  anly contrihte t o  greater yields 

up to a certain cptinunn value beyolld which no further cmtributicn 
to yield w i l l  occur. In spite of this fact, the intsochaction of 

the quadratic form of both these variables was not significant. 

An interesting firding of the study relates to variety. In 

the survqy area of Turkey and Syria the majority of farmers use a 

black tm-x-cw local variety. 'Ibis factor was intmduced into the 
equation as a dummy variable and the 1- yield of the black 

variety is reflected in  the ~ t i m  by the nqative coefficient 

an variable X3. 

Zhe variables Xq (P205) and Xg (N) have positive effects cm 

yield, significant a t  0.03 and 0.04 levels respectively. Al- 
P205 and N have yield increasing effects, these. effects w i l l  vary 

by rainfall zcne and soil type (see also e i m  3.1 of this 

report). 

Soil depth (Xg) has been i n k d w d  into the equation as a 

drmmy variable with deep soils having a positive effect on yields, 

as d d  be expect&. 



The overal l  m l u s i o n  from the e s t h t i o n  of production 

furctiorrs f r an  the p l e d  data f o r  the region as a whole, is that 

the linear function performed ktter than the other models in 
-la- the r e l a t i cwh ip  between yie ld  per hectare and the 

selected variables.  'Ib chmmstnte the efficiency of the 1- 

mdel, average actual and estimated y ie lds  are given in Table 

5.6.1. 

Table5.6.1 Average  actual an3 estimated barley 
yie lds  (lw-4 

CaJnw Average Y i e l d s  
or 

Zone Actual Estimated Difference 

Syria 4 64 420 44 
(403) (275) 

ZOne 3 387 374 13 
(356) (117) 

ZcPle 2 652 659 -7 
(498) (313) 

Z o n e  A 827 980 -153 
(536) (283) 

Zone B 1640 1578 62 
(638) (244) 

Note: Zones A, B, C are i n  Turkey and 2, 3, 4 are 
in Syria. Figures in parenthesis show 
stanlard dwiatim values. 



Ihe coefficient of wrrelation actual yields arrd 

eathated yields is 0.792. 

Ihe biggest differenoe between actual ami the estimated yield 

is i n  Zcne 4 in Syria and Zone A in TbAey, but the difference was 

not statistically significant. Haever, the general mts are 

cuasiderPd qui te  satisfactory for a st&y of this type. 

-ion functicols i n  agricultms are highly specialized. A 

particular p i o n  Man is meaningful aily for a certain 

soil type, soil fertility, variety, g r m h g  seascm, or level of 

fixed inprts. A change in any of these 8*givensW may cause a 
change in the produdion function. Themfore, to be useful, a 

prducticm firnction nust be w r i a t e  for the punduction process 

an3 the envkmmmhl a d i t i o n s  being shzlied. 

In last year's FRMPAnnual R e p r t  (see section 6.2.3) we mrbd 

pxgms on cur regional m i e w  and case W e s  canducted 
w i t h i n  our 'rqriailw 1- project. ?he cartents of the tbm- 

volume plblicaticm resultirq from this project - finalized in 
1989, the last year of project f m d h g  and will be plblished in 

1990. The f i r s t  volume amtahm regional weviews on Iabor 

Markets in Non-Agricultural Sectors; Off-farm wlaymerrt i n  
PuJriculture; a3ld Umqig ~vailabili ty am3 Allocation of HaSehoId 

Labor; as w e l l  as review papers for Cyprus, Iraq, Jordan, m, 
Syria, ll.misia, 'Turkey, and the Yemen Arab Repblic. 

Zhe semrd volume includes eight case sbdies by national 

scientists which were financed by the project and presented a t  the 

cmcltdhq workshp in Alqpo, July 1988. Zhe follawirg are 

annnaries of the principal findings of each case study: 



Ahmxl Wta and Claudine Chaulet 

In the Tiaret area of Algeria, as the availability of off-fami 

ep,lcym& has declined, are farmers attenPtirrg to ma)ce more use 

of family labor on their fasnrs thmqh intensification? A survey 
fami that intensification of the 1 ' It cereal cultivation 

is cuxming fut to a limited extent. -ticas with other cnps 

are s a m d y  seen. Impmvd dtivation ar~I irpxlt use are f d  

krt primarily on large farms. Irrigatim is adcqted whenever it 

is feasible, and -ties are expzted to increase in the 
future. HaJwer due to the market situation and poor Meal 

practices, irrigated uerket qmknbq is often a parallel 

onmm=ial activity rather than a part of an integrated family 

farm. The most m a r  aFproacfi to immasirq err-farm erployment 

is thraqh 1ivestoc)r. Of the smveyed farms 69% had suhstarrtial 

m&ers of sheep, cattle or poultry. m large farnrs sheep can be 
fed fmm armple crcp r e s b  and barley, M on snall and medium 

fams raising sheep involves both g r w i r q  and buyirq feed. W e  

prenridirq same enplayment, livestock w i s e s  are not emqh to 

solw the prd~lems of unenployment. Nevertheless the c h q e s  
uhich f- have initiated demmstmte their active involwmerrt 

and interest in intensification, and the -1- for is 

to present Ixdnical solutiorrs which hpmwe enplayment and are 
mre accessible to snall ard medium sized f m .  

5.7.2 ImliCdtiol~ of " E d l m 1 ~  Chame . . far 
Ukcc and F ~mthe lbna . . - BaIZ3hillPed 
Jlldnct. mmam 

A shxly of a highly productive rainfed area of M o m  

the effect of eight years of fad effort by @ g a v w ,  



w i t h  Wrld Bank w r t ,  to inpruve agricultural productivity ard 
rural livbg conditiorr;. Based an a simple sumey researdrers 

fand that 10% of the farms have g%cdemladlern", market-oriented 

farms using him levels of mdnnizatian and inprts to maximize 

-vie. F\lrther, 50% of farms have a&ptd such practices 

to a significant degree. Labor makes up a smaller pmportion of 

Mal costs on these farns capre3 to tmditional farms. 

HaJwer, because mechanization ms irrtroduced in cabination with 
diversification and intensification, ove.ral1 ckmm3 for labor has 

actually increased and many semi-skilled, relatively shady jch 

have been created. 

5.7.3 
and Seni-Arid Z a x s  of lbmam: 
I h e ~ o f ~ Q l a o u i a  

m i  and miss Benatya 

In a study of a dry-fanning area sarthsast of Casablanca, 

mcfmdzation exists side-ky-side with animal traction and manual 

techniques as an cptim for farmers. T h i s  study dammtntes that 

the -ice of mechanization is part of a range of choices 

incluiirq severdl cpticns for q, leas* of land, and off-farm 

errplayment as well. Choices dqed upcn the lard and labor 

available to the hu&seholds ard the ccwunption requbmmts of 

the farm families. Fam stiatqies can be in terms of 

a limited m&er of basic fann types, m - ~ ~ i n c j  fmn the microfann 

of lass than 5 hectares, depmcbt uposl artside inXme, thmugh 
the small, medium and large sized farms in which the availability 

of labor or finances are differentia- variables, to 

agribusinesses at the other extrene. Leasing of land is shown to 

be an inprhnt  factor allawirrg farwrs with surplus labor or 

mechinery to more effectively use it. Labor-intensive practices 

and crqs &hue to be d c a l l y  attractive for farmers with 

adequate land and sufficient family labor. Mechanical bdmiques 



are dwsen to maximize profitability on larger farm, to free up 
labcnr for aaplayment an snaller farm, ard often to -1- 

labor or f w  labor for other agricultural activities cn medium 

farms; it is also bprtant in special c' suchasthe 

recent dnxqht whi& m%cd the stock of draft animals. 

In a amunity study of Lortxxls, no- llmisia, it was 
fa.url that snall farm size ard lad inrmes were the major factors 

affecting tecfinology adcpticn by farnrezs. In addition, a series 

of agricultural prujects whi& have failed to benefit snall 

fanwrs have m t e d  a negative and passive atti- towards 

inmvation. LOW availability of farm labor results from 

emigration of rural pqulaticms as a result of the poor situation 

of nual areas and agriculture generally and thus is not a primary 
cause of lad e o n  of -logy. Cm snall farns labor 

lPquiremerrts are law ard mfarm of imune are of mch . . greater inportanoe in wdnhmuq the household. BWIY family 

n m b r s  work off-farm ard yanrg R l e  in general are 

unirrterestea in agriculture. 

- 'uladsocio 5.7.5 Farm - 
i n 7  ltslre in a semi-Arid W o n  of ltmisia 

Alia Gana and Rawda Khaldi 

In a rainfed area of northern llmisia, mechanization has 
& the influem of gov- policy for sane decades, ard 

sirce 1969 mechanization by private fanaers has been exCUag€d .  

Omership of  machine^^ is mostly fanrl on the medium anl larqe 

fa-. r;we farms have benefittd most f n  mechanization in 

terms of inpmved farm ecomnics. Cm medium sized farm the 



do mt have sufficient land to N l y  ut i l ize  the machinery, 

and Ilust rent it c u t  in order to maximize t h d r  profits. (21 

smaller farm, hir- of eplipmt has beoome a majar cash ccst in 
farming die redwig the demarrl for labor. Smaller farms use 
mm labor per hectare, by diversifyin? irrto legumes, tree cmps, 
and livestock, h t  labor remains in suq~lus .  IIcxlsehold cash needs 

leadtopart-timef~bymenwithincreasedlabormthefarm 

by wonen. In spite of hi* labor use Bmall farras have lawar 

yields because of inability to a f f d  optimal amxmts of 

d t i v a t i o n ,  fert i l izer,  herbicide, inpmved seed, ard fallawing. 

The wdll holding cannot be llsed as a significant - of incrme 

a d  so the small farm productim strategy is limited to 
subsistenz. 

Imad Karablieh and Matmad A l i  Salem 

Rainfed areas of Jordan have seen a lcw level of technology 

a&gkicn and pmauctivity growth. Hmmer, due to dgratim of 

farm labor to u r h n  areas a d  abzpad, 1-in? technologies, 

primarily mechanization, have been widely adopted. Hired labor, 

bath skilled and manual, is pdanhmt, cdzikrthq 81% of farm 
labor hours, i n c l d i q  33% by migrant workers. In a sanple 
survey, totdl labor bpt incseased w i t h  area fam& and nspber of 

males i n  the family, ]xlt w a s  less in families with abmtee6 Md 
students, so the effects of emigration are not e l h h t e d  by hirsd 

labor. Wawn a m t r h k e  less than 20% of total labor and are 
primarily involved i n  weedirq, harvestirq, winncww and c l e m i r g ;  

wmen of the farm family participate a t  very law levels. Skilled 

lator is rrrsfly hired locally anl is caarmnly associated w i t h  farm 

macfiinery. Mi- were most active as unskilled workers. 

LegmEs requin mre labor, InY6tly urrskilled, than d s  and 

thislaborismaostlyprwidedbymigmnts. 



AhuEd Erkus, Taner Kiral, 
Hassan Tatlidil, and F. F&am Tatlidil 

An analysis of current farm practices in Rqa P r w h ,  Wkey, 
high rates of idle labor on &ed fazms, particularly 

severe on the d l  and medim sized fanns. Small farms are mre 

diversified, gmwin3 greater amxrnts of legumes, vegetables, and 

in3ustrial crcys, and d e p d r q  more on livestock. Althcugh they 

supprt d l e r  families and earn mre than larger fanas f m  off- 

farm bxm~,dl  farms have the hi- levels of idle labor. 

Under existing tedmolcqy, chillqes in crcp -ice and livestock 

m&em can hxease inxaPes and labor use particularly cn small 

and medim sized farms. W i t h  m intensive use of jmpIwed farm 

technology, unerplayment could be further reduced and inxrPe 
increased. Thus the a t emion  semi- have hportant roles to 
play in advisirq farmers of these possibilities. 

sociaZardP 5.7.8 gfIPr.lnlcrr- . . 
t0IabonUt.J 

. .  . and C t m ~  of -ow: 
A Case Studv of a nxkiah Villas 

Haluk Kasnakoglu, Halis A)rder, A. Arslan Gurkan, 
Sinran, Nazim Ekinji, and Metnret -it 

A n  interdisciplinary stucty of a village in rainfed centrdL Turkey 

docunmk the h tenc t ion  of the ecmauics and social organization 

of fanning. W i t h  adequate land and capital, fanning can be 

expcted to provide a reasoMble livelihood in years of average or 

better rainfall.  W e r ,  for many fazmers repairs or  payments on 

capital equipnent, high interest on lm of cperating capital, 
anddebtshxrmdinpoorseasarrsma)Fefarminxmermd.1mre 

precaicus. Flrber, land is not sufficient, and sharecropping, 

rental or prchase m y  be enplayed to irlcrease the holding size. 

Fmm the fannersf point of v i a ,  what is needsd are ways to 



i n a e a e  the pmductivity of lard to enable farm 

-1ds to ccntinue to ex i s t .  IXle to lard shortages, males are 
often educated w that they can find off-farm enplayment, so - 
are taking on a greater share of farm activities. Iabor exchange 

w i t h i n  the village makes up for sane seasoml &orhges ard hired 

labor is also erployd. Equiplent is by faxmxs to 
replace family labor, and as tractars can do nuch mre than people 
Mey replace, there is an excess of r&lcfiinery. 



M. B. Said 

ming 1988/89 seasm a rnnaber of trainirg activit ies w e r e  carried 

cut by FPMP staff. T h e e  activit ies are detailed i n  the 
follawirrg sectiorrs. 

'Ihe fourth anraLdl residential training cause in F'amrbq Systenrs 

F&seamh and ResaurJe Kmqmmt a t  !?M ?hdya resax31 station 

was coarducted during the period 26 February-30 Wm3-1 1989. 'Ihe 

f i r s t  wek of the course pmided a general overview of the work 

of the Program including sane information on survey work, on- 

station research and on-farm trials conducted on lenti l .  'Ihe 

remairder of the ccurse fccused on the design, cmlwt and 

analysis of fann suzveys. In particular, diagnc6tic surveys w e r e  

stressed and practical suzvey exercises were  carried cut to expoe 

the trainees to the many types of prrblems involved i n  such work 

and hew solutions can be farnd. 'Ihe arrplementary nature of farm 

survey work and on-fann trials was dealt with i n  sane detail. T h e  

ccurse was attended by 11 participants caning f m  Syria, Turkey, 

Momcco, Algeria, Sudan, Ethicpia, North Yemen and Pakistan. 

Section 5.4 of this report presents a sumnary of the r e su l t s  of 

the survey work w&rixhn by the trainees. 

Curing the 1988/89 seasan, three short training courses w e r e  

organized by the Program. 'Ihe f i r s t  one focussed on Soil and 

Plant Analyses, and was held a t  !?M Hadya during the period 5-16 

February 1989. 'Ihe course described methods of so i l  and plant 

analysis, and prwided the participants with a sound technical 

of these methods. Cummnly used methods were 



ocapared ard results of soil analysis at13 plant to 
ferti l izer were correlated. Brghsis was given to  soil nitmgen 
and ghcqhms, be- the two most hpxbmt soil  nutrients Mch 

l i m i t  food production i n  cumtries of I(XEA regicn. Ihe cause 
was attenaea by eight participants represerrtinJ Syria, Algeria, 

W i a ,  NorUl Yenwm and Ethiopia. 

Ihe seami amxe was a sub-regiondl trainirg course in Farm 
Survey Methals. It was axduAed i n  mclperaticn with mT;C a t  Sidi 

Bel Abbes, A l g e r i a ,  during the period 17-26 June 1989. A s  in the 

previcus ~nason (when the curse was ccrdxbd in l h h i a ) ,  the 

training foawd cn  wthods of farm survey work. Specifically the 

curse a n e r d  planning of diagnmtic fann suzveys, the use of 

relevant field techniques for data collection, and evaluation of 

collected data to identify and prioritize researcfiable mlerrrs. 
Training a c t i v i t i e s  included lectures and practical 

field/laboratory work. T k  amxe w a s  a t b x k d  by 15 official 

participants representing Algeria, Ttmkia, Msmcm and Libya plus 
7 unofficial participants fmm IWC, Algeria. 

Ihe third short trainhg caurse was on scheduling of 

SuFplemental Irrigation. It was presented by FRMP's wate r  

~ g r c u p t o t e n m e n 3 3 e r s o f t h e D r t e n s i m S e r v i c e o f A l ~  

Provime during the period 7-9 N a v d x ~  1989. T h i s  aavSe was 

aimed a t  the specific extension p-el who w i l l  be v i n g  the 

t e n  cooperative (ICARDA/EAAR) supplemental i r r igat ion 

-tim sites w i t h i n  Alepp~ PxmrinOe during the 1989/90 cnp 

m. 

J3MP scientists, in collaboration with univezsity staff f m  

camtries within or outside the regicn, ccntinud to identify and 

p m i &  supemision for pc&gmhate shdents. Wing 1988/89 



seascm 10 pcdqadmte shderrts (4 Ec and 6 PM) wep? reoeivirq 
this type of training, 2 of whan have now ccmpleted their W e s .  

Plans have already been made to bmeae this nrmber in 1989/90 

seascn. Detailed informatian on these W e s  are given in Table 

6.1. 

In the individual naAegme trainirg, --ties for 

training in various resew& tcpics were  available for both junior 

arxl senior scientists. Naues, camtries, subjects d duration of 

these tminhq pqmm are given in Table 6.2. 

Iianre Oarntry m Cooperat- 9-esi.s Rpic 
University 

S.A. Magid 

F.J. IWmxd 
-1 

M.S. Issa 

G-"='y 

Sudan 

S. Yaoen 

Syria 

Syria 

Syria 

Syria 

Syria 

Syria 

USA 

Michigan 

Wtivariate Analysis 
of - Systaas 

Jwmmics of Faba Beans 
inNewAreas 

Herbicide/Fertilizer 
Effect on mEat 

Soil lkst Calibration 
for m r u s  

Variation in hbeat 
Produrrion in Syria 

Fertilizer Allocation 
in Syria 

PhosphDlus Behavim in 
Calcareous Soils 

I\dcption of Medic 
-SLsteos 

Risk Analysis of N- 
Fertilizer Use on Wheat 



Table 6.2 Individual Training, Nolrdegree related 

Name --mtW Subject -tion 

2. W s r i  
I. Hassan 
S.E.K. AhHB3 
H. Qmdbane 
T. Soltani 
L. - W) 
M.H. Nagi  
2. Zahir 

Syria 
Syria 
Sudan 
llmisia 
llmisia 
Syria 
Syria 
Syria 

Soil Fertility %xa?xh 1 Year 
On-fam Fertility Trials 1 Year 
Plant-soil Water Relatiom 3 w & s  
NeubxmPmbeUsage 3 w & s  
NeutroslPmbeUsage 3- 
Fert i l izer  Allocation 6- 
~ i l l a g + o m  l e t i o n  9 
on-£am Fertility Trials 1 Year 

Fmr war- were ardwtd by the program during 1988/89 

seascn. T h e  first one was an Internaticnal seminar on ~ a d m j  

systerms R e e a r &  v d  by Clllolrova University and F'Rtw arrl w a s  
held between the 31st ocWm.--lnd NavarSser 1988 a t  Clllolrova 

uhiversity in Adam, l'bkq. Ihe first two days of the seminar 
were devated to the explanation of F'ambq Systars Ressamh and 

far paper presentations; the third day was reserved for a field 

trip. Zhere were approximately 60 Tbrkish scientists f m  6 

universities and 5 institutim. IcARIM scientists 

~ 3 p a p e r s a n d t h e T u r k i s h s c i e n t i s t s 9 .  

'Ihe km&&cp held dm* the ~ i o d  11-18 March, 1989 

was a Travelling Wmkshcp cn Soil Test Calibration in Tunisia and 

Momcco. Ihe plrpose of the workshop was to visi t  a M  evaluate 
th8 joint field experjments on soil test calibration am3uctd in 
the two anmtries. It w a s  attenaea by 10 participants 

TWkey, Cyprus, Jordan, N. Yenen, Syria, MomcEx, and 

ItXRll. The km&&cp activities included presentation of a 

seniw m soil fertil i ty in llmisia. 



Ihe third workshcp was the joint 1- syrrpasim on the 

Aqm&eomlogy of Barley - Based Farmin3 Systens d c h  was held 

in Ttmisia during the period 6-10 M a r h ,  1989. 'Rke SynposiUm was 

attmied by social scientists, A ts ard ~ m l o g y  

specialists. There was a total of 64 participants c m b g  firrm 

lUni.sia, other amtries of the region ard elsewhere. 23 papers 

were presented (as w e l l  as 6 poster presentatiorrs) in 5 sessim 

and each session was follawed by a lively period of discussion. 

Fbllcwhq the sympcsim a week-laq trainhg workshcp was given, 

focusing on crcp ard climate analyses and the use of climate and 

crup gmwth models in charaderizing barley p i n g  envircwwrts. 

The f a x t h  workshop was held in Turkey. The Turkish Ministry 

of Agriculture, Fb- ard Rural Affairs, ICARW and CIMYT 

organized an international workshcp entitled "Soil ard QEp 

for Iroproved Water Use Efficiency in Rainfed Areas" 

held in Ankara 15-19 May, 1989. 'Ihe workshcp was attended by 32 

dd scientists fran WANA region, 10 invited speakers and 28 

scientists fran ICARDA, ClMlYl! anl Turkey. Six technical sessia-s 

held, covering t i l lage and stutble ma~gemmt,  c r q  

establkimmt, fert i l izer managenent, wed cantrol, crcp mtatiarrs 

and m f e r  of information. A Mal of 34 scientific papers were 
presented a t  the workibcp. In addition, participants met i n  snall 

wwkhg grcups over two evenirg sessions to discuss broader issuss 
relating to sustainable food ard fee3 production in WANA 

regicm. A sunmazy of the synthesis of mrkbg gnxlp dkms6ia-s 

and mzammdatims is presented i n  AFperdix A of this report. 

Ihe f i f th  metbq, jointly organized with the Syrian Soils 

D i r e c t o r a t e  was held on June 11 ard 12th a t  Tel Hadp ard = 
atterded by senior representatives of the m i o n  services fmm 

the major barley ptducirq pruvinxs of Syria. An overview of 

arr collaborative fer t i l izer  resear& on barley was presented, and 

plans were £ d a t e d  for extmsion and demnstmticn of 
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Almst all these articles report r e .  un%rMum by staff 

during their the at I-. m e r ,  in saw hshmes, staff 

have written up resear& unkrbhm before they joined the Center. 

Kixm this research is of relevance to I m ' s  mandate, and when 

affiliation to 1- is indicated by the journal, such articles 

are included in the list belw. 

Brawn, S., Keathqe, J.D.H., w r y ,  P.J. and Cooper, P.J.M. 

1987. Effects of fertilizer, variety and location on 

barley productim under rainfed conditions in northem 

Syria. I. R m t  and &cut growth. Field Crcpj IbsednA. 

16, 53-66. 

Brawn, S., w r y ,  P.J., Cooper, P.J.M. and Keatiqe, J.D.H. 

1989. F z o t  ami shoat grarth and water use efficiency of 
chi- (Cioer arietinum) grmn in dryland conditions: 

effects of sawing date and genotype. Jarnal of 

Zgricultxral S c i m  (G ' ' ', ) . 113, 41-49. 

CXxp2r, P.J.M., Kethqe, J.D.H. and Hughes, G. 1983. Cmp 

eMpotransphtion - a technique for caldation of its 
carponerrts by field -ts. Field Crcpj -. 
7:299-312. 

Cocper, P. J.M., Gregory, P. J. 1987. Soil water managanent in the 

rainfed farming system of the Mediterranean region. Soil 

Use and -. 3, 57-62. 

Cocper, P.J.M., hegory, P.J., Nly, D. and Harric, H.C. 1987. 

Inpmving wter use efficiency of annual ~ o p s  in the rainfed 



farming systems of West Asia and North Africa. Ex, ' il 

m t U r e .  23, 113-158. 

Coaper, P.J.M., wry, P.J., Keatinge, J.D.H. and Bmwn, S. 

1987. Effeds of fertilizer, variety and location on 

barley pmdudion under rainfed am3itims in 11orthem-1 

Syria. 11. Soil water dynamics and crap water use. Field 

-. 16, 67-84. 

mt t ,  M.D., , J.A. and -tinge, J.D.H. 1983. 

Sinulaticn of a rainfall record for the site of a new 

agriculhral develapnerrt: an ewnple fmm northern Syria. 

m h r a l  ~ l o g y .  29:247-258. 

DeMett,M.D., Keatinge, J.D.H. amiRodgers, J.A. 1984. A 

canparkan of the rainfall egimes of six sites in mrthem 
Syria. 2qimltmal and mre& Metexolcgy. 31:319-328. 

w r y ,  P.J., 5-, K.D. andCooper, P.J.M. 1984. Eff-of 

fertilizer on root gmwth and water use of barley in 
northern Syria. Journdl of ~~ Sckme 

(Q ' ' ) 103:429-438. 

Harris, H.C., Kadsieh, S. iud Bin Shuaib, O.S. 1987. Catpetition 

between wheat and w e d s  for fertilizer un3e-f rainfed 

d t i o n s .  l&smdh J m  of Aleppo I h i e t y .  9, 35- 

64 (Arabic amrmry) . 
IEarnrsen, K. 1984. Nitrogen fertilizer use in rainfed agriculture. 

Fertilizer I&seanA. 5: 371-382. 

Hughes, G., %tinge, J.D.H. and Cooper, P.J.M. 1987. Solar 

radiation interoeption and utilization by chickpa ~ n p s  in 

northern Syria. Journal of Aqr iak luml  Sciane 

(-). 108, 419-424. 



Jones, M . J .  1987. Plant e a t i o n  and s o ~ m  proauction in 

BotswaM. I. Results of expzrim2nt s t a t i on  trials. 

plpicutlure. 23:335-347. - 
Jones, M.J .  1987. Plant m a t i o n  and sorqbum production in 

BotswaM. 1I.Developnent of farmer recowmendations. 

plpioi lb~~~! .  23:349-356. 

Jones, M . J .  1987. So i l  water and crop pmduction in Botswana. 

Soil Use and Manam. 3, 74-79. 

Jcnes, M.J.  and Sinc la i r ,  J. 1989. E f f e d s  of bare f a l lm ing ,  

previous cmp and tire of p l c q h i q  on soil moisture 

conservation in BotswaM. Trcpical Bp5ailture (Trinidad) , 
66: 54-60. 

%tinge, J .D.H and Cooper, P.J.M. 1983. Kabuli chi- as a 
winter-sum crop in northern Syria: misture re la t ions  and 

cmp prcductivity. Jarrnal of plpiarlllndL Scienz 
(C ' ) 100:667-680. 

%tinger J.D.H. and Cwper, P.J.M. 1984. Physiological and 

moisture use studies i n  graJUl ard develcpnent of w i n t e r  

sawn chic)rpeas. world Crops -on. 9: 141-157. 

Featingee, J.D.H.,  Dennet, M.D. and wer~, J.A. 1985. Ihe 

influence of precipi ta t ion regire on the mnagement of 

crop rutations in northern Syria. J- of 

i%@aflM Sci- (C ' . -p) . 104:281-287. 

Keatinge, J.D.H., Neate, P.J.H. and Shepherd, K.D. 1985. The role 

of f e r t i l i z e r  mmgement in the deve lcpent  and q r e s s i o n  

of rrap dmlght stress in m s  unler Medi- 

environmental  conditions.  =L ' 1 plpiculture. 

21: 209-222. 



ICea thqe ,  J.D.H., Dennet, M.D. and Roagers, J.A. 1986. The 

influence of precipitation regime on the cmp management of 

dry areas in rmrthm Syria. Fields Qqs -. 
13:239-249. 

Keatirqe, J.D.H., ampadan, N. andaxma, M.C. 1986. Theeffect 

of imprwed manag- of legumes in a legume-cezPal 

rotation on field estimates of crcp nitmgen uptab a& 

symbiotic nitrugen fixation in northem Syria. J a  of 

A q r i a i t M  Scienoe (Qrmbridge) . 110: 651-659. 

Kadsieh, S., Harris, H.C. d Bin Shuaib, O.S. 1986. The effect 

of nitrugen, ~ I U S  and herbicides on w?d infestaticm 

atrl wheat prxbcticn. - Jarrnal of Aleppo 

University. 8:175-195. (Arabic with Ehglish SumMly) 

Matar, A.E., Garabet, S., Riahi, S. and Mazid, A. 1988. A 

carprison of faur soil test pmcedures for determination of 

available phosphorus in calcareous soils of the 

b%dikenxmn region. OrmrmnicaticIs in S o i l  Scienoe a d  

Plant Nutrition. 19 : 127-140. 

Matar, A.E. and Brawn, S.C. 1989. Effect of rate ard method of 

w t e  placement on productivity of durum wheat in 
Wxliterm-mn envinnmmts. I. Qnp yield and P uptake. 
Fertilizer l&seanA 20: 75-82. 

Matar, A.E. and Eamm, S.C. 1989. Effect of rate andmethodof 

@mqhate placement on productivity of damn wheat in a 
Me3.i- climate. 11. Root distribution am3 P 

dynamics. Fertilizer 20: 83-88. 

Mazid, A. 1982. 'Ihe transfer of -logy and its effects on 

agriaiLtural develapnent in Syria. F&seamh J- of 

A l q p  Uhiversity. 4:255-266. 



Nordblan, T.L., Ahu&, A.H., Miller, S.F. and Glenn, D.M. 1985. 

Umg-run evaluation of fertilization strategies for dryland 

wheat in northern O r q m :  shulation analysis. Agridb-xral 

Systems. 18: 133-153. 

Perrier, E.R. and Wilding, L.P. 1986. An evaluation of 

carplterized methods for field uniformity shdies. Pdvanoes 

in P g u n r f .  39:265-312. 

Shpherd, K.D., Oocper, P.J.M., Allan, A., Drennan, D. ard 

%tinge, J.D.H. 1987. Qwth, water use ard yield of barley 

in M e d i m  type envirornnents. Jamx=d of Agridb-xral 

(G ' ' '3). 108, 365-378. 

w, M. and Harris, H.C. 1989. Assessing the productivity of 

w h a t  genatypes in a Medikmamm climate using a crop 

shulation nkxlel. Field acpS Wseccch, 20, 129-152. 

W i ,  A. and Gregory, P.J. 1989. Genotypic differences in root 

and shoat grath of barley (Horrleum vulsare) . I. Glasshouse 
sbilies of yamg plants and effects of rooting medium. 

-culture, 25, 375-387. 

Wahbi, A. ard Gregory, P.J. 1989. Genotypic differences in root 

and shoot grath of barley (IIordeum vu1mu-e) . 11. Field 

shdies of growth and water use of c ~ ~ l p s  g m  in N. Syria. 
m t u r e ,  25, 389-399. 

Aoevedo, E. aml Wahbi, A. growth, w a t e r  uptake and dry 

matter partiticdq in a grmp of barley genotypes. 

Mmtpdlier, Fiance, July 3-6, 1989. (-s in 

preparation) 



Coaper,P.J.M.,Jones,M.J.,Harris,H.C.arxiMatar,A.E. Agro- 

ecological amstmints to cnp production in West Asia and 

North Africa, ard their inpact on fertilizer use. 

ICARDA/IFDC plblication. IFPC Faper Series no. 1FM:-P9. 

Cooper, P.J.M. Fertilizer use, cnp gmwth, water use and water 

use efficiency in Meditemaman rainfed farming systems. 

Presented at the Intemtional Wor- on Soil and Qop 

for Inprwed Water Use Efficiency in Binfed 
Areas. Ankara, lk'key, m y  15-19, 1989. (- in 

preparation) 

Harris, H.C. Inplications of climatic variability for water use 

efficiency. Presented at the mtematiclnal Workshcq, on Soil 

ard Crcp Kmagmmt for Inpmved Wate Use Efficiency in 
Rainfed Areas. Ankara, l'brkey, May 15-19, 1989. 

(h-oceedings in preparation) 

Harris, H.C. relative impacts of water and tenprature 

omstmints in lawland areas of West Asia ard North Africa. 
Presented at the International Symposium on 

Physiology/~reeding of W i n t e r  Ceredls for stressed 

Meditemamm Whcmerb. MtxQellier, France, July 3-6, 
1989. 

Jones, M.J. Barley lntation trials at Tel Hadya ard Breda 

stations. ICARW-140 m. 

J m ,  M.J. Barley-based farming system of the Meditemamxm. 

Preserrted at the Symposium: 'Ihe -10logy of Rainfed 

Parley-Bas& F a d q  Systems. ' J h i s ,  Tunisia, bBrch 6-10, 

1989. (Pmceedings in prqxmtion) 



Matar, A.E. Pgmmmic aspects of plant nutrition management in 

rain depw&nt food cmp production systems in West Asia ard 
North Africa. hpsented at the FAO/FIAC Fertilizer Industry 

Acfv isory  Cannittee - 'lkchnicdl ss&-omdttee Annual wting, 

10-14 April 1989. Rnne. 

Matar, A.E., Pala, M., Beck, D. and Garabet, S. Nitrate as a 

guide to N fertilization of W t  in the ~~ 
region, pp 16. Prsent& at the Irrternationdl ConfeF2Ke on 

Soil Testirq and Plant Analysis, 14-18 August 1989, Fresm 

(a) 1 USA. 

Pala, M. ?he effect of crop for hzreasd p-on 
thruqh inproved water use efficiency at swing-. Presented 

at the Intenzatioanl Workshcp on Soil anJ. Crop MaMgement 

for &pnxed Water Use Efficiency in Rainfed Areas. Ankara, 

I\lrkey, May 15-19, 1989. (- in preparation) 

Perrier, E.R. and Silkxu 
. . , A.B. Scheduling of supplemental 

irrigation on spring wheat using water blame wthods. In 

Irrigation Theory and Piactice (J.R. Rydzewski and C.F. 

-1 &I.  ~ma=dbp of the In-ti& Conference 

held at the University of -, Septahr  12-15, 

1989, Pentech h-ess, Iondon 1989. pp 447-460. 

Ryan, J. and Matar A.E. (editors). Proceedingsofthe'Ihird 

-iondl Workshcp on Soil Test Calibration. Aman, Jam, 

Septenaer 3-9, 1988. 

. . 
S a l h m ,  A.B. Use of saline water for a q r i c u l m  production. 

Arab Institute for Develcpnerrt, Magazine of Science and 

Tectulolcgy, NO. 17-18, July 1989, pp 78-81, &irut, uhmon. 



Saxem, M.C., Silim, S.N. and Matar, A.E. Agmnodc ~~ of 
faba bean for high yields. Presented at the CMEAM 

C o n f m  on F'aba Bean, Sanqza ,  27-29 June 1989. 

Wahbi, A., Jones, M.J. Jabbarr, E, El-Hajj, K. anl Safee, A. 

Fertilizer trials on barley in Northem Syria. hesented at 
the Symposium: The Agmneteorology of Rainfed Barley-Based 

Fanning -- Tunis, Tunisia, PBlTh 6-10, 1989. 
(Proceedings in preparation) 
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15-19 May 1989, Ankara, TlIrkeY 

IS OF W W C i X  GFWP DIS(USS1CNS AND V C N S  

rn help n e t  the very large pm-jected food and feed deficits 
w i t h i n  West Asia and North Africa, a d  to ensure that prcdwtim 
increases are sustained over the lorq term, national and 
international agencies must give greater priority to inplwed 
crcp and soil lMMgement and the omsematicn of natural -. 
lhree major issues need to be addressed: 

1) lin)oges 
2) Priority of resouroe a l l m t i m  
3) Training 

- Wti-disciplimry linkages are essential. A t  the mment 
these are mFstrained by existing researd! i n f v  
f i c h  are often -ized an a cnnm3ity or discipline 
basis. 

N.B. It is also inpcatant to try to avoid overlapping or 
&licting ~aograms and advice to erctensim 
agmts and farmers. 

- Gcoa linkages htbeen policy ----exbnsim 
agents-farmers will greatly help in the develcpnent of relevant 

pmgmms and the transfer of infonmtim to farmers. 
~ ~ a n d l a c k o f r n n r e n e s s m a k e i t v e r y  
d i f f i d t  to establish d a chain of linkages. 

- Also i f  linkages have keen established, they are often broken 
by enforcad staff rmvement. 

- Wti-ratid and regional linkages are mt d l  established 
within crcp and soil mmagmernt reseamh. Sucfl m r k s  and 



information trarsfer system wxld gmatly enhanoe the 
efficiency and status of agmmmic research and extersion. 

-itv of Fescwce Allccatia, 

- Naticnal agencies nust give greater priority to agriculbral 
reseamh and extension, and create ca-ditions which examage  
men and - i n  the region to ccmmit themelves to a career in  
agriculture. 

- Within the agricultual research and exbnsicm se=br, natiaml 
agencies shculd give greater priority to QOP and mil 
m a M g e m e n t r e s e a r c h a n d t h e ~ t i o n 0 f t h e n a t u r a l  
resax02 base upon which Arture agriculture w i l l  depend. 

- md~ of this research is lcng term in nature. National and 
international agencies and - mrke?s themelves nust 
give swh researcfi higher priority and m z a  that "quick" 
solutions are not always possible, d my be mislead-. 

- Ch-farm research has a vital  rule to play in: 

1) Oweloping relevant research prograas Ulraqh better 
scientist-exbnsicm-f- l i n k .  

2) ~evelqment of mre precisely rermrmenkticns in 
variable envkmenks. 

3) m%-e realistic sxnlmic evaluations. 

~reater priority and resau~m allccation shculd bs given to 
 research. 

Achieving sustainable pnxhdicm immases in the harsh and 
variable ernrimmwks of West Asia and North A f r i c a  is going to 
pose a antiruirg challenge. To meet this challenge, 
n u s t a m t i r u a a r d ~ t h e i r ~ i n t r a i n j n g .  

In general, the region has a deficit of &lled manpcklar in: 

- ngrmmy (and a range of related disciplines) 
- Livestoc)c science - IIural sociolqy and d c s  

Jn I n i a a r .  the mion wclrld benefit e r ~ ~ ~ l v  fmn the 
center . . 

for Extension 



Main Issue 

DwelcpPent of m r '  te tillage and stubble mmgamt svstens 
for soil and wae2kvaticn, plant gmwth, and sustainable 
m i m .  

1. Tillaqe-&&bleanhal interacticsr; 
(Ihe use of M l e  for water and mil aor;ervation ccmpared 
with the armnt practice of -1e for livestock feed) 

2. Effectiveness of M l e  retention for water infiltration and 
reduced evapration. 

3. Effectiveness of p r h q  tillage on water infiltration and 
retention. 

4. Efficient use of additimd soil water thraqh gocd ma~gemnt 
(rutrients, weed cmrtrol, *tiom), and the role of &cal 
weed ambml in reduced tillage. 

5 .  I(lesearrfi and develapwrt on apprcpriate tillage equipwnt and 
Plarhers. 

6. Availability of spare parts and t edu l iC€d  kxW+CW ahart 
seti5-q and wintainirq wd-heq. 

1. lhere s h d d  be lorq term, nulti-disciplinary, nulti-factor 
trials on the wjor soil types of a camtry. Wese a u l d  be on 

staticsr; or an-farm, M nust be Wl-contmlled. 

2. Sucfl researrh shculd be in tegrated into national prcqraim to 
ensure lcpq term 0 m n . i ~  and rmtinuity. 

3. Site &arackrization is essential for anpariscms and 
extrap3lation of f i r m .  

4. Tillage equim mrst be realistic for adcption by fazmxs. 

5. T!ammg . . in usage and rminteMnoe of 6quipw-k is essential. 

6. Iccal practice m d  be include3 as control. 

7 .  All resear& nust include nmitoring of cxmxmics and social 
factors. 



1. Interabicms of tillage-residue-livestock are ccnplex and 
rmtrol is difficult. 

2. Tillage eqdprent is ofbn site (soil type) specific, and 
v i m .  

3. Wti-discip1inar.y approach to r.esemA is 1- within the 
regicn. 

4. Zhere ara not ens@ e x p e r i d  scientists. 

5. Raining is i.mdqmte. 

6. cmt imi ty  of resea& furds & personnel (scientists and 
staff) is neded. 

2. Special meet Anding is needed frcm naticnal 
goverrmentorexternalscux!es. 

3. Y a m g  reseanA gm3uates sharld be involved. 

4. support staff mrst be trahJ3. 

1. w i a t e  methods of seedbed prepamtian. 

2. t k t e m h h  of interacticn of seed mte/plant density with 
envhmmalhl factcw. 

3. Matching of varietal -istic8 to env' 

4. Predicticn (-ling) of w i a t e  time of saring for - cm~ping. 

1. Plant a r r a t t t  d rar qacing 
2. Qusting Of soils 
3. Seed clressinp 
4. Seed size and depth of plantirq 



1. Bnr' 1 ctraracterizaticn is inportant for exterrsion of 
results beycnl site of experiment. 

2. Wlti-disciplinary research linked t o  multi-factorial 
experilmb 

towseaxtl 

1. Lac3c of facilities for training 

2. Rur status of agriculhzal research - reflected in poor 
logistic suFport and w t i o n a l  finrjs. 

3. Rur camunicaticn irmckrgst regicmal and national scientists. 

W i b l e  Solutions 

A regional hf-ticn transfer r e c h n h  in order to: 

1. Facilitate research 
2. Give irdivichnl a wider sense of suFport 
3. Offer t r a i n i q  qprbmi t ies  

tedvMmi 1. EhosDha cs: dqleti-d up of soil-P availability 
over tire, its relaticn to fertilizer regime, crcppirq pattern 
and soil type, an3 its basic m i l  &mishy. 

Strategies for Illesearcfi: I a q - h m  Trials 
Site Chmcteizatian 

2. Efficient nitmclen fertilizatim: rate, uethcd and time of 
a~plicaticn: d e v e l e  of IBorrmrendaticns flexible to 
take accmmt of locality, seascn, previws crcp and rainfall 
situaticn. 

Strategies for kseaxh: Cn-farm - 
Site  Characterizatirn 



3. --: D i  for assessirq N ard P availability and 
fer t i l izer  need, in partiollar dandardizatim of analytical 
methods ard determination of critical levels - in soil, h t  
also -, for N in plant - in relatim to soil type, 
r e o e n t f e r t l l i z e r u s e a r d ~ ~ .  

Strategies for Resea&: Site Chmcterizatim 
Regional Infonuation Network 

4. Fertilizer intern: with other mmptmt mces (e.g. 
tillage, wd cmtml) an3 m i l  imighue d t i c n s ,  leading to 
targeted recarmendatims for specific lptaticns, mmagamt 
levels, etc. 

Strategies for Ileseard: Wti&iplinUy - 
Wti-factor IIffearrfi 

Laq-term Trials 
Site Charaderimtion 

5. Mi-nutrient deficiencies: s+le metkds are needed to 
identify and anticipate mi-nutrient pmblens accomlhg to 
soil type/cmp/intensity of producticn. [Regicmal infonnatim 
system. I 

Strawies for Iliesearrfi: Site tharaderizatim 
Rqional Infomation Netwrk 

6. EcoKmic dimensim: analyze fert i l izer trials d c a l l y :  
I.eoomnendatims to farmers based m results of on-fann trials 
ard SMies of related socio-ecawmic factors and risk. - 

Strawies for Wsarck Wti-factor 
mlti-dkciplinary Wsearh 

On-farm Ileseard 
Site Charaderizatim 

Prioritv Issues 

- Fimqhte  placenwt: banling v. ta9adcast- 
- -ism of fert i l izer £0- (hi* v. lar analysis: 

-) - Micrcbiological aspects - hiz&ia and mymrrhiza - fert i l izer respcslse 
- =%35 and $2 to - fert i l izer efficiency. 

W'der 1 Issues 1 '.e. F &ltv ' ' Not Just Fertilizer 

- Soil mical properties (evolution in relatim t o  robtion, 
soil orqanic matter ccnterrt) - Legum effects m soil N dynmics - olyanic marures - --term nmitorirg of fertility: mtrient b a l m .  



Financial Stratsgies nust affected 

ELvpxrJer -- All -trainirrJ 
- s a l a r i e s / M v e 8 / M i t i e s  

-ti018 - quiprent Q r f m  wsedrdl 
- vehicles, operat* costs i n q - t e r m  R e E e a d l  

Site cbmcterization 

orgariizaticalal 

Inst iMicnal  barriers HAti-aisciplinary resear& 
(- v. E&ensicn; M also 
within resear&) 

--tic 

Staff - Qrfarm wsedrdl 
HAti4hciplirxny Resear& 

Information Nebmrk 

bmg-term 'Trials 

WEED U X n a L  

1. Change in m a t i o n  ard species of weeds due to shift in 
farming systw f m  fallow to amtinuals crqping, taking 
livestock irkmadion w i t h  the systens intn m i d e r a t i o n  

2. Khrwledge of 4 flora and p a w  in w i n t e r  sarn 
crcps 

3. Ecarmic and agrarcmic analysis of the systens 

4. Integrated weed control in food lqmes, particularly 
broadleaved ard parasitic weeds (&cal use and d t u r a l  
practices such a s  5cwh-q date, in- cultivation, 
mlarization, etc. ) 

5. Integrated weed mrtrol i n  cereals, p a r t i d a r l y  grassy weeds 
(use of meals ard cultwal practices swh as tillage, 
sa~ing date, planting pattern, etc.) 



6. selection of crcp varieties with hi* c a p t i t i v e  ability 

7 .  antrol of late germinating W. 

- fanner mmitorirq - laq-term trials - rmlti-disciplinary reisearch - rmlti-factor trials - site dmracbrizatim - regialalagrcswmic- 

- Insufficient - Jntegration of different d i s c i p l h  - rn- of -, m i o n  and famwz fmp plarnirq 

- I-ification of suitable 1- species 
- S t d h  of water and N balance - Ecarmic analysis 

- Social, cul- aspects need to be defm 
- Is a new t d m o l q y  feasible for htmdmtion 
- Need to find mcae adaptable varieties or species - Need to stuiy the effect of ley farming cm the and 

mica1 chmcteristiu of soil and water use efficiency 

- Effects on soil pmpezties and soil capaction - - - - ~paci ty  
~ x m a a i u  of cereal-leqm-livestock systems 



- Alternatives for varicus climatic situati- 
- Need to fit the system into local situaticn 

5 .  to have methods for d c  evaluatials 

3. Graq, eqerinents w i t h  similar chjectives i n  the region but 
slightly different d e s  and aFproach acmditq to local 
ccnditicns 

4. Initial trials-experiment statiw 

5. Intrcduce new tedmulogy (new varieties, IEW planting 
bxkliqles, sszdirqdate...) t o f a r m e r s a l ~ u s i n g s c m e t y p e  
Of rotatical 

6. Cmp sequenm effects can be determined Cm shorter term basis 
and cn farmezs' fields 

7. Design and method of analysis of rotaticn e p d n m t s  rmst be 
carefully ansidered before in i t i a t im  of acbal field trials 

Cr ' :Itsto- 

- c c m l u i . ~  to laq-term trials 

- m i v e  in Lsxs of lad, time, perscPwl and f h % x ~  

- puick results are expected but may be misleading 

- Fmwhma for amb& of rotation exprimnk not well 
ladezstood. Not many good past exauples are available 

- ~ c n g  time-lag b&iwm initiatim of trials a d  usable (and 
pblishable) results 

- IRmstmticn of results in farrmers' fields d i f f i a t  because 
of time and land I q J i x d  fran farmer 



1. Inclusion of srtersion offi- d farmers in pmject teams 
f r c m t h e a h s e t  

2. Establbbent of extensiwrural sociolcqy tminirq center in 
region (a paw;ible role for 1- was aggested by 
participants) 

-ion Services Maior to  

1. A t t i *  of I&22IS nUaI 
2. Gwenrmerrt -. financial m r t .  etc. - - 
3. lar credibility of extension workers: skiils, roles, career - 

Mqmen t  
4. Poor knwldae of extension s k i l l s ~ / ~ l m i e s  

1. Vpgradirg of extension =ices-, Ands an3 suFport 
2. Specialized training: - Inter-regional travel 

- Travellirg wrkslqs - Fstablishment of extensiwnnal 
sociology/- train- cents 

3. Greater use of elezbsdc media 
4. PlanEd projeds 

1. Poor linkages, poor cmrdjnation hetween researcfl extension d 
farmers 

2. Unavailability of inplts (seed etc.) an3 lack of Weal 
v r t  services for farmers 

3. Advice to farmers often amflicting, instead of clear and 
tarsetea 

4. Level of ducation of farmers 

Possible Soluticsls 

1. Improvenrnt of r e l a t i d p s  hetween each grcup in the 
researrfi- extemicn--ion Cartinnrm tiu~41: 

- Better organizational struchtres - U t i d i s c i p l k m y  project team involvhg researchers - w a r  training and/or w m M q s  
-  logical transfer cmrdjnation camnittees for regicls 



Efficiencv of Fertlllzmr Us? . . 

SWAN-1 N i w  and m t e  soil test calibration for wheat 
in farmer's fields (ccqemtive with Syrian Soils 
Direcbrate) 

SWAN--2A 'Ihe effect of fertilizm on different chrnaa wheat 
cultivars (cocperative with 8) 

SWAN-) ContriMion of mineralization potential in soils to 
n i w  nutriticn of wheat (-tive with FLIP) 

SWAN-4 13-fano barley fertilizer trials (mcperative with 
Syrian Soils D W r a t e )  

SWAN-5~  he effect of soil depth on the efficiency of 
fertilizer use by barley 

SWAN-8 mtcmction bebeen soil misture, soil P an3 applied 
m t e  on grwth, nutrient uptake an3 yield of 
lentil (mcperative with Alw university, EPjc study) 

SWAN-9 Rate of dmqe of available P in soils in relatim to 
residual an3 =lied pks#nte llnder a cereal legme 
crsping sequenoe 

SWAN-10 ~adsmptim isotherns in calcarea~~ soils 

U a a e  atxl Stubble mmammt 

SWAN-11 'Ihe effect of log term tillage systems on the 
stability of wheat/lentil rotations 

SWAN-12 Tillage methcd ampr i son  in 3- wheat rutatiols 

SWAN-13 ihe eff& of stuble bming ard seedbed preparation 
systems on a wheat/lentil rutation 

SWAN-14 ?he pmch3ctivity of fannirq systems (cocperative with 
PTIP a d  FLIP) 



Pnducticn Fzactices for Fccd Lmume~ 

SWAN-16A ihe effect of mil tillage, rn spacing ard wee3 
-1 rn vie- of winter - &ckea ( m t i v e  - - . . 
~331 FLIP) 

-19A S i t a m  ard weed -1 for lentil in fanners' fields 
(caaperative with FTXP) 

SWAN-20 Improved production practices for chickpea 
(czqerative with m) 

sum-21 Forage l e q m  potential in chy areas (cooperative w i t h  
-1 

SlAN-22 V&& utilizatim trials 

MAN-23 -1- irrigation of wheat: nitrogen and variety 
effects (oxperative w i t h  Irrigation Department) 

MAN-24 &seat& manaqd suppleuentdl irrigation of wheat 
(cocperative w i t h  Irrigatian Department) 

SWAN-25 &seat& mmgd m e u e n t d l  irrigaticm of barley 
(mqemtive with 8) 

SWAN-26 Resm?xh +a irrigatian of &c)pmas 
(cmperative w i t h  FLIP) 

M - 2 7  -ley mtaticn t r i a l  (Old Rotation, 9th year) 

SWAN-28 Potage clpp/barley mtaticn trial (New Rotation, 7th 
year) 

MAN-29 barley tr ials  (3rd year) 

MAN-30 Barley scale-hsed rotation trial (hd year, 
cocperative w i t h  8) 

MAN-31 PFIP/= madic barley mtation trial (2nl year, 
m t i v e  with -1 



AQw-1 Selection and characterization of key sites 
(cmperative w i t h  6 ard FLTP) 

MRM-2 Spatial c l imte  model 

AC€M-3 Snff!x Wt Qowth Mcdel. Determination of genotypic 
a3ef f icients 

Mmf-4 Sinulation of sqplemental irrigation farming us* a 
modificatim of the --wheat rpodel ami ICUUR 
wsather genexafnr 

AmM-5 Dwelqment of a mrpatible rrndel for d c  
waluatim of nitrogen fer t i l izer  strategies in 
rainfed wheat and barley 

m 7 A  m barley model validaticn an3 calibration 

AaM-8 hie-farm risk analysis based on exprhm-kal flocks 
and crrp rutations a t  Tkl Hadya, W Syria 

AmM-10 I1-rtensificatim of mall nmhant prorfuction in 
rainfed crop ard pasture systens of W -Syria 

-11 Characterizatim of dryland farmby systers in the 
arid zcsles of Jordan 

EW?'B3! 3. AMIFTION AND IMPACT OF T E U K ) I O G ~  

ADIM-1 Analysis of crcplivestock p d c n  in the Freda- 
-area 

ADIM-2 Economic factors influencing adcpticn of new 
tectvalqy in dry areas: a case study of fer t i l izer  
use on barley i n  N. Syria 

ADIM-3 Factors affecting the adcpticbl ard wd of 
sqplemental irr igatim 



A D M  ~ l d ~ o e s i n s h e e p ~  

ADIM-5A Stutblehnning in- Syria 

-7 Eancmical f e r t i l i w  allocaticm in Syria (cocpemtive 
with Ale~po Uhi-ity ard Syrian Soils D h e c t o m t e )  

ADIM-8 ~ a r l e y p c d u & i m ~ c m i n s y r i a a r d ~  
(cocparative with Qlkvwa Uhi-ity) 

ADIM-9 chrerall evaluaticm of socio-gxncmic inplications of 
lentil hanrestimg -al re3ear& (cocpemtive 
wiUl FLIP) 

-10 ~ac io - econcmicsurvayo fwin t8raarn~~ inSyr ia  
ard Momca, (calpemtive with FLIP, INRA - D w  
-1 






