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1.1 

1. 


As in nrevi.x.lS years, the fonnat of this report is centred ara.uxi 

the foor major projec:t.s within the program; namely: '!he Management 

of Soil, Water run Nutrients, lIgrJ-ecological O1aracterization for 

ResCA.1rce Manage:rrent; The AdqJtion and Ilrpact of New Technology and 

Tra:inin:J and Agrot.echnology Transfer. 'Ille report rontains, in 

addition to this introrr..lction, seven chapters. . Olapter 

provides an Executive S\.Inunc!.ry of our research and trainirq in 

1988/89. '!his SUIT1Ilk-u:y only refers to the cx:mt:ent of this report 

which itself does not att.errpt. to report all our activities. A 

full listirq of all our research activities are given in ~ 

B. Olapter 3 rontains several irrq:x:lrtant repol.i:s within oor 

Projec....-t on the Manage.rent of Soil, Water and Nutrients. Of these 

reports, three present a summary of research con:iuct:.erl over the 

last four seasons. '!he topics cove':ed are the on-fam evaluation 

of fertilizer use on barley, the em-fann assessment of inproved 

chickpea production technology rurl the results fran a large scale 

on-station trial assessirq the productivity of contrastirq wheat

based fanni.rq systems. Olapter 4 presents reports on three 

contrasting aspe(. :ts of our research on agro-ecological 

characterization. section one illustrates how I~'s model for 

spatial weather generation can be used to identify response 

danains within which the probability of climatic events, arrl their 

inpact on technology performance can be identified. '!he seccn:1 

section illustrates an equally impoltant aspect of 

characterization, nan~ly t!1C description of different fann types 

within relatively hClOCXJenecus response danains in Jordan. It is 

the characterization of rontrastirq fanner strategies within 

response dCl'Mins which allows the identification of lOOre specific 

l."eaX(~nerrlation danains. 'Ille third section df'lTOnstrates how Ion:] 

term climatic d'itasets and a wheat gI"CMth siliUlation model (CERES

2 
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N) can be used to assess the interaction of different levels of N

fertilizer use on soils of vcuyirg N-status am their inpact on 

wheat production in Xian Pl."'OVinoe of Cl\i.rr.l. O1apter 5 contains 

six :reports corx::em€Cl with the MqJtion am Inpact of Technology. 

A wide rarge of subject matter is covered ircl\.rlirxj the adoption 

dynamics of winter chickpea in l-broooo, an analyrsis of Syria's 

current strategy for feec:li.rg its ~ National st,eep Flock, 

an asses...c:qrent of production furx:tions as descriptors of the ilrpact 

of tec:hoology on barley production in Syria am 'l\lrkey, am 
Slmmaries of eight case stu:lies which assessed the inpact of 

c:hargirg technology on agricultural labor in Algeria, Morocx:x>, 

Tunisia, Jordan am 'lUrkey. Chapter 6 reviews our program of 

train.in;J am workshops durirg 1989 am Chapter 7 am 8 list \lU!' 

p,lblications am staff respectively. 

In surrrnary, whilst not reportirg all oor activities durirg the 

year, cur 1989 Annual Report provides a detailed acx::a.mt. of a 

broad rarge of subjects. 'lhese iEustrate both the breadth :>f 

research UJ"Xiertaken arrl their nrulti-cisciplinary am integrated 

nature. As always, it is with great pleasure that we expres.c; oor 

sincere awreciation of the dedicated effort of prog.carn regional 

staff am the National Scientists with whan we work. 

staff 0laRJes 

rurirg 1989 we bid farewell to several of oor staff, rut were 

delighted to welcare many nf?Il acklitions. Q.lr II:RC furxled FSR

Project in 'l\1nisia came to an em in Jllly, am Dr. 'Ihanas 

stilwell, oor ootposted agronanist resigned. Q.lr thanks to him 

for all the SLJH?Ort he provided to the project am also to his 

research assistant Samir Baccari who also left ICARDT\ am uow 

works for INRAT. Dr. 'Ihanas Nordblc:rn (Agrialltural Eooncr.rl.st), 

who joined the Prr:lg"J.-am in 1981, departed f:>r a well eamed 

sal::batical leave in Austrctlia , ard on his return in 1990 will be 

transferred to ICARD7'.'s Pasture, Forage am Livestock Program. 

http:Eooncr.rl.st
http:acx::a.mt
http:feec:li.rg
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Mrs. Meri Whitaker (Fbstgraduate Econanist) c::x:rrpleted her 

field \\1Ork on the design of an econanic sub-rootine for the Ceres

N Wheat lb:1el an::l has returned to stanford University t.o ocrrplete 

her thesis. '.IWo visitin:] scientists also retUl.ned to their 

respective cnmtries. Dr. Hamid Fakki (Agricultural Econanist, 

Slr:ian) c::x:rrpleted a traini.rq manual on on-fann research, am is 

now producirg an Arabic version in SUdan. Dr. Scl:h.i Naggar 

(Agronc:mist, Dypt) c::x:rrpleted six reports on the F'ant\in;J S']stems 

of the N.W. coast of D3YPt whit::h we hq:e to plblish soon. ().1r 

thanks to both Hamid an::l SCChl for their excellent work. Mira 

Al:xiel.nalr, after 10 years as one of oor senior research 

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

().1r COl"XJICltulations to her am. Dr. W. Erskine (FLIP) am our 

heartfelt thanks for her oot.stan::tin:J \\1Ork whilst she was with us. 

We also said a partial goodbye to Miss Bana Rifail (secretaIy) who 

has been trarsferred to lCARDt\'s Visitors Services. 

Finally, we bid farewell to Messrs Zuhair Masri an::l Ezzeldine 

Hassan who joined us for a year frc1T1 the syrian Soils Directorate 

of Aleppo an::l Hassakeh respectively. We thank them both for the 

excellent year's WIJ:'k they contrib.It..ed to oor cooperative 

fertiliz~' research program. 

D.lrin:] 1989, we also welcx:rra:i several new visitin;1 scientists. 

Dr. Shi Ztmtorg fran China joined us to work on rur package for 

hg:to-ecological Olaracterization am to assess its potential for 

use in the wheat growin;1 areas of Xian Province. Mr. I<hazaa El 

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

collaborative evaluation of our· recently developed progra.'lI for the 

National Allocation of Fertilizer. Li.na Mayda (also Soils 

Directorate) joined us as a trainee to work with I<hazaa on this 

project. Dr. Nouredine Mona (an ex-postgraduate stOOent) re

joined the Program as a visitirg scientist fran Alepp.: University 

to assist us in the CCIllOilation of a th.oI'CU3h literature review of 

http:contrib.It
http:traini.rq
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issues concerned with the ~p an:} management of marginal 

lards in West Asia. Finally, another previoos colleague, Dr. 

EliZ2beth Bailey, also re-joined the program as a visitin1 

scientist. Elizabeth is an agricultural ecoI'X:I1list with 

specialization in risk analysis. She will be \IIOrk.irx;J closely with 

other colleagues at lCARl)/\ on larxl use strategies in the nmginal 

agricultural areas of \>Jest Asia an:} North Africa. 

We were also joined by two postgraduate students. Mr. Maurice 

Saade (Michigan s+..ate University) is \IIOrk.irx;J for his FhD in 

Agricultural Ec:c:lrx:Inics with special refen:>.nce to the allocation of 

fertilizer, an:} associated risk analysis. Mr. Elias Afif (Cordcba 

University) is v.IQrk.irx;J for his FhD in soil Science an:} is focusin1 

on the dynamics an:} c:.vailability of IilOSIi1orus in calcarealS 

soils. Both are rnaki.rg gocxl progress, am are wel.cane additions 

to FR1P. 

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

Research Technician to give added ~rt to oor Agroclimatic 

research. 

'!be Weat:iler in Syria rurim the 1988/89 Seascn 

'!he season of 1988/89 in Syria an:} Lebanon had b.'O distinct 

,;JeIiods: a start with anple, ruch higher than average rainfall 

followed by a lorg, very dry secord period. 

SUbstantial an:} early rainfall anomts were received at all 

stations, startirg the secord week of Oct:cber. Quite heavy rain, 

in canbination with fairly mild te!Tq:leratures, continued until the 

errl of the year. Fran the secord week of January onward a quite 

different weather pattern prevailed with very little rainfall 

(except for a wet spell in March), cold nights an:} stmny days with 

high evaporative demarxl in sprin1 (see Table 1.1). Total seasooal 

http:rnaki.rg
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Table 1.1 Intra-sea5'Jnal distribution of rainfall 1988/89 

Period 1 Period 2 

Oct - 8 Jan 9 Jan - May 


SUb total Percent of SUb total Percent of 
nm seasonal total nm seasonal total 

Jin:tiress 315.9 89 38.3 11 
Tel Hadya 195.4 83 38.8 17 
Bre:ja 165.0 85 28.8 15 
Baleider 154.0 81 32.4 17 
Ghrerife 185.5 92 16.0 8 
Terbol 232.6 72 75.0 28 

rainfall was far belCM the lorg tenn average at all sites. '!here 

is only awroximately a 1 in 10 d1ance of receivi.rg the sarre or 

less rain than duri.rg the 1988/89 season, an] one has to go back 

in history until 1954/55 to firrl a season with a similar intra

seasonal distribution of rainfall in Aleppo. 

'!he heavy rain in October am November fell in distinct spells 

which rrade plantirg in time possible, as the field surface had 

sufficient time to dry in between. '!he good rains up to Dec.el1'aJer 

enabled early sown crops, cereals an] legwres, to develop good 

starrls which managed to withstand the follCMirg frost an] drought 

better than one might have expected, yieldirg up to half of what 

is harvested in a "nonnal" season. 'The reduced weed infestation 

Jdue to the drought al~ contributed to this effect. later sown 

CI'CJ!lS, hCMever, suffered severely fran drought an] frost, often 

Iiel<.lin:] not nore than 10% of the average when harvested. In the 

barley-livestock cu:eas, nost fields were grazed off before harvest 

time. Even in the w-etter, wheat gI"C7Nl.rg areas, grazing of the 

crops was widespread. 

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

Tables 1.2 to 1.5. 

http:gI"C7Nl.rg
http:receivi.rg


Table 1. 2 li:>nthly precipitation (um) for the 1988/89 season 

SEP ocr NOV DEx:: JAN FEB MAR Am 1097 JUN JUL AU; TOrAL 

Jin:liress 
1988/89 season 0.0 61.6 125.6 117.1 11.6 1.2 32.1 0.0 5.0 0.0 0.0 0.0 354.2 
l.cln;J tenn average (30s.) 1.3 29.5 54.5 99.2 89.5 73.4 64.8 43.4 18.9 3.2 0.0 0.9 478.5 
% of lon;J ter.n average 0 209 230 118 13 16 50 0 26 0 nja 0 74 

Tel Hadya 
1988/89 season 0.0 ~1.2 60.8 83.9 10.0 5.8 17.8 0.0 14.9 0.0 0.0 0.0 234.4 
l.cln;J tenn average (115.) 0.5 27.7 46.3 58.4 62.8 51.6 44.4 28.8 14.4 3.4 0.0 0.1 338.4 
% of lon;J tenn average 0 .i49 131 144 159 104 40 0 103 0 nja 0 69 

Breda 
1988/89 season 0.0 52.8 45.6 65.4 1.2 2.0 12.6 0.0 14.2 1.0 0.0 0.0 194.8 
l.cln;J tenn average (315.) 1.4 14.5 30.0 52.6 47.2 27.8 32.7 32.5 15.7 1.6 0.2 0.0 256.2 
% of long tenn average 0 364 152 124 3 7 39 0 90 63 0 nja 76 

Boueidar 
1988/89 season 0.0 20.6 56.6 74.2 5.5 0.4 25.7 1.0 2.4 2.5 0.0 0.0 189.0 
l.cln;J '.:.errn average (175.) 1.5 14.3 23.0 36.6 41.3 36.4 27.1 19.0 9.7 0.8 0.2 0.0 209.9 
% of lon:;J term average 0 144 246 203 13 1 95 5 25 325 0 nja 90 

Ghrerife 
1988/89 season 0.0 72.7 50.0 62.4 0.4 1.8 13.0 0.0 1.2 0.0 CI.O 0.0 ~01.5 
l.cln;J tenn average (55.) 0.0 44.8 36.5 39.6 50.8 36.1 41.8 15.3 19.2 3.5 0.2 0.0 287.8 
% of lon:;J term average nja 162 137 158 0 5 31 0 6 0 C nja 70 

Terbol 
1988/89 season 0.0 38.2 48.8 145.6 36.2 22.2 39.4 7.2 6.0 0.0 0.0 0.0 343.6 
l.cln;J tenn average (95.) 0.0 29.5 59.3 90.0 122.0 101.8 99.8 24.4 10.9 1.3 0.0 0.0 539.2 
% of lon:;J term average nja 129 82 162 30 22 39 30 55 0 nja nja 64 
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Tablij 1.J Moothly air 1:aIperature (OC) for the 198&/89 seascn 

SEP OCT OOV IE:: JAN FEB MAR Am HAY JON JUL lIOO 

!1.irrliress 
Mean max. 33.1 24.5 14.8 12.2 11.3 15.1 19.8 29.5 31.1 31.6 34.5 33.7 
Mean min. 17.1 12.4 6.0 4.4 -2.1 0.9 7.6 11.3 14.4 18.2 21.9 23.3 
Averaqe 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 • l!'.'iX. 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.S 9.3 14.2 lS.9 19.0 

Tel Hadva 
Mean max. 34.S 25.5 15.6 12.3 11.9 15.2 20.1 30.S 31.S 33.S 3S.0 36.7 
Mean min. 17.4 11.5 4.6 2.6 -2.3 -1.4 6.1 9.7 U.S 17.4 21.9 21.6 
Average 26.1 lS.5 10.1 7.5 4.8 6.9 13.1 20.2 22.3 25.6 30.0 29.2 
AI::lfl. max. 40.5 35.5 23.6 lS.2 17.0 23.0 24.6 37.1 38.8 39.3 41.7 40.9 
Abe. min. 13.2 4.S -6.6 -4.5 -9.7 -9.9 -1.1 2.9 7.7 12.2 19.9 lS.8 

~ 
Mean max. 34.5 25.1 15.2 11.7 11.3 15.0 20.9 31.3 31.9 34.3 3S.5 36.9 
Mean min. 15.4 10.S 4.3 2.1 -2.4 -0.9 6.0 10.0 U.S 17.2 19.9 20.1 
Averaqe 25.0 lS.0 9.7 6.9 4.5 7.1 13.4 20.7 22.4 25.7 29.2 28.5 
Abe. max. 40.0 35.0 22.9 17.0 16.5 24.0 .~6.2 36.9 39.0 39.4 42.9 40.5 
Abe. min. 12.3 5.7 -5.S -4.0 -S.S -9.4 -013 4.0 7.7 12.7 16.0 16.2 

Booe1~ 
Mean max. 33.9 25.4 14.0 S.5 7.S 12.1 17.7 28.9 32.3 35.0 38.7 37.4 
Mean min. 14.5 11.6 4.7 1.5 -2.9 -2.1 5.2 9.4 10.9 14.5 17.1 16.5 
Averaqe 24.2 lS.6 9.4 5.0 2.5 5.0 11.5 19.2 21.6 24.7 27.9 27.0 
Abe. max. 39.5 34.2 23.0 15.1 15.0 20.6 23.6 36.0 3S.6 39.9 42.3 40.5 
Abe. min. 9.0 6.S -6.3 -3.9 -7.9 -10.0 -1.3 5.4 4.7 11).S 13.9 13.0 

Qlrerife 
Mean max. 33.5 24.S 14.7 11.0 10.2 14.0 19.9 30.7 32.1 34.3 3S.3 36.9 
Mean min. 17.5 12.6 5.0 2.6 -1.6 0.1 6.7 12.5 15.0 17.S 21.4 20.9 
Averaqe 25.5 lS.7 9.9 6.S 4.3 7.0 13.3 21.6 23.6 26.1 29.9 2S.9 
Abe. max. 38.9 33.4 23.S 16.,7 15.2 23.0 25.7 36.7 3S.5 39.3 42.2 40.3 
Abe. min. 14.5 8.2 -4.0 -3.0 -S.6 -S.O -2.5 6.S 10.0 14.3 19.0 lS.l 

~ 
Mean max. 31.0 2:1.9 16.2 12.2 S.4 13.0 t7.~ 27.5 27.7 29.9 33.0 33.2 
Mean min. 11.2 8.0 2.8 1.6 -3.0 -2.6 2 • .L 5.9 7.S 10.0 U.S 11.5 
Averaqe 21.1 16.0 9.5 6.9 2.7 5.2 9.7 16.7 17.S 20.1) 23.0 22.3 
Aba. max. 36.5 31.5 23.5 21.5 16.0 23.5 23.5 32.5 34.0 37.0 36.0 36.0 
Abe. min. B.O 4.0 -B.O -5.0 -B.5 -10.0 -3.5 0.0 2.0 5.0 9.0 7.5 
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Table 1.4 Frost events durin:] the 1988/89 season 

ocr NOV DEC JAN FEB MAR Am SFASOO 

Jimiress 
No. of frost days 3 5 25 13 1 47 
}..bs. min. CCc) -3.9 -3.8 -8.7 -8.1 -0.3 - -8.7 

Tel Hagy,~ 
No. of frost days 4 5 23 18 2 52 
Abs. min. COc) -6.6 -4.5 -9.7 -9.9 -1.1 - -9.9 

~ 
No. of frost days 4 8 22 16 2 52 
/Vx.. min. COc) -5.8 -4.0 -8.8 -9.4 -0.8 - -9.4 

Bo.leidar 
No. of frost days 3 10 26 19 1 59 
Abs. min. COc) -6.3 -3,9 -7.9 -10.0 -1.3 - -10.0 

Ghrerife 
No. of frost days 4 7 21 15 1 48 
Abs. min. COc) -4.0 -3.0 -8.6 -8.0 -2.5 - -8.6 

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

Table 1.5 Frost events at 5 en above the grourrl duri.rB the 
1988/89 season 

ocr NOV DEC JAN FEB MAR APR SFASON 

~Hac1'ra 
Frost days 5 7 25 19 2 58 
Abs. min. -8.3 -5.5 -10.5 -11.3 -2.0 -11.3 
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2. ~ SUftI.!ARY AND HIGlLIGH'S OF 
RESEl\R(]{ MID 'mAINIOO RERlRIS 

In this section, we present st.nmlaI"ies an:i highlights of the 

research results we are reportinJ this year. Readers are referred 

to specific sections in whidl the full an:i detailed reports are 

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

an:i research activities corrlucted during the 1988/89 season in 

lq:pmtix B. 

2.1 Project 1. Managt:!Delrt: of Soil. water am Nutrients 

Four Year Stnmnary of Research on 
Fertilizer Use on Barley (section 3.1) 

Between 1984/85 an:i 1987/88, 75 on-farm trials were corrlucted in 

Zones 2 an:i 3 of syria to assess the biological an:i economic 

response of barley to nitrogen an:i IXtOSIilate fertilizer. sites 

were selected to represent a ran;Je of rainfall corxlitions, soil 

types, soil depths, soil fertility levels an:i cropping sequence. 

At each location, 16 nitrogen am iXlosphate fertilizer 

canbinations were assessed in factorial design wit.~ two 

replicates. Eadl site was fully dlaracterized with respect to the 

ran;Je of environrrental variables whidl were thought to have 

inportant effects on fertilizer responses. In two seasons, 

selected fertilizer combinations were also evaluated in parallel 

fanrer-rnanaged tria1.s, an:i throughout the four seasons surveys 

were urrlertaken to detennine fanoors' current barley production 

strat.e:Jies, the asS<."lCiated costs an:i prices involved an:i their 

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

done on this inportant am extensive data set, an:i a Sl.III1Il'atY of 

this analysis is presented in this year's report. 

Agronanic analysis addressed several aspects. '!he general 

respon...c;e of crop grcMth to site corxlitions ~/aS quantified, an:i 
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seasonal rainfall, soil type, soil fertility level am crq;> 

sequence were all shown to have inp::>rtant effects. Yield (grain 

am straw) responses of barley to fertilizer were also analysed 

am several trerrls 'YeI'e clear. Responses were obtained to N 

arr:3/or P at 74 out of the 75 sites, rut it was noted that: 

a) 	 the ilTlportance of N increased am that of P decreased with 

increasL"X3' rainfall (am, less clearly, .ill passi.r'r.o:J fran Zone 2 

to Zone 3) ; 

b) N was rrore inp::>rtant in barley-barley than in fallCM-barley 

rotations, tt.ough not by a wide margin; 

c) P was rrost inportant, arrl N least ilTlportant, in gypsiorthid 

soils; am 
d) 	 initial soil contents of available IilOS};X1ate (Olsen) at 0-20 

en depth arrl mineral-N at 0-40 en depth influenced fertilizer 

response. 

Based on the dataset, both descriptive arrl predictive lOOdels 

\¥ere developed which related grain am straw yields to 

enviroranental variables arrl fertilizer awlication. It was shCMn 

that groopin:;J of sites into different recx::mreryjation danains 

improved the predictive pcMer of these rocx:1els, enablirq them to 

account for between 60 arrl 77 percent of the cbserved variability 

in barley yields. '!he predictive equations generated were also 

used to assess both the technical optima am the econanic optima 

fertilizer rates for various contrastirq recx::mreryjation danains. 

Fertilizer use on barley was f01..U'rl to be highly econanic in these 

dry areas with marginal rates of return ran:rin:;J betv.,~ 125 arrl 

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

ten:ied to reduce the variability (as assessed by <:V's) of barley 

yields. 

study on Fhosphate of Major Soils 
in syria (section 3.2.1) 

A detailed study was made on fifty soils of syria. 'Ihirty of 
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these soils were sanpled fran sites where <XlJ'DlrI'el1t fertilizer 

trials were bei.n;J 1.U'Xiertaken on wheat arrl barley, arrl twenty other 

sites, representirg irrigated arrl very high rainfall locatioos 

were also sanpled. Full I=hysical arrl dlemical soil analysis was 

performed, arrl in addition, several extraction procedures of 

~te were evaluated. 

large ctifferen:::es exist in the annmt of available ~nw 

extracted by varioos mathods used. '!be smallest anomt was 

OOtained with the water extraction arrl the largest by the citric 

acid solution of Dyer. 

Very high correlation coefficients were cbserved between the 

values of NaHCD3-P arrl the labile P-extracted by anion ~ 

resin. Furthe.noore, the relationships between Olsen-P, oxalic P, 

citric-p or total-P were foorxi significant. 

'!he stroI'XJest relationships between relative yields of barley 

arrl wheat arrl soil P parameters were foorxi first for NaHC0:3-P 

(Olsen-P) arrl secorrlly with the water extractable P or resin-Po 

Similarly, \lOOer greenhouse coooitions, the relative yields of 

ryegrass grcMI1 in the wheat soils correlated best with the Olsen-P 

arrl resin-Po It was foorxi possible to establish awroximate 

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

into groups that are responsive arrl non-responsive to I=hOSJ:i'late 

fertilization. 

P-Adsomtion Isothems in calca.reaJS 
Soils (section 3.2.2) 

To further enhance our 1.U'Xierst.arxlirg of P-dynamics in calc:are.aJS 

soils, the P-adsorption isothems of twelve contrastirg surface 

soils were studied. Methodology evaluation indicated that 



equilibrium of phOSIi1ate adsorption fran a 0.02 M KCl solution 

cart:aini.rq a I"ClnJe of concentrations of phOSIi1ate (KH2F04) was 

achieved in 6 hoors, am was relatively insensitive to the natural 

fluctuations in laboratory temperature. Both the Freurrllich am 
I.an;Jnuir equations were tested for their ability to describe the 

adsorption cunres, am the fomer was fCA.ll'rl superior. FhOSIi1ate 
adsorption ~ of soils was sjgnificantly related to the clay 

content of the soil, rut to no other measured soil prq:>erty. It 

is l'101:eworthy that there was no relationship between FbOSIi1ate 
adsorption am free caCDJ content, am this supports recent 

evidence that irnl1 oxides may playa noI'e active role. 

Nitrogen Mineralization Potential of 
Syrian Soils (section 3.2.3) 

Previous reports (see FRMP Annual Report 1988, section 3.6) have 

presented results showID] that a kn<::Mledge of the nitrogen 

mineralization process in soils can assist in predictirg responses 

of cereal crops to nitrogen fertilizer. '!his year we report an 

analysis of the relationships of No (the size of the pool of 

mi.neralizable nitrogen) arrl K (t~e mineralization constant) to 

various soil properties. It was fourrl that as expected, estimates 

of No varied widely anorgst soils, beirg highest for f.bllisols am 
lowest for sarrly Entisols. Values I"ClnJed from 30 to 325 ng Njkg 

soil (0-20 an). No values were highly correlated with both 

organic carbon m:i total nitrogen content of the soil. However, 

the mineralization constant K varied only slightly between soils. 

Inproved Production Practices of Cl1ickpea (section 3.3) 

Between 1985/86 anj 1988/89, 30 on-farm trials were corrlucted in 

syria which assessed the biological am econanic inpact of a I"ClnJe 

factors Jmc::Mn to enhance the production of chickpea. 'Ihese 

factors were tine of sowirg, weed control, FbOSIi1ate awlication, 

http:cart:aini.rq
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inoculation an::l sowirg method. '!he experilnenta'!. design 

2n(replicated factorial) allowed main effects and first order 

interactions to be examined. Biological an::l econanic responses to 

all the factors investigated were ci:lse.rved, rut the frequency an::l 

magnit:u:le of these responses were variable, deperrl:irg upon the 

gI'OWl..n;r season corrlitions. However, it was concltrled that winter 

SCJWi.rq of dllckpea (early December) CCIIiJined with weed control an::l 

~te awlication was consistently profitable across all 

locations and seasons, an::l always daninated the c:atparable later 

SC7.!In treatment both in tenns of yield an::l profitability. Across 

years an::l locations, the early sowirg averaged 1590 kgjha grain 

an::l a net revenue of 13,640 SY1/ha cx:&tpared with 1170 kgjha am 
9660 SYI/ha for the later sown treatment. 

Selection of Barley Genotypes for systems 
Using SUpplemental Irrigation (section 3.4) 

DJrin;J 1987/88 an::l 1988/89 (two very contrastirg seasons with 

regard to rainfall) a ran;Je of barley genotypes were evaluated for 

their response to sur,plernental irrigation. '!be stu:iy was 

cx::niucted at Booeidar in N. Syria, a site located in Zone 4. 

Analysis focused on the inplct of three levels of SUWlernental 

irrigation on grain am straw yield, water use efficiency am 
protein prcx:lu::tion. All barleys resporrled well to additional 

water, rut of these, Rihane-03 was clearly the best. Its 

i.rx::reasec1 yield resulted fran nore grains/head rather than nore 

heads/m2. In the secord season, rainfe 1 grain yield of Rihane-03 

i.rx::reasec1 fran 0.22 tjha to 2.70, 4.75 am 6.72 tjha as it 

received suwlernental irrigation to replace 33, 66 an::l 100% of the 

water balance deficit respectively. Highe:-rt water use efficiency 

was cbtained wrum 66% of the water balance deficit was replaced by 

SUWlemental irrigation, with a rre.an value for all genotypes of 

17.8 kg grai.njha,lmn of water (rainfall + irrigation awlied) 

oatpared with a value of 5.4 un::ler rainfed corrlitions. 

http:SCJWi.rq
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Productivity of Crq? Rotations (SP.Ction 3.5) 

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

0.54 ha) at Tel Hadya to examine the productivity of seven two

ca.u:se CI"CH'irg systems. 'Ihey are: wheat/fallow, wheat/S\.lI'I'meI' 

crop (water rrelon), wheat/lentil, wheat/winter sown chickpea, 

wheat/vetch (vicia sativa), wheat/medic (Medicago sm.) am 
wheat/wheat. Additional treaboonts are inposed in a split-split 

plot design on the wheat fha.se of the rotation which examine the 

effect of contrastirg nitrogen fertilizer rates (0, 30, 60, 90 kg 

N/ha) and three wheat stul:tlle retention strategies. Unifonn 

~te (50 kg P20slha) is awlia::l to the wheat Iilase. '!he 

trial is a Plased entry design with three replicates am ocx:upies 

an area of 22.7 ha. 

Full details of the trial are reported, am an analysis of the 

productivity of these CI"CH'irg systems over the last 4 seasons is 

presented. Although trerrls are evolvirg which reflect the inpact 

of the contrastirg stubble management treaboonts, these are not 

djsotssed in this year's report. Instead the analysis focuses on 

the interactions between season, nitrogen response of wheat, the 

water use am water use efficiency of selected rotations, am the 

overall biological am ec:xn:mic productivity of the systems. 

Mean wheat yields across all rotations varied greatly between 

the foor seasons (0.83 t/ha - 3.62 t/ha), largely due to rainfall, 

rut within seasons, croppirg sequence also had a prol1OUl'¥::ed 

effect. Wheat yields followirg fallow ~ melon > vetch ~ lentil > 

chickpea > medic > wheat. Reasons for these effects are 

djSOlssed. :Responses of wheat to N fertilization were also 

affected by season, am to sane extent by rotation. '!he 

productivity of the food legune (i1ase (chickpea am lentil) is 

also disotssed, am it is noted that there is clear evidence of a 

negative response of these legun-es to previous nitrogen 
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awlication on wheat, largely cue to greater water use by the 

fertilized wheat crq;>, am hence greater stress in the subsequent 

legune crq:>. 

'!he perfonnanoe of livestock (grazin;J days, liveweight gain 

am milk prc:duction) grazin;J the vetc:h am medic pastures is also 

presented am discussed. Grazin;J daysjha for vetc:h rarged between 

1270 am 2212, am for !IlErlic 1320 to 2850 days. MI econanic 

analysis of all seven ~iJg systems was urxiertaken am the 

procedures used are presented. caution is raised with re3Cll"d to 

the rrethodology used to assess the prof~tability of systems which 

.in:looe livestock. '!he analysis irrlicates that systems which 

.in:looe livestock (wheat/vetdl, wheat/medic) in general have the 

highest gross margins with wheat/vetch bein;J superior. Of the 

other rotations, wheat/lentil was cxmsistently superior, am in 

c:x:crtrast, continuous wheat was c::onsisb.:mtly the poorest ard 

usually provided negative gross margins. 

Nitrogen Economy of Barley-Based 
Rotations (section 3.6) 

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

biolcqical am feed productivity of oontrastin;J barley based 

rotatiQl'lS;. For the last two extreme reasons (1987/88 very wet, 
1988/89 very dry), nitrcxJen analysis of harvest sanples was also 

urxiertaken which allows us to examine the nitrogen eco."lCIlIY of 

these rotations. 

'!hese are lorg tent. rotation trials at two locations (Tel 

Hadya aId Breda) which examine the systems productivity of barley 

in rotation with fallCM, vetch, lathyrus, vet:c:h/barley mixtures, 

lathyrusjbarley mixtures, am continuous barley. Several 

fertilizer management strategies are super.inrosed on these 

rotations. '!he study conclooes that: 



16 

As has been reported before, at the same level of 

fertilization, barley-Iegurre rotations produce oore dry matter 

than barley-barley rotations (in this case, 26-68% oore, 

~ on site an::i sea5O.'1); b.It the superiority of the 

barley-legume rotation in tenns of Cl:"q) nitrogen yield is very 

lTI.ld1 greater (awroximately 100-200%). 

Use of legtnte-barley mixtures in place of prre legumes a~ 

to be disadvantageous. In partio.llar, the use of mixtures 

reduced Cl:"q) nitrogen yield by a mean of about 10 kg Njha jn 

each (ilase of the rotation. 

Rotations involving Lathyrus sativus consistently outyieldeil 

rotations involving Vicia sativd, with treans of about 8% oore 

city matter an::i about 18% oore nitrogen. 

2.2 	 Project 2. JIgroecX?logical Olaracterizatial 
for Resa.Iroe ManagemeIIt 

Spatial Fainfall Generation: Examples fran 
A case study in the ;'~eppo Area, N. W. syria 
(section 4.2) 

since 1986, a spatial weather generator (~) has been un:ier 

developrent at ICARDI\. '!he reasons for un:iertakirg this work have 

been diSCI lssed in previoos reports. '!he generator is ncM 

c:.perational, ard in this year's report we present exanples of its 

art:p.It an::i use. '!he first part of the report discusses the 

process of developrent of the tool in sate detail. 

Dlring the develcpnent of the~, it has been foorrl necessa:ry 

to incorporate a munber of rooasures to ~te for variCAlS 

deficien::::ies encountered in rainfall records. '!hese are: 

Records of unequal len:ft.h bebveen different stations an::i 

records with gaps, 

http:art:p.It
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Inhaoogeneities in station records caused by a relocation of 

the station, dl.an;Jes in the d.:lsaIvation method, or c:han:;es to 

the surrc:mrli.rxJs of the station whidl affect the local wirrl 

field, 

VaIYir¥;J reliability in reporting rainfall anounts below 

aJ;l)roxllnately 2 nm, 

~ off values to the closest value divisible by 0.5 or 

0.2, 

outliers, Le. rainfall anounts with a very low probability of 

~ within the observation period of a station, 

Unreliable stations, whidl need to be dete..."ted arrl excluded. 

'!he case study area in N. syria is descr.ibErl, arrl a series of 

exanples (presented as naps) of the awlication of the ShG are 

cliscussed, usirq both generated daily arrl ronthly rainfall data. 

'!he exanples based on daily generated data are concerned with 

the influence of t.errp:Jral arn spatial variability of rainfall on 

crop establishment arrl survival in early ani late sown crops. 

Early (or dry) so,.,rinJ on October 1st is shown to be a highly 

risky. In wheat arrl barley growirg areas, one wcW.d expect to 

wait between three to four ard five to six weeks respectively for 

gennination rains to occur 000 year out of every two. FUrther 

maps illustrate the prcbability of severe drought. during the 

seedling stage followin:] early plantll):",J arrl gennination. In wheat 

gnMll):",J areas, such a drought has to be expected in 20-40% of tt.e 

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

A sitnilar analysis for later planting shows it to be a rore 

aJ;l)Iqlriate strategy for risk avoidance. '!he potential c:larger of 
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delayi.n;J planti.n;J, arrl then bei.n;J unable to enter the field due to 

continuOO5 rain is also evaluate::l. 

'!he secorrl set of exanples is based on generated m:mthly data 

arrl utilizes regression equations generated fran a set of 75 011

fann barley fertilizer trials (see section 3.1.1). '!he 

regressions relate barley yields to Octd::>er to April rainfall 

totals arrl levels of N arrl P205 awliErl in barley-barley am 
fallow-barley cropping sequeoces. Maps are generated which show 

the distribution, at the 80% prc::bability level, of unfertilizErl 

arrl fertilizErl (60 kg Njha + 30 kg P20sfha) barley yields. 

Characterizirg Drylarrl Fanning Systems 
of Northern Jordan (section 4.3) 

'!he Jordan University of Science arrl Technology (JUsr) arrl FRMP 

be:]an a multidisciplinary cooperative research program in 1988 

with the objective of characterizi.n;J the agrio..11.tural production 

systems of the so-callErl ''marginal zone" of rainted agrio..11.ture. 

Awroximately 70% of the arable larrl in the Hashemite Ki.rgdc:m of 

Jordan falls into this category arrl receives between 200 arrl 300 

rom of average annual precipitation. Awroximately 41% of the 

country's pop.l1ation lives in this marginal zone. 

In this year's report, we describe the project area (Mafraq), 

which was chosen to represent the marginal zones of Jordan, arrl 

trace the developnent of agrio..11.ture since the early days when it 

was dcminated by nomadic he.rdsrren. Based on a survey of 114 

fanners from 35 villages within the project area, an overview 

description of current fa.ntt.in:J systems is presented. Further 

analysis irrlicates that four basic f~ strategies (or 

enterprise mixes) dcminate within the area, with all rut 4 of the 

114 interviewed fanners falli.n;J within this grrupi.n;J. '!hey are: 

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

http:agrio..11
http:agrio..11
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prcxluction (CID) , cereal/olive prcxluction (CX» and cereal 

prcxluction (C) • cereal production is largely barley, and 

livestock are daninated. by sheep. Preliminary enterprise budgets 

and fanners' canments clearly sht.:M that of all these enterprises, 

livestock prcxluction is the most finarx::ially rewarc:lin:J, arrl both 

CL and CLO fanla'S rely far less on off-farm employment to IOOet 

their family needs. When asked to identify their principal 

prdJlern, aJ..nnst all famers with livestock said an adequate feed 

SUWly. Perhaps IOOre inportantly, they said they desired to 

irx::rease the productivity of their land with the specific 

intention of l~ their depen:ience on external sources of 

livestock feed. 

Us~ the interrelations aIOOf¥3 the variables examined the 

re!X'rt concludes that a preliminary target fanner pop..1lation would 

display the follow~ minimum characteristics: (1) rrean farm size 

of 20 ha, (2) rrean canbined sheep and goat flock of 90 head, and 

(3) rrean annual area planted to barley of 8.5 ha. SUch a groop 

wcW.d be geo:J!ClIillcally concentrated. in Zone 2 (200-250 ImI) arrl 

wcW.d deperd on on-farm sources for the bulk of its household 

incane. It wcW.d also be a fair assumption that this graJp would 

have a reasonal:;le level arrl flexibility of disposable incx:me. 

Inproved technologies arrl cultural practices t..~eted to this 

pop..1lation wcW.d seek to raise the arrount of livestock feed which 

the fanner could produce fran his larrl. 

CERES-Wheat Medel and strategic Plrumim for 
Nitrogen Fertilization - A Framework (section 4.4) 

CERES-wheat IOOdel was applied to the que~..tion of wheat.: yield 

responses to N fertilization urrler various corrlitions in Xian 

region of P.R. of Cl1ina. Grain yield data obtained by applyif¥3 

the CERES-wheat gro...rth JOOdel are examined, for strategic pl~ 

of N fertilization. '!his stlrly was urrlertaken to examine the 



20 


feasibility of usi.n:3 tools such as this IOOdel to inprove 

fertilizer recx:mren::1ations arrl to develq:> lorg tenn policies for 

the maintenance of soil productivity. Soil parameters, the 

necessary crop coefficients required by CERES, arrl nine seasons of 

daily climatic data where used to predict wheat responses to 

levels of nitrogen fertilizer r-anJi.n:3 between 0 a"Xl 210 kg Njha on 

foor soils of contrastin:J nitrogen status. Mcx1el output confinta3 

that responses to nitrogen are sensitive to initial soil nitrogen 

levels arrl rurounts arri distribution of seasonal water supply. 

FUrther analysis irrlicated l5eaSOnally dependent economically 

qJt.im..nn rates of N awlication !""I~inJ between 0 arrl 150 kg Njha 

in the driest arrl wettest years respectively. T~ of 

fertilizer application was aJ so evaluated, arrl the IOOdel output 

confirrred that split applications at sowi.n:3 arrl at the start of 

stem elorgation was superior, arrl on average gave a 10% increase 

in yield over a si.n:3le application at sowi.n:3. 

Crop/soil nitrogen balances were also assessed, arrl it was 

conc:looed t:.hc.t in order to avoid lorg tenn depletion of soil 

nitrogen reservE!S, 1.20 kg Njha should be added annually to wheat 

crops in Xian Province. 

2.3 Project 3. Mg::rt:ian am Inpact of 'I'edlrx>lcxw 

Adoption Dynamics of Winter Sown 
Chickpea in Morocco (section 5. 2) 

In 1985/86, the derronstration of winter sown chickpea in famers' 

fielll3 started in Morocco, and in 1987/88 two varieties ILC 482 

am ILC 195 were released and the derronstration program was 

exparrled. D,.ld.ng 1989, lCARJ:¥\ cooperated with Moroccan scientists 

in corrlucti.n:3 a major survey to evaluate the adoption dynamics of 

winter chickpea. A total of 112 fanners were interviewed. Four 

cat:ajories of famers were identified: 

http:D,.ld.ng
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i) Non-adopters fanners who had participated in previoos 

deIronstrations but had decided not to grc:M 

winter chickpea 

ii) Trial famers fanners in the process of evaluat~ winter 

chickpea t:hralgh current deoonstrations 

iii) Adgrt:ers fanners who had started grc:M~ winter 

chickpea. irdeperrlent of the deoonstration 

program 

iv) Neighbours fanners who had never grown winter chickpea, 

but had seen nearby dem:Jnstrations 

'!he design am oojectives of the SlllVey are discussed in 

detail am the results of the analysis are presented. '!he 

econanic performance of winter SCMI1 chickpea was assessed, am a 

wide rarge of gross margins (fran -1213 IE/ha to +4667 IE/ha) was 

reported. Reasons for this large rarge are discussed. Trerrls in 

the fanni.rg systems were evaluated, arrl it was o::mfi.nred that the 

area un::ier fexxl leguroo production was declinin:;J. 56% of the 

famers reported a decrease in the larrl sown to leguroos, am only 

22% said they were grc:Ml.rg rore. Fanners cited several reasons 

for reduc~ their area, rut disease am high labor costs of 

legtnre production ¥:'eI'e a.tt.stan:lirq. High market prices were the 

major reason sane famers had increased their area. 

Fanners were asked about the major advantages they associated 

with winter chickpea c::::arpared with spr~ sc:MI1 varieties. Good 

plant starn, high grain arrl straw yields, less risk of crop 

failure am resistance to disease were all frequently cited as 

advantages. On the other harrl, when asked about prcblerns, fanners 

were ooncemed about the small seed size (hence rrarket value) of 

the currently released varieties am also their awarent 

susceptibility to disease. Additional prcblerns with weeds were 

also frequently rrentioned. When asked about possible oonstraints 

to further adqJt:ion of winter SCMI1 chickpea; small seed size, rore 

http:grc:Ml.rg
http:fanni.rg
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technical information arrl greater availability of seed lro1ere 

frequently mentioned. 

Based on the results of this survey, the report cx:>ncludes with 

a section describing hON the adoption process may be enhanced am 
lrdicates the positive actions already bei..rg p..rt: into practice. 

An Assessment of Risk Associated with 
Increasing Sheep Feed Supplies in Syria. 
Current an::l AIternative strategies (section 5.3) 

Risi..rg dernarrl for livestock products has resulted in a dramatic 

increase in National Sheep Flock size (3.1 to 13.3 million) in the 

last 35 years. 'Ihe derived dernarrl for barley grain am straw has 

caused an equally dramatic increase in the aIP..a sown to barley 

°..Jhich has risen from 0.75 million in 1960 to 2.9 million ha in 

1988/89, but yieldsjha have largely stagnated. Analysis of 

secx:>rrlary data of area, yield an::l production in terms of sheep 

feed equivalents (SFE) shaved that thirty years ago, syria would 

have expected a sheep feed equivalent deficit of 3.0 million SFE 

only once in ten years, whereas nay, it would be expected that 

this deficit would excee::i 4.0 million SFE nine years out of ten. 

'Ihis is reflected in 1'X.lr analysis of barley trade figures which 

irdicate that Syria has rroved from bei..rg a frequent exporter to a 

frequent imp::>rter of barley in the last 25 years. 

'Ihe data irrlicate that the rapid expa1lS(';:! of the area urder 

barley has been achieved by expardi.rg cultivation into more arxl 

rore marginal enviroI1l'\'eI1ts, am through the adoption of barley 

monoculture. National average yields have not increased, rut 

clear irdications of increased yield variability are present. 

CUrrently, barley cultivation occupies two thirds of the arable 

lan::l jn Zones 2 to 5. 'Ihe inplicatio!"1S of this a~t strategy 

on sustainable production an::l resource cx:>nservation are discussed. 

http:expardi.rg
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other possible strategies are examined t:l'u:'cugh the utilization 

of sane of oor researdl results on inproved barley production 

practices am inproved crc:JJ;Pl..rq systems. 

'!he analyses in:ticates that alternative strategies are 

possible. Reduci.n;J the area urrler barley in the marginal areas of 

Zones 4 am 5 am inprovirq production on the rernaini.n;J area 

through the introduction of sinple inproved practices such as seed 

dressirq, drill SOW'irq, the use of nitrogen am Iit~oIUS 

fertilizer arrl the maintenance of the barley/fallow rotation, has 

the potential to ~t national flock feed requi.remants in 75% of 

years arrl, at the same time, will increase the stability of 

production over time. In addition, the introduction of forage 

le.gurres walid further enhance the national feed supply in all but 

the driest years. 

OJarnes in Lentil Production 'I'echnology 
in Syria: A Qamparative Study (section 5.4) 

In 1978/79 arrl 1979/80, IC'ARDt\ scientists corrlucted a Lentil 

Production SUrvey in N. syria. Ten years later, as part of an on

fann survey trainirg c::o..rrse at Tel Hadya, IC'ARDt\ scientists am 

trainees corrlucted a similar survey. Altha.Jgh the geograIillc:li 

areas CCNered differed slightly in the two surveys, arrl. in spite 

of the fact that the raw data fran the first survey was not 

available, sane interestirq obseIvations on the evolution of 

lentil production practices over ten years are possible. 

In general, fanners have increased the number of lam 

preparation a.l1.t1vations with the bJ.lk of fanners (65%) l'X7N 

a.l1.tivatirq twice. 

OVer a ten year period, fanners have also increased their seed 

rates substantially fran an average of 144 to 185 kgJha, but 
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seed.in] method (70% manual, 30% JOOChanical) has remained largcl.y 

unc::han;Jed. Similarly, the varieties used are also the same (80% 

local small red, 20% local white large). Fanners are also t:.errlirg 

to SOil their lentils several weeks later than 10 years ago. 

Average rate of tilOSIilate awlication has increased enonrously 

(frau 64 to 145 kg P20s,lha), am whereas 10 years ago 50% of 

fanna...-s awlied no P, OCM only 13% use J'X) fertilizer. 'Ihis 

increase in fertilizer use is al.Jrost certainly due to the relative 

price of fertilizer. In 1979, the fann gate price of 1 kg of 

Triple SUper FhOSIilate was equivalent to 1 kg of lentil grain, 

whereas OCM it is equivalent to only 0.35 kg of lentil grain. All 

famers interviewed still hal:vest by harrl. 

In nonetary tenns, prcxfuction costs of lentils have increased 

sharply, but relati'.J'e production costs have declined dramatically. 

'1lle average prexluction costs of 1 ha of lentils in 1979 had an 

equivalent value of 1218 kg of lentil grain, but this has fallen 

to 667 kg grain in 1989. 

Stubble Burni.ng in N. w. syria. 
An Interim Report-Lsection 5.5) 

Cereal straw am stutble (particularly barley) are traditi"nally 

viewed as a valuable livestock feed. Stubbles are extensivell 

grazed during the SI..IIlUTler nonths am straw is often stored on fann 

for SUWlemental feedi.rx;J during the late Aul"Ull1J1 am winter. '!he 

1987/88 am 1988/89 seasons in N. syria represented the 3% 1TVJSt 

productive am 3% least productive of years. Very different 

st:ul:::t>le managenvmt strategies were cbserved in the two respective 

sununers. 

Fanner surveys were corrlucted in both seasons to gain greater 

insight into hC7N famers make decisions on stul::ble management, aID 

http:Burni.ng
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a short SUl1I1larY is presented on the infonnation gained in the 

first survey conducted in the highly production season 1987/88. 

In spite of the value they place on stul:bles, many fanners bumt 

them after only a partial grazin;J. In fact, 38% of the fanters 

\IiIere l::urnirg their stul:ble for the first time. When asked why 

they \IiIere b..lInin;J their stul:bles, 63% of the fanners stated that 

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

preparation or (b) it was an effective rodent control rreasure. 
23% said they needed to rem::JVe the stul:ble as fast as possible in 

oIder to plant an irrigatad Sl.II'lUller crop. In general, fanners felt 

they had nore stul::tlles than \IiIere desired or needed that year. 

A oore detailed catpardtive analysis will be presented next 

year. 

Barley Production Functions as Descriptors of 
the Inpact of Technology on yield in S.E. TUrkey 
and N. Syria (section 5.6) 

Similar surveys on barley production practices were urdertaken in 

N. Syria (1981/82) am in S.E. TUrkey (1984/85). CClnparative 

analysis of these surveys has been UOOertaken, am we reported 

saoo results in last year's Annual Report (section 6.4). 'Ibis 

year \-Je present an across country analysis of the use of 

production functions as descriptors of factors affectin;J barley 

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

namely average rainfall, seed rate, seed variety, am:JUnt of 

~te awlied, ano.mt of nitrogen applied am soil depth 

aOOCXl11ted for 62% of the variability in reported barley yields. 

'Ihe authors argue that such analysis of diagnostic F::arvey data 

is a· useful tool in det.enninirx] inp:>rtant topics for future 

research. '!hey errphasize that such production functions are 

alJoost certainly specific to the project area surveyed. 
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1llrin:.J 1987/88, as part of our Regional lIqricultural Labor am 
Technological Cllarqe Project, "Ie ooordinated eight case studies 

within the region. 1he>se studies (corducted by national 

scientists in Algf'ria, l'oroco::l, 'I\.misia, Jordan am 'l\lrkey) were 

presented am discussed at a workshr.p at ICARD7\ in July 198B. 

'lbey have subsequently been carpiled into a book whidl will be 

published in 1990. In this section we present SUITmaries of the 

priIx::ipal fin::lin;Js of these eight case stu::lies. 

2.4 

OUr Residential TrairUn;J Course (February 26 to March 30) 

focused on the design, conduct am analysis of farner surveys. 

It was atterrled by 11. trainees fran syria, 'l\lrkey, Morooco, 

Algeria, SUdan, Er.hiopia, North Yemen am Pakistan. (See 

also section 5.4 of this repor.t for the result'S of the 

trainees' practical Sln:vey work.) 

We held three short 0JU.rS.eS: (i) Soil ard plant analysis 

(February 5-16) attemoo by eight trainees fran syria, 

Algeria, '.I\.1nisia, North YE!IOOI1 (loo Ethiq>ia. (ii) A ~ 

m:Jional co..m;e held in Algf'Iia (June 17-26) on Fann SUrvey 

Methods which was attendfrl by 15 trainees fran Algeria, 

Morc:x::xxl , 'l\lnis ia and Libya. (iii) A course on the Schedulin:.J 

of SUWlernental Irrigation (November 7-9) atterrled by 10 

Exten.c;ion agl?I'ts fron'l }\lcp(X> Provinoe, Syria. 

We jointly supe.rviS€Cl 4 MSc run '} R1D students, ard provided 

iOOividual non-degt'€r:! t...r" ining to B trai!1eCS. 

http:0JU.rS.eS
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We held five meet~: (i) Jointly with 0lJ0Jr0va University, 

'I\.1rkey an International seminar on F'anni.rg Systems Research 

(october 31 - November 3, 1988). (ii) A travelli.rg workshq:> 

in Tunisia am l-brocx::o (Mardl 11-18) to visit am disolSS 

activities in soil Test calibration. (iii) Jointly with ~, 

an Intp...rnational SyITposium on the .Agrarw:!teorology of Barley

Barley Basaj Systems held in Tunisia (March 6-10). (iv) 

Jointly with MAAFRA ('I\.1rkey) am CImYT an International 

Workshop on soil am Crop Managerent for Inproved Water Use 

Efficiency in Rainfed Areas, held in Ankara, 'I\.1rkey (May 15··· 

19) . (v) Jointly with the Syrian SOils Directorate, a meeti.rg 

to provide an overview of oor fertilizer research on barley 

an:! to develop extension/dem:mstration pJ.:.ns for 1990, held at 

Tel Hadya (June 11-12) ard atterrled by Extension personnel 

from the Il'o'ljor barley producing provinces. 

We worked with four visitin;J scientists am t;t..,u postdoctoral 

fellows in studies on the generation of barley production 

functions, the awlication of cJ.i.mate am crop IOOdels, the 

allocation of fertilizer at the National level, l;m:l tenure 

arrl management of marginal lam, the finalization of reports 

on the fanning systems of the N.W. Coastal Region of FI.JYpt 

arrl the production of a tra~ manual on on-fann surveys ard 

trials. 

http:meeti.rg
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3. ~ 1. ~ OF SOn., WNIm AND lUIRIFNl'S 

Int::roducticn 

Research on the resources, soil, water, arrl nutrients is a major 

focus of the Fi'lnn Resource Management Program. '!he research is 

carried out within a fanni.rB systems perspective with the use of 

diagnostic surveys for problem identificaL.~on arrl socio-econanic 

nonitor~ to assess the applicability of research prOOucts. 

studies or a basic nature are carried out within the core program, 

ani we aim to introduce the f~s to systems of West Asia arrl 

North Africa through outreach projects with National Programs. 

SUCh collaboration fosters a systems perspective in national 

research structures arrl helps prc:rrote their research arrl extension 

capabil i ties. 

In all this work close collaboration is maintained with other 

progralTlS of ICARDI\. A particular need for joint work with PFLP is 

rE!CX:X3l1ized, as resow:ce managernent strategies nrust allow for the 

close integration of livestock in the farming systems of the 

region. 

In this research, our long-term goal is to assist Natialal. 

PtUJIans in the develcp!B1t of productive am sustainable crq:pirg 

syst:.Em; web cpt;mj ze the efficien::y of use am CICIlSerVe the 

basic arrl vital resan:oes of soil, water am crq> rutrients. We 

will attain this goal through the follow~ naiiurn term 

cbjectives: 

1. 	 To develop an urrlerstarriing of [.hysical, chemical, biological 

arrl enviroTlllV?Iltal principles which underlie arrl control the 

productivity arrl sustainability of cropp~ systems with 

respect to soil characteristics arrl to water arrl nutrient 

dynamics. 

http:syst:.Em
http:fanni.rB
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2. 	 'Ib develc:p strategies for efficient ll'al1agement of soil, water 

an:i nutrients in crowin;J systems. 

3. 	 'Ib provide data for the develcpnent arrl,Ior refinement of 

rnethcds for the extrapolation of research fi..nc:lirgs in space 

an:i time. [Linked to Project 2] 

4. 	 'Ib provide socio-econanic evaluation of problems fa.rmi.r'g 

systems an:i of the adaptability of research results to 

strategies for resoorce ll'al1agement at the fann level. [Linked 

to Project 3] 

'!he proper ll'al1agement of soil, water an:i crop nutrients lies 

at the heart not only of i.ncreasin;J productivity in West Asia an:i 

North Africa, but also of sustainin;J those increases over tiIoo. 

Resea.rch on these tc:pics is neither rapid not easy an:i by 

necessity requires that environmmtal interaction with technology 

an:i the lorg term ilTplications of alternative ll'al1agement 

strategies should be studied. SUch research is an integral part 

of Project 1, an:i this year our report highlights serre of the 

results of this work. 

FaIr Year Stm!m:y of 

Fertilizer Researd1 at Barley in N. syria 


(1984 - 1989) 


Barley is an iITporta..;,t feed crop in semi-arid, winter-rainfall 

regions. Its major advaniage is that it will grc:M in areas of low 

rainfall where other crops, such as wheat and legumes often fail. 

Urrler such dry corrlitions, efficient water use is essential. 

Not only is the rainfall low an:i unreliable, but there is a high 

evaporative demand and, where severe deficiencies of soil 

nutrients ocx:ur, up to 80% of the seasonal rainfall may be 

evaporated directly fran the soil in famers' fields an:i only 20% 
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of total water used by plants. H~er, extensive research at 

I~ has shCMl that application of fertilizer to b:rrley results 

in a substantial increase in transpiration of water by the CIq> 

and rtrluoecl losses due to evaporation frem the &urface under the 

crop. Fertilizer thus pranotes a better water use efficiency by 

the r",u"ley. HaNeVer, accordi.rq to the results of a SUIVey of 

lx"U"je~: producers in Northern syria, less than 15% use fertilizer, 

even though deficiencies in the major soil nutrients P arrl N are 

wid(!.';;pread in their soils. 

These f:irrlir'qs were discHssed by meni:le.l."'S of the lCARD.\ !"ann 

HL1SI'X.lr'ce Managerrent Prcx3ram arrl of the Soils Directorate (the 

Syric:U1 Government agency responsible for dete.nninirxJ fertilizer 

requirements arrl recararerrlations) at a YX:lrkshop in March 1984. 

Diisf.>~ on the deliberations arrl reccmrendations of that workshop, a 

Q'.)U,~'Orative Project on Fertilizer Use on Barley was initiated in 

19134/1985 jointly by the Soils Directorate arrl the Fann RBSource 

Maniltj(!ITlellt Program. 'Ibis rooperative research project ran for 5 

S(~..ns arrl was brought to a sucx::er-sful conclusion in 1989. 

'Ihe ct>ject of the project was to assess the biological ani 

(>.l:onanic effects of the use of nitrogen arrl fbosp,oms fertilizer 

on r.arley, through rnultiple-seaSon nultiple-location trials 00 

fru11'l:l:s' fields in the agricultural stability zones 2 arrl 3 of 

i'k>rt.h.;.nl syria. '!he rctrX3e of locations arrl :ieasons allC1tilled 

(!Jwironmental variability to be taken into consideration in our 

analysis. At each site, soils were dlaracterized arrl s.arrpled for 

sut1S£quent nutrient analysis. Rainfall was measured weekly, so 

that t:.he critical parameters of available N arrl P ~ rainfall 

Q)Uld lJe incorporated into the inteIpretation of results. Soil 

profile descriptions were undertaken at each location. 

B2tween the season 1984/85 to 1987/88, 75 researcher maJlaged 

on-faun fertilizer trials were successfully harvested. '!he 

http:i'k>rt.h.;.nl
http:accordi.rq
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aqronanic analysis of tills extensive and unique fCAlI" year data set 
is reported :in section 3.1.1., am an eoonanic assessment is 

:t'e(X)rted in section 3.1.2. 

D.lri.n:J the 1987/88 and 1988/89 seasons, \"Je also evaluated 

oorrespordi.nJ fanner managed fertilizer trials in OlUer to assefI8 

if the responses we OOservoo would also be cbt:ained by fanners 

\ihm soils, fertilizer am crq:.s were managed entirely by them. 

'lbe c:x:I'l'pirrison of responses c:bt.ained in scientist managed am 
tanner managed trials is reported in section 3.1.3. 

In addition t.o the above studie:s, ve have also lll"rlertaken 

nutrient analysis of 91.'ain and stray sanples from selected 

treatments over the fall" year period. Initial analysis of these 

data has shown lal'ge ',ariability jn the ptutein content of bath 

grain am &traw ard ha.::; illustrdted tlJat both environmental 

factors (seasonal rainfaLl cmd soil fertility status) am 
~ factors (awlkation of N curl P fertilizer) haw 

pl"CIlCmlOE!d effects on total protein production am % protein 

CXI1tent. '!he full analysis of these l::esults is on-goirv:J am will 

be reported next year. 

3.1.1 	 Besearche+ ~ 'fiial£,: 
an AAaanic SUlIIlRry. 1984··1988 

M.J. Jones 

'!he series of reSt:!8rdler managed barley fertilizer trials 

cxn1ucted on famers' fields across northern Syria is new 

OCIIplete. In the four seasons, 1984,·1988, a total of seventy-five 

trials were sucoessfu.lly harvested. Trial sites are irrlicated in 

Figure 3. 1.1. 

http:oorrespordi.nJ
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Figure 3.1.1 	 Distribution of trials in northern Syria: locations used in 

one (.), two (0), three (~) or four (0) years. 


'!he experilnental procedure was uniform t:h.rooghoot. Sites were 

selected each year to represent: the main soil types used by 

farners for barley: the raJ'Xje of natural fertility fourrl in those 

soils; am the two predaninant crc:p rotatbns, barley follCMID;J 

fallCM (F-B) arrl barley follCMIDJ barley (B-B). Each trial 

c:x:rrprised two replicates of a rarrlanized CClTplete block with foor 

rates of nitrogen (0, 20, 40 am 60 kg Njha, SUWlied as amroniurn 

nitrate) am foor rates of P'lOSI:horus (0, 30, 60 arrl 90 kg 

P20sfha, SUWlied as triple super phCJSIilate), 32 plots in all 

(each 12.5 rn x 2.1 rn). 

'!he initial cultivation was done by t11e fanner, lISUdlly with a 

"ducks-foot" cultivator to JOOde.rate deptrj (10-15 an); rut final 

seedbed preparation (with a spikA'i-tNJth p.:., .tt--...r), sa-li.'l; and all 

subsequent q:lerations were o::>rrluct.ed by a .l¥:bile research team. 

Barley seed (var. Arabic As',/ad) was treated with furx;Jicide 

(vitavax) arrl sown at a rate of 100 kgjha usID;J a 12-rcM Mord 

http:o::>rrluct.ed
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plot drill set at 17.5 en r:cM spaciNJ. Mean sawin:] date was 15 

Navenber ± 8.1 days. '!he ~rus fertilizer arrl half of the 

nitrogen were drilled with the seed, the remainin:] nit.r'c:x3'en bein;J 

tq>-dressed at the tillerin;J stage. Weeds were controlled with 

Brominal Plus (240 9 braninal/ha), awlied once or twice as 

necessary durin:J February arrl March. Harvest was usually in the 

first half of May. 

Soils were sanpled in 20 an increIrents dc:Mn to 100 an (or 

bed-rc.x::k, if shallower) at plantin:J tilre for the detennination of 

mi.neral.-N am (Olsen) available-Po Rainfall was recorded on a 

weekly or two-weekly basis at eadl site, startin:] abo..lt 2-3 weeks 

before plantin:J arrl continuing until harvest. yields were 

detennined by cuttin:J, at groon::1 level, eight or ten 1-meter 

len:Jths of r:cM in eadl plot at maturity. 'Ihese sanples were oven

dried at 80 C for 24-36 hoors, weighed to determine total dry 

matter, then threshed to detennine grain weight. 

'!he present report attenpts to SUlTIlaI'ize the main agronanic 

fi.r'dirY:Js am deroonst.rate the main treros. 

3 .1.1. 2 Crt:p lespc.l'lSe to site an::l.it.:ims 

A major concern of this stOOy was the effect of highly variable 

envi.rornnental corrlitions on barley response to fertilizer. We 

therefore start here with a SlUlIllal:Y of corrlitions at the 

experiIrental sites arrl the broad effect of those corxiitions on 

crcp performance. 

Most soils were classified as either xerochrepts, 

calciorthids or gypsiorthids. '!he gypsiorthids ocx::urred mainly in 

the East (Hassakeh am Ra~ provinces) arrl a1.rrost entirely in the 

drier Zone 3, while calciorthids were JOOre c::c.mron in the West. 

out of 75 sites, 57 had soils at least 1 rn deep, 14 0.5-1.0 rn deep 
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an::! 4 less than 0.5 m deep. '!his distr.ihltion a.l.m::ost certainly 

lU'Xier-represents the use of shallow soils for barley by famers, 

rut sites with shallow soils suitable for experimentation were 

difficult to identify. 

Soil mineral-N an::! available-P contents at plantin:j time were 

IOOStly low but with a fE!W scattered high values in both cases 

Crable 3.1.1). l1ineral-N values terrled to be higher at F-B sites 

an::! also in the drier Zone 3 an::! CJYJ;Siorthid soils; rut available

P values were a~tly unrelated to rotation, zone or soil type. 

Table 3.1.1 	 Distribution of (a) soil Olsen available-P contents 
(0-20 an depth) an::! (b) soil mineral-N contents (Q-40 
an depth) at planti..rg time am:>~ the 75 experiment:a.l 
sites 

a) Available-P, 
FPll: 0-2 2-3 3-4 4-5 5- S 6-7 7-8 8-9 9-10 10-11 

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

b) Mineral-N, 
RE: 0-5 5-10 10-15 15-20 20-25 25-30 30-35 ~ 

Nl.nrber of 
~~ites: 
F-B sites: 
B-B sites: 

2 
1 
1 

31 
18 
13 

23 
19 

4 

10 
9 
1 

6 
5 
1 

0 
0 
0 

1 
0 
1 

2 
1 
1 

Seasonal rainfall totals varied widely between sites aver the 

foor years, with a mean of 283.7 (± 100.2) nm arrl an extreme 

raJl3e, 135.9-567.8 nun. ('!hese values anit any rain falUn:] 

between the beginni..rg of l1ay arrl the mickile of oct.d:>er arrl will 

therefore, in sare cases, be less than ti1e correspon:lin:J 12

rronth totals.) '!he distribution of tctals is skewed: 48 sites (32 

art: of 42 in Zone 3; 16 rut of 33 in Zone 2) had rainfall less 

1 
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than 300 DIn, b.It there was a lal:J tail of higher values. }t)st of 

these arose in 1987/88, Widl was an \.DlUSUa.lly wet season. Of the 

other three seascn9, 1985/86 am 1986/87 were rather dry, whereas 

1984/85 could be described as average. However, alt:hcu3h eadl 

season had certain features general across nost sites, there were 

also wide diffe:rerx:es between sites in both seasonal am toonthly 

rainfall t.ot:als (Figure 3.1.2). 

84/5 85/6 86/7 87/8 
mm 100 

80 

60 

40 

20 

o 

-
. 

ONDJ~MA uNDJFMA ONDJFMA ONDJFMA 

Total rain, mm:· 

Mean 271. 8 228.2 220.2 423.9 
Range 

No of sites 

208.0·33P.9
,.) 

135.9·288.5 

22 

151.3·333.0 

23 

342.6·567.8 

20 

~1~~ 
Pattern of rainfall in each experimental year: monthly means (t s.d.) and seasonal 
totals, means and ranges. [Values for October were for less than a full month 
in most cases.] 

Barley yield was stra"gly, positively am linearly ~~ated to 

total seasonal rainfall in eadl of the first three seasons. For 

exanple, in 1985/86, linear regression on rainfall acx:nmted for 

74% of the variance of site mean yields of grain. In the JI'lldl 

wetter 1987/88 season, however, yield showed little relation to 

rainfall; am CNer the foor-year data set the general yield

rainfall tren:i is better describeJ by a quadratic expression. 
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Equations fitte::i to mean data fran F-B am B-B rotation sites 

separately irrlicate ciIy-lT:atter yield maxima for both rotations 

sanewtlere between 400 am 500 11111, althoogh yields in B-B rotation 

were generally lower at all rain."all levels. Use of mean data 

disguises quite large yield differences, at all rainfall l£:Vels, 

bet:wee.., fertilizer treatJrents; rut carparison of regressions 

fitte::i to data fran the two extremes, zero-fertilizer control am 
the 60N:90P treatment, shows the general tren1 of the yield

rainfall relationship to be unaffected by fertilizer in either 

rotation (Figure 3. L 3) • 

8-F 

TDM, 

t/ha 


7.5 

5.0 

2.5 

/ 
0.0 

150 	 250 350 450 
Rainfall, mm 

Figure 3.1.3 	 f(elationship of total dry matter yield to rainfall under 
zero and high fertilizer regimes in F-8 and 8-B rotations 
separately. Fitted equations: 

R2, % 
B-F N60P90: Y = 74.210 - 0.082740 2 

- 7583 (kg/hal 67."3 
NOPO: Y = 52.170 - 0.058680 2 

- 5792 51.4 
8-8 	 N60P90: Y = 79.670 - 0.092820 2 

- 9455 65.9 
NOPO: Y = 34.600 - 0.039310 2 

- 4016 43.7 
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Regressions 00 total seasonal rainfall take no acco.mt of the 

distriliItioo of that rainfall. To examine the inportanoe of 

this, we have CCIIpaI"E'd the equation used so far (I) with an 

equatioo in whidl the linear CXITpOIlellt of the regression is 

divided aver the rronthly rainfall subtotals. 'Ibis exanple is for 

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

Y= 25.45 Q - 0.0294 02 - 2740 .... Eqn I (R2 = 53.4%) 

Y = 14.09 Qoct + 26.62 Qnav + 28.56 Qdec 
+ 19.81 Qjan + 26.84 Qfeb 
+ 19.05 Qnar + 20.80 Qapr 

- 0.0224 02 - 2500 ...• Eqn II (R2 = 59.1%) 


where Q is total seasonal rainfall, Octd:ler-April, arrl Qoct, QocN, 

etc., are the nonthly subtotals. [All tenns in each equation are 

statistically significant at the 1% level.] 

Increasin:] the carplexity of the equation gives sane increase 

in the variance acco.mted for. Althalgh not particularly large, 

this increase in'plies that rain nade a greater or smaller 

contriliItion to CIq) yield accx::>rding to when it fell. 

Given the limitations of the data set arrl the sin:]le 

quadratic tern, it is alIoost certainly unjustified to place too 

precise rreaning on the irxtividual values of the linear 

cxefficients for eadl nonth; rut their general tren::l, illustrated 

in Figure 3.1. 4 is prc:bably meani.n:Jful. COefficients for grain 

were IOOderately constant, iIrplyin:] that rain at any time had 

approximately equal utility for grain production; rut 

oorrespordin;J values for straw showed larger differences, the 

peaks in Navetber arrl Decarber stq:JeStin:] that early rain had 

greatest effect 00 production. 'Ihese trerrls awear to be broadly 

irxiepenjent of fertilizer rate. Absolute differences between the 

ooefficients for zero-fcxtilizer and high-fertilizer treatments 

for IOOSt nonths were quite large, rut t.~ pattern of their values 

across the ~ of m::nths was remarkably similar. 
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Oct Nov Dec Jan Feb Mar Apr 

Mean ra 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 

Figure 3.1.4 	 Coefficients for monthly rainfall terms in re~ression 
equation III for grain and straw yields in (aJ high
fertilizer treatments, N60P90, (b) zero fertilizer 
treatment, NOPO, and (c) me~n of 16 fertilizer 
treatments, in each case at 75 sites. [All values 
plotted are statistically significant at the 0.01% 
level in their respective equations.] 



39 


H~er, a~reciable differences ~ when data were 

separated accordin;J to rotation. In the B-B rotation, the linear 

effect of November rainfall was between 1. 5 arrl 4 tilnes greater 

for both grain arrl straw production than that of rainfall in 

subsequent nonths, \vhereas, in the F-B rotation, coefficient 

values rerraine::l a~roxirnately constant fran Noverrber to March. We 

may hypothesize cautioosly that this arises fran a greater dryness 

of the soil profile in larrl previoosly crq:p;rl to barley, whidl 

makes the voltnne of early rain nore critical for the perfo~ 

of the new crq>. 

Effects of soil type weJ.."'e lTl.lCh smaller than those of 

rainfall. OVer all treatments, calciorthids gave the highest mean 

yields of grain arrl straw, despite havin:] a lower mean rainfall 

than that of the xerochrepts (,rable 3.1.2). Mean rainfall arrl 

Table 3.1.2 	 SUnmary of rrean site arrl yield data on the three 
main soil types 

xerochrepts calciorthids Gypsiorthids 

Nur!t>er of sites 36 18 14 

Means across sites: 

Total seasonal rainfall, mn 294.5 273.4 259.1 
Mineral-N 

(0-40 an depth) , J:PtI 10.4 13.2 44.2 
Available-P 

(0-20 an depth) , J:PtI 4.4 4.9 4.0 

HaIvest yields, t/ha: 

NOPO treatment - grain 1.42 1.69 1.04 
straw 1.71 2.05 1.30 

N60P90 treatment - grain 2.19 2.38 1. 75 
straw 3.60 3.37 2.66 

16-treatment rre.an - grain 1.83 2.02 1.32 
straw 2.58 2.70 1.84 
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m.?..an yield were la.;est for ~iorthids, a predaninantly Zone-3 

soil. Higher yields on calciolthid soils aweared to arise fran a 

greater responsiveness to rainfall on i.:hose soils (Figure 3.1. 5) • 

'!he reasons for this are not known. 

TOM·lt/ha 

7.5 

5.0 

'/
/

/
? / 2.5 '/ /

/ I 
/ /

I I 
i 

0.0 
150 	 250 350 450 

Rainfall. nm 

Figure 3.1.5 	 Effect of soil type on the response of total dry matter 
yield to rainfall. Equations based on values from 
all 16 treatments: 
Calciorthids: Y = 74.45Q - 0.07517Q2 - 10007 (kg/ha) 
Zerochrepts: Y = 48.21Q - 0.05274Q2 - 4616 
Gypsiorthids: Y = 64.53Q - 0.07930Q2 - 6980 

[Variance accounted for. 62.1%, 43.9%, and 67.0 respectively.] 

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

(site ~ or irxlividual treatments) were ITUCh smaller than those 

of rainfall and were also partly confoorrled with them, since soil 

mineral-N values terrled to be lower and available-P values 

slightly higher where mean rainfall was higher (e.g. Zone 2 

cx::rrpared with Zone 3). For these reasons, it is difficult to 

identify site yield differences (even in the zero-fertilizer 
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cx::f'lt.rol treatzrent) attril::utable to initial soil fertility 

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

differences on crq> response to fertilizer can be derronstrateC .. 

One further site difference was that of rotation. As noted 

above, yields and values of yield/BIn of rainfall were generally 

lower in B-B than F-B rotation: and, as tht;! rreans show (Table 

3.1. 3), this cannot easily be attrib.Jted to differenc:e3 in 

measured site factors. Nor can it be attrib..lted to any 

substantial difference in response to fertilizer. Regressions of 

total dry matter on rainfall show similar discrepancies between 

rotations in both zero-fertilizer and high-fertilizer treatments 

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

biological origin (Le. rotations differin:J in pest and disease 

i.n::idence) and part, at least in sane cases, due to differences in 

the annmt of stored water in the soil profile at plantin:J time. 

Table 3.1.3 	 Mean site conditions and mean yields (16 treatIrents) 
in F-B and B-B rotations 

Yields, tjha 
Mineral-N, Available-P, 

Rotation Rain, ImI FPlI FPlI Grain straw Total 

F-B 286.4 18.4 4.3 1.99 2.79 4.78 

B-B 277.0 15.4 4.9 ].40 1.95 3.35 


3.1.1.3 	 General pattern of yield 
respcnse to fertilizer 

Mean yields of grain and straw across the 75 trials showed highly 

significant responses to both N and P fertilizer (Table 3.1.4). 

Irx::reases over the control treatIrent were rather greater for straw 

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

rate, N60P90), resulti.n;J in a reduction in harvest index with 
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i.rx:=reas.i.rg fertilizer rate (fran 45.5% in control to 38% in 

N6oI'90) . Fertilizer effects on 1000-grain weight were small, 

especially in the case of P,1os{:i1ate, but significant. Values 

ten:lErl to decrease with increa;~ fertilization. 

Table 3.1. 4 	 Mean effect of fertilizer treaboont over 75 sites on 
barley grain and straw yields (tjha) and 1000-grain 
weight (g) 

P-fertilizer, kg P2°sfha 
N-fertilizer, 

kg Njha 0 30 60 9(1 Mean 

*** 
GRAIN 0 1.48 1.56 1.68 1.71 1.61 

20 1.57 1.82 1.93 1.93 1.81 
40 1.63 1.88 2.02 2.09 1.91 
60 1.64 1.98 2.08 2.19 1.97 

*** 
Mean 1.58 1.81 1.93 1.98 1.82 

*** 
0 1.83 1.99 2.15 2.24 2.05 

20 2.02 2.47 2.66 2.71 2.47 
40 2.22 2.67 2.93 3.14 2.74 
60 2.33 2.86 3.22 3.44 2.96 

*** 
Mean 2.10 2.50 2.74 2.88 2.56 

*** 
1000-GRAlll 0 33.5 33.3 33.2 33.2 33.3 

WEIGHl' 20 32.7 32.4 32.3 32.2 32.4 
40 12.0 31.6 31.6 31.7 31. 7 
60 ~1.6 31.1 30.9 31.0 31.2 

*** 
Mean 32.5 32.1 32.0 32.0 32.1 

starrlard errors (±) of main treat:Joc>nt rreans: grain, 0.015; straw, 
0.042; 1000-grain weight, 0.083. Analyses did not test for 
significance of N x P interactions. 

Analysis of the 5aJre data on a trial-by-trial basis shows 

that barley grain or straw or both resporrled positively and 

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

http:i.rx:=reas.i.rg
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74 of the 75 sites. Signific'.ant responses were lfOre rnnreraJS to p 

than to N bu.t not by a wide margin: 50 to 53 for straw ard 45 to 

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

of the straw. r.x.-runati on of the frequency of signific:ar.;:. 

re5p)nses to fert.ilizer in relation to site factors (Table 3.1.5) 

shOo/S that: 

a) 	 the ~rtance of N increased ard thc:lt of P decreased with 

increash¥,l rainfall (ard, less clearly, in passi.r¥j fran Zone 2 

to Zone 3). 

b) 	 N was IOClre in1pJrtant in barley-barley (8-B) than in fallow

barley (F-B) rotation, tha.tgh not by a wide margin. 

c) 	 P was IOClSt inp:>rtant, and N least iITpJrtant, in gypsiorthid 

soils. 

d) 	 initial soil content.s of available IilOSFhate (Olsen) at 0-20 

em de~th and mineral-N at 0-40 em depth influenced fertilizer 

response. 

Significant interactions between N and P fertilizers were 

relatively few -- 14 sites for grain, 18 for straw - rot this 

'..trOer-value5 the extent to whidl one nutrient had a synergistic 

effect on the other. 'There were very few sites at which response 

t.o P was not. enhanced by the preso~ of at least a lew rate of N. 

[3ee also the positive NP tenns in the equations given in Table 

3.1.6.] 

'Ihe..c;e analyses shew that, in a gE>neral way, barley respords 

well to ferti lity alt that the size am statistical significance 

of tllat respon...c;e may deperrl on envirororental conditions

rainfall, soil type arrl precaHrq c..T':Ip. HCMeVer, for better 

l1rderst3ro~ am for prnctical awlication, further analysis is 
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Table ~.1.5 	 Sununary of the percentage distributions of 
significant responses to N am p fertilizer as 
affectOO by main site factors 

Grain straw 
HI.mtler 

Factor of sites N p N P 

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

> 300 nm 22 73 41 86 59 

2 31 61 45 74 74 
3 44 39 70 68 82 

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

Soil Groop Gypsiorthid 14 21 86 36 100 
Xerodlrept 36 64 53 89 72 
Calciorthid 18 39 61 72 89 

Available P < 5.0 RJ1l 50 46 68 64 88 
5.1-8.0 RJ1l 19 37 53 79 68 

> 8.0 RJ1l 6 100 17 100 33 

Mineral-N < 8.0 RJ1l 22 68 55 91 68 
8.1-16.0 RJ1l 36 50 64 72 86 

> 16.0 RJ1l 17 18 59 41 76 

Rainfall values are totals fran mid-<>ct:.ciJE>..r to em of April. 

required to express these rel:.tionships quantitatively as 

equations or IOOdels. 'Ihere is 00 sirgle correct way to do this. 

We have chosen a direct regression awroach. We have looked for 

sinple IOOdels that express yield in tenns of the rate of awlied 

fertilizer ani rainfall, for alternative sets of environmental 

ocnlitions, ani in dOID;J this, we have recognized two different 

aims: 

i) Desc:"iptive - to inpro\le oor ll1"rlerstar'r of the separate 

and interacting effects of fertilizer am variC\lS 

envirorunental factors on crcp perfOI'1tlal"X:le. 
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ii) 	Predictive - to in:ticate hc:M barley will resporxi to 

fertilizer on future occasions. 

The first facilitates scientific interpretation of the 

results. The secorrl is essential to the practical target of 

develcpirg fertilizer reccmrerrlations. '!he blo rnet:l'lC":k>logies 

differ, because not all the infonnation ava.~ ·.able for 

retrospective description is available for prediction. 'Ibis is 

c::twioosly true for rainfall b..rt: may also awly in many cases to 

soil parameters. 

3.1.1.4 DescriptJ.ve models 

'!he 	descriptive IOCldeI used has the general form: 

Y = aN + bP + cNP + dN2 + e.r2 + fQ + rt:1- + ~ 
+ iQP + CXlllSt 	 Eqn III 

where N arrl P represent rates (kgjha) of fertilizer N an::l P2~ 

awlied, Q is total seasonal rainfall, arrl a, b, ••• i are derived 

coefficients different for each version of the equation. 'Ibis 

allC7NS for the large linear an::l quadratic effect of rainfall at 

general yield level; yield response, linear arrl quadratic, to 

fertilizer; and the first order interactions of rainfall at 

fertilizer response. Further CY.Ilplexity has been fcmrl to give 

ally marginal increases in the variance acx:x:unted for. 

Coefficients for the above equation for varioos set or subsets 

of the data are given in Table 3. 1. 6. In all cases, caution is 

needed in interpretirg the meanirg of in:tividual tenns. Fbr 

instance, a negative value of the coefficient for the linear N 

term does not mean that yields are generally depressed by awlied 

nitrogen. Rather, the response to N is strorgly rainfall 

deperx:Jent, arrl this is covered by the positive ~ interactiat 

http:DescriptJ.ve


Table 3.1.6 Coefficients for terms in equaticn III for ten different data sets 

NuIItler ~.of 
Data set sites N P NP N2 p2 0 00 ~ QP a:nst. % 

a. All grain 7::', -1.320 7.035 0.0528 -<l.0854 -<l.0497 24.35i.. -<l.0294 0.0353 0.0..,"094 -2891.8 59.0 
b. F-B grain 54 -2.037 7.556 0.0632 -<l.0752 -<l.0532 22.459 -<l.0263 0.0299 0.00130 -2394.2 60.5 
c. B-B grain 21 0.289 6.047 0.0263 -<l.ll17 -<l.0408 24.945 -<l.0310 0.0506 -<l.OOO13 -3238.1 65.6 
d. F-B straw 54 -4.892 7.960 0.1510 -<l.1211 -<l.0762 30.058 -<l.0344 0.0654 0.01432 -3416.5 58.3 
e. Xerodlrept tdm 36 9.463 11.333 0.1862 -<l.2509 -<l.1084 45.021 -<l.0527 0.0860 0.01360 -4968.4 58.4 
f. calciorthid tdm 18 -7.101 26.669 0.1422 -<l.2812 -<l.1261 72.644 -0.0752 0.1192 -{).01710 -10457.3 70.9 
g. Gypsiorthid tam 14 -28.499 12.448 0.2301 -{).0594 -{).1389 59.049 -0.0793 0.1272 0.03700 -6474.7 77.4 
h. "napa" 
i. "NApa" 
j. "l~A" 

tdm 
tdm 
tdm 

23 
22.5 
19.5 

4.093 
-19.302 
-22.064 

12.791 
23.265 
15.617 

0.2533 
0.1969 
0.1461 

-<l.2705 
-<l.1371 
-0.1489 

-0.1242 
-<l.1019 
-<l.1446 

51.513 
77.527 
49.687 

-0.0620 
-<l.0976 
-0.0549 

0.0850 
0.1191 
0.1471 

0.01777 
-{).01421 

0.01792 

-{;184.0 
-9580.4 
-5401.5 

61.9 
69.7 
63.8 

For equatiC'B1S h, i am j, q:.per am IC7.o'er case print for NA an::l PA (available N am P in soil) in:ticate high am low 
valUf..s, viz. NA>J 0 I=Pn>na am PA>4. :, I=Pn>Pa. Nc:n-integral site J"IUIIDers arise fran ale site havil'q replicates ..i.th 
available-P value above am below 4.5 J:PII. 
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term. SUCh effects are IOClSt easily represented graIillcally: for 

exanple, the grain an:} straw yields in F-B rotation (Figure 

3.1. 6) . At the highest fertilizer rate, the calculated grain 

yield inproveroont CNer c::xJI1trol rises fran 483 kgjha at 150 ImI to 

961 kgjha at 400 :mt (an in::rease of 478 kgjha or 99%), while 

corresporrlin::j figures for straw are 967 an:} 2270 kgjha (an 

irv::rease of 1303 kgjha or 135%) . 

'!here are other ways of representin:J the relationship:; 

described by such equations. For instance, isoquants for grain 

yield increases CNer zero-fertilizer control have been derived 

fran the eql.Etions for F-B and B-B rotations at three rainfall 

values, the seasonal rrean of the 75 trials am one stardard 

deviation above and below that rrean (Figure 3.1. 7) . For F-B 

rotation, except at the la,.Je5t rainfall, isoquants are 

awroxinately equidistant fran both N an:} P axes; but for &-8 

rotation, with increa!;in:} rainfall they becane inc:reasin;Jly 

orientated parallel to the p-ruds. '!his derronstrates the 

i.rcreasin:Jly greater inportance of N fertilizer for continuously 

CIq:p:U barley urder increasin:} rainfall. 

Alten'\atively, we may look at '.he effect of soil nutrient 

CXl1tent at plan::in:} tirre on barley response to applied fertilizer. 

'!his is illustrated for total dry matter productiol1 at three 

stan:lard rainfall values in Figure 3.1.8 in respect of three 

different states of soil nutrient availability: "napa" (low 

available N am P), "Nl>;:all (high available N, low available P) and 

"NAPA" (high available N and P). '!he state IlnaPA" is emitted, 

because it inc:ltrles too few sites. In fact, the dividing value 

between high am low available P, 4.5 r:p1l, is already rather low. 

other work S\..lg:Jests that the IIcritical" Olscn-P value above which 

fertilizer responses rapidly decline is arourrl 6-7 wn. '!his 

wa.lld have made a rrore awropriate dividi.rxj line, but one which 

pIt most soilr. in the low available-P category. 
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Figure 3.1.6 	 Effect of rainfall on the differential responsiveness of 
grain and straw to Nand P fertilizers in F-B rotation 
(drawn from equations band d in Table 3.1.6). 
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Figure 3.1.7 	 Isoquants for groin yield increase (kg/ha) over zero
fertilizer control in F-B and B-B rotations at three 
different seasol1al rainfall values: (a) 183.5 mm; 
(t.) 283.7 mm; (c) 383.9 mm (i.e. 75-site mean ± 1 standard 
dev·iation). Numbers in brackets indicate zero-fertilizer 
control yields (kg/ha) in that rotation for that rainfall 
value. (Plotted lines calculated from equations band c 
in Table 3.l. 6). 
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Figure 3.1.8 	 Effect of initial soil nutrient content on total dry matter 
response to applied fertilizer at three rainfall levels: 
increases (t/ha) over zero-fertilizer control (a) from 
N-ferti1izer at two rates of P-ferti1ization and (b) from 
P-ferti1izer at two rates of N-ferti1ization, for 
napa (-.- .-.-). NApa (- - - -) and NAPA (--). 
{Drawn from equations h.i and j in Table 3.1.6}. 
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Nevertheless, the three e.quatlons show sane interestin;J 

differences. With the sin:Jle exception of resp:>nse to P on NApa 

soils in the absence of ackied N, all fertilizer responses increase 

with increasin:J rainfall. But they also converge. '!hat is, the 

higher the rainfall, the less cri::ical the effect of initial soil 

fertility on yield res-ponse to fertilizer. At 200 lTIll, yield 

increases fron the highest feltilizer rate on napa, NApa an:i NAPA 

soils are, respectively, 2.12, 1.85 an:i 1.25 tjha; rut at 400 ntn, 

3.47, 3.03 and 3.34 tjha. 

Where differences occur, that is at low rainfall (exenplified 

by the values calculated for 200 nm), they conform largely to 

expectation. 1hus, response to fertilizer N is greatest in napa 

soils; in fact, in NApa an:i NAPA soils it is negative in the 

absence of added {:OCIb"Thate. Re!:.-ponse to fertilizer P is also 

greatest in napa soile; but only .in the preseoce of crljed N. When 

no N is a~,de:l, great.ebt re,'ponse is in NApa soils. 

Many other- ec....Iations, arrl ways of represerltinJ them, can be 

derived to represent tile iI:.fonnation in the 75-site data set. 

Ha.'eVe.l.", there are limitations. For exanple, we may CCI'l'pCire yield 

response to rainfall an:} fertilizer on three different soil types 

or in two different rotations but not in eam of the six different 

cx::Iltlinations of soil type an:} rotation separately. site rn.nrbers 

are too few to give six reliable equations. Nevertheless, in 

general, the regression awroach acXls greatly to cur I..ll'rlerstarr 
of the pattern of yield response to fertilizer provided by 

standard analysis of variance ('rables 3.1.4 an:i 3.1.5). Among the 

poiI1ts that stan:l out ru-e: 

a) 'lhe divergence between rotations in crqJ response to awlied 

N. '!hat response intensities with increasirg rainfall nore 

strorqly in B-B than in F-B rotation, to an extent that 

awears disproportionate to any initial differeoce in soil 

mineral-N content. 
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b) 	 '!he convergence, with increasirg rainfall, between soils of 

different initial nutrient content in crq> response to 

awlied N arrl P. 

SUch effects should be seen in the context of the very large, 

curvilinear response to rainfall that occurs irrespective of soil 

type, nutrient status or rotation. Between 150 am 450 nun, with 

or without awlied fertilizer, the bianass increases three- or 

even four-fold with, prestmably, awroximately prc.portionate 

increases in the demarrl for nutrients. '!here is thus a renarkable 

deperrlence on rainfall in the ~ efficiency with which 

nutrients are utilized. 

For instance, urrler 200 nun rainfall, a soil with 3-4 AD 

available P arrl 10-15 ppm mineral-N might yield It barley 

grain/ha without fertilizer arrl perhaps 1. 5 tjha with fertilizer 

(N6oP90): but urrler 400 nun, the saIOO soil, might produce as J!UC'h 

as 2.0 tjha without fertilizer arrl 3.5 tjha with fertilizer. In 

particular, yield response per unit of fertilizer nutrient

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

as declinirg with increasirg rate of awlication arrl takin;J a 

higher value where both nutrients are awlied to;Jether, this 

efficiency differs 

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

60 kg Njha, 50 kg P205 increases grain yield by 6.3 kg/kg P205 

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

b) 	 accorcli.Nj to rainfall annmt, for N (e.g. in the presence of 

90 kg P20s/ha, 35 kgjha increases grain yield by 5 kgjkg N at 

200 nun rut by 15.1 kg/kg N at 400 nrn) . 

3.1.1. 5 Predictive m:rlels 

'!he 	above points urrlerline the difficulty of maJd.n:J reliable am 

http:accorcli.Nj
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ecoJ'DIIic fertilizer-rate recx:mnerxlations in a highly variable 

rainfall environment. In the search for a useful nrdel to achieve 

t1'¥! predictive aim, rut aocalilalatirg rainfall W1predictability, 

two awroaches have been c::atpared: 
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Figure 3.1.9 
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Fallow-Barley 40 N 
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90 P205-------------- 90 P20560 P205 
--------------- 90 P205 

nO P205 60 P205 
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30 P205 
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Rain, mm 


Effect of rainfall and rotation on grain-yield production per 
unit of fertilizer nutrient: (a) response to N at three rates 
of appl ication in the presence of 90 kg P205 (--) and in the 
absence of applied P (-----); (b) response to P at three rates 
of appl ication in the presence of 60 kg N/ha (--) and in the 
absence of applied N (-----). (Based on equations band c in 
Table 3.1.6). 
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I. 	'!he calculation of simple equations representirxJ yield 

increase over zero-fertilizer control, quadratic with respect 

to N am P fertilizer rates but cmittirxJ rainfall tp-nns. 

II. 	'!he aWlication of historical rainfall data to sare of the 

descriptive IOCdels already described to look at the lOn::1-tenn 

probabilities of response to different fertilizer rates. 

We also rec:cqnize two different reccmnerrlation oojectives: 

a) 	 general recc.mrerrlations, for broadly-defined envirol1IT'eI1ts, 

which any fa:rrrer gro..rirxJ barley in that envirorunent could 

expect to use with the minimum of risk; 

b) recomrrerrlations that take account of known values of available 

N am P in the soil. 

For the general recx::rrarerrlations Ilrrler awroadl I above we have 

used equations representing the increase in grain yield due to 

fertilizer use, over zero-fertilizer control, of the form: 

L\ 	Y = aN + bP + GNP + dn2 + er2 Eqn IV 

where N an::i P represent the rates of fertil izer N am P205 awlied 

(kgjha) am a, b, c, dame are derived coefficients. 

Such equations have been derived fran subsets of the data 

specified, for ease of subsequent prediction, in terms of easily 

identified site parctJOOters: geogra~tlical location (province, 

region); crop rutation (barley after fallow, F-B, or barley after 

barley, B-B); an::i agricultu...al stability zone. CoTparisons 

between actual nean yield increases arrl those generated by these 

equations make it quite clear that "subset" equations give a nuch 

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



55 


set (Table 3.1.7). Althoogh this is not true validation, since 

the equations are bei.rg tested only against the data fran which 

they were derived, there is a sb:'on;J inplication here that 

appropriate sul:groupi.rg wccld give better prediction. 

Table 3.1. 7 	 Calparisons between actual increases in rrean grain 
yield for three fertilizer treatments am estilnates 
calculated fran fitted equations (given below) 

Fertilizer treatJnent, N : P2~ 

o : 90 60 : 0 60 : 90 

sites Actual calc'd Act:u;U calc'd .Actual calc'd 

All 
Zone 2, F-B 
Zone 2, B-B 
Zone 3, F-B 
Zone 3, B-B 

234 
153 
463 
338 
16 

217 
163 
391 
297 

36 

160 
218 
712 
-83 
254 

177 
197 
744 
-35 
245 

717 
720 

1113 
684 
539 

728 
733 

1085 
689 
581 

(Based on the followi.rg equations: 

sites a 

coefficients for Equation IV 

b c d e 
Adj ~, 

% 

**** **** **** ** **** 
All 75 7.520 6.517 0.0617 -0.0762 -0.0456 41.03 

**** **** ** * * 
Zone 2, F-B 25 6.733 5.797 

**** 
0.0691 

** 
-0.0576 -0.0442 

** 
38.18 

Zone 2, 

Zone 3, 

Zone 3, 

B-B 

F-B 

B-B 

8 

29 

13 

24.759 

3.517 

7.352 

7.882 
+ 

7.892 
** 

3.994 

-0.0148 
**** 

0.0792 

* 
0.0556 

-0.1976 
*** 

-0.0683 

* 
-0.0546 

·"0.0393 
+ 

-0.0511 

-0.0399 

70.43 

** 40.19 
+ 

38.01 

Significance levels of coefficients: 
**** 0.01%; *** 0.1%; ** 1%; * 5%; + 10% 

Zone 3 group 	inclooes a ff?W Zone 4 sites.) 

http:sul:groupi.rg
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Fran a practical starrlpoint, the question is, which system of 

subdivicii.rg the data gives the best predictive equations. '!here 

are considerations of both reliability arx:1 field applicability 

involved here. One weakness of the division into two zones arx:1 

two rotations shown above is that the "Zone 2, B-B" SI.lbgra.Ip 

catprises only 8 trials, hardly an adequate sarrple. One 

alternative division, of similar field practicality and havin} 

more equal partitionin:3' of trials between subgroups, is that into 

two zones arx:1 two gE!OCJIC1Iilic regions, West (Aleppo arx:1 lian'3 

Provinces) arx:1 North-East (Raq::}a arx:1 Hassakeh Provinces) • 

Equation.<". for these subgroups also generate treatment values that 

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

For situations where soil available N arx:1 P values are known, 

equations have been developed for foor states of preplanting soil 

fertility: "napa" (lC1w' available N arx:1 P); "NApa" (high N, lC1w' P) ; 

"naPA" (lC1w' N, high P); arx:1 "NAPA" (high available N arx:1 P). As 

cbserved previoosly, the (Olsen) available-P value, 4.5 ppn, used 

to separate "pa" from "PA", is itself rather lC1w' (because the 

distribution of experimental soils was rather overweighted tcMards 

lC1w' available-P contents) . Here, an "naPA" equation is included

- for c:x::rrpleteness - rut, based on only 10 trials, it may be less 

reliable for predictive p.u:poses than the other three. 

Isoquants derived fran tilese equations derronstrate that 

initial soil fertility status prcx:iuoes substantial differences in 

the fertilizer needed for a specific mean yield increase (Figure 

3.1.11) • For instance, on a per hectare basis, an extra 400 kg 

grain requires just 20 kg N in "naPA" soils; 20 kg N arx:1 40 kg 

P2~ in "napa" soils; 20 kg N arx:1 60 kg P205 in "NApa" soils; arx:1 

40 kg N arx:1 60 kg P205 in "NAPA" soils. If the soil is already 

relatively rich in available nutrients, a greater input of 

fertilizer is required to give the same yield increltent. For 

"NAPA" soils, there is a fairly lC1w' limit on the yield increase 

http:SI.lbgra.Ip
http:subdivicii.rg
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Figure 3.1.11 	 Isoquants indicating the amounts of fertilizer required to give 
mean grain-yield increases over control of 200, 400, 600 and 
800 kg/ha under four different initial conditions of soil 
fertility 

that can be adlleved; no fertilizer rate within the rarges 

tested, will give a JOOan grain-yield increase of 600 kgJha. 

All the above predictive equations contain ru rainfall tenn 

but, instead, "assume" a rainfall that is, in fact, the JOOan of 

the rainfall totals recorded in the trials contributin:J to the 

data set upon which the equation is based. '!he equation for, say, 

F-B rotation in Zone 2 assurres an Qc:tci:)er-April rainfall t.ot.?l of 

315 ll1Il\, am that for F-B rotation in Zone 3 262 nm, these bein:J 

the mean values, respectively, for the 25 am 29 trials in those 

subgroups. Given that these means are reasonably representative 

of the zones concerned em that "next season's rainfall" is always 

90 
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Probability, % 

Wl'reclictable, such an assI..D1'ption may seem unavoidable. However, 

where long-tenn rainfall records are available, it is lXJSSible to 
inprove on this. Acceptin:.J that previCAlS rainfall records may be 

taken as a reliable g'.ti.de to future rainfall prOOabilities, 

descriptive equations that express yield in terns of both 

fertilizer rate and rainfall can be used to make statements al::nIt 

future yield responses to fertilizer in prc:babilistic terns. 

For exanple, Figure 3.1.12 shows Octd::ler-April rainfall totals 

at probabilities of 10 to 90% for a ran::Je of lneteorol(XJical 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Figure 3.1.12 

200 300 400 500 

Rainfall, mm 

Probabilities of October-April rainfall totals at six sites in 
north-west Syria (based on 23-28 years of records since 1960).
Sites: A: El Khafseh; B: Abudhu; C: Munbuj; 0: Breda; 

E: Saraqeb; F: Qadi 

http:g'.ti.de
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stations in oorth~ syria (based on 25 ± 3 years data fran 

the period, 1960-1989). Fran these, it is possible (us.i.rg the 

awropriate equation in Table 3.1. 6) to calculate yield increases 

at the sarre prdJability levels for any dlosen fertilizer 

treat:m:nt. An exanple c:x::r!plI'eS four fertilizer treatments awlied 

to barley in F-B rotation at a JOOderately wet station, fotll'lOOj, arrl 

a relatively dry station, El I<hafseh (oct:OOer-lIpril mean totals, 

264 ± 79 no am 215 ± 61 no, respectively) (Figure 3.1.13). 

Probabi 1 i ty, % 

Figure 3.1.13 	 Probability of grain yield increases over control from four 
fertilizer treatments applied to barley in F-B rotation, at 
Munbuj (--) and at El I:hafseh (-.-.-) 

Given a sufficient density of stations with lOn:J-tenn rainfall 

records, one may take this process one step further am translate 

maps of rainfall prcbability into maps of fertilizer response 

probability. Figure 3.1.14 illustrates the potential rut also 'CWO 
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Figure 3.1.14 	 North-west Syria: (a) October-April rainfall totals at 80% probability; (b) calculated 
barley grain-yield increases in B-B rotation from 60N:30P205 at 80% probability. (In 
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of the current limitations of this method. First, the density of 

stations decreases rapidly towards the drier areas: arrl, 

unfortunately, it is these areas where the question of the 

reliability of barley response to fertilizer beo:::roos JOOSt 

critical. SecorxUy, t..~.re is the prcblem of inconsistencies 

between neighboorirg stations, ansID:J mainly fran small 

differences in the time spans of the available data. In a record 

of only 25 years, the prestmoe or al:sence of one or tv.u years' 

data can make a substantial differen::e to the pl:"d:labilities 

iIrlicated for a partiallar rainfall cotrlition. H<:::Mever, the 

developnent of reliable statistical tedmiques, currently in 

progress, for the generation fran existirg records of lorg-tenn 

rainfall data sets on a rd:J'..ll.ar rnap-grid basis wo..ll.d awear to 

promise nnlch scope for refiranent of this method. 

3.1.2 »xn:mic Analysis of ReseaI:'c.b:!r IWlaged Trials 

A. Mazid 

Four years' results fran the cx>llaborative SMMRII~ on-fann 

barley fertilizer trials are I'lO\oI available am allow a detailed 

economic analysis of fertilizer use on barley in zones 2 arrl 3 of 

N. Syria to be cx>rrlucted. 

3.1.2.1 Partial BlDJets 

In a partial budget analysis of the four-y~ data set (Table 

3.1.8), values of net revenue am marginal net benefit/cost 

ratios were corrq:xrred, for each fertilizer treatment, between three 

groups of trials usirg 1988/89 prices of grain, straw am 
fertilizer: 

F-B rotation in Zone 2 

F-B rotation in Zone 3 

B-B rotation in Zones 2 am 3 together 


http:rd:J'..ll
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Tabl~ 3.l·8 	 calo.1l.ated mean values of net reverrue arxi narqinal 
net "Jenefit:oost ratio for F-B rotatiCl'l, zooes 2 am 
3 &'r.arately, am B-B rotation 

Net revenue Net benefit:oost 
S'fI/ha ratio 

kg P2°5/ha: 0 30 60 90 0 30 60 9 0 

kg N/ha 

F-B Zone 2 0 0 -66 545 71 0 <0 1.04 0.10 
(25 sites) 20 -123 1076 1418 1168 <0 1.91 1.75 1.71 

40 455 1468 1992 2138 1.11 1.92 1.93 1.69 
60 653 1537 2180 2547 1.10 1.64 1.79 1.74 

F-B Zone 3 0 0 335 609 893 - 1.17 1.15 1.16 
(29 sites) 20 69 1269 1363 1448 0.33 2.18 1.69 1.41 

40 -54 897 1542 1898 <0 1.26 1.56 1.53 
60 -532 1205 1767 2315 <0 1.33 1.51 1.60 

B-B (All) 0 0 ;>16 133 214 - 0.78 0.28 0.30 
(21 sites) 20 977 1171 1648 1335 3.27 1.05 1.ge 1.31 

40 1278 1913 2046 2091 2.59 2.36 1.97 1.66 
60 1562 2572 2597 2576 2.28 2.48 2.07 1.75 

Net revenue values in:ticate that fertilizer use on barley is 

profitable in all treatments except (i) the low rate of ~te 

without nitro:Jen (P3oNo) am the low rate of nitro:Jen without 

P'losphate (PoN20) in F-B rotation in Zone 2~ arxi (ii) all rates of 

nitro:Jen withem: ~te (except PoN20) in F-B rotation in Zone 

3. 

3.1.2.2 Tedmical am ED:n:Jni.c Q?ti.m 

Tedmical an:i ecoranic inp..tt. q1tima were calculated for thirteen 

different defined environments, by taJd.Ig partial derivatives of 

the relevant estimated response function for grain yield (see 

section 3.1.1). 

Y = aN + bP + cNP + dN2 + ~ + const 
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Tecimical optima (i.e. yield maxiIra) were foorxi by equati.n:J 

the partial derivatives to zero and solvin;J the two resulti.n:J 

simultaneous equations for N and P: 

d Y d Y 
= a + cP + 2dN = 0 = b' + eN = 2cP = 0 (1) 

dN d P 

For the economic optima, the partial derivatives were equated 

to the relative prices of fertilizer and gain and, again, the two 

resulti.n:J equations solved for N and P 

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

dN Price, grain d P Price, graL., 

'!he prices of barley grain and fertilizer used were the 

Goverrunent prices for the 1988/89 season. ITt the case of N 

fertil izers, two different carpourds, aJllIOC)nilIr.l nitrate (33. 5% ti) 

and urea (46% N), have been carpared. 'Ihroughoot, the ~tlon 

is made tha.t the fanners' objectives are: (a) to maximize ~,rain 

yield, (b) to protect themselves against the risk of lcY.5S of 

revenue; for thl~ reasons, the calculations take no account of 

straw value arrl s:et a threshold for adoption equal to a marginal 

rate of return of .10 percent. 

'!he calculated values of the fertilizer rates that maximize 

yields (technical optima) are high (Table 3.1. 9) • In almost all 

ci rcumstances they 1 ie above the highest rates tested 

experimentally, and for this reason they must be regarded as only 

;:Ipproximate and unreliable irrlicators. Moreover, the calculation 

for mcdel 7 appears ananaloos and probably shoo1.d be disregarded. * 
Hc-.vever, the technical optimum is never a practical target, and 

it is the economic optimum that is of irrportanoe here. 

* It should be noted that those technical optima are specific to 
the response Irodel formulated, in this case a quadratic. 
Alternative fonnulations of the response function wo.ild prcxiuce 
different technical optima. 



65 

Table 3.1.9 	 Jttxiel specification am calculated mean tec::hnical 
optbna (fertilizer rates IraXimizin:j yields) 

At yield optim.nn Net reverrue 
(lM}( yield) increase over 

Grain zero fert. 
Fertilizer, kg/ha yield in grain 

equiv. 
M:xlel specification kg/ha 

1. F-B, Zone 2 100 119 2837 892 
2. F-B, Zone 3 101 147 2185 837 
3. B-B, Zones 2 arrl 3 75 94 1767 806 
4. F-B, Zone 2, West 72 94 2655 809 
5. F-B, Zone 3, West 77 120 2044 760 
6. F-B, Zone 2, North-East 100 130 2719 1054 
7. F-B, Zone 3, North-East o 0 1019 o 
8. F-B, Zone 2 63 102 2255 1058 
9, B-B, Zone 3 99 103 1532 709 

J.O. lJ::M NA, lJ::M PA 92 13'1. 2144 869 
11, lJ::M NA, H.igh PA 64 63 2023 843 
12. High NA..!J:1N i'.71. 114 186 2572 960 
13. High Nl\, High Pi-, 76 94 2091 486 

NA arrl PA refer to available nitrogen arrl ~te in soil at 
plantirx] the overall rotations, all zones, nutrient levels 
dividirx] "high" arrl "la...r": NA 10 I=PU, PA 4.5 I=PU. 

Tables J .1.10 am J .1.11 present the ecoranic optilla.nn N am 
P205 rates, derived for each model usirx] the relative prices, per 

unit weight, of fertilizer nutrients am barley grain. '!he 

following values were also calculated: 

a. 	 the pre-:licted i,~ grain yield at the optilm.nn N am P20S 

rates; 

b. 	 the resultirx] increase in r.et revenue (~ressed in kg 

grain/ha) over that fran zero-fertilizer cX>ntrol; 

c. 	 the marginal benefit:cost. ratio, as a percentage. '!his is 

equivalent to the rate of return fram applying fertilizer at 

the oFtimal rate cx::rrpared with no fertilizer use. 

http:optilm.nn
http:optilla.nn
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llmle ~tl,1Q 	 cala.tl.ated mean eoonanic qltima, assumirg a marginal 
rate of return of 40 per cent am the use of 
amronium nitrate as nitrogen sooroe 

Increase in 
At yield c.ptinum net revenue Marginal 

fert, J<g,Iha Grain as grain benefit:cost 
yield equivalents ratio 

Model N P J<g,Iha J<g,Iha % 

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 356 149 

10 60 84 2035 476 168 
11 54 37 1974 610 332 
12 57 110 2387 450 139 
13 29 54 1968 201 125 

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

Table 3.lon 	 cala.tl.ated mean econanic c.ptbna, as.surnirq a marginal 
rate of return of 40 per cent am the use of urea as 
nitrogen sooroe 

Increase in 
At yield optimum net revenue Marginal 

fert, kg/ha Grain a::; grain benefit:cost 
yield equivalents ratio 

Model N P kg/ha J<g,Iha % 

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 on relative prices of fertilizer N am P205 
to barley grain of 1. 74 am 1.86, respectively. 
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Little difference bebieen the eoonanic qJtilna is irxlicated for 

the two fonns of fertilizer nitrogen, anm:>nium nitrate am urea. 

Because it is slightly cheaper per unit of N, urea shar.'S slightly 

higher benefit:cost ratios for all m:xiels. 

calculations of narginal benefit:cost ratio were exterxled for 

each of the 13 roodels to COlIer a rarge of relative fertilizer 

prices. Price variability and sensitivity analyses showed that 

fertilizer use wcW.d still be beneficial am the benefit:CX)St 

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

higher than that of grain. 

3.1.2.3 	 yield Variability 

A further point, with a partiOJlar bearin;J on the eoonanic risks 

associated with fertilizer use, is that fertilization a~ to 

reduce yield variability. OJefficients of variation of grain 

yield decreased with increasin;J fertilizer rate (especially 

P'1osphate) in each of the three main sub-grrups of trials tested: 

F-B Zone 2, F-B Zone 3 am B-B (Table 3. 1.12) . FUrther am more 

detailed analysis of fertilizer use, yield variability and risk in 

currentI y urrlerway. 

3.1.3 	 A CaIparisal of Far-..er Managed am 
Researcher Kmaged Harlev/Fertilizer 
Trials (1987/88, 1988/m 

A. Wahbi 	am M.J. Jones 

'lb relate the 4 year results of researcher managed trials (see 

section 3.1.1) to fanners' corrlitions, it was necessary to compare 

the barley responses to fertilizer ootained in oor researcher 

managed trials with those ootained umer the fanners' own managed 

practices. In 1987/88 and 1988/89, we coopled a fanoor managed 

trial (FMl') to each of oor researcher managed trials (R1l'). In 
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these farner rna.naged trials, the fanner h..ilnself awlied several 

fertilizer oambinations (N40' P90 and N4oP90 kgfha in 1987/88 and 

in 1988/89 an additiooal treatment of N2oP45 kgfha) and greN the 

barley crop accx>rcli.rq to his usual practices withoot researcher 

influence. 

Table 3. 1. 12 Effect of fertilizer rate on mean grain yield 
and coefficient of variation in F-B rotation, 
Zones 2 and 3 separately, am B-B rotation 

Fertilizer, F-B, Zone 2 F-B, Zone 3 B-B, all 
kgjha 

No. N P205 GnIt SO CV% GnIt SO CV% GnIt SO CV% 

1 0 0 2018 826 41 1372 726 53 971 552 57 
2 0 30 2037 809 40 1493 673 45 1088 619 57 
3 0 60 2231 875 39 1617 707 44 1108 639 58 
4 0 90 2171 857 39 1710 787 46 1157 646 56 
5 20 0 2015 815 40 1411 793 56 1248 702 56 
6 20 30 2332 903 39 1747 901 52 1315 695 53 
7 20 60 2436 871 36 1799 775 43 1497 826 55 
8 20 90 2411 773 32 1873 878 47 1439 774 54 
9 40 0 2148 855 39 1390 793 57 1313 811 62 

10 40 30 2442 906 37 1658 852 51 1510 758 50 
11 40 60 2572 868 34 1850 839 45 1594 808 51 
12 40 90 2623 855 33 1958 860 44 1625 890 55 
13 60 0 2236 980 44 1289 726 56 1399 819 59 
14 60 30 2487 898 36 1762 934 53 1670 1024 61 
15 60 60 2610 915 35 1910 909 48 1695 894 53 
16 60 70 2737 911 33 2057 1026 50 1729 907 53 

Grwt = grain weight, kgjha; SO is the starrlard deviation of that 
grain weight; and CIJ is the coeffici~t of variation calculated 
from them. 

1987/88 and 1988/89 seasons were very different in terms of 

rainfall (Figures 3.1.15 and 3.1.16), the first (87/88) beirg very 

wet with an average rainfall of 422 nun across locations and the 

secorrl (88/89) very dry with an average rainfall of 174 nun. In 

both seasons, the prcbability of receivirg such wet and dry 

seasonal totals was aWLOxirnately one in thirty years. Irdeed 

http:accx>rcli.rq


69 


Season 1997/88
Number of trials: 10 
Mean rainfall, f!In: 421.7 
(Range, mm: 351.5 - 572.7) 
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Figure 3.1.15 	 Total dry matter production of barley for 
four fertilizer treatments in Researcher 
Managed Trials (RMT) and Farmer Managed 
Trials (FMT) in N. Syria (1987/88). 

Season 1988/89 
Number of trials: 20 
Mean ra j nfall, f!In: 	 173.9 
(Range, f!In: 126.5 - 221.5) 
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Figure 3.1.16 	 Total dry matter production of barley for 

four fertilizer treatments in Resea~cher 

Managed Trials (RMT) and Farmer Managed 

Trials (FMT) in N. Syria (1988/89) 
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these two years were so extreme that this series of trials 

conta ined no sites that received ralnfall between 250-350 DIll, 

although in te.nns of expected mean rainfall this rarge defines the 

IMjor barley gra..,rirg areas arrl is the IMjor focus of WI" work. 

However, in spite of this, the trerrls of yield responses to 

fertilizer were similar in both years arrl in both types of trial. 

However, as Figure 3.1.15 shows, in the wet season, IMI' slightly 

outyielded the FMI' in eaen treatJrent, rut in Figure 3.1.16 (dry 

season), RMI' outyielded the FMI' to a greater extent. In spite of 

the unusual rainfall totals associated with the two year trial, 

the results allow us to CXXlCllrle that even urder extrelre arrl 

(~ing corrlitions, fanners will also ootain the same pattern of 

fertilizer responses as we d:lServed in WI" researcher manageri 

l'lots. We see no re;u;ons to StJRXlSE! that this wtcl.d not also be 

tnle in rro::"e "average" seasons. 

As a result of the work reported in sections 3.1.1 to 3. 1.3, 

we have been able to fomulate proviElional fertilizer 

recoIT1IOOTrlations that co.lld be tested further in de.monstration 

fields. A meetirg was held at I~, between the Soils 

Directorate am E>ctension Directorate on 11 arrl 12 June 1989 to 

faJniliarize the E>ctension Directorate with oor results of the past 

five years am to discuss the initiation of a collaborative 

program between the two Directorates. '!he n-eetirg was a success. 

A provisional fertilizer recc:mnerrlation was by aooepted by all 

parties arrl both Soils Directorate arrl Extension Director..lte 

agreed t.o carry out a series of de.ironstration trials aver the next 
two years in five provinces (O:rra 'a, Harna, Aler.po, RaCJ:Fl arrl 

Hassakeh) • 'These will be financed jointly by the syrian Ministry 

of Agriculture arrl Near East FCXlJ"rlation. ICARrl.\ will also 

partkip<'\te in this activity by continuirg to carry art: social

economic studies which will rronitor fanners' reaction to the 

derronstrations am assess factors associated with fertilizer 

adoption am impact. 
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stuJjes at Basic Soil PtgJgrt.ies an:l 
Soil ~ Dvnamics 

Soil analysis for assessment of native fertility levels in 

famers' fields is a useful tool in guiclin:J the fornulation of 

targeted arrl efficient fertilizer reccmnerrlations, arrl yet we must 

also be aware that they are only spot measurements in time. In 

reality, soil fertility levels are not static, but uroergo 

continuous cl1arges, both within arrl between seasons. '!hey are 

influenced by the weat:l'1ei; the activity of soil microfaun' arrl 

flora, chemical arrl Iilysical reactions as5'JCiated with basic ~~ l. 

properties arrl of c:x::mse by the creps themselves arrl the sequence 

in which these creps are grown. It is therefore not surprising 

that simple soil analysis at a given m:::m;mt in tirre does not 

always provide the desired prediction of the "seasonal" nutrient 

supplyir"g power of soils. In this section we report current 

progress in saoo of oor IlYJre basic soil fertility researd1. which 

is ai.na:l at ga~ a qreater \JJ')jerstarxting of such nutrient 

dynamics, arrl the facton; which affect them. M..1ch still remains 

to be done,arrl previous world-wide experience of such researd1. has 

served to emphasize the carplexity of the bio-Iilysical processes 

involved. Prcxp7·~ is slow. Nevertheless, without such 

qualitative arrl quantitative description arrl analysis of these 

processes, the efficien:::y of fertilizer use ...lill continue to 

suffer fran the limitations .inp:lsed by errpirical relationships. 

3.2.1 st:my at the Ibosdlate status of Major Soils in Syria 

A.E. Matar, M.J. Jones arrl P. Cc:)q)er 

In ::.uccessive field arrl laboratory studies of Syrian soils it has 

been repeatedly fourrl that ~orus ~vailability in native 

soils is generally low, arrl responses of rainfed creps to P 

fertilization have been derIonstrated on barley, wheat, food arrl 

forages lE!g\.IIOOS. 
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within the frarrework of project on P"losti1ate status in the 

Mediterranean soils being carried rut by the Institut fwbrxiial des 

~tes (IMffiCS) in casablanca (fwbrocco) and the Societe 

Agricole de Services au Maroc (SASMA), a joillt study between 

lCARIY\, IMF'I1OO and SASMA, was corxiucted to stu:ly the P"losP1orus 

status of the Il'ajor Syrian soils. 

'lhe Pl..-esent work represPJ1ts a detailed study of the P"lostiJate 

status of th~ soils where thirty fertilizer trials on wheat and 

barley were corrlucted in fanners' fields during the 1985/86 

season; with the ad1ition of soils fran 20 other sites 

representirq irrigated and high rainfall areas outside the IC'.l\RIYI 

rnarxiate with no concurrent field e.xperilrents. '!he barley 

e.xperirrents were part of a collaborative research project between 

the Soils Directorate of Syria and the Farm Rescm:ce Management 

Program (FRMP) at lCARI:lr\ and allred to stOOy the biolCXJical and 

economic response of barley to nitrCX}en and P"losti1ate fertilizers. 

'!he e.xperilrents on wheat represent the FRMP effort to relate soil 

testing for available-P to crop response to P"losphate 

fertilization. '!he field work in Syria was carried rut by staff 

fram Ic.Afilll\ and the Soils Directorate of the Ministry of 

Agriculture. '!he COnc:mTeIlt laboratory work was conducted by 

IMmOS-SASMA • 

'!he present report S\.IDi'I\aI"izes and integrates the results fram 

agronomic field and soil laboratory studies. 

'lWenty sites were chosen within agricultural stability zones 2 

and 3 of the four provinces, AlefPO, Hama, Hassakeh and Raqqa, to 

represent the dominant soil groops use::l for gru.ving barley. At 

each site a fertilizer trial on barley was conducted canprising 

two replicates of a CX'fll)lete rarxiCllniZed factorial design \<1 ~th four 

levels of N (0, 20, 40 and 60 kg Njha) ara fo.rr levels of 

P"lOSIXlorus (0, 30, 60 and 90 kg P20sfha). Detailed inforIration on 
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rnanagerrent, soil classification, the grain an::i straw yields 

ootained an::i the econcmic analysis have been plblished elsewhere 

(SD/lCARIY\ Research Report 1986, see also section 3.1.1. of this 

report) . All soils were classified accorc:lin:J to the usm Soil 

Taxonany systems. 

To represent wheat, ten sites were chosen in Aleppo province, 

with soils ~~ in NaHCDrP content between 2 an::i 24 parts per 

million at saw~. All were classifi~ as vertic xerochrepts or 

vertic chrt::iroxererts. At each site a P-fertilizer trial was 

corrlucted on wheat (Sham 1 variety), with 4 levels of P (0, 50, 

100 an::i 150 kg P2os/ha) an::i 3 replicates. A basic dressing of 60 

kg Njha was added to all plots, split, with 30 kg acXled at sawing 

an::i the rest at tillering. Concurrently, P-response trials were 

corducted in the greenhoose for the wheat soils. 'Ihe resuJ ts 

ootained, soil P test values arrl wheat responses to P 

fertilization, have been p..lblished elsewhere (Matar et al. 1987). 

To complete the representation of major agricultural soils in 

Syria, soils were sanpled fran twenty irrigated arrl high rainfall 

sites in various provinces. 

3.2.1.1 Soil studies 

Basic physical arrl chemical properties were determined for the top 

0-20 an soil layer. 'Ihese incllrled orqanic matter content, active 

calcitnn carbonate, cation ex~e capacity, an:i ex~eable K. 

Total N was determined by the Kjeldahl IOOthcx:l, arrl particle-size 

distributj on by the pipette IOOthcx:l after renvva1. of the calcium 

carbonate and organic matter fractions. Soil FfI was measured in 

soil suspension, with a soil to solution ratio of 1 to 2.5. 

More detailed stu:lies were corrlucted on soil Iilosphorus. 

'Ihese included the det:.e:nnination of total P, organic P an::i water
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soluble P. Available P was detennined by several different 

methods: (a) Citric acid extraction, (b) oxalic acid extraction, 

(c) anion resin desorption, (d) water extraction, am (e) NaHC03 

extraction. Finally, P fixirg pc:1ft'er was detennined as the am:xmt 

of P that must be a<X:led to the soil to achieve an equilibrium soil 

solution of 2 ng 1-1. 

3.2.1.2 Soil Classificatim of the sites 

All sites were classified ac:x::ordin:J to the U.s. Soil 'faxonany 

System (,rable 3.2.1). fwbst fell within three main soil classes: 

Table 3.2.1 	 Classification of sites into varioos soil sub
orders in Syria 

Soil Group Class Soil Sub-Order sites NunDers 

1 Inceptisols Typic Xe.rcd1rept 
Lithic Xe.rcd1rept 
Ruptic-Lit.:.u.c " 
Pet:rcx:alcic " 
Lithic-vertic" 
calcixerollic " 
vertic 

31 
34 
35 
15 16 17 
48 

6 9 11 12 18 
49 

2 vertisols Entic Pelloxerert 
Typic Chraroxerert 

32 
21 22 23 24 25 

Entic ~t'aIOxerert 

26 27 28 29 30 
36 46 50 
46 

3 Aridisols Typic calciorthid 
Xerollic " 
Typic salorthid 
Typic Gy}::siorthid 
calcic " 
Petrogypsic " 

1 2 19 20 38 
4 10 13 14 

43 44 
7 8 41 42 
3 
5 

4 Entisols Typic Xe.ropsarrane.nt 
Typic Torrifluvent 

33 
39 40 45 

5 f.k)llisols Typic Haploxeroll 37 
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thirteen i.nceptisols, fifteen vertisols arrl. seventeen aridisols. 

'!here were also a few entisolFi am rnillisols. 

'!he soils differed widely in t.lY..i.r basic characteristics. 

calchnn carbonate cont.p..nts ~ ;.etween 0 arrl. 68 percent, arrl. 

the active fraction of caC03 be~ 0 arrl. 14.5 percent. Organic 

matter contents rnrqErl betweP..n 0.7 arrl. 5. 60% , although most soils 

contained between 1 am 2%. Tot.al nitrogen content was generally 

very ION, with 80 percent of soils hav~ less than 0.1%. Soils 

terrlerl to be of IOOdiLun texture, rut over all, clay contents ran:led 

between 9 arrl. 68%, arrl. cation exchame capacities b~tween 11 arrl. 

62.5 rnilliequivalents per 100 grdlll. 

::s. 2 .1. 3 	 eqrpariscn of varioos pa.ramet:e,rn for d1aracter:izirg soil 
tilosltx?rus availability m all soil gro.tpS cx:.rrbined 

Arrx::m1ts of soil ~'osphorus extracterl differed greatly accordiTXJ to 

the extraction rrethcx:l used. Lowest values were those of water

soluble P; highest values were those of t..."ltal P, extracterl by 

strom acid (Table 3.2.2). 

Table 3.2. f Mea n sand ran g e 0 -Z 
extractable IilOSJi1orus by 
vari~s solutions fram all 
sites 

Variable 	 Range 

P-Olsen 8.4 1.3 - 69.2 
P-Oxalic 57.9 4.0 - 2025.0 
P-Citric 244.8 12.0 - 2452.0 
P-Organic 83.8 5.0 - 1239.0 
P-H20 0.4 0.0 - 0.9 
P-Resin 9.8 2.2 - 61.8 
P-Fixirq ~er 60.9 18.3 - 107.4 
P-'I'otal 689.2 333.0 - 1574.0 
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'!he water extractable-P represents, on average, 0.05 percent 

of the total P in the soil, arrl the organic fraction 13.9 percent 

of total P. 'Ibis lar.' figure is to be exper because soil 

organic matter contents are lar.' as a result ot the arid climate 

arrl lar.' return of biological material '.:0 the soil. 

'!he citric acid extractable-P (P-Dyer) arrl oxalic acid 

extractable-P (p,Joret Hebert) both represent a larger fraction of 

total P than that extracted by NaHC03 solution (P-Olsen) or anion 

desorption (P-resin). 'Ibis prcbably acx::amts for the gcxxl 

correlation OOserved between total P arrl p,Joret Hebert (r ~"" 

+0.65) (Figure 3.2.1). 
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Figure ].2. I 	 Relationship between total P in Syrian soils and the 
available P in soil& .s extracted by the oxalic 
solution of Joret Hebert method. 

'!he relationship between resin-P arrl NaHC03-P (Olsen-P) was 
fOJrXi to be very significant with r = +0.97 (Figure 3.2.2). '!his 

SUf.POrts the previws results of Agbani et al. (1983) am Matar et 

al. (1988). 
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Figure 3.2.2 	 The relationship between the NaHC03 extractable-P 
(Olsen-P) and Anion desorption P in Syrian soils 

3.2.1.4 	 Re.latiooship:; between paraneters far charact:er:i.zim soil 
OOOSJ:ilorus am soil dIysiCX>-Chemi.cal ~-istics 

'!he organic matter content (CM) arrl/or the tot.al n.i.t.ro;Jen ('IN) 

contents of soils were fcmrl the only soil charac'......:xistics that 

correlated IOOderately well with tha various pararooters used for 

characteriz~ the available P in soils (willi r = 0.45 for both CM 

or 'IN). '!his coold be the result of the extraction of part of 

the soil IilO5P'10rus associated with the organic CC'fIlX)nent of soil. 

Both the acid extraction solutions of the Djer (citric-P) am 
Joret Hebert n-ethods (Oxalix acid) or the NaHC03 solution of the 

Olsen n-ethcx.1 could lead to a solubj .J.ization or dispersion of the 

hlDTlic fractions of soils. 

Soil phosphorus f~ lXJWel' (PFP) correlated positively with 

cation exchange capacity, (r = 0.67) am. less with the clay 

content (r = 0.43). '!his in:licates that IilOS);tlorus fixation 
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.:.errls to i.ncreasc with :int..""I'eaS~ soil CXlntents of fine surface

ch.:!:r.ged particles (see also section 3.2.2). However, varioos 

ioorganic colloids have qujte different adsorption capacities. 

Juo an:i Fox (1977) foon::l a hiqhly significant cot"l.'elation at 1% 

level between PFP an:i free iron (Fe203)' clay cent.ant OJ):} clay 

surface area. Similar results were ootained in lJJvisols. &It on 

the other harrl, PFP is negatively correlated with the organic 

matter content of the soils (r = -0.40). HcMever, Greaves an:i 

\tJebley (1965) showed that soils with high levels of CM (hence 

organic-P) maintained high levels of available-P due to a gradual 

process of mineralization of organic-P. 

3.2.1.5 	 RelatiCilship; hetween oaraueters dlaracteriziro soU 
fficsrhorus _~.ii1d. respcnse of .. cereals to Jip:;r;ilatic 
fertilizatiCl1 in the field and qreenhoose 

~he relative yields (RY) of wheat and barley (percentage ratio of 

yields without P to yields with optimum P applied) were calculated 

for the first 10 sites where NP fertilizer e.xperirocnts were 

corrlucted. When the RYs for grain (GY) an:i total dry lW.l.tter ('llli) 

at harvest were correlated with various soil FhosFhorus paraIreters 

(Table 3.2.3), it was fOllfrl that NaHC03 gave a better correlatior. 

coefficient than any other soil P parameter: r = +0.49 for GY arrl 

r = +0.46 for TCM. No significant relationships were found 

between Dxalic-p or citric-p an:i relative yields. 

For c:onparison of vaTioos soil P tests l.Irrler controlled 

greenhouse corx:litions, the relative yields of ryegrass ootained 

fran pot tests with the same soils, p..1blished el~<lWhere (Matar ~ 

ale 1988) were correlated with the values of the foor major soil P 

tests at plantinj am plotted in Figure 3.2.3. UsinJ the cate
Nelson graphical IlEthoo as rrodified by the analysis of variance 

rnethoo of Nelson arrl Arrlerson the relative yields of ryegrass 

(Yo/Yrnax y. 100) against soil test values for P, the 10 soil types 
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Table 3.2.3 	 The linear correlation 
coeffic~e~ts between soil 
phosphorus parameters and 
relative yields of grain (GY) am 
total dry matter ('!I'M) in the 
barley am wheat experilnents 

Barley + Wheat 
Soil P Pararreters 

GY '!I'M 

P--Olsen 
~eret Hebert 
P-Dyer 
p-organic 
P-H20 
P-Resin 
P-Fi.x.in;} R:Mer 
P--JI'otal 

+0.49 
-0.02 
-0.23 
-0.28 
+0.35 
+0.26 
+0.16 

0.09 

+0.46 
0.0 

-0.19 
-0.23 
+0.24 
+0.18 
+0.29 

0.07 

CXlUl.d be sulxlivided into major gI'QlpS: responsive am non

responsive to P awlication. '!hE: critical response levels of 

soil test for P for which R2 is maxi.m.nn were equivalent to 11.5,. 

)).5, 38.5 ard 0.5 nq/kg for NaHC03' anion resin, oxalic acid (J.

H), or watt!!' soil tests, respectively. Althoogh the NaHC03 test 

procedure ....as superior to other tests in predictin;J responses to P 

awlication, the R2 values were also sufficiently go::x:l for the 

oxalate, water am resin tests to separate soils into responsive 

am non responsive to P awlication. 

3.2.1.6 St.mmary an:l ~usims 

'Ihree major soil gra.It:S daninate the soils of barley am wheat 

gra...'~ areas in Syria: Aridosols, vertisols, an:l Inceptisols. 

Large eli ffererx::es exist in the annmt of available Fhosphor..lS 

extracted 1:.;' various methods used. '!he smallest annmt was 

OOtained with the water extraction and the largest extracted by 

the citric acid. soluticn of Dyer. 

http:maxi.m.nn
http:P-Fi.x.in
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Very high correlation coefficients were OOserved between the 

values of NaHC03-P ani the labile P-extracted by anion exchange 

resin. Fu.rthernore, the relationships beb.1een Olsen-P, oxalic P, 

citric-P or total-P were fomxi significant. 

'llle stro~ relationships between relative yields of barley 

ani wheat arrl soil P pararreters were foorrl first for NaHC03-P 

(Olsen-P) arrl secorrlly with the water extractable P or resin-Po 

similarly, urrler greenhoose corrlitions, the relative yields of 

ryegrass grovm in the wheat soils correlated best with the Olsen-P 

arrl Resin-P. It was foorrl p::lSSible 'Co establish awroxbnate 

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

into groups that are responsive ani non-responsive to FhOSIi'late 

fertilization. 

3.2.1. 7 Referellces 

lIgbani, M. arrl El Mejahed, K. 1983. catparaison des rrethodes 
l'analyse due ~re dans quelques sols Marocains. pp 
249-261. In 'lhird International Con:;JreSS of Fhosphorus 
Catpoorrls Proc. Institute Jwbrrlial du ~te (IMHiOS), 
casablanca, Jwbrcx:x::o. 

Greaves, M.P. arrl Webley, D.M. 1965. A sttrly of breakdChI!1 of 
organic FbOSIi'lates by roicro-organisms fran the coast regions 
of certain pastures grasses. J. AWL Bactorial, 25: 454
465. 

Juo" A.S.R. arrl FOX, R.L. 1977. FhOS}:ilate sorption capacities of 
sate benchmark soils in West Africa. soil Sci. 134: 370
376. 

Matar, A.E., Alxlel ¥arlin, J. arrl El Hajj, K. 1987. Studies on 
resp:>nse of cereals arrl focx:l legumes to Fhos~te 
fertilization in Syria as related to available P in soils. 
Pages 133-151. In P.N. SOltanpoor (Ed.), Proc. of the First 
West Asia arrl North Africa soil Test calibration Workshop, 
Ic.ARIY\. 
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3.2.2 P-Adsorpticn Isothel:Ds in Ollcareoos Soils 

M. Bakheit said 

3.2.2.1 Introducticn 

Infonw.tion OOtaired fran exper.iJrental work carried out in Syria 

has shc:M1 that calcareoos arrl. !=hOSIi1ate-fi..xi.n:J soils are 

deficient in !=hosrilorus. Annual awlications of I=i1OS[Xlate 

fertilizer gradually increase the level of available P. '!he 

availability of the awlied P is controlled by the sorption arrl. 

desorption characteristics of the soil. '!he reactions involved in 

these phenomena are influenced by soil prcpert.ies arrl. 

envirorunental factors as well as the aJOCllU1t of fhosFhorus added. 

'!he oojor soil properties that influence these reactions include: 

the curount arrl. type of clay, arrounts of iron am aluminum oxides, 

organic ootter, Pi am Calch.nn c.arbonate (Solis arrl. Torrent 1989 i 

Bennoah arrl. Acquaye 1989). '!he influence of these factors is, at 

present, little kno.m. For example there is increasi.rg evidence 

that in calcareous soils iron oxides play a significant role in 

FhOSIi"ate sorption (Ryan et al. 1984). This influence may be 

either by dire..."t reaction, or irrlirectly t.h.."OUgh a m:xiifyin;1 

effect of coatirg the caCO) {X1ase. '!he oojectives of this study 

are to determine arrl. characterize the P adsorption isotherms of 

t".hese soils, to sttrly the soil properties affecti.rg adsorption arrl. 

to use this un:lerst.andi.n;J to explain arrl estimate the need for 

Fh~te fertilizer. 

3.2.2.2 Soil S~ 

12 surface soil samples (0-20 an) of varyi.rg properties, 

collected fran SOllV3 of lCARDA's barley arrl wheat on-farm trials, 

were used in this study. '!he sanples were air-dried arrl. passed 

through a 2 nun sieve for subsequent analysis. Table 3.2.4 shows 

5a!'E !=hysical arrl. chemical properties of these s'.Jils. 

http:varyi.rg
http:affecti.rg
http:increasi.rg
http:Calch.nn
http:hOSIi1ate-fi..xi
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3.2.2.3 P-h1sorptim stu::ties 

Reaction time was stu1ied by equilibrati.rq duplicate 2 g samples 

of b.u soils of widely varyin;} prcperties in 40 ml of 0.02 M KCl 

containin;J 5 arrl 20 FPlI P as I<H2ro4. A ffM drc.ps of toluene were 

ad::led to inhibit micrd:>ial growth arrl the suspension was shaken 

for perio:ls of contact rangi.rq fran 1 to 48 ho..lrs at roan 

te.Irpe.rature arrl then oentri~. '!be arramt of P sorbed was 

calo.llated by subtractin;J the arramt of P in the supernatant 

solution fran the arramt of P initially acHed. P was detennined 

colorimetrically by the ascorbic acid method. P adsorption is 

kno.om to in:::rease with increasin;} tarperature, rut roan 

1:.enp:miture variations in tlJ.s sttrly had little effect. Ideally, 

such stu:ties shruld be corrlucted umer controlled 

t.errperature cx:ntitioos. A portion of the data clJtained for the 

Jon 
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t.iJne/adsorption CUIVe is given in Figure 3.2.4. '!he data irrlicate 

that a 4-6 hoor sh.aki.n; tbre is adequate to CCI'I'plf?te the 

adsorption reaction. A 6-hoo17 shakirq t.u.le was used in all 

subsequent P adsorption stu:lies. 

'Ihe J:il~te adsorption data of the 12 soils were obtained 

using 2.5, 5.0, 10.0, 20.0, 30.0 and 40.0 ppm initial P 

cory;::entrations. Figure 3.2.5 gives the adsorption isothenns for 

these soils. 'Iha data cbtained were plotted accordi.rg to the 

linear foms of both the Freurrllich and l.an;JnUir equations and 

gave consistently better and highly significant correlation with 

the fonner than the latter equation. For carparison as to the 

goodness of fit in the li..n=ar form of the equations, R2 exceeded 

0.977 in each case for the Freurrllich equation and 0.834 in each 

case for the I..arqtuir equat~un. '!his fi.rv:iing is in agreerrent with 

that cbtained by FOlyzq:x:W.us et al. (1985) and Berigari (1988). 

'!hey fcurd that the :r~~ich isotherm fitted the J:ilOSlilate 

sorption data better than the I..arqtuir isotherm, hCMaVer, its 

drawback is its inability to estimate the adsorption naxirnum. 'Ihe 

inportance of the adc;orption maximum is that it can be related to 

various soil properties and hence SUWly information about the 

nature of the reaction between the soil and the J::hOSlilate 

fe..rtilizer. HCMeVer, the asstmlption of the I..an;Jrruir equation of 

"00 lateral interdction ~..JI'Ol'q the sorbed ~te species am 
CXl1S1:ant free energy of adsorption does oot fit well with the 

present kr'lc:Mledge that sorbed J:ilCl5};ilate carries charges and that 

surface charge and potential decrease as rrore J:ilOSJi'late is sorbed 

on oxide mineral or in soil systems" (Kuo 1988). 'Ihe plots 

accordi.rg to the Freurrllich equation are illustrated in FIgure 

3.2.6 where x = 9 P adsorbed per 9 of soil and c = equilibrium P 

cxn:::entration in 9 P per rnl of solution. Ideally the adsorption 

~d be determined in a system in which the surface is free of 

adsorned J:ilOSJilate or a correction is IlIc.."'<ie for the initial surface 

~te. '!his correction is srrall in soils of lC7.ol fertility. 

http:accordi.rg
http:FOlyzq:x:W.us
http:accordi.rg
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Figure 3.2.5 Phosphate adsorption isotherms of soils. 
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'!he iIrport.ar"x:=e of this linear relationship is that it can be used 

for the detennination of P fertilizer requirements of soih; uslrq 

an adsorption isothem fran only t\.x:> data points (Berigari 1988). 

3.2.2.4 Soil Prglerties Affect:;im P Adsorpticn 

Unlike the I.arxJrruir equation, the Freurrllich equation does not 

allow the calculation of a Fhosphate adsorption maximum, (Olsen 

arrl Watanabe 1957). As a result of this the soil P adsorption 

fran the highest P concentration (40 wn in this I... .• ..:;e) was used to 

relate adsorption to varialS soil properties. However, because of 

the interactirq effect of these factors it is difficult to 

evaluate the effect of each property properly arrl independently. 

Of all the soil properties studied (Table 3.2.4) only the clay 

content influenced Fhosphate 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.1rrl Watanabe 

(1957) fourd a close relationship between the FhosFhate adsorption 

maxinurn arrl surface area for both alkaline soils (R2 = 0.960) arrl 

acid soils (R2 = 0.922). '!he observed relationship between the 

clay content arrl Fhosphate adsorption is attributed te· the high 

Table 3.2.4 Sare physical an:! chemical pl:qlerties of the soils 

Soil 
No. 

locality pI 
(1: 1) 

ClOOJ 
" 

Clay 

" 
Organic 
matter 

% 
Available 

P, ppn 

E.C. 
rr5/ 
en 

Kjeldahl 
N, ppn 

--------------- 

1 
4 
5 
8 

10 
11 
1J 
15 
19 
20 
21 
22 

T.H. Po 
T.H. P60 
Elredil Po 
Elredil PfjQ 

Afcs 
Tea1m 
lhn El Kubar 
Sayed Al i 
So.lh.~ 
Shoiyll Ali 
Tel El C\lra 
AI!f'IT\i yell 

- AIewo 
- Alewe 
- AI"I-'PJ 
- AI ewe 
- Idlcb 
- Idleb 
- IkL'isakpll 
- IL~ssakeh 

- Ik1J11<~ 

- ILmliI 
- 11<1J11<'\ 
- Alewo 

8.2 
8.2 
8.3 
S.3 
8.2 
8.2 
R.O 
8.2 
8.4 
8.0 
B.) 
7.9 

25.7 
25.5 
25.2 
,3.8 
31.1 
26.2 
24.1 
26.6 

1.8 
2.3 

49.1 
11.B 

63.4 
62.5 
31.6 
39.3 
66.2 
71.8 
41.3 
35.6 
46.1 
58.4 
56.2 
74.3 

0.83 
0.95 
0.98 
1.14 
0.B6 
0.78 
LOB 
1.31 
1.24 
2.04 
1.2B 
1.12 

3.6 
12.9 
2.8 

12.3 
2.B 
3.5 
3.5 
2.7 

11.1 
8.4 
6.3 
8.3 

0.25 
0.25 
0.24 
0.28 
0.22 
0.21 
1.02 
0.26 
0.25 
0.4l. 
0.32 
0.21 

631 
677 
708 
731 
574 
544 
B23 
888 
916 

1301 
778 
762 

--------- 
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surface area the clay provides for Plospllate adsorption. It is 

noteworthy that there is no significant correlation between 

adsorption arrl Cam) (R2 = 0.106) although Cam) content in these 

soils raTXJes fran 1.8 to 49.1%. Ryan et al. (1984) studied the 

sic.nificance of iron oxides and calcium carbonate particle size in 

Pl~te sorption bj calcareous soils usin:; correlation and 

regression coefficients with actual P retention fran solution. 

'!his research in::licated an involvement of Fe (as extracted by 

oxalic acid) but there was no effect of Cam) particle size. 

Holford anj Mattin:Jly (quoted by Ryan et al. 1984) reported that 

the reactivity of Cam) is depen:lent on specific surface, which is 

related to carbonate particle size distribution, rather than to 

total chemically determined CaCO). Thus, P sorption 

characteristics of calcareous soils may not be well related to 

total Cam). The absence of relationship between adsorption and 

either P1 (R2 = 0.019) or o~c matter (R2 = 0.016) is likely to 

be due to the samples havin:; a very narrcM Fii raTXJe (7.9 - 8.4) 

and a low content (1.41 ± 0.63%) in the case of organic matter. 

F\.1rt.her 'WOrk is needed on factors influencirq PlCJSIilate sorption 

in these soils with enq::ilasis on iron and aluminum oxides, calcium 

carbonate and specific surface area. 

3.2.2.5 References 

Bennoah, E.O. anj Acx:Iuaye, O.K. 1989. RlOSIi1ate sorption 
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8erigari, M. S. 1988. Use of the Fruerdlich sorption equation for 
evaluatinJ the PlosP1ate requirenY"nts of arid zone soils. 
SIC, Jordan. 

K1.1o, S. 1988. Application of a JOCdified J:.angmuir isotherm to 
phosphate sorption by SOIre acid roils. Soil Sci. Soc. Am. 
J. 52, 97-102. 

~lyzopoulus, N.A., Karamidas, V.Z. anj Kiosse, H. 1985. 
Fhosphate sorption by SCllTe Alfisol of Greece as described by 
CCitUronly USE'd isothenns. Soil Sci. Soc. Am. J. 49, 81-84. 
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oxides arrl calcitun carbonate particle size in FhOSfXlate 
sorption by calcareous soils. Soil Sci. Soc. Am. J. 48, 74
76. 

Solis, p. and Torrent, J. 1989. RlOSfXlate sorption by calcareous 
vertisols am inceptisols of Spa.in. Soil Sci. Soc. Am. J. 
53, 456-459. 

Ol~, S.R. am Watanabe, F.S. 1957. A rrethod to determine a 
FhosFhorus adsorption maximum of soils as ltleCIsured by the 
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3.2.3 Nitro;Jen Mineralizaticn fbtential of §yrian Soils 

A.E. Matar, D. Beck, M. Paia, S. Grrabet 

AIrounts of residual N03 in soil reflect managerrent am N 

fertilization practices, am influence amounts of N fertilizer 

required for wheat. '!he rernairrler of soil derived N is supplied 

through mineralization of soil organic N. Evaluation of effects 

on crop available N of a ~DOl of readily mineralizable N 

representing a small proport:i on of the tota~ soil N, which i:; 

mineralized at a rate proportional to the size of the pool, 

nE'::essitates measurerrent of residual nitrogen fran previoos 

feltilization and estimation of soil N actually mdr~lized 

between harvest and planting and during crop grcMth. 

'!his pool of mineralizable N r.an be estinated to be of size 

No, and its magnitude is awroached asynptotically by Nt, the 

o..unuJ.ative N mineralized in tiIre t, aax>rdin:] to the equation 

Nt.=Nm (1-ekt) , where k is the mineralization constant. 'lhrough 

measurement of Nm aver tiIre using laboratory incubations, Ne aoo k 

can be eslimat...:d by an iterative procedure uslrq a non-linear, 

least squares procedure in a first-order m::x:lel. Nitrogen 

mineralization is J<na..m to be influenced by such envirorurental 

variables as teJrperature am noisture and by soil dlaracteristics, 
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b.rt: the t.edmique whereby potentially mineralizable nitrogen 

fractions are treasured usinJ successive laooratory incubations has 

PI'CIVed the least enplrical rrethod ava5Jct>le for estimatinJ the 

nitrogen-suwlYinJ payer in widely varyinJ soils. 

In order to g? in a better urrlerst.arrli.n:j of N availability in 

Syrian soils, 18 soil sarrples were selected fran daninant soil 

~ for st:u:ly of their N mireralization potentials (Table 

3.2.5). Several different awroadles to calculate No am k were 

Tal:!le 3.2.5 	 Classification am chemical prcperties of surface (0
20 em) soils used in the N mineralization study. 

site Classification 
Surface soil pro~Jerties (%) 

caC0:3 Organic Total Clay 

N-Mineralization 
potential (No) * 

Irq/kg soil 

% -.L -L 

1 M:lllisol 1 26.7 1.82 0.165 67.4 172 172 
2 M:lllisol 2 53.0 6.38 0.596 46.1 291 297 
3 M:lllisol-3 9.1 1.41 0.153 57.1 213 210 
4 M:lllisol-4 7.4 1.69 0.217 56.7 324 325 
5 Entisol-l 36.8 0.19 0.036 7.2 23 30 
6 Entisol-2 28.1 0.88 0.096 5:L5 135 139 
7 Entisol-3 21.2 0.49 0.045 25.1 99 102 
8 Gypsiorthid 12.2 0.34 0.044 63 63 
9 Vertisol-l 24.3 0.53 0.061 63.9 63 58 

10 Vertisol-2 20.4 0.71 0.073 74.9 103 111 
11 Vertisol-3 25.1 0.51 0.052 72.6 65 62 
U Vt2Itisol-4 25.6 0.49 0.056 70.1 69 60 
13 Vertisol-5 37.7 0.96 0.094 58.1 134 127 
14 Vertisol-6 24.6 0.52 0.054 74.4 102 85 
15 Vertisol-7 13.2 0.65 0.071 76.4 98 74 
16 Vertisol-8 6.2 0.56 0.059 75.8 110 112 
17 :r.rr.eptisol-1 16.8 0.67 0.083 63.7 89 89 
18 Ilx:E=ptisol-2 62.6 0.45 0.042 45.1 38 46 

* '!he (No) values cited represent the N r-ineralization 
potential estimated from (1) the exponential equation suggated by 
Stanford am Smith (1972) am (2) the enpirkal equation: 

t 1/ 2No = 6.5 (~ 	Nt / ~ 
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utilized, inc:l\Xiin;J hyperbolic an:! exponential equations based on 

first-order kinetics, with the aim to provide researdlers in the 

region with a sinple b..rt: accurate mx1el for calo..'lation. Results 

usin;J the varioos m:xiels were highly correlated, enablin;J use of 

the siITq:>ler errpirical linear equation relatin;J No to the slope of 

N mineralized (Nt) with the square root of tilne (t) as: No = 6.5 

~ Nt / D. t 1/ 2). 

It was foord that: (1) estimates of No varied largely aIlOr¥J 

Syrian soils, beir¥J highest for Jobllisols an:! lowest for a san:iy 

Entisol (Figure 3.2.7); (2) difference between No values estimated 

by varioos mathematical m:xiels were not significant; 3) the rate 

of mineralization constant (k) for the test soils varied only 

slightly, with an average value of 0.0376 week-I. '!he average 

tilne required for half of No to mineralize urrler laboratory 

corrlitions (2SOc) was 18.5 weeks; am 4) estimates of No 

correlated well with both organic carbon content (OC) an:! total N, 

with ~ values of 0.78 am 0.90, respectively. No other soil 

prt:.t)erties correlated with No values, e.g. CaCD:3 of clay content. 

~ the contril:ution by nitrogen fertiliZation am 
rotation practices to magnituie an:l stability of this potentially 

mineraliztble N in varioos S0ils c::oold lead to a nore sustainable 

production in the wheat-based fannirg systems of the reg-ion. 

Short-term laboratory in:::ubations (6-8 weeks) ca.Ipled with 

interpretation usir¥J the E!!1Tpirica1 equation provide a siIrple 

practical tool for estimatin;J mineralizable N in Mediterranean 

soils in evaluation of the lon:J-term effects of soil am systems 

managerrent. Qrgoir¥J wrk in this area at Ic.ARl:Y\ will assess 

relationships between varioos soil N tests, inc:llJdin:J No, plant N 

uptake an:l N fertilizer responses. 
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3.2.3.1 References 

Stanford am Smith. 1972. Nitrogen mineralization potentials of 
soils. Soil Sci. Soc. Am. Proc. 38: 103-1(17. 

IlIprt:Mrl PrOOucti.oo Practices for Chickpea: 

Cln-Farm Assessment in Syria 


M. Pala am A. Mazid 

3.3.1 


Wheat consurrption per capita in lCARDt\ region is higher than 

anywhere in the world except East El.lrqle am the USSR, am three 

ti.Jres the average for develq:>irg camtries. 'Mleat. provides JOOSt 

of dietary energy am protein rut lacks certain essential amino

acids which food legmres are able to SUWly. '!hey are thus 

ilrportant tn a nutritionally well balanced diet, especially for 

lower-incarre people who cannot afford ruch meat, am, in addition, 

provide variety to the:! menu. In te.rms of protein pnrluction per 

hectare/day, four of the world's tcp ranki.rg creps al.~ !.CyIlI\'eS, 

all beirg cool season species, am they are also the cheapest 

so.n:oe of protein (Oram am Belaid 1989). 

Amon;J the cool season food legumes whim provid2 the l:Ulk of 

I=Ul.se supply in the WANA region, chickpE'a ooc::upies first place 

overall. 

About 8.7 million hectares are sown to chickpea in the wrld 

as a whole (FNJ 1988), representirg only 1.1% of the total cereal 

plus plises area. However, chickpea acx::a.mts for 13% of the total 

wrld area of I=Ul ses, arrl 24% of the total chickpea area j s fam::l 

in lCARJ:Y\ region (Tables 3.3.1 am 3.3.2). '!he in:::rease in 

chickpea area in West Asia arrl North Africa fran 1981 to 1988 

results mainly fran fallow replacement in 'I\Jrkey. 

http:ranki.rg
http:PrOOucti.oo
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Tabl~ ~.~.1 	 QUdcpea status in North Africa am west Asia req100 
cx:mpared with cereals an:} p.1lses 

Arable 
Total Cereals 

(x 1000 hal 
'IOt:al PUlses 
(x 1000 hal 

QUcJ<pea 
(x 1000 hal 

QUckpea 
yield (kLlIha) 

cnmtry 
Creps 

(x 1000 hal 1979/81 1988 1979/81 1988 1979/81 :&.988 1979/81 1988 

Algeria 6970 2968 2871 121 161 42 58 389 379 
Libya 1800 538 427 8 10 1 1 669 714 
Horocoo 7930 4411 5406 388 486 53 73 633 766 
'l\.Inisia 3155 1416 513 159 86 67 31 441 654 
~ 2390 2007 2018 141 109 7 9 1538 17G5 
EthiqJia 13200 4890 4750 905 940 154 182 829 714 
SOOan 12420 4541 8367 76 98 2 2 1104 1045 
North Africa 47865 20771 24352 1798 1970 326 356 736 691 

Iraq 5250 2159 2732 46 32 20 10 633 750 
Jordan 359 154 101 13 16 2 2 601 833 
Lebanon 208 34 16 10 11 2 2 1150 1325 
syria 5013 2642 3011 220 279 65 83 722 662 
Pakistan 20320 10693 10865 1502 1222 1065 817 372 440 
Iran 14100 7663 9659 241 569 48 115 1092 694 
'l\.Irkey 24964 13499 13670 717 2043 213 665 1149 1169 
West Asia 78124 36844 40038 2772 4197 1414 1694 525 758 

Totaljlnean 125989 57615 64390 4570 6167 1740 2050 564 747 
World 1373200 719497 702083 60333 68<;36 9530 8650 624 671 

Source: F7\O Produc:tioo Yearf:xlak, 1988 

Table 3.3.? 	 Area am yield of chickpea in the world am in 
lCARD7\ region (FlIO 1988) 

Orickpea status 

Area harvested 
Region in 1000 ha % of the World Yield in kgjha 

1981 1988 1981 1988 1981 1988 

World 9530 8650 624 671 

- North Africa 326 356 3 4 736 691 
- West Asia 1414 1694 15 20 525 758 

Total 1740 2050 18 24 564 747 

since there has only been a slight increase in the area urrler 

chickpea in the region duri..rg the last decade, production per unit 
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area nust also be substantially increased to meet the risin] 

deman:i for fcyxi legume. In this respect, recent research at 

I~ has produced encooraginj results. It has clearly 

deIIalstrated that lov.r yields of chickpP..a in West Asia arrl North 

Africa can be increased throogh the use of newly developed crop 

gerKJt:ypes a~~ in1;>roved agronanic practices. yields of about 4000 

kq/ha have been frequently obtained in research trials (Saxena 

1984, Hawtin arrl sirgh 1984, Keatin]e arrl Cc:lq:ler 1984, lCARI:l.\ 

1985, FlJP 1984, 1986, 1987~ Saxena 1987). 

O1..:~ckpea is grown in the nore favoorable enviroranents where 

arurual rainfall exceeds 350 nIn. HCMever, local varieties of 

chickpea are susceptible to cold damage arrl severe infestation of 

Asoochyta Blight, a disease which is rrost prevalent urrler cold arrl 

roist winter corrlitions. As a result, chickpeas are traditionally 

planted in the sprirq (late February-May ceperrli.rg on the 

locality) are largely deperrlent on noisture which has been stored 

in the soil durin] the winter nontils. Urrler such circt.nnstances, 

the entire plant develq::rrent takes place urx:ler corrlitiCJns of 

irr::reasirq tenperature, day len;Jth ani aridity with diminishirg 

soil roisture SUWly, arrl a lov.r prd::lability of any significant 

precipitation durirq the grov,rirq pe.ricx:l. In acHition, lov.r 

roisture levels in the seedbed at the tilne of germination of 

sprirq SONl1 chickpea results in poor crop stanis in most areas of 

the region. '!his poor crop starrl is accatpanied by further 

reduction in yield due to increasirg water stress durin] flov.rerin] 

arrl pod fill irq stages. 

3.3.2 Winter ScMi.rg 

A potential breakt:hroogh in increasinJ the productivity of . 
chickpeas in West Asia arrl North Africa is possible hov.rever 

t:hrc:u:Jh a shift in the date of SCMirq fran spring to early winter 

thus providin:J better use of the available noisture by crop arrl 

http:ceperrli.rg
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earlier harvest (Hawtin 1975: saxena 1980, 1984). By mat:chirg the 

vegetative arrl reprcductive J;hase of the crq:> ~/ith rore favourable 

t:hern'al am m:>isture supply regi.nes than are p:>SSible when the 

crop is SCM1 in spri.n;:J, winter planti.n:; results in the developrent 

of plants with a larger vegetdtive frame capable of suwortirq a 

bi<;Rer reproductive structure, leadi.rg to greater water use 

efficiency arrl increased prcx:luctivity (Keatinge arrl ~ 1983, 

1984) • For eY.anq:>le it was reported by saxena (1984) that the 

yield of ILC 482 chickpea cultivar increased by 69, 155 arrl 250% 

rospect.ively with progressive advancerrent of the SCMirx.J date fran 

March 11 to February 13, ~ 19 arrl Nove:rrber 20. Averaged 

over all the genotypes, the winter £'owi..rg (November 20) resulted 

in a 118% higher yield than fran the spri.n;:J SCMi.n;:J (March 11). 

3.3.3 Weed Control 

However, associated with this increased yield p:ltential, it is 

also true that the winter SCMIJ1 crop is likely to face a m:>re 

serious weed problem than the spri.n:; crop as lroSt of the weeds 

that would have competed with the spri.n;:J crop are killed by the 

preparatory tillage. In the winter SCMiTXJ, lroSt of the weeds 

emerge with the crop and create serious ~tition for water, 

nutrients an::} light because of low carpetitive ability of 

chickpea crop specifically dtr:"i.n:; the early stages of crop grcMt.h. 

Depe.rdi.n;:J up:m dominant weed species, arrl the level of 

infestation, chickpea yield losses due to weeds have been recorded 

in the range of 23 to 54% in West Asia (ICARDA. 1981: Saxena 1984). 

'!be choice of weed cont~:ul Irethcxis deperrls on the available 

technolCX3}' , the type of crop culture and fanrers' resources. '!be 

traditional Irethcxis of controlli.n:j weeds in the region involve 

harrl hoeing duri.n:j the early crop stage, harrl weediIB for fcx:lder, 

or a combination of both (ICARDA. 1978). All of the weeclin;J 

systems have been sha..m to lead to larger yields, but risi.n;:J labor 

http:leadi.rg
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costs arrl also unavailability of labor in time i.npJse increasiIq 

limitations on han::i weedi.r"g in the region. 

Int£>.r-row alltivation is a feasible alternative, rut requires 

special arrl carefully set equipnent such as ducKsfoot cultivator, 

as well as inprove:i crq> s..7Nirg geanetry. Because of this, 

chemical weed control Irerits awrq>riate consideration. Several 

herbicides have been tested in different coontries as well as at 

the lCARDt\ research stations for weed control arrl CIq> tole.raI'Xle. 

sare of them have been identified as effectively controlliIq 

weeds. 'lhe canbination of pre-emergerx::e awlications of 

cyanazine, or teIbutryne with pronamide has prove:i to be quite 

pranisiIq for broad-spectrun\ weed control with a slight 

susceptibility deperrlirg on the locality. 

3.3.4 Nutrient St.g?ly 

'!be annmt of major nutrients that acx::urculate in too crcp is 

generally proportional to the total dry matter yield due to the 

small variations in the nutrient concentration (saxena 1984a). 

sioce the yield levels of a winter sewn crq> are nuch higher than 

those of the sprirg sown crq>, it might be expected that the 

nutrient requirement of the fanner wo.lid also be considerably 

higher than that of the latter. Soils with a poor fertility 

status may create a significant constraint to the realization of 

the larger yield potential of a win"Ce.l'" sown crq>. Chickpea is 

capable to Ireet a major part of its nitrogen requirement by 

symbiotic N fixation, provided the suitable cicer rhizobium is 

present in the soil am no other mineral nutrient is limitirg the 

fi.lrx:tionirg of the symbiotic association. Althoogh chid<peas seem 

to have a much lONer critical value for the available soil 

~orus than other grain legumes, their gr<::Mth arrl yield can be 

remarkably restricte:l in the soil with deficient IXlCJSIX10rus 

Sl;lWly. fhosphorus is also needed for ncdulation response. 



98 

3.3.5 

Drill use for sa-lin:J shoold replace fanners' method of 

broadcastirg to provide unifonn seedin;J depth, a uniform st:arxl of 

the crep, efficient use of seeds am fertilizers am a lOOre 

favorable effect of herbicides. It wo.lid also allow the 

p:lSSibility of usirq of inter-row cultivation for mechanical weed 

CICf".-!-.rol. 

3.3.6 	 Chickpeas On-Farm Trials (198~)-1989) 
Trial Descriptiat 

ruri.rq 4 seasons, startin;J fran 1985/86, a series of 30 on-fann 

trials were urrlertaken in NW syria which examined the main effects 

am interactions of several management practices discussed in the 

previoos section which were tha.J;Jht to be inportant in inprov:iIg 

chickpea prOOuction. 

Treatrrents ill1posed in all years are given in Table 3.3.3. In 

the first year, experiments ~ sa.ln acxx:>rcli.rg to fanners I 

practice of harrl broadcasti.rq seEd am fertilizer over rickjed 

lan::), am subsequent splittirq the ridges to oover the seed with a 

ooe-set ducksfoot cultivator (row spacin;J is abCAlt 45 en). In 

subsequent years a sirqle pass medlanical planter was cx::atpared 

with the fanners' method. Details of the construction am ~ 
cperarrli of this planter have been reported previoosly. 

Results 00tai.ned fran these trials have been fully analyse:i 

am also subjected to econanical evaluation. Firstly, the 

highlights of chickp8a yield responses to agrornnic practices are 

presented thl"oogh a surmruy examination of pooled data across 

locations for each season. In the secom part ex>rx:ernin:J the 

ecxn:mic analyses, grain responses of each treatment canbinatioo 

am their associated variability, 00t.h between sites am years is 

http:broadcasti.rq
http:acxx:>rcli.rg


Table 3.3.3 Treatments inposed in cn-fann chickpea trials in NW Syria, 1985/86 to 1988/89 

Nu&rber of e;ites 

Trial design 

R£plica:tP.s/site 

Olltivar 

Treatmant j nposed: 

a) Time of sowing 

b) Rhizd:limn i."1OCUlation 

c) Weed CXJI1b:ol 

d) P2O:i (kg/ha) 

e) ScMing IOOth<xi2 

1985/86 

8 

24 

2 

IIC 482 

winter .v. SPl.':"~ 

+ .v. 0 

Chend.cal1 .v. 0 

50 .v. 0 

N.A. 

1986/87 

6 

25 

1 

IIC 482 

E. winter .v. 
L. wiIV....er 

+ .v. 0 

Chemical . v . 
h. weediIq 

50 . v . 0 

SppJ .v. oo~ 

1987/88 

6 

24 

2 

IIC 482 

E. winter .v. 
L. winter 

NA 

Chemical .v. 
h. weediIq 

50 . v . 0 

SPP . v . BJR 

1988/89 

10 

24 

2 

IIC 482 

E. winter .v. 
L. winter 

+ .v. 0 

Cllemi.cal •v . 
h. weediIq 

50 .v. 0 

SPP .v. BJR 

1. Olemical Weed control, 'I'erbJtryne + pronamide, 2.0 + 0.5 kg aijha 
2. 100 l':gjha &:!eel rate used in all years. 
3. B:R: Fanr,ers' IOOt:l'1ot:1. of sowirq (broodcast) 
4. SPP: Single p3SS planter (40 em :rc7W spacing) 
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discussed. 'Ihe analyses focuses on a ccnparison of net revenues 

for each treatJnent COIllbination, an:i their associated variability. 

Finally we conclLrle with a disalSSion of the ~lication of these 

results for our future research strategy .:or ilrproved chickpea 

production. 

3.3.7 


'!he main effects, first order interactions and levels of 

significance for grain yield responses of chickpea are Pre5('>.J1ted 

for each year as pooled analyses in Table 3.3.4. Because of the 

lCM economic value of chickpea straw as animal feed, S+...ra'~ yields 

are not considered in the analyses. However, the straw yield 

responses to treatJnent canbination were similar to those of grain. 

Advarr.::i.rq the dat.e of SCMID; to early winter resulted in 

substantial am quite consistent yield increases in all years 

across locations, with 23 out of 30 trials givin:] significant 

positive respol1SP-s. 'Ihe re5IX>nse to early SCM~ was reduC€d in 

the 1985/86 season due to a severe infestation of Heliothis spp. 

at tl.e pcx:1ding stage in winter SOYJl1 chickpeas. In the 1988/89 

~n, again the response to early SCMing was lower because of 

40-50 days very 10..1 terrperatures which adversely affected the 

development of the winter sown crop. However, overdll increases 

in chickpea grain yield by early winter ~i.rq was 32% over late 

SCMing for the last 3 seasons. 

Effects of inoculation were small and inconsistent: in the 

first season only 2 out of 8 trials showed a positive re::,--ponse, 

whereas in the secorxi season no significant response was obtained. 

'Ihis treatment was dropped in the last two seasons, arxi instead 

soil samples were collected to find the most appropriate 

RPizobium strains for the respective sites of the trials. 

http:Advarr.::i.rq


Table 3.3.4 Main effect rurl first order interaction of chickpea grain yield resp:mses 
in NW Syria (kg,Iha), 1986-1989 

1985/86 1986/87 1987/88 1988/89 

Time of sovrirg (Early) 
(late) 

E. Dec 85 
E. Mar 86 

1409** 
l10S 

E. Dec 86 
M. Jan 87 

1797** 
1335 

M. 
M. 

Dec 87 
Feb 88 

1519** 
997 

E. Dec 88 
M. Jan 89 

972** 
822 

Weed control 

PA (kg,Iha) 

(~
( ) 

50 
0 

1400** 
1198 

1360** 
1237 

1498** 
1634 

1660** 
1471 

1221** 
1294 

1307** 
120S 

855** 
938 

889 
904 

Irxx::ulation 

SaoJirg nrlhod 

(+) 
(0) 

(SPP) 
(BJR) 

1332* 
1265 

N.A. 

1538* 
1594 

1641** 
1490 

N.A. 

1315** 
1200 

N.A. 

940** 
853 

0 

ISO (0.05) 

First order interactions 

67 54 49 36 

Wea:l Control SONing net:hod SONing methcd SONing nethcxl 

+ SPP BJR SPP BJR SPP BJR 

Time of sowing (Early) 
(late) 

1572 
1227 

** 
1246 
1149 

** 
1933 
1350 

1661 
1320 

** 
1498 
1101 

1449 
915 

1033 
848 

** 
910 
796 

ISO (0.05) 94 76 69 51 

1. See Table 3.3.3 for details * P<0.05 ** P<O.Ol 
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Significant am consistent responses to dlernical weed control 

were c:hsel:ved in the first season in 6 cut of 8 trials. Because 

weeds lX>Se a oore serious threat in winter sown chickpea there was 

a significant interaction between time of SCMiDj am herbicide 

use. Weed infestation was 5 times greater in winter sown chickpea 

t:C.ITp3.!"Erl with the spri..n; sown crq:> (1174 vs. 274 kq/ha of weed dry 

matter across all locations). Herbicide thus had a greater effect 

in winter sown crops which only achieved their greatest advantage 

when weeds were controlled. However, s~ the Affect of 

herbicide use over the control was clear, the question then arose 

as to the effectiveness of harrl weed.irg as an alternative, s:in:::e 

there is always a slight crq:> sensitivity to the herbicides used. 

'!he results shCMed that ham weedi.rq gave significantly greater 

yields than c.... o..nU.cal control at only 7 rut 22 sites in last 3 

years. The relative merits of the two nethods are discllssed. 

further in the section on econcmic analyses. 

Crop responses to Iilosp.ate awlication were significant only 

in the first 3 years, but the response was erratic with only 7 out 

of 30 trials shCMi..n; positive responses. Significant interacticns 

(not shCMn in Table 3.3.4) i.rrlicated that in the first year the 

effect of phosp.ate fertilizer was greater in the absence of weed 

control, presumably due to preferential stilrulation of chickpea 

grcMth allC1w'~ better CCIl1petition with weeds. Again in the first 

year, a significant second order interaction irdicated that 

Iilosphorus was clearly effective in winter sown chickpea withoot 

herbicide where it gave a 30% yield.increase. In the second am 
third seasons, significant interactions were also obtained between 

Iilosphorus arx:l ti.rre of SCM~. Responses to IilosIilorus were 

greater in early SCMn chickpea than in later sown crq::>. '!his is 

Il'OSt probably due to a higher nutrient requi.renent of the early 

sown crop. 

other research on barley has in::licated clear relationships 

http:weedi.rq
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between native levels of available Olsen-P and responses to 

~te (Coq:>er et al. 1988). SUch. a clear relationship was not 

fami for wheat. 'IWenty years of CXJntinuOI.Lc; awlication of 

~te ani in the wheat basEd systems has radically c:han.JErl the 

P-status of these soils (SMAARjICl\RDI\ 1988, 1989). Chickpea is 

cx:mocmly groIm in these areas in rotation with wheat, thus similar 

results would probably 00 expected for chickpea. Irrleed, a 

critical level of 7 ppn Olsen-P was reported for chickpea as well 

as other focxl legmres in trials corrlut..-ted in Tel Hadya research 

station where the original Olsen-P level was very lCM. In the 

light of sum fi~s it is not clear why similar relationshirs 

were not ootained in fanners' fields in the wheat based fanning 

areas since in several instances native Olsen-P levels were 5 rPII 

or less, ani yet no responses were OOtained. R1<:JsI:horus dynamics 

of these soils are being further stu::lied. 

In the last three years, rrethcrl of sowing was also studied. 

Drilling the seed with the single pass planter (SPF} gave 

substantial yield increases aver broadcasting (fanners' rrethcx:1) 

with 12 significant response em: of 22 trials across all seasons. 

However as irrlicated in Table 3.3.4 there was a stro~ interaction 

between titre of sowing arrl rrethcrl of sowing with larger responses 

to drilling in the early sowing in 1986/87 arrl 1988/89 arrl in late 

sowing in 1987/88. 

In 1986/87 and 19R8/89 seasons, excellent soil oonditions 

ocx::urred during early sowing. Early rains were well distributed 

with sufficient dry spells to allCM soil drainage cm::l the 

effective operation of the ne::::hanical single pass planter (see 

Figure 3.3.1). B..lt in 1987/88 season, sum dry spells did not 

oc:x:ur so frequently, and early sowing had to be dor~ urrler wet 

soil CXJrrlitions. As a result, the efficiency cf the planter was 

greater in late spring planting when better soil CXJnditions 

ocx::urred. 'Ihese results sh<::I¥I that th~ timing of planting 

http:CXJntinuOI.Lc
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Figure 3.3.1 	 Mean monthly rainfall amounts and their associated 
standard error in on-farm chickpea trials in NW Syria 
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~tions is inpJrtant on the heavy day soils if the planter is 

goi.rq to give its Jraxllm.nn benefit. 

3.3.8 Ecx:n:mic Analysis 

Pooled co-variance analysis were used to evaluate the econanic 

feasibili'CY of inproved production practices for chickpea. In 

eadl season the base treatments for econanic analysis were those 

with the lOY1eSt levels of inpIts. 

'!he overall effects of treatIrent OCITbination on grain yield 

and their associated variabilities are presented in Table 3.3.5 

and partial blrlget analysis of respective treatment canbinations 

are given in Table 3.3.6. '!he parameters utilized in the analyses 

are given in Table 3. 3.7. '!he i.oocul.tml awlication treatrrent was 

discounted in the analyses in 1986/87 s:i.n=e there was no 

significant response. As a result, the last 3 years became 

CXXlSistent in treaboont OCITbination. 

~l~ ~,~,:i 	 '!he overall effects of treatJoonts til grain yield an:1 their lISSOCiated 
starDard deviation in on-farm chickpea trials in Mol syria 

Maan of last 
1985/86 1986/87--- 1987/88 1988/89 3 years 

Treatment 
No. 1 

Grain 
I<gfha 

SO Grain 
kg/ha 

SO Grain 
I<gfha 

SO Grain 
kg/ha 

SO Grain 
I<gfha 

SO 

1 1051 359 1206 790 886 499 83l 367 948 556 
2 1178 387 1361 B59 BB5 516 B11 345 981 605 
3 1191 350 1324 733 865 465 749 328 937 547 
4 1171 42B 13B9 B45 925 509 794 371 992 611 
5 1167 507 1274 926 1142 674 B47 453 1044 680 
6 1201 391 1325 750 977 533 860 342 1019 554 
7 1209 402 1346 722 1189 772 7B3 37B 1048 642 
8 1336 337 1454 750 1102 662 902 379 1106 611 
9 B98 533 1522 742 1336 630 B75 416 1177 634 

10 1266 713 157B SBB 1543 (3) 73B 99B 39B 1305 615 
11 1644 (1) 691 1663 655 1455 814 767 323 1199 701 
12 1496 537 IB79 (3) 495 1704 (2) 766 1002 (3) 370 1433 (2) 660 
13 1405 (4) 572 1691 681 1396 729 971 472 12B3 670 
14 1415 706 1B14 (4) 526 1496 692 1042 (2) 469 1376 (4) 633 
15 1557 (3) 623 1957 (2) 7B2 1501 (4) 713 1021 (3) 472 1407 (3) 736 
16 1592 (2) 644 2270 (1) 621 1717 (1) 710 1098 (1) 487 1SB6 (1) 760 

http:Jraxllm.nn
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Tabl!iil ~.~.6 	 '1he overall effects of treatment at net reverue an:! in:::rease in net 
revenue in at-farm chickpea trials in NW syria 

1985/86 1986/87 1987/88 1988/89 

Treat. 
No. Net Rev. 

(SYIIha) 

Ircrease 
Net Rev. 
(S'fiIhaJ 

Ircrease 
Net Rev. Net Rev. 
(S'fiIha) (SYIIha) 

Net Rev. 
(~'ha) 

In:::rease 
Net Rev. 
(SYIIha) 

Net Rev. 
(S'fiIha) 

In::rease 
Net Rev. 
(SYIIha) 

1 5498 11707 6456 9424 
2 6068 576 13289 1582 6482 26 9548 124 
3 5659 167 12812 1105 6132 -324 7974 -1449 
4 5464 -28 13463 1756 6677 221 8968 -455 
5 5976 484 12480 773 8740 2284 9759 335 
6 6065 573 12984 1277 7364 908 10326 902 
7 5632 140 13113 1406 9003 :!547 8552 -872 
8 6205 713 14209 2502 8285 18~q 10516 1092 
9 4692 -800 15004 3297 10309 3852 10010 586 

10 6522 1030 15563 3856 12105 (3) 5649 12031 (3) 2607 
11 8026 (1) 2534 16j61 4654 11170 4713 8209 -1215 
12 7163 1671 1fJ581 (3) 6874 13328 (2) 6872 11735 (4) 2311 
13 7219 (4) 1727 16836 5129 10917 4461 11405 1982 
14 7181 1689 18093 (4) 6386 11799 (4) 5343 12739 (2) 3315 
15 7452 (3) 1960 19498 (2) 7791 11666 5210 11719 2295 
16 7542 (2) 2050 22730 (1) 11023 13542 (1) 7086 13128 (1) 3705 

Table 3.3.7 ParaJooters used in the econc:rnic analysis for each 
season 

1985/86 1986/87 1987/88 1988/89 


Seed price (SYI/kg) 5.5 11.0 9.0 14.0 
Broadcasting method (SYIIha) 165 190 215 
Planter nethod (SYIIha) 230 288 338 
Harrl weed control (SYIIha) 700 800 900 
Cl1emical weed control (SYI/ha) 563 670 832 1290 
Fertilizer costs (SYIIha) 121 121 148.5 360 
Harvesting cost (as 

percentage from Total Rev.) 5% 5% 5% 5% 

In general economic ~"Ults reflect the results for grain 

yields because the costs ot all treatments were relatively low 

CCIlpClrE!d to crop values. 
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Net revenues for eadl set of treatIoonts were calculated by 

assignin;J costs for eadl of the treat:nent elements (for field 

scale awliration) am subtractin] these fran the products of seed 

prioes aId yields. "Increases in net revenues" were derived b'J 

further subtractin] the value of the base treat:nent. '!he base 

treatment in the first season ccmprised sprin] sawin] with 00 

ioocullnn, herbicide or ~te awlication. In the last three 

seasons, the base treatIrent for ecx:n::mic ar.alys:is was the late 

winter sawirg with fanners' method of plantirg, herbicide 

awlication am 00 phOSIilate. 

For risk analysis, average net revenues for eadl t.reat:nent 

oatbination were plotted against their associated stan:lanl 

deviation. These are presented in Figures 3.3.2, 3.3.3, 3.3.4 and 

3.3 . 5 for the four seasons. Eadl treat:nent CCIIbination is 

assigned a rn.nnber for reference in the subsequent text. '!hese are 

in:ticated in eadl of the above figures. 

In 1985/86 all tre3.tIrents with winter sawirg daninated the 

carparable sprin] sawin] treatments in tenus of higher average net 

revenues for the same ccsts except treat:nent No.9. '!he ICMeSt. 

average net revenue of the winter sown treatments (No. 10) was 

greater than that of the highest average net revenue arron:J the 

sprirg sown t'Y."eatments (No.8) (Figure 3.3.2). No treatIrent 

consistently gave positive effects on net revenues across the 8 

locatio)' , hO\tleVer, as in:licated above, the worst treatment was 

No. 9 (winter sawin] with zero level of other treatments) which 

gave 5 negative cases out of 8. TreatJoont No. 11 with winter 

sowirg canbined with only \tr93d. cxxrt:rol was further distinguished 

as givirg the highest average net revenue. :However, avarage net 

revenues also needs to be considered in light of the variatioos 

fran location to location. It is notable that variations aJlOI'J1 

the winter sawing treatments were greater than those arron:J the 

spring sown treatments (Figure 3.3.2). 
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Treatment Number: 	 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Sowing Date: Early (E), Late (L) LLLI LLLLE E E E E E E E 
Inoculum: (0) (+) 0+0 + 0 + 0 + 0 + 0 + 0 + 0 + 
Herbicide: (0) (+) 00+ + 0 0 + + 0 0 + + 0 0 + + 
P205 (0) (+) o 000 + + + + 0 0 0 0 + + + +9000 
Sowing method: (B) (5) B B B B B B B B B B B B B B B B 
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Figure 3.3.2 	 Risk analysis of chickpea agronomy treatments at 8 
locations in NW Syria, 1985/86. 

In 1986/87, all trea'boonts with early winter sowirq daninated 

the carparable late winter sovm trea'boonts in tenns of higher 

average net revenues (Figure 3.3.3). Consistently positive 

effects on net revenues, across the 6 locations, were fourrl in 

ool.y five trea'boonts (11, 12, 14, 15 an:i 16), while all other 

treatments gave negative results at saoo locations. It is notable 

that all these 08a'boonts were urrler winter sowirq. Treatments 

12, 14, 15 an:i 16 were also disti.rJ:Juished as givin;J the highest 
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Treatment Number: 1 Z 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Sowing Date: Early (El. Late (L): L L L L L L L LEE E E fEE E 
I nocu1um (0) (+) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 025000 Weed control; (e) (H) e H e H e H e H e H e H e H e H 
PZOS: (0) (+) 00+ + 0 0 + + 0 0 + + 0 0 + + 
Sowl n9 method: (B) (S) B B 8 B S S S S B B B B S S S S 
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Figure 3.3.3 	 Risk analysis of chickpea agronomy treatments at 6 locations 
in SW Syria, 1986/87. 

average net revenues. Al1'oo1 these treabrents 12, 14 am 16 had 

the lCMeSt starxiard deviation in net revenue in oontrast to the 

previoos season. 

In 1987/88, all treatJr.;;nts with early winter sowirg again 

daninatEd the catpa.rable late winter sown treatments in tenns of 

higher average net revenues (Figure 3.3.4). In ack:lition, all of 

the winter sown treatments gave consistently positive effects on 

net revenues across all the 6 locations, while all late sown 

treabnents gave negative results at sane locations. Treatrnents 

10, 12, 14, 15 am 16 gave the highest average net revenues. 
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Treatment Number: I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 


Sowing Oate: Early (E), Late (L): L L L L L l L LEE E E E E E E 

Inoculum (0) (.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Weed control: (e) (H) e H e H e H e ~ e H e H e H e H 

P20~: (0) (.) 0 0 •• 0 0 •• 0 0 • • 0 0 • 

SowIng method: (8) (5) 8 8 8 8 S 5 5 S 8 8 8 8 5 5 5 
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£jgure 3.3.4 	 Risk analysis of chickpea agronomy treatments at 6 locations in 

NW Syria, 1987/88. 


In 1988/89, which was the driest year with many frost days, 

all treatments with early SCMl.n;J again daninated the c:x::rrparable 

late SCMID;r treatments except treatment 9 (Figure 3.3.5). However 

00 treatment consistently gave positive effects on net revenue 

across the 10 locations. Treatments 10, 12, 14, 15 am 16 as in 

previous season provided the highest average net revenues. 

Similarly stamard deviations of these treatments were in the saroe 

ran;re of c.onparable late SCMn chickpea t.r'I=>..atments. 

Variability in crop yield is unavoidable even in the same 

agroecologic zone due to day-to-day or rronth-to-m:mth or year-to

year variability in rainfall arrl t.enperature. 
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Treatment Number: I 2 3 4 5 6 7 8 9 10 \I 12 13 14 15 16 

Sowing Oate: Early (E). Late (L): L L L L L L L L E E E E E E E E 

Inoculum (0) (+ ) 000000000 0 0 0 0 0 0 0 

lieed contra I: (C) (H) CHCHCHCHC H C H C H C H15000 
PZO~: (0) (+ ) 00++00++0 0 + + 0 0 + + 
SowIng method: (B) (5) aBBBSSS5B B B B S 5 S S 
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Figure 3.3.5 	 Risk analysis of chickpea agronomy treatments at 6 locations in 
NW Syria, 1988/89. 

As mentioned earlier in the first season, the greater 

variations arron;r the winter SCMI1 treatJrents were due to a severe 

darnaga of Heliothis spp., in spite of beirg sprayed with 

inse:ticides. In the followin:] seasons, due to t:iJrely 

awlication of insecticides USl..n:J fercrnone traps to rror....oor 
Heliothis pop.llation, variations arron;r the early sown treatJrent 

canbinations were kept within quite narrow boorrlaries am net 

revenues becaIre substantially higher. 

In spite of the variations across locatiCllS, there were sane 

consistent trerrls aver the farr years. First, there was a 

substantial lxx:lst in net revenue resultirg fran winter plantirg in 
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early December with a new cultivar tolerant to cold an::1 to 

Ascxx:hyta Blight. In addition, weed control provided higher net 

revenues in ccrnbination with early winter sowirx] in all seasons, 

with harrl ~ beirxJ rrore profitable than d1ernical weed control 

in last three seasons. Althrugh harrl-weed.i.rq was rrore effective 

than chemical weed control, the availability of labor is likely to 

be decicii.rg factor an::1 is expected to vary fran plaoo to plaoo. 

'lherefore it is wise to continue t.he researdl on dlernical weed 

CXI1trol in the future. 

Rhizobia inoculation did oot give sufficient yield increases 

to oover the cost of this c:peration. HC7.oI'eVer, if chickpea 

cultivation is exparx:le.d to drier areas where this crop has oot 

been grown in recent decades an::1 pcpulations of cicer rhizobium 

are not present, inoculation may ~ profitable. 

In all seasons, phosrX'late fertilizer was roost profitable for 

the chickpea crops sown in early winter. Results were less 

CXI1Sistent in the cases of sprirx] or late winter sowirx]. 

'!he use of the planter (in this case a sirx]le pass planter) 

cx:mp:rre.d to the fanoors' traditional sowirx] method of broadcastirg 

CNer the ridges gave a stronq boost to net revenues especially in 

the case of early winter sowi.n:J especially in 1986/87 season, but 

the results were also positive in the last two years irrespective 

of sowinq date. We can concltrle that local ooreal drills can 

ec::onanicall y replaoo traditional broadcastirx] methods. 

3.3.9 ~lusion 

Early winter drill sow~ of chickpea (early December) canbine.d 

with wee:} control an::1 phOSI=bate "'Wlication has proved to be 

CXI1Sistently profitable in these on-fru.'lII trials. '!he next step 

nust rDII involve the wider test~ and derronstration of the m:st 

http:decicii.rg
http:harrl-weed.i.rq
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profitable ani stable treabnent CCII"binations in fanner reanaged 

trials. SUm work would lOClSt prqlerly be urrlertaken by the 

national research am extension systems. SUCh an initiative 

dlalld clearly start in syria, the coontry in whim these trials 

were corrlucted, but the results of this stu:ly shalld also be 

tested, ani where necessary adapted, in other major chickpea 

growin;J areas within the region. 

In !-brocco, such an initiative is well mrlerway, ani in 

section 5.2 of this report we highlight the fiJ-dinls of a stu:ly of 

the adoption dynamics of winter sown chickpea. 
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3.4 	 Selectim of Barley Gerpt:ypes far SVst:.em; usim 

SUWIE!!le1tal Irrigatim 


C. D'Acunzo, FAD Associate Expert arrl 
E.R. Perrier 

3.4.1 Introductim 

About 6000 years ago, suwlemental irrigation started in the 

uplarrls arrl foothill regions near many small rivers arrl streams 

in the Near East. 'lhese efforts were devoted to the production of 

cereal grains; mainly barley ard wheat. Even I'¥JW SUWlensrt:al. 

irrigation continues to be irrligenoos to the region. Whereas 

oonventiona.l irrigation SUWlies the entire plant-water need 

because rainfall cannot be relied upon durin:J all or a large part 

of the grow'in1 season, SUWIE'll'OOlltal irrigation occurs in an area 

where a crop can be grcMl by natural rainfall alone rut acktitional 

water stabilizes am inproves yield. In addition, irrespective of 

seasonal rainfall, SUWlemental irrigation can provide oorrliticns 

suitable for usin1 high inpJts, such as hi¢l yiel~ varieties, 

fertilizers, herbicides, etc., as well as nore intensive CI'OR'in:J. 

'!he use of SUWlemental irrigation can alleviate climatic risk 

factors in semi-arid regions by in::rea.sin:J choices for soil arrl 

crcp management which can stabilize yields. '!he magnitOOe ard 

http:SVst:.em
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urgency of prablercs related to SUWle:iY-'..ntal irrigation fanni.n:J may 

be serioos; however, it is no lOl'X3'er affordable to consider either 

sector, rainfe::l fanni.n:J or irrigated agriculture, in isolation. 

SlJI:plemental irrigation is asscx:::iated with lOOre sopUsticated 

nethods of fann.in3' arrl rnarketi.rg arrl I"Iapresents arrl in'pravement in 

technique on existi.rg fann practices. Fanners in these semi-arid 

arx:l arid rainfe::l climates can assure thercselves of higher arrl lOOre 

stable crop yields by developi.rg water SUWlies arrl providi.rg 

SUWlemental irrigation syoterrs as insurance. 

Barley, the world's fourth ll'DSt ill'pOrtant cereal crop after 

wheat, maize, arrl rice arrl exclooi.rg coarse grains (FAD 1989), is 

generally grown in those regions where climates are not favourable 

to other major cereals (Poehlman 1985). '!he water requirement for 

producil'X3' a unit weight of grain is lf~ for barley than that of 

other cereals (carleton 1916) as its transpiration rate is the 

lar.'eSt aJOOl'X3' the small grains (Nuttonson 1957). Barley evolves as 

a crop for marginal winter rainfall areas (Poehlman, cit.). 

Nevertheless, it resporrls well to additional rainfall arrl 

irrigation (Jasny 1940). In sarrly soils, suwlernental irrigation 

practices with 1:"arley were foond advant:agE!CA.L3 in aboot two out of 

three years (Peranan 1962 arrl 1970). 

Barley varieties differ in their efficiency with which they 

utilize soil lOOisture (Aase 1971; Arnon 1971; Hartmann arrl AllaI'd 

1964; Kirby 1969; Schreiber and Stanberry 1965). Variations have 

been foun::l between seasons arrl with fluctuations in the incomi:rg 

solar radiation, wirrl speed, terrperature, arrl relative hlDTlidity 

(Richardson arrl Tnnnble 1928; Shantz and pi~isel 1927). 

In order to increase arrl stabilize yields over the seasons, 

sb..rl.ies were in'plernented to asses barley responses to suwlemental 

irrigation arrl to screen genetic materials available at the 

International Center for Agricultural Research in the Dry Areas 

http:advant:agE!CA.L3
http:exclooi.rg
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(ICARDt\), Al~, Syria. To investigate the concepts of 

SUWlemental irrigation on barley, studies were performed in the 

1987/88 and 1988/89 growing seasons. 

An experiIrental field was dlosen at the Boueidar station 

(latibx1e 350 40' Ni lorgibx1e 370 10' Ei altitude 268 m) 80 kin 

sooth of Al~, in a region where barley is grown as the main 

cereal. '!he station is in the Syrian lIgricultural st.ability Zone 

4 where the average aCClllTD..llated rainfall rarges between 200 and 

250 nm during the year an:i not less than 200 nun during half the 

years StlIVeyed (MAAR 1986). In this an environrrent the erratic 

distribution of rainfall over the grc:Min:!' season leads to 

\lll>redictable cereal prcduction. 

'!he cbjectives for these studies were to select barley 

geJ'Xltypes that resporrled to SUWlemental irrigation, to assess the 

c:ptimal level of water to awly to increase and stabilize barley 

yields, and to identify general rules of SUWlemental irrigation 

management to famers in the Ba.leidar region. 

3.4.2 '1he Experimental Design 

In both seasons the experiIrent used a split-plot design with 4 

replications • 

'!he SUR>lemental irrigation treatments, defined when the water 

deficit in the soil profile was 50% of the available water in the 

active root zone (Ibneen and Westcot 1984), were: 

1) 1-0: rainfed (no irrigation) 
2) I-I: irrigated to replace 33% of the deficit 
3) 1-2: irrigated to replace 66% of the deficit 
4) 1-3: irrigated to replace 100% of the deficit. 

'!he number of barley genotypes entered .in the trial were 

different for the two seasons: 
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1. 	 '!he first year, 44 barley genotypP.s, selected at the 800eidar 

station am suggested by the Barley Breeders of the Cereal. 

Improvement PJ:'o9ram of the lCARDt\, were entered into the 

design: am, 

2. 	 '!he secom year, only 16 of those genotypes ~.'hich showed a 

response to supplemental irrigation were selected to be 

entered in the secom seasons's trials. 

'!hey were wainly barley lines fran advanced trials bei.rg 6 oot 

of the original 44 genotypes barley varieties already grown c.n 

fann; their narres or crosses are reported in TablE: 3.4.1. 

All plots were fertilized with 50 am 80 kgjha of P205 in the 

fonn of triple superphosrhate at the beqi.nnin.J of the 1387/88 anj 

1988/89 seasons respectively. Nitrogen fertilizers were J'X:!t 

applied in either season. In Table 3.4.2 the results of both 

d1ernical am mechanical analyses are reported for every layer of 

the soil profile up to the depth of 1. 2 m. 

'!he profile was IrDre than 1. 5 m deep. '!he Total Available 

Water was 227 !1UiVm. 

Rainfall at GCMl.rxJ time was adequate for germination for both 

seasons. Schedull.rxJ of SUWlemental irrigation was by water 

balance methods (Perrier am Salkini 1989) enployi.n:] the Class A 

pan evaporation measurements, am verified usl..nj gravimetric soil 

samples am neutron probe measurements. 

3.4.3 Weather COrrliticns 1987-89 

Figure 3.4. 1 shows mean tenperatures on a 10-day basis for roth 

seasons from the first period of November to the em of May. 
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Table 3,4,1 Names or crosses of the gerotypes oarp:lSl.rq the pool 
uroer test at the lklUeidar statioo durirq the 
1987/88 and 1988/89 seasons 

Reference 
Name of Cross 

ApmVPI 000046//Line 251-11-2 
Lignee 131/Arabi Abiad 
Menuet//ApmVPI 000046 
Arizona 5908/Aths//Lignee 640 

(ICB81-o21O-1AP-4AP-oAP) 
5604/1025//Arabi Abiad 
Arizcna 5908/~ths//Lignee 640 

( ICB81-o21o-lAP-9AP-OAP) 
ctnVRHl5OB//10876-2/3j7o-22423/Bl 
WI2198jHarmal-02 
Nact:a;Arabi Abiad 
Sawsan/Lignee 527//Arar 
Mv46jWI2J.98 
Arizcna 5908/Aths/ /Asse/3/F208-74 
Hannal-02/Arabi Abiad/ /ERlApn 
Lignee 527/SawsaIVjIk:: 
Lignee 1242/Arabi Abiad 
CN100/DC23//Fun*3/3jTra/4/10925-1/5/ 
/Boo,Mr/As/6/Seed 5a.lroe 72-5" 

~rr2269/3jMarijRoho/(Rcw 134-73 
Mari/Aths*2/3/ApD,IIB65//B6 
Rcilo/Arabi Abiad 
INRA35-56-4jNK1467 
Esp/1808-4L/jHarmal-02 
WI2269//CI 08887/CI05761 
Api/CM67//MZq/3/Arabi NJiad*2 
Cr, 115jPor/jIk::/3/Api/CHGl / 4jMan//Api/CWi7 
DL71/Beacon,l/0re's'/3/11016-2jEB-OBS-E-72 
Aths/Lignee 686 
NKl616/00mp. Cr. 89 
ApmVDwII-IY//ApmVIB65/3/Gitane 
SP(Ql) /lopro//eal. .mr/3/ApD,IIB65/ 

/4jDL71/strain 205 
Athsjlk:: 
BKF Maguelcn! 1604jBadia//Azar 
Sgs//MD ATl/CM-B-4-2-'2-B-B/3/Arar 
Arizona 5908/Aths/ jH;!72/11012-2 
Mari/Aths*2//KY63-1294 
Bonus*2/Arabi Abiad 
Mari/Aths*2//KantarC! 
RcilojHarmal-02 
WI 2291 
WI 2269 
Mar 
Rihare-03 
Hannal 
Arabi Aswad 
Arabi Abiad 

1987/88 

1 
2 
3 

4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

1!188/89 

1 
2 

3 

4 

5 

6 

7 

8 

9 
10 
11 

12 

13 

14 
15 

16 

&lId names and crosses man that the genotype has been selected 
for the ~ season 

http:Mv46jWI2J.98
http:oarp:lSl.rq
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Table 3.4.2 	 Results of nitrate-nitrogeJ" extractable 
IilOOIilorus an:i IOOdlanica1 analysis of 
eight combined samples from the 
exper.i.rrental field at Boueidar, 1988/89 
sease" 

Mec""..anical analysis 
D¢h N03 P (Olsen) 
en ~ t:PII % Clay %silt % sam 

0-15 22.8 3.5 46.9 39.1 14.0 
15-30 29.5 6.8 46.6 41.4 12.0 
30-~5 18.2 4.0 50.7 37.0 12.3 
45-60 24.8 2.0 55.4 32.8 11.8 
60-75 38.3 1.2 58.6 30.2 11.2 
75-90 33.8 1.2 58.2 31.4 11.6* 
90-105 32.6 1.2 88.4 11.6* 

105-120 	 35.8 1.0 85.2 14.8* 

* Presence of gypsum 


Note: SanplinJ was carried cut after plCU]hirg. 
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ruring tile 1987/88 season relatively cla.rly weather with the 

consequent reduction of irradiation caused relatively mild 

tenperatures. only 20 frost events were reex:>nied am the crq> 

developed rapidly. GI"OUl"rl oover occurred early in the season by 

the em of February. 

'!he 1988/89 season was II'llch colder with tenperatures c:ir'oWing 

below freezing point 59 days of which 53 were recorded during the 

period of December 19 to February 21. '!he cold season alon;, with 

drought h:i.rrlered nonral plant graNth. F\.lll grourrl oover occurred 

only by the em of March. 

Figure 3.4.2 shows the root:shoot pattern of grcMth relative 

to the 1988/89 season. '!his pattern is sanewhat different to that 

described by Perrier (1989) for wheat at Tel Hadya, am is 

prd:lably largely due to the cold season am the rasulting delay of 

plant growth. 
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Figure 3.4.2 Relationship between active root depth and plant height of barley at 
Boueidar, N. Syria, 1988/89. 
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l>bnthly aCClllTB.llated rainfall for both seasons is shown in 

Figure 3.4.3. '!his confinns that rainfall distribution is erratic 

in the region. The 1987/88 season totalled 385.7 rnm of rainfall 

whereas the follCMirg season was only 186.4 rnm. In the first 

season the rainfall distriliution was good durirg both January am 
February am soil water availability, with relatively mild 

tenperatures allCMed the plants to grcM without soil ooisture 

stress. Rainfall started to decline durirg March am, the 

follCMirg oonths, two suwlerrental irrigations were needed to 

replenish the soil ooisture in the active root zone. 
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Figure 3.4.3 Monthly rainfall totals at Boueidar, N. Syria,
over 2 seasons. 
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'!he followirx1 season was different: the rainy season started 

in Oc::tc:ber arrl ceased towards the errl of March. HCMeVer, ~ 

pronounced dry spells occurred. '!he first, a 23 day dry spell 

fran November 20 to December 13 (7 nm ac:x:::unu1.ated rainfall) arrl 

the secord a lorg drooght fran the beginning of January to March 

12 (just 5.9 rnm aCCl..ntU.llated rainfall). '!hese unusual droughts 

caused many failures of rainfed barley fields managed by famers 

in the region. '!he experi.nwantal plots had to be supplementally 

irrigated early in the season. Five irrigations were awlied 

startirx1 as early as December. Table 3.4.3 shows the quantity of 

water awlied arrl seasonal rainfall for each supplemental 

irrigation treatment durirx1 both seasons. 

Table 3.4. 3 	 ~tity of water (mm) applied arrl 
rainfall for the supplemental irrigation 
treatments for the 1987/88 arrl 1988/89 
growirg seasons at Boueidar 

Suwlemental 
Irrigation levels Rainfall irrigation Total 

1987/88 

Rainfed 
1/3 replenishment 
2/3 replenishment 
3/3 replenishment 

1988/89 

Rainfed 
1/3 replenishment 
2/3 replenishment 
3/3 replenishment 

335 
385 
385 
385 

186 
186 
186 
186 

o 
125 
125 
125 

o 
177 
353 
523 

385 
510 
510 
510 

186 
363 
539 
709 

D..lrirg the first season arrl because of problems of water 

distribution, we were forced to irrigate balancirg the volumes of 

water awlied. '!hus, the treatments I-I, 1-2 arrl 1-3 received 
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respectively 30, 60 and 90 mm of water on April 29-30 and 95, 65 

and 35 mm on May 10-11. In so doirg, with the two irrigations the 

treatments received 125 mm eadl rut sc:hedulin;J of aWlications 

differed. 

'!he pattern of water derrarrl, relative to Class A pan 

evaporation and to the 1988/89 season, is shown in Figure 3.4.4, 

where the crq:, coefficient (ke) is plotted against days after 

emergence. '!his illustrates the increase in water dernarxl that 

foll~ stern elo~tion. 
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Figure 3.4.4 	 Seasonal variation of the barley crop coefficient (Kc) during 1988/89 
at Boueidar, N. Syria. 
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3.4.4 Results of '1be First Seascn 

'!be 1987/88 season was not a typical one at· the site. '!be 

weather, prOOlems of personnel arrl project rnanagem=nt made it 

inp:>ssible to have reliable data conc:emi.n:J yields. Nonetheless, 

sare data were collected about agronanic aspects that influence 

grain yield, such as the capacity to not lcx:lge urrler higher water 

reqines, the weight of 1000 grains, the weight of seeds/ear, etc. 

'lbese measurerrents a1.lCMed a first selection ailood at reducin";:J the 

rn.mi:ler of genotypes in the secx:>oo year's experiloont. 

'!hose genotypes which were selected shCMed an appreciable 

response to supplem=ntal irrigation arrl significant increases in 

the weight of seeds per ear arxl,Ior the weight of 1000 gr;!1ns. 

'!ben, all which exhibited. a high rate of lodgin";:J were also 

'!his characteristic results in a lOOChanical 

resistarx::e to water fleM in the stem arrl to a reduction in yield 

an:l quality (Briggs 1978; ray 1957). In addition lcrlgin";:J 

genotypes cannot utilize the irrigation water efficiently because 

of hirrlered I=hotosynthesis. '!he remainin";:J genotypes selected were 

these showin";:J trerrls of increased yields arxl,Ior other factors that 

irrrease yield. A total of 16 genotypes were entered in the 

follCMl..rg season's trial. 

3.4.5 Results of '1he Se.ccnl Seascn 

After harvest all the data needed to estimate the effects of the 

different supplem=ntal irrigation treabnents were measured 

(Bianass, no. of ears/m2, weight of the ears, grain yield, 1000 

grains weight, absolute protein an:l lysine contents) or calculated 

(straw weight, no. of fertile spi.kelets/ear, water use 

efficiency). 

'!he liliOVA calculations were carried out accordin";:J to the 

folleMl..rg table: 
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Source of variation D. F. 

Replications 3 
SUi: plerent.al irrigation 3 
~rorA 9 

Barley entries 15 
Interaction s. irr. *barley entries 45 
Error B 180 

statistical analysis showed that all the suwlernental 

irrigation treat:mants had a positive effect. '!be factors of 

yield, 00. of ears/m2, no. of fertile spikeJets/ear, an::l weight of 

1000 grains, were related to the level of water awlied (Figure 

3.4.5) • 'lhese charac+-..eristic increased yields acx::ordirqly. In 

Table 3 . 4 . 4 the IOOan yields for the different genotypes are 

reported for each suwlernental irrigation treatment. 

50500 1 Weight of 1000 grains (g) 
No, of ea rs/m2 
No, of fertile spl~~lets/ear! 
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Determinants of barley grain yields at different levels 
of supplemental irrigation (see text) at Boueidar,' 
N. Syria. 1988/89. 
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Table 3.4.4 	 Mean yields (t/ha) of the 
genotypes at different 
SUWlernental irrigation levels; 
weights are at field JOOisture 
content 

Irrigation 

Entry 1-0 1-1 1-2 1-3 

1 0.17 1.48 4.25 5.89 
2 0.21 1.60 3.71 4.32 
3 0.27 1.66 4.00 4.92 
4 0.18 1.75 5.00 5.6:j 
5 0.19 1.54 4.22 4.73 
6 0.19 1.36 3.99 5.04 
7 0.22 1.74 3.73 4.55 
8 0.30 1.98 4.69 5.41 
9 0.30 1.83 3.91 4.77 

10 0.26 1.61 4.55 5.37 
11 0.18 2.13 3.94 4.93 
12 0.31 2.11 4.27 5.00 
13 WI 2291 0.29 1.81 4.39 5.42 
14 Arar 0.23 2.45 4.29 4.37 
15 Rihane-03 0.22 2.70 4.75 6.72 
16 A. Abiad 0.54 2.12 3.98 5.11 

Mean 	 0.26 1.89 4.25 5.17 

ISO O. 05 = 0.74 between two irrigation means 
for the same entry mean 

ISO O. 05 = 0.61 between two entry IOOaJ1S at the 
same level of irrigation 

ISO 0.05 = 0.45 between two irrigation IOOaJ1S 

'lhese drarna.tic :results was caused uy the unusual drought 

durinJ the year, and the coI1Se:Illent necessity of awlyi.n:J a 

great:cr volume of water than is nonnally required for suwlenental 

irrigation at this location. 

Grain yields of each genotype were increased significantly 

fran 1-0 to 1-3 at the 5% significance level. However, genotypes 

2, 4, 5, 8 and Arar did not respooo to the highest level of 

irrigation. 
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'!he highest yield.in:;J genotype was Rihane-03. It recorded 

0.22 tjha urrler rainted corrlitions all the way up to 6.72 tjha for 

full replacement of the water deficit in the soil profile. other 

good yielding genotypes were 1, 4, 8, 10 am WI 2291. other 

genotypes had good responses to SUWlernental irrigation, but the 

magnitude of their yields was significantly different fran higher 

yield.in:;J genotypes. 

Differences between genotypes at the same level of irrigation 

are less recurrent am the analysis of the regressions of variable 

grain yield vs. total annmt of water received (Figure 3.4.6) 

showed that only Rihane-03 had a significantly different behavioor 

in 5 cc::rrparisons cut of 15. '!his means that the group of barley 

genotypes is nearly harogeneaJS with regard to suwlemental 

irrigation response which is attr.il:m:.ed to the first years 

selecti.ons. Another point was that all genotype materials were 

selected at the saIOO site am all were selections fran rainfed 

barleys. 

'!he water use efficiency, WUE, (Bolton 1981; ~ 1983) was 

catp.lted as: 

Bianass (kgjha) 
WOE = ---, (1) 

Total water (nun) 

where bianass is the total weight of the harvested plants (not 

in::luding roots am crowns) arrl where the total water is the sum 

of the seasonal rainfall am the water awlied by means of 

SUWlemental irrigation. 

'!he WOE's are reported in Table 3.4. 5 for each genotype arxi 

for all the SUW1emental irrigation levels. 

In general WUE increases significantly fran 1-0 to 1-2 where 

it reaches its maxima; then, it reduces significantly in 1-3 where 

its value is similar to that of level I-I. 

http:attr.il:m:.ed
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Table 3.4.5 Water use efficiency irx:lexes 
(kgjha/nm) for the different 
genotypes and supplemental 
irrigation treatments 

Irrigation 

Entry I-O I-1 I-2 I-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 

ISO O. 05 = 2.82 	between two genotype means at 
the sarna level of suppleIrental 
irrig-dtion; 

ISO 0.05 ::: 2.93 	between two supplemental 
irrigation rreans for the Sc"'llle 

genotype 
ISO O. 05 = 1. 08 	between two irrigation 100anS 

'!he highest WUE 	 yJere achieved by the genotypes 2, 4, 5, 8, 10, 

11. 12, WI 2291, Rihane-03 arrl Arabi Abiad in irrigation 1-2. 

However, Rihane-03 utilized the water to produce rrore grains tilaI1 

S"t.i<lw whereas the other genotypes had a different behaviour. In 

fact, catp..ttinJ 

\tlJE = 
Grain yield (kg/ha) 

Total water (mn) 
(2) 
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s.hcM; that Ri.hane-03 produced 1. 18, 7.47, 8.84 am 9.57 kgjha/mm 

of grain for the treatments 1-0, 1-1, 1-2, run 1-3, respectively. 

'!he difference between its WUE Wex in 1-3 (c::arq:A.lted accord~ to 

equation (2)) am those of the other genotypes at the sane level 

of irrigation are significant (i.e., LSD 0.05 = 1.43 between two 

means at the sane level of irrigation), am shows that the last 

SUWlezoontal irrigation increased the grain yield factors Il'Ore 

than straw weight. '!he number of fertile spikelets per ear was 

the main factor responsible for the yield increase, as it chan:Jed 
fran 30 in 1-2 to 39 in 1-3 whereas the mnnber of tillers/m2 (no. 

of ears/m2) am the weight of 1000 grains did not increase between 

1-2 to 1-3. 

Absolute grain protein cxmtent decreases with supplemental 

irrigation treatrrent frc:rn 1-0 to 1-3. In Table 3.4.6 the mean 

percentages of both protein am lysine contents are reported for 

each supplezoontal irrigation treatrrent. 

Table 3.4.6 Absolute contents of both 
protein am lysine in grains 
(%) (Mean of all genotypes) 

'l'reatrrent Protein % Lysine % 

1-0 17.68 0.65 
I-I 16.19 0.61 
1-2 14.60 0.56 
1-3 14.55 0.56 

LSD 0.05 = 0.49 	between two irrigation 
neans for protein 

ISD 0.05 = 0.01 	between two irrigation 
neans for lysine 

Protein quality is stable with a slight terrlency to increase 

fran 1-0 to 1-2. 
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'!he lysine to protein ratios are reported in Table 3.4.7 for 

the SUWlemental irrigation treatments. Both protein ani lysine 

absolute contents decrease with ircreas.i.rg awlication of 

SUWlemental irrigation, rut lysine d'larges at different rate then 

protein, in other words, its rate of reduction is less. 

Table 3.4.7 Lysine to protein rations 
(%). (Mean of all genotypes) 

Treatment % 

Rainfed 3.68 
1/3 replenishment 3.78 
2/3 replenishment 3.87 
3/3 replenishment 3.86 

ISD O. 05 = O. 05 between two neans 

Even if the absolute protein content decreases, a big increase 

in the total weight of protein yielded ocx::urs, result.i.rg, of 

c:cmse, fran increased yields. Table 3.4.8 reports the rrean 

Ja.lograms of protein yielded for eadl SUWlemental irrigatioo 

treatment. 

Table 3.4~ Weir#lts of grain protein 
yielded (kg/ha). (Mean of 
all genotypes) 

Treatment Protein 

Rainfed 44.69 
1/3 replenishment 302.29 
2/3 replenishment 617.40 
3/3 replenishment 747.40 

ISD O. 05 = 66. 34 between two means 

http:result.i.rg
http:ircreas.i.rg
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straw is an inportant agricultural by-prcxiuct especially in 

those areas were barley straw provides a resource to feed 

livestocJ{. In Table 3.4.9 the tonage of &traw harvested is 

reported for each genotype am SUWlerrental irrigation treat:rrent. 

Table 3.4.9 	 Mean straw yields (tjha) of the 
genotypes at different 
si.lWlerrental irrigation levels 

Irrigation 

Entry I-O I-I 1-2 1-3 

1 0.47 2.92 3.96 3.67 
2 0.45 2.90 4.77 6.34 
3 0.55 2.30 3.74 5.50 
4 0.44 2.48 4.01 4.95 
5 0.56 2.66 4.74 5.73 
6 0.39 1.94 3.32 3.71 
7 0.42 2.31 3.76 4.78 
8 0.41 2.42 4.06 5.00 
9 0.59 2.03 3.50 4.68 

10 0.68 2.79 4.44 6.41 
11 0.55 3.82 4.83 5.18 
12 0.39 2.75 3.65 5.25 
13 WI 2291 0.55 3.27 5.05 6.26 
14 Arcrr 0.31 2.07 3.34 3.96 
15 Rihane-0:3 0.56 2.99 4.51 5.34 
16 A. Abiad 0.19 2.31 4.30 5.62 

Mean 	 O. ,0 2.62 4.12 5.27 

ISO 0.05 = O. 77 	between two irrigation IOOanS 

for the same entry mean 
ISO 0.05 = 0.73 	between two entry IOOanS at the 

same level of irrigation 
ISO 0.05 = 0.30 	between two irrigation me.aru:; 

'lhese results are similar to those for grain yields. '!he 

increase in straw prcxiuction is due to the height of the plants 

am to the increased number of tillers per square rreter. 
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The increase in straw weight does not matdl the trerxi of the 

grain yield, i.e., Rihane-03 was the tcp yieldi.n;J genotype 

c::orx::e.rnirg grain, hCMeVer, 'Lt produces a lower quantity of straw 

with SUWlemental irngation. 

Absolute protein oontem.: of straw Crable 3.4.10) decreases 

significantly fran 1-0 to 1-2, b..rt the further small decrease is 

OOsel:v'ed in 1-3 was not significant. 

Table 3.4.10 	 Absolute protein content in 
straw (%). (Mean of all 
genotypes 

Treat:m:mt 	 Protein 

Rainfed 10.83 
1/3 replen i 5hIrent 7.61 
2/3 replenis.hItvant 6.27 
3/3 replenis.hItvant 5.74 

ISO O. 05 = 0.77 between two means 

'Ihus, absolute protein oontent decreases also in straw; rut, 

due to the remarkable increase in straw yield, the total weight of 

protein yielded clearly increased as a L"eSUlt of suwlemental 

irrigation. 

3.4.6 


Drawing oooclusions fran the'data oollected durin;)' the secooo 
year of expe=inwantal work shoold be done with sane caution as the 

results are of CXJU.rSe affected by tile characteristics of the 

season whidl in this case was partia1l.ru:y dry. HCMever, we can 

obsel:ve the follCMing: 

All the barley genotypes resporrled well to additional water 

awlied by suwlernental irrigation treatments. 
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Rihane-03 gave the best response to water. Im increased 

yield was due to the increased number ,of grains per head am 
not to the mnnber ,of tillers per square meter. '!his means 

that, in selecti.rq barley's genotypes fer supplemental 

irrigatien research, the criterien ,of ~ ,only good 

tilleri.rq genotypes could result in sane potential material 

bei.rq loot. 

'!he other genotypes all resporx:ied to the different levels ,of 

SUWlemental irrigatien but, havi.rq 2,11 been selected at the 

same site (Boueidar), they did rot shCM differences in 

responses. '!hus, introductien ,of new genetic materials caning 

from sites where rainfall ra.n;Jes <.:.re different should be taken 

into consideratien am it could be much oore advantageous to 

increase barley yields in the considere::i :reI'::lien. 
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Prc:xb±i.vity of crcp Ibt:ati.cns 

H. Harris 

lCARI:l.\ is devel~irg technologies for the in;>rovement of foo:l 

production in the dry winter rainfall areas of North Africa am 

West Asia. Of necessity, ruch of its work is organized alC"!'Xl 

lines of OOIIUIWity an:l disciple. Hc1.vever it is a feature of the 

Center that it is recx:Jgnized that there is a need to draw 

together work on in::lividual CXllllLXlities an:i of irrlividual 

disciplines an:i to evaluate research fi.rxiirgs in relation to the 

fanning systems with which the Center works. '!his is particularly 

:inp)rtant in the light of the variability of enviroI"lIOOl1tal 

cxnlitions, especially those which relate to seasonal weather. It 

was thus felt that it was necessary that new technologies should 

be tested by the Center, over time, to determine their potential 

productivity. 

To achieve this objective two-ca.lrse rotations were 

established in the 1983-84 season on lam that had been urrler 
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oereal-based rot"ations fran 1977-78. Seven CI"C:.'g)irq sequences, 

J'lC.IlOOly wheat followirq fallow (W/F) , SUl'III'er crq> (W/SC) (water 

nelcn), lentil (W/L) , chickpea (W/C), vetd1 (Vicia sativa) (W/V) , 

medic (Medicago sw.) (W/M), and wheat (WjW), are replicated three 

times, and both IilaSeS of the rotations are incltxled each year. 

IOOividual plot size is 0.54 ha, and each rotation therefore 

oovers 3.24 ha. 'lhese rotations provide the ~rtunity for new 

syst:em.s to prove their worth in the variable corrlitions of the 

region. 

'!he soil is a Calcic Rhodoxeralf (Hal:msen 1980) and the trial 

is sited on slopinJ land. In JrOSt of the area the soil is 1 to 2 

n or nom deep, rut there are areas where the depth is variable 

with saoo patd1es with less than 0.5 m of soil. 

In the first two years no inp..Its were used, rut fran the 

1985-86 season fertilizer, and weed, pest and disease control 

measures have been awlied, and inproved cultivars introduced. 

'lW experimental treatments are superinposed in a split-split plot 

design. F'a.lr levels of nitrogen (0, 30, 60, and 90 kg Njha) are 

awlied to sub-plots in the wheat pw;e for the dual p..IrpOSe of 

assessirq the lorq tenn reliability of nitrogen responses and 

evaluatinJ the capability of the legumes to SUWly nitrogen to 

the syst.ens. '!he wheat stul:tIle is subject to three management 

treatJrents - heavy grazin;J, rroderate grazirq or stul:ble retention 

- which form the sub-sub-plots. 

Here we report findin:]s on the performance of the rotations 

and on the effects of nitrogen in foor crop seasons, 1985-86 to 

1988-89 inclusive. SCIre trerrls ~ to be emerging in the 

stubble treatments, rut we prefer to defer djSCIJSSion of these 

W'ltil they are nore clear. 
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3.5.1 


Tillage. since 1987-88, primary tillage in the wheat Ii'tase is 

carried out with a tyned cultivator after the first rain of the 

season, ard this is followed by a pass with a sp:ike-:oothed 

harrow for seed bed preparation. 

plantim. In the first two seasons (1985-86 ard 1986-87) the 

tradi ~ional method of broadcasti.rg seed on to ridged lard ard 

coverin;J it by splitt~ the ::-idges was used. HC1NeVer this 

results in px>r crop geanetJ:y with widely spaced (48 an), dense 

barrls of plants giv~ insufficient groun:i cover, especially 

early in the season. '!herefore in the last two seasons seed has 

been drilled, wheat with a locally b..lilt seed drill at 17.5 an 

rc1N spac~ followirq seed bed preparation as above, ard legumes 

(vetch, lentil ard chickpea) with a zero till planter directly 

into wheat stubble at 30 an row spacirg. Medic seed was broadcast 

in 1983 ard 1984 ard now pastures regenerate annually. Water 

melon, which is grown in the st.mJrer on water stored in the 

profile dur~ winter, is established as s~le plants on a 3 x 3 

m grid accord~ to local practice. 

Wheat ard the legumes nonnally are planted in the secorrl half 

of November ard early December respectively, follow~ the ~ 

rains, ard water melon is sown in mid-April on lard that is 

fallowed to that tiJoo. 8eedi.rg rates are: wheat, chickpea ard 

vetch, 120 kq(ha; lentil, 100 kgjha; melon, 1.5 kgjha. 

CUltivars. '!he inproved dunnn wheat, Sham 1, has been used 

throughout the four years. lIC 482, a cold tolerant chickpea 

cultivar with tolerance for aschochyta blight, now released in 

Syria as Ghab 1, was selected for the early sow~ strategy used 

in the trial. Syrian local small lentil, used for the first two 

years, was replaced by a nE!'Wly released cultivar, Idleb, in 

http:8eedi.rg
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1987-88. '!he vetdl an.:i water melon are both strains used locally. 

A mixture of medic species an.:i aJltivars was sown originally, 

with the oojective of stOOyi.n;J their pq:ulation dynamics. '!be 

pastures are roN daninated by Medicago polynprp,a am M. riqidula 

(P.S.Cocks, personal camunication). 

Fertilizer. FhosIilate fertilizer was broadcast aver the wmle 

area in the first UNo years at 60 an.:i 90 kg P20s,/ha respectively 

to raise the fertility level. It is rnI drilled with the wheat at 

50 kg P20sfha. '!he nitrogen is hard broadcast, half at plantin:j 

an.:i the rerna.irrler at the tilleri.n;J stage of wheat growth. 

Crop Protection. Weed COntrol. In the wheat Ii1ase braooxynil 

+ MCPA an.:i diclofop-nethyl are awlied when necessary at the 

tillp.ri.n;J stage to control broadleafed an.:i grassy weeds 

respectively. Pre-eJrergence herbicides are used for the focxl 

legumes, t:.e.rb.rt.ryn an.:i cyano.zine for chickpea, an.:i pronamide an.:i 

cyanazine for lentil, follCMi.n;J, if necessary, a contact herbicide 

(paraquat) to control cereal volunteers prior to plantirq. Vetch 

am medic are grazed am no other weed control is inposed. 

FallCJF,r,15 are maintained weed-free either by aJltivation with a 

tyned iroplerrent or by the use of paraquat aOO,Ior gl}'Ii1osate. 

Crop Protection. Pest an.:i Disease Control. Seed dressin:;r is 

used rwtinely for all species, an.:i furadan is drilled with lentil 

to control sitona weevil lavae. Insect an.:i rodent pcp.Uations are 

lOOIlitored an.:i controlled as necessary. An ootbreak of asdlochyta 

blight in cJti.ckpea in 1987-88 was treated with the f'uDJicide, 

chl.orothalonil. 

Grazing Managerrent. Medic pastures are grazed throoghcut. the 

year for as lorg as they will SlJRXlrt 8 to 10 er.rJIes (am lanm) per 

hectare. Vetdl is also grazed an.:i is used to fatten weaner laniJe 

in the spri.n;J. 
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yield Determination. Awroxina.tely 20% of the plot area of 

lrw'heat an::l chickpea is harvested with a plot canbi.ne to detenni.ne 

grain yield, usually in the first half of June. '!he harvest Wex 

is estiIMted fran 20 x 1 m reM sarrples pr.>...!' sub-plot am total dry 

matter am residue yields are estiIMted fran the grain yield ard 

the harvest iOOex. '!he same prqx:>rtion of lentil plots is harrl 

harvested (late April/early May), dried am threshed. am seed am 
residue yields are measured. All yields are reported as oven-my 

weights. '!he 'yield' of the vetch am of medic pastures is 

estilnated as grazi.n;J days per year (number of days x st.oc::k.in;J 

rate) an::l as animal products. 

3.5.2 

Total seasonal rainfall in the first two years was equal to the 

loo;r term average (Figure 3.5.1). while in th~~ third am f~&.h 
years it awroac:hed the ~ am lCMer extrerres, respectively, 

for the area. ~e intra-seasonal distrirution was rore favourable 

in 1985-86 than in the follC1Nirg year, with rain in April am May. 

In 1986-87 the rain which fell in September am 0ct.00e.r was 

followed by a six week dry spell arrl was lazgely ineffective. In 

both years crops did not fully establish until rain in late 

December praroted final gemination. Excellent October rain in 

the next two seasons allowed early establishment of wheat am 
mOOic, arrl of the other legumes in 1988-89. HCMeVer in 1987-88 

sowirg of vetch, lentil arrl chickpea was delayed by wet 

OOl'rlitions until early January. In 1988-89 there was only one 

effective rain event after December, arrl the January and February 

rainfall total was estilnated to be a 1 in 200 years lC1N (w. 

Goebel, personal cat1IlU.lIlication). Rainfall in May was too late to 

have any effect on yields. 

'!he IrOSt significant t:.enperature events on the four years were 

the Ion;, cold spell, associated with lC1N air humidities, in 

http:detenni.ne
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Figure 3.5.1 We~kly and total seasonal rainfall (mm) on Block C. Tel Hadya. 1985-86 to 1988-89. 
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Figure 3.5.2 	 Daily maximum and minimum temperatures at Tel Hadya Meteorological 
Station, 1985-86 to 1988-89. 

Jarruary arrl February of 1989, am a relatively cool period in May 

of 1986 (Figure 3.5.2). 

3.5.3 g:w yields 

~. Mean wheat grain yields have varied with seasonal 

cxn:titions fran 0.83 t/ha in the dry year to 3.62 t/ha in 1987-88 

(Figure 3.5.3). '!he difference between 1985-86 (2 tjha) am 
1986-87 (lo5 t/ha) was due to rain in May in the first year which 

not only relieved water stress in sate measure, but also was 

aClOCJlt)an..ied by relatively cool t:.eITperatures. GI'OWin:J con:litions 

were excellent for IOClSt of the season in 1987-88. Althrugh 

t:enperatures above 350c in mid-May (Figure 3 . 5.2) no doubt 

shortened the grain-fillin:J J;ilase of crc:p growth, the yields of 

4.5 to 5 t/ha of fertilized crops followin:J fallow, melon, vetch 

am lentil can be considered as awroachID:J the potential of the 

cultivar for rainfed corrlitions in the envirorarent. '!he extreme 

drcu;Jht of 1988-89 was sanewhat mitigated by the fact that the 

previalS year was exceptionally wet, am the yield of several 

rotations was, in fact, better than the con:titions of the season 

cxW.d otherwise have produoed. 
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Figure 3.5.3 	 Grain yields of durum wheat (kg/ha) in seven two-course rotations at Tel Hadya, 
1985-86 to lq88-89. ~ee trxt for key to x axis legend. * signifies a 
statistically significallt effect of nitrogen within the rotation (P ~ 0.05). 
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'!he crop sequence has a strorg ard virtually consistent 

influence on the yield of total biarass ard grain. '!he rank.i.n3' 
aClCX)~ to the preced.i.n;] };ilase is fallCM ~ melon > vetch ~ 

lentil > chickpea > medic ~ wheat (Figures 3.5.3 ard 3.5.4). 

Exceptions occurred only in the wet year, 1987/88, when grain 

yields follCMlnJ vetch ard lentil did not differ fran those after 

fallCM, ard those follCMlnJ medic ard chickpea were equal. In the 

sane year the continuous wheat plots were decilrated in January by 

a severe infestation of lavae of the \¥heat grourxi beetle f Zabrus 

tenebroides. '!he plots were resCMJ1 when the weather permitted in 

early March ard yielded poorly. 

As the results for the wet year i.n:ticate, sane of the rank.i.n;J 

can be explained alloost entirely by the water balance of the 

rotations. ftk)re detail on this is given in the next section. It 

is roN ~zed that there has been a ruild up of root knot 

nematodes in the wheat-d1..ickpea rotation ard joint studies with 

FLIP to be c:amnenced in the 1989-90 season will atterrpt to 

quantify their inpact on wheat yields. Wheat follCMlnJ medic or 

wheat lacks vigour f rut the reasons for this remain obscure. '!he 

suspicion that root pathogens may be the cause of the decline in 

the continuous wheat was not confinned by critk~l studies 

(Krause 1988). Detailed grCMth analyses of wheat follCMlnJ medic 

(Smith 1989; Harris, I.ll1p.lblished data) shCM that fran the outset 

of grcMth plants are smaller ard have fer,.,oer tillers than when the 

crop is preceded by fallCM. F\lrt.her work to try to identify the 

cause is planned for the 1989-90 season. 

Total dry matter of wheat follCMing fallCM or stnnmer crop 

(water melon) has been increased by nit.:n:19en awlication (Figure 

3.5.4) in each year. '!here has also been a response follCMlnJ all 

of the l~ in three of the four years, although not always in 

the sane year. '!here is nothin:J in the data that would suggest 

that the legumes contrib..lte significant annmts of nitrogen to the 
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follc~rjl~ wheat crcp:;. Hc:Mever, in the winter of 1988-89 wbeat 

after medic shc:7Ned no i.. deficiency synptars whereas deficiencies 

were clearly visible in all of the other rotations nt zero an::1 ICM 

~r awlication rates. '!his ~ that there nay have been a 

b.rildup of N follCMirg the third cycle of ne::lic pasture rut the 

effect was negated by the cir'c:u3ht. Nitrogen balance studies with 

1~ were begun in 1938-89 (D. Beck, personal ccmnunication) an::1 

what is hoped will becane rootine start-of-season soil sarrplirg 

will be implerno-nted fram 1989-90. 

'lbere was an overall response of grain yield to 30 kg Njha in 

1985-86 an::1 1989-90, an::1 to 90 kg Njha in 1988-89. CJ:'qls 

follCMirg fallC'W, melon an::1 chicJq:ea roost consiste..'1tly show a 

statistically significant response in grain yield (Figure 3.5.3). 

In the first two of these rotations W'rloubtedly greater 

availability of water allC1.tlS the re5pC.'1Se to be expressed in grain 

yield. Trerrls follCMirg the other legumes are similar to those 

after chickpea, an::1 it is perhaps by d1ance that only those for 

chickpea reach statistical significarx::e. Coefficients of 

variation for the trial are quite high, due nainly to the variable 

soil depth an::1 heme variable water availability in sare plots. 

Because of the location of plots the I'P.SUlts for 1986-87 am 
1988-89 a~ roost affected. 

It is ~t fram these data that the yield depression in 

the wheat/medic an::1 continuals wheat rotations is not due to 

nitrogen nutrition as the response is prq:ortionally no greater in 

these than in other rotations. Soil phclsp1ate concentrations in 

the trial area are above the. critical level at which a response 

can be expected (A. Matar, personal cx.rmunication). 

Fcx:x:l I.egurres. Seed yield of -I-.he legumes has been relatively 

stable, except in the clrcu;Jht year (Figure 3.5.5). Failure of 

these crc::p; to resporrl to the good season in 1987-88 was -:rue to 
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Figure 3.5.5 Seed yield \kg/ha) of lentil and chickpea grown 
in rotation with wheat at Tel Hadya, 1985-86 to 
1988-89. (Indicated N levels were applied to 
previous wheat crop.) 

the delayed sowin:}. Cold arxl very wet cxntitions durin:} 

establishment lead to illferior plant starrlo:; arxl this is reflected 

in yields. 

Lentil has resporxled ne.oatively to nitrogen awlied to the 

precEdin:} wheat c:rq> in eadl year, alt:hcu;Jh in 1987-88 there was 

first a IXJSitive r.espo."'lSe to the residue of 30 arrl 60 kgJha. '!he 

most likely explanation is that CI"qlS followin:} heavily 

fertilized 'Nheat suffer rrore rroisture stress (see next section). 

Similar trerrls are aw;u:ent in the see:i yield of dtickpea rut 
here the nemato::le infestation noted al:x:Jve also has affected yield 

to an unknown degree. Plans are in hard to quantify losses due to 

nematodes in the next season. 

Vetch. Grazi.!g of vetch oonrally begins in early March when 

lantls are weaned, arxl continues for as lorg as the larrbs are 
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gainin;J weight. At st:oc:kin:] rates of 25 to 30 head per hectare 

the period of grazin;J has varied fran 7 to 13 weeks depen::ti.rg at 

the seasa1. 	 Total li'VeWeight gain has varied fran ab::ci: 250 to 

350 kgVha (Table 3.5.1). 

Table 3.5.1 	 Grazirg days and live weight 
gain (kg,Iha) of lanD; grazin;J 
forage vetch in two oc:mse 
rotatialS at Tel Hadya, 1985-86 
to 1988-89 

Grazirg Days 1 Li.vewe.i.ght Gain 
kqIha 

1905-86 22U 292 
1986-86 2165 350 
1987-88 1510 361 
1988-89 U70 246 

1 Nl.miler of lani'6 x days or grazin;J 

It is rot normal fanner practice to use vetch in this way. It 

is nonnally harvested at maturity and both the seed and residue 

are stored for feedl.n:J in the late auturral and winter which is the 

main period of feed deficit. Hc:M!ver its potential for the 

fatt.enin;J of lanD; was identified by fanners durin;J fanner-managed 

cn-fann trials in the drier areas ('lhansal 1988). 

~. Medic pastures have established well in each year and 

siooe Wliform grazin;J management has been introduced have fully 

SUf.POrt.ed sheep for periods of fran 4.5 to 9.5 ronths (Table 

3.5.2). 

Grazin;J has normally begun in late NovE!llber or early Decerttler 

and except for short, very cold and wet periods, has continued 

into the late sprin;J and surrmer. In 1988 sheep grazed t:hrc::o:Jhoot 
the slJl!mer. Early grazin;J amprises largely volunteer wheat and 

http:SUf.POrt.ed
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Table 3.5.2 	 Grazi.rg days, liveweight gain of lambs (kgjha) am 
milk prcduction of medic pastures in bJo ca..lrse 
rotations at Tel Hadya, 1986-97 to 1988-89 

stockin:J Grazin:J days Liveweight gain 
Season rate of lanb:; Milk prcduction 

(ewesjha) Ewes laJrt)s (kg/ha) (kgjha) 

1986/87 10 1410 na 1 na 
1987/88 10 2850 980 258 200 
1ge8/89 8 1320 448 113 104 

1 Not available 

wea3s, provid.i.rg effective weed control, am by about early 

February the starrls c:crrprise virtually p.n:e medic. 

Water melon. 'llle harvested yield of water melon Ial"XJed fran 

2.0 to 3.5 t fresh fruitjha in the first three seasons. Ha-;ever, 

this cannot be taken to represent the productivity of the crc::p as 

we harvest only those fruit not stolen by \ot,Urkers on Tel Hadya. 

'!here was insufficient stored water to plant in 1988/89. 

3.5.4 water BalarxJe of R:Jtatims 

Neutron probe acx::ess tubes are installed pennanently in the No 

am N90 treatJtents in t\¥o replicates of the wheat/fallow, 

'Nheat/chickpea am 'Nheat/medic rotatioos to IOOnitor the water 

balance. 

'!he data are illustrated as 'stored soil water' or water use. 

stored soil wat.E>r is calallated as the c::harge fran the anomt of 

water present at the first sanpli.rg of the seasoa. Negative 

values therefore irrlicate either water stored in the profile 

t:h.rc:ughout the SUI!IOOI" that is subsequently taken up by a CIq), 

arxvor that there was rain before the first sanpli.rg. '!his 

http:sanpli.rg
http:sanpli.rg
http:provid.i.rg
http:Grazi.rg
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treatment of the data avoids the ever present prcblern in soil 

water measurement of inherent ~ differences in the water 

oorrt:ent of profiles due to highly localized soil variability 

(Harris 1989). 

Omulative water use am the pattern of stored soil lOOisture 

acnmul.ation an::l use durirg the three seasoos are shown in Figure 

3.5.6. Max.inum storage occurred in mid-Februazy in 1987, at the 

em of March in 1988, an::l in mid-V'aruary in 1989. 'll'l.e maxim.nn 

quantity stored in 1988/89 was rot lIUCh less than in 1986/87, rut 

in 1986/87 the maxinum was maintained for nruch lOn:Jer. 

Fallow-stored water used. by the followirg wheat crop raIl:3'ed fran 

25 mm in 1986-87 to 40 mm in 1987-88 an::l 170 mm in 1988-89 or 8, 

12, an::l 35 percent of the rainfall of the previous season. '!he 

annmt of water available fran the fnllow for 1987-88 prOOably was 

rot of significan::e to the final yield as there was also drainage 

t:hl:'cuJh <,the profile in that year (Figure 3.5.7). HCMeVer in 

1988-89 alJOOst half of the total annmt used by the crop was 

stored water (Figure 3.5.8). '!he efficierx::y of fallows is quite 

variable an::l is largely related to the depth of wet soil, storage 

beirg nudl lOOre efficient below 30 an in the soil profile. 

:li~en awlication i..ocreased the total amJUnt of water used. 

by the wheat. '!his is illustrated by soil water profiles for 

wheat in 1987/88 after fallow at the two levels of N (Figure 

3.5.7) • Fertilized crc:p; extracted ncre water fran greater depth 

in the profile due J'X) drubt to inproved root growth (BruNn et a1. 

1987; Cooper et al. 1987). 

Both of these legmres dry the profile to aba.1t the sarre extent 

as wheat, with the medic apparently extracting a few IOOre 

mill imeters than dlickpea (Figure 3 . 5.6) . '!his is further 

illustrated for the two extreme seasons in Figure 3.5.8. In 

rotations Hith these legmres therefore the crc:p; of eadl Ii'Jase 

http:maxim.nn
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Figure 3.5.6a 	 Seasonal patterns of stored soil water (SSW) and cumulative water use (CWU) 
at two nitrogen fertilizer levels (0 and 90 kg N/ha) in three rotations at 
Tel Hadya, 1986-87 to 1988-89. See text for explanation of negative values 
of stored soil water. A) wheat phase B) Non-cereal phase.
Cumulative rainfall is shown on the central plot of Fig. 3.5.6B. 
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Seasonal patterns of stored soil water (SSW) and cumulatlve water use (CWU) 

at two nitrogen fertilizer levels (0 and 90 kg N/ha) in three rotations at 
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of stored soil water. A) Wheat phase B) Non-cereal phase. 

Cumulative rainfall is shown on the central plot of Fig. 3.5.6B. 




oeeeoo 30/ 3/88 
-.....c ~1/ 4/88
_25/4/l1li 
-
-,l/6/1111
_ll/7/88
-15/8/l1li 

Stored Soil Water (mm/15cm) 

-30 -2C - ~ 0 10 l!Il 30 40 

0- " 	 I~
15- 30 


30- 45 


E 45- ISO 


"..... 

0....... 

10- 75 

.£: 
75- 10C. 

II> '0-1050 
105-120 

120-135 -25/11/87 
-20/12/87

135-150 _ 19/ 1/1IlI 
- 9/2/88

150-1M - 1&/ 3/88 

18S-leo 

Wheat/Follow N. 1987/88 
-30 - 0 -Ie 0 10 20 30 40 

0- '5 

15- 30 

30- 45 


E 45- ISO 


......... 


0 ....... 

80- 75 

.r. a. 
 75- 10 

II> VO-l050 

105-120 

120-135 _ 25/11/87 
___ 20/12/87 

'3'-'~ - 18/ 1/88 
- 8/2/88 


150-1M 
- 18/ 3/88 

185-leo 

Wheot/Follow -'00 1987/88 

Stored Soil Water 

-30 -20 

Wheat/Foliow N. 

(mm/l Scm) 

1987/88 

9/5/l1li 

1987/88Wheot/FoliOw Noc 

-10 0 

_30/ J/88
_11/4/l1li
-25/4/88 
- V/5/M 

=l~~~: 
-15/8/l1li 

Figure 3.5.7 	 Soil water profiles during recharge (left) and discharge (right) under a durum 
wheat crop grown with two levels of nitrogen fertilizer (0 and 90 kg N/ha) in 
1987-88 following fallow. 
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have available to them only the water fran the current season's 

rainfall. 'Ibis contrasts with em- OOservations in a wheat/lentil 

rotation trial elsewhere on Tel Hadya (Harris am Pala 1988) which 

shc:7w water remainin;J in the profile after short season lentil 

crcp:; that is used by the follCMl..rg wheat crop. '!he relative 

yields of the rotations in this trial lead us to infer that here 

too a similar situation exists after lentil, vetch am water 
melon. 

'!he water use efficiency (ltlJE, kg,Iha/nm) of wheat was greatest 

in the wet year, is greater for W/F than for either the W/C or W/M 

rotations, am is increased by N fertilization (Table 3.5.3). 

Ha\r'E!ver it JlllSt be borne in nU.rd that in a W/F rotation lam is 

CIq:.pOO. only every secxn:i year. 

Table 3.5.3 	 Water use efficiency (kg/ha/nm) of above gro.uD 
bianass am grain production of dururn wheat as 
influenced by rotation, nitrogen fertilizer 
awlication am season 

M1eat/FallCM Wheat/Chickpea WheatjMedic 
Season Nitrogen 

(kgjha) WUEB1 WUFG1 ltlJEB WUEG WUEB WUEG 

1986/87 0 13.3 5.1 10.0 3.9 9.2 3.3 
90 17.6 6.1 13.8 4.6 13.0 3.8 

1987/88 0 16.8 6.5 12.7 4.8 14.9 5.7 
90 23.3 9.1 21.6 8.4 21.2 8.3 

1988/89 0 10.3 3.9 6.0 1.8 8.5 ~.O 
90 16.8 5.5 10.3 2.5 8.8 1.4 

1. WUEB' Bianass; WUEc;, Grain. 

lV:xJve groorrl bianass am grain yields are closely related to 

total water use, which, in both parcuooters, accounts for 85% of 

the variation across rotations, nitrogen tn~bnents am sea.soos 
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(Figure 3.5.9). '!he difference in the slc::pe of the line for 

fallCM fran those for the other rotatioos reflects the differeJ'D:!:S 

in water use efficierx::y of Table 3.5.3, blt is rot statistically 

significant, the lines eadl bein:} based 00 ally six data points. 

'!he water use of the renainl.n;J rotations (W/SC, W;V, W/L, and 

WjW) predicted fran the relatiooship for fallCM in Figure 3.5.9, 

together with estimates of water use efficierx::y are shewn in 

Table 3.5.4. '1hese data Sl.XJ:JeS1: that fran 60 to 100 nm of 

extractable water remained in the soil after melon, vetdl and 

lentil in 1987-88, whidl seem; quite feasible fran cur 

JDBaSUrelI'ellt in other trials. Hc7or.'ever, the estimates for the 

other two years are generally lower than wa.Ud be expected, and 

the data need to be treated with considerable caution. 

Table J.5.4 Estimated crcp season water use (mm) am water use 
efficierx::y (kq/ha/mn) of total biooass prcduction of 
dunnn wheat in wheat/water melon (w/se), wheat/vetdl 
(W/V) , wheat/lentil (W/L) , am wheat/wheat (W/W) 
rotations 

Season Nitrogen W/se W/V W/L WjW 
(kg,Iha) WU WUE WU WUE WU WOE WU WUE 

1986/87 0 329 14.6 296 13.1 299 13.3 222 8.2 
90 369 16.0 361 15.7 362 15.8 273 11.9 

1987/88 0 382 16.4 438 17.8 450 18.1 
90 595 20.4 592 20.4 571 20.1 

1988/89 0 253 10.6 236 9.4 238 9.5 190 5.0 
90 271 11.8 302 13.4 269 11.7 208 7.0 

3.5.5 Profitability of Rotatims 

For technolCXJY to be adc.pted, the first requisite is that it nust 

offer the fanoor greater profitability, an:l in all prtDability 
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The relationship between water use (mm' of durum wheat and total above-ground biomass 

production (kg/ha) and grain yield of durum wheat in three rotations at Tel Hadya, 

1986-87 to 1988-89. 

Line Key: W/F - lG~g dash; W/G - solid; W/M - short dash. 


TOM Grail; F (f::>r slope)
R2 R2b b 

W/F 36.3 0.84 15.0 0.88 2.2 
W/G 25.3 0.78 10.5 0.81 
W/M 25.6 0.85 11.0 0.86 
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JtIJSt do SO in all years as for resa.IrOe-poor fanners reliable 

cash flow is possibly )tOre inportant than the maximization of 

incx:rre CNer several years. Partial b.rl;Jets therefore have been 

carried aJt for all of the rotations. Local values of the inI:uts 
and a.rt:p..Its have been used, or where, as for sane chemicals no 

local market exists, values have been CX>I1Verted to syrian Lira 

(SYL) at the prevaili..rq international rates. 

Costs. '!he costs have been divided into two groups; those 

for crcp establishment arrl CI'q) protection which, for wheat, are 

0CII'I'0Cln to all rotations; and haIvest costs whidl vary with the 

yield and therefore are unique to eadl rotation arrl treatment. 

Fa.nni.n:J is widely IreChanized in syria. Few fanners own equipnent, 

so hirin3 is stan:ianl practice and the CXlSts are readily 

identified. 

Items inclooed in the first groop Crable 3.5.5) are: machinery 

hire for tillage arrl/or planti..rq; seed and seed broadcastin3; am 
fertilizer, herbicides, insecticides and furgicides arrl their 

CSR'lication. Of these, chemicals are the major oc::atpOnent. '!he 

costs of haIvest (Tables 3. 5.6 and 3.5.7) include: the CXlSt of 

CXIIt>i.ne hal:vesti..rq of wheat (10% of grain yield) and chickpea (5% 

of seed yield); wheat straw collection (asst.nred also to CXlSt 10% 

Table 3.5.5 costs (SYIIha) of crcp establishment am ~ 
protection in two cx::urse rotations fran 1985/86 to 
1988/89 

Season Wheat Melon Vetch Lentil Cllpea Fallow 
NO N30 N60 N90 

1985/86 585 691 797 903 558 640 1270 1292 299 
1986/87 2222 2328 2434 2540 993 1057 2850 3055 3196 
1987/88 1694 1824 1954 2084 1493 4932 6065 7272 3100 
1988/89 4269 4494 4719 4944 600 1900 4570 4903 3300 

http:CXIIt>i.ne
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Table 3.5.6 	 Costs of harvest (SYJ.Iha) of wheat in two cx::mse 
rotations fram 1985/86 to 1988/89 

season N W/F W/se W/V W/L W/C W/M W/W 
'noont 

1985/86 0 785 852 648 623 586 398 380 
30 941 961 797 704 727 454 500 
60 958 898 764 776 773 522 !:JD 
90 984 1027 789 742 7.56 515 557 

1986/87 0 921 1020 786 830 639 551 381 
30 997 1008 949 871 728 693 535 
60 1121 1073 999 976 774 697 630 
90 1133 1239 944 988 827 704 674 

19f:/88 0 1940 1!:597 1970 2000 1292 1598 416 
30 2503 2086 2553 2363 1893 2081 416 
6f 3065 2197 2769 2929 2057 2688 616J 

90 3!.R4 3103 3095 3009 ~.511 3047 688 

1988-89 0 2514 1712 1450 1578 670 740 486 
30 3524 1906 1943 1880 947 813 701 
60 3614 2159 2179 1977 727 661 693 
90 3848 2250 2380 2096 983 705 722 

of its value); labor oosts for hanj harvestin:] of melon am 
lentil, arrl lentil threshirg; bags, arrl loadirg arrl transport to 

market. 

All oosts have escalated awreciably in the four year pericx:l. 

'Ibis is due to a greater reliarx;,e 00 herbicides with the 

introduction, fram 1986/87, of stul:::tIle managenent treatments am 
a fall in the value of the Syrian Lira. In 1987-88, wet 

corrlitions at the critical time prevented awlication of herbicide 

for grassy weed control, so the oost of crcp protection was 

reduced (Table 3.5.5). Rain imnecliately after plantirg in the 

~ year prevented the use of pre-ezoorgerce herbicides on the 

legumes, arrl zoore costly post~ chemicals were used later 
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in the season. High costs for vetd1 in the same year werP. due to 

a need to control SlUT'IIrer grow~ weeds which bec:am; a prcblern 

because of the rroisture available in this year. '!he cost of h.arr:1 

harvest~ is reflected in the harvest costs for lentil (Table 

3.5.7). 

Table 3.5.7 	 Costs of hal:vest (sY1;lha) of crops in 
the non-oereal P'lase in two course 
rotations, 1985/86 to 1988/89 

Season N Melon Lentil Ollckpea Wheat 
'Dnent 

1985/86 0 500 1202 334 192 

1986/87 0 500 2200 529 168 
30 2102 552 133 
60 2082 561 194 
90 2029 578 205 

1987/88 0 920 2143 668 305 
30 2397 675 324 
60 2397 653 301 
90 2250 650 405 

1988/89 0 2377 1289 486 
30 2377 1360 701 
60 2130 1317 693 
90 1988 1172 722 

Table 3.5.8 Value of the wtputs (S'fIlkg) of the in:1ividual 
rotations 

Season Wheat Helon lentil 01pea Meat Milk 
Grain straw Seed straw Seed 

1985/86 1.75 0.8 1.2 3.8 2.5 4.0 24.5 
1986/87 2.5 0.8 1.25 6.2 2.5 7.5 40.2 
1987/88 3.75 0.5 2.17 8.0 1.1 9.0 66.2 20 
1988/89 5.75 2.5 9.0 4.0 10.0 52.2 20 
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Gross Ollt:tut. Gross output (Tables 3.5.9 and 3.5.10) for the 

c:::rqlS has been calculated fran the yield and the value of ootprt:s 

(Table 3.5.8). It has been Goverranent policy to ir¥::rea.se the 

prices paid for grain and seed as CXl6ts have in:rease:l. straw 

prices resporrl to seasonal dernarrl. In estimatirg the value of• 
wheat straw it has been assllIOOCl that part of it is collected and 

therefore has a ',narket value b.rt: the remainder, the stuli:>le, will 

be grazerl and has a lower value on a per kilogram basis. straw 

values have been scala.! by 0.75 to allow for this. 

Table 3.5.9 	 Gross outpJt (SYI/ha) fran dUl:um wheat in two course 
rotations fran 1985-86 to 1988-89 

season N Rotation 
'Immt WjF W/se W/V W/L Wje W/M w/w 

1985/86 0 5892 6395 6259 4717 4429 3022 2937 
30 7139 7161 7750 5332 5538 3786 3769 
60 7161 6689 7396 5857 5907 3162 4049 
90 7370 7788 7654 5502 5734 4122 4171 

1986/87 0 5925 6522 5096 4839 4100 3644 2425 
30 6523 6613 6255 5734 4761 4554 3!.i09 
60 7288 7050 6564 6.529 5214 4495 1207 
90 7422 7547 6451 6658 5489 4947 4414 

1987/88 0 12507 10568 12939 13246 8610 10299 2809 
30 16401 13851 16691 15531 12463 13009 2820 
60 20108 17839 18242 19313 13539 16418 4003 
90 21036 20511 20411 19828 16476 16343 5646 

1988/89 0 11224 10125 7011 7221 4097 4217 2721 
30 14913 11128 9804 9170 5972 4444 3803 
60 15200 12853 11013 10045 4669 4459 3716 
90 17080 13855 12021 10261 6328 4016 4007 

It is clifficult to know how best to value the outp.lt fran the 

grazerl legumes. For the vetch, it is assumed that a famer wruld 

own lambs that coo.ld be fattened on the Cl:"q> and the gross value 

has beP..n caJculated fran liveweight gain and the market value of 

http:ir�::rea.se
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Tabl~ 3.5.10 	 Gross ootp.lt (S'fIIha) of the non-cereal Ii1aSe of 
two-c:oorse rotations fran 1985-86 to 1988-89 

season N Rotation 
'l\nent SCjW VjW IIW CjW M,IW W/W 

1985/86 0 2435 7154 11737 4080 na. 2117 

1986/87 0 
30 
60 
90 

3270 14070 12343 
11665 
11185 
11180 

6900 
7350 
7538 
7875 

na. 1702 
1540 
2104 
2261 

1987/88 0 
30 
60 
90 

7638 23898 9969 
12646 
12585 
11145 

9045 
9180 
8730 
8685 

21148 1974 
2162 
1933 
2702 

1988/89 0 
30 
60 
90 

0 12915 11740 
11751 

9530 
9v':~ 

5450 
6400 
4600 
3900 

6180 2721 
3e03 
3761 
4007 

sheep (SYIt~ of liveNeight). If, hcM2ver, a fanner did not CM1 

lanes he wa.tld need to either b.Iy them in or, probably rore 

likely, agist them. '!here WOlld be costs associated with both of 

these qrt:iom that wruld reduce the value of the output. As this 

use of the l'::I'q) is not currently farmer practice there are no 

market values on wc:h to base estimates of gross OUtplt. It has 

also been argued that costs such as sheP'1erdin3' shoold be 

aocoonted (NvL'"dblan 1989), rut as this is often done by family 

does not entail .a ",ash outlay it has not 
been considered. 

Animal prcx:lucts (liveNeight gain ard milk) were also used in 

the estimation of gross ~ fran the medic pastures. In the 

first two years lantlS were not grazed, rut they J10W are included 

as part of the syst:.ero. HOJ.r.1eVcr the value of medic lies not only 

in these direct products, rut also in the 8Ubstitution of grazirg 
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for the feedi.rg of stored grain am straw arxi oonoentrates suc:h as 

ootton seed cake am "iii~,t bran durirq the winter. In the past 4 

years sheep grazinJ natural pastures at 2.3 l'd/ha received 

suwlerrentation, on average, of 40 kg,Ib:l of eadl of hay am barley 

grain in Deoember, January ard February (F. Bahhady, persalal 

cx:mrunication) at an average CXlSt of SYL 200,llxl. 

Again there may be a&titional management c:nsts, such as 

shef.hercUnJ or fencinJ, whidl shoold be inclOOed. However, suc:h 

c:nsts are also incurred when sheep graze native pastu..res. '!he 

whole question of hO'w' to assess the ecxu:mics of animal p:ro..1uctiCll 

in integrated systems is currently urrler study (T.L.Nordblan, 

personal c::amunication) , am better ways of reportinJ shool.d be 

available in the future. 

Because of the assLUrptions used in estimat!n;J the returns fran 

grazin3 the gross CJUt:p.lt nust be regarded with caution. 

Gross margins. It is asslUn9d that half of the lard in the 

rotations is in eadl t:nase in eadl year. '!he gross margins crable 

3.5.11) have therefore been calculated as: 0.5 ( (gross 0Jtp.tt fot' 

wheat + gross outplt for non-cereal) - (c:nsts for wheat + costs 

for non-oereal)). 

Canparisons shool.d not be drawn aITOI"W} all the :cotatiCaS 

because of the questions related to the rnethexis for estimatinj 

returns for the grazed treatnelts. It does seem valid, however, 

to CXl'lUrent on the relative returns of the other rotations. Arocr.g 

these wheat/lentil starrls out as bein;J consistently superior to 

the others. '!he demarrl for lentil residue for animal feed, 

especially in dry seasons, contrib.rt:es to the stable in:x:me fran 

this rotation. It shoold be recognized that, with an average 

rainfall of awroximately 330 ltIn, Tel Hadya is very marginal for 

the production of chickpea am this is reflected in the gross 

http:CJUt:p.lt
http:feedi.rg


165 

margins. '!he other feature is the very poor perfoI'1!lal'X:le of 

CXIlt:inuws wheat. '!his is dJvioosly not a practice to be 

recx:mnen:ied. 

Table ~.5.11 	 Gross margins (SYIIha) of seven t:wo-c:cAlrse 
rotations from 1985-86 to 1988-89 

Season N 
'Dnent W/F w/se W/V W/L W/C W/M W/W 

1985/86 0 
30 
60 
90 

211 
26011 
2554 
2592 

3168 
3443 
3186 
3618 

4860 
6055 
5746 
6004 

6387 
6601 
6775 
6561 

2856 
3287 
3396 
3265 

na 1656 
1959 
2018 
2025 

1986/87 0 
30 
60 
30 

-207 
1 

269 
277 

2529 
2527 
2660 
2773 

6096 
6255 
6564 
6451 

4540 
4624 
4686 
4716 

2278 
2724 
2964 
3182 

na -433 
-87 
415 
517 

1987/88 0 
30 
60 
90 

2892 
4487 
5995 
6334 

6251 
7583 
9457 

10275 

14121 
15650 
16243 
17099 

5656 
7903 
9277 
8783 

3365 
4990 
5167 
6332 

17580 
15126 
16462 
16180 

-1763 
-1738 
-1415 

-362 

1988/89 0 
30 
60 
90 

1044 
2438 
2410 
3194 

1154 
1408 
1924 
2249 

6154 
7191 
7565 
7856 

3117 
3832 
3121 
2873 

-853 
139 

-1118 
-949 

269'. 
2660 
26:l0 
2274 

-2034 
-1392 
-1696 
-1659 

Acknc:Mledgements. Many people contr:ib.rt:e to this trial. General 

management: Mr. R. Makboul assisted by M. lababidi, M. Karrarn 

(FR-fP); Soil water measurerrents: Mr. H. Jokhadar assisted by I. 

Hali.rneh, M. Zaki, A. H. Dibo (FR-IP). Sheep am medic pasture 

management: Drs. P. S. Cocks am E. '!hanson am Mr. F. Bahhady am 
sheep unit staff (PFIP); Cllltivars: Drs. M. Nachit (CP), K.B. 

Sin;h, W. Erskine (FLIP) P.S. COCks (PflP); Pathology: Dr. o. 
Mamluk (CP); Entarology: Drs. S. Weigarrl (FLIP) and R. Miller 

(C'P); Weed control: Dr. M. Pala am Messrs A. Haddad arrl S. IX>zan 

(FR-fP); Nutrition: Drs. A. Matar (mMP) arrl D. Beck (FLIP); 

Interpretation is the responsibility of the author. 
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3.6 'Ihe Nitzwgn Fxx!JCI!IY of ftJrl.ev '" m MM;i('IJS 

M.J. Jooes 

'Ihe barley-based rotation trials at Tel Hadya am Breda are 

3.6.1 

http:ftJrl.ev
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cxn::mned with arable/sheep-feed production systems for drier 

areas and the year-to-year variability and long-term 

sustainability of such systems. Previously we have as,sesc.oo. the 

biological yield of different treatments in these trials in terms 

either of dry-matter yield or "sheep equivalent", Le. sheep-feed 

values based on estimates of either metabolizable energy or CIU:3e 

protein cxxrt:ent (F»tP 1989; Jones 1989). However, Cl"U1e protein 

estimates have d<3penied on assumed average values for the 

nitrogen cxxrt:ents of the harvested crop CCI'IpOlleIlts (barley grain 

and straw, legume hay), values that we kroN in fact vary 

oa1Siderably with season arxl management treatJrent. Given that 

feed value increases with :in::reasi.rg nitrogen content, that the 

.in:l.usion of legumes in rotations is often justified on the 

gram:is of anticipated benefits to 'soil fertility' (nitrogen 

availability), b..rt: that hard data on the magnitude of such 

benefits are scarce, it aweared urgent to re-exaJT1lne the above 

rotatioo trials in t.erns of crop nitrogen o..rt:pJt. 

For two trials, designated 'New Rotation, Tel Hadya' arxl 'New 

Rotation, Breda', both established in 1982/3, we nc::M have crop 

nitrogen data on a per plot basis for the two seasons 1987/8 arxl 

1988/9. 'Ibese data are used here to catpare different two-year 

barley rotations arxl different fertilizer regL"OOS inposed on 

these rotations in t.erns of 'nitrogen productivity'. Althc:u:Jh 

these carparisons are interded pr.ilnarily to a~t earlier ones 

basej on dry matter production arxl sheep-feed value (FmP 1989; 

Jooes 1989), because they derive fran the two rrost recent seasons 

they have two advantages over those given previously: 

i) 	as the rainfall receipts in 1987/8 arxl 1988/9 represent al.rrost 

the extreme en:ls of the rarges expected, the data fran those 

seasons seem likely to define awroxirnate uwer arxl lower 

limits for dry matter and crop nitrogen production at the two 

sites; 

http:in::reasi.rg
http:as,sesc.oo
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ii) 	sir¥:le, Iespectively, ale or two C"'!t'qpin;J seasoos now 

:inteJ:vene, all crep data may be assumed to be clear of arrj 

anbiguity arisin;J fran two earlier c:harges in management: a 

chan;Je in legume haIvest tine fran the hay stage to crep 

maturity, introduced in 1985/6; am a dlan;Je fran peas to 

lathyrus introduced in 1986/7. 'Ih9 new data thus COlIer a new 

practice am a new crep, eadl believed to be better fitted to 

the climate am fannin;J practices in the area for whidl we are 

worki.rq. 

3.6.2 Matioo Effects 

Both trials catpare tJll"E!e basic rotatioos, barley-legume (B-Ieg) , 

barley-fallow (B-F) am barley-barley (B-B); Wt the B-Ieg 

rotation occurs in four fo' 'tI'S, disti.r¥::Juished by differerx::es in the 

nature of the legume-Iilase crep: lat.hyn.u; sativus (lathyrus, 

lath), vicia sativa (vetch, V) am mi.'Ctures of eadl of those 

legumes with barley (B/lath, B/V). However, we c:x:.IIpare here first 

the B-F am B-B rotations with just those two B-Ieg rctatioos 

whidl inclu:le p.lre legume crc:.p;;, B-lath am B-V, in eadl case with 

two fertilizer regimes: zero-fertilizer CXI1troI am N am P 

awlied biannually to the barley Iilase [40N: 60P205 at Tel Hadya 

am 20N:60P20s at Breda]. 

Total dry matter am total crep N productioo are sunmarized in 
Figure 3.6.1. For eadl rotatioo, yield ~ nitrogen cart:ent (for 

barley grain am straw + legume grain am straw, W'bere 

awrcpriate) has been Sl.ntIlW3d across 00t:h Jilases of the rotatioo 

00 a per hectare basis (0.5 ha per p-w;e). '!be high yield levels 

(of dry matter am N) in 1987/8 were very similar at Tel Hadya 

am Breda despite an awroximately 1('0 nut difference in rainfall; 

Wt the low yields of 1988/9 shcMed a l1'llCh greater rErluction over 

these of 1987/8 at Breda than at Tel Hadya Crable 3.6.1) , 

pre&.mlably due to the 40 DIn difference in rainfall. Particularly 

http:worki.rq
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Figure 3.6.1 Rotation effects on mean yields of total dry matter 
and crop nitrogen under fertilized (+F) and 
unfertilized (-F) management, New Rotation Trials, 
Tel Hadya and Breda, 1987/8 and 1988/9. Rainfall 
values are October to April totals. Rotations are 
of barley with lathyrus, vetch. fallow and barley, 
respectively. 
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Table 3.6.1 	 Mean yields of dl:y matter am CI"q) N 
hatvested in 1988/89 trials expressed as 
a percentage of yields of the same 
rotations in 1987/88 (data for both 
~ am fertilizer regiJnes pooled) 

Rotatioo 

B-lath B-V B-F B-B 

Tel Hadya 
Breda 

52.1 
25.8 

51.1 
24.5 

79.5 
28.6 

61.1 
24.6 

61.0 
25.9 

N Tel Hadya 
Breda 

55.1 
35.8 

51.2 
30.3 

199.8 
41.3 

67.1 
28.0 

70.8 
33.~ 

at Tel Hadya, B-F was the m:st cc::I'lSeIVative rotation; halvin:] the 

rainfall :reduced dl:y matter productioo by only abaJt 20 per cent 

an:! actual:y increased the N yield slightly. At both sites am in 

all rotations, N yield tenied to be rore consel:Vative than dl:y 

matter yield. In other words, the snaller mass of plant material 

produced \.ll'Der drier corxlitions was usually richer in nitrogen, 

as is ~l dezoonstrated by the figures for barley in Table 3.6.2. 

At the extreme, the mean percentage N-<:XlI1tent of barley straw at 

Breda was 76% greater in 1988/9 than in 1987/8 (see also sectioo 

3.1.4 for further dLc;a)ssian 00 this). 

Quite clearly, in 1987/8, the two rotations that .in::lu:ie 

legumes produced JI'lldl mre dl:y matter than the two rotations with 

no IE!g\mleS (Table 3.6.3). '!he mean differences exceeded 2tjha 

(aroot"d 60%) at both sites. UOOer the nuch lC1w'eI'-yield.in; 

ooniitians of 1988/9, differerx::es were l1l.ld1 snaller both 

absolutely am, at Tel Hadya, as percentages as well. However, in 

tenns of crc.p N yield, the differences that were very lazge 

(aram:l 200%) in 1987/8 remained large in 1988/9. Even mom one 

allows for ~: fertilizer nitrogen awlied to barley in fertilized 

tJ:eatments, the net yield of crc.p N in B-I.eg rotations was aroorxi 

http:lC1w'eI'-yield.in
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75-100 kg Njha in 1987/8 and 20-45 kg Njha in 1988/9, c::atpared 

(respectively) with 5-28 kg Njha and 0-28 kg Njha in the non

legt.IITe rotations. Relative to the B-B rotation, which yielded the 

least nitrogen, rrean acklitiona! crq:> N prcduoed by the other 

rotations anounted to: 
B-F rotation 3.2 kg Njha,lanmnn 
B-V rotation 35.9 kg Njha,lanmnn 

B-Iath rotation 50.1 kg Njha,lanmnn 

Table 3.6.2 	 Year and site effects of N
content(%) of barley grain and 
straw (rreans of four ro'i:ations, 
with and without fertilizer)* 

Tel Hadya Breda 


g7/88 88/89 87/88 88/89 


Grain 1.44 1.85 1.37 2.05 
straw 0.35 0.48 0.37 0.65 

* 	Values were lower in the absence of 
fertilizer (except for straw at Breda), 
but 'their pattern in relation to site, 
year and rotation was similar. 

Table :J.6.3 	 Cclrparison of legume rotations with non-legume 
rotations in respect of dry natter and nitrogen 
production (rreans of fertilized and unfertilized 
rotations) * 

Total dry natter (tjha) Cr:ql N (kg/ha) 

+Leg -Leg Diff. Iocr. +Leg -Leg Ditf. %Iocr. 

Tel 87/88 6.21 3.85 2.36 61 97 30 67 219 
Hadya 88/89 3.21 2.71 0.50 18 52 27 25 95 

Breda 87/88 6.0t! 3.91 2.17 56 86 31 55 180 
88/89 1.53 1.04 0.49 47 29 11 18 168 

* Rotations: +Leg is the rrean of ~Iath and B-Vi 
-Leg is the rrean of B-F and B-B 
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Dry matter am N yield data fran all fem- B-I.eg rotations (Le. 

in::l~ legumejbarley mixtures as well as p.n-e legumes), eac:tl 

gI"CMl un:ier four fertilizer regilres, are sunmarized in Figure 

3.6.2. Generally, the effect of ~te tilnin;} was small, am 
arrj cli.ffererx:es were inconsistent between sites am years am 
statistically non-significant; rut, unsurprisin1ly, differences 

between the three regboos SUWlYin1 N arrl P am the unfertilized 

ca1trol were quite large am oonsistently significant. 

Rotation differences were also consistent am, in many cases, 

also significant. '!he general tren:ls are clear: 

i) 	 the B-Iath rotation always ootyielded the B-V rotation in 

both dry matter am N; am the same pattern existed where 

p.1re legumes were replaced by legumejbarley mixtures; 

ii) 	rotations involvin; p.n-e legumes always ootyielded those 

havin1 legumejbarley mixtures instead, in both dry matter am 
N production. 

In respect of nitrogen yield, differences between IE!gUl'OO 

species arose entirely within the legume ~ of the rot.ation: as 

Figure 3.6.2 shOw'S, arrnmts of N harvested in the barley were 

alnnst identical (in the two p.1re legume rotations am in the two 

legt.nnejbarley mixture rotations) at any particular site/year. 

Differences beo"een pure-Iegurne rotations am legurnejbarley 

rotations, however, arose in both }ilases Crable 3.6.4). '!hat is, 

the yield of N in a mixed l~jbarley crcp was less than that in 

a p.lre legume (by an average of 10.7 kg N/ha or 11.1%) am the 

yield of N in the barley followin1 a mixture was also reduced (by 

an average of 10.2 kg N/ha or 19.4%). 

http:fem-B-I.eg
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Figure 3.6.2 	 Effect of fertilizer regime and legume on crop total dry matter 
and N yield in four B-leg rotations in New Rotation trials. Tel 
Hadya and Breda. 1987/8 and 1988/9. 

a) 

TEL HADYA BREDA 
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a) Fertilizer regimes: 
III - 60P to barley phase 

IV - 30P to barley phase; 
30P to legume phase 

V - 60P to legume phase 
VI - No fertilizer control 

(all means across 4 rotations) 

L 

b) 	 Rotations: 
L - barley 
L+B - barley 

V - barley 
V+B - barley 

- lathyrus 
- lathyrus/barley 

mixture 
- vetch 
- vetch/barley 

mixture 

III IV V 
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Table 3. 6.4 	 HCM the use of IE!g1..IIOOjbarley mixtures decreases N 
yield in both fhases of B-I.eg rotations relative to 
p.rre legumes (kgIN am %) 

Tel Hadya 	 Bre~ 

87/8 88/9 87/8 88/9 

I.egLnre-Fhase N: 
Iath/bar-Iath -25.6 -12.1 -23.5 -6.2 

(15.8%) (14.9%) (16.8*) (12.6%) 

Vetch/bar-Vetch -2.3 -7.1 -6.5 -2.1 

(1.9%) (14.4%) (5.7%) (6.5%) 


Mean: 10.7 (11.1%) 


Barley-{:hase N: 
Iath/bar-Iath -16.6 -11.8 -9.0 -3.0 

(24.3%) (24.11) (14.0%) (14.0%) 

Vetch/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 o:rn::irI.loos Barley 

Each year, continuoos barley (B-B) is grc:MI1 urxier frur different 

fertilizer treatnvmts, CCIJllrisirg 3 different regiIres (or 

fertilizer 'rotations'): 

1. 	 No fertilizer at all (none since start of trial) ••••• 0-0 

2 • 	 Fertilizer every 2 years 

- a. last year, not this year F-O 
- b. this year, not last year O-F 

3. 	 Fertilizer every year (since trial started) ••••••••• F-F 
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Rotations 1 and 2 'Nere used above as, respectively, 

unfertilized and fertilized B-B in the cx::.rrparisons with B-Iath, B

V and B-F. Here we cx:rrpare them with the annually-fertilized 

rotation 3. Presentation in Figure :3.6. 3 is as sirgle Iilases, b..lt 

for both 1 and 3 the picture for the whole rotati'"'ll wcW.d be the 

sane (since both rotations consist essentially uf one Plase, the 

same eadl year). For rotation 2, it 'NWld be the nwaan of 2a and 

2b. 

TDM 
7 

6 N 

5 50 

4 40 

3 30 

2 20 

1 10 

o 0 

2 
a 

3 2 3 1 
a b 

2 3 2 3 
a b a b 

O-F F-F 

miD 
87/8 88/9 87/8 88/9 

TEL HADYA 	 BREDA 

~ N yield 

N yield less fertilizer-N input 

F"gure 3.6.3 	 Yields of total dry matter (t/ha) and crop nitrogen (kg/ha) in 
single phases of barley-barley rotation under different 
fertilizer rE:gimes (for details, see text). 

We 	 see 

i) 	that the response of dry matter and, to a lesser extent., Cl:'q) 

nitrogen yield to fertilizer awlied in the current ~n is 

quite lcu:ge (cx:rrpare 2b and 3 with 1); b..lt re5lX>llSe to any 

residual effects of previoos fertilization is either small 

(c:arpare 3 with 2b) or even slightly negative (cx:rrpare 2a with 

1). 
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ii) that, if the ~plied fertilizer-N is diso:::mlteci, actual 

yields of nitrogen in continuals barley are small, a.ll:! they 

are largest (average aroon:i 20 kg Njha) in the unfe..-tilized 

rotation, 0-0 (Table 3.6.5). 

Table 3.6.~ 	 Effect of fertilizer regime on the net crop 
nitrogen yield (crq>-N minus fertilizer-N) 
in continuoos barley rotation, B-B 

Ro'.:ation: 1 2a 2b 3 

Fertilizer: 0-0 F-O O-F F-F 


Tel 	Hadya 88/8 25.9 24.6 9.0 12.6 
--.

17.8 

88/9 17.6 18.6 (0.0) (0.0) 

9.3 

Breda 87/8 27.6 21.6 25.7 30.9 

23.7 

88/9 6.6 4.6 (0.0) (0.0) 

2.3 

(0.0) inplies a net loss of nitrogen. 

3.6.5 o:nclusiCllS 

1. 	 As has been reported before, at the same level of 

fertilization, barley-legulOO rotations produce nore chy matter 

than barley-barley rotations (in this case, 26-68% nore, 

deperxii.rg on site arrl season); b..rt: the superiority of the 

barley-leguroo rotatic..n it, tenns of crq> nitrogen yield is very 

nuch greater (awroxilnately 10D-200%) • 

http:deperxii.rg
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2. 	 Use of legumejbarley mixtures in place of p.2~ legumes awears 
to be disadvantageous.. In particular, the ~ l.'If ]r~ 

reduced crop nitrogen yield by a mean of about 10 kg Njha in 

each Jt!ase of the rotation. (correspon:tin;J reductions in chy 

matter production do not conflict with the earlier results of 

C>sr!an arrl Nersoyan (1986). 'lbeir positive errlorsement of 

legurrejbarley forage mixtures was largely in relation to 

barley grown after previoos cereal; am a (hay-stage) forage 

yield greater fran legmnejbarley mixtures than for rure 

legmnes was achieved in only one rut of two experiIrental. 

years. ] 

3. 	 Rotations involv:irx;J lathyrus sativus consistently ootyielded 

rotations invclvin:} vicia sativa, with means of about 8% m:>re 

chy matter arrl about 18% lOOre nitroc;~. 

3.6.6 Refe.I eJ IC<;!S 

FmP 	 1989. Fann Resoorce Mar'lagrnent Program, I~, Alewo, 
syria. Annual R~rt 1988, W 26-36. 

Jones, M.J. 1989. Barley rotation trials at Tel Hadya arxl Breda 
stations. I~ report No. 140-En, R> 30. 
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Int:rcxb±i.cn 

In this project, our lOn:J term goals are to help lCARm am 
national programs inprove the efficiency, relevance and targetin:J 

of research through the awlication of techniques which both 

characterize agro-ecological variability and predict how such 

variability will interact with am mcxtify the inpact of new 

tedmology. We will attain this goal through the follOYJin:r medium 

term oojectives: 

1. 	 To develop, test and make available techniques whidl 

characterize and map agro-ecological variability am define 

hClOCX3'eneotlS recanmendation danains for i.rrproved targetin:r of 

research and teclmology develqmmt. 

2. 	 To develop, bst and make available techniques which integrate 

and translate the effects of agro-ecological variability, crq> 

genotype differences and ll'aIlagement strategies into associated 

expressions of crop productivity, thereby assisti.rg the 

a.ssessJrel1t of the lOn:J term suitability, adaptability am 
inpact of new technology. 

3. 	 To canbine the above techniques with econanic and livestock 

pe.rfo~ data to evaluate the 10n:J term inpact of new 

technology on prcrluct:ion and E!COI'XJtlic return at the fann, 

recanmendation danain , district am national level. 

Hclrcx3'eneo.lS reccmren::Iation darains are defined a.:; areas, not 

necessarily a:mtiguoos, in which the cx::rnbined effects of 

~r.hy, soils, cljmate and socio-econanic corrlitions are such 

that anr given reccrrrnerrlation will have an equal probability of 

http:Hclrcx3'eneo.lS
http:assisti.rg
http:Int:rcxb�i.cn
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success within the l::o.lrrla.ries of the danain. '!he level of 

specificity at which one defrnes such danains will be deperrlent 

upcn the technology or "packet" of technologies for which they are 

develqJe1, an:i also upon the detail of information available. 

In this year's report we illustrate hCM two very different 

types of infonnation can be used. One exanple illustrates hCM 

historical daily am m:>nthly clilratic data sets, through the 

awlication of both t.enp:>ral am spatial weather generation can be 

USErl to define danains 1.."1 which the prOOability of clilratic events 

and their effect on technology perfOrT!lal'X:e can be detennined. 

A secooo exanple uses fam level survey data, obt.ained fran a 

relatively small project area, to identify four distinct types of 

fanns. '!he contrastirg production strategies am their 

implication for the possible targetirg and adoption of new 
technology are discussed. 

A third SElLtion illustrates the awlication of CERES-N wheat 

JOOdel in the evaluation of contrast~ nitrogen fertilizer 

strategies for rainfed wheat in Xian Province of China. 

Spati.al. Rainfall GEne:rat:i.m: lWmples fran 
a case stmy in the AlEJlPO Area. NW syria 

W. Goebel 

4.2.1 'Ihe Tool 

since 1986 a Spatial Weather Generator (~) has been under 

develcpnent in FR>tP. '!he reasons for undertaki.rq this work have 

been s1Jmmarized in the Program's Annual Reports for 1986 am 
1987. 

Weather gu."'ll"ators are useful tools for estim:J.tirg the 

f~ies of clilratic events which are of significance for crop 

http:undertaki.rq
http:Spati.al
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prcx:1uction, like dry or wet spells, frosts etc. In canbinatioo 

with crop m:x:lels of various types, fran sinple reqression m:x:lels 

to cc:rrplex siJrulation m:x:lels, they can provide information on the 

eJqleCted distriWtion of yield am on the effects of management 

alternatives. A weather generator consists of two main parts: a 

parameter estbration part reduces the original weather data to a 

set of coefficients for each weather station; a generator part in 

the strict sense stcx:::hastically reproduces synthetic sequences of 

data fran the sets of coefficients. In a spatial \..-eather 

generator, a third part, the inteqx:>lation of the coefficients 

between the stations, is added between parameter estimation am 
data generation. '!his pennits questions to be clJlswered 00 

expected frequencies of events, crop yield distributions, and 

effects of alternative crop management for all locations, 

irrleperrlent of their distances fran rreteorological stations, am 
to present the results in the form of maps. 

'!he SVl; used in this study can generate rainfall, max.i.nJJm an:i 

mi.ninu.Im t.enpmltures am solar radiation. '!his report, h~er, 
is corcerne.d with the generation of rainfall only. 'Ibis part of 

the SVl; is constructed to work on a daily or on a ronthly time

step depen::li.rq on the requirerrents of the task am the 

availability of data. If rainfall data are available fran satVa 

stations in daily form am only in IOOI1thly form fran others, the 

nonthly data, totals and, where available, information on the 

number of raillY days per rronth, are usOO to inprove the pararneter 

estbration arrl the spatial inteq;olation of the coefficients for 

the generation of daily data. Whe.n wurking on a daily tiIre-stt:lp, 

generator coefficients are estimated by t.akin;J all days of a 

particular calen::iar rronth fran all years on record of a station as 

one pop.1.lation. '!his increases the J"lUIltler of data values for the 

estimation of each coefficient by a factor of 30 c::aTpared to 

separate estimation for each calendar day. '!his awroach is 

particularly suitable for the estimation of coefficients for 

http:depen::li.rq
http:mi.ninu.Im
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rainfall duri.rxJ the drier parts of the year am when workirq al 

data frau stations witil short records. '!his procedure results in 

ale set of coefficients for each calerrlar m::>ntil. Before 

generati.rxJ daily data fran them, the coefficients are sm:x:rl:hed 

across the year \<o'ith the help of polyrx:mi.al splines in such a way 

that nonthly totals an::1 averages are preserved (for details al 

this am other CCIlp.lt.ational procedures see ~ 1, sectial 

4.2.4), which is not necessarily the case if a Foorier series is 

used for coefficient sm:xrt:.hirg as is frequently done (Woolhi.ser, 

Hanson am Ridlardson, 1989; stem, Dennett am Dale 1982). 

'Ihe awroach which the sw; uses to s.ill'ulate rainfall is 

similar to that of many other rainfall lOOdels (e. g. Bui.sharrl 1977, 

Katz 1977, SteIn, Dennett am ~e 1985, Richardson am Wright 

1984, Woolhi.ser, Hanson am Ridlardson 1988) in havi.rxJ two steps, 

separati.rxJ the prOOability of receivirg rain fran the aI'IIOOJ1t of 

rainfall received. 

When worki.n:J on a nonthly tine-step the straightforward, 

urxxn:litional prcbabilities of eadl of the calerrlar nonths havirg 

at least one rainy day are used to detennine whether a dry or a 

wet IOOllth is lOOre likely to be generated. on a daily tilne-step, 

however, the CXlJ"ditions on the previc:us days influerx:e the 

prOOability whether the next day will be wet or dry. 'Iherefore 

the SW; uses a secon:l-order Markov chain with two states, wet am 
dIy, to m:del the sequerx::e of \¥let am dry days, i. e. whether a wet 

or a dry day is m::>re likely to be generated deperds on the status 

of the preoedirg two-day pericxl. 'Ihe use of a sec:x>oo order Markov 

chain is a c::att>ranise between the need to keep ~ rn.nnbers of 

coefficients (i.~. the transitial prOOabilities) manugeable for 

the spatial interpolation an::1 the desire for accurate m::>dellirg of 

the depenjen:e structure of daily rainfall. Frequently a first 

m:der Markov chain, characterized by only two WepeOOent 

transition prOOabilities, is used (e.g. Woolhiser, Han..c;on am 

http:polyrx:mi.al
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Rid1ardson 1988, Ridlardson am Wright 1984). aun (1977), 

Bishnoi am saxena (1979), Dennett, Rodgers am Keatirge (1981) 

am others have, however, frun:l that this is an inadequate m:x1el 

.in certain climates. The acXied accuracy fran usirg a third or 

higher order Markov chain is, however, very SIl'all am does not 

warrant the extra coefficients involved (Hutchinson 1987). 

Therefore, a secord order m:rlel characterized by four irrler:;erdent 

transition prcbabilities has been d10sen for this SW:;, whidl is 

interrled to be used with data fran eliverse climates. 

For IOCX1ellirg the ano.mt of rainfall received durinJ a wet 

day or a wet m::mt.h, a Ganm:l-distrihrtion is used. since {):lsI 

pio~rirg YK>rk (Das 1955), this has been derronstrated to be an 

adequate nmel over a wide variety of climates (Katz am Newmann 

1963, Katz 1977, G. lli::1..ltt , stern, rennett am Elston 1980.. Dennett, 

Rcrl:]err am Keatil-qe 1983). 'Ille flexibili~y of the GaIm\a

ctistrib..Ition IT'akes it p::lSSible to use one nmel for both daily 

rainfall, where it t.:.1kes on the shape of an inverse J, as well as 

for m::mthly data, where it resembles a skewed Nonnal-distrirution. 

A Ganma-distriOOtion is defined by th.ree parameters, slc:p! 

parameter, :.calE" parrureter, am a third ~ter which defines 

the point bela...' which the value of the density furction is zero. 

Slcpe am scale pararneters are estimated by the maxinum 1ikelihood 

methOO fran arit.h!retic am geanetric JOOanS of the rainfall values. 

'!he SI'IG uses total m:mthly rainfall am ~tional pI."Cbability 

of il day (or the month) beirg wet, fran which the arithmetic mean 

of rainfall on a wet day (or nonch) is derived, as well as the 

ratio of gearetric am arithrretic means as coefficients, sirol.."'S 

these are nore ro-adily I1lClfP€d than the shape am scale factors 

themselves . 'Il1e third pararneter of the Ganma~strib..Ition is set 

to zero, as evidently there is 00 negative rainfall. '!his is rm 
witha.It prmlems, sirce rainfall values bela...' abrut 0.1 mn are not 

measured quantitatively, if at all, Le. a t.rur¥::ation cxx:urs 
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sane\'ihere between 0.05 nm an::l 0.1 nm. '!he Ganma-distribttion is 

quite sensitive to this arxl ignorin:] this prcblern causes severe 

distortion of the generated data, especially when the distrib..ztion 

has an invertFd J-shape (daily data). unfortunately, the theory 

of Gamna-distri.b..Ition truncated near the origin does rot seem well 

eJ'X:U3h de'Jelcp:d to offer an easily ilrplemented sol~'tion. '!he use 

of censored Ganma-distri.b..Itions, which below a certain threshold 

require QUy the frequency of such small rains rather than their 

values (Olli 1955, ari.sharx:i 1977, stem, Dennett wrl Lnle 1982) 

does rot really help because the frequerx::y of these small 

rainfalls is also rot often krx7.m. '!he S\tl; overcanesthe prcbleIU 

with the help of a table of the effects of the truncation on ~lape 

am scale pararreters. 

0Jrin:] the develq:Jrellt of the S\tl;, it has been fourrl nt£eSSaIY 

to irxxlrporate a number of measures to CXJTpenSate for varia.1S 

deficiercies erc:ountered in rainfall ):ecords. 'Ihese are: 

Recclrds of unequal len:Jt.h bet:\\oon different stations ard 

l"'ecorc15 v.-; th gap:;, 

Inhcmxjeneities in station records caused by a relocation of 

the station, dlan:Jes in the d:servation rrethcx:l, or ch.an;Jes to 

the ~ of the station which affect the local wW 

field, 

Varyin:] reliability in reportin:] rainfall aJOOUnts below 

awroximately 2 nm, 

~ off values to the closest value divisible by 0.5 or 

0.2, 

outliers, i.e. rainfall anounts w1th a very low probability of 

ooc:urrerx::le within the ciJservation pericx:l of a station, 

http:varia.1S
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unreliable stations, which need to be detecte:i ard excluded. 

As these problems ard the rrethOOs used to rectj fy them have 

already been describerl before (Farm :Resa.1rce Management Program 

1989) it is not necessary to go into detail here. (For more 

details on the CCllpltational aspects also see lq::perdix 1 to this 

oontriWtion. ) 

'!he spatial int.erpJlation of the generator coefficients is 

mainly done by han:i, guided by t:cpograp1Y. satellite imagery where 

available, ard infonration on typical weather situations durin;J 

the c::a.rrse of the year. If exercised with proper care, this 

rrethod pre:.ently is still superior to all autanatic mawin:] of 

rainfall (Bartels 1986). In spite of enco..rragin:] progress durin:] 

the last years in developin3' objective spatial interpolation 

rrethOOs for rainfall, these methods, so far, either ignore all 

influences of t:cpograp1y on rainfall (Woolhiser, Hanson ard 

Richardon 1988) or they incorp::>rate only an average effect of 

altitude (Hutchinson ard Bishop 1983), and therefore require a 

quite dense network of rainfall stations fo;':' satisfactory results 

in hi] ly terrain. Manual int.erpJlation on tlle other han::l is 

extremely flexible with ra:Jard to data c:vailabilit'j; whateve.r is 

krxMn can be incorp::>rated into the map; arrl in all situations, the 

best possible estimate can be obtained. 'Ihe major drawback of 

manual interp::>lation is that it is very tiIoo consumirg, shlOE! the 

maps of all coefficients must be free of nutual (xmtradictions at 

any point. '!his adjustroont is facilitated if regionally valid 

regressions of SCJlOO coefficients on others can be established. 

SUch relationships may be particuldI"ly helpful durin:] the 

construdion of maps of the Markov transition probabilities fran 

maps of the uncorriitioml probability of rainy days (for first 

order Markov chains, this has been deIronstrated by Hershfielci. 

1970). 
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Ait:haJgh the in:tividual subrcutines of the ~ have been 

validated :irrlepenjently with data fran west Asia, East Africa am 
East Asia, the results presented in this oontribItion still have 

to be viewed with caution, as the nrdel as a whole so far has not 

been prcperly validated due to the lack of suitable datasets 

which have to be sufficiently large arrl of high quality. 

CCIIprehensive validation is urrlel:way as part of a newly started 

collaborative project with NARS am Meteorological Services in the 

WANA region. 

4.2.2 ']he case Sbrly: IDcaticn am Irprt: Dlta 

'!he study region is located bet\olEen 350]0' am 360]0' North am 
between 360]0' arrl 380 00' East in Northwestern Syria, its center 

aba.It 20 kIn sooth of Alewo. It stretches fran the nomtain rid:}e 

formirq the easterrl escarpnent of the Ghab in the west not quite 

to the El.JI:irrates River in the east, arrl fran near the Syrian

'l\1rkish border in the north to a rarge of zoore elevated lam 
exterrli.n:J eastwards fran Maaret-el-Nurnan in the sooth. Rrughly in 

the mickile of the area, there is a rarge of hills ext:.eroi.n;J fI"CIII 

near Alewo to Khanasser in the sootheast. Except for this ~ 

of hills am the IlO.ll1tains in the west, the area is largely 

~ of vast agricultural plains am rargelarrl OOCltpyinJ the 

driest part in the sooth-east. within the last few years, JIllCh of 

this traditional ranjelarrl has been planted to barley. '!he area 

transects all Syrian agricultural stability zones (cf. sectioo 

5.3, Figure 5.3.4 in this rep:>rt) fran Zone la in the west to the 

Zale 5 in the sootheast. In the wetter western am northwestem 

part, wheat-based fa.rm.inj systems daninate, whereas tlle drier part 

is OOClIpied by barley-livestock systems (for convenien::e, the 

areas of wheat-based fa.rm.inj systems will be refen-ed to as wheat 

gI"C'w'inJ areas, those of barley-livestock systems as barley areas) • 

Annual rainfall totals in the area cil:'q> quickly fran up to 
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600 nm in the west to 400 nm as one lIrNes eastward rut of the 

DDll'ltains CI'l the western side. Across the flat lan::l rainfall 

CXI1ti.rnles to decrease gradually to arourxi 200 nm in the sootheast 

am 300 nm in the northeast of the area. In general, rainfall 

shows a terrlercy to d ~ fran west to east in the sa..rt:h of the 

area an::l fran nort:hwest to sootheast in the oorth of the area. 

'Ihis trerxi is interrupted by the hills ~c:t of Alet:PJ which 

:receive higher rainfall than the sur.ro.m:li.m plains (cf. Figure 

4.1). 

!, • 

211 J(1 40 'iO k'" 

o 350-400 mm 
H 550-600 mm 

o 10 
A 200-250 rrm B 250-300 mm C 300-350 mm 
E 400-450 rrm F 450-500 rrm G 500-550 mm 
I 600-650 mm 

Figure 4.1 	 Mean annut1l rainfall in the study arp.t1 in fJW Syrid and 
network of meteorological stations. Circles: stations 
with monthly data, dots: stations with daily data, 
crosses: ICARDA stations before 1985 (data not used) 
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Rainfall data fran 49 rreteorological ani rainfall stations 

were U5ed in the stu:iy*. For 19 of these, daily data were 

available, ani for the other 30, only lOC>I'lthly totals ani the 

l'1UIIber of rainy days per IOOnth were available. 27 of the stations 

used (14 with daily ani 13 with rronthly data) are located inside 

the st:t.ry area itself, the others are situated within a perirretsr 

of up to abcx.rt: 30 krn dI"O.lOO the a..""ea, facilitating the 

inte.rpnlation of coefficients right up to the borders of the area. 

As far as possible, records fran a st.aOOard perioo of 26 years, 

1960-1985 (data for earlier or later years were not available for 

many of the stations at the tirre the dataset was assembled) were 

used. Inc:x::ITplete records were corrected to represent the full 

starrlard period as described in AWerrlix 1. One station in the 

oortheast a.rt:£ide the area had to be dropped because of 

irreconcilable differences between its data am those from other 

stations. lCArJl\ stations were not used, since less than 

carplete years are available for them up to 1985. AIthough the 

density of the network of stations is quite adequate in parts of 

the study area, there are a f€!vl gaps ani plao:"!S, where the 

interpolation of I'r.'.infall coefficients deperrls heavily on the 

disp..Itable interpretatinn of data fran a sirgle station: 

'Ihere is no station in the surranit region of the IOC>UIltains in 

the west of the area; coefficients are based on extrapolation 

of data fran stations located at the: foot of the ~e am on 

the slq:>es. 

'Ihere is no station in the hills on the east side of the 

Afrin valley ani in their eastem hinterlam. The shielcli.n:] 

effect of the hills on the M:her side of the valley is 

difficult to estirna.te, as is the effect of these hills on 

their hinterlarrl. 

* '!he data were kirxUy SUWlied by the Meteorological Department. 
of the Syrian Arab Rep.lblic. 

7 
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'!here is 00 station be~ Saraqeb am Breda in the scuth am 

));\l1a am Al~ in the oorth. Dana, for whidt only ,:,oonthly 

dat-..a were available, therefore gets a very high weight in 

determinirg the gradient across the flat lam with Tel Hadya 

in its ~ter. 

'!here is only one station, Tatt, for whidt only an incc:rtt:>lete 

nonthly dataset was available, situated in the hills 

southeast of Al~. On the eviderx:le of that station, it is 

assumed that the hills receive significantly nore lain than 

the ~ plains. 

'!he rainfall gradient across the plain east of Aleppo to SeIDe 

extent depen::1s on the interpretation of the sanewhat 

contradictory datasets fIUl\ Jal±o..ll am Kweiress, Maskaneh am 
EI Khafse (beyorrl the eastern border). 

4.2.3 Results am Exa!Iples of GefErated Map; 

500 years of daily rdinfall data am 1000 years of nart:hl.y 

rainfall totals were generated for the central points of 2' by 2' 

large rectargles of lam, i.e. for a regular grid of 30 by 45 

cells of about 11.1 J<nr2 each. * Figure 4.2 gives examples of the 

raw, dlaracter-oriented outp.lt (the maps a!."e the sarre as 

repccxiuced in Figures 4.4 arrl 4.10) Eadt C'baracter represents 

one 2' by 2' large grid cell (due to the fixed l.ine spacing and 

type face of the printer, the maps are CCI'IpressErl in eru..t-west 

direction) . 

'!he raw output maps still show a certain am:>unt of ooise, 

which is el~ted after a cc:rrparison with the ex>efficient maps 

, . ..* 2 (2 mmutes) CXlrresporrl to awro>a.mately 3.7 Jan .U1 oorth
scut:h direction arrl 3.0 kIn in east-west direction at 36° latitude. 
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~rqrrrrt&~ttttttuuuuuuuvvvvvvv 
IIlmDnoopqqqqqr r r r r sssst t t tUUUlIUUlJV'.-NVVVVVVVV 
.u~rrrrrrrrssstttUl.lU\JllUlJUUV 
1kl.a.ooppqqqrrrrrsrasssttt~ 
1k1noopqqqrrrrrrsssssststuuuuuvvvvvvvvvvvvvv 
1~rrrrrsssssssstttUUUUUVVVVVVYVYV 
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11mDnopprrsssstttttttttssssttuuuuvvvvvvvvvvvv 
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lklmnoqq r r 5555t t\JVUU\JUttssssssssuuvvvvvvvvvvv 
lklmnppqrrss5tt\J\J\J\J\J\JVUttsss5sst\JIJL~ 
kklnoppq r r sst t\J\JV\l\J\J\JlJt tssst\Jl.l\l1./VVVVV 
kkmnopqqss r 5 t t\JlJUlJlJ'JUUUV\J\l t t t t\J\J\J\J\JVVVVVVVVWW 
kllmopqrrsssSUU\JlJlJVVlJV\ 
Illnpqqrrsrstt~ 
Ilmnpqrrrsssst~ 
lMOqqrrsssstt~ 
mnopqrrrrsssstt~ 

OOR'Qrrrrsrssttt~ 

pppqqr r r 5SSSS t t t\JlJVVVW'oNWW'._·....•••...••__·oto·.'" 
pppqqrrrsssssttlJ\J1NVY..... • ...V'....._·•..,..~ 

qqqr r r rs~ssss tutlJlJVVV'o"...................•.....,..... • .........YX 

X· 50- 99 kg OJ. 100-149 kg 
u - 200-249 kg t. 250-299 kg 
r • 350-399 kg q. 400-449 kg 
o • 500-549 kg n - 550-599 kg 
1 • 650-699 kg k - 700-749 kg 

v - 150-199 kg 
5 - 300-349 kg 
P - 450-499 kg 
11 - 600-649 kg 

Figure 4.2 Examples of raw output from the SWG. The map on the left shows the 
risk of a 20 day-long drought 1 ~o~ to 10 Dec., based on 500 years 
of generated daily rainfall (cf. Figure 4.4). The map on the right 
shows the yield i~crease of barley from 60 kg Nand 30 kg P205 
expected in 4 years out of 5 in a fallow-barley rotation, based 
on 1000 years of generated monthly rainfall totals (cf. Figure 4.10) 

ard a tqx:x;raJ;hic map. '!his noise is caused by defects of the 

CX)E!fficient maps (isolines not dense enoogh or remaini.rg 

inconsistencies between different coefficient maps) an:l the 

limited mnnber of generated years. At the cost of tilre spent on 

the careful construction of nore detailed coefficient ~, an:l 

oc:rrq::uting tilre used to generate longer runs, this noise can be 

reduced. Fran a cx:rnparison of the ~ maps in Figure 4.2 it is 

evident that outp.lt maps based on daily generated data are nore 

prone to noise. '!his is due to the larger number of coefficients 

involved carpared to Ironthly data arrl also the higher demarx:l on 

cx::rrp.lting tilre restrictin:J the len:fth of generated runs. 

http:remaini.rg
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'!he exanples based on daily generated data (Figures 4.3 to 

4.7) are a::>rcemed with the plantin] am crc.p establishment 

~. Keati.n:3'e, Dennett am Rt::d;Jers (1985, 1986) have fcmrl that 

10 DIn or IOOre ()f rain CNer 3 days is likely to cause gennination 

of cereals even when the soil is rather ch:y before the event. 

Early plantin:J is desirable especially in the drier areas as it 

ext:.ends the eff€<_tive grcMf"...h period of the crc.p thereby conferrirg 

a yield advantage which is further in::xeased by a higher water use 

efficierx::y, as early planted CI"qlS develq:. a closed canopy IOOre 

rapidly, reducirg evaporation fran the soil surface (COcper, 

Keat.in:Je ani HI..¥Jhes 1983). In the ~tter areas, early gennina.tirg 

rains can be used to cultivate volunteer cereals before plantirg 

the field to legurres. '!he major drawback of early plantirg of 

cereals is the risk of a severe dralght in the early vegetative 

Jilase, causirg cessation of growth am possible seedlirg 

nnrtality. SUch a risk can be defined as a 20 days or lorqer ch:y 

spell within 40 daYi,,; aftsr genni.nation (Keatirge, Dennett am 
Rt::d;Jers 1986). On t J .2 other harxi, late plantirg not only reduces 

yield because of the reasons stated above. In aatition, since the 

probability of lorq, uninterrupted ~t spells increases 

~ the planting period, so does the risk of not bein] able 

'to enter the field because of the ~ surface, thereby causirg 

even IOOre delay. 

Figure 4.3 is a map of the rraiian date of the start of the 

first genninati.n;J rain, expre5Sl.rl as days elapsed since 1 0ct:dJer. 

Even in the wettest areas, one has to wait ~ to three weeks for 

such an event in one year rut of~. In the major wheat 

prcx:lucirg areas, this span is tr..ree to foor weeks, increasirg to 

five ani six weeks in the barley areas. Asst.nning gennination had 

occurred by 1 November, Figure 4.4 gives the prcl:xlbilivj of a 

severe dralght durirg the seedlirg stage. In the wheat grcMirg 

areas, such a dralght has to be eJqJ9Cted in 20 to 40% of the 

years, while in sane of the barley areas, the risk increases to 

http:expre5Sl.rl
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Figure 4.3 	 Median number of days after 1 October to receive 
> 10 mm rainfall within 72 hours (for scale and place 
names see Figure 4.1) 

aver 50%. Fran these two maps it is evident that dry plantirg in 

early Oct.c:i>er is not an advisable pr<::p:)Sition anywhere in the 

study area. A nore realistic scenario is depicted in Figures 4.5, 

4.6 am 4.7. '!he median date of genninatirg rains, assuIDir¥3 
plantirg OJ 1 December, is shCMl in Figure 4.5. It is less than a 

week in JOOSt. of the wheat growirg areas, arrl only in thE\ driest of 

the barley areas on the map does one have to wait nore than two 

weeks for gennination in one year wt of two. '!he risk of early 
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Figure 4.4 	 Probability of a ~ 20 days long period with < 5 mm 
rainfall during 40 days starting 1 November (for scale 
and place names see Figure 4.1) 

drought is markedly decreased durin; the 40 days followirg the 

first of December (Figure 4.6). With less than a 10% chance, it 

is nearly negligible all across the wheat grow~ areas am only 

in the dry south~'astern corner of the map does it increase to Oller 

20%. Figure 4.7 gives the prd:labilities of not bei.rg able to 

enter the field for two weeks starti.rg 1 December. 'Ibis WI:Xlld be 

caused by 10 or rrore days of rain, not intenupted by nore than 

three days with no or only light « 2 nun) rain, ~ that the 

http:starti.rg
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A 16-21 days 
E 4-6 days 

B 13-15 days C 10-12 days D 7-9 days 
F 1-3 days 

Figure 4.5 	 Median number of days after 1 December to receive 
> 10 wn rainfall within 72 hours (for scale and 
place names see Figure 4.1) 

soil surface takes three days to dry rut sufficiently. Even 

during the first half of D:!ceIrber it turns rut that this risk is 

negligible all over the barley areas arrl belaN 20% in the wetter 

of the wheat gro..ving areas. FreIn Figures 4. 5 arrl 4. 6 it wo.1ld 

seem that dry plantirq of cereals during the secorrl half of 

November is a valid option across the whole area; however in the 

wetter half of the wheat grcMirq part, earlier plantirq durirq the 

first half of Noverrber or in late 0C:t:d:::ler may be a superior 
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o 20X-30% E 10%-20% F 4%-10% G < 4% 

f~~U Probability of a ~ 20 day long period with < 5 mm 
rainfall during 40 days starting 1 December 
(for scale and place names see Figure 4.1) 

strategy. In the driest part in the southeast, any rainted crq> 

prcx:luction is a risky urrlert.ak..in;J. 

'!he seo:m::l set of exanples is based on generated lI'Ol1th1y 

rainfall totals. Regression equations of barley responses to 

oct.c:ber-to-April rainfall totals am nitrogen am P'lOSIXlate 
fertilizer c::btained by Jones arrl Wahbi fran on-fann trials arrl 

describerl in section 3.1.1 of this report were used to OOtain 
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A <4% B 4%-10% C 10%-20% D 20%-30% 

Figure 4.7 	 Probability of a 2 week long period of continuously wet 
soil surface starting 1 December. The soil surface is 
assumed to be dry after 72 hours with < 2 mm rainfall 
(for scale and place names see Figure 4.1) 

maps of IreaJ1 unfertilized barley yields in fallow-barley an:l 

barley-barley rotations (Figures 4.8 an:l 4.9) " as well as maps of 

barley r.asponse to 60 kgjha N am 30 kgjha P205 expected in four 

years rut of five in the saJre ro~.tions (Figw:-es 4.10 an:l 4.11). 

'!he maps assume the saJre "average" soil types arrl corrlitions as 

existed at the sites of the trials, thereby overpredicti.rg yields 

in areas of shallow an:l degraded soils, such as encountered in 

hilly arrl degraded areas southeast arrl west of AleRJO. '!he 

http:overpredicti.rg
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o BOO-1000 kg/ha 
G 1400-1600 kg/ha 
J 2000-2200 kg/ha 
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H 1600-1BOO kg/ha I 1800-2000 kg/ha 

Figure 4.B 	 Mean barley yield in an unfertilized fallow-barley 
rotation (for scale and place names see Figure 4.1) 

regressions are furthenrore not valid for areas reoeivirg rainfall 

beyorrl the raNje represented by the trial location..c;. '!his 

boJrrlary has been marked on the IMt:lS by a dashErl line. catparirg 

Figures 4.8 arrl 4.9 one notes that the mean barley yields in the 

barley-barley rotation decrease fran abo.rt 1500 kgjha in the lOC6t 

favourable areas to only cu-.:mxi 300 kgjha in the driest parts, a 

decrease of 80%, whereas the yields in the fallow-barley rotation 

only drop fran 2100 kgjha to 900 kgjha, or aboot 57%, partially 
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Figure 4.9 	 Mean barley yield in ~n unfertilized barley-barley 
rotation (for scale and place names see Figure 4.1) 

reflectirg the ~ benefit of lOOisture conservatioo by 

fallOW'iIq in the drier areas. other beneficial effects of 

fallOW'llq SI.ldl as soil fertility status, weed oontrol am reduced 

in::idern:! of pests am diseases are also JmJwn to be inportant. 

'!be e>qX!Cted fertilizer responSE! at the selected rate is 

CCI'lSiderably higher for barley in the barley-barley rotatioo 

oatpared to the fallCM-barley rotatioo over the whole area. '!he 
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A 50-100 kg/ha 
o 200-250 kg/ha 
G 350-400 kg/ha 

B 100-150 kg/ha C 150-200 kg/ha
E 250-300 kg/ha F 300-350 kg/ha
H 400-450 kg/ha 

Figure 4,10 	 Yield increase of barley in a fallow-barley rotation from 
60 kg/ha Nand 30 kg/ha P205 expected in 4 ~ears out of 
5 (for scale and place names see Figure 4.1) 

reasons for this behavirur are explained in section 3.1.1 of this 

report, and are largely associated with the greater respon..c.e of 

barley to nitrogen when it is grown as a continuoos crq>. It:is 

of interest to canpare the map for the expected yield increase in 

barley-barley rotations (see Figure 3.1.14) with the map in Figure 

4.11. Whereas the ~ maps agree reasonably well in general, 

ootioeable differeoces exist east and sootheast of AleWO. 'Ihese 

differeoces are due to a different interpretation of the rainfall 
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C 150-200 kg/ha o 200-2GO kg/ha E 250-300 kg/ha F 300-350 kg/ha 
G 350-400 kg/ha H 400-450 kg/ha I 450-500 kg/ha J 500-550 kg/ha 
K 550-600 kg/ha L 600-650 kg/ha M650-700 kg/ha 

Figure 4.11 	 Yield increase of barley in a barley-barley rotation 
from 60 kg/ha Nand 30 kg/ha P205 expected in 4 years 
out of 5 (for scale and place names see Figure 4.1) 

data. In the preparation of their map, Jones am Wahbi did not 

make use of rainfall data fran Tatt and did not assurre any 

influence of the hills sarl:heast of Alew-:> on rainfall. Further 

oorth, differences exist in the interpretation of the sarewhat 

oontradictory an:l partially i.nccrtplete rainfall data of Kweiress 

am Jal:::brul, Ab.l Qalqal, El Khafse arxl Maskaneh (just beyorrl the 

eastern border of Figure 4.11), on which llir¥1es the gradient of 

rainfall am, therefore, the gradient of barley yields across the 

plain bet-ween Aleppo am the ElJI:hrates. 
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'!be maps in Figures 3.1.14 a.rrl 4.11 exelTplify two equally 

valid ways to achieve regionalized predictions of variables 

deperdent on weather or weather events themselves in prOOabilistic 

terms: 

calculate the values of the relevant variable for a lil.mlber of 

sites, then interpolate between sites to cbtain the desired 

map. '!his process has to be repeated for each additional 

variable arrl prOOability level. 

Detennine the value; for the generator coefficients for a 

number of sites, map am digitize them, generate the desired 

results with the ~ for (j grid of locations so dense that 

further interpolation is unnec.e.s.sru:y. 

'!he advantage of the secorrl option is an cperational one. 

Once the generator coefficient 1TIa{:S are digitized, all ootp.It maps 

can be produced so-to-speak at the p.lSh of a bItton, arrl it is 

guaranteed that a set of maps produced in this manner is free of 

rcutual contradicti.)ns, sanething which is very difficult to 

achlsve otherwise. 

4.2.4 APPHID1X 1 

SlJllIIfJry of ~ fl!plQ';a:l1:rf the SK; far Rainfall Ger:et:aticn 

1. M.:ldellirn 'Wet-dry seq.epes 

1.1 IBily tiIte-step 

On a daily tiIre-step a secorrl order Markov chain with two states, 
dry (Le. no rainfall or trace) am wet (Le. any rreasured 

rainfall greater than trace) is used to m::xiel sequences of wet arrl 

dry. 
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If the follCMllg synbols are used: 

W, 0: 'Net day, dry day 

WW, WD, rM, 00: two day periods of fN'et an:3/or dry days 

Pw, Pel: UTXX>J"rlitional prcbabilities of 'Net days, clIy days 

Pww, Pv.u, Pdw, Pdd: \..1JlCOl'ditional prcbabilities of two-day periods 

Pw/ww' Pw/\t.ti, Pw/dw, Pw/cki: pI"OOabilities of a 'Net day follCMl..rg a 
sequence of two days (transition 
pI"OOabilities) 

Pd,Iww, PcV\t.ti, PcVdw, Pd/(kl: 	pI"OOability of a dry day follCMllq a 
sequence of two days (transition 
pI"OOabilities) 

nw, 11ci: rn..unb<..rs of 'Net ard dry days in a nonth 

'fIw/ww, 'fIw/\t.ti, llw/dw, llw/ww' 	 "d,Iww' l'leV\t.ti, "d,Idw, l'leVcki: J1lIIOOer of 
occurrences of a 'Net or dry day after 
the irrlicated sequence of days 

then, for every calerrlar JOOl1th, the estilnated transition 

prcbabilities are ootained fran: 

Pw/ww = llw/ww / (llw/ww + "d,Iww) 


Pw/\t.ti = llw/\Irl / (I1w/\Irl + "d,I\Irl) 


Pw/dw = llw/dw / (llw/dw + "d,Idw) 


~/cki = llw~dd / (llw/cki + "d,Icki) 


PcVww = I-Pw/ww etc. 

'!be transition prcbabilities can be written in natrix fom: 

ww 
WD 
rM 
00 

W o 

Pw/ww 
Pw/\Irl 
Pw/dw 
Pw/dd 

http:Pw/\t.ti
http:l'leV\t.ti
http:fIw/\t.ti
http:PcV\t.ti
http:Pw/\t.ti


WW 


WD 


rw 
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'lb firrl the connection between the secord-order transition 

probabilities arxl the un::ornitional prOOabilities of the 

cxxun.'"E!l'¥Je of a wet day, this 2 x 4 matrix of transition 

prOOabilities is transformed into a square st.odlastic matrix M. 

ww 

llw/ww 

Pw/w*'Pw/dw 

Pw/ww*'Pw/dw 

Pw/dw*'Pw/d:i 

WD 

Pw/ww*(l-Pw/ww) 

Pw/wd*(l-Pw/dw) 

Pw/dw* (l-Pw/ww) 

Pw/d:i* (l-Pw/dw) 

Pw/w* (l-Pw/ww) 


Pw/d:i* (l-Pw/wd) 


Pw/w*(l~/dw) 

Pw/d:i* (l-Pw/d:i) 

If M is a regular stochastic matrix, 

vector V so that V*M = V: 

00 

(l-Pw/ww) *(l-Pw/wd) 

(l-Pw/W)* (l-Pw/d:i) 

(l-Pw/W) * (l-Pw/dw) 

(l-Pw/d:i) 2 

then there exists a 

'1hl..s leads to a system of foor equations for the three 

\D'lkrx:lwns Pww, I=\.ti arxl Pctw, where I=\.ti = Pdw· 

Solvirg the system for Pww and ~. or Pch\' also gives the 

unconditional prOOability of a wet day, since the prdJability of 

~ of a wet day in any period of tvx:> consecutive wet days 

WW is 1 arxl in any period WD or IlV it is 0.5: 

Pw = Pww + Pr...tiI2 + PctwI2 = Pww + I=\.ti = Pww + Pctw 

'!he resultirg forrrula is rather l~y and shall therefore 

rot be reproduced here, but it is catpJtationally very fast sirx:le 

no rn.noorical toothod is involved. 

=M 
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Whether a IOOllth is witha.rt: a rainy day or not is assumed to be 

in:1eperx1ent of c::orrlitions durin} the previoos nonths am the 

uncxn:litional prcbabilities of wet ani dry IOOllths are used to 

lOOdel. the sequence of ~t am dry nonths. 

Pw = nw / (nw + I'\i) 

fu = 1-Pw 

2. Jtrlell im rainfall annmt:s at wet days/Dg1ths 

Both 00 a daily am on a m:xrt:hly ti1te-step, the rainfall annmt at 

a wt day/lOOIlth is assumed to folla..' a GalTIra-distri.b..Ition am to 

be imependent of rainfall annmts received during t)revioos days 

or nonths. '!he prcbability density fuJ'ction of the Gil.11Da

distribution of a variable X is given by: 

(x-c)a-1*exp(_(X-c)!b) 

Px(x) = 


~*Gamna(a) 

where a is the shape pararreter, b is the scale parameter, Ganma(a) 

is the GaIrma-fuJ'ction value for a, ani c is the distri.b..Ition's 

ba.Irdin:J value. 

s.i.n:::e rainfall cannot becane negative, (; is set to zero. a 

am b are estimated by the nax:inum likelihood rrethcxi for every 

calerrlar IOOl1th fran the annmts of rainfall received on wt 

days/wet nonths, usirg awroximate solutions given by Greenwood 

am Durand (1960): 

a = (0.5000876 + 0.1648852Y - 0.0544274y2)/y if 0 < Y 5 0.5772 

a= (8.898919 + 9.059950Y + 0.9775373y2)/(17.79728 + 11.968477Y + y2)/y 

if 0.5772 < Y 5 17 

http:witha.rt
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~: Y. = log( 1::(Xw) / nw) - log(~) 

Le., the natural logaritlnn of the ratio of arithmetic mean to 
geanetric mean. Values> 17 for Y. do not ocx::ur in practice. 

'!he estimator of the scale parameter is then calo.ll.ated as: 
'" 
b = 1:: (Xw) / nw / a (Jchnsoo an:i Katz 1970). 

'!he GanIIIa-furction value GaItIna(a) is awroximated by Hastin;J's 

formula fer values of a ~ 1 (Davis 1964): 

with b1 = -0.577191652 bs = -0.756704078 

~ = 0.988205891 b6 = 0.482199394 

~ = -0.897056937 ~ = -0.193527218 

b4 = 0.918206857 ba = 0.035868343 

Values for a > 1 are OOtained fran the recu.rrerx:e foIlTllla: 

Gamma(z + 1) = z*Gamma(z) 

3. Ohxe:;tim of ooefficients 

3.1 On:xe..tim far perials of missin;J dlservatims 

Aritlmetic neans of rainfall received on wet daysjm:>nths are 

con:e..ted by the ratio Jl'ethod (~ 1986) for gaps in the 

statioo :recx>rds. If x an:i y are ar.i.thrretic neans of stations x am 

y for ciJse.rvation p-aricx1s a curl a+b as shown by in:lices, then: 

'" 
xa+b = xa * Ya+b / Ya 
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Usually the weighted average Ya+J::IYa of several statioos is 

used instead of a sirgle station. '!he statioos are selected in 

sequence of oc:rrbined rank fran geograIil..i("'~1. distance am linear 

aJrrel.ation of the cube-root transfonned mc:nthl.y totals with those 

of the station which is to be corrected. 

It has been fa.m:i useful to e>cpan:i the method for the 

correction of the prOOabilities of \ro1et daysjIoonths, the transitia'l 

probabilities of the daily rainfall JOOdel am of the ratio of 

aritllrootic am geanetric neans of rainfall on \ro1et days/m:>nths. If 

Ya+lYYa are > 1, hCMeVer, the equatioo takes the form: 

" xa+b = 1 - (l-xa ) * (l-Ya+b) / (l-Ya) 

in order to avoid est:ilnates > 1. 

Inhcm:xJeneities are detected by the dooble-rnass lrethod (Scultetus 

1969), Le. by plottirg ClIlIlllatives of CXlefficients against the 

averaged ClIlIlllatives of a large l'1UIltler of su.rrcA.lI'Xiir statioos. 

Inhc:Ioogeneities shCM up as charges of gradient. With the trethod 

of least squares, straight lines are fitted to the periods before 

am after the date of a inhcm:lgeneity. If x(t) is the ClIlIlllative 

averaged value of many stations at time t, y' (t) the original 

,·"lue of the station to be corrected, yet) the corrected value, al 

am a2 the intercepts am anj ~ the gradients of thebI 
regression lines before an:i after the inhaoogeneity cxx:urred., then 

the corrected ClDlU.llative values after the occurreooe of the 

inhaoogeneity are est:ilnated as: 

yet) = y'(t) + al - a2 + (bI -~) x(t) 
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If the values fran the titre before the inharogeneity are to be 

oorrected rather than those fran the titre after, cumulative values 

are calculated fran the errl of the record backwards. 

3.3 	 o.lITeCti.oo far vaJ:Yin1 reliability 

in reoorciin:J suall rainfall amc:Amts 


with the help of gtaIils of frequency distributions of daily 

rainfall values, the stations are visually sorted into a group of 

reference s.tations which is asstnned to record all rainfall events 

reliably am another one whidl. is asstntai to miss recorciin;J part 

of the rain days with less than ;'.1 mn of rain. For eadl. station 

whidl. is to be corrected, the ratios of the number of rain days 

with 0.1 to 0.7, 0.8 to 1.5, 1.5 to 2.1 mn to the total mnnber of 

rain days is calculated arrl a:rrpared with the weighted averages of 

the sane ratios fran reference stations whidl. are sufficiently 

close arrl well oorrelated. '!his provides an estimate of the 

rnnnbers of cb;ervations miss~ in eadl. of the three classes. 

'lbese missin;1 observations are redistr.ibJted between 21 classes 

fran 0.1 to 2.1 nun in such a way that an awroximately inverse J

shaped distribution results. Finally, the oorresporrlinJ number of 

rain days are inserted into the record of the station to be 

oorrected rarrlornly on such days, on whidl. rainfall was recorded at 

neighba.1r~ stations, rut not at the station in need of 

oorrection. 

stations fran which only rronthly data (totals arrl numbers of 

rain days) are available can be only very awroximately oorrected 

by adclirg the averaged effect of the oorrection on surroordin;J 

daily stations. 

3.4 	 Cona:tioo for prefeI"Ef¥:le given to rc:Jl.JBi ar even values 

Bare stations report rourxi values (half or full nnn) or even values 

nuch rrore often than values in between. If necessary, this is 

http:neighba.1r
http:o.lITeCti.oo
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sinply oorrected by redistrib..rt:irg the excess d::lServations to the 

classes 0.1 to 0.2 mn above or belCM the preferred values. 

3.5 	 ClJIla:tim far wtliers of daily am .:nthl.y rainfall 
tat:al.s 

A method fran Kilnber (1979) for Ganma sanples with unknown shape 

ani scale parameters is used. Test statistic is the kurtosis of 

the aJbe root transfonre:i rainfall values. Tables of significaooe 

levels are oontained in Pearson arrl Hartley (1966) arrl Barnett ani 

Lewis (1984). In a straightforward rn.nnerica1 process, uwer 
wtliers are decreased arrl lower wtliers increased in value 

stepwise, until the kurtosis ciI'qs belCM the value ~Jl.ated for 

the dlosen significaooe level. 

3.6 	 M.Itual CDIpltibility of ooefficients 

After oorrections have been awlied to coefficients of a station, 

the coefficients have to be d1ecked against each other to I"el'IDVe 

any contradictions which may have resulted fran the oorrection 

procedures. SUch oontradictions have to be expected sin:::e the 

oorrections made are only based on best estimates fran varicus 

sa.D:'CeS. 'lherefore, the coefficients are scaled up or down so 

that the follCMirg oorxlitions are met for each calen::iar ll'Onth: 

'!he transition probabilities of the Markov-chain roodel of 

daily rainfall nust be cx:rrpatible with the uncon:litiO!lal 

prOOability of .:l rainy day as described in section 1.1 above. 

'!he arithmetic mean of rainfall on rainy days ll1lltiplied by 

the UI'lCXlI'Xiitional probability of rainy days arrl the nuIltle.r of 

days in a ll'Onth ImJSt yield the mean nart:hl.y rainfall total. 

'!he arithmetic mean of rainfall durin:] rainy ll'Onths nultiplied 
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by the probability that the calen:iar ronth has at last ale 

rainy day nust yield the rrean rronthly rainfall total. 

4. Spatli-.l interpolatim of ooefficients 

In principle, spatial inteI!nlation of the CXJefficients is da1e 

manually. To ensure a spatially cxmsistent set of coefficients, 

the follCM.irg ma~ are constructed for each lOC>I1th: 

for daily data generation: total nonthly rainfall, prdlability 

of a rainy day, rrean rainfall on wet days, ratio of gearetric 

arxi arithJretic rooans of rainfall on wet day.;, 4 Markov 

transition prdlabilities: adiitionally a map of annual totals 

ani a map of annual prc:i:lability of any day be.irg rainy, 

for monthly data generation: total ronthly rainfall, 

probability of the rronth hav.irg one or rore wet days, mean 

rainfall dur.irg rronths with wet days, ratio of geanetric and 

arithmetic rreans of rainfall dur.irg lOC>I1ths with wet days, 

additionally a map of total annual rainfall. 

In sane cases, regression m:xiels can be USErl to facilitate the 

construction of sane of the coefficient maps. In partirular, 

Ul'XX>rrlitional prdlabilities of wet days can be used to estimate 

the transition probabilities of the Markov ncdel as Hershfield 

(1977) has derronstrated for first order d'lains. For a sea:ni 

order Markov chain, the follCMing regressions are calculated: 

p\.;/ww = a1 + b l Pw 


P\.;/~ = a2 + ~ Ow 


Pd;dw = a3 + hJ Pct 

Pd;dd = a4 + b4 Pct 
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Pw/dw am Pw/dd are OOtained by subtraction of Pd/dw am Pd/dd 

fran 1. 

'!he interpolation process nust rot at an" point cause 

cx:ntradictions beb,leen different coefficients as described in 

section 3.6 of this 1q:.perdi.x. ldlitional constraints are that the 

nart:hly maps of rainfall totals nust acki up to the arurual total 

am the probabilities of a rainy day each m::>nth nust rot 

CXl'ltradict the map of arurual probability of a rainy day. 

5. ~ sooot:hirg of gt2e:tatar aJefficients 

When work.irq on a daily t:inv:>-step, the generator coefficients, 

whidl. are IOOllthly averages, are sroot:haj CNer the ca.u:'Se of the 

year to avoid abrupt charges. '!his is done with the help of 

polync:mial splines. If ni are the J'1UI!i)er of days in eadl. of the 

twelve calerrlar m::>nths (i = 0 is equal to i = 12 to ensure the 

curve is SITOOth arcmrl the year), ai, bi an:i ci are 3 sets of 

pa.raIOOters, mi is the nean value of the generator coefficient for 

roonth i, am t is the day of the JOOllth (t = 0 at the begin of the 

m::>nth am t = ni at the errl of the JOOllth), then a seoorrl order 

polync:mial is given by: 

· - a' + b·t + c·t2Y1 - 1 1 1 

'!he value Yi at the begin of the m::>nth (t = 0) nust be 

identical with the value Yi-1 at the end of the mamL. (t = ni-1)' 

leac:lirg to a first set of 12 equations: 

(i = 1, ... 12). 

For srr.ooth transitions, the first derivatives nust also be 

equal at the transition fran one JOOllth to the next. '!he 

derivatives are: 
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'lhi.s provides a second set of 12 equations: 

(i =: 1, ... 12) 

'll1e third constraint is that mean of the coefficients across 

the m:nt:h lTI.lSt be maintained, i.e., the area urxler the fitted 

curve lTI.lSt be equal npni: 

n'1 

ry. _ n'm' - a'n' + b·n· 2 / 2 +. c·n· 3 / 3 (i = 1, ... 12)J)l - 11- 1 1 1 1 . 1 1 

° 
'!he set of 36 parallel equations is solved for the 36 

coefficients ai, bi am ci of the 12 polynanial splines. If 

prcblerns with negative values ocx::m", these can be avoided by the 

use of higher order polynanials enablin] the inclusion of 

acklitional constraints. 

6. Generaticn of rainfall values 

6.1 Generaticn of dry am wet days 

A rarrlan lll.IlIi:ler fran a unifonn clistrib.rt:ion between zero am ale 

is generated. If it is larger than the transition prcbability to 

a wet day fran the state defined by two previoosly generated days, 

a dry day is generated, otherwise a wet day is generated. 

6.2 Generaticn of dry am wet JID1ths 

If a rarrlcrn l1lUI1ber generated fran a unifonn(O, 1) -distri.bJtion is 

larger than the l.ll¥X)rrlitional prcbability of the month havin] at 
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least one wet day, a dry month is generated, otherwise a wet month 

is generated. 

6.3 Generatiat of rainfall values 

[BUy an.:i monthly rainfall values are generated fran GallIna

distrib.rt:ions with the same method. First shape an.:i scale 

parameters are corrected for the error caused by truncation below 

0.1 nm with the help of an enpirically constructed table. '!he 

generation process itself is adapted fran Rubinstein (1981) an.:i 

largely follCMS procedures first described by Joehnk (1964): 

1. 	 Let af denote the fractional part of the shape parameter a and 

ai its integer part. 

2. 	 Generate a rarrlan rnnnber fran a uniform(O,l)-distrirAltion an.:i 

raise it to pc1Ner l/af to get Yl' 

3. 	 Generate a secorrl raman rnnnber an.:i raise it to power l/(l-af) 

to get Y2' 

5. 	 Generate aoother rarxlan rnnnber R an.:i catpJte X = (-log R) * 
YlI(Yl+Y2) . 

6. 	 Generate ai rarxlan rn.nrbers an.:i aai their r.egative natural 

logarithms to ootain z. 

7. 	 <l:Irp.Ite G = b (Z+X) , where b is the scale parameter. G is the 

desired GallIna variate. 
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0laract:er:i2::irg Drylanl Farm.irg §ystaIs 
of Narthem Jordan 

A. Jaradat (JUsr), 
M. Q;Jlah (FR1P), ani R. 'I\rt:wiler (FmP) 

4.3.1 


'!be Jordan University of Science ani Technology (JUsr) am F»fP 

began a rrultidisciplinary c:oc:pllQtive research program in 1988 

with the dJjective of characterizin;J the agricultural. prcduction 
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systems of the so-called ''marginal zone" of rainfed agriculture. 

lq:praximately 70% of the arable larrl in the Hashemite Ki.rqjan of 

Jordan falls into this category arrl receives between 200 arrl 300 

mn of average annual precipitation. AWroximately 41% of the 

cnmtJ:y's p:p..1lation lives in this marginal zone. 

Cllaracterization is an essential element in the process of 

agricultural techrJOlogy develcpnent, testirg, arrl eventual 

transfer to fanners. '!he I!W:lSt widely recognized arrl researched 

dimension of dlaracterization is agro-ecological characterization. 

'!his is a specialized field which clocuments a geograpucal area's 

environmental characteristics am their variability, incll.ld.irg 

rainfall, tenperature, soil dlaracteristics, CJI'CMi~ seasons, am 
C'l:"q:pirg systeJns. 'lhese are then translated into expressions of 

crcp prOOuctivity arrl ma~ onto the geograptical area for the 

p.n:pose of predictirg how agroecological variability will interact 

with arrl lOCldify the in'pact of new ted1nology. lCARJ),1\ is presently 

in the process of develq>irg arrl adapting a rarge of tools to 

quantify tenporal arrl spatial variability in ecological resources 

so as to examine strategies for rninimizirg its const~ints on 

iIrproved prOOuctivity. Progress in this work is reported 

elsewhere in this year's report (see section 4.2). 

Cllaracterization also inclooes on-fam research into the 

prcxluctivity of existirg fanning systeJns arrl cultural practices, 

the econcmi.c organization arrl corrlitions of the fanning 

pqW.ation, arrl the lON:Jer-tenn agricultural strategies heirg 

followed by fanners. Without these ad::litiaW. dimensicns of 

dlaract:erizatial it is :il7pcEsible to devel.q> iDproved t:.eduDlogy 

targeted to sped fic grwps of fanoors in a rec, 111Ierlati.at ckma:in 

am theIBiy to ~ the technology's event:ual. inpact en the 

agriwl:tural p:pllatien. 

'!he broad wtlines of Jordan's dry1arrl fannirg systems have 

http:111Ierlati.at
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been described (Jaradat 1988). R:p.llation pressure an:! ecoranic 

growth have p.It unprecedented cleman:is on the fragile resource 

base. Conversion of natural grazin;J lard to regularly ~ 

fields has precipitated extensive soil erosion, reduction of 

protective groon:l cover, ani encroadlment of the desert. At the 

sarre time, Olltivation has becane lOOre intensive. '!he practice 

of prol~ed fallowin1 is givin1 way to annual ~in1 in an 
effort to increase on-farm production of feed for growin1 numbers 

of livestock. A,c; a result, over-exploitation of lOOisture resezves 

an:l declinirq soil fertility ~ to have led to reduoed 

yields. Although Jordanian fanners have been in:Jenj.OO$ in 

devisin1 ways of ~inJ with difficult envil::'rJrlroontal constraints 

in the context of low capital i.np.rl:s, trc..'<iitional prcx:b..'Ction 

methods may 00 larger be the ~rcpriate ways of managin1 fann 

resources. 

But before researchers can recxmnen:i awrcpriate technologies 

to alleviate fanners' prdJlems, it is of utrrost: in¥x>rtance to 

first define these prdJlems an:l identify the constraints 

experieooed by fanners at the fann ] r.;vel. In this way, oon:litialS 

at the farm level can play a vital role in identifying an:l 

selectin1 the techoologies an:l cultural practices which will have 

the greatest likelihocxl of adoption an:l beneficial inpact. 

4.3.2 '!he Mafrag stmy Area 

'Ihe JUST/m1P team began its characterization work by selecting a 

small geogIQI:hical area that is representative of the entire 

marginal zone in Jordan. called the Mafraq area, the study atm 

is boorrled on the oorth by the Syrian border, on the sooth by the 

Zarqa valley, on the east by the Hejaz railway, an:l on the west by 

the Ramtha-Jerash highway. 'lhese bc:A.lrrlaries erx:x:rcpass an area of 

awroximately 1000 square kilaneters. Al:xA.tt 40% of the lar.d is 

arable. '!he rest consists of rocky hillsides, very shallow soils, 

http:Al:xA.tt
http:in:Jenj.OO
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S<::l:ul::by woodlam, wastelam, am village sites. Accord.irq to the 

List. census in 1979 there was a IXPJlation of 35,550 persons. 

since then, the total rural pcp.liation has exparrled to aboot 

50,000 pecple livirxJ in 84 villages. A reasonable estimate is 

that two-thirds of the people are ~ged in agricultural 

activities, although nost fam families receive a greater or 

lesser arrount of off-fam incare, as well. '!he 3heep am goat 

pcp1lation ~ by local fanrers stocxl at arourrl 150,000 head in 

1988 (see Figure 4.12). 

Alon;J the periFheIY there are three sizeablE:: rrarket towns: 

Ramtha in ~ northwest, Jarash in the salthwest, am Mafraq in 

the east. Jordan's secord largest t.cM1, Iroid, is sore fifteen 

kilc:::m:!ters to the west, arrl the suburbs of Greater Amman em a 

few kilaneters away fran the southeastern comer. Dllrln;J the 

1980s considerable road construction took place in the Mafraq 

area, am I'lCM every village is connecterl to the principal 

highways between Ramtha i:ID':i Mafraq, Jarash am Mafraq, am Mafraq 

am Arnman. 

Rainfall characteristics are difficult to establish. A 

considerable arrount of data gol.n;J back to the 1950s has been 

collected at Rarntha am at Mafraq, rut only recently have 

rainfall gauges been installed at sore of the schools located 

within the sttx:ly area. All of this information is currently been 

evaluated by the agro-ecological characterization project in 

FR-tP, rut no results are yet available. '!he provi.3ional isdlyets 

presented in Figure 4 .12 are based upon p..1blished estbnates am 

the advice of 10C"..a1 experts. 

'!hese lines divide the study area into three rainfall zones. 

Zone 1 is the wettest am receives fran 300 Im\ up to as high as 

500 Im\ near Jarash. '!he secord area, or Zone 2, lies between the 

200 Im\ om 300 Im\ isdlyets. It covers slightly over half the 
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FigJre 4.12 	 Settlements and provisional isohyets of 
Mafraq area 

Mafraq area an:] incltrles saoo 60% of the fann pcp.1lation. 

Finally, the less than 200 nm area, or Zone 3, covers the 

so.rt:heastem corner. 'Ihese zones should be considered as only 

broadly inlicative. In fact, rainfall varies considerably fran 

year to year an:] within irrlividual years throughout the study 

region. For exanple, in the W':!ttest year on record Rarntha 

received over 600 mm of precipitation. In the same year Mafraq 
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t:cMn enjoyed just slightly urrler 300 IliTI instead of the zoore usual 

less than 200 nIn. 

~y further divides the Mafraq area into distinct sub

areas. '!here is a line of lCM, barren ridges in the e>..treme 

north alon;:J the Syrian frontier. 'Ib the sooth of these ridges is 

a gently rollirg plain intersected b"j gullies of varyirg width 

am depth. In the eastern third of the stOOy area the plain 

exten:1s southward all the way to the Zarqa valley, b..It in the 

west it ab..Its arother line of ridges abrut two kilaneters south 

of the Irbid to Mafraq road. successive lines of ridges follCM 

one after the other until rea~ the Zarqa valley. All of 

these have eastern temini on a north-south line I'UJ'll'lin;J abaIt 

mid-way t:hr'c:u3h t.hc stOOy area. '!he ridges turn into distinct 

hill coontry in the southwestern corner of the stOOy area where 

there is heavier rainfall. 

4.3.3 History of Agricultural. Settl.eIert: in the Area 

In classical times northern Jordan contained many agricultural 

villages am a fEM major ~ ta..ms, rut existirg doc:urrentation 

i.rxticates that in the micXUe of the nineteenth centUl:Y the only 

permanently oa:::upied settlement east of the Ramtha to Jarash road 

was the police post at Mafraq (Lewis 1987). Together with Ramtha, 

Mafraq was an inportant st:q:pirg place alorg the old pilgrimage 

road I'\.D'U'li.n;J fran o:unascus to the holy cities of Mecca am Medina. 

In fact, the Hejaz railway was originally interrled by the ottanan 

authoriHes to partially SUWlant this ancient caravan roote. 

'!here were a handful of villages in the area which had been sites 

of permanent settlement IIl.ld1 earlier, b..It a hurrlred years ago they 

were only seaoonally oa:::upied by rx:rnadic herders. 

In the nineteenth century there was no fannin:;J system, as 

suc:h, in the Mafraq area. Instead, the local eooncrny was 
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daninated by nanaclic heJ.~ of sheep an:l goats arrl., to a lIl.ldl 

lesser extent, caIl'els. '!he Mafraq area was only a small part of 

the geograpUcal region utilized by the nanads. Each spr.irq they 

tNCcld begin their migration rut of the eastern st:eI:Pe regiori into 

the Mafraq area, wlY>..re they woo.ld enc:anp for a few >ronths to take 

advantage of the natural pasture regeneration followirg the onset 

of the winter rains. Once the pasture was exhausted, the herders 

tNCcld 1I'OVe further west into the agricultural areas aroon:l Irbid 

to graze \JlX>l1 the cereal crcp residues of the villagers. 

The relations between eastern herders and ~-n 

agriculturists were not always peaceful, arrl. tha ottanan 

authorities of the time rarely had the ability to regulate 

relations between the villagers who produced (:rcp6 arrl. the herders 

who sought access to the residues. Generally spe.a.kirg, if there 

was a dry rainfall year arrl. the natural grazirg in the Mafraq area 

was insufficient for spr.irq grazirq, then the herders woo.ld graze 

their flocks in the agricultural area by any means available to 

them, often incltrli.n;J occupation of cereal fields an::1 the 

ransacJdn:r of villages by foroo of anns. In the se:::orrl half of 

the nineteenth century arrl. up until the begi..nni.n3' of World War I, 

the peq>le of Rarntha, Irbid, an:l their neighborin:r villages 

experierx::ed nurnero..lS anood clashes with the pastoral tribesmen 

(Abujaber 1989). 

'!he British amy occupied the cnmtl:y of Jordan at the end of 

World War I, an:l durin:J the next two decades they pacified the 

region while setting up the stro~ central administration whidl 

bec:::.aIoo the Hashemite I<iIq:ian of Jordan. 'Ille present fannin;J 

systems in the Mafraq area. date fran this pericxl. A few 

scattered old villages were reoccupied arrl. new ones spran:r up in 

t..'1e a~ of peace an:l security. At first, the oow 

agricultural areas were oonoentrated in the southwest aroond 

Jarash where conditions were roost favorable, b..Jt later villages 
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aweared thrc::ugha..t the area. Today's p:p.tlation distri.b..rt:ioo 

reflects these cievelc:pnents. R:p.ll.ation density is blo to three 

times as great in the wetter hill c::a.mb:y than in the drier north 

am east. 

'!he present agricultural ~ation largely canes fran the 

original pastoralists, who began to settle dc7.tm am produce their 

awn creps am feed SUWlies once access to t.he western grazin:;J 

became rrore regulated by government authority. With the 

establishment of a strorx.J central administration, the villagers 

to the west of the Mafraq area were able to 1OOI'e easily refuse 

pastoralist demards for collected crop residues am open grazin:} 

CXl their fields. Pc:p.Ilation growth ard the intensification of. 

agriculture to the west of the Mafraq area further forced the 

pastoralists back into the Mafraq area. 

As early as the la90s the leaders of the pastoral tribes 

utilizi.n;J the Mafraq area had erxxoraged their followers to take 

up the plCM. Irrlividual shaykhs began to lay claim; to specific 

tracts of lam in the names of their tribal. sectioos. Tribal 

claims were given a great boost in the 1930S when the 

administration began d program of centralized lam registration. 

To a large extent the claims of the shaykhs were affi.rn'ed am 
recxJgnized by the governrrent. Many of the villages of the area 

date fran this period, am the families of the original ownet'S 

am their followers are tcxiay the owners am cultivators of the 

lam. 

A secorxi groop of settlers were inrnigrants who had rvX 

previoosly used the resa.lI'CeS of the area. Sane of these came 

fran the crcA<.ded agricultural areas to the west am othP.rs came 

fran further afield in Palestine. 'lbese families settled t:hrcu;Jh 

squatti.n;J on \.lJ'X:laimed lard or by pm:ilasin:;J larxi fran the 

original tribal claimants. 



222 


'!he fc:mrli.rx3' of new villages continues today. six ·.new 

villages have been established am rec:x:xJnized by the government 

sin::e 1979. Five of these are in the sa.rt:hwestern half of the 

study a ~.d the remaini.rq one is in the extreme north. New 

villages largely result fran the yCll..lJ"ger generation leavi.rq older 

villages to begin irrleperrlent hcuseholds, rut there is still a 

trickle of iJrmigration. 

4.3.4 '!he Fannirg system 

'!he dlaracterizati.on work of the JUST/mMP team is planned to 

continue over a pericxl of three or more years. '!he first year 

(1987-88) was spent in collecti.rq secorrlal:y data am a.:lminated 

in an exploratory fanner survey with a semple of 55 fanns all'OlX1 

20 villages. '!he resulti.rq general description of the fanning 

system arrl its :.:>roblems was presented at a national workshop in 

lIlTman in September, 1988 (CXJlah am Jaradat 1988). 'llle 1988-89 

season continued the farm survey research. A slightly mxlified 

questionnaire was administered to 59 fanners am covered an 

acklitiona.l 15 villages. '!he secorrl sanple was d10sen to 

cxrrplE!Jlll".nt tbe first so that the two together are representative 

of the entire area. 

Alon:;J with the cont~ farm survey work, the 1988-89 season 

saw the introduction of diagnostic agrorany into the 

dlaracterization prcx:::ess. Triuls \tJIere installed in three 

locations across the rainfall iscilyet (see Figure 4.13), am a 

J'll.mi)er of sillple exper.ilrents were urrlertaken with cocperati.rq 

fanners. '!he trials am experllrent.s were designed to collect: 

productivity infomation for barley arrl feed legume varieties 

mrler various ecological am rnanagerrent corrlitions. 

'!he remairder of this section describes the fannJ1"XJ system in 

general. It is followed by a presentation of the different types 

of fann system in the area am the characteristics of each. 

http:cocperati.rq
http:cxrrplE!Jlll".nt
http:resulti.rq
http:collecti.rq
http:dlaracterizati.on
http:leavi.rq
http:remaini.rq


223 


survey 

'Y V; 11 d ge 1n 1 
survey 

Numbers lndlCdte 
fdrmers surveyed 

o , 1,c 
KILOMETERS 

Figure 4.13 	 Survey samples and trials locations in 

Mafraq area 


'n1e first th.i.rg to keep in mirrl wtY:>..n considerin;J the fannin] 

system of the Maf~q area is the ext.rere UJ'X:'leItainty of rainfall. 

Anyale who talks to famers in the area nust be inpressed by their 

pmoocupatioo with unpredictable weather. As a result, they 

devote considerable t.ha..¥Jht in selectin;J cultural practices which 

they think can ensure even a minilII.Irn productivity urx1er these 

cxn::litioos . 
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'Ihe secorrl inportant characteristic is that agriculture in the 

Mafraq area is extensive. Rather than c::orx::lEmtratin;J their time 

am energy on small plots to make them ro:re productive, farmers 

ten:} to spread their efforts over larger areas. 'The average 

labor tbre spent per hectare is lCM, arrl JOOSt of the work occurs 

at plantin;J arrl harvest tbre. '!he schedule of extensive fannin;J 

allCMS for :relatively lorg periods when fanners can, if they wish, 

~ in off-fann activities. In fact, the average pI'q)O~i":>n of 

total i..occm:! deriVed. fran off-fann activities in the Mafraq area 

now sta.rrls at alJOOSt 44% • 

A t.h.iro point is that fann holdi.rq are overwhelm.in:Jly cwner 

operated. '!his no doubt stems fran the recent establisl'unent of 

the fa.nnin3 system in the area arrl the particular history of 

settlement. Only about 5% of the cultivated lard is lll"Xier rent or 

sharecrop contracts, am there are significant differE!l"K:es in 

tenure patterns am::>rg villages. ~er, it shoold be noted t.hat 

alt:.l1a.1gh the iocidence of owner-q:erated fanns is very high, the 

annmt of larrl CMl1€d jointly by rore than one title holder (28%) 

constitutes an important pI'q)Ortion of the cultivated larrl. 

Usually the:! joint owners are close relatives, rut only one of 

them is fanni.rg the j oint property. '!his can have inportant 

inplications f.or larrl use because althcugh they are not ~goo. in 

production, joint owne.rs :reserve the right to have a say in how 

the lard is used. 

Finally, the agricultural hooseholds of the Mafraq area are 

fully integrated in the wider rrarket econcrny. Even though they 

CX>1'lSlUlle a greater or lesser proportion of what they prc.xiuoe, they 

cannot be considered subsistence fanners, nor even farmers whose 

first priority is to take care of their CMI1 consurrption needs and 

then to sell any surplus left over. Hired labor arrl p.rrcha.sed 

irp.rt:.s are pervasive. Virtually all of the fanners surveya:i had 

at least sane cash costs. 

http:fanni.rg
http:holdi.rq
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'!he fanning system of the Mafraq area is similar to that 

which occurs in wide areas of the Mediterranean basin. winter 

cereals, particularly wheat for human col1Sl.Dlp1:ion arrl barley for 

anima:. consuITption, ac:x:nmt for IOOSt of the cultivated area. 

cereals are augroonted with olives, other tree crops, am to a 

lesser extent by legmres and vegetables. Flocks of sheep arrl 

goats often represent the rrost brportant capital assets am source 

of i.nccrre. '!hey are fed on barley grain, straw, am, 

ID:::rea.sirgly, p..rrchased feeds. Where available, weedy fall~ arrl 

surroorrlirg natural grazirg bIrls are an iITp:lrtant SO\.ll:'CE:! of 

seasonally available animal feed. 

Table 4. 1 presents the average holdirg sizes arrl lam uses in 

the study area accordirg to rainfall zones. Average ewe am goat 

flock size per farm are included to irrlicate the relation between 

crops am animals. 

Table 4.1 Mafraq Area Farm Size am I..arrl Use 

Rainfall Zone Av. Fann Barley Wheat Olives Ewes Goats 
Size (ha) (ha) (ha) (ha) (head) (head) 

Zone 1 (> 300 rom) 14.1 3.0 2.6 3.0 47 19 
Zone 2 (200-300 mm) 23.6 9.5 5.1 1.1 81 7 
Zone 3 « 200 mm) 26.2 13.3 4.0 1.4 59 13 

Mean 22.4 9.4 4.3 1.6 69 11 

AlthaIgh it is reasonable to assurre that the.....-e is a fair 

degree of stability m farm size fran one year to the next, the 

satre a.ssunption cannot. be made for lam use. I..arrl use decisions 

aI'I~ closely related to seasonal rainfall am, to a lesser extent, 

to irrlividual farner production strategies. '!he proportion of the 

average holdirg planted in 1988/89 was 77%. '!he figures for 

1987/88 am 1986/87 were 83% am 67%, respectively. 'Ihese 
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prqx:>rtions parallel seasonal rainfall differences. '!he ratio of 

planted area to unplanted area ten1s to be greater in the drier 

areas than in the wetter ones. similarly, the year-to-year 

fluctuations in this proportion are also greater in the drier 

areas where less larrl is urrler pennanent treecrops am the minim..nn 

rainfall for rais~ cereals is less deperrlable. 

'!he incidence arrl proportion of lam intentionally fallowed 

fran one year to the next is diffia.1lt to determine. In general, 

famers laud the benefits of fall~ing, am sane 27% of fanrers 

(in 1988) claim to regnlarly fall~ their previous year's o:>.real 

fields as part of a fixed rotation. &It nany fanrers practice 

what might be called circumstantial fall~ing when they judge that 

rainfall corditions are not sufficient to pennit plant~ or 

because of tile desires of joint owners of larrl. Based on survey 

results, a reasonable estimate of the proportion of the total lam 

urrler fall~ in an average year is about 27%, with the incidence 

of fall~ being greater in the drier areas than in the wetter 

ones. 

Figure 4.14 shCMS the relative division of on-fann i.ncane 

among the various enterprises for the entire survey sample. 

several observations need to be made. First of all, fanners were 

asked to estimate the relative proportion contributed by each 

enterprise averaged over the past five years in order to lessen 

the effect of dramatic price rises or declines in any single 

year. secord, famers were asked to figure the relative weight 

of wheat arrl barley as a contributor to total i.ncane am not 

siITply as iIlCO!TY2 realized by sale. Thus, the contribution of 

barley should be seen in term.s of its role in the farmi.n:J system 

as an on-tann source of feed for livestock. Third, the average 

figures do not reflect the considerable variation across the 

study area. I...ivestock an::i crops are not evenly distributed. 

Tree crops arrl wheat are m:>re CCtIlIIDnly grcMn in the wetter 
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Livestock 
44% 

Tree crops 
15% 

Other annual crops 
22% 

Figure 4.14 Sources of on-farm income in Mafraq area. 

so..rt:hwestern area whereas the north, central, am eastern areas 

are daninated by barley am livestock production. 

Barley yields ~ to be la..' in general am highly unstable 

fran year to year. When asked about their experiences of the 

past ten seasons, farroors interviewed in 1988 gave the responses 

s.ht:Mn in Table 4.2. 

Table 4.2 Barley Perfonnances for Last Ten Seasons 

Perfonnance Number of Years Occurrin:J 
Mean SD 

No seedin;J 

Grazed, no harvest 

IDtI yield (av. 208 kgjha) 

Average yield (av. 626 kgfha) 

High yield (av. 1454 kgjha) 


Total years 

0.8 
4.3 
1.8 
1.8 
1.3 

10.0 

1.5 
1.8 
1.2 
0.8 
0.7 
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As with barley, olive production levels are low. In general, 

a rrature olive tree in the Mafraq region only produces fruit every 

other year. The practice is to plant aba.It 100 trees per 

hectare. AssuIni.n3 that. all the trees are rrature anj beari..rxJ 
fruit, this treanS that about 50 trees per ha per year should be 

producing. 'Ihus a fanrer with the average of 3 ha iP olives in 

the wetter Zone 1 of the study area ca1ld expect to harvest alnlt 

150 trees per year. Because the number of new orchanis is rapidly 

irx::reasiN3 fran year to year, rrost fanners even in the wetter 

areas have a low percentage of mature producin:} trees. 'Ihe 

present ratio is about 54 productive trees oot of every 100 

planted. 

Fal:1OOrS estimated the fruit yield per harvested tree as 

follO'.\lS : 

In a poor year 5.3 kg per tree 
In an average year 12 . 5 kg per tree 
In a good year 25.0 kg per tree 

'lhe rraximum yield of a tree urrler irrigation is said to be 100 

kg. 

4.3.5 

'lbe initial analysis of the fann survey data was done with the 

cbjective of identifyin::J different gro.Jps of farns which display 

characteristics which are pertinent to the targetin:;J of the 

technologies bei~ tested in oor agronany :.:,:"search. Several 

general paraIreters have been re<:x:x3l1ized as {X)tentially useful 

characters: rainfall zone, fann size, ente.rprise m:.s, total 

i.rx:x:Ire, an..:i the relative deperrlence on off-farm i.ncare source:;. 

Table 4. 3 shOn'S the distribution of the SUl vey sample by farm 

size arrl rainfall zone. 

http:AssuIni.n3
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Tabl~ ~IJ Fann Size Distrib.Ition in Rainfall Zones 

Fann Size Rainfall zooes 

Far:ms 
(Whole sanple) zone 1 Zone 2 Zone 3 

No. % No. % No. % No. % 

Less than 5 ha 13 11 4 17 8 13 1 3 
5-20 ha 62 54 16 70 30 49 16 53 

20-50 ha 29 26 2 9 16 26 11 37 
50-100 ha 7 6 1 4 6 10 

M::lre than 100 ha 3 3 1 2 2 7 

Totals 114 100 23 100 61 100 30 100 

'!he distrib.Ition of the sanpled fams is a reasonable 

awroxilnation of the actual distrib.Ition of all fams in the 

sb.rly area, am reflects the 1979 census figures. HCJIoI'E!Ver, the 

ll\lIIi)ers of fams in the sanple fran Zone 1 am Zone 3 are biased 

slightly in favor of Zone 3 for the follO\tlin:] reasons: (1) the 

pI"Cp)rtion of full-tiIoo fanners in Zone 1 is less than Zone 3 due 

to the proximity of Jarash am Anman to Zone 1, am (2) the 

marginal zone enterprises of barley ard livestock are I1.:>re 

ilIportant to Zone 3 fanners than Zone 1 fanrers. In short, Zone 3 

is lOC>re characteristic of the 200-300 mn rainfall zone in Jordan 

as a whole than is the wetter area near Jarash. 

A secorrl generally accepted way of loolU..rq at variation within 

a fanning system is to focus on Wividual famer prOOuction 

strategies or mix of enterprises. '!his aspect is saretimes 

t.erne1 IIfam systems, II as q:posed to fannirq system; (Fresco am 
West:J:il.al 1988). All rut. 4 (3.5%) of the fams in t.ht~ survey fell 

within four fann system categories. 'Ihese production strategies 

are as follows: cereal am livestock production (CL) i cereal, 

livestock arrl olive production (ClD) i cereal arrl olive production 

http:West:J:il.al
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(CO); ard cereal production only (C). '!heir relative frequency in 

the Mafraq area is given in Figure 4.15 arxi their larxi use pattern 

(averaged across all zones) is given in Table 4.4. 

CL 

CLO strategy Other s tra tegy 
31.6% 'l'/~"'} 3.5% 

C strategy 
11. 4% 

CO strategy 
16.7% 

Figure 4.15 	 Distribution of production strategies in . 
Mafraq area. 

Table 4.4 strategy arxi enterprise catparisons (average figures) 

Enterprises 
strategy 

Holding Olives Wheat Barley Livestock 
size (ha) (ha) (ha) (ha) Ewes Goats 

CL 22.2 0.3 4.8 11.4 107 13 
ClD 29.9 3.2 4.4 8.5 89 18 
CO 15.1 3.0 2.3 5.4 0 2 
C 17.1 0.6 6.4 9.6 1 1 

Mean 22.4 1.6 1.3 9.4 69 11 

'!he assigranent of each case to a particular production 

strategy was done by canbi.ni.rg the list of enterprises on each 

fann with 5O..lI'Ce5 of on-fann i.nc:aoo. Althoogh virtually all 

fanoors keep at least one ewe or goat, household flocks with 

http:canbi.ni.rg
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fewer than ten head were not considered to constitute a fann 

enterprise, since the scale is not large enrugh to represent a 

major portion of hoosehold inccrre. similarly, nost farmers have 

a few olive trees planted next to the haJse, irrigated with waste 

water. 'Ihese were not considered to constitute a fann enterprise 

either. To be in::lu:ied 00 a faxner's list of enterprises, he 

needed to have at least 30 mature producirg trees. 

Table 4.5 shows the clistrib.ttioo of production strategies 

within the rainfall zones. '!he 1'1l.II!'beL;s point art: the cx:ttparative 

advantages of olives in the wetter areas an:i livestock in the 

drier zones. When this is carpared to fann size, the pattern is 

reinforced (see Table 4.6) • 

Table 4.5 Production strategy locations 

Rainfall Zones 

strategy Zone 1 Zone 2 Zone 3 
No. % No. % No. % 

CL 1 4 27 44 14 47 
C[D 14 61 14 23 8 27 
CD 5 22 7 11 7 23 
C 12 20 1 3 
other 3 13 1 2 

Total 23 100 61 100 30 100 

'!here is considerable geograprical OIIerlap between olive 

prcductioo, 00 the one harrl, an:i livestock production, on the 

other harrl. No ecological bo.m::1al:y divides the two production 

enterprises. 'I11e.r3 is, rather, an ecological continuum across the 

rainfall isdlyets with a declini.r¥] relative inportance of olives 

an:i an i.ncreasirg .inportan;:,e of barley arrl livestock as one noves 

fran the wetter to drier areas. For exanple, olives are part of 
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Table 4.6 Fann size am productioo strategy 

strategies 
Fann size 

CL CL CID <X> ~ o+-.her 
No. % No. % No. % No. % Nv. % 

< 5 ha 
5-20 ha 

20-50 ha 
50-110 ha 

> 100 ha 

3 
25 
11 

2 
1 

7 
60 
26 

5 
2 

2 
16 
13 

3 
2 

6 
44 
36 

8 
6 

3 
12 

4 

16 
63 
21 

5 
5 
1 
2 

32 
38 

9 
15 

4 100 

Total 42 100 36 100 19 100 13 100 4 100 

the production strategy of 83% of fanners in Zone 1 b.It only 39% 

of fanners i&~ the drier areas. AbaIt 10% JI'Ore fanners inc11Xle 

livest.ock in their prcxluction strategy in the drier areas than in 

Zone 1, b.It JI'Ore inportantly in Zones 2 am 3, the average flock 

size is increase:i bf aboot 45% am area sam to barley to feed the 

sheep increases foor-fold. 

'!he relative inportanoe of on-farm versus off-farm inoane as 

contriliJtions to total ha.lsehold :L."'CClDe vary greatly. 'Ihe ra.n;Je 

is fran 100% derived on-fann to ar.. little as 10%. 'lhe ratio can 

have important implications for farmer decision-maki.n;J, 

especially decisions aboot enterprise mix, c.apital investments, 
am cash experrlib.u:-es on inp.Its. Sane 44% of inoane for the 

entire sarrple cares fran off-farm so.n:oes. '!his high level is 

irdicative of Jordan's recent econanic expansion in l'Ul

agricultural sectors, the Mafr.aq area's location near several 

large towns am goverranent centers, ani the relatively meager 

agricultural resoorces of the CU'ea. '!he ratio of oo-fann to off

farm inoane as affected by farmer strategy ani zooe is sl'lcMl in 

Table 4.7. 
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Table 4.7 	 Distril:ution of haJsehold inc:xIoo soorces by strategy 
an::i location (mean percentages) 

strategy Zone 1 	 Zone 2 Zone 3 

On-farm Off-farm on-farm Off-farm On-farm Off-farm 

CL 67.3 32.7 65.8 34.2 79.3 20.7 
CID 48.8 51. 7 48.5 51.5 36.6 63.4 
CO 47.4 52.6 47.0 53.0 28.3 71.7 
C 39.0 61.0 86.2 13.8 

Mean 55.0 45.0 55,0 45.0 61.0 39.0 

What emerges very cleu'7ly is that livestock producers are 

different fran CO an::i C fanners in tf'..rms of their reliance on 00

farm inccrne.. When the carparison is made on the basis of 

location, the'CL fanners are further distirguished fran their CID 

colleagues . 

'!here are sane plausible explanations for these differences. 

First arrl forem:JSt, preliminary enterprise ):ujget data arrl fanner 

cx:mnents in:ticate that livestock are lTl.lCh rrore rellunerative than 

any other enterprise in the Mafraq area in tenns of return to 

variable costs. Secord, gow~rnment animal feed programs arrl a 

ready market maJ<e livestock less risky than drylancl cereals am 
olives which depe.rrl on unpredictable weat.ho-r. 'lhird, livestock 

raisi.rxJ absorbs rrore family labor throughoot the year than CE:.-'"9al.s 

or olives, thus lessening time W'hich cx:Wd be spent in ootside 

erployna1t. In fact, the survey data in:ticate that livestock 

prcxiucE-.r.:; are far rrore likely to erploy ron-family labor for 

lager periods of time tl'Jan other fanners. 

MJst of farm family rrenilers who are enployed off-farm have not 

been able to secure particularly well-paid jOOs. I.cM level civil 

servioe posts an::i soldieri.n;J are the JOOSt cc:moon j 00s in the 
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sanple. It is difficult to achieve econcmic irrleperrlence fran 

fannin:J fran these occupations, am because they also require 

substantial arrounts of ti.JTe at YIOrk throughout the yea:t: it is 

difficult to keep an off-fann jet> am still maintain large numbers 

of sheep arrl goats. Nevertheless, enployment, eve.'1 at a low 

salary level, can offer the security of a regular~. Cereal 

am olive production on the scale JOOSt cx:mronly practice::l in the 

Mafraq area do not offer similar financial stability. In 

contrast, sheep rais~ if the flock is of sufficient size, can 

provide a certain ~ stability. Milk arrl milk prooucts can be 

sold dur:in:J a large part of the year, alorg with wool, lambs, arrl 

culled adults. 

Reliable ~ data, expressed in roney terns, is notoriously 

difficult to collect ard interpret. Fortunately, it was possible 

to et>tain reasonable estimates fran about half the sanple. Fann 

size, production strategy, arrl on-fann to off-fann incane ratios 

for these famers are generally lTD..lch the same as for the entire 

sanple. In terns of ~ level arrl fann size, s~le regression 

irrlicates that about 70% of variation in i.nccrre could be related 

to variation in holding size. When one considers that large fanns 

ten:i to prcrluce rore sheep than smaller fanns, then the relation 

between size arrl incane is not surpris~. 

'!here is an interest~ relation between percentage of on-fann 

ir¥:x:ate arrl arrount of total:incare. Fanrers with the highest 

ir¥:x:ate levels also had the highest percentage of un-fann :incare. 

Fanrers with a high degree of off-fann incare actually awear to 

have lower total incane. '!he limited data irrlicate that total 

ir¥:x:ate for livestock producers averages 64% higher than the incane 

earned by non-livestock prcducers in the Mafraq Clr"'::. In surrmary, 

sheep producers with rore than 80 head statistically (1) ten:i to 

have the largest hold~s, (2) have the highest total in.-:are, (3) 

are located in Zone 2, arrl (4 ) derive the least aJOCIl.lnt of their 

ir¥:x:ate fran off-fann sources. 
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It is wrth not~ at this point that a ccrrq;xrrison of the 

fanners report~ the highest barley yields against the fanoors 

report~ the lONeSt barley yields on their fanns showed no clear 

pattern of differences with regard to rainfall zone, soil type, 

soil depth, or holcli.rg size. In fact, the only variable which 

seems to correlate with yield level is degree of depen::1ence on on

farm i.rx::are. on the average, fanners report~ the highest 

average yields received about 25% of i.rx::are fran off-farm sources 

while the lONeSt yield fanners averaged 61% of ioc:c:me fran off

farm sources. 

To assess hCM fanners characterize their own fa.nni.nJ system, 

SUIVey participants were asked questions about what charges they 

have d::lserved in their villages dur~ the past ten years. 'lhese 

were followed by questions designed to elicit the fanners' 

investment plans for the next five years. 'file responses were 

mixed arrl at times contradictory. In light of the variable nature 

of the area arrl its fa.nni.nJ system, this is urrlerstarrlable. 

Table 4.8 gives the results of five questions about treros in 

the f~ system. Fanners were asked to consider a list of 

d::lservations aboot their villages dur~ the past ten years arrl 

state whether or not they ~ with each one. '!he response to 

the d::lservation that people are raisi..nJ rore livestock was about 

evenly divided. But there was general consensus tM.t rais~ 

livestcx::k is the best way to raise rore incane. Alnost 9 out of 

10 fanners agreed that people are increasi.nj the lam planted to 

olives, but a substantial minority disagreed with the assertion 

that one's best fannlarrl sha.Jld be planted in olives instead of 

sane other crcp. 

OVer 60% of fanners were not prepared to say whether or not 

the farm i.rx::are levels will inprove dur~ the next five years. 

'!he nost frequent response to this stat:.eJrent was that it is 

http:increasi.nj
http:fa.nni.nJ
http:fa.nni.nJ
http:holcli.rg
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inpossibk to predict the future. 'lhis is certainly an 

UOOerst:.an:1able position given the vagaries of the weather. 

Table 4.8 Fanner perceptions (1989 sanple) 

% Disagree % No answerCbseIvation 

Peq:>le are raisi.n:J rrore 
livestock 50 47 3 

Li.vestock best 5a.lI"CE!S 

of farm i.ncx:Ire 85 14 1 

People are growi.n:J rrore 
olives 89 10 1 

Best farrnlarrl shoold 
be un:ier olives 63 35 2 

Fann i.nc::are will inprove 
in next 5 years 15 24 61 

Fanners were less reluctant to discuss future plans for their 

am fanns (Table 4.9). Answers were alrrost equally divided 

between increasin::J farm size, increasin::J olive area, Mrl 

increasi.n:J livestock flock size. '!here was a large majority which 

stated they wculd not increase the area they plant to cereals. 

Table 4.9 Fanner's plans (1989 sanple) 

Plan % Yes % No % No AnsWer 

To in::rease farm size 43 53 4 
'fu in::rease olive area 50 45 5 
'Io increase livestock flock 47 47 6 
To in::rease cereal area 36 60 4 
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4.3.6 

To have a reasonable c::h.aoce of success, any program to inprave 

the productivity am i..ncare fran fannin:J in the Maflaq area nust 

avoid requirin::.J famers to nake great dlarges in their proc.1uctioo 

strategies, nor shoold it involve dramatically higher cost irp.rt:s 

than those already bein::.J used. '!he secrets to success are IIDdest 

c:t>joctives am incremental benefits ruilt lJIX>I1 the existinJ 
productive base and fannin:J system. '!he corx::lusion fran em

characterization of famers is that the key on-farm element to 

1::ClO..lS on is the 1i vestock-crcp interface. Ylen asked to identify 

their pr.in!ipal p:i.wlem, aJ..ua;t all fanJX:ll"S with livestock said 

an adeqJate feed SUWly. ~:mre iDpartantly, they said 

they desired to iIx:rease the product:.ivitj of their l.an:i with the 

specific int:.art:.i.a1 of lesseninj their deperrlence at extemal. 

san:oes of livestock: feed. 

AlthCA.lgh other issues (such as the low productivity of olives, 

for exanple) are relevant to the prd:>lems of the area, the 

examination of farm am fanner dlaracteristics overwhe1..rn.i..nly 

points to the fClO..lS on increasinJ local production of livestock 

feed because of the potential adqJtion am inpact for t:bd 

targeted fanner groop. 

Usin::.J th,: interrelations ~ the variables examined in the 

previa.JS section, a preliminary talget fanner pc:pllation walld 

display the followin:.J mininum dlaracteristics: (l) mean fann size 

of 20 ha., (2) mean canbined sheep am goat flock of 90 hmd, ani 

(3) mean annual area planted to barley of 8.5 ha. SUch a groop 

\lIO.l.ld be gecqra{:ilically corx::entrated in Zone 2 (200-25Onm) ani 

\lIO.l.ld depen:I on on-fann scurces for the l:W.k of its hoosehold 

i..ncane. It w:::lli.d also be a fair asstmption that this groop walld 

have a reasonable level am flexibility of disposable :i.oocme. 

Inproved tec.hoologies am cultural practices targeted to this 

http:lIO.l.ld
http:lIO.l.ld
http:previa.JS
http:int:.art:.i.a1
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pcpllation wo..lld seek to raise the annmt of livestock feed which 

the famer co..Ud produce fran his larrl. 

Althoogh agronany research for the marginal zone is still at a 

very preliminary stage, the first year's results indicate that it 

Il\3.y very well be possible to iJx:rease feed production by 

introduc~ new varieties of barley arrl feed legurres, better 

management techniques, arrl an alternative rotation that incltdes 

feed legurres as a substitute for falla./~ arrl continuous bdrley. 

'!his is re-enforc:a::l by our greater experience in similar marginal 

zones of N. Syria. 
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a<m.s-tlleat. Pb:Ie.l ani st::rateqic Pl.amim 
far Nitrupi Fertilizatim A Framework 

Shi Zuntonq, visiting scientist, China 

'!he CERES-wheat m:xlel was awlied to the question of wheat yield 

I'eSlX>nses to N fertilization urrler various corrlitions in Xian 

region of P.R. of China. Grain yield data cbtained by awly~ 

4.4 
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the CERES-wheat grc:Mt.h IrCldeI have been examined, for strategic 

pl~ of N fertilization. '!his stOOy was urrlertaken to 

examine the feasibility of usi.rg tools sud1 as this m:rlel to 

inprove fertilizer rec.c:mnerrlations arrl to develop IOn;} tenn 

policies for the rna.intenance of soil productivity. rue to 

limitations of the data resoorce, only nine wheat grc:Mt.h seasons 

were lun by the mOOel. '!he conclusions fran this paper should 

therefore be regarded with caution until an analysis with C.l IOn;}er 

data set can be cx:xnpleted. 

4.4.1 	 lileat Grain yield Respcnse to Nitn9:::u in Relaticn 
to Different Rates of N Fertilizer urrler VariC1JS Soil 
Ni!:rcxJen o:ntitiens 

CERES-wheat was used to calculate the grain yield of crops 

fertilized with various rates of N through nine wheat gra'lth 

seasons fran 1971 to 1980 for which daL.y clirna.tic data were 

available. Based on actual soil analysis data fran Xian, four 

hypothetical soil groups were established with high, medium, lON 

am zero soil nitrogen levels. '!he organic carbon (%), arnrronium N 

(ngjkg), arrl nitrate N (rrgjkg) in the 0-20 centiIreter soil layer 

were 0.53, 5.36, 5.12 for group 1 soil, 0.26, 2.68, 2.56 for group 

2, 0.13, 1.37, 1.31 for group 3, arrl 0 for group 4. These soil 

parameters, the necessary crq:> coefficients required by CERES am 
the daily clirna.tic data were used to run the m:rlel for tne nine 

seasons. SUbsequent sections descrfre the m:rlel output am its 

inplications for N fertilizer strategies of wheat in the project 

area. 

Figure 4.16 shONS that the grain yield increases due to 30 

kg,Iha nitrogen i.nc::renents are inversely relat€.d to the soil 

nitrogen level. In other ~rds, the fertilizer efficiency urrler 

lower soil nitrogen corrlitions is greater t.han that u.--rler higher 

ones. Figure 4.16 also shONS that on average fertiliZe!" inIm:
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Yield Increase/lncremental 30 kg N Appld 
800 

800 

200 --~--~~=---~ 
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23456 7 
No. of 30 kg Increments of N Applied 

~ Z.,O Soli N -4-- Low Soli N --0.- Medium Soli N -G- High Soil N 

Figure 4.16 Simulated yield rlue to successive increments of 
30 kg N/ha in four soils with hypothetical zero, 
low, medium and high base nitrogen levels. Each 
point is the mean of 9 years l simulation. 

ootp..rt: relationships follow the law of diminishirg returns. As 

acXiitional units of fertilizer inprt. are USP.d, each extra unit 

results in smaller increase in yield c.o-q:ut. Likewise, the yield 

response to rates of N fertilizer is dJvioosly affected by the 

base soil ni~en level. In soil grour.s that belon:J to the low 

soil ni~en level, there is a sharp decrease in the grain yield 

increrrent per ackiitional unit of fertilizer awlierl. A similar 

trerrl rut with smaller decreases is evident in soLls of a higher 

N-status. '!his iltplies that inp..rt:-ootp.lt efficieocy of dJemical 

fertilizer is low rut stable at the higher soil nit.rcxJen level, 

rut declines sharply at the poor soil nitrogen level. 'lhe IOOdel 

prediction, urder the given assunptions, coircides with the 

authuc's experience. 
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4.4.2 Effect of water SlmlY I.e.'els m Mleat Grain Yields 

'!he total water SUWly is defined as soil water stored in advarx::e 

of the sowin;J date plus rainfall durin;J the wheat growin;J season. 

'!here is a positive relatiooship between grain yield arxl total 

water SUWly (Figure 4.17). on the high N-status soil, a yield of 

4555 kg/ha of wheat grain was ootained fran 555 DID water, while 

1280 kg/ha was ootained fran 243 DID. Grain yields of 3500 to 4500 

kg/ha ooold be achieved by a water SUWly of 400-500 DID. 

Total W.ter Supply (mm) Grain Yield (kg/h.)
800 15000 

\ 3000 

\'12000 
"\ 

1000 

Jo 

_ Stor.d Soli Wlt.r ~ R.tn during S ...on --- Yilid 

Figure 4.17 Pre-sowing soil water (mm), growing season rainfall 
(mm), total water supply (mm) and simulated grain 
yields of winter wheat (kg/ha). Simulations used 
9 years of weather data from the Xian region, 
P.O. China. 

'!he oc:rrbination of both rainfall durin;J growth un:! water 

stored before the season is inp:>rtant for wheat grain yield in the 

envirorunent of Xian Province where there is substantial SllIl1ller 

rainfall prior to plantin;J. '!he grain yield is oorrelatErl neither 

with the rainfall nor stored water alone, but is clearly affected 

by total water SUWIy (Figure 4. 17) • soil surface rr.anagarent 

400 

300 

200 

100 

71172 72/73 7317' U/75 75175 78177 77/78 78/n 7D/80 
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precedirv:J the wheat gI'O\tIt:h season to store lOOre of the SUJ'II'Iler 

rainfall in the soil is one available awroach for increasi.rg 

grain yield. 

4.4.3 Effect of Tat:al. water SUplly en Fertilizer Efficien;:y 

Fertilizer efficiency is described as the grain yield or benefit 

fran a unit of fertilizer inp..rt:. Table 4.10 shaNs that fertilizer 

efficiency is cbvioosly different in different growth seasons ani 

with different annmts of fertilizer awlierl on the medium 

nitrcqen level soil. Grain yield in:::reases prcduced by usi.rg 210 

kgjlla nitrcqen inplt ran:J€d between 862 to 996 kgjha in the 

seasons 1971/72, 72/73, 73/74, 74/75, 76/77 ani 78/79. '!he 

in::rerrent was 506 kq/ha in season 1979/80, b..rt: a.l.loost no increase 

was cbserverl in the 1975/76 ani 1977/78 seasons. A series of 

quadratic functions were fitted to the estimated nitrogen 

response data for each year. Acco~ to the values of the 

coefficients b ani c of the furx::tionc;;, fertilizer efficiency 

status can be classifierl into three groops. '!his is illustrated 

in Figure 4.18 where the difference in marginal yields J:..ctsed on 

the first derivative of these equations are presented. '!be gra.Jp 

with high fertilizer efficiency in::ltrles six of the nine grcM:h 

seasons which had similar high marginal yields. (Note: rata for 

1974/75 were virtually identical to those for 1976/77 ani are not 

f~ in Figure 4 .18. ) '!be mickll.e raf¥3e of fertilizer efficiency 

is represented by the 1979/80 season 'Nhere the marginal yield is 
rroderate ani is always lower than in the first group. '!be lCM 

fertilizer efficiency incltrles two seasons 1975/76 ani 1977/78 

which shCM negligible yield response to fertilizer inp.rt:. 

Fl~ Figure 4.17, it is clear that fertilizer use efficiency 

depenis strongly on the c3.rrount of total water SUWly. '!he high 

fertilizer efficiency seasons had water SUWly between 400-500 llIn. 

'!be mickll.e fertilizer efficiency season had 300-400 IlIl\ ani the lCM 

http:increasi.rg
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Marginal Grain Yield (kg/ha/kg N) 
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Nitrogen Applied as Fertilizer (kg/ha) 

1971-72 -+ 1972-73 ... 1973-74 . [}. 1975-76 

--  1976-77 -- 1977-78 1978-79 1979-80 

Figure 4.18 	 The influence of crop season on the marginal grain 
yield response of winter wheat to nitrogen fertilizer 
(kg/ha/kg N). 

fertilizer efficierx::y seasons had either nore than 500 rom or less 

than 300 Iml. '!hus the fertilizer efficierx::y is predicted to be 

highest in seasons when the water SUWly rarges fran 400-500 Iml 

water, rut declines when the water SUWly beo::Ires nore or less 

than this quantity. 

Reduoed fertilizer efficierx::y at >500 nm of available water 

seens unusual. HCMeVer, it a~rs to be explained by the fact 

that urx:ler these corrlitions nore mi.nP.rdization of soil N occurred 

prior to plantinJ, ani the plant deIrarrls were lOOt c:x:rrpletel y fran 

the initial soil nit.rcqen pool. Rainfall durinJ the wann sumner 

in this envirorunent provides very favoorable conditions for 

mineralization of N fran CIq) residues. '!he average nitrate 

nitrogen content of the tq> five soil layers (45 an) predicted by 

the mcx:lel was 12.2 ~ in 1975/76 tlu:'cu3hoot the entire grc:Mth 

season ani, with 555 Iml, 00 water stress oocurred. '!his level of 
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available-N is abo..lt foor times lOOre than the 2.3 I=PI\ predicted in 

the 1976/77 season with a rrore oormal water ~ly of 425 ntn. 

'lhl.s trOdel rutpJt needs to be conflnred against field data for 

high water regimes. In contrast with this, urrler extreJrely low 

water supply, less than 300 mn, rroisture is the main constraint 

for crc:p growth. '!he smaller bianass am lower I=hysiological 

activity caused by water stress limits nitrogen uptake by the 

crq:>. For instance, illrler the fertilization of 210 kg Njha, the 

maximum bianass was 5190 kgjha in the 1977/78 season w.ith a poor 

water supply of 243 lml. '!his is only 46% of the 12,750 kg/ha in 

tl)e 1976/77 season with a oonnal anamt of water. 'l'hE~ marginal 

grain yield response to fertilizer was less than 0.5 kg per 

kilcgram of nitrcx:Jen ar.~ Lied. 

4.4.4 Fertil izer ReI ""tel ldatiat Based at Benefit Anal'{Sis 

In t.enns of optimization theory, the rnaxim..nn net c ~ benefit 

will be gained when marginal yield is equal to the pri~ ratio of 

eadl llllit of fertilizer to each unit of wheat grain (dy/dx = 
Px/Pi, Pi == the price of one kg grain, Px = thP. price of one kg 

fertilizer). In P.R. of O'.tina, the rost of nit.r'c:x3en fertilizer is 

1.30 yuan per ki lcqram of elerental N. '!he wheat grain price is 

about 0.34 yuan per kg. '!he ratio of fertilizer CXlSt to grain 

value tilUS is equal to 3.82. '!he data listed .in the narginal 

yield r.:oltnnnS ot Table 4.10 are the yield increase fran each 30 

kgjha N inc.:rerrent invested. Fran these data am the price ratio 

it can be estimated that the optinum alOClUnt of fertilizer awlied 

in every year shruld be that which gives a grain yield increment 

of approximately 115 kgjha for each 30 kgjha fertilizer awlied. 

'!he awlication of fertilizer anamts above this threshold will 

result in higher grain yield, but l~ cash benefits. UsirY:J this 

criterion, recxmrerrled fertilizer awlication rates wo.lld be 

slightly over 150 kg N per hectare in fem- of the six high 

fertilizer efficiercy seasons identified in Figure 4.18. Slightly 
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nore wo.lld have been needed in 1974/75 ard sanewhat less in 

1978/79. In the middle fertilizer efficien:::y season whidl had 

300-400 ITIn total water SUWly, the cpt.im..un recatI'OOl"rle fertilizer 

quantity wcmd be between 30-60 kq/ha N. In the lOw' fertilizer 

efficierq seasons acXi.irq any annmt of fertilizer would result in 

negative benefits. 

It is rot lXlSSible to know at the beqi.nnin:] of a season heM 

nudl total water suwly ~o/ill be available. Farmers, hcMever, need 

to decide heM nuch fertilizer shalld be prepared ard awlied to 

soil prior to the sc ~in;J date. 

Tabla '*.11 provides reference b.d;Jetin;J data to help fanrers 

make this decision. within one fertilizer efficierq groJp the 

e'lq)€Ct:ed net cash returns are rot significantly different arrorg 

fertilizer :i.np..Its rarqin;J fran 30 to 150 kq/ha. '1lle grain cutp.rt:, 

however, in:::reases 449 kgjha cx:rtr~in;J 150 kq/ha with 30 kq/ha 

fertilizer input. Different prefereroes may exist between 

different famers. '!he subsisteroe fanner is likely to be 

interested in harvestirg as nud1. wheat grain as possible am the 

higher investment cption may be selected. '!he fanner who has a 

market prefererx::e may select a l~ investment cption am coold 

thus place the rest of his noney into a bJsiness with a 

potentially greater E!CXlnanic return. For the goverranent, however, 

the increase of yield is of prime inportance. It is possible to 

st:inulate famers to increase investment by means of adjustin;J the 

price ratio, such as increasi.rg grain price or decreasin;J 

fertilizer price. 

4.4.5 	 ~t yield R?spalse to Different FertilizatiCll 
Patterns am Time of l\g>licatiCll 

'!he famers normally awly fertilizer twice. once before SOw'in;J 

durirg soil plwin;J (called foorrlation fertilizer) ard a seccni 

http:increasi.rg
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'nlble 4.10 Sinulate:l. yield u:sp.... se, fran 1971 to 1980, to.:an:utt of fert.ilizer awlied to tre ne:li1.m N-leYel roil grcq> 

i l$Tlj7e1972/13 1973/74 1975/76 1978/791971/72 1974/15 1976rn 1979/80 
l'iralnt of 
fertilizer Yield Mllgirel 

yield yieldyield !:;Y/30 Yield Yield !Wj30 Yield !:;Y/30 !:;Y/JO llYj30XgIta Yield !:;Y/30 Yield AY/30 Yield ~Y/30C!Rllia:i 
(lqIha) l<gI30 

309('0 3274 
 2733 
 3497 
 4547 
 3401 
 1179 
 3785 
 2044 

47 
 136 
 176
30 
 3213 
 123 
 160 
 3539 
 4552 
 1226 
 3921 
 2220
3539 
 265 
 2893 
 42 
 5 
 3499 
 98 


3068 
 175 
 3674
3415 
 202 
 3591 
 52 
 135 
 4556 
 3678 
 179
60 
 4 
 1265 
 39 
 4069 
 148 
 2340 
 120 

90 
 3598 
 183 
 3716 
 125 
 31.38 70 
 3774 
 100 
 4560 
 4 
 3894 
 216 
 1273 
 8 
 4189 
 120 
 2440 
 100 


120 
 3776 
 178 
 174 
 3350 
 4024 
 4562 
 2 i 4052 
 1277 
 4 
 4295 
 106 
 2482 
 42
3890 
 212 
 250 
 158 

3924 
 148 
 3507 
 4228 
 204
150 
 4042 
 152 
 157 
 4563 
 4174 
 12~ 1274 
 -31 
 4416 
 121 
 29
2511 


180 
 4046 
 122 
 4161 
 3637 
 110 
 26
119 
 DO 4345 
 117 
 4563 
 0 4291 
 117 
 1268 
 -6 4526 
 2537 

3988 
 4260 
 99 
 3729 
 92 
 4463 
 118 
 4563 
 0 1273 
 5 
 4611 
 85
210 
 -58 4390 
 99 
 2550 
 13 


3008.6 3303.1 2719.9 2289.7 4549.6 3371.0 1212.7 3790.2 2135.2a* 

b 4.66 2.755.95 5.44 5.79 5.94 9.55 5.93 0.46 
E-2 


c -5.174 -4.21 -4.524 -8.699 -~.362 -2.129-4.544 -3.8141.486E-3 
 E-3 
 E-4 
 E-3 
 E-3
E-3 
 E-3 

I

E-3 
 E-5 


* QB:b:atic ftn::t.icrs (Y = a + be + cx.2) are estil!ated fran al:oJe data. (x = am:urt: of N awlied, kqIha) 

All of then signifiamtly fit with actual. data bt F-test. 



TablF. 4.11 Payoff matrix for optina.nn decision 

Totzl benefits (yuan/ha) 
Type of season Probability 

30 60 90 120 150 180 210 

High fertilizer 6/9 1120.87 1140.05 1147.18 1169.27 1181.50 1183.02 1168.56 
efficiency season t-.J 

~ 

Middle fertilizer 1/9 715.80 717.6rj '712.60 687.88 658.74 628.58 594.00 
~ 

efficiency season 

IDN fertilizer 2/9 943.26 911.57 874.63 836.52 797.12 737.27 719.12 
efficiency season 

Expected net cash return 1041.52 1042.34 1038.32 1041.83 1038.00 1026.80 1004.84 

Expected grain CJU1:I:ut 3178 3295 3398 3523 3627 3708 3758 

http:optina.nn
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ac'kli.tion after this, called SUWlementary fertilizer. usirg the 

sane annmt of fertilizer, rut dlan;Jirg the pattern fran 

fwniation fertilizer to suwlementaIy may result in an in::rease 

in grain rutpIt. Ho\tI l!lldl yield cxmd be i.n:=reased de.pems to 
sate extent on the date of SUR>1emantal:y fertilizirg. In Table 

4 • 12 sinulated grain yields fran different fertilization 

strategies with the sarre ano.mt of 90 kg Njha ar.e shown. 

Splittirg the fertilizer awlicatioo i.n:=reased yield by 6% 

averaged across all dates of SUWlemental ad:tition. Mar.ginally 

the best pattern is 30 kg Njha awlied as a fourrlation dressinJ 

and 60 kg as a SUWlementary awlicatioo at Julian day 70. Over 

the nine seasons, this strategy showed an average yield in::rease 

of 294 kq/ha or 10% aver the use of a sirgle Pre-scMinJ 

awlication. 

'!here are three clear points fran the Table 4.12. '!he first 

is that higher grain yield will generally result when the total 

a.nnmt of fertilizer (90 kg N) is aRJlied in t:\ox) doses, as basic 

and suwleroontary fertilizer awlication. Nitrogen requirements 

of plants d'lan3'e with time and SUWlementary fertilization meets 

the needs of plants better than a sinJle awlication. Soil 

nitrogen corx::entration CUIVes against time showirg a bi-m:x:1al fom 

were foorrl in soil with SUWlementary fertilization patterns l::A.tt a 

sirgle peak and a declirti.n;J curve were shown with basic 

fertilization only. It cruld be that the forner is closer than 

the latter to matd1irq the crq> N requi.rerent a.u:ve. 

Secx>rrlly, the preferred time for SUR>lementary fertilizatioo 

is near the start of stem elon:;Jation, aroom Julian day 70. 

start~ fran elorgation, CIq:l requi.rerent for N ircreases rapidly 

as bianass s-pee.:dily aOCLUTUlates. Withoot doobt r fertilizer SUW1Y 

at this tilne can result in a rutper grain hal:vest. Awlication 

prior to or after this q>tinum fertilizatioo period is sanewhat 

less effective. Clearly if SUWlementary fertilization is 



Table 4.12 '!he yield with different patterns am dates of fertilizer application* 

Growth seasons 1971/72 1972/73 1973/74 1974/75 1975/76 1976/77 1977/78 1978/79 1979/80 Ave:rcqe 

Fertilizer arolied once 15 days before sowirg. (Incorporated by plCMinql 

90 kgjha as basic 
fertilizer 2880 3273 2743 3196 4553 3243 1277 3586 2177 2992 

SUJ:plementary fertilizer arolied at Julian day 35. (Soil thaw) 

30 basic + 60 
60 basic + 30 

2956 
2911 

3503 
3390 

2960 
2847 

3889 
3423 

4557 
4555 

3794 
3456 

1166 
1235 

4099 
4863 

1851 
2050 

3197 
3192 

Supplementary fertilizer arolied Julian day 70. (Begin stem eloooationl 

30 basic + 60 
60 basic + 30 

3109 
2988 

3810 
3555 

2832 
2891 

4149 
3617 

4558 
4555 

3937 
3566 

1175 
1235 

4204 
3898 

1800 
2015 

3286 
3147 

SUJ:plementary fertilizer arolied Julian day 105. (Pre-headirn> 

30 basic + 60 
60 basic + 30 

3127 
3168 

3395 
3311 

2010 
2484 

3991 
3758 

4546 
4551 

3481 
3429 

1175 
1235 

3970 
3984 

1783 
2008 

3053 
3103 

SUa>lementarv fertilizer a[1Qlied Julian day 125. (start of arain fill} 

30 basic + 60 2275 3078 1985 3255 4549 2582 1175 2844 1783 2616 
60 basic + 30 2708 3125 2478 3160 4548 2811 1235 3224 2008 2810 
30 basic fertilizer 2261 3076 1985 3067 4549 2563 1178 2806 1783 2585 
60 basic fertilizer 2702 3125 2478 3086 4548 2801 1237 3208 2008 2799 

* sow:in;J date: 1st of Clctc:ber; soil nutrient basis = 10\01 level; Julian day 1 = January 1; 
plant population = 250 plants per square meter. 
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postponed until the start of the grain fillirg period (at Julian 

day 125, Table 4.12), the grain yield is significantly lowered as 

it is too late then for wheat to use the ad1itional N. '!his is 

illustrated in the last 4 rc1w'S of Table 4.12 which show that 

there was no response to SUWlerrentary fertilizer awlied at this 

tiIoo. 

'!he third point is related to the tv.u fertilization patterns, 

30 kg Njha basic plus 60 kg Njha SUWlerentary arrl 60 kg Njha plus 

30 kg Njha. '!he grain yields were awroxiIl'ately the sane in these 

two cases. '!herefore famers do not need to consider carefully 

how nuch fertilizer should be acXied as the basic dressin:J or as 

late suwlerentation. '!his neans that fertilization practice can 

be nore flexible accordin:J to other corrlitions. For example, 

SUWlerrentary fertilization could iIrprove the econanic utilization 

of fertilizers in the micXUe arrl low fertilizer efficien.."Y 

seasons. winter wheat in the Xian region has a growth period of 

eight Jronths, of which six have elapsed by the tiJre a decision on 

SUWlerrentary fertilization needs to be made in mid-March (start 

of stem elorqation). Mo:;t of tile total water SUWly is known at 

this tiIoo arrl the rerrairrler can be predicted nore effectively than 

a full season's rainfall. In this case, the fanner can make the 

decision on supplerrentary nitrogen based on total water SUWly. 

AsstIIni.rq the aIOOUnt of total water is in the middle or low 

fertilizer efficiency seasons, fa~'mers will adjust the amJUnt of 

SUWlerrentary fertil izer. let us say a fanner plans a total 

fertilizer awlication of 90 kg Njha. If, after 30 kg Njha \-.'as 

awlied as basic fertilizer, he firrls the water supply to be in 

the low fertiI izer efficiency r-arge he would not acki 

SUWlerrentary fertilizer. '!his ~d save 60 kg Njha or 78 

yuan,Iha of investment arrl, canbinirg investment with wtpJt 

benefit, could prevent a loss of abcA.tt 70 yuan,/ha. 

http:AsstIIni.rq
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4.4.6 Nitrogen cycle am soil Nutrient Maint:enailCe 

Initial soil nitrl::x3en is a very iIrportant factor affect.in;J grain 

yield both in a s~le year am in a sequE!J'X'e of seasons as shown 

in the previous sections. '!he potential productivity of fwr 

classes with different initial soil nitrogen contents (see 

section 4.4.1) is illustrated in Figure 4.19. This clearly shows, 

as expe.cte.d, that the grain yield in Wlfertilized soil depen:is on 

the initial soil nitrcx:Jen level. SO, maintai.nirq initial soil 

nutrient levels is ilrportant. 

Grlln Yield without FertlllDir (tIhl) 

" 


3 

2 

o~--~----~~----~------~------~----
o 0.26 0.6 	 1.0 

Aelative Soli Nitrogen StatuI 

Figure 4.19 	 The productivity of winter wheat without 
addition of fertilizer on four hypothetical 
soils with a range in nitrogen status 
(0 represents severe N deficiency and 
1 represents a high soil-N level). 

Saoo grain yield will be harvested witl'lart: extra fertilizer 

addition, but this yield ootp..It will cause a decline in the soil 

nutrient level am affect productivity in subsequent seasons. To 

prevent degradation, mineral fertilizer shoold be awliEd to 

CXJTPlernent the loss of soil mineral nitrl::x3en through crq:> uptake 
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fran the soil pool. 'lhls also will help to maintain soil organic 

matter by the addition of fresh organic matter fran greater crop 

residues. 

To maintain soil nitrogen nutrient levels, the arramt of 

fertilizer CiH')lied to the soil shruld be equal to or more than the 

crop uptake. Average arramts of elenert:al nitrogen ackied or 

taken up fran the medium nitrogen level soil thrtxlghout nine years 

fran 1971-1980 are shown in Figure 4.20. '!he dynamics of soil 

nitrogen can be assessed by calcu1atirg the aI'lOlIlts of soil 

nitrogen added or taken up. Grain yield increased as fp.rtilizer 

Chang. In 8011 N 8tatul (I<g/h~) 
80 

180 80 

180 40 
20 

120 
~~=-~~~·--~~----~--~---~-+O 

90 -20 

80 -40 

30 -80 

o 30 80 lio 120 150 1 0 210 -80 

Nitrogen Appilid II Fertlllmr (kg/ha) 

- H Applied -+- H lro.. Pllnl Reeldue 

-- H Upl .... by Crop ~ Change In 8011 H 

Figure 4.20 	 The simulated components of the nitrogen balance 
of winter wheat systems on a s0il with an initial 
middle level of soil nitrogen. Each point is the 
mean of 9 cropping seasons from 1971 to 1980. 

acktition increased, an:! plant uptake of nitrogen increased 

linearly with yield. When the annmt of fertilizer awlied 

increased fran 30 kgjha to 210 kgjha, the grain yield increased 

fran 3178 kgjha to 3758 kgfha, am the nitrogen uptake increased 

fran 110 kgjha to 165 kgjha. At the sane t.ure, the aI'lOlIlt of 
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nitrogen contri.b.rt:.ed to the soil pool increased at a higher rate 

than crop uptake. In acklition, there is also 2150 kg/ha of root 

an:! st:uJ::i:>le residue fran the previoos crop which SUWlies a1::lalt 21 

kg Njha nitrogr.>....n to the soil every year. In reality the a:.tnmt of 

roots an::l residue wo.J1.d be expected to i.ocrease with tiJre at 

higher levels of N awlication. Jia,.lever, to avoid the 

acx:u:nulation of IX>SSible IOOClel errors, values are reset to the 

initial value each E"eason. '!his estimate is therefore 

conservative. 

After 10 years, the soil nitrogen CXI1tents differed with the 

anomt of fertilizer awlied, fran -73 kg Njha withcut nitrogen 

aatition to +65 kg Njha when 210 kg N/ha,lyr of fertilizer was 

added. '!he acklition of 120 kg Njha resulted in 00 soil-N 

depletion. '!his irrlicates that in order to prevent d~dation of 

soil nitrogen levels, at least 120 kg N/ha shoold be awlied every 

season. '!his is in line with the econanic an:! S",ocial benefit 

analysis in section 4.4.4, an:! suggests that a reasonable 

recCltlllen::1ation for the medium nitrogen level soil woold be between 

110 an:! 130 kg Nfhalyr. 

4.4.7 Q:n;lusicn 

Whilst the results in this presentation depen:l 0,'1 IOOdel wt:p.rt:, 

an:! only a limited mnnber of seasons were tested, the author 

cxn::ludes that the estimated responses ootainec1 in tlti s exercise 

are in line with his field experience. Based on this initial 

analysis, a rrore thoroogh evaluation usi.rg lOl¥;Jer climatic 

datasets, several contrastirg locations, an:! validation with field 

trial data has been pl:"q?OS€d. 

http:contri.b.rt:.ed
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5.1 Int::rcdx:ti.on 

'!he formation of a project fcx::used on questions of adoption am 
inpact is a reflection of both National Programs' am Ic.ARflI\'s 

maturation. New technologies haVG been developed which are now 

available for fanrers. In many countries fanners are already 

usinJ SOT¥:! of these irrproved fa.nni.r¥J IOOthods. '!he extent to which 

famers are able to 3dopt new technology, am the inpact such 

technology has on productivity anj econanic return nust 

continually be rronitored to assess the relevance of researr.h 

programs. '!his project develops IOOthods of predictinJ, assessinJ, 

am inprovin;J the adoption anj inpact of new technologies. 

Technologies nrust be acceptable to many parties in order to be 

r-ut to widespread use. '!he farmer is usually considered the erxi 

user; for him, a new teclmolcx;JY nrust be appropriate anj profitable 

within his means anj abil i ties, culturally pennissible, arrl not 

unreasonably risky. In this ~ion, where gove.rrutents play an 

inportant role in the agricultural sector, their priorities also 

rrust be urrlerstocxi; these concern focx:I self-sufficiency, pricing 

policies, anj allocation of production inputs arrong sectors. It 

is also necessary in sc:m::! cases to consider the COnstIJt"er of fann 

produce, as in the case of crops which must meet certain stan.::lards 

to be marketable. A better urrlerstanding of these factors will 

allCM ICARDi\ am national research programs to concentrate efforts 

on teclmologies which will most likely be exterrled am adopted. 

In establishing research priorities it is important to 

quantify the potential inpact of technologies on focx:I production 

arrl national agricultural incane. We nrust be prepared to predict 

am rronitor the irrpact of new technologies on the econcmic well

beinJ of fann families. Lessons of pr'evious technological cllarr;Je 

http:Int::rcdx:ti.on
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(i.e., the "green revolution") irrlicate that illpact nust be 

cx:nsidered in a broader sense, in:::l\.rlin:J the side effects of new 

t.edmolCXJies am unbalarx::led costs arrl. benefits withln different 

parts of the agricultural sector. 'lhese in:::lude effects al 

employment, nutrition, women's opporomities am inc:x:me 

distriJ::m:ion. 

our 10l'X1 term goal in this project is to assess fact:ars 

related to the acceptability of new tedmologies, am deYel.q> 

DEtlxxls to predict, lID'litar am .iDprove the cd:¢iCll am :i.upact of 

t.ec::hoology at the natimal., OCIIIIIJIli.ty am fam level.. We will 

attain this goal thro.lgh the followirg rre:lium term cbjectives: 

1. 	 To help biolCXJical scientists design tedmolCXJies which can be 

easily a<:lq:rt:ed by fanners tht"CU3h the collection arrl. 

interpretation of infornation on the needs arrl. constraints of 

fanners. 

2. 	 To help to derive ways to int.rcxiuoe new practices into fannirg 

systems of the region. 

3. 	 To describe ways to estimate the inpact of new t.edmolCXJY, arrl. 

to identify benefits arrl. prcblerns arisirg fran nE!t'1 practices 

arrl. their .inplications for technolCXJY design. 

4. 	 To assess, within the region, trerrls in crc::p productioo, 

policies affectirg agriculture, labor SUWly am other 

sociological and economic factors directly affectin;J 

agria.1lture. 

In oor report this year, a variety of topics are ad:iressed 

ooverin;J the adc:¢.ion of winter sown chickpea in J.i:)rocx:x>, risk 

associated with current strategies to meet risirg sheep feed 

denarrls in Syria, a CXIlpCUCltive analysis of ch:m:Jin;J lentil 

http:agria.1l
http:OCIIIIIJIli.ty
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production strategies over a 10 year period in Syria, the 

inplkations of variable season rainfall on fanners' stul:ble 

management strategies and a carparative analysis of production 

ftmctions as descriptors of the inpact of tedmology on barley 

yields in sootheast Turkey arrl Northern syria. 

In at.."ution, we present Sl.U'!Illa.IY highlights of eight case 

stu:ties of agricultural labor arrl tedmological c:han;Je. 'lhese 

stu:ties fonood part of a specially funjed project am were 

c:x:n::luct.ed durirg 1987 am 1988 by national researd1 teams in 

Algeria, fwklrocco, 'l\lnisia, Jcrdan arxl Turkey. 

5.2 JI.!Xpt.i.m Dynamics of winter SOWn Clri.dcpea in "'~([txXX> 

M. Amine (DW, MJrocco), M. Kamal (INRA, fwklroc:x:x» 
M. Selh (FLIP), am R. Tutwiler (FR>JP) 

5. 2 .1 Introduct.icn 

Olickpea constitutes the secorri rrost iITportant food legurre crcp in 

fwklrocco. Production is concentrated in drylarrl areas to the west 

of the Atlas llO.ll1tains that receive nore than 300 mn average 

anrrual precipitatkn. 'Ihe f~ systeJrs of these areas are 

character:.. ,tically daninated by cereal arxl livestock production, 

rut dllckpeas usually fulfil an inportant role within the usual 

tw-course rotations with winter cereals arrl, to a lTll<".h lesser 

extent, vegetables am forage crc:p;. Localized larxirace 

varieties are the predaninant dllckpea cultivars arxl are 

traditionally SCM1 in the sprirxl (late February-March) for 

harvest in SUI'Iiller (JUJ'lEMJuly). yields vary greatly fran year-to

year, fran region to region, arrl fran fanoor to farner. 

Figure 5.2.1 presents a~ate yield am area planted for the 

fifteen year period 1970-1985. When cx::ttpared to rainfall data, 

the fluctuation in both yield arxl area planted correspor¥:ls 

http:c:x:n::luct.ed
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Morocco 
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Figure 5.2.1 National trends in chickpea production 
in Morocco. 

closely with variation in precipitation. &It rainfall, altha~ 

the tooSt easily identified, is only one of a mnnber of factors 

cx:ntribIti.n:J to the considerable variation in productivity that 

are rot disclosed by agJregate national statistics. 'Ihere is 

little infonnation available for yield variation fran region to 

regioo am fanner to fanner, rut there is considerable evidence 
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that these differences are great. Wide variations in o..1l.tural 

practices, fann resource allocations for dlickpea, incidences of 

diseases and pests, and other factors all serve to separate highly 

productive famers fran their less successful. colleagues. 

'roo last two decades witnessed a narked dl.arge in the 

geograt:hical distrib.Ition of drickpea production in K"'rocco. 

Fonrerly highly prcductive regions to the south arrl soothwest of 

casablanca have considerably reduced the total area planted to 

chickpea , and many famers in this region have aban:loned 

dlickpeas altcxjether . '!he retreat has been attr.ib.lted to two 

causes: a prolon:}ed drought and the ravages of the blight 

hSCXX:hvta rabei. Another factor cited by fanners arrl researchers 

througho.:t furocco is the high CXlSt of grcwifXJ am haIvestin;J the 

crup US.IDJ harri labor. cereals WOlld awaar the clear victor 

over chickpeas in planting decisions basErl on considerations of 

risk am labor costs. 

lCARIll\ has devoted considerable efforts tcMards lltpl'ovirx.J 

chickpea yields in the West Asia am North Africa region. 

Scientists in the Foo::l Legurre In'provement Prcxjram have rieveloped 

o..1l.tivars whid1 are cold tolerant and therefore can be sown in 

November-~ for harvestill:] in early st.nl1OOI'. '!he winter 

sown chickpea is also bred for enhanced resistance to l.scochyta 

blight. On-station and on-fam trials indicate that winter sown 

chickpea, with its longer growing season, arrl therefore greater 

likelihooJ of receivll:] adequate rainfall in the Meditenanean 

clim:lte, can prexiuce up to twice the total biClll3SS of sprin;J sown 

varieties. Seed yields have been as high as two to three tin.as 

that of spring chickpeas. Looking at the TlI?W technology fran the 

famers' point of view, scientists see the possible disadvantages 

of the winter cuItivars, as ~ to spring chi~, as 

being: (1) tile need for at least one additional weErl control 

cpe.ration 0tiring the lOn:}er growing season arrl (2) the noticeably 



259 

smaller size of the chickpea seed produced by released varieties. 

Smaller seed size may be translated into lower market prices. 

However, even ac:xnmtirg for increased weed control costs arrl 

possible reducErl market value, the winter chickpea looks IlX>1"e 

profitable than sprirg because of its higher prc:xiu<..tivity run 
reduced risk of crcp failure due to clralght (see also section 3.3 

of this report) . 

5.2.2 Devel.cpnesrt: of winter Sown varieties in ~ 

z.broccan authorities have given considerable attention to winter 

sown chickpea cultivars as a possible way of stabilizirg arrl 

reversirg past prcrluction trerrls. In particular, the new 

techrX)logy is viewed as a means of reclaimin:J old prcrluction areas 

arrl expanlin::J into new ones. If fanners adcpted the new 

t.echnology, then there ccllid be a I'1l.m'ber of national benefits: 

(1) inproved fann:irx:xJre, (2) increased earni.rq of foreign ir¥:::clre 

tllrtu;Jh exports, (3) increased danestic protein consurrpt.ion, arrl 

(4) enhanced soil nitrogen content. 

Begi.nni.rl3 with ge.rnq:>lasm develc:p;rl at I~, scientists at 

the L'lStitut National de la Recherche lIgronanique (INRA) started 

in the early nineteen-eighties with the process of adaptirg winter 

chickpea technology to the corrlitions of z.broccan fanners. INRA 

followed a dual awroach: on station work concentJ:.-dted a1 

adaptirg ge.rnq:>lasm am cultural practices to Moroccan corrlitialS 

while 01'1 farm work ailood at verifyirg the new technology am 
identifyirg the constraints to achievin;J maxim..nn yields. 

Cerronstration plots were pIt on fanners' fields on a limited 

scal~ in the 1985/1986 season. 'IWo varieties, IIC 48:! arrl IIC 

195, were released by INRA in 1987/1988, am a nati0i1-wide program 

of derronstrations on fanns was begun by the Direction du 

Production Vegetale (DPV) of the Ministry of AgricultUl.-e am 
~ian Refonn. Cerronstrations had been started earlier by INRA 

http:earni.rq
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in the Settat arrl Olaruia areas, bJt these were on a limited scale 

only. 

'!he results of these efforts were pranisi.rg. '!he 1987/19a8 

dennnstration plots gave excellent yields as carpared to lcx:al 

spri.rg a.1l.tivars, arrl an arrbitioos program of sare 104 

deJoonstration plots was planned for the 1988-89 season as work on 

station cx:.mtinued. HcMever, there had been little in the way of 

fam-level analyses of farrrers' reactions to the new ted'u'x>lCXJY 

nor assessrrent of its adq:lt.ion potential. DW, INRA, arrl I~ 

agreed in r:e::ember, 1988 to urrlert:ak£ a cx:x:perative sbXiy which 

would provide this ltU.ldl needed infonnation to help guide fUrther 

researd1, developrent, arrl extension efforts. 

5.2.3 ctriectives arrl Design of winter Qrlckpea J\da)t.iat stuly 

'!he cx:x:perative study began with IOOdest oojectives. '!he primary 

oojectives were two-fold: (1) to describe the technical 

perfOntlCID'.:;e of winter sown varieties on fanoors' fields usi.rg 

oonventir..mal a.lJ tivation practh~ arrl (2) to elicit fanner 

responses to gror...'irg winter chicl-pea. '!here were two secondary 

oojectives: (3) to collect partial l:::u:iget data enabling an 

ecornnic canparison of winter arrl sprin] sown chickpea arrl (4) to 

identify the principal incentives arrl constraints to adqrt:in:] 

winter sown chickpeas within the drylarrl fa.rm.in;J systems of 

fwbrocco. A corollary of oojectives (1) arrl (4) was to dleck the 

validity of a Fiori asstUTptions regard.i.n:J the ~ costs an:l 

marketability constraints for adqn:in:] winter chickpea. 

rata collection was done t.hr'cxJgh a fanner SUlvey. '!he 

questionnaire was divided into foor groops of questions. '!he 

first group concentrated on describi.rg the holdin;J arrl the 

fannin;J system. '!he secorrl group related to the introduction of 

winter dlicl<pea an::1 its adqJtion or non-adqrt:ion by tile farmer. 

http:pranisi.rg


'!he third groop looked at the technical am ecorx:mic aspects of 

producirq winter chickpea. Finally, the fa'rth groop of 

questions scoght farner evaluations of winter chickpea am asked 

al:x:ut future plans to grow the crq>. 

'!he SUIVE:y sanple was stratified alorq three dirrensions as 

follar.'S: (1) location, (2) experience with growIDJ winter 

chickpea, anj (3) acx::ess to resoorces. Geograptically, foor 

provin::es were selected as target areas by Moroccan scientists. 

'1hese were Safi am Settat provin::es in the sooth anj Fes am 
I(henisset in the oorth (see Figure 5.2.2) '!he oorthem provinces 

represent current priocipal producIDJ areas of drylanj sprirq 

chickpea. '!he two soothem provin::es are previously producIDJ 

areas in which it is hcp:d the fe.4 technology will facilitate the 

re-introductkn of chickpea. 

In tenns of experience, foor fanrer categories were 

delineated: category I were farTlW:!:rs who had previously 

participated in trials anj der.'onstrations rut had decided not to 

qrtN winter chickpea in 1988/1989; category II were famers who 

were qrtNIDJ winter chickpea for the first time in 1988/198~ CiS 

participants in the DW deIoonstration program; category IE were 

fann~ growirq winter chickpea in 1988/1989 irrlependently of the 

DW program who mayor may not have had prev.'l.ous experience with 

the ~; am category IV were famers who had never grc:M1 winter 

chickpea. category I farner.:; were ch;>...racterized as "non-adcpters" 

because they preferred ~ to continue with ,·"jnt.er chickpea. 

category II were current "trial" famers in the prooess of 

evaluatirq the technology for the first tiIoc:. category III 

fanners represented an "adc.pter" gra.tp, although they had 

different degrees of experience. category IV famers were tenned 

"neighbors" because JOOSt of them lived in close proximity to 

merci::lers of tre other groops am had sec::oro.-harrl exposure to the 

new techoology. 
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Figure__5~~ Winter chickpea study regions in Morocco, 1989. 

Act::ess to rescA.IrCeS was defined broadly in teJ:l\lS of fann size 

am flexibility of lam use. 'lbree fann-size grwps were decided 

upon. large holdirgs were those with 100 hectares or nore. 

Micklle holdirgs contained 99 to 30 hectares, am small holc:li.n;Js 

were less than 30 hectares. In general, there was a 

corresporrlence between fam size am equiprent (tractors am 

other implerrents) a,.med by the farmer. 

Sanple selection proceeded in the followir'xI way. First, the 

interview team visited the Direction Provinciale de l'Jl.griculture 

(DPA) in each province to be surveyed. In consultation with the 

director of the DPA am the directors of the Centres 00 Travaux 
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(cr) in the proviooe, lists of fanners fittirg into artyOl)2 of the 

four ca't.a]ories were CCIllJiled. Followin:} this, fanners to be 

oart:.acted am interviewed were detennined by the stratificatim 

criteria am the fanners' availability. 

Interviews were CXll'rlucted cn-fann by a team CXlrp()sed of two 

scientists fran DW am a representative of tl1e local extensim 

service within the jurisclictim of eadl cr. For all interviews 

in safi provin:Je am sane of those in I<hemisset provl.oce, the 

team was aa:::arpanied by an lCARJll\ scientist. A pretest of the 

questionnaire was done in late March, am mn:vey intervicwin3' 

started in June arrl lasted t:hrcu;Jh July. A total of 112 fanners 

were interviewed. 

5.2.4 winter Chickpea ~Cll:JIilJ'De 1988/1989 

Climatic con:litions durirg the 1988/1989 grcMin:] season were 

px>r. 'l!1e arramt of rainfall was fairly good, with total 

aOClllYlllation near annual averages in the four provin:es surveyed. 

Unforbmately, clistrib..Jt.ion durin:] the season was uneven, arrl the 

heavy rains which carre in April were oorrlL.'Cive to Ascochyta 

blight in all areas except safi province. High rainfall early in 

the season was followed by a dry period in Decentler until 

February. 'The two northern provirx::es suffered both winter arrl 

sprin:] weed infestations due to the tbnin::J of this year's rainfall 

(see Figure 5.2. 3) • Althalgh the two saIthern provirx::es have a 

1cn:J term average rainfall abc:A.It 150 ll1I\ less than the two northern 

provirx::es, this year they received similar annmts. So total 

rainfall was not as ilrportant in clistin::Juishin:} north fran so..rt:h 

as was the t~ of the rains. 

lIdverse weather arrl serioos biotic factors are reflected in 

the results of on-station chickpea breedin:] nurseries and agrorx::my 

trials. Many tested lines ootyielded the high-yielding released 

http:abc:A.It
http:clistrib..Jt
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Figure 5.2.3 	 Precipitation at three research stations 1988/89 in 
Morocco 

arrl widely aJapted line IIC 482 that was serioosly affected by 

Ascod1yta Blight in aJ..m:r.;t every location. At Merdlouch station 

in I<hemisset province, for exaIll>le, the highest yield for IIC 482 

was only 2. 3 qx/ha (i. e., 230 kg per hectare). other stations in 

the surveyed provinces did better. At Jamaat Sahim in Safi 

province IIC 482 yielded 31.3 qx/ha, arrl at lb.Iyet in Fes province 

IIC 482 yielded 21. 7 qx/ha. Even when IIC 482 escaperl the ravages 

of Ascochyta Blight, weeds ca1ld be a major detriment to high 

yields. At a herbicide agrorany trial at lb.Iyet (Fes province), 

the weedy dleck yielded 9.7 qx,Iha while CCIIpletely weed-free plots 

gave 15.5 qx/ha. 

SUrveyed fanners faced similar problems with Ascx::r..hyta arrl 

weeds, arrl they also experierx::ed substantial yield variations. Of 

the 52 fanrers in categories I arrl III who were growin:J winter 
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chickpea in 1988/1989, 28 had serioos Ascochyta attacks. sate 

five of these had no harvest at all be=ause of blight, am a 

further eight had less than 5.0 qx/ha yield. It b little 

CXI'lSOlation to these fanners that 1988-89 was also a terrible 

year for sprinJ chickpea yields because of the rainfall pattern 

am ensui.rg Ascochyta. 

Chickpea yj eld cx:::rrparisons ~ SUIVeyed famers are 

presented in Table 5.2.1. Despite the ravages of Ascochyt..a, the 

released winter chickpea lines He 482 am IIC 195 out-performed 

local sprinJ cultivars by a slim margin. InterestinJly, category 

III fanners (adcpters) had higher yields on the average than 

category II fanners (denonstration plots). Location WCX1ld awear 
to be a significant factor, with Safi average yield beinJ JOC)I'e 

than dooble that of Khemisset. winter chickpea yields ~ 

greater variation than do sprinJ yields. '!he average winter yield 

figure in the previous year (1987/88), a year with favorable 

clilnatic corrlitions, was 14.3 qx/ha, a figure based upon tb.P. 

reported yields of the 23 famers in the sanple who grew winter 

chickpea last year am remembered their yields. 

Table 5.2.1 	 Stnnmary of winter am sprirq chickpea yields, 1988/89 
(based on survey results) 

yield ~e Average yield 
% with 
Blight winter SprinJ winter SprinJ 

Safi 27% 0-22 .NA 13.5 .NA 
Settat 90% 0-12 0-16 8.0 11.6 
Khemisset 44% 0-20 5-10 6.3 8.1 
Fes 70% 4.4-20 2-11 10.1 7.4 

Mean for farms 54% 9.7 8.4 
Weighted by area 10.3 8.6 

Mean for 1987/88 	 15.3 .NA 

http:ensui.rg
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5.2.5 

Whenever poosible, the survey collected fran category II arxl III 

fanners detailed accoonts of all production cparations for winter 

dUckpea fran first tillage to post-harvest cperations. '!his 

information was then us,~'d to <XIll'ile enterprise gross margins. 

Mrj cost for p.u:chasirg, renting, or ~irg lam was oot 

ircluded. Variable costs, such as those for tillage, labor, am 
inp..rt:s, were figured in two different ways. The first way was to 

sinply record arrl sum all actual cash expeOOitures for cus+...an 

hire, daily laborers, seeds, fertilizer, am so forth. '!his 

rrethod does not.:. irclude, for exarrple, unpaid family labor as a 

cost. The seo)m rrethcxi sooght to p..rt: an i.rrp.Ited cost on family 

labor am the use of fanner a..med equipoont. All labor was 

asstma:l to be hir€(: LIrrl all tillage cperations were asstma:l to be 

done with hired tractors and equiprent. '!hese i terns were then 

costed usirg prevailing wage arxl lUre rates for the operation arrl 

the tirre of year. 

By dividirg each cost calculation by gross rutput in quintals 

two figures were derived: cash paid per qujntal an:i i.rrp.Ited cost 

per quintal. To achieve a reasonable figure that wolld allCM 

ccrtparison between farms operatirg rostly on a cash basis ard 

those which relied priIrarily on family labor arxl other non-cash 

experditures, the cash paid arrl the i.np.Jted cost were averaged for 

each fann. It was therefore poosible to rank all producers 

ac:x:x:>rdirg to variable costs in lwbroccan dirhams (rn) pP-I" qx. The 

gross margin was calculated by subtractirg the average variable 

cost fran the gross ootplt. '!his was then calculated as a gross 

margin in []-I per hectare. Table 5. 2 . 2 presents the results of 

this aCCXJllIltirg exercise. 

When aU 41 cases fran categories II arrl III which harvested 

winter chickpeas am could provide cost information are ranked by 
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Table 5, 2 , 2 	 Ecx:nanic performance of winter chickpea producers 
(ranked by Gross Margin per hectare) 

Province Fanner 
category 

Area 
planted 

(ha) 

Yield 
per 

Qx/ha 

Inp.rt:ed 
cost! 
lE/Qx 

Paid IVariable 
cash' cost 

rn;Qx IRanId.rq 

Gross 
margin 
IlJ/ha 

'Too Twl Proc!uoers by Gross Margin 

safi 
J'es 
~~fi 
safi 
Khemi.sset 
I<hem.isset 
l<hemi.sset 
safi 
safi 
settat 

Fes 
safi 
I<hem.isset 
safi 
Fes 
Fes 
safi 
settat 
Fes 
safi 
settat 
safi 
Fes 
settat 
Fes 
safi 
l<hemisset 
Fes 
I<hem.isset 
Fes 
I<hem.isset 

III 
II 

III 
III 
III 
II 
II 

III 
III 
III 

II 
II 

III 
II 

III 
II 
II 
II 
II 

III 
II 

III 
II 

III 
II 

III 
III 
III 
II 

III 
II 

3 
2 
4 
5 
1 
B 

17 
6 
9 

13 

14 
26 
10 
21 
16 
15 
11 
1B 
23 

7 
12 
, .. 
20 
22 
23 
19 
29 
27 
30 
2B 
31 

4667 
';4B9 
373B 
31BO 
2BB1 
2'770 
2656 
228;' 
2226 
1695 

1676 
1562 
1516 
1490 
1441 
1395 
1320 
12B6 
1211 
10B6 
1019 
1006 
947 
7B7 
757 
634 
596 
461 
331 
301 
121 

4,0 
O,B 
1.0 
1.0 

3B.0 
0.5 
C.5 

10.0 
0.6 
O.B 

22,0 
21.0 
1B.0 
16,0 
13.3 
15.6 
20.0 
12.0 
13.3 
12.0 

44 
72 
41 
68 
50 
95 

152 
7B 

112 
157 

31 
0 

44 
35 
17 
50 
B3 
41 
53 
60 

0.5 
0.1 

20.0 
1.0 
1.0 
1.5 
1.5 
O.B 
0.4 
6.0 
O.B 
2.5 
O.B 
2.0 
O.B 
2.0 
1.0 
0.5 
0.5 
3.0 
1.0 

12.0 
20.0 
10.0 
14.5 
10.B 
10.0 
9.0 

10.7 
13.3 
6.0 
7.0 

11.5 
B.B 
B.O 
B.3 
S.5 
9.0 
6.0 
6.0 
4.4 
5.0 

133 
224 

96 
193 
145 
136 
122 
133 
166 
120 
149 
146 
160 
160 
160 
151 
197 
317 
255 
261 
2B6 

BB 
120 
101 
101 

BB 
B5 
B5 

127 
152 

IB 
61) 

179 
125 
143 
157 
11B 
171 

30 
134 
103 
166 

Bottan Te1 Pro:luoers by Gross Maroin 

379 32O.B 6.7 121Fes II 
33l<hemi.sset O.B 4.7 353 193II 
34l<hemi.sset II 0.5 5.0 357 232 

0.5 669 36l<hemisset II 2.0 320 
0.5 676 39l<hemi.sset II 2.0 405 

794 3Bl<hemisset II 0.5 2.2 2B5 
37l<hemi.sset O.B 71B 2B4II 3.0 
40I<hemisset 0.5 1392 70BII 1.2 
41I<hem.i.sset II O.B 1.0 1411 122B 
35l<hemisset II 0.5 12.0 463 239 

All Producers: Mean 9.7 2B7.5 165.4 
Std. Dev. 312.9 209.75.6 

1.0 40.B 0.0Min. 
Max. 22.0 1411.0 122B.0 

-2 
-108 
-223 
-4B9 
-581 
-637 
-753 
-960 

-1070 
-1214 

1109.6 
1413.5 

-1213.5 
4667.1 
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gross margin per hectare, sane interest.i.rg patterns emerge, 

particularly for the bottan ten producers who had negative gross 

margins. 'Ihese fanners are all in Category II, am 9 rut of 10 

are located in Khemisset provirx::e. Not SUIpris.i.rgly, their 

yields are low am their costs are high due to weed infestatior.s. 

In contrast, seven rut of the 1:q) ten gross margin per hectare 

producers are Category III fanners, am half of the t:q> ten are in 

safi province where weeds were not a pI"d;jlem this year. 

When asked aba.tt costs irx::urred in produc.i.rg winter chickpea, 

fanners roost often cited laJ:x.r re:}Uirements as their biggest 

oost. '!he JOOSt labor c:iemarrli.rg c.perations are reported as beirq 

crcp maintenance activities to control weeds am harvest.i.rg, 

in:::lu:ll.rg post-harvest t.hreshirxJ am ba<.R.i.rg. Table 5.2.3 gives 

the a~te figures for labor allocation by winter chickpea 

producers. 'Ihe left-harxi COhlllU1 lists the fanner groups 

considered: all producers in the survey, foor groops based on 

location, am two groups based on cost rallki.n;J. Production 

operations are divided into three categories: tillage am 
seedin:J, maintenance am weed.in;J, am harvest am post-harvest 

operations. In general, aba.tt 62% of labor is devoted to weed 

Table 5.2. 3 	 Labor allocation by winter chickpea producers 
(person days per hectare) 

F'ar1oor groups Average Tillage & Mainten. & Harvest & 
daysjha sea:tirg weed.i.nJ post-har. 

All producers 18 1 (5%) 11 (62%) 6 (33%) 

Fes fanners 32 4 (14%) 19 (58%) 9 (28%) 
Khemisset fanners 13 0 (2%) 11 (85%) 2 (13%) 
safi fanners 10 1 (10%) 7 (65%) 3 (25%) 
Settat fanners 24 1 (10%) 13 (54%) 10 (42%) 

Tc:p 10 cost rank 9 0 (2%) 7 (83%) 2 (15%) 
last :" 0 cost rank 64 1 (4%) 34 (51%) 29 (45%) 

http:weed.i.nJ
http:ba<.R.i.rg
http:in:::lu:ll.rg
http:harvest.i.rg
http:c:iemarrli.rg
http:produc.i.rg
http:interest.i.rg
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control. '!his can be divided into two periods of peak dernard. 

'!he first is aba.lt a m:mth to six weeks after plantirxJ am the 

secord is aba.lt six to eight weeks before harvest. It is 

interestirxJ to note that maintenance patterns vary by location. 

In the northern provinces nore labor is devoted to the earlier 

weed control operation, while in the SCAIth the later, pre-·harvest 

cperation, absorbs nore labor. 

In tenns of absolute days per hectare devoted to weed control, 

lcr..ation in safi is clearly an advantage. By the sarre token, 

nine of the botton ten gra.tp with the hignest variable costs in 

production were located in Khemisset province. '!hey averaged a 

treroorrloos 64 days per hectare, half of whidl was used in weed 

c:ontrol. '!his is fully three tiJres the average days per he...""1:are 

of the total 'XlIlpJ e. 'Ihe irrportance of weed C011trol is also 

deJronstrated by the relative labor experrll.ture devoted to it. by 

the tcp ten least cost fanners. Eighty-three per cent of their 

labor went to the task of weed control. It shoold be noted, 

hcMever, that their lower labor costs in harvesting \YaS due 

partly to the fact that three of the ten used med'laJ1icaJ. 

ha..'>'VestirxJ, acceptirxJ sane yield loss in order to decrease labor 

CClE'.ts. 

The average farrn-gate price for winter dlickpea in June am 
July of 1989 was Ilf257 per quintal (awroximately US$30.24 per 

100 kg). '!his was slightly higher than the 1988 price of Ili233 

per quintal am the 1987 price of Ilf212 per quintal. '!he lowest 

price received in 1989 was 1]-1185 am the highest was IE400. Just 

1..U'rler 50% of producers sellirxJ their harvests did so in local 

market places. Aba.it one in eight of the sellers sold to 

neighbors who inten::led to plant winter chickpea next year. Table 

5.2.4 gives t~.~ distril:J..Ition of sellirxJ arran:Jerrents. The 

reported fann-gate price for the larger-seeded local sprirxJ 

dlickpeas was between IlDOO am IlD50 per quintal, or aba.lt 25% 

higher than the price for winter dlic.kpea. 

http:US$30.24
http:CClE'.ts
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Table 5.2.4 	 Sellin:J arrarge:ments for winter 
chickpea (produoers hav.in;J sold 
or plaIlllin:J to sell, July 1989) 

Percent usin;J 
ArrarXJe:ment arrargemint 

Sales in local market 48% 
Sales to neighl:x:m" for seed 12% 
Sales to blyers-up 7% 
Sales jn distant markets 5% 
Sales by prior contract 5% 

still await.in;J good price 23% 

5.2.6 'l'renis in the Fal:mirg System 

'!he adqJt:ion potential of winter sown chickpea cannot be assessed 

withrut first considering the nature uf the fanning system. '!he 

overwhel.mi.n:j majority of famers surveyed practice a two-course 

rotation with winter cereals followed by both feud and feed 

leglJI'leS or fallow. In the 1988/1989 season, cereals were sown to 

abo..rt: 60% of the total land of the 112 fanns. Food legmnes 

covered about 20%, and the remainder was divided between fallow 

and forages .. t~~ crops, and vegetables. 

'!here are saoo significant differences in crq:.ping patterns 

bebJeen category I fanners, the non-adopters of winter chickpea, 

and category III fanners, those who have selected the new 
tedmology. ":he non-adopters average 57% of their land in 

cereals, 20% in food leguJOOS, and only 3% in fallow. '!he 

remairrler is IroStly devoi:ed to forages and tree crcp;. Adopters 

of winter chickpea g.l"CM slightly rore cereal (61%) and one

quarter less food legtD1Y2S (15%), but have ruch nore fallow land 

(14%) . 'Ibe adopters terrl to have larger fanns, but own less of 

the land they cultivate (65% as ~ to 86% ownership by non

adc¢ers) • 
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A.l.m:>st all famers practice mixed fann.in;:J, am anilnals 

exnstitute an i~rtant econanic resource closely linked with 

cereal am legume pro:iuction. '!he overall average for the .:>dITple 

was 14 ca-:tle (CX1w'S, bulls, am offspr~) am 81 S'T'aJ::" rum..inants 

(sheep arrl goats plus their offsprirg) per fann, althoogh sane 

farms had several hurrlred head arrl a few had none at all. M::lst 

farms also p::>sSeSS at least one boASt of burden. Mules are 

particularly popular for drawirg plOw'S, but donkeys arrl horses are 

widespread. Tractors are also ruch in evidence, am the sanple 

was about equally divided between those who CMIl9d one or lI'Ore 

tractors am those who owned none. 

Virtually all famers in the sanple errployed seasonal labor, 

palticularly fo~ crop maintenance am harvest activities. A 

Sill-prisin]ly large number also errployed pennanent workers. 

Larger flocks of sheep arrl goats arrl herds ,:,f cattle are allnost 

a!\mys terrled by a professional sheti1erd 0.1.' cowherd who usually 

works for a percentage of the animal pro:iuction each year. Other 

permanent workers terrl to be specialized tractor operators or 

general laborers. on an average, the farms in the sanple haa two 

permanent hired workers. Also, an average of two family members, 

not includin:] the fanner himsel f, worked on the fann without pay. 

'lhe general view that food legume pro:iuction has been 

decl inirg in drylarrl areas W-dS borne out by the survey. Table 

5.2.5 shOw'S the chan:jes in fann larrl devoted to food l~ 

reported by the surveyed fanners. OVerall, 56% of fanners 

reported a decrease in lam sown to food legtIJreS on their fanns in 

the past five years. only 22% said they ....-ere grc:Mirg lI'Or€ 

hectares in food legtIJreS than in the past, for a net figure of 34% 

of fanners g ro,."ring less lam in food I egtIJreS . 

'!he decline varies fran province to province, fann size to 

fann size, arrl category of famer to category of fanoor in the 
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Table 5 . .2.5 	 Reported d'larges in focx:l legurre area planted (over 
past five years) 

Percentages of fanners reportirq: 
Net 

Fanner group Increase Decrease No d'larg€! fanners 
in area in area in area d'largin;r, 

All farms 22% 56% 22% -34% 

safi province 38% 38% 24% 0% 
Settat province 13% 69% 18% -56% 
Khem.isset province 14% 62% 24% -48% 
Fes province 30% 50% 20% -20% 

Size l1'Ore than 99 ha 28% 60% 12% -32% 
Size between 99-30 ha 21% 64% 15% -43% 
Size less than 30 ha 21% 48% 31% -27% 

category I 6% 63% 31% -57% 
category II 20% 60% 20% -40% 
category III 32% 5~"~'J 16% -20% 
category IV 26% 52% 22% -26% 

survey. safi province has a net balance between fanners 

decreasirq their area of focx:l legumes aI'rl fanners increasirq the 

area they plant. In Fes province, half the fanners said they 

decreased, but 30% are increasirq, so the net number of decreasers 

is only one farTlm' in five. Settat am Khemisset provinces, 

where Ascochyta is particularly prevalent, show that aOOJt two

thirds of fanners have decreased focx:l legume prcx:ruction, am only 

slightly over 13% are increasin:]. With regards to fann size, the 

smallest farms (w'rler 30 ha) show the rrost stability. large fartlS 

(100 ha am over) show thehighest degree of c::ha.rqe. large fartlS 

decreasin:] area are rore offset by farms increasirq than is the 

case for medium-sized farms, where focx:l legumes have declined the 

nnst. 
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catparison based on the survey fanner categories does rrost to 

in:licate the potential inpact of winter sa.m chickpP...a. Non

adqJters, by arrl large, are J;hasirg da,.m their food legume 

production. One suspects that they are not pre-disposed to 

cx:>nsider adoptirg any new focx:l l~ technology. But when 

category III adopters are considered, tJ'ley have the smallest net 

decline arrl the highest i..nL.---rease percentage of all four fa.nrer 

categories. '!his shows the effect of adoptirg winter SCMl1 

chickpea. Taken as a whole, r.he nurrbers in Table ;). 2 . 5 would seem 

to irrlicate that the most likely area of expan.:;ion of focx:l legtnne 

production in ele next five years might be arroTXJ winter chickpea 

adcpters in Safi province, arrl probably this will be most evident 

aJtlOl"g famers with holdings of 100 11.a arrl above. 

When asked the principal reason for decreasing or keepirg 

stable focx:l legtnne area planted, 44% of fanners cited diSE".ase5 arrl 

pests, partirularly orcbanche for faha bean, nmt for lentil, arrl 

Ascochyta for d1ickpea. A further 30% stated .....hat high labor 

costs maete focx:l legt.areS less profitable than cereals. '!he 

remairrler gave other reasons, or no reason at all, but only 4% 

asserta:l that focx:l legumes receive:l poor prices in the market 

(see Table 5.2.6). 

Table 5.2. 6 	 Reasons for increase, decrease ard stagnation of food 
lequIre area (over past five years) 

Reasons for increase Reasons for de:crease or stagnation 
arrl % fanners reportiTXJ and % fanners reportiTXJ

• 
Gocd prices 40% 
New rotation 24% 
Acquired larrl 16% 
Mech:mical harvest 8% 
Gocd yields 8% 
Farly harvest 4% 

100% 

Diseases arrl pests 44% 
High labor costs 30% 
Conflict with cereals 5% 
No larrl available 5% 
Poor prices 4% 
Risky yield, weeds, other 3% 
No reason given 9% 

100% 
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}Ib;t fanner'! agree that food legwoos fetch good pdces in the 

market. In i~ct, 40% of the fanners reportin;J that they have 

i.rx::reased the area they plant to focxl legumes cla~ that they 

did so to take advantage of high prices. Another. 16% said they 

devoted any r~ lard they acquired to food legwre production. 

About a quarter of those who increased production did so as a way 

of diven;ifyi..IY,J their fal'1lt.in3 system. In addition to takin1 
advi'ntage of good prices arrl rErlucirg the risk of loss due to the 

failure of any si~le crop, these fanners clailood that fOCld 

legumes gave the advantage of feed for livestock arrl enhanced 

yields for cereals on the sarre lam in the follow~ year. 

Inc:::rP.asirg food l~ area usually was done by decreasirg fallow 

an:i not cereal area. 

sin::e 1987, al:x:A.1t 92% of the wj nter chickpeas produced in 

K::>rcx:x::o have been sold. '!he remairrler has stayed on-fann, either 

desti.rcl for household exmsurrption (1%) or used as seeds the 

followirq year (7%). Large fanns teOO to sell a greater 
prcportion of their prcductio!1, whereas small farms terrl t:.cMards 

household coI'lSLDllption. In 1989, the prqlOrtion of the total 

harvest sold, kept for consunption, arrl interded for seed was the 

sarre as .in p:cevioos years. H~er, if the figures are broken 

ck:M1 an:i looked at fran the point of view of farmer categories, a 

slightly different pattern emerges. On an average, Category III 

adqJters sold 87%, but Category II derronstration famers withheld 

fran the market 62% of their production, perhaJ;.G an .in:lication of 

:intention to plant winter chickpea again next year. 

It is worth notirg that all winter chickpea produce:L.J 

mentioned. the value of t:.ha straw am crop residues for feecl.in:J 

haJsehold livestock. 

http:al:x:A.1t
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5.2.7 

Olriosity al:x:l.rt: a new agrio..1l.tural technolo;y hDtivated IroSt of 

the fanners to plant winter chickpea for the first time. '!his 

was especially the case for the non-aclqJters am derronstration 

fanners in the sanple, al:x:l.rt: 85% of these fanners cited curiosity 

rather than an::rt:her reason for first producirq winter chickpeas. 

Olriosity alone was less ilIportant for the adopters. Half of 

them had seen winter chickpeas gro'w'in;J on sareone else's fann 

before they themselves o..1l.tivated the crq:>, an::i it was the easily 

OOservable higher yields which JOOtivated them to accept the new 

technology. In ad:lition to higher yields, a nurnber of adopters 

cited secorrlary advantages as JOOtivations. '!he ~ IOOSt 

inportant of these were the potential for mechanical harvestin;J 

due to greater plant height an::i t!:e ecu:ly harvest date for winter 

chickpea as q:posed to sprin;J chickpea. 

~'hen asked ~::.cifically al:x:l.rt: earlier harvestin;J, the sixty

five fanners in categories II an::i III gave a variety of reasons as 

to why this was advantage".A.lS. Abo..rt: a third said that casual 

labor was cheaper an:1 JOOre readily available at winter chickpea 

harvest time, which is e.bc.:\.lt four to six weeks before the cereal 

harvest .'eak demand perioo. About a quarter said they took 

advantag~' of the earlier ha1:vest to prepare the field sooner. for 

tile next Ci"op, notin;J that this conserved JOOre JOOisture in the 

Hoil. h fifth of the fanners said that early harvest an::i early 

sale of their wi nter chickpeas gave them the needed cash flCM to 

either repay ru~ debts or finance the upcani..rg cereal 

harvest. 'lWelve per cent sinply said that hav.i..rg chickpeas 

harvested an:1 ready for sale a JOOnth before anyone else meant that 

they ca..1l.d take aci1'Clntage of the best possible prices. A nart:h 

later, when spr~ chlL.:\'peas hit the rncrrket, prices fall 

dramatically. only nine per cent of the fanners said that an 

early harvest was of no benefit to them. 

http:e.bc.:\.lt
http:advantage".A.lS
http:al:x:l.rt
http:al:x:l.rt
http:agrio..1l
http:al:x:l.rt
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All fanners were asked to carpare winter with sprin;J drickpea 

alorq a number of di.mensions. Seven fanners in category IV felt 

that they did not knc::M enc::o:Jh about one or the other crcp to do 

this, b.It the rema~ 105 fanners gave their c:pinions (see 

Table 5.2.7). '!he poll shc:M:d winter chickpea a clear winne...; with 

regard to better plant stam, rore straw produced, higher yield, 

less risk of ICM yield, am better resistarx::e to diseases. 

winter drickpea received lONer SCX>:r.e5 for seed size, markL~·. 

prices, arx:l seed quality (all of which are closely related in 

fanners' rnirrls). 

Table 5.2. 7 Catparison of winter and sprin:J drickpea 

NLntiJer of fanners 
."'!":.aracteristics winter Sprirq [k) not 

better better krx:M 

Plant starrl am growth 91 12 2 
Arramt of straw 90 12 3 
yield 65 29 11 
Less risk of crop failure 59 25 21 
Resistance to diseases 52 35 18 
Seed quality 26 52 27 
Market prices 6 72 27 
Seed size 5 91 9 

A few famers said that they preferred sprirg chickpea because 

it dlla.ved them greater flexibility in response to the 

unpredictable rainfall. Planti.n:J decisions for winter chickpea 

have to be made in Noventler or early Decerober at the latest, 

whereas the farTlV:!.r can wait until February to decide whether or 

not to plant spri.n:J dlickpea. IRlayi~ the plantin:;J decisioo 

allCMS the farmer to leave lam fallow if the first half of the 

rainy season brings a disawointi.n;J arrnmt of precipitation. In 

contrast, the winter chickpea farrrer rrust c:xmni.~ lard to the crc:p 

before knuwiI"G ho,.,r nuch rain will fall. 'Ihose who prefer spring 

http:SCX>:r.e5
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chickpea often do so because they feel it gives them rore 

flexibility within the cereal - fallCM/legurne rotation. For 

others, hoNever, this is not a dis-incentive for winter chickpea 

because tlleY feel the less risk of crq:> failure ard greater 

txJt,ential yield oot:"weighs the need to see heM Il1..r..h rain falls in 

Deoerrber am January before plantirg. 

Finally, there is considerable disagreelrent ard debate aboot 

the effect of winter ard spr:in:;J r.:hickpe<"l on the follCM:in:;J year's 

cereal crc:p. Sc:loo say chickpea depresses yields, others say it 

either has ro effect or the effe...-t is beneficial (see also section 

3.5 of this report). Interest:in:;Jly, of the ten category IV 

fanners who offered an q:>inion as to which crop winter chickpo..a 

would replace on their fams, five said arother food legurre, four 

said fallCM, am one said maize (which is CJI"CMI1 in the ~;pr:in:;J as a 

fod:ler crc.p i.n safi provi..ree) . 

5.2.8 Perceived Prd:>lem ani Ccrstraints 

Fanrers wo-re asked a se.ri~ of questions designed to elicit their 

critical evaluations of winter dlickpea. 'I!1e first question had 

to do with the prd::>lems they had erx:amte:..r-a:1 in pI"Cldl.lCi.n;J winter 

chickpea. It was asked of all famers except those in cat..egOlY 

IV. Table 5.2. a presents their responses. '!he left.-harrl colurr.n 

lists all the prd::>lems mentioned by fanren: '!he remainin;J 

columns list the m1Il'ber of times a p:rdJlern was rrentioned. 

Fanrers were asked to IOOntion a maxinum of three prcblems ard to 

rank these ac:x::ord.i.rg to degree of severity. If a prd::>lem was 

mentioned as bein;; rrost serioJs, then it was given a weighted 

value of three JX>ints; sClnewhat serioos received two points, arrl 

least serioos got one JX>int. Thus weighted values for each 

prcblem IOOntioned is the sum of JX>ints received for be~ 

IOOntione.d acx:o~ to ,;:everit:y • Table 5. 2 . 8 ranks the prd::>lems 

ac:x::or.ti.ng to weighted values. 

http:ac:x::or.ti.ng
http:ac:x::ord.i.rg
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'!'able 5.2.8 	 Prcblerns en:::amtered in producirg winter chickpea 
(responses by fanners in categories I, II a.rrl III) 

Prcblem J.tlst SaIle!whd.t least F'I:eqUerq weighted 
serious serious serious mentionscl value 

Small seEd size 27 17 2 46 117 
Diseases & pests 22 7 1 30 81 
Weeds 11 1 8 20 43 
Marhet & prices 2 14 6 12 40 
labor CXlSts 4 1 1 6 15 
UrY:ertain yield 3 3 0 6 15 
Ctrlflict w/cereals 1 2 1 4 8 
Need information 1 2 1 4 B 
Seed aVdilability 1 1 0 2 5 
Need new equipoont 0 0 1 1 1 

No prrolem given 9 32 59 

Small seed size leads the list, bein;J closely followed by 

susceptibility 'co diseases a.rrl p.$ts. '!he disease in question is 

prinarily Ascochyta Blight, alt:.ho.xjh there were iocidenoes of 

fusarium wilt in &tfi province. 'Ihe "prOOlens enc::amtered in 

pI"C:rl,uction" question is designed for an inmediate referent, that 

is, the fanner's direct experierx::e with the l::rcp. 'lherefore, it 

is hardly sw:prisirq that in this year of an Asccx:tlyta epidemic 

that dis:eases am pests rank so high. Small seed size is 

CCI'lSidered a prOOlem primarily ~-luse of the perception that 

small size is translated. in the market, into l~ prices. Many 

faITJE:'S eIl\i1asized this point by listin;J ''market arrl prices" as a 

seo:::n::ial:y or tertiary prroleln after havin;J already mentioned small 

seed size. It sha.ud also be noted that ''weeds'' received a 

fairly high ranking. 

'!he sa~ quezHon asked fanrP..I'S to think abcut possibly 

expantirg the area they might saw to winter chlckpea next: year 

an:! in the followi.n:J years, am what wc:.w.d be the constraints they 
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wcmd face in increasirg the area they devote to winter dlickpea. 

Table 5. 2 • 3 gives their responses. '!here are subtle differeroes 

in fanners' thinkiJ'¥3' fran the previoos question a}:)a,xt prct>lems 

already experienced. SIrall seed size acJain tops the list, b.lt 

not by tlle sarre nargin. Arxi diseases am pests drq::s 

significantly dcMn to the sixth position. '!he need for l10re 

infonnation aro.rt: alltivation practices am questions aba.rt seed 

availability for plant.!.n'J fill the Il\.IlTi)er two am t.hree slots. 

Weeds are barely mentionerl at all. ~ asked aboot why they did 

not rank disea.c;ez am pests or weeds any higher as ronstraints to 

~ prOOuction, fanners t.en:led to resporrl that these are 
prcblems they expect with any crcp and that this year was a 

partiOllarly bad one for drickpeas. '!hey did not expect that 

these prd:llems would re--occur in every year. 'lbe srnall seed size 

of winter d"tickpea, however, they saw as a recurrent econanic 

prcbl.ern rooted in the MtUl"e of constnner demmd. 

Table 5.2.9 	 Constraints to ~ area planted to winter 
chickpea (responses to fa"crners in categories I, II 
am III) 

Prcblem f.bst Sanewhat I.ea£;t Frequency Weighted 
serioos serioos se.rioos mentioned value 

Snall seed si~e 
Need infonnat.i.on 
Seed availability 
Market &prices 
labor CC'E"ts 
Diseases & pests 
caulict w/oereals 
r~ availability 
Ur'o:rtain yield 
Weeds 

No prd:llem given 

18 
16 
12 

6 
7 
4 
5 
3 
1 
0 

9 

7 
8 
4 
9 
3 
4 
1 
2 
1 
1 

41 

2 
o 
o 
3 
o 
1 
o 
o 
1 
1 

73 

27 
24 
16 
18 
10 

9 
6 
5 
3 
2 

70 
64 
44 
39 
27 
21 
17 
13 

6 
3 

---------------------~--

'!he third question asked fanre:cs to speculate aba.rt: th:' 

adcption potential of winter chickpea. 'lnis was addt"'essed to all 

http:infonnat.i.on
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fanner catP.gories. '!hey were asked to narr.e factors which they 

felt ~d limit tOO ability of other fanoors to ac:x:ept. the new 

t:.echoology. Table 5. 2 .10 shc7,.,>s their responses. '!he rnajority of 

fanners either thooght that lav.oIl~ was the ITOSt limiting factor 

or cccld not o::mnent on what their colleagt.:.es might experience as 

a JOCl5t limit~ factor. '!he inpression is given that the famers 

in the survey were cptimistic :U:x:x.rt: the adoptability of winter 

chickpea. They thought it was a gocxi idea, althou:Jh, they 

aclm::Mledged that there were sate prdJlems, as there are with any 

crcp. But they generally advised the extension services, DW, an:1 

llffiA to expend IOOre resources on educating famers in the new 

t:.ec::tlrology • 

Table 5.2.1'1 	 Factors limit~ adc¢ion of winter chickpea 
(re:.--ponses by fanners in all roategories) 

Limitirg fac..t..'1rs M:st Scrnewhat l.e:\St Frequency Weighted 
limit~ limit~ lim1t~ IreJ1ti.oned value 

fure infonnation 43 9 0 52 147 
Small seed size 14 11 1 26 65 
Seed a'lailability 7 12 1 2() 46 
i'arket & prices 6 6 1 13 31 
[ir.eases & pests 4 2 2 8 18 
Land dVdilability 2 3 0 5 12 
L3b0r oosts 3 1 0 4 11 
Urcertain yield 1 1 1 3 6 
Conflict w/cereals 2 0 0 2 6 
Wef.ds 0 1 3 4 5 

No factors given 27 66 103 

'l'abl e 5. 2 . 11 represents a canbination of the answers given by 

category III fanners to the previous questions. '!he overall 

picture is that small se:?d s~ze and need for IOOre information 

abo.Jt winter chickpea are the big:Jest constraints to its adcption 

ani increased cultivation. 'Ihese are foll~d by the lack of seed 

avaEable to potential adcpters an:1 those who w.ish to expand the 

http:U:x:x.rt
http:colleagt.:.es
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Ian:! they SOlI to winter chickpea. Marketirg proolems am low 

prices follows, an:i in tum are followed by ctisaases arx:l pests. 

After this, with values less than half tl'lCSfa of the bIo leaders, 

are a m1lli:ler of prci:>lems which wuld terxl to be specific to 

oortain fanners an:l their particular fannirg systems, sudl as 

J:X'uJl1tial conflict with cereal productioo am the availability of 

suitable lam. 

Table ~:.b..ll Perceptions of winter ctlickpea (\'1.eighted~ 
response values) 

Prcblenv'Constraint Reqardin;r R~ Total~ 
production el<paIlSirn adc:ptir..n value 

Sl1Iall seed size 33 18 6 57 
Need nore infonnation 0 23 32. 55 
Seed availability 5 13 21 39 
Marketin;J & low prices 18 12 6 36 
Diseases & pests 18 6 0 24 
cnulict w/cereals 4 9 6 19 
Weeds 15 0 0 17 
lam availability 0 10 6 16 
Ia~r cost 3 5 2 10 
Un.:~rtain yield 3 0 0 3 

As a way of gaugin;J ad~ion )';XJtential, is there a noticeable 

d.iffererx::e between the responses of categOIy I OO'1-adqJters am 
category II 1988/1989 demonstration farmers? Table 5. :l.l2 

presents the responses of the non-ad~ am gives clues as to 
why they decided to susperx:l production of winter chickpea. If 

marketin;J a.n:i low prices are taken as closely related to small 

seed size, then it can be seE>.Ji that t.hese tw acco.mt for JOOSt of 

the decision not to adqrt:. HQll,'eVer, a Jl\.IIlV:)er of fanners in the 

non-adq:rt:.er categOIy are still interested jn the new technology to 

the ext.ent that they would li..":e to knc:M rrore about it. In 

particular, they are in1:erested in le.arni..rg ways to reduce 0CISt.s 

am raise yields, willi.n:J to cake lower prices as cc.rrpared to 

sprin;J chickpea if they can achieve higher yields at la.ver CXlSt. 

http:non-adq:rt:.er
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Table 5.2.12 	 Percaptions of winter chickpea non-adcpters 
(weighted response values) 

Prcblem/CoilStraint Regarding Regardirg Regardirg Total 
pr.:rluction ~ion ~ion value 

small seed size 
Marketirg & lCM prices 
Need rore infornation 
labor oost 
seed availability 
Diseases & pests 
weec1.s 
D:r1flict w/cereals 
Land availability 
UJreJ.:tain yield 

29 
11 

.... 
"
3 
0 
9 

10 
2 
0 
0 

16 16 
10 8 
14 13 
11 3 
8 8 
3 0 
0 0 
:;, 0 
0 0 
0 0 

61 
29 
29 
17 
16 
12 
10 

5 
0 
0 

Table 5.2. 13 relates to the deJronstration farmers in category 

II. HaV~ had the experieoce of gr'O'.r,rjJ'X] winter chickpea in a 

season with unfavorable weather comitions arrl sevel'e blight 

prc:blems, they see small seed size am the MEd for nore 

infonnation as be~ equally oonstrai.nin;J. Diseases arrl pests 

take third place arrl is follCMed by the rest in expected order. 

Table 5 1 2. 13 	 Percept-.ions of I"inter chickpea trials f~nuers 
(weight9d response values) 

Prc:blerrylConstraint Regardirg ~~ ~ '.rotal 
pn:x:}iA;...1on expansio'1 adqJt.ion value 

small seal size 55 36 21 112 
Need 1OOI"e infonnation 6 27 74 107 
Diseases & pests 54 12 12 78 
Market~ & lCM prices 11 17 10 38 
seed availability 0 23 15 38 
Urrertain yield 12 6 6 24 
labor cost 9 11 3 23 
Weeds 18 3 0 21 
CQ'lflict w/c.e.rmls 2 5 0 7 
Land availability 0 3 0 3 
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5.2.9 

winter chlckpea adc¢ers ~ to be roostly self-sele.cted. z.mt 

of them first cultivated winter dlickpea because of a healthy 

curios:"ty t.o try new technolCXJies. '!his qual i ty was tx:q)led by a 

perception that the r8I varieties wo.lid lead to higher drickpea 

yields am larger profits. At least half the adopters had no 

direc.~ contact with INRA, DW, or extensioil agents before they 

decided to plant the new varieties. '!hey had, hCMever, seen 

winter dlickpP..as growinj either on neighbors' fields or on 

research stations located in the cnmtryside. 

Both those with IlX>re than one year's experience with winter 

dti.ckpea arrl those who are c;ruwID:J the crop as part of the 

d9n0nstration plot program are doing so with a mi.nilTurn of wtside 

supervision am expertise. '!he limited people ~rking in cr's 

have only the barest of lc~istic:ll Sll!=port, am they rarely are 

able to visit farms m::Jre than once or twice in a grcr,.;i.n:J season. 

To its credit, DW has designed its demonstration plot prcx:JlOm to 

eocallage a ''rninimlun il'pJt" package. 'Ihls is wholly in keepin:J 

with farner practice with regards to spr:i..rg dlickpea, am it wcW.d 

not serve the cbjective of facilitati.n:J adoption aIlX>ng a wide 

spectrum of famers to dernarrl costly i.np.Its in addition to the new 

varieties. SUrprisirqly, the survey fourrl that many adoptf'..rs am 
daoc>nstration farm=rs are Weed canmitting additional resooroes 

to winter chickpea which they l!tUlld not usually devote to sprin:J 

dlickpea or to other food legurres. In partia.llar, many farmers 

awlied fertilizers, am others awljPd herbicides or furqicides 

(to canbat blight). Fran the point of view of whether or not 

fanners are inclined to accept new ideas am new technology, 

these actions are very en.:x:uragi.nj. 

Another fi.n:tirg of the survey is the high degree to which 

in::lividual fanoors rely upon their neighbors as a source of Jle"it,7 
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infonnation, expertisp., cuxl even technology itself. '!he 

resulti.rg "spread effect" fran sinple d::lservation of what is 

l'lawenin1 on neighboril"XJ farms has been mentioned, b.rt: ~ 

informal interviews in safi provirx::e, it waE revealed that 

successful denorstration plot fanners quickly bec::x::Ioo an 

intx>rtant, if localizoo, swroe of seeds for neighbor:in;J 

camunities. one farner who got 30 :;pc/ha fran an lNRA 

verification trial in 1985/86 has continued to plant each year 

an:l sell the bJ.lk of his harvest as seeds in :lis own am fo.lI" 

~~ villages. He alone can accamt for abalt a dozen 

adcpters, albeit all of then are on a lOOdest scale. He reported 

that by sellin:J winter chickpeas as seed to his neighbors, he can 

get III.ld1 higher prices than are offered by b.Iyers-up O~ merchants 

in the local market. 

'!his hawens elsewhere, as well. '!he largest producer of 

winter chickpea this year, a la'tge-scale agriblsiness, sold abaIt 

40t of its hal:vest to an export finn am keJ:t. aboot 6% as seed for 

next year. 8..1t 54% was sold ad hoc to famers who, havin:J seen 
the CIq> before harvest, ('.arne am requeste:i to b.Iy seeds for 

planti.n;. '!he prc:x:lucer was l'la.WY to do this beca~ the per kg 

price famers were willin;J to pay was substantially higher than 

the 00lk price offered by the export finn. 

casual obs:ervation, however, can saretimes lead to serirus 

disaWOi.ntmer.c. one fanner related a story about his own attenpt 

to adqrt: ''winter chickpe?." ~tly, he saw chickpea grow:in;J 

CI'l a research station near his village in February of 1988. 

'Ihinkirg that the secret to gettin;J a ~ as inpressive as the 

c:ne he saw lay b an early planti.rg date, he planted his local 

::.pi'.u-~ ch.i.~ cu1tivar in December of 1988. 'Ihin:.Js were goin1 
fine until February an:i March ""hen his field was struck by 

Ascxx:hyta am his crop suffered fran a oold spell. '!be CI"ql was 

ruined. It was only later that he learned that winter chickpea 

is a new variety specially develcp3d for early planti.rg. 

http:planti.rg
http:Ihin:.Js
http:planti.rg
http:resulti.rg
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witho.lt deny~ that famers face problems arx:i oonstraints in 

adc¢,irg winter chickpea, it nust be st.ressed that categOl:Y III 

fanners in the SUIVey were enthusiastic abcut the new technology. 

'!hey are cer+"...ainly the best "salesrren" for prarot.irg its adoption 

in '.:he future. When cxmfronted with problems of disease, WEEds, 

lal'.or costs, or market prices, they resporrl in two ways. First, 

t17ey list benefits like higher yield arrl less risk of c:rq> 

f 1ilure as ootweighirq the problems. Sec::xxrl, they SL-qJest ways 

to get arwn:l the oonstraints. Herbicides an:l rrechanical 

haIvesti.n;J are pcp.llar ideas for reduc~ labor oosts. Fanners 

want to kl'oI if there is a fUl"X1icide whid. is effective against 

Ascxx::hyta. 'Ihese are people who are willirq to adapt their 

farmirg practices to the new technology if they believe there .is 

good reason to do so. 

Arr:I effort to encourage the acx::elerdted adoption of winter 

chickpea I!U.lst listen to am work closely wit&'1 the Cate;ory III 

fanners arrl t&'1ose in Category II who decide to oontinue \iit.il 

winter chickpea prcduction. These are the best "experts" 'Jith 

the most exp=rierx::e in producirg winter chickpea urrler f<L."1l'IerS' 

o.:n:iitions. 'Ihny also knc:M their fellCM fanoors arrl the 

iJx:entives an:1 oon.3t:.raints facirg these potential adcpters. 

Frall a fa.nni.n:J systems pe..""SpE!Ctive, the JOOSt pranis~ 

pcp.1lation for future adoption targctir~ wa.tld a~ to be 

farmers who have not already decided to decrease or abaJ1don their 

p~ion of fcx:x:l legLures. f.breover, within this cat.egory 

attention shculd be paid to those who either cultivate a higher 

than average pe..""Cel1tag~ of their hcldin:.J in fooj legurres or who 

ten:i to fallC1.ol JT'()re of their l..url than others. '!his inference is 

basej upon t.he fann use d1aracteristics of Cate:jory III versus 

category I farmers, the responses prescfltm in Tables 5.2. 5 arrl 

5.2.6, an:i the answers givf?Jl by Category IV fanners to the 

question regardin:;J allocation of lan:1 to winter chickpea. 

http:fallC1.ol
http:witho.lt
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'!he 1988/89 SUIVey irrlicates a llUIl'ber of areas for further 

action an:i research. First an:} foreIOOSt, the results show that 

fu~ DPV de!X)nstration plot program, with certain IOOciificatiollS, 

slY..lli.d continue. It is true that the yield an:i econcrnic results 

this year were disaW-'intirx] for many famers in Fes, Khemil;:set, 

am Settat provinces. Blight an:i wea:ls were devastatirx], hilt this 

will not necessarily be the case every year. '!he variety IIC 482 

was not as blight resistant as expected, but IIC 195 did 

CU'lSiderably better arrl sare lines beirx] tested on-station did 

very well irrleed. Of course, it shalld rot be forgotten that the 

lccal sprin:J chickpea was equally hard hit. l-bre to the point, 

the inlx>rtance of havin:J winter chickpea bei.nJ grown by fanners 

where it can be seen by other farmers cannot be over-stressed. 

'!he responses of the catecpry III [anrers in the survey show the 

efficacy of the DWaWroad"l. 

lId:lirg hei."bicide treabrents to the cierronstration plot program, 

while in::::reasi.rq the costs of the wintp..r dllckpea ~ckage offered 

to fanrers, is necessary to test an alternative to hand weecli..rq. 

'!he survey shavs that weed control by scm:! means other than hand 

labor is the obvious way to increase fanner gross nargins for 

winter chickpea. Famers are well aware of tllis. Whe;1 asked hew 

many hectares of winter chickpea they would plant if an effective 

herbicide \'las available, 17 out of 81 (or one in five) said that 

'.:hey \<vU.lld increase their area. OVer half of the5(~ 17 do not 

More surprisi.nJ, perhap:;, is 

that if these fdl:1'rerS ..ere to actually plant the additional area, 

then the total winter chickpea ?rea planted by all the farmers 

sur/eyed ~d jlUlp an astouroi.nJ 108%. 

In tenns of on-station work, increas.::d seed size shruld be the 

I'1l.n'rber one priority in breedin:J an:i selection. HC1HeVer, this 

shc.uld not be p.rrsuoo at the expense of losirq resistm::.e to 

P-.soodlyt.a. Already, a few new lines whim canbine large sead 

http:astouroi.nJ
http:surprisi.nJ
http:weecli..rq
http:in::::reasi.rq
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size with high resistance to Ascochyta B) ight are bein;J 

evaluated. It should be noted also that fusaritnn wilt is also a 

potential prd:>lem area. T'dble 5. 2.14 in::licat€.s fcu:rner response to 

the idea of new, larger seeded varieties of winter chickpea. Not 

only do the vast majority (80-96%) of category II and III farmers 

say they wcW.d grc:M rrore winter chickpeas, rut 80% of the non

adopters in category I claim that larger seeded varieties would 

make the difference between adopting arrl not adopt~ "the new 

te.:fmolCXJY • 

Table 5.2 .14 also in::licates the considerable interest farmers 

have in mechanic~l harvestirg t:edmology for winter chickpea. At 

present, a number of the adopte't"S are usirY,J canbines to harvest, 

arrl they claim that it cuts labor costs arrl harvest time 

considerably. '!be econanic arrl technical evaluation of 

JOOChanical harvest~ options should be studied carefully. '!his 

is an avenue through which the recognized benefit of taller 

plants could be enhanced. 

Table 5.2.14 	 Positive replies to the question: Would 
you graN any or would you qrc:M rrore winter 
chickpeas if the followirg was available? 

Percent of farmers in category 

I II III IV 


Mechanical harvest~ 44% 63% 80% 6% 
larger seeded variety 80% 80% 96% 23% 

RegarcUrg the infonnation constraint, OPIJ, INRA, arrl IC'ARIY\ 

are already t.akirq concrete steps. In cooperation with the 

fot>rocx::an national prcxJralTl lCARDt\ will hold an in-countr.y tra:ininJ 
c:::cA.lrSE! for extension agents on winter chickpea agronany arrl 

production methods dur~ the 1~89/90 season. Also, Morocx::an 

scientists are organizing the production of a short (20-25 
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minutes) video tape aba.lt winter chickpea, its advantages, am 
hew to qr:c:M it for viewin;J by groops of fanners. 

'!he prd::>lem of seed availability is more ClClIplex. First, 

there is the issue of havin;J erO,XJh seeds to meet demand. '!hen 

there is the que..<rt:ioo of quality CCI'ltrol arxl certificatiaio 

'Ihird, there are questions aboot whidl lines to nultiply for 

release to far.ners arxl when arxl where they shcW.d be released. 

'Ibis is a matter l'leE!dirg careful CCI'lSideration. Perhaps the 

involvement of the mI'e SI1C'XYSSflll adc¢ers in certified seed 

production sd1elres cxWd be helpful in future years. 

In adlition to the denonstratioo r>lots, OO-.fann work shcW.d 

continue to nonitor the process of adqJtion. 'Ibis involves 

return visits to the categvry II arxl III fanners covered in the 

1988/B9 survey am inclusion of next year's clerron::,-tration fanners 

in the general data basco ~ion is a lon:J-tenn process, arxl 

this year's survey provides only a snapshot of the situation at 

ale point in time. lDn:JitlXlinal data are required if develcprent 

research arxl a.ciq1tion efforts are to be infonnative arxl effective. 

Monitorirq incltrles the cantinui.n;J ar.alysis of data already 

collected. '!his report has presented an exploratory analysis 

that provides a sinple description of the present situation. It 

has SCAlght to identify inportant aT.'alS for further research arxl 

develcpnent.. '!be next step is to test hypothetical relationships 

between fann dlaracteristics arxl cultural practices, on the ale 

harxi, arrl adoption arxl sucx:essful ec,onanic performance, on the 

other harxi. '!he statistical analyr.is of the survey data is the 

place to start, b.rt: to increase its utility the data need to be 

~ed in terms of mnnbers of fanners arxl yearly production am 
adcption variations. In acXlition to continui.n;J the structured 

surve~' meti1cxi, tracer studies of winter chickpea production am 
fanoor decision-mak.in;J studies ca.1ld cantrib.rt:e substantially to 

http:analyr.is
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em' uroerst:an:ti.r of the acq,tion dynamics of winter drlckpea in 

M:>rooco. 

Finally, rrore att::mtion needs to be paid to the dynamics of 

the dIylam farmin;J system as a whole, for it is only if winter 

drlckpea can be integrated into the larger system practiced by 

fanners that it will, in fact, be widely adqrt:ed. 

5.l An AssessrtBat of Risk Associated with Irc:easiJg 
Sheep am Feed SUI:plies in SVria. 
0Irrent am AlteJ:mtive st:rat;spes 

P. COqle.r am E. Bailey 

5.3.1 


Mediterranean fannirg systems have evolved in an environne."lt 

dlaracterized by highly variable am often c:h.~cally deficient 

rainfall. "Iany of the st::rategies devel.qled as "t1lffers" against 

this uooerta:inty of rainfall are still ~1 features of c::urrent 

fat:m:in;J syst:e.s, bIt are becnniRj .iu:::reasiIgly tlu:eatened as 

radic::al dlarKJes in food am feed deIIIaJU plrO! greater pressure a1 

the regia'l'S lam rescuroes. 

Whilst the climate, soils, crc:p; am livestock which fonn the 

essential edarhlc am biological cxrrponents of the fannin:] 

systeIrs have prcbably charged little aver tiIne, both the social 

am econani.c environment in which fanners c:p:!rate are today 

radically different. 'lhra.lgho..1t the region the relative 

illport.an::e of agriculture has declined in. recent decades, am in 

na;t COUfItries fcxx1 production per capita has also declined, yet 

the pcp.tlation is i.rx=reasin:J. It has been estimated tlut by J990 

the camtries within the Mediterranean basin will face an annual 

lo-j4 million ton food deficit. 
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Table 5,2,2 Eocn:mic perfOt'l1lal'V:)l! of winter. c:hlckpea produc..'3I'S 
(ranked by Gross Margin per hectare) 

Praviooe Fanner 
caWgoty 

Area 
planted 

(ha) 

Yield 
per 

Qx/ha 

InpIted 
cost! 
llJIQx 

Paid 
cash

m;Qx 
Variable 

Cklst 
~ 

Gross 
margin 
I!f/ha 

Tcp Ten Producel'S by Gross Margin 

safi 
Fes 
safi 
safi 
I<hemisset 
I<hemisset 
Khemisset 
safi 
safi 
Settat 

Fes 
Safi 
Khemisset 
safi 
Fes 
Fes 
safi 
Settat 
Fes 
safi 
Settat 
~fi 
Fes 
Settat 
Fes 
safi 
Khemisset 
Fes 
l<hemi.sset 
Fes 
1<hanisset 

Fes 
I<hemisset 
Khelllisset 
~'.c"!t 
J<hemiss.et 
I<hemisset 
Khanisset 
Khemisset 
I<hemisset 
I<hemisset 

0.5II 
0.1II 

20.0III 
II 

III 
II 
II 
II 
II 

III 
II 

III 
II 

III 
II 

III 
III 
III 
II 

III 
II 

Bottan 

1.0 
1.0 
1.5 
1.5 
::1.1:1 
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 

~ 

12.0 
20.0 
10.0 
14.5 
10.8 
10.0 
9.0 

10.7 
13.3 

6.0 
7.e 

11.5 
8.8 
8.0 
8.3 
5.5 
9.0 
6.0 
6.0 
4.4 
5.0 

Producers 

0.8 6.7II 
0.8 4.7II 
0.5 5.0II 
0.5 2.0II 
0.5 2.0II 
0.5 2.2II 
0.8 3.0II 
0.5 1.2 1392 708II 

12280.8 1.0 1411II 
0.5 12.0 463 239II 

3 
2 
4 
5 
1 
8 

17 
6 
9 

13 

14 
26 
10 
21 
16 
15 
11 
18 
23 
7 

12 
25 
2U 
22 
23 
19 
29 
27 
30 
28 
31 

32 
33 
34 
36 
39 
38 
)7 
40 
41 
35 

~87.5 J65.49.7All Pro::1uoers: Mean 
312.9 209.7st'.d. DE!v. 5.6 
40.8 0.0Min. 1.0 

1228.022.0 1411.0Max. 

4667 
4489 
3738 
3180 
2881 
2770 
?656 
2283 
2226 
1695 

1676 
1562 
1516 
1490 
144.1 
1395 
1320 
1286 
12U 
1086 
1019 
1006 
947 
787 
757 
634 
596 
461 
331 
301 
121 

-2 
-108 
-223 
-489 
-581 
-637 
-753 
-960 

-1070 
-1214 

1109.6 
1413.5 

-1213.5 
4667.1 

III 
II 

III 
III 
III 
II 
II 

III 
III 
III 

4,0 
0.8 
1.0 
1.0 

38.0 
0.5 
0.5 

10.0 
0.6 
0.8 

22,0 
21.0 
18.0 
16.0 
13.3 
15.6 
20.0 
12.0 
13.3 
12.0 

44 
72 
41 
68 
50 
95 

152 
78 

112 
157 

31 
0 

44 
35 
17 
50 
83 
41 
53 
60 

133 
224 
96 

193 
145 
136 
122 
133 
166 
120 
149 
146 
160 
160 
160 
151 
197 
317 
255 
261 
286 

88 
120 
101 
101 

88 
85 
85 

127 
152 

18 
60 

179 
125 
143 
157 
118 
171 

30 
134 
103 
166 

~ Gross l'faroin 

379 
353 
357 
669 
676 
794 
718 

121 
193 
232 
320 
405 
285 
28~ 
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SUdl predictions highlight recent tre.OOs of .i.ocreased delnarrl 

far livestc.ck products, both neat am milk, ani the associated 

derived de.rnarrl for i.ncrea.seci SUWlies of coarse grain feed, 

pri.rx:ipally barl~. suootantial regiCl1a1 deficits in bar.ley 

production already exist, am are predicted to rise sharply by the 

year 20G;J. 

In the context of increasiJ')3' sheep feed SUWly to meet the 

demarrls of exparrlirg m.tional flocks, the nations of the regia.'1 

will continue to rely heavily on barley prOOuction as a major 

so.u:oe of feed thrcA.¥3h the COI'lSlll1ption of grain, straw am often 

t:.hrc:u3h green grazin:;J of inrnature c:rc:p:;. In addition, they will 

also continue to deperrl on the natural pastures which are 

seasonally available on marginal lams. SUCh larrls are 

lU1Sllitable for cultivation, either due to tqx:lgraIilical featw.-es 

or because they occur in areas too dry for sustainab1p. 

agriculture. sin::e barley is also largely produced in the drier 

am lower potential agricultural systems of the region, i.t....J§ 

clear that DJJCb. of the projected irx::rease in sheep f~ sug:>l.y 

1!II1!::t: CXIIIe fran the regim's na;t fragile am vulnerable 

Both the challerges involved ani the potential 

threat to the agricultural resooroe base are very real. 

5.3.2 	 Recent Tren:ls in Sheep N'lmi:lers 
am Barley P.rcxhJctim 

within the Mediterranean region of WANA, Syria denonstrates sane 

of the JOOSt dramatic t.rems in livestock ani livestock feed 

production (Figure 5.3.1). 

sb~ 1951, the national flcx::k size has .i.ocreased steadily 

fran 3.1 million to a level of 13.3 million in 1988, reflectiJ')3' 

similar hl.mlan pcp.1lation c::han:;Jes. within this general upward 

tren::l, 'bIo periods of decline in l'1lIItbers ocx:urred, 1958-1961 am 

http:livestc.ck
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• National flock size (sheep) 0 No of sheep slaughtered 1n Syria 
• Total barley prod. (tonnes) ~ Human population 

1951 1960 	 1970 1980 1988 

Figure 5.3.1 	 National trends in sheep number, human population and barley grain production: 
Syria 1951-1988. 

later fran 1970 to 1973. 'lbese ~ t.l:'enis correspon:l to 
periOOs of suroessive drru:]ht years when national barley 

prcxiuction levels were very 10\01 :irrleed, am other soorces of feed 

must also have been similarly affected. Urxier such 

ci.rcurrst:arx:e, fanners are forced to sell a part of their flocks 

in order to raise capital to p.1I"Chase feed to sustain the 

rernairrler • 

'!he rn.nnbers of sheep slaught.ered for OOl1SUI1ption within syria 

rose in prqx:>rtion to pcp.tlation until 1982, rut sil'x:e then has 

levelled off suggestirx.J that risl..rq prices of meat may be reducirx.J 

per capita constmption. However, we nust caution that the 

figures represent those animals registered in syria's official 

slau;Jhter-hooses, am do not include animals slau;Jhtered privately 

(Bahhady, 1989). 'lbe increasirg difference in the national flcx::k 

size am the rnnnber of sheep ~laughtered probably also reflects 

increased export of live cmbnals to sare of the Gulf states. 
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In contrast to the dramatic dlan;Jes OOserved b livestock 

J'llIl'lber3, barley production has largely stagnated, with only a slow 

upJard t.rerd startin;J in the early 1970s. Hc7.¥ever, a oore 

detailed examinatioo (Figure 5.3.2) irxlicates that this increase 

in total productioo results entirely fran an expan:1ed area un:ier 

productioo, risin;J frr.IU a relatively cx:nstant 750 thousarxl ha 

between 1960 an:! 1970 to ever 1.4 millioo ha fran 1983 onwards. 

In the 1988/89 seasm, 2.9 Ilillicn ba of barley was grown in 

syria, am ~ pl.am are fer 2.5 -jlljem ha in the current 

1989/90 seasm. A part of this ~ area has occurred at the 

expense of wba?t in the higher potP..ntial wheat based systems, b.rt: 

the vast majority has been achleved tllrc:u;m the e>epansion of 

barley a.1l.tivation into drier am oore marginal envi.romnents, am 
the qradual abarx:la'uoont of fallow by famers in traditional barley 

growin;J areas. '!he ilTplications of these dlarIges are examined in 

more detail in sectioo 2.3.4. 
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Figure 5.3.2 6arley production in Syria 1951-1987. 
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National average yields of barley have h<::Mever remained highly 

variable am shC7w' no upward trerd over time. SUCh variability is 

typical within the region am is largely attrib..ttable to 

variations in ~..easonal rainfall. To illustrate this associatioo, 

we took the seasonal rainfall totals fran aver 25 neteorological 

stations within the barley growi.rg arEaS of Syria and fr:rn these 

:':'eCOrds, ootained a nean "national averac;-e" rainfall for each of 

the years fran 1961 to 1986. 'lbese "natialal average" rainfall 

estimates were closely related to natiCllal average barley yields 

ac:cordi.rq to the equation: 

Nat. Av. yield = - 283 + 3.50 Nat. Av. Rain (~= 0.684) •••• (1) 

Research at lCARJ:Yl. am elsewhere (see ~ et al. 1987, 

1989) has shown that inproved CIq) am soil managerrent offers 

considerable scope for greater CIq) \o.rater use efficiency, grc:Mth 

am yield of barley in these drylam areas, am yet in c:ontrast to 

sllnilar stu:lies on Syria's wheat production, a siITple carparisoo 

of "national water use efficiency" irrlicates no sud1. iITproverrent 

between the period 1960-1970 am 1975-1985 (Table 5.3.1). 

Table 5.3.1 	 National average barley grain yields, rainfall am 
water use efficiency 

Period Nat. Av. Yield Nat. Av. Rain Nat. Av. Water Use 
(kgfha) (1lIIl) Efficiency (kgJha/JIID) 

1960-1970 780 (37) 1 308 (29) 2.53 

1975-1985 681 (50) 273 (18) 2.49 


1 Figures in parentheses are CVs (%) 

o.rr survey results am research trials wcllid suggest that this 

~ lack of ~ prc::bably cooceals sane iITprovement in 

prcxluction practices in the wetter areas whidl are offset by the 

http:ac:cordi.rq
http:growi.rg
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minilllJll1 inpIt practices follCMld by fanners as continuous barley 

becanes lOOre widespread ard production exparos into rrore Jnal.ginal 

an:l risky enviro~nts. 

5.3.3 	 Rlr1et: Its RJt:enti.al. to Meel:. the ~gy R£guirements 

of the syrian Natimal. Flock. 1960 an:l 25 Years Q1 


In the previous section we have shown that the national average 

barley yields sho.¥ a nar,lral variability, closdy associat:.OO with 

seasonal rainfall, an:l that there are no awarent trends in yields 

or water use efficiency. We do rote however (arrl will discuss in 

more detail later) that the coefficient of variation (CV) of 

naticnaJ. average yields in the period 1975-1985 is considerably 

higher than that of 1960-1970, am yet the CV of national average 

rainfall waz substantially lorNer (Table 5.3.1). 

For the p..u:pose of oor analysis, hcMever, we have utilized the 

entire 27 years yield dataset (1960-1986) to calculate the 

c::unulative frequency dist't':iliJtion of national average yields, am 
have a.5SlDla:l that this distr:iliJtion was equally valid for the two 

five year periods, 1960-65 am 1982-87. Based on this assumption, 

we have made a series of calculations which illustr.ate sane 

dramatic cflan3es in the ability of the barley ~ (grain am 
straw) to meet the energy l'equiren~nts of the national flock, am 
the extent to which additional sooroes of feed nust be sought. 

SUch sooroes include inportation of barley grain, p.rrchased agro

irxiustrial by-products ard the use of marginal grazin:J areas. 

'lhese results are presented as a.mulative frequency diGtrib.rt:ions 

in Table 5.3.2. 

Section A of the table presents the c::unulative frequency 

distrib.rt:ion of national average grain yields, am in section B, 

these are converterl into c::unulative frequency of grain production 

for the periods 1960-65 arrl 1982-87 usin;J the average areas 1..l1Xier 

production during those periods. A further transfonnation of the 

http:associat:.OO
http:RJt:enti.al
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Table 5.3.2 OmIllative FrequeI'x:y Distr.ihItion of National Average Barley Grain Yields, 
total grain production, sheep feed equivalents ani sheep feed equivalent 
deficits. Based on Syrian National Statistics (1960-1986) 

A B c D E 

Percent Ena'gy RequirenEnt.s ofSheep Feed Eq.Uvalents Sheep Feed E:pivalentTotal ProductionGrain 
(millier. t:.cns) Daficit (millialS) Naticmal Flock net by barleyYiald (millions) 

Decile kg,Iha 
1960-65 1982-871960-65 198.2-87 1960-65 1982-87 1960-65 1982-87 

3.19 10.39 20.3 13.40.1 230 0.172 0.345 0.81 1.61 
2.88 9.77 28.0 18.60.2 318 0.238 0.477 1.12 2.23 

0.3 424 0.318 0.636 1.49 2.98 2.51 9.02 37.2 24.8 
0.4 1.86 7.71 53.5 35.8609 0.457 0.914 2.14 4.29 
0.5 723 0.542 1.084 1.46 6.92 63.5 42.32.54 5.08 

8260.6 0.619 1.239 2.90 5.81 1.10 6.19 72.5 48.4 
0.7 929 0.697 1.394 3.27 6.53 0.73 5.47 81.8 54.4 
0.8 1004 0.753 1.506 3.53 7.06 0.47 4.94 88.3 58.8 I0.9 1119 0.839 1.678 3.93 7.87 0.07 4.13 98.3 65.6 

I 
I 

Note 1 Note 2 Note 3 
I 

Note 1 Uses average area unier production of 0.75 million ha in 1960-65 pericxl, 
1982-87 pericxl. 

am 1.50 million ha in 

Note 2 conversion of p:LTXluction to s:rn assnmes (1) Hiuvest Irrlex of 0.40, (2) Barley Grain = 11.5 MJ/kg, 
(3) ~ley straw = 5.5 MJ/kg, (4) Annual Ene>.rgy ~ = 4200 Ki/E!'We. 

Note 3 Uses average National Flock of 4.0 million in 1960-65 pericxl am 12.0 million in 1982-87 pericxl. 
Deficit figures represent additional feed required CNer ani above that provided by Larley. 
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data into sheep feed equivalents is presente1 in section C, based 

on the energy content of barley grain am straw, an assumed 

harvest Wex, am the annual energy requirements of a sheep. 

Sed:ion D of Table 5. 3 . 2 presents the CllITlllative frequerx::y 

distrihItion of sheep feed equivalent deficits, based on the 

average National Flock size in the two pericds. 'Ihese figures 

represent the ad:litional feed required over arrl above that 

provided by barley am illustrate the dramatic charqes which have 

ca:::urred. Many cbservations are p::ssible, sare i.n'portant ones 

are: 

- In the period 1960-65, the "sheep feed equiV3.lent deficit" 

wcW.d only have been expected to exceed 3.2 million one year 

in ten, whereas now it can be expected to exceed this figure 

by 1 million sheep feed equivalents nine years in ten. 

- Traditionally, barley grain am straw were, on average, 

expected to meet abJut 60% of the sheep's energy requirements 

in Syria ('lbcmson, 1987). our calo..1lations (section E) confinn 

that this wwld have Weed been achieved or exceeded in 50% of 

the years in the period 1960-65, i...It OCM is only likely to ~ 

possible in the 20% rrost productive years. 

5.3.4 	 '!he Inpact of I8:::ert: 'l'.r:'E!ms at the ~ of 
Barley Prcductiat ani syria's Natimal. ResaIroe Base 

In order to meet the exparrli..rg feed requirements of its national 

flock, syria has II'OVed fran be:irg a frequent net exporter of 

barley to a frequent net i.n'porter (Figure 5.3.3). 

As illustrated in Fig'..u:.9 5.3.2, Syria has resporrled to this 

in::reasin;J deperrlence on barley i.n'ports by the abarrlornnent of 

fallow (see also Table 5.3.3) am the expansion of barley 

cultivation L'lto drier am rrore marginal areas. We believe that 
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Figure 5.3.3 Syria: net trade in barley. 

this t.rerxl has alann.irg inplicatians for the future tll'nrtainty 

of national barley production am for the conservation of the 

fragile resrurce base whim is currently bein;J eJq>loited. 

In 1975, syria defined Agricultural stability Zones based on 

eJqJeCted seasonal rainfall, am to sane extent on the prOOability 

of receivin;J those arramts. Recx:Im'errlations of the agroranic 

suitability of crq:s arrl crc:win;J sequences were based on years of 

previoos eJq>erience, years when the absence of IOOre recent 

pressures had allCMed the develc:pnent of f~ systems well 

OOffered against climatic uncertainty (Figure 5.3.4). 

Barley was recamnerrled to be grown in Zones 2, 3 am to sane 

extent iT} Zone 4. In Zone 2 it was largely restricted to the 

shallow soils of lOY! water holdin;J capacity, such lam usually 

beirg urrler a two year barley/fallow rotation. In Zone 3, barley 

was identified as the principal CIq), again largely bein;J grown in 
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PU-I Zone Ozone 2,",' ) 

t~~~g~ Zone ) m Zone 4 Ozone 5 

Zone la 	 Average rainfall aver 600 ntn. A wide ~e of Cl:"q)S nay be 
grown here. FallClilIDq is oot necessary. 

Zone 1b 	 Average rainfall between 350 arrl 600 ntn and not less than 300 
ntn in b.u thirds of the years SUlVeyed. At least b.u creps 
can be grown every three years. '!he main Cl:"q)S are wheat, 
p.lises and surmer Cl:"q)S. 

Zone 2 	 Average rainfall between 250 and 350 ntn and not less than 250 
!II!! in b.u thirds of the years surveyed. 'I\io crops are 
nonnally planted every three years. Barlt:!y, wheat, p..1lses 
and SUII1rer creps are grown. 

Zone 3 	 Average rainfall aver 250 ntn and not less than this in half 
the years surveyed. One or t:v.u crr'pS will yield in every 
three years. Barley is the princif.-dl crop but sane p..1lses 
can be grown. 

Zone 4 	 Average rainfall between 200 and 250 ntn and not less than 200 
ntn duri.n:J half the years surveyed. Barley is grown. The 
area is also used as grazi.n:J land. 

Zone 5 	 Covers the rest of the camtry. This desert and stewe land 
is oot suitable for unirrigated agriOllture rut parts of it 
offer sore winter pasturage. 

Figure 5.3.4 Agricultural stability zones of Syria.(from 
Watson 1979). 
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a barley/fallCM, or barleyjbarley/fallCM rotation, rut sanetimes 

in rotation with lentils. In Zone 4, sane barley was also 

recc:mren:ied, rut it was also reccgnized that Ill.ld1 of Zone 4 was 

too dry for alltivation arrl shculd only be used as grazirg larrl. 

Zone 5 was clearly identified as an area unsuitable for the 

alltivation of rainted crcp;, reserved only for the provision of 

winter grazirg or for irrigated agriculture. 

sin::e the establishment of these zones in 1975, the area llI'rler 

barley has expan::ied fran 1. 01 to 1. 84 million ha in 1988, an:l to a 

5t:ag;Jerirg 2.89 in 1989. 2.54 million ha are planned for the 

1989/90 season. '!he details of this expansion in area for eadl 

zone are given in Table 5.3.3, arrl the associated barley yields in 

Table 5. 3 • 4 . '!he percent contrirution of each zone to the 

rational production are given in Table 5.3.5. 

Table 5.3.3 Total larrl area, arable area arrl area w'rler barley 
production in the different Agricultural Stability 
Zones of Syria (1000 ha) 

_ 3_ _4_ _5_Zone _1_ _ 2_ 
Tatal larrl area 2710 247q 1300 1800 102QQ 
Tatal arable larrl 1710 1878 859 998 561 

I..arrl urrler barlgy Total 
1979 110 270 285 323 100 1088 
1980 101 308 280 328 177 1193 
1981 130 335 279 414 170 1328 
1982 118 331 303 505 317 1574 
1983 106 357 341 519 181 1505 
1984 69 361 291 363 189 1274 
1985 58 358 299 435 217 1367 
1986 79 463 302 464 221 1529 
1987 71 486 330 455 221 1563 
1988 88 562 402 463 308 1822 
1989 87 807 634 806 541 2876 

Plarmed 1990 43 646 580 867 400 2536 
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Table S.3.~ 	 A\'&age yields of barley grain d:rt:ained 1n 
the different Agricultural stability Zones 
of Syria (kg,Iha) 

Zone 1 2 3 4 

1979 840 620 300* 80* 20* 
1980 2360 1660 1220 970 780 
1981 1760 1,lSO 920 910 810 
1982 1330 ' ')0 380 200* 10* 
1983 1340 ;:;60 680 490 440 
1984 1110 460 SO* 10* 90* 
1985 1220 830 440 400 200* 
19:)6 1470 980 610 510 360* 
1987 1240 740 200* 80* 30* 
1988 1890 1644 1482 1577 1202 
1989 475 160* 55* Sl* 12* 

Mean 1367 885 576 480 359 

CV (%) 37 51 81 103 114 


% Years 00 harvest 0 9 36 45 64 

* 	 Ocx:asions on whidl the b.llk of the crq> \tnlld have 
either been grazed durin;J the vegetative stage or as 
as mature st:arrlirg crq> ('!hanson et al., 1983). 

Table S.3.5 Percent contribution of diffex-ent 
Agricultural stability Zones to Syria's 
total barley production 

Zone 1 2 3 4 c: 

1979 24 45 23 1 1 
1SBO 15 33 22 21 9 
1981 17 27 19 27 10 
1982 25 40 18 16 1 
1983 14 30 23 25 g 

1984 27 60 5 2 6 
1985 10 42 18 24 6 
1986 11 42 17 22 8 
1987 16 64 12 7 1 
1988 6 33 21 26 13 
1989 16 Sl 14 16 3 

Mean 	 16 42 17 18 6 
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'!he area un:ler barley has gradually exparxied in all zones 

except in Zone 1 (Table 5.3.3). In Zone 2, oor sw:vey results 

ir'rlicate that this is largely due to displacement of wheat by 

barley on the better soils ('I\.llly am Rassam, 1985), but in zones 

3 am 4 the increased area largely results fran the abarrlonrrent of 

fallOW'. In a national sw:vey of 153 barley proc:hlcP..rs corxlucted in 

1982 , Sarel et ale (1984) showed that many fanners were already 

grc::Mirg continuous barley or were reducirg the frequency of 

fallOW'irg as shown belOW'. 

Zone 2 53 20 20 7 
Zone 3 33 36 25 6 
Zone 4 25 65 10 o 

'!he dramatic increase in area urrler barley in Zone 5 results 

fran lam traditionally reserved for grazirg beirg p.lt urrler the 

ploogh. Inevibbly, it is the higher prn:ential ste{::pel.am 

borderirg on Zone 4 which is cult-ivated first. As can be seen in 

the area planned for the current season, this policy of pl~ 

steR;>elam hodS received the official sanction of the Govenunent of 

Syria, together with thE: abarrlonrrent of fallOW'. 

Average yields obtai..ned in each zone are given in Table 5.3.4. 

As \lXJUJ.d be expected, yields de.:] ine steadily fran Zone 1 to Zooe 

5, aM the coefficient of variation rises dramatically. 

Ac:xxItpanyirq this rise in the variability of yield is an increase 

in the frequency of ocx::asions on which no grain would be 

harvested. 'Inis does nm., ~f course, constitute crop failure in 

the accepted sense, :3in::e both grucn grazirg am the grazirg of 

mature crops, uneconanic to ha.rvest, do provide valuable sources 

of feed. Such practices may make barley cultivation in Zone 5 

eexu::mic for irdividual fanners, rut we oertainly question its 

http:ste{::pel.am
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wisdan at the national plannin:J level. Not only are the severely 

threatened natural pastures of the ~lan::l, already overgrazed, 

beL"l:J gradually destroyed through cultivation, but soil, wirrl an::l 

wat£.r erosion in these areas has ac:x:=elerated rapidly durin:J recent 

years (Fryrear, 1989). If we examine the percent contr.iOOtion of 

each zone to Syria's national barley prcx:iuction (Table 5.3.5), 

this point is further re-enforoed. Even in extremely wet seasons, 

such as 1989, the contr.iOOtion of Zone 5 is rrarginal at 13%. 

Given that such seasons are only likely to cxx:ur once every thirty 

years, an:i the highly variable yields OOtained (CIJ of 114%), we 

believe that cultivation of barley in Zone 5 :i.s neither 

sustainable in econanic terms, nor, an:i rrore i.rrp::Irtantly, in tenns 

of the runservation of the natural resource base. 

FUrthenrore, the tre.n::l towards barley rronoculture, although 

attractive at first sight, an:i rr:::M a~tly officially 

recx:moon:led by goverrarent policy, is also unlikely to provide 

~.ined increases in production. Long term trials at lCARDA. 

have derronstrated that yields decline unless fertilizer is awlied 

regularly, an:} even when it is, the variability of yields over 

tiIre rerrains greater than in the traditional barley/fallow 

rotation. 

5.3.5 	 Recent Researdl 00 lI!prcM?rl. Barley Productioo 
Systa!s in syria: 'lbe.i.r Rrt:.ential to ~ 
Natiooal Flock Feed Recpiranents 

Potential Barley Production fran Improved Practices 

In 1984 the Syrian Soils Directorate an::l lCARDA. initiated a 

oollaborative research project to as&~ the biological an::l 

econanic effects of the use of nitrogen an::l FhOSIitorus fertilizer 

on barley, through Im.1.ltiple-season nultiple-lcx::ation trials on 

farmers' fields in the agricultural stability zones 2 an:i 3 of N. 

syria. 
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'!he trials have been CX>J'rlucted CNer foor years (1984/85

1987/88) 00 a total of 75 sites. sites were deliberately selected 

to represent a ~ of soil type an:l depth, rainfall am 
rotatioo, incl\.ldirg lani in both barleyjbarley (8/8) an:l 

barley/falloirl (8/F) rotatioos. Alt.l'lcu;)h the trials were 

restricted to zones 2 ani 3, it shoold be ooted that durm;, the 

foor years, two extreIely dry years occurred represe'- ':m;, 

c:xn:litioos oornally prevailm;, in Zale 4. 

'!he trials are described in detail in sectioo 3.1 of this 

report an:l elsewhere (SHMR/lCARDa\ 1985 to 1988). In this paper, 

results fran these on-fann trials (OFT) are used, in CXllljtmCtioo 

with data on national average rainfall an:l barley areas, to assess 
the potential of inproved barley prcxiuction to meet feed 

requirerrw:mts • 

To do this we have restricted oor analysis to yield data fran 

foor treabnents representi.rg the two rotations wit:ha.tt fertilizer 

(Bo/Bo an:l Bo/F) and with 20 kg Njha an:l 60 kg P20siha awlied in 
the barley {ilase (Eq)/Eq) ani Bnp/F). '!he treatments wit:ha.tt 

fertilizer still represent int>roved practices of seed dressm;, am 
drill plantm;,. '!he fertilizer treatJoont of 20 kg Njha ani 60 kg 

P2os/ha was selected because it is close to the rate reoc::mnerd9d 

fran results fran the trials an:l currently bem;, demonstrated to 

fanners. 

yields (grain an:l straw) per hectare were CXlwerted to ~ 

Feed Equivalents (SFE), as discussed earlier, ani the 

relationships between SFEjha ani the rainfall recorded at each OFT 

site were estimated, with the followi.rg results: 

Bo/F: SFEjha = -11.05+0.1008 Rain-D.OOOJ Rajn2 (Adj ~=O.552) 
Eq)/F: SFEjha = -11.09+0.1136 Rain-o.0001 Rain2 (Adj N.632) 
Bo/Bo: SFE/ha = -7.68+0.0664 Rain-o.0001 Rajn2 (Adj ~.507) 

Bnp/Bnp: S~ = -12.47+0.1073 Rain-o.0001 Rajn2 (Adj ~.649) 

http:followi.rg
http:wit:ha.tt
http:wit:ha.tt
http:representi.rg
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'!he estimated respcnse relatiooships am oor "national 

average" rainfall estimates were used to predict the potential 

"national a·Jeraq9" sF'E/ha dJtainable fran each of the foor 

selected treatments for the 27 year period. 

To estimate the potential productioo fran these treatments 
requires saoo assllDptioos to be made reganiirg the area planted to 

barley. '1he total arable area in agricultural stability zones 2 

to 5, am the Syrian Goverranent's planned. area for barley in 

1989/90 ~~ given in Table 5.3.3 am are reproduced bel"",,: 

Million ha Zone 2 Zone 3 Zone 4 Zone 5 Total 

Total arable area 1.878 0.859 0.998 0.563 3.725 

Planned. barley area 0.646 0.580 0.867 0.400 2.4~3 

%of arable area 34.4 67.5 86.9 71.0 66.9 

'!he planned. barley area represents sane two thirds of the 

total arable area in Zones 2 to 5. '!he planned. area for Zone 4 

inplies that barley is to be grown in contirruoos rotatirn, 

reflecti..rq a deliberate policy to abarrlon fall""" rotations. 

In estimatin;J the production potential of the foor selected. 

treatments we hypothesized two scenarios. scenario I retains the 

planned. barley area for 1989/90, exclu:li.rq that planned for Zone 

5. ZOne 5 is excluded firstly because it was oot included in the 

OFT am, secon:ily, because the pr:iIri.pal <XI'lCenl 1Ihi.cb ptuapled 

this D!SeIiJ.n'.h was to investigate means of ~ feed. deficits 

Wrl.le at the same time halt.irg the expamioo of rultivatial into 

the fragile envi.rcnDents of the dry zmes. 

'!he secon:i scenario, scenario II, reduces the barley area in 

the drier marginal zones even further. Here, we referred to the 

original definition of agrialltural stability zones. '!he plarmed 

a.rea for ZOne 2 was retained. '!he original description of ZOne 3 

http:exclu:li.rq
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states that barley is the prin:::ipal crc::J'fI, t:haJgh sane pllses can 

be grown. We therefore allocated 75% of the total arable area in 

Zelle 3 to barley. '!his represents an :in:::rease of 65,000 ha on the 

planned area in ZOne 3 for 1989/90. Finally we allocated half the 

nable area of Zone 4 to barley, the remain:ier beirg CX>l1SeIVed for 

natural grazirg. 

'!he bJo scenarios are Sl.1I'IIIlarised below: 

Million ha Zone 2 Za1e 3 Zone 4 Zone 5 ~ 

Scenario I 0.646 0.580 0.867 0 2.093 
Scenario II 0.646 0.645 0.499 0 1.790 

'!be estimated "national average" SFEjha fran the fOJr OFT 

tteatJtw:mts were nultiplied by these areas to OOtain the 

distribJtion of potential production aver the 27 year period 1960

1986. In the case of the two barley/fallow rotation treatJrents, 

the area in earn zone was halved to estimate barley production in 

each year. Estimated amulative frequency distribJtions of 

potential prcxluction for each of the two scenarios are presented 

in Tru::lle 5.3.6. 

'!he distribution fran the two scenarios differ only in their 

scale; the degree of variation (% CV) is the same, therefore 

general cx:mnents on the relative effects of rotation am. 
fertilizer use awly to both scenarios. 

Fall~1 is famj to be valuable in maintai.nin;J oot:p..rt: in only 

the very driest years, reflectirg the soil nnisture conservirg 

advantage of a fallow rotation. In these driest years the B/F 

rotation ~d produoe nnre than continuoos barley despite the 

fact that only half the area is yidd.in:.J a crop. However, as 

rainfall i.rcrea.ses, the area advantage of continuoos barley 

a.rt:weighs the nnisture conservirg advantage of the barkj/fallow 

rotation. 
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Table 5.3.6 	 o..mul.ative frequen:::y distrib.Itions of potential 
production (million SFE) fran inproved practices for 
two hypothetical scenarios 

Predicted SFE (million) 
Deciles Seasonal 

rain (nm) Bo/F Bnp/F Bo/Bo Bnp/Bnp 

Soemrio I 
0.1 16A 2.8 4.5 2.9 4.5 
0.2 197 4.6 6.6 5.3 8.4 
0.3 268 8.1 10.5 9.9 15.9 
0.4 278 8.5 11.0 10.5 16.7 
0.5 286 8.8 11.3 10.9 17.4 
0.6 294 9.1 11.6 11.3 18.0 
0.7 326 10.1 12.7 12.6 20.2 
0.8 355 10.8 13.5 13.5 21.7 
0.9 392 11.4 14.2 14.4 23.0 

Meal1 283 8.0 10.4 9.8 15.7 
%CV 27.2 39.3 33.9 42.2 42.4 

5oenario U 
0.1 168 2.4 3.9 2.4 3.8 
0.2 197 3.9 5.6 4.5 7.1 
0.3 268 6.9 9.0 8.5 13.6 
0.4 278 7.3 9.4 8.9 14.3 
0.5 286 7.5 9.7 9.3 14.9 
0.6 294 7.8 10.0 9.6 15.4 
0.7 326 8.6 10.9 10.8 17.3 
0.8 355 9.2 11.6 11.6 18.6 
0.9 392 9.7 12.1 12.3 19.7 

~ 283 6.8 8.9 8.4 13.5 
%CV 27.2 39.3 33.9 42.2 42.4 

Notes: 

a) 	 5oenario I:Planned barley area (1989/90) excluding Zone 5 
5oenario II: Planned area in Zone 2; 75% of arable area in Zone 
3; an:1 50% of arable area in Zone 4. 

b) Bo/F: Barley/fallCM rotation, no fertilizer 
Bnp/F: Barley/falICM, 20 kg Njha, 60 kg P20sfha 
Bo/Bo: continuoos barley, no fertilizer 
Bnp/Bnp: continuoos barley, 20 kg Njha an:1 60 kg P20sfha 

c) 	 For Bo/F an:1 Bnp/F areas were halved (only half the area 
utilized for barley in any given year). 
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When fertilizer is awlied to a barley/fallCM rotatiat, 

production would exceed that fran unfertilized oontinua.1s barley 

(fran da.lble the area) in all rut the wettest 20% of years. 

li<:Jwever, contirruoos barley with ac'kied fertilizer clearly daninates 

Pllp/F in all l::ut the driest years. 

Production Potential arrl National Feed 
Reguirenents: AIternative strategies 

In selectirq the OFT treabrents arrl defi.nin} the two scenarios 

analyzed here, we were conoemed with assessi.n;1 to what extent 

inproved prcxiuction practices on a reduced area ccW.d fulfill 

national feed requi.rem:mts c::x::ITpCll:'e with the current productiat 

strategy. 

We will take as our reference point Scenario I (planned barley 

area exch,x:li.rq Zone 5) un::ler contirruoos barley (Be/Be), reflectin;J 

current policy to abarrlon fallCM. '!his represents a reductiat in 

the o.1ltivated area in only the veri driest areas (steR:le), am 
the minirrum inprovements in prcrluction practices (seed dressin;J, 
drill pl;mti.rq). '!his will be referred to as strategy A. 

~roved strategies are represented by: 

strategy B: 	 reintroducirq fallCM into the rotation am acklin;J 
f('utilizer to the barley P'lase (Bnp/F), arrl reducirg 

the c:ultivated area in Zone 4 (SCenario II); am 

strategy c: 	acliirq fertHizer to c:xnt:irIuaJs barley (Iq>/Iq» at 

ilia srulle reduced area (SCenario II). 

'!he currulative frequerq distrirutiats for these three 

contrast.in] strategies are shO\om in Figure 5.3.5. 

By ack:ti1l3 the inproved practices of seed dressin;J am drill 

plantin;J to conti..nuaJs barley productiat at the current planned 

http:contrast.in
http:pl;mti.rq
http:exch,x:li.rq
http:oontinua.1s
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area in zones 2 to 4 (strategy A), Syria wtW.d achieve or exceed 

60% of its feed requi.reJoonts (7.2 million SFE) in awroxiInately 

75% of years. However, the sane result wtW.d be achieved by 

awlyin;J fertilizer in a barley/fallow rotation on a reduced area 

(strategy B). In Figure 5.3.5, the CI'O"'~-er point between the 

distributions fran strategies A am B occurs at awroxiInately 6.5 

million SFE. Below th.i.s crossover point, in drier years, 

potential production is higher urrler strategy B. strategy C, 

awlyi.rY;J fertilizer to continurus barley on a reduced area, shifts 

the distribution to the right am potential production is higher 

in all b.It the very driest years. sixty percent of mtional feed 

requirements wtW.d be achieved or exceeded in awroximately 80% of 

years. 

Mr:i ctistioction made between the three strategies deperxis on 

the criteria used. If the oojective is to maximize the 

prc:bability of meetin;J national flock feed requirements, tl1en 

strategy C is preferred. If, on the other hard, the oojective is 
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to maximize the SFE cbt:ained in the poorest of years, then 

strategy B is preferred (rut: only marginally). Equati.n:J risk with 

variability, then Bnp/F (strat.ay B) WOJ.ld be preferred (CC'.I'Ipare % 

ClJs in Table 5.J.6). In strategy A, areas in Zone 5 were 

exclu:ied. In a 'Net year, yields fran the planned barlt!y area in 

Zen:! 5 may in:1eed boost production above that ~ in Figure 

5.3.5. ~er, the negligible yields adrieved in Zone 5 in dry 

years (see Table 5. 3.4) WOJ.ld nerely serve to i.oorease the 

variability in production. Even in the infrequently ocx::m-rin;J 

very 'Net seasons (eg• 1987/88), the contribution of Zone 5 to 

Syria's total production is minimal (see Table 5.3.5). 

In any event, the analysis derronstrates that there ~ 

alternatives to the current strategy of exparrli.rq cultivat.ion into 

nore ani nore marginal areas. Reduci.n:J the area un::ier barley in 

the marginal areas of zones 4 ani 5 ani inprovi.n;J prod'.lCtioo 

practices on the remaini.n;J area (oy encouragi.n;J fertilizer use ani 

maintaining a barley/fallow rotation) would reduce tlJe 

prOOability of drastically low production in dry years fran lani 

W1der conti.nuoos barley, ani in::rease the stability of prcx:hlction 

Oller time. 

'!be Introduction of Forage l.egu!res into Barley Rotations 

In assessi.n:J the potential contr:il::ution to the nat.i.on I s sheep 

feed SUWly t:hra.lgh the introduction of forage legumes in barley 

based rotations, 'Ne have used a dataset fran a si.n;Jle lorg term 

rotation trial established in 1980/81 at Breda (lOD;} telm average 

rainfall 270 llIlI) in N. Syria. Unlike em- analysis fran the nulti

season, nulti-location on-fann fertilizer trials, 'Ne recognize 

the darqers of extrapolati.n;J the results of this si.n;Jle locatioo 

trial across space. Instead 'Ne have used 10D;}-term climatic data 

(1960-1987) fran Breda for extrapolation Oller time only. Details 

of this tria] have been reported elsewhere (Jones 1989). 

http:nat.i.on
http:exparrli.rq
http:strat.ay
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We have selected the yield data fran six treatments 

representin:J a c:x:rrbination of three rotations (barley/fallow, 

barley/barley, barley/vetch hay) am two fertilizer treatments (0, 

am 20 kg N, 60 kg P205lha awlied to the barley };i1ase). '!he 

barley am vetch yield data were converted into sheep feed 

equivalents Crable 5.3.7), am the relationships between sheep 

feed equivalents/ha am seasonal rainfall ~ established for 

eadl rotation/fertilizer a:rti:>ination . 'Ihese are presented in 

Table 5.3.8. 

Table 5.3.7 	 Basic rataset converted into Sheep Feed Equivalents 
(SFE)/ha 1 

Rotations 
Rainfall 

Season (mm) Be/F Bnp/F Be/Be Bnp/Bnp BeIVo BnpIVo 

1982/83 265 1.93 4.80 2.51 6.56 3.25 6.61 
83/84 204 1.68 3.18 1.53 3.93 1.94 3.11 
84/85 277 1.47 5.17 2.57 8.90 3.72 7.92 
85/86 218 2.28 5.31 2.67 4.51 3.96 6.46 
86/87 245 2.01 3.45 2.34 4.56 3.59 5.46 
87/88 400 5.26 8.26 4.39 8.63 8.56 11.73 
88/89 194 1.01 1.92 0.84 1.92 2.23 3.11 

1 a) Conversions made a.ssurni.rg followirq metabolizable energy 
values: 

Barley grain = U.5 MJ/kg; Barley straw = 5.5 MJ/kg; 
Vetch hay = 9.0 MJ;:<g; am 1 sheep requires 4200 MJ 
metabolizable energy per year. 

b) Values for Be/F am Bnp/F were divided by 2 (only 1/2 ha 
utilized) 

c) Values for BeIVo am BnpIVo assLIl'OO 1/2 ha barley, 1/2 ha 
vetch. 

Usin:J the relationships in Table 5. 3 .8, am seasonal rainfall 

records fran 	Breda village for the period 1960-1987, production in 

tents of sheep feed equivalents were predicted for the 27 year 

period. These are presented as ClIITl.llative frequency distriWtions 

in Table 5.3.9. 

http:a.ssurni.rg
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Table 5.3.8 	 Relationships bebr.teen sm's of 
contrastin;J rotations arxl seasa1al 
precipitation (P) at Breda (N. 
Syria) 

Rotation 1 Equatioo 

Be/F 
&lp/F 
Be/Be 
&1p/&1p 
Be/Vo 
&1p/Vo 

SFE = -2.34 + 0.018 P 
sm = -2.14 + 0.026 P 
sm = -1.31 + 0.014 P 
sm = -2.17 + 0.030 P 
sm = -3.72 + 0.030 P 
sm = ~4.06 + 0.040 P 

0.795 
0.808 
0.840 
0.670 
0.888 
0.898 

B = Barl~, F = FalIOVl, V = Vetch Hay 
o = no fertilizer, rp = 20 kg N + 60 kg P20s 

Table 5.3.9 	 a.mulative fre.querq clistr:ibrt:ions of sheep feed 
equivalentsjha fran contrastin;J rotations at Breda, 
N. Syriu. 

Rotation 
Seasonal 

Decile Rain (mn) Be/F &1p/F Be/Be &1p/&1p Be/V Bri>/v 

0.1 136 0.11 1.49 0.59 1.91 0.36 1.38 
0.2 203 1.31 3.14 1.53 3.92 2.37 4.06 
0.3 238 1.94 4.05 2.02 4.97 3.42 5.46 
0.4 260 2.34 4.62 2.33 5.63 4.08 6.34 
0.5 269 2.50 4.85 2.46 5.90 4.35 6.70 
0.6 284 2.77 5.24 2.67 6.35 4.80 7.30 
0.7 298 3.02 5.61 2.86 6.77 5.22 7.86 
0.8 333 3.65 6.52 3.35 7.82 6.27 9.26 
0.9 419 5.20 8.75 4.56 10.40 8.85 12.7 

'!he effects of rotation (barley/falIOVl v. barleyjbarley), am. 
the inplications of addin;J fertilizer are similar to thoae 

predict:a:i fran oor on-fann trial results, an::l needn't be further 

discussed. '!he introductioo of vetch, either to replaoe fallOlii or 
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Da'lti.rn.loos barley, awears to be beneficial. catpared with a 

barley/fallCM rotation, a barley/vetdl rotation is clearly 

superior in tenns of sheep feed equivalents, except in the. driest 

years (cx::rtpare Bo/F v. BoIVo; Bnp/F v. BnplVo at decile 0.1 in 

Table 5.3.9). In spite of twice the area bein;J urrler prcxiuction 

in the barley/vetch rotation, it has little or no advantage in 

such dry years. HCMever, s·aasons with as little as 136 JIIII 

rainfall have not been experierx::ed in the life of the trial, am 
herx:le w l11lSt view this conclusion with c:x::rr.a caution. 

Consideri.rg the situation of replaci.rg continurus. barley with 

a barley/vetdl rotation, we again OOserve the benefit of incltrl.in:J 

vetch except in the drier ye:rrs (cx::rtpare Bo/Bo v. BoIVo; Bnp/Bri> 

v. BnplVo at decile 0.1 in Table 5.3.9). 

QJr analysis suggests that the introduction of vetdl as a hay 

crep WOlld produce greater sheep feed equivalents in abwt 90% of 

the years a::rrpared with either a barley/fallCM or barleyjbarley 

rotation both in the preseooe arrl absence of fertilizer. However, 

we DUSt E!fllilasize b.u inportant points: 

D::n::urrent on-fann surveys arrl trials in Syria, focusi.rg 00 

the introduction of forages, have clearly irdicated that 

whereas fanners ~ ready to accept this technolcgy, they 

prefer to utilize the forage as a sruroe of green grazin] 

rather than a hay crep. '!his is associated with the oost of 

harxl harvesting ('I\.l1ly, 1984) arrl dry matter losses incurred 

durin] the hay maki.rg process (Osman arrl '!hanson, 1985). z.bre 

recent on-fann trials have shCMn that either green grazi.rg or 

harvestin] the forage as a mature crq:> are both ec..orK:lllic am 
acceptable to the fanners ('!hanson et al., 1989). 

QJr analysis irdicates that forages may be considered risky by 

scme fanners due to their poor perfonnance in the drier years. 

http:grazi.rg
http:focusi.rg
http:replaci.rg
http:Consideri.rg
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'!his assessroont. is based only on o.rt:p.lt. data am does not 

consider the costs involved in the production of the varioos 

rotations. '!hanson et al. (1989) have shCMn substantially 

irx:reased production costs when replacirg fallCM with forages, 

am this walid urrla.lbtedly c:ontrib.Ite further to sare famers 

reluctance to adq:rt: this tedmology. 

5.3.6 Q;:n:!lusicns 

Syria I s rapidly irx:reasin1 pcp.ll.aHon am risirg starrlard of 

livin1, aCXXllpallied by a gradual process of urbanization has led 

to a dramatic ir¥::rease in the demarrl for livestO':'k produc::+-..s aver 

the last quarter of a century. '!his has been reflected in a 

threefold iocrease in its national sheep flo:::k arrl an equivalent 

increase in deJrarrl for livestock feed. 

Resultirg fran this irx:reased feed demand, several clear 

trerrls are evident. 

Syria has noved fran beirg a fr?qUent net exporter of barley 

to a frequent net inporter. 

Ole to greater livestock rn.nrbP..rs am greater frequencies of 

feed shortages, the natural pastures are rapidly bein1 

destroyed t:hrrugh avergrazin1. 

In order to increase its principal feed SUWly, Syria has 

officially sanctioned the cultivation of the ~lam am 

the abardornnent of the traditional barley/fallCM rotation am 

the adqn:ion of barley JOC>I1OCI.:lture. 

As a result of this policy, barley production is bec:anirxj more 

variable, rut has only shCMn slight increases on a national 

basis in recent years. 

http:o.rt:p.lt
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We do rot believe these narginal increases are sustainable, 

am already an aa::elerated degradation of the natural resource 

base is evident in the narginal envi..rororents where barley is bei.rg 

grown. 

HcMever, alternat:.ve strategies are possible. Reduci.rg the 

area urrler barley i.!1 the narginal areas of Z01"i::.3 4 am 5 am 
improving prcduction on t.h.:! remaini.rg area tl1r'cxlgh the 

introduction of sinple inproved practices sud1 as seed ciressi.rg, 

drill sow:irg, tt.e use of nitrogen am ~~rus fertilizer am 
the maintenance of the barley/fallCM rotdtion, hds the potential 

to meet national flock feed requirements in 75% of years am, at 

the same tiIre, will increase the stability of production over 

tbre. In acXlition, the introduction of forage legumes would 

further enhance the national feed supply in all but the driest 

years. 

For such strategies to sucx:::eed, syria woold need to develq> 

positive support policies which not only make the essential inp..rt:s 

available, but also encourages an active dem:>r.stration of their 

effective use to fanoors. 

5.3.7 
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5.4 	 <bames in Lentil ProiJct:.ia1 '1'echJ'x)loqy in syria: 
A Q;mp!rative stmy OVer Ten Years 

A. Mazid 

5.4.1 


Lentil is an iIrportant crcp in the drier areas of west Asia am 
North Africa in the cereal based rotatioo. Not ooly does the 

grain provide a valuable sruroe of protein in hmnan diets, rut the 

straw is widely UbE!d as feed for livestock am, as with other 

legumes, nitrogen fixation by the lentil crq:> helps to inprove the 

soil nitrogen dynamics in crq:pin:J systems (see also section 3.5 

of this report) . 

Ten yea.rs ago, in 1978/79, ICARDA. recognized the lack of 

infonnation available on lentil farntirg in general am on 

production practi~ in particular. 'lhus, a diagoostic survey was 

c:orrlucted in the major producirq provinces of Al~, Idleb, Hama 

am Hassakeh durirq tile grc:Mirq seasons of 1978/79 arrl 1979/80 to 

gather rore infomation. One hurrlred am fifteen lentil producers 

in Syria \ro1ere intervierwed (survey I). 

In 1989, the Pam Resoorce Manageoont Program (mu» at ICARIl.\ 

held its anrrual resid.::.-rr.ial trainin:J course in Aler.po. '!he course 

focused on the design, corrluct am analysis of farm surve~rs, 

particularly cliagra.tic surveys. '!he course had a strol'l;J 

practical bias. 

For this IXJIlXlSe, follCMirq the design of a questionnaire, a 

semple of 55 lentil producers in Al~ am Idleb provinces was 

chosen. within the lentil grc:Min:J areas of these two provinces, 

villages. am lentil grc:Mirq famers within villages, were 

sel~"Gl at rarrlan. '!his sanple was interviewed by the trainees 

in Ma.rdl 1989 (survey II). 
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Many of the variables recorded in the b«:> surveys are directly 

CXJ11:)arable. 'lhus, it is possible to CCII'pare lentil productioo 

practires in the current seascn (1988/89) with those of ten years 

aqo ani detennine \'mether lentil prcxhJction tedmolCXJY has 

uOOergc.ne any charr;Jes dur.in:j the last ten years. 

Difficulties do exist in carparin:j results fran the b«:> 

surveys due to sane differerx::e in gecxJraftlical area ani the 

unavailability of the raw data fran SUIVey r. In acXli.tion, both 

surveys largely foo..1Sed on the prcx:luctioo strategies of fanners in 

the actual season of interview, am thus \tJe lTllSt eIlJ:hasize that 

SeIDe season specific responses may cont.rib.rt:e to awarent lcnJ 

term d'larges in production strategies. However, the fW.i.r¥;Js 

presented below serve to give sane inpJrtant :in:lication of 

develcprents in lentil production CNer the last ten years. 

5.4.2 Area am Prcdlx:tim in Syria 

Figure 5.4.1 presents national area am production data for syria 

for the ten year pericxl UJ"rler review. Between 1979 am 1985, 

there was a decline in the area planted to lentil alIoost entirely 

due to the relative prires of production am harvest value. 

However, recent increases in the price of lentil (1986 orrwards) 

has resulted in a substantial irx:rease in the area planted. 

OVerall, lentil prires have in:=reas~ fran 0.8 SYI/kg to 9.0 

SYI/kg durin:j the ten year pericxl. In general, production tren::is 

mirror those of area, Wt yearly variations in national average 

yields, largely due to rainfall differerx::es, are awarent. High 

yields were ci:1tained in the very \tJet season of 1987/88, when 

national average yields exceeded 1 ton;ha for the only time in the 

ten year pericxl. 

http:uOOergc.ne
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£.igure 5.4.1 Total area and production of lentils in Syria. 

5.4.3 Expected Lentil yields 

In SUIvey I arrl II, famers were asked to state the lentil yields 

that they \'.OJld expect in gocxi, p:x>r arrl oonnal years. '!he data 

ootained fran fanners irrlicate that famers believe that yields 

have increased durinJ the stlrly pericx:l. It was foorrl that average 

expected yield in poor years has increased by 21 percent cx:rrpared 

to abcA.It 6 percent in gocxi am oonnal years (,rable 5.4.1). 

However, only the increase in oonnal years was statistically 

significant at the 5% level. 
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Table 5.4.1 	 Cllan;Jes in fanners e>qJeCt:ed lentil grain yields 
(kgjha) aver 10 years 

1978/79 1988/89 Increase (%) 

Average yield in good years 
S.D. 

1683 
(605) 

1775 
(480) 

5.5 

Average yield in poor years 
S.D. 

386 
(190) 

468 
(272) 

21.2 

Average yield in noma! years 
S.D. 

973 
(308) 

1028 
(289) 

5.7* 

Average yield durirY;J the 
lon;J term NA 1113 

(330) 

'Ib describe the c::tlan;Jes in technology in lentil faI1llin;J am 
their illpact on yields, the data fran the tv.u SUlVeys l!IeI'e 

grooped into (a) fanners' practices (b) fertilizer at:Plication by 

fanners (e) production costs of lentil. O:Jtparative analyses 

were made between inportant variables in each group. 'lhese are 

presented :..n the subsequent sections. 

5.4.4 Fan!ers' Practices 

Fanners' practices c:x:ttpared are: seed rates, l1UI1iJer of 

cultivations, seeding nethods, varieties, plantirY;J date, 

harvestirY;J nethcxi am CIq) rotations. A carparisoo of these 

practices are given in Table 5.4.2. 

It was foorrl that the average seed rate in 1988/89 is aver 28 

percent higher than ten years ago. Fanrers attril:m:ed this to two 

Irk~in reasons. Firstly, they use a higher seed rate to increase 

plant pcp.llation in an effort to control weeds; sec:x::lOJly they 

in:=rease seed rates when they use fertilizer, am, as \\'ill be 

shown, fertilizer use has iIx::reased since 1978/79. 
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Tabl~ ~I~!~ 0lan:;Jes in lentil production practices over 10 years 

1978/79 1988/89 


Seed rate (kg/ha) 144 185 
S.D. (~8) (47) 

I.arxi Dlereration cot) 
No tillage 6.5 0 
Qle tillage 45.7 20.0 
'l\Io tillage 44.9 65.5 
'1hree tillage 2.9 12.7 
Falr tillage 0.0 1.8 

Sood]n:J method 
Manual 66 69 
Medlanical 34 31 

Seed variety 
Red small seed (local) 83 82 
lobite large seed (local) 17 18 

Seedin:J date (:l) 
1st ~ of Nov. 8.4 
2m week of Nov. 6.5 1.8 
3rd week of Nov 5.6 1.8 
4th week of Nov. 15.9 36.4 3.6 7.3 

1st week of Dec. 25.2 14.5 
2m week of Dec. 17.8 12.7 
3rd week of Dec. 4.7 23.6 
4th week of Dec. 6.5 54.2 18.2 69.1 

1st week of Jan. 3.8 7.3 
2m week of Jan. 2.8 12.7 
3rd week of Jan. 1.9 3.6 
4th week of Jan. M _ 9.4 23.6 

100.0 100.0 

Manual harvestirg 100.0 100.0 

Rptation 
No specific rotation 18.7 23.6 
Cereals-lentil-surrmer crq> 66.3 54.5 
Cereals-lentil 15.0 21.8 
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'!here was also a difference in the rn.nnbers of cultivations 

recorded in the boio surveys. '!his may be explained by the fact 

that the llUIIi:ler of faI'lterS ~ tractors has i.ocrea.sed by 31%, 

am the relative "lentil grain equivalent" cultivation cost 

per/halpar~., has decreased fran 52 kg of lentil in 1978/79 to 20 Jo:;J 

of lentil in 1988/89. 

M:lst fanners still SOtI by hand broadcasti.n;p only one-third of 

farmers in the sant>les in the boio surveys used either a 

fertilizer spinner or a cereals drill for SCMirg. 

'!here has been no c:::han3e in the lentil varieties grown by 

fanners; lrost fanoors used the red small seeded variety, am all 

famers used local varieties because no new varieties were 

available to them. 

'Ille results also irrlicate a ten::iency aIrOn:J fanners to plant 

lentil later, althcu:Jh serre "season specificity" may be 

respJnsible for this c:bservation. Ten years ago, lTOSt of the 

famers planted lentil in the first week of Noverrber arxl finished 

plantirg in too secorrl week of ~, while jn the 1988/89 

season it was fOllJ"rl that lrost of the fanners planted their lentil 

durin:] the first week of Decentler t.hrc::ujl to the secorrl week of 

January. '!his shift in date of plantin:J is due to the fanners' 

belief that orobardle arxl weeds ('.an be controlled by delayin:J 

cultivation until after the onset of rain. Fanrers' believe that 

their weed p1:'OO1ems are increasin:J am associate this with greater 

fertilizer use on both lentil am the preoec:lirq wheat crop. 

l-b:;t fanoors still practice a three coorse rotation (oereals

lentil-suntrer crc:ps, particularly melon am water melon); this 

rotation is lrost carm:m in wheat basal systems where the lentil is 

grown. 
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All fanners are still haIvP.Stin;J by harrl whidl requires a lot 

of labor dur~ a short period. Manual hal:vestin;J costs are 

still high. Fanrers irrlicated that the i.ntroduction of a new 

tedmology for mechanical hal:vestin;J 'NOUld reduce one of the major 

prd:>lems associated with lentil pl"cxiuction. 

5.4.5 Fertilizer Applicatial 

Results fran the two surveys irrlicate an in::rease in fertilizer 

awlication by lentil fanrers in oorthern syria durin;J the period 

1979-1989. In 1979, about 47 percent of sample fanrers did rot 

aw1y any fertilizer on lentil carpared to only 13 percent in 1989 

(Table 5.4 • 3) . Increases in the awlication of IilOSI=hate 

fertilizer are particularly significant. Aroord 35.5 percent of 

the sanple farmers awlierl (ilCJSIilate in 1978/79 cx:IlpCU"ed to 63.3 

percent in 1988/89 while the percentage of fanners awlyin;J both 

phosIilate arrl nitrogen .i1x:reased fran 11.2 percent to 23.6 

percent. It W'dS also foorrl that the average rate of fertilizer 

awlied had .i1x:reased by IOOre than 127 percent for Triple SUper 

~te, arrl 41 percent for Urea. 'llle.i1x:reased use of urea is 

interest~ . Previous research at ICARl),b. (see FR1P Annual Report 

1988, section 3.7) also tested t:OO FOtential of nitrogen 

fertilizer on lentil crops in farmers' fields. '!his was studied 

because we had sha.m that many farmers' C!"ClpS were severely 

attacksd by sitona weevil larvae whidl destroy the nitrogen 

fixin;J ncx:lules. sitona control 'Jnve substantial increases in 

lentil yield, but the chemical (carbo:uran) is toxic arrl ~d 

require str~ent safety precautions. '!he possibility of 

OCI'Ip.?.nsat~ for {X)Or biological nitrogen fixation t:lu:'o.lgh the 

awli(ation of N-fertillzer was clearly attractive, but our 

results showed 00 significant responses. 

In general, the increased use of fertilizer on lentil a1.most 

certainly results fran large c::hanges in the relative cost of 
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fertilizer to lentil prices. In 1989, the fann gate price of 1 

kg of 'TSP was equivalrJ1t to 0.35 kg of lentil grain, 0CIlpal:9:l to 1 

kg in 1979, while the price of 1 kg of Urea in 1989 was equivalent 

to O. 33 kg of lentil grain 0CIlpal:9:l to 0.8 kg in 1979. 

Table 5.4.3 Fertilizer use (% of farmers) 

1978/79 1988/89 


No fertili.ler 46.7 12.7 
Chly P?Os 35.5 63.6 
Chlym~ 6.6 0 
Both N ani P20s 11.2 23.6 

Distrib..rt:ion of ~te use kg,Iha of'TSP 

0 50.0 12.7 
50-75 3.0 7.3 
90-120 21.0 18.2 

130-170 14.0 18.2 
200 8.0 38.2 
250 4.0 1.8 

<250 --M --.1.t§ 

100.0 100.0 

Average 'TSP rate (lo:JIha) 64 145 
S.D. (77) (24) 

Distribution of Nitrogen use lo:JIha of Urea 

0 77 76.4 
50 7 10.9 
70 0 1.8 

100-120 10 1.8 
130-160 6 5.5 
200 0 3.6 
350 --1 --9.s.2 

100 100.0 

Average Urea rate (kg,Iha) 17 24 
S.D. (43) (5:J.) 



325 


5.4.6 Producticm Cbsts 

In m::netary tenns, lentil production costs shCM a sharp increase. 

In the 1978/79 seasoo, the estimated CXlSt of prcxiuction was 974 

S'fIIha oarpn:-ed to 6003 S'fIIha in the 1988/89 season. Figure 

5.4.2 presents the estilnated productioo costs by main items. 

'B:fJ 

IU 
.c 

2CCO 
~ 
Q) 
a. 

....J 1~ 
V'l 

lCOJ 

Figure 5.4.2 Production costs of lentils, 1978/79 vs 1988/89. 

However, the relative productioo costs of lentil grain per 

hectare have declined fran 1218 kg of lentil grain in 1978/79 to 

667 kg in 1988/89. 

Figures 5.4.3 arxl 5.4.4 c:x:I'IpaI'e the percentage costs by item. 

It is oot:OO that seed costs represent 28 percent of total costs in 

1988/89 ~ to 15 percent in 1978/79. '!his is due to the 

in:::rease ~,n seed rates discussed earlier, while fertilizer costs 

were higher in 1988/89, oarpn:-ed with 1978/79, due to the 

OL--l~ 

SEEDS CULT. SEEDING FERT. WEED HARVEST 
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SEED COSTS (15%) 

Figure 5.4.3 Production costs of lentils, 1978/79. 
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£i9urf~~ PrOduction costs of lenti Is, 1988/89. 
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in:rease in the rate of fertilizer awlication. On the other 

harxl, there has been a decline in hal:vestin:J costs, fran 64 to 50 

percent, due to Cecrease5 in the relative price of labor. 

5.4.7 Cca1cl.usicns 

By corducti.n:J two c:arparable surveys over a 10 year interval, it 

has not only been possible to describe current lentil production 

practices in Syria, rut the results also give serre irdication of 

develq:rrents in lentil prcduction since 1978/79. 

'!here has been an overall positive trend in production arrl 

area at the national level. It was foorrl that the average seed 

rate has increased, that there are differences in the number of 

pre-seedi.rq cultivations. There is also a terrlency aItnn:J famers 

to plant lentil later. The costs of mmual harve5tiT¥J are still 

very high; new technolCXJY for mechanical harvestirq wcllid solve 

many of the prOOlems associated with lentil production. 

'!he average awlication rate of fertilizer has increased by 

IOOre than 127 percent for FhOSI=i'late arrl 41 percent for nitrogen. 

'!his 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. 

'!here has been a sharp increase in production <XlSts in 

rronetary tenns, but it was foord that the relative production 

costs of lentil per hectare declined fran 1218 kg of lentil grain 

in 1978/79 to 667 kg of lentil grain in 1988/89. 

Acknowledge:rrents : The staff of fR>fi> are grateful for the 

enthusiasm and hard work of the trainees who atterrled our 1989 

Residential Traini.n:J Course. Witllout. them this study would not 

have taken place. 

http:pre-seedi.rq
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Sbtit1e IlIm.ing in IUtb West syria. 1988. 
An Interim Report 

R. 'l\Itwiler (F'RoIP), 
A. Termanini (PFIP), and F. Bahhady (PFLP) 

5.5.1 


FollCMin:J the unusually plentiful rains of the 1987/88 gt:'C7IIirg 

season, there ~ to be a marked :increase in the J'1UIIi)er of 

stul:ble fields be.in;J p.lt to the torch by fanners as CC1!pilI'ed to 
previrus years. since it is well Jcnovm that oereal CI"q) residues 

constitute an :i:nportant grazin} resa.u:ce for sheep am goats, it 

wcul.d at first glarx::e a}:P9Clr rurprisin} that fanners were 

destroyirg the st:tJl:X)les. m.n> am PFIP organized a quick survey 

am::>rq 31 villages of cereal fanners b order to ascertain the 

frequeocy of t::uming am the reasoos why fanners cMse to b.lm 

their crq> residues in 1988. Villages wre stra~fied within 

broad rainfall isahyets to represent both the tr.heat based am 
barley based farm.irq systenE, an:! then selected at rarxian. 

Of fields oovered in the survey, 38% had been b.lrned for the 

first tiloo in 1988. 'Ibis suggests that 1988 00rn.irq represented 

a substantial irv::rease CNer previoos years. Fifty-three percent 

of the sanple incre::iSe oocurrerl in areas receivirg less than 350 

nm of annual precipitation. Fanners in higher rainfall areas tend 

to b.lrn stul:bl es, am in particular wheat stuli:Iles, xoore often 

than do fanners in the lCM rainfall zooe where sheep and q'Jats 

often represent JlDre brportant ea:xnni.c assets than in the higher 

rainfall areas. In tenIs of reasoos given by sanpled fazners for 

b.lrnin:J stul:bles in 1988, easier cultivatioo (tillage) am 

inproved seedirg for the next CIq>, together with pest (e.g., 

insects, weeds, and rcdents) control, acx:nmted for 63% of the 

fields tmned. Need to renrNe residues by the fastest method 

poosible before plantID;J a sunmer crc:p ac:x:xxmted for a further 23\ 

of the b..lrnin:J. 
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Despite the rise in b..lInin:J fre.quen::y, cereal residues 

cx:rrt:inued to be viewed as an ilrportant resooroe for livestock. 

Ql1y ale alt of 43 b.lmed fields surveyed \VclS b.lmed .ilma:liately 

after harvest withoot first bein;J eit.her grazed or havin;J straw 

oollect..ed or both. Barley straw was OCIlSidered relatively mre 

valuable l:Tj famers than wheat straw. For barley, straw was 

collected on 78% on the fields before l::Almi.rg arxi grazi.rg took 

place CIl 100%. For wheat, straw collection took place on only 

37% of the fields before ~. 

~y did famers decide to rum st:ul:::bles mre often in 1988 

than in previoos years? Initial analysis of the survey results 

in:licates that the constraints to l:mni.rg, especially the need to 

preserve crq:> residues for livestock feed, were greatly lessened 

l:r.i the relative ab.Jrrlarx:e of residues arxi natural pasture 

prcduced by the unusually plentiful 1987/88 rains. '!he reduced 

need to preserve residues allowed famers to take advantage of 

what they see as the benefit provided by l::Almi.rg, especially 

easier cultivation am pest control for the next crq:>. In short, 

fanners felt that in the SllI!I1ler of 1988 they had mre stul::bles 

than were needed or desired. 

F'al:n¥m;' responses to the nud1 higher than usual rainfall 

across the entire gradient in northwest Syria may be useful to the 

oo-goi.rg research into crq:> residue managerrent. In ordinary years 

of 1""" or rnedil.Ull rainfall, resiQUes in the 200-300 mn areas are 

managed sinply by havirg sheep arxi goats graze the stul::bles dCMn 

to gram:} level, leavirg only the root system in the soil to 

possibly make tillirg mre difficult. Grazin:} is done by either 

the farner's CMI'l flock, the camunal village flock, or by 

migrants fran the eastern s'teJ::pe who rent st:ul:::ble fields to graze 

their CMn flocks. In the 1987/88 season, however, there were 

o:nc;iderably Jrore residues than livestock calld eat, an:) 

CXXlSE!qUE!lltly residue management became a real question fanners 

http:oo-goi.rg
http:l::Almi.rg
http:l:mni.rg
http:grazi.rg
http:l::Almi.rg
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had to face. At this point, the issues of easier cultivation am 
pest ocrn:rol came to the fore. Arrl fannen very definitely have 

C::PlJU.OOS as to haw 'stul::bles left in the field hin:ier the 

productivity of next year's crcp by i.rx::reasirg til.'.age c::nsts am 
~d9'irg the prc::pagation of insects am rodents. Whether or 

oot the fanners' c::pini\.'I'lS are justified by the facts nust await 

another stu::ly. In particular, it is debatable whether or oot 

st:ul::ble b..lrni.rq is an effective way of di StX'AlI"a9'irg insect pests 

CXIliOCII'l to the area. Agrorx:my trials cxn:hlct:ed by FR-JP scientists 

at TP.l Hadya are designed to provide saoo oo-station ~, rut 

fanners' attitOOes will of course be very inp::lrtant in the 

process of adc¢ing recx::mrerrled methods of residue rnanagem:mt. in 

t:b::lse times am places where livestock do oot CXlTpletely rercove 

the residues by grazirg. 

5.5.2 Fltt:uJ:t. Analysis 

'l11e SUIVey year of 1988 was exceptionally wet. SUdl years have a 

ale in thirty p:r:OOability of ocx:::urrerx::e. '!be followirg year, 

1989, was, in CXlTplete CX>Jltrast, an unusually dry year, again with 

a ale in thirty prc:bability of cx:x::urrerx:e. Cereal straw 

production was, as a result, substantially less, am. stul::ble 

b..lrni.rq greatly reduced. A secorrl identical survey was uOOert:clren 

in the st.mrner of 1989, and in next J'aan; report we will present a 

detailed carparative analysis of these two cx::>ntrastirg am extreme 

seasons. 

Barley Productim fUrx±i.ms as Descriptors of 
the Tgw:t: of 'l'edJmlogy m yield in 
Sa.rt:beast '1.\JrXey ani Narthenl syria 

o. Erkan (0Jkur0va -;Juversity, 'l\lrkey) 
am A. Mazid (FR-JP) 

5.6.1 


Barley is grc4Ji1 in a1lOO6t all geogI"atirical regions of 'l\lrkey an:! 

5.6 

http:fUrx�i.ms
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Syria. It is used mainly for livestock feed an::l is the seocni 

IOOSt .inp:>rtant CIq) after wheat in tenns of area am productioo, 

in both 'l\lrkey an::l Syria. 

'!he agricultural production process is CClYplex am continually 

chanJ:in;J as new tedmolcqies are intrcduced an::l inp.It-artprt: 

relationship; are continuoosly d"lan:Jin;J. Hc1.t.'ever, the econc:rnic 

issues in relation to barley have not been examined adequately in 

either cnmtry. In order to gain a better urxlerstan:lirl of the 

barley production envi.rornnent in Norl:hern Syria, a survey was 

oon:lucted by scientists frcrn FR-fi> in ICAlID'\. in the 1~81/82 season. 

later, in the 1984/85 season, a similar survey was con:iucted, with 

the Sl'fP)rt of ICARIY\, by scientirts fran 01kur0va university in 

SaJ+"..heast 'l\lrkey. Lata were collected to initiate a carparative 

analysis of barley production in SE 'l\lrkey ar.! N. Syria. 

'!he IXJrPOSe of this stu:iy is (a) to &'lcM that diagnostic farm 

surveys may be organized +'.0 cbtain data for the estimation of 

production functions which are necessary for the fonrulation of 

awropriate research tq:>ics in the region, am (b) to detennine 

which enviroranental factors an::l i.np.Its have an inpact on yield 

variation in the rx:rrbined region of SE 'l\lrkey an::l N. Syria. 

5.6.2 Dlta Cbllecti<;n* 

SUrveys were con::lucted in the contrastin;J environIrents of N. Syria 

an::l SE 'l\lrkey. Lata in N. Syria were collected tlm::ujl 

questionnaires fran 153 fanners in areas reoeiv:in;J 200-3!:)O JIII\ 

average rainr-~l. '!he survey covered the provinces of Al~, 

Idlib, Hama, Hans, Al Hassakeh, Al Raq:}a an::l Deir Ezzor. 

* l-bre information a1::loot survey area selection, sanpl:in;J of 
villages am fa:rners, method of data collectIon can be foorxl in 
"Barley Production Econanics in SE 'l\lrkey an::l N. Syria: A 
Cc:Itparative Study", ICARIY\, AleFPJ, Syria. (Forthc:crnin:J). 
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In SE 'I\lrkey the SUIVey was oc:n::lucted in areas reoeivirg 350

550 ntn average rainfall an::l 181 fanners were interviewed. '!he 

survey area covered the provirx:es of Gaziantep, Sanliurfa am 
Mardin. 

5.6.3 Analysis 

In agricultural production, for each level of i.rpIts, there will 

be a unique a.rt:p.It. '!he production fuoction describes this i.rp.It

ootp..rt relationship. It explains the rate at which I"efiOOI"CeS are 

transfonred into products. Mathematically, a productioo flux::tioo 

can be written as: 

where 'i is wtp.rt: an::l Xl •• Xn are different i.rpIts used in the 

production of 'i. 

In the analysis of production fuoctions in this research, 

data relatirg to the largest barley plot on ead1. fann SUIVeyed 

were used. Most, fanners had rore than one plot of barley, an::l 00 

sane fanns soil quality differed ,,,>ignificantly be~ barley 

plots, so that production practices differed also. IJx::lu.:iin:t all 

the different soil characteristics an::l ~ practices into a 

sirgle production furd:.ion ~d greatly catplicate the analysis. 

In na;t econcmic productioo fl.n'rtioo stOOies, o.rtp.rt: is 

measured in terms of nonetary value, but in this study the ootp..tt 

is measured by grain yields. '!he reasoo for this is that the 

stWy was conducted in two different cnmtries an::l iT" different 

years arxl the barley price policies followed by the goverruoonts 

are very different. Barley straw is used by sare fanners b.It 

straw production was not taken into oc:nc;ideratioo in the 

fl.n'rtional analysis. 

http:o.rtp.rt
http:a.rt:p.It
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'!be variables hav~ IOOSt infl~ on barley yields were 

selected us~ technical methods of oorrelation arrl factor 

analyses. 'Ihese inclu::led arramt of rainfall, arramt of fertilizer 

used, seed rate, seed variety, arrl soil quality. 

5.6.4 Results am Discussicns 

In order to assess the inpact of different variables on yields, we 

pooled the 'l\lrkish arrl Syrian data arrl analyzed the data set as a 

whole. 

Diff~t specifications of production functions (linear, 

quadratic, square root arrl Cal:b-~las) were examined arrl it was 

fCAlJ'Xi that the linear roodel was the best fit. 

'!he equation of linear fom is given below: 

y = -679 + 2.93X1 + 3.13X2 - 127.39X3 + 4.73X4 + 3.93X5 + 132.65X6 

(0.001) (0.001) (0.001) (0.05) (0.03) (0.04) (0.03) 

Adjusted ~ = 0.621 

F(4.281) = 79.51** 

where, Y = yield of barley (kg/ha) 

Xl = Average rainfall (by zone) 

X2 = Seed rate (kg/ha) 

X3 = variety (black = 1, white = 0) 

X4 = Amount of P205 (kg/ha 

~ = Amount of nitrogen (kg/ha) 

X6 = Soil depth (deep=1, others=O) 

All coefficients were significant at the 0.05 level or less 

(the figures in parentheses give the level of significance of the 

coefficients) . '!he interaction between the above variables was 

tested arrl adjusted R2 did rot inFrove IlllCh. Also the t-test for 
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the coefficient of this interaction was not significant. 

'Iherefore it was not irx::lOOed in the above fonrula. 

'!he effect of dlan;Jes in average rainfall on barley yields is 

large arrl highly significant. Each acktitional nm of rainfall is 

estilnated to i.rx::rease yields by 2.93 kq/ha. 

seed rate.' also has a 1-OSitive influence on yields. As seed 

rate is i.nc::rE>:"-tSed by 1 kgjha, yield is estilnated to in::rease by 

3.13 kgJha. HaYeVer, this result lTllSt be treated with caution. 

It does not inply that if seed rate is increased, production will 

rise ac:x::ordin:;Jly in all areas. It may also be related to rainfall 

arrl mher factors. In acklition, in the ca..c;e of both seed rate am 
rainfall, increas~ values will only contrib..rt:e to greater yields 

up to a certain cptinum value beyorxi which no further contriWtion 

to yield will cx:x::m-. In spite of this fact, the introduction of 

the quadratic form of both these variables was not significant. 

An interestirxJ fi.rrli.rg of the sb.x1y relates to variety. In 

the survey area of 'l\.1rkey am Syria the majority of famers use a 

black two-rc:M local variety. '!his factor was intrc,.juced into the 

equation as a dumny variable am the lower yield of the black 

variety is reflected in the equatioo by the negative coefficient 

00 variable X3. 

'!he variables X4 (P205) am ~ (N) have positive effects 00 

yield, signi.ficant at 0.03 am 0.04 levels respectively. Althcu:Jh 
P205 arrl N have yield increasirg effects, these effects will vary 

by rainfall zone arrl soil type (see also section 3.1 of this 

report) . 

Soil depth (%) has been introduced into the equation as a 

dumny variable with deep soils havirg a positive effect on yields, 

as walld be expected. 

http:fi.rrli.rg
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'!he overall conclusion fran the estjmation of production 

functions fran the pooled data for the region as a whole, is that 

the linear function perfonood better than the other JOOdels in 

explai.rri.rg the relationship between yield per hectare and the 

selected variables. To derronstrate the efficiency of the linear 

lOOdel, average actual and estjmated yields are given in Table 

5.6.1. 

Table 5.6.1 	 Average actual and estjmated barley 
yields (kgjha) 

o:mrtry Average yields 
or 

Zone 	 Fstjmated Diff~ 

'l\lrkey 

Syria 

Zone 4 

Zone 3 

Zone 2 

Zone A 

Zone B 

Zone C 

1,530 
(749) 

464 
(403) 

341 
(229) 

387 
(356) 

652 
(498) 

827 
(536) 

1640 
(638) 

1933 
(837) 

1516 
(389) 

420 
(275) 

206 
(87) 

374 
(117) 

659 
(313) 

980 
(283) 

1578 
(244) 

1931 
(233) 

14 

44 

135 

13 

-7 

-153 

62 

2 

Note: 	 Zones A, H, C are in 'l\lrkey an::i 2, 3, 4 are 
in Syria. Figures in parenthesis show 
starrlard deviation values. 

http:explai.rri.rg
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'!be coefficient of correlatioo between actual yields am 
estimated yields is 0.792. 

'!be bi~ difference beb,1een actual ani the estimated yield 

is in Zone 4 in syria ani Zone A in 'I\1rkey, rut the diff~ was 

rot statistically significant. ~er, the general results are 

cx:nsidered quite satisfactory for a stOOy of this type. 

Production furrtions in agriculture are highly specialized. A 

particular production furrtion is meanirx]ful ally for a certain 

soil type, soil fertility, variety, grcMin:J season, or level of 

fixed inp.rt:s. A c:::hcmJe in any of these "givens" may cause a 

dlarge in the production furrtion. 'Iherefore, to be useful, a 

productioo furrtion IIJJSt be ClWl:"q)riate for the productioo process 

ani the envi.roomental con:litions bein:J stuiied. 

Agricultural. labor ani '.Iechoological Cllame 

D. 'l\llly 

In last year's FR-fi> AruUlal Report (see sectioo 6.2.3) we reported 

progress 00 oor regiooal overview ani case st:u:lies ccn:luct:ed 

within oor agricultural labor project. '!be cootents of the tw

volume p..tblicatioo resultin:J fran this project were finalized in 

1989, the last year of project fun::li.n;J ani will be p..tblished in 

1990. '!be first volume ocntains regiaul overviews on Labor 

Markets in Non-Agricultural Sectors; Off-farm Enployment in 

Agriculture; ani <l1argin:J Availability ani Allocatioo of Hoosehold 

labor; as well as review papers for cyprus, Iraq, Jordan, M:>I"OOCX), 

syria, 'l\misia, Turkey, ani the Yanen Arab Rep.ililic. 

'!be secord volume i..ocllrles eight case stlXiies by natiCl1al 

scientists which were fi.narx:ed by the project ani presented at the 

cc::n:=ltrli..rg workshop in AlE!RX>, July 1988. '!be follCMin:J are 
sunrnaries of the pri..ocipal fi.rrlin:Js of each case stOOy: 
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5.7.1 	 Agricultural Charges en Private 

FaIms of the Sersru. Algeria 


Atma:l Balaita am Clal¥ii.ne Chaulet 

In the Tiaret area of Algeria, as the availability of off-faJ.lIl 

enployment has declined, are fanoors attenptinJ to make rore use 

of family labor on their farms t.hroogh intensification? A survey 

foom that intensification of the predaninant cereal cultivation 

is cx.xm:r~ b.lt to a limited extent. Rotations with other crcp::; 

an~ scarcely seen. In\1roved cultivation am in£xrt: use are faun 

bJt prinklrily 00 large far/n/;. Irrigation is adqrt:ed whenever it 

is feasible, am q:portunities are expected to increase in the 

future. ~er due to the market situation am poor tedlnical 

practices, irrigated market gcm:leninJ is often a parallel 

c:x:mnercial activity rather than a part of an i.ntegrate::l family 

farm. '!he lOOSt pcp..1lar awLo:lach to i.ncJ:'ea1~irg on-farm enployrrent 

is t:hr'a.ql live&tock. Of the SUlveyed farms 69% had substantial 

ra.nnbers of ::;heep, cattle or pooltry. on large farms sheep can be 

fed fran anple crq> resicD.."", ~l'rl barley, bJt Cil small am medium 

fans raisi..""'tJ sheep involvE'S both ~ am b.Jy~ feed. Mrlle 

proviclin:j sane enployment, livestock enterprises are not enough to 

solve the prd::>lems of UI1E!Iploymenc. Nevertheless the c::harqes 

which farmers have initiated dem:i1utrat.e their active involveroont 

am interest in intensifirution, ani the dlal.l~ for researd1 is 

to present t.edm.ical solutions which ilIprove enployment am are 

mre accessible to small am medium sized faJ.1IlS. 

5.7.2 	 T1!J?licaticns of Techoolc.gical Qlame far 
labor am Fannim in the Yaria Ba ~ 
District. JIlnOCXX) 

Driss I<hrcuz am f.tl)a Marghi 

A st:u::ly of a highly productive rainted area of M:lrocco documents 

the effxt of eight years of focused effort by the gove.nuncnt, 

http:t:hr'a.ql
http:Clal�ii.ne
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with World Bank ~rt, to inprove agricultural productivity am 

rural livirg con::li.tions. Based 00 a sanple survey researchers 

foorrl that 10% of the fanns have becx:1oo ''nrrlern'', market-oriented 

farns usirg high levels of trechani.zatioo am irp.xts to maximize 

prodllctivity. F\J.rther, 50% of fanns have adc:pted such practices 

to a significant degree. I.abor makes up a smaller prcp:>rtion of 

total cx:sts on these fanns cx::upared to traditional fanns. 

Jb.Iever, because Jredlanization was introduoed in OCIlbination with 

diversification arx:l intensification, overall derna.OO for labor has 

actually increased arx:l many semi-skilled, relatively steady jci:lf;' 

have been created. 

5.7.3 	 Medlanizatioo am hlric:ulb.Iral FlmlCMDE!1t in Arid 
am Semi-Arid Zales of M::lttXXX>: 
'l1le case of Qpper Charui.a 

I.al:bi Za<;Pooni am Driss Benatya 

In a sb.rly of a dry-fannirg area SCA.Itheast of casablarxa, 

mec:hanization exists side-by-side with animal traction am manual 

techniques as an c:ption for fanners. '[his sb.rly cle.nalstrates that 

the dloice of IOOd1anizatioo is part of a rc:tn;Je of choices 

in::lu:ti..n;} several c:ptions for crcp:;, leasirg of lam, arrl off-farm 

euployment as well. Choices depen::l upoo the lam am labor 

available to the ha.lseholds am the consunption r~ts of 

the farm families. Fann strategies can be urrlerst.cx:xl in tenns of 

a limited l1\.lIti:)er of basic farm types, rargi.rg fran the microfann 

of less than 5 hectares, deperrlent up:>n rutside incane, t:hroogh 

the small, medium arx:l large sized fams in which the availability 

of labor or f~ are differentiating variables, to 

agriWsinesses at the other extr'ecl'e. I.easirg of lam is shown to 

be an :inp:>rtant factor lilowirg fanners with surplus labor or 

machinery to nore effectively use it. I.abor-intensive practices 

arrl crcp; oontinue to be econan:ically attractive for fanoors with 

adequate larx:l arx:l sufficient family labor. Mechanical techniques 

http:rargi.rg
http:derna.OO
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are dlcsen to maximize profitability 00 larger fanns, to free up 

labor for enployment 00 smaller fanns, arxl often to oc:rrplement 

labor or free labor for other agricultural activities an rred.ium 

fanns; it is also inportant in special circurnstar¥::es sudl as the 

recent drco;Jht whidl reduced the stock of draft aniInals. 

5.7.4 	 'Dle 1\coepta1pe arxl Rejectim of Agricultmal 
Innovatims by small Farm Operators: 
A case Sb.rlv of a 'l\mi..sian Rural Ckmrmrlty 

Arbi Ben 	l>.d1oor 

In a camunity stOOy of lDri::Ioos, nort:.hwest:em 'l\misia, it was 

frutXi that small fann size arxl 10\01 in::anes were the major factors 

affectin;} technology adcptioo by fanners. In ad:titian, a series 

of agricultural projects whidl have failed to benefit small 

fanners have generated a negative arxl passive attitude t:.cWcuds 

i.nrK:Jvatioo. lI:M availability of fann labor results fran 

emigration of rural popliatians as a result of the poor situation 

of rural areas arxl agriculture generally arxl thus is not a primary 

cause of 10\01 adcptioo of technoloy. On small fanns labor 

requirements are 10\01 arxl ral-farm sooroes of in:x:rne are of nuch 

greater inpo~ in maintai.nin:3' the hoosehold. Many family 

menbers work off-farm arxl }'WJ'g pec.ple in general are 

uninterested in agriculture. 

5.7.5 	 Farm Med1anizatim arxl Socio-ecx.lonic Olames 
in Agriculture in a Semi-Arid Regia, of 'l\misia 

Alia Gana arxl Rav.da Khaldi 

In a rainfed area of northern 'l\misia, nmwuzation has proceeded 

W'der the influence of goverranent policy for sane decades, arxl 

si.n:::e 1969 nmwuzation by private fanners has been encouraged. 

o.mershlp of machinery is JOOStly foon:i on the rred.ium arxl large 

fanns. large fanns have benefitted JOOSt fran mechanization in 

te.nns of inproved farm econcmics. On medium sized fanns the 
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owners do lIot have SlLfficient: lard to fully utilize the mad1i.nery, 

and nust rent it rut in order to maximize their profits. Q1 

smaller fantlS, hirl.rq of equiptent has beca'te a major cash cost in 

farminj while reducirq the der.:.-::.=-=. for lal::or. Smaller farms use 

mre labor per hectare, by diversifyi.rq into legtnneS, tree crqJS, 

and livestock, l:.A.rt labor remains in surplus. Hoosehold cash needs 

1<3ad to patt-tilne fatmir~ by men with in::reased labor 00 the farm 

by \oII:IlV;!J1. In spite of higher labor use small fams have l~ 

crop yields because of inability to afford qrl:ilIlal annmts of 

cultivation, fertilizer, herbicide, intJroved seed, am fallCMin:j. 

'lll.e small holding caruXJt be used as a significant source of inocme 

and so the small farm productioo strategy is limited to 

sub6istenae. 

5.7.6 	 The rneact of Tedmologv at JiB?lovment in 
the Rainie(! f'armim Areas of IJ:bid District. 
Jordan 

Imad Karablieh and Mahnnrl Ali salem 

Rainfed al:eas of JOl:tVm have seen a low level of tedll'X)logy 

adcption ard prcductivity gra.vth. HcMever, due to emigration of 

faull labor to urban areas anj abroad, labor-savin:] tedmologies.. 

prLl1clrily nled1aniza.tion, have been widely adcpted. Hired labor, 

both skilled am manual, is prooaninant, contrib.rt:irl:} 81% of farm 

labor hems, incltiliDJ 33% by migrant ~rkers. In a sanple 

SU1.vey, totdl labor inp.rt: incr:eased with area fanned anj I1UII'ber of 

mal~ in the family, rut was less in f.:unilies with absentees am 
student.s, so tl1e effe...."ts of emigration ate oot eliminated by hired 

lal.lor. Waren CAJI1tri.rute less than 20% of total labor am are 

primari.ly i nvolved in weed.in3, harvebti.n:j, w~i.rg am cleanin;r; 

~nen of the fam family participate at verj low levels. Skilled 

labor is lIostly hired locally am is a::moclI1l.y associated with farm 

madline.ry. Migrants were most active as unskilled workers. 

~Ulnes l-equire ITDre labor, IOOStly unskilled, than cereals an:! 

this labor is lOOStly provided by migrants. 

http:madline.ry
http:diversifyi.rq
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5.7.7 	 labor Use at F'anIs in Il!:y=Fa1:m:im 

Areas of Kenya ~.~ 


Ahmed Erkus, Taner Kiral, 

Hassan TatlidiJ., am F. F\lSW1 Tatlidil 


An analysis of CllI"I'Pnt farm practices in Kenya rrovin::e, 'I\l.rkey, 

documented high rates of idle labor on rainfed farms, partia.!larly 

severe on the small am rredium sized farms. Small farms are trore 

diversified, growin;J greater ano.mts of legurres, vegetables, am 
irrlustrial ~, am deperrli.n:] rrore on livestock. AltllClU'#l they 

SIJl:P)rt smaller families am earn trore than larger farms fran off

fann i.n:xme,small farms have the highest levels of idle labor. 

Urrler existirg t:edmology, dlar'ges in crop dloice am livestock 

rn.mbers can in::rease incx::Ires am labor uc;e particularly on small 

am medium sized farms. With IOOre intensive use of inl>roved fann 

techoology, unE!Ilployment cntld be further reduced am i.n:xme 

increased. '!bus the extension services have ilI'portant roles to 

play in advisirg fa:rmm; of th~ p:lSSibilities. 

5.7.8 	 scx::ial am FJ:Doni.c Aspects of Decisim Makim 
Related to Labar ut:.il;izat.im ard~M~~LQf '1'ec:hoo10ll'G 
A case stuly of a 'l\Irld.sh viJ~ 

Haluk ¥asnakoglu, Halis Akder, A. Arslan GUlKan, 
Nukhet Si..rJMn, Nazim I:.kinji, arrl MP..hIoot Eoevit 

An interdisciplinary stu:1y of a village in rainfed amtrnl 'I\l.rkey 

doc:'-llnents the interaction of the ecorx::m.ics am social organization 

of fannin;J. With adequate lam <:'TYi capital, fal1ll.in;J (".an be 

expected to provide a reasonable livelihocrl in years of average or 

better rainfall. However, for:rrany fanners repairs or payrrents on 

capital eql.lipnent., high interest on loans of cp>-ratilYJ capital, 

am debts incurred in PJOr seasons make fann incx:me much rrore 

precarioos. FUrthe.r, lam is not. sufficient, an:} sharecrcwin;J, 

rental or p.rrchase may be €!IT{>loyed t.D increase t:he holdirg size. 

Fran the fanners' point of view, what .is needed ClrP. ways to 

http:l\Irld.sh
http:ut:.il;izat.im
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increase the productivity of lam to enable irdepenje.nt farm 

halseholds to contirrue to exist. rue to lam shortages, males are 

often educated so that they can f:in:i off-fann erployment, so wanen 

are takin:J on a greater share of farm activities. labor exchan:Je 
within the village makes up for sane seasonal shortages ani hired 

labor is also enployed. Equipnent is p.utilased by fanoors to 
replace family labor, ani as tractors can do lIllCh lOOre than peq>le 

they replace, there is an excess of madrlnery. 

http:irdepenje.nt
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6. 

M. B. said 

rurirg 1988/89 season a I'1lIIl'i:ler of trai.nin:.J activities were carried 

em. by FRMP staff. 'lhese activities are detailed in the 

followirg sections. 

'!he fcmth annual residential trainirg coorse in F'antlin;J Systems 

Research an::i Resour\:.le Management at Tel Hadya research station 

was corrlucted dur.in:J the period 26 February-30 March 1989. '!he 

first week of the c::arrse provided a general overview of the work 

of the Program incl~ sare infonnation on survey work, on

station research an::i on-farm trials oonducted on lentil. 'lhe 

remairrler of the coorse focused on the design, conduct an::i 

analysis of farm surveys. In particular, diagnostic surveys were 

stressed an::i practical survey exercises were carried oot to expose 

the trainees to the nany types of prcblems involved in sum work 

an::i how solutions can be fOUJ'rl. '!he CXI1plementary nature of fam 

survey work an::i on-farm trials was dealt with in sare detail. '!he 

coorse was attended by 11 participants cc:m.in:J fran Syria, 'l\lrkey, 

Morocx::o, Algeria, su:lan, Ethiq:>ia, North Yemen an::i Pakistan. 

Section 5.4 of this report presents a SllIlIlla1:Y of the results of 

the survey work urrlertaken by the trainees. 

rurirg the 1988/89 season, three short trai.nin:.J courses were 

organized by the Program. '!he first one focussed on Soil an::i 

Plant Analyses, an::i was held at Tel Hadya durirg the period 5-16 

February 1989. '!he coorse described rrethods of soil am plant 

analysis, an::i p:r.ovided the participallw with a soun:1 technical 

urrlerst.arrlin of these rrethods. CCmronly used rrethods were 

6.2 

http:Resour\:.le


344 

ca.rpared an:l results of soil analysis an:l plant responses to 

fe.rt.ilizer ~.re oorrelated. ~is was given to soil nitrogen 

am plOS{ilorus, beirq the two IOOSt inportant soil nutrients whidl 

limit foOO prcrluction in countries of ICARI.lt\ region. 'lhe CCAlI'Se 

wru; atterrlro by eight participants representi.rq Syria, Algeria, 

'I\m.i.sia, NC',rth YE!I1'P.J1 ard Ethicpia. 

'Ill€! secord <Xl\.lrSe was a sub-regional traini.n::J cx:mse in Farm 

Survey Methods. It was oorrlucted in cocperatioo with rroc at 8icli 

Bel N:hes, Algeria, duri.rq the period 17-26 June 1989. As in the 

previrus season (when the o:::AJl:'se was ccn:lucted in 'I\lni.sia), the 

traini~ focused on ~thods of fann survey work. Specifically the 

cn.rrse COIIered planni~'3 of diagnostic fann surveys, the use of 

n>~evant field techr..lques for data oollection, am evaluation of 

oo.llected dat.a to identify arrl prioritize researchable prOOlerns. 

Training activities included lectures and practical 

field/laboratory work. '!he c:::a.rrse was atterrled by 15 official 

p<'rticipants representirq Algeria, Tunisia, Morocx:x> ani Libya plus 

7 unofficial partid.pants fran I'It',c, Algeria. 

'llle third short traininJ c:x:m:"Se was on SCheduli.rq of 

SlW] ementaJ Irrigation. It was presented by FR-IP's water 

JlIi\J'laga'OOIlt gra.xp t.o ten )nentlers of the Extension Servioe of AlE!R)O 

Provin:;f! durin:; the period 7-9 NovE!!lber 1989. '!his cx:mse was 

aiJOOd at the sipeCific extension personnel who will be managirg the 

ten cooperativ2 (ICARDAjDl\AR) supplemental irrigation 

dem:>nstration site.; within Al~ Provlnoe duri.rq the 1989/90 c:t"q) 

season. 

Irrlividual. Train:irg 

fR.fi> scientists, in oollaboration with university staff fran 

coontries within or ootside the region, oontinue:i to identify am 
providP. super.vision for postgraduate st:u:1ents. I:Urin:J 1988/89 

6.3 
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seasoo 10 IXJStgraduate stu:le.nts (4 ~ am 6 RlD) were receivinJ 

this type of trairrirg, 2 of whan have now c:x:rrpleted their stu:ties. 

Plans have already been made to i.n::rease this m,Jtiler in 1989/90 

seasal. Detailed information on these stu:ties are given in Table 

6.1. 

In the in:lividual I1CI'Hiegree tra.in.irg, q:porbmities for 

tra.in.irg in varioos research 1:q)ics were available for both junior 

am senior scientists. NaIoos, cruntries, subjects am duration of 

these tra.in.irg programs are given in Table 6.2. 

Tablg 6.1 Irdividual Trai.nirg, Degree-re1ated 

Name co.mtJ:y Degree ~tinJ 'ltesis Tq:>ic 
University 

U. 	 Maerz Germany RlD HOOenheim M.1ltivariat.e Analysis 
of F'al:1nirg ~~ 

S.A. 	l'!=\girl Slx1an FhD Hcl:~im Econanics of Faba Beans 
in New Areas 

H. 	D1hrc:u;J S. Yeoon ~ Alewo Herbicide/Fertilizer 
Effect on Wheat 

F • J. Mal"aIol:l Syria MSc Alewo Soil Test Calibration 
(Ms) for FhosIilorus 

T. 	Razzwk Syria RlD Alewo/ Wheat Extension in 
Nottin;Jharn Syria 

M.S. 	 rssa Syria MSc Alewo V~iation in Wheat 
Production in Syricl 

M. 	 Saade Syria RlD Midrigan Fertilizer Allocation 
in Syria 

E. 	 Afif Syria RlD CordOOa ~rus Behavic:m: in 
calcareaJS Soils 

M. 	 l<hazma Syria MSc D3maso.ls Mcpt.ion of Medic 
Pasture systems 

M. 	 Whitaker USA RlD stanford Risk Analysis of N-
Fertilizer Use on Wheat 

http:D3maso.ls
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Table 6.2 Irdividual Traini.rg, Non-degree related 

Subject Dl.ratiooName 

Z. Masri 
I. Hassan 
S.E.K. Ahnv::rl 
H. Qlodbane 
T. Soltani 
L. Medaa (Ms) 
M.H. Nagi 
Z. zahir 

Syria 
Syria 
Slrl3n 
'I\misia 
'l\misia 
Syria 
Syria 
Syria 

Soil Fertility Re.seardl 
On-farm Fertility Trials 
Plant-soil water Relations 
Neutron Prc:be Usage 
Neutron Prc:be Usage 
Fertilizer Allocation 
Tillage/l'bisture Cbnservation 
On-farm Fertility Trials 

1 year 
1 year 
3 weeks 
3 weeks 
3 weeks 
6 m:>nths 
9 m:>nths 
1 year 

6.4 

FaIr work.shcp:; \tt'eI'e cor.ducted by the pra;Jrarn durirg 1988/89 

seasa1. '!he first one was an International Seminar on F'ant\in;J 

Systems Researd1 spoosored. by CUkurova University am F'RwtP am was 

held between the 31st 0ct:.00er-2rrl Novenber 1988 at CUkurova 

lhliversity in l\dana, 'l\rrkey. '!he first two days of the seminar 

\tt'eI'e devoted to the ~lanation of F~ 5ystelrs Research am 
for paper presentations; the third day was reserved for a field 

trip. '!here \tt'eI'e approximately 60 'l\rrkish scientists fran 6 

universities am 5 researdl institutions. ICARDt\ scient.'J.Sts 

presented 3 papers am the 'l\rrkish scientists 9. 

'!he secord workshcp held durirg the period 11-18 Mardl, 1989 

was a Travellirg Workshql on Soil Test calibration in 'I\misia am 
fok:)rocc:o. '!he p.upose of the workshcp was to visit am evaluate 

the joint field ~irnents on soil test calibration corrlucted in 

the two cnnltries. It was att.erded by 10 participants 

representin;J 'l\rrkey, Cyprus, Jordan, N. Yemen, Syria, fok:)I"OCXX) am 
ICARD!\. '!he workshcp activities in:::luded presentation of a 

seminar Q1 soil fertility in 'I\misia. 

http:Traini.rg
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'!he t.hird \IJOrksl'lql was the joint I~ synposium on the 

Agraneteorology of Barley - Based F'armi.rg Systems whidl was held 

in Tunisia durirq the pericxi 6-10 Mardl, 1989. '!he synposium was 

atterded by scx::ial scientists, agronanists am meteorology 

specialists. 'lbere was a total of 64 participants CCIlli.nJ fran 

'l\misia, other coontries of the regioo an1 elsewhere. 23 papers 

were presented (as well as 6 poster presentations) in 5 sessioos 

an1 eadl session was foll~ by a lively pericxi of disrussioo. 

Followirq the synposium a wet'.k-lon::J train.i.rg \IJOrkshcp was given, 

focusirq on CIq> an1 clinate analyses an1 the use of climate an1 

CIq> grc:Mth m::xiels in dlaracterizing barley gr<::Mirq envirorunents. 

'!he frurth \IJOrkshop was held in 'l\.lrkey. '!he 'lUrkish Ministry 

of },griculture, Forestry an1 Rural Affairs, lCARD.l\ an1 CnMYT 

organized an international workshop entitled "Soil an1 CI:'ql 

Management for Inproved Water Use Efficieocy in Rainfed Areas" 

held in .Ankara 15-19 K:\y, 1989. '!he \IJOrkshop was atterxied by 32 

national scientists fran WANA region, 10 invited speakers an1 28 

scientists fran lCARDt\, cm1YT an1 'lUrkey. six technical sessioos 

were held, covering tillage an1 stul:i>le management, crcp 

establishnelt, fertili2er management, \t.'eed control, CIq> r'.Jtatioos 

an1 transfer of infonnation. A total of 34 scientific papers were 

presented at the workshcp. In aQjjtion, pcu.ticipants met in small 

workirg 9ro.JPS CNer two eveni.n:J sessioos to dj SOlS5 broader issues 

relatirq to sustainable focxi am feed prcx:1uction ircreases in WANA 

region. A SllIlI'Ilarj' of the synthesis of \IJOrkirg groop discussialS 

an1 ~tions is presented in Af.perrlix A of this report. 

'!he fifth rooetirq, jointly organized with the Syrian Soils 

Directorate was held on June 11 am 12th at Tel Hadya an1 was 

at:t:eroa:i by senior representatives of the Extension services fran 

the major barley producirq provirx::es of Syria. An CNerview of 

our collaborative fertilizer research on barley was presented, an1 

plans were fomulated for extension an1 denDnstratioo of 

http:train.i.rg
http:CCIlli.nJ
http:F'armi.rg


6.5 

348 


fertilizer in 1990. 'lhese will be cx:niuct:ed in 5 provin::les 

(DIlra'a, Hama, A1~, Raq:Ja arrl Hassakeh). 

FH4P continued to attract visitin:j scientists arrl postdoctoral 

fellows fran the region to work in collaboration with the 

program's scientists on research topics of nutual interest. 

IlJrin:j 1988/89 season, four visitin:j scientists arrl two 

postdoctoral fellows visited the ptogtam am worked with IC7UIDt\ 

scientists in varioos areas of stu:iy irx:ll.lCti.n;J barley production 

fl.trrtions, awlication of climate arrl crq:l m:::ldels, fertilizer 

allocation, lam tenure arrl management of lIIarginal larrl arrl 

finalizatic:n of research reports am tra:inl.rg manuals. '!be 

dUration of these assigrunent.s rarged fran 1-12 lDCl1ths. 

As .In the past, the program staff CXlI1t.r.ib.rt:.ed to other 

PIogIams' tra:inl.rg ooorses t:.hrco;Jh lectures am practicals on 

~dles to resoorce management research. '1bey also visited 

many OC1D'ltries of the region for neetin;Js am diSOlSSioos with 

their colleagues in the national programs. 

http:tra:inl.rg
http:CXlI1t.r.ib.rt:.ed
http:tra:inl.rg
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7. IUBLICATICR; 

InteJ:nat.imal Jan:nal.s 1982-1989 

Al.Jrost all these articles report 1:"eSearCh undertaken by staff 

duri.rg their time at lCARIY>.. However, in sare instarx:es, staff 

have written up research undertaken before they joined the Center. 
When this reseurch is of relevance to lCARIY>.'s marrlate, am when 

affiliation to lCARIY>. is irxticated by the journal, such articles 

are inclu:ied in the list below. 

~, S., Keati.rge, J.D.H., Gregory, P.J. am Cooper, P.J.M. 

1987. Effects of fertilizer, variety am location on 

barley production u;.der rainfed corrlitions in northern 

Syria. I. Root am shoot growth. Field CrI::p> Re:seardl. 

16, 53-66. 

~, S., Gregory, P.J., Cooper, P.J.M. am Keatinge, J.D.H. 

1989. Root: am shoot growth am water use efficiency of 

chickpeas (Cicer arietimnn) grown in dtylam corrlitions: 

effects of SCMing date rurl genotype. Janna! of 

lIgricultural. SCierDe (CaDiJri.d1e). 113, 41-49. 

Cooper, P.J.M., Ketinge, J.D.H. am HI.qles, G. 19B3. Crcp 

evapotranspiration - a technique for calculation of its 

CCl'Cp)nents by field measurements. Field Crcp; Re:seardl. 

7:299-312. 

Cooper, P.J.M., Gregory, P.J. 19B7. Soil water management in the 

rainfed fanni.rq systems of the Mediterranean region. Soil 

Use am Management. 3, 57-62. 

Cooper, P.J.M., Gregory, P.J., '1\1l1y, D. am Harric, H.C. 1987. 

In'proving wter use efficiency of annual crops in the rainfed 

http:fanni.rq
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fannin;J systems of West Asia am North Africa. Experimental 

Agriculture. 23, 113-158. 

Ct:q:)er, P.J.M., Gregory, P.J., Keat~, J.D.H. am Brc:M1, S. 

1987. Effects of fertilizer, variety am location on 

barley prcrluction under rainfed conditions in northern 

Syria. II. Soil water dynamics am crop water use. Field 

crops Research. 16, 67-84. 

Dennett, M.D., Rodgers, J.A. am Keatirge, J.D.H. 1983. 

Sbtulation of a rainfall record for the site of a new 

agricultural develc.pnent: an exanple fran northern Syria. 

Agricultural Meteorology. 29: 247-258 . 

Dennett, M.D., Keati.rge, J.D.H. am Rodgers, J.A. 1984. A 

cx:rrparison of the rainfall egimes of six sites in northern 

Syria. Agricultural am Forest Meteorology. 31:319-328. 

Gregory, P.J., Shep.'1erd, K.D. am Cocper, P.J.M. 1984. Effects of 

fertilizer on root grcMt:h am water use of barley in 

northern syria. Journal of Agricultural Sci.en:le 

(cambridge). 103:429-438. 

Harris, H.C., K.culsieh, S. a..TXl Bin Shuaib, O.S. 1987. Ccmpetition 

between wheat am w.:eds for fertilizer W'rler rainted 

conditions. IEseaJ:t:h Janna.! of Alewo University. 9, 35

64 (Arabic SUIlIl\al:'y). 

Hannsen, K. 1984. Nitrogen fertilizer use in rainted agriculture. 

Fertilizer Research. 5: 371-382. 

Hughes, G., Keatirge, J.D.H. am Cooper, P.J.N. 1987. Solar 

radiation interception am utilization by chickpea crops in 

northern syria. Journal of Agrirutl.ural SciE!l'X:le 

(cambridge). 108, 419-424. 



351 

Jones, M.J. 1987. Plant p:.p..llation an::l sorghum production in 

Botswana. I. Results of expe.rilrent station trials. 

ExperiJDental Agria.rt:.l.ure. 23 : 335-347 . 

Jones, M.J. 1987. Plant population an::l sorghum production in 

Botswana. II. Developnent of fanrer recommendations. 

E:xperineTt.al AgricuJ:ture. 23 : 349-356. 

Jones, M.J. 1987. Soil water an::l crop production in Botswana. 

Soil Use anI Management. 3, 74-79. 

Jones, M.J. an::l Sinclair, J. 1989. Effects of bare fallowing, 

previous crop arrl tilre of ploughing on soil rroisture 

conservation in Botswana. Trc.pical Agriculture (Trinidad), 

66: 54-60. 

Keatin3'e, J.D.H arrl CCx:>per, P.J.M. 1983. Kabuli chickpea as a 

winter-sown crop in northern syria: rroisture relations an::l 

crop productivity. Jrumal. of Agricutlural Sci~ 

(cambridge). 100:667-680. 

Keatin3'e, J.D.H. arrl Cooper, P.J.M. 1984. Fhysiological an::l 

rroisture u...c:;.e studies in growth arrl developnent of winter 

sown chickpeas. World Cr'cp; .U:OOllCticn. 9: 141-157 . 

Keatin3'e, J.D.H., Dennet, M.D. a.n Rodgers, J.A. 1985. 'Ille 

influence of precipitation regilre on the managerrent of 

three-course crop rotations in northern Syria. Jrumal. of 

Agrialitural Sci~ (cambrid:Je). 104: 281-287 • 

Keatin3'e, J .D.H., Neate, P.J .H. an::l Shepherd, K.D. 1985. 'Ille role 

of fertilizer managerrent in the development an::l expression 

of crop drought stress in cereals urrler Mediterranean 

environmental conditions. ExperiJDental 1tgriculture. 

21:209-222. 

http:E:xperineTt.al
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Keatin;Je, J.D.H., Dennet, M.D. arrl Rodgers, J .A. 1986. '!he 

influence of precipitation regi.ne on the crcp management of 

dry areas in northern Syria. Fields CI:qls Researdl. 

13:239-249. 

Keatin;Je, J.D.H., Chapanian, N. arrl saxena, M.C. 1986. '!he effect 

of in'proved manageIOOnt of legumes in a legume-cereal 

rotation on field estimates of crcp nitrogen uptake an:i 

symbiotic nitrogen fixation in northern Syria. Joomal of 

Agrio.ll.tural Scien:e Cami:lri.ck.Je). 110:'....51-659. 

Kax:1sieh, s., Harris, H.C. am Bin Shuaib, O.S. 1986. '!he effect 

of nitrogen, IilOSIilorus arrl herbicides on weed infestatioo 

arrl wheat prcduction. RaseardJ. Joomal of AlERlO 

University. 8:175-195. (Arabic with Erglish SUnunary) 

Matar, A.E., Garabet, s., Riahi, s. arrl Mazid, A. 1988. A 

canparison of four soil test procedures for detennination of 

availahle phosphorus in calcareous soils of the 

Mediterranean region. Cl:m!J.mi.catialS in Soil Science am 
Plant Nutritim. 19:127-140. 

Matar, A.E. an:} BroWn, S.C. 1989. Effect of rate am method of 

IilOSI=hate placement on productivity of durum wheat in 
Mediterranean envirorurents. I. Cl:'q> yield arrl P uptake. 

Fertilizer Research 20: 75-82. 

Matar, A.E. an:i BroWn, S.C. 1989. Effect of rate an:i method of 

IilOSI=hate placement on productivity of dunnn 'Nheat in a 

Mediterranean clilnate. II. Root distribution ani P 

dynamics. Fertilizer Researdl 20: 83-88. 

Mazid, A. 1982. '!he transfer of technology an:i its effects 00 

agrirultural develcprent in Syria. Researd1 Jwmal. of 

Aler.po University. 4:255-266. 
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Nordblan, T.L., Atnred, A.H., Miller, S.F. am Glenn, D.M. 1985. 

Long-run evaluation of fertilization strategies for drylam 

wheat in northern Oregon: sinulation analysis. l\grlcultural. 

Systems. 18:133-153. 

Perrier, E.R. am Wilding, L.P. 1986. An evaluation of 

c::atpIteri:::=d oothods for field unifonnity sttrlies. ~ 

in 1tgIauuy. 39:265-312. 

SheJ:hero, K.D., Cocper, P.J.M., Allan, A., Drennan, D. am 

Keatinge, J.D.H. 1987. Grwth, water use am yield of barley 

in Medit:.errarean type enviroranents. Jcmnal of l\grlcultural. 

Science (cambridge). lOB, 365-37B. 

st:awer, M. am Harris, H.C. 1989. Assessing the fJroductivity of 

wheat genotypes in a Medit:.errarean climate using a crop 

simulation model. Field crops ResearCh, 20, 129-152. 

Wahbi, A. am Gregory, P.J. 1989. Genotypic differences in root 

am shoot gI"C:Mth of barley (Hordmnn vulgare). I. Glasshouse 

sttrlies of yoong plants and effects of rooting meditnn. 

ExperilIert:.al Jlgrirul.ture, 25, 375-387. 

Wahbi, A. am Gregory, P.J. 1989. Genotypic differences in root 

am shoot gI"C:Mth of barley (Hordeum vulgare). II. Field 

stuties of gI"C:Mth am water use of ~ grown in N. Syria. 

ExperilIert:.al Jlgriculture, 25, 389-399. 

Calferences« Workstg:ls am Seninars in 1989 

lv::evedo, E. am Wahbi, A. Root gI"C:Mth, water uptake am dry 

matter partitioning in a groop of barley genotypes. 

Montpellier, France, July 3-6, 19B9. (Proceedings in 

preparation) 

7.2 
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Cooper, P.J.M., Jones, M.J., Harris, H.C. am Matar, A.E. H:p:o

ecological constraints to crq:> production in West Asia am 

North Africa, am their inpact on fertilizer use. 

ICARDtVlFOC p.ililication. I~ Paper Series no. lFOC-P-9. 

Coc,{:er, P.J. M. Fertilizer use, crq:> grc:Mth, water use am water 

,;..:;e efficiency in Mediterranean rainfed fann:i.rg systems. 

Presented at the International Workshq:> on Soil am Crop 

Management for Inproved Water Use Efficiency in Rainfed 

Areas. Ankara, 'l\lrkey, May 15-19, 1989. (Proceedirgs in 

preparation) 

Hard.s, H.C. Inplications of climatic variability for water use 

efficiency. Presented at the International Workshop on Soil 

am crop Management for Inp:roved wate Use Efficiency in 

Rainfed Areas. Ankara, 'l\lrkey, May 15-19, 1989. 

(Proceedir.gs in preparation) 

Harris, H. C. 'lhe relative iltpacts of water am ~ture 

constraints in lowlam areas of West Asia am North Africa. 

Pr~sented at the International Symposium on 

Physiology/Breeding of Winter Cereals for stressed 

lw.mterranean Environments. l-Dntpellier, France, July 3-6, 

1989. 

Jones, M.J. Barley rotation trials at Tel Hadya am Breda 

e.tations. ICARDr\-140 En. 

Jones, M.J. Barley-based fanni.n;J systems of the Mediterranean. 

PresentJ.=d at the 5yITp:lsilUU: '!he Agraooteorology of Rainfed 

Barley-Based Farm.irg Systems. 'l\m.is, 'l\misia, March 6-10, 

1989. (ProceEdirx;Js in preparation) 

http:Proceedir.gs
http:fann:i.rg
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Matar, A.E. Agroncmic aspects of plant nutrition manageoont in 

rain deperrlent food CI:ql prcx:luction systems in ~;t Asia arrl 

North Africa. Presented at the FAO/FIAC Fertiliz.at" Irrlustry 

Advisory Canmittee - Technical SUb-a::rnmittee Annual Meetin:J, 

10-14 April 1989. Rare. 

Matar, A.E., Pala, M., Beck, D. arrl Garabet, S. Nitrate as a 

guide to N fertilization of wheat in the J1editerranean 

region, W 16. Presented at the International Conference on 

Soil TPstin:J arrl Plant Analysis, 14-18 ~ 1989, Fresno 

(CA), USA. 

Pala, 	M. '!he effect of CI:ql manageoont for increased prcduction 

thro.Jgh ilrproved water use efficierq at sowin:J. Presented 

at the Internatioanl Workshop on Soil arrl Crop Management 

for Inproved Water Use Efficierq in Rainfed Areas. Ankara, 

'l\lrkey, May 15-19, 1989. (Pror:eedi.rgs in preparation) 

Perrier, E. R. arxl salkini, A. B. Schedulin:.J of suppleoontal 

irrigation on sprin:.J wheat USID:J water balance rrethods. In 

Irrigation 'Iheory arrl Practice (J.R. Rydzewski am C.F. 

Ward, eds). Prcx::eedin:Js of the International Conference 

held at the University of Sout.ha.npton, September 12-15, 

1989, Pentech Press, lDrrlon 1989. W 447-460. 

Ryan, J. arrl Matar A.E. (editors). Prcx::eedin:Js of the 'Ihird 

Regional Workshop on Soil Test Calibration. Arrunan, Jordan, 

September 3-9, 1988. 

Salkini, A.B. Use of saline water for agricultural prcx:luction. 

Arab Institute for Develc:pnent:, Magazine of science arrl 

Technology, No. 17-18, July 1989, W 78-81, Beirut, Lebanon. 

http:Fertiliz.at
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saxena, M.e., silim, S.N. arrl Matar, A.E. Agronanic managerrent of 

faba bean for high yields. Presented at the CIHEAM 

COnference on Faba Bean, Saragoza, 27-29 June 1989. 

Wahbi, A., Jones, M.J. Jabl:a.lr, E, El-Hajj, K. am safee, A. 

Fertilizer trials on barley in Northem Syria. Presented at 

the Syrnposit.nn: '!he Agraneteorology of Rainfed Barley-Based 

F~ Systems. '!\mis, 'lUnisia, March 6-10, 1989. 

(Proceedi.rxJs in preparation) 

http:Syrnposit.nn
http:Jabl:a.lr
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8. 

S'l2\FF LIST IN 1989 

Peter ~ Program Leader - AgronCInist/Soil Scientist 
Hazel Harris Soil water Conservation Scientist 
Michael Jones Barley Based systems AgronCInist 
Abdallah Matar Soils Cl1em:ist 
'lb::rnas Nordblan 1 Agricultural Econctnist 
MJstafa Pala Wheat Based Systems AgronCInist 
EUJena Perrier Water Management Agrol1Clllist 
z.tilamed Bakheit Said Trainin:.J &. i.entist 
nnnas stilwell 2 Agronc::mist/,l\.lnisia 
Mal"lr!o.rl AI-Ashram 2 Visitinj Scientist/Econanist 
Onur Erkan 2 Visitinj Scientist/Econanist 
Elizabeth Bailey Visitinj Scientist/Agri. Economist 
Shi Zuntang Visitir8 Scientist/China 
Al:x:lul Bari Salkini Agricultural Econanist 
Ahmed Mazid Agricultural Ecol1Clllist 
Wolf~ Goebel Fbst-IXx::. Fellow/Agro-Climatologist 
Amnar Wahbi Fbst-IXx::. Fellow/Orl-Fann Agrol1Cll1Y 
Richard 'I\1twiler Fbst-IXx::. Research Fellow/Anthropologist 
Sd:tli Na<;Rar 2 Fbst-IXx::. Fellow/Agrol1Clllist 
eiro D'Acunzo Associate Expert/FAD 
Maurice Saade Postgraduate Research Student/Economist 
Meri Whitaker 2 Postgraduate Research Student/Economist 
Sd:tli [k)zan Research Associate I 
Mal"lr!o.rl Oglah Research Associate I 
Mif ~ji Trainirq Assistant 
Sonia Garabet Research A.c;sistant II 
Iayth El-Matxiy Research As.~istant II 
Mireille Abdul Nour 2 :Reseradl N;sistant II 
Zuhair Aroo.s Research Assistant II 
Atef Had:1ad Research Assistant II 
Haitham Halimeh Research Assistant II 
Hassan Jokhadar Research Assistant II 
Samir Masri Research Assistant II 
Shahba ftbrali Research Assistant II 
Hisharn Salahieh Research Assistant II 
Nerses Chapanian Research Assistant II 
~ Salem Research Assistant II 
~ Tahhan Research Assistant I 
Pierre Hayek senior Research Technician I 
Abdul Kader SUnmakieh 2 senior Research Technician I 
Sabih Dehni senior Research Technician I 
Samir Barbar Research Technician II 
Ahmed Nael Hanwieh Research Technician II 
M:tlamed Aziz Kassern Researd1 Technician II 

http:Mal"lr!o.rl
http:Mal"lr!o.rl
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~ Lababidi 
SUleiman Khari:xxJtly 
I&oaln Hal.irreh 
Ik>llyM:usalli 
samir Baccari 2 
."t:han'ed Zeki 
Nabil fwllsattat 
Shereen Ba<:tloor 
Ghassan Kanjo 
Ra'la El-Naeb 
G'1azi Yassin 
Karim HaIra.l 
HayelEl-Shaker 
Marica Boyagi 
Katia Artinian 
Sana Rifaii 3 
Zuka Ist:anbc:cli 
samir Baradai 
M::ilana:i Elewi Karram 

1 On Sa1::tlatical Leave 

2 Left in 1989 


Research Technician II 

Research Technician II 

Research Technician II 

Research Technician II 

Research TE>dmician,l'l\lnisia 

Research Technician I 

Research Technician I 

Research Technician I 

Research Technician I 

Research Technician I 

Technician I 

Tedmician I 

Technician I 

Senior~ III 

~II 


~I 

Secretru:y I 

Driver II 

Pam Laborer 


3 Transfe"rred t.o Visitors Sectioo 



~mAL l«I<ISIJP 

SOIL AND crop ~ FCR ~~ tEE 


EFFICIENCY IN RA.1Nm) Arr£AS 


15-19 May 1989, Ankara., 'lUrkey 

S'iNlJiESIS OF IDRKING ~ DISWSSIONS AND RECX:f.1MENI),lTIONS 

GENERAL ISSUES OF CONCERN EXPRESSED BY 

ALL w::>RKING ~ 


To help meet the very large projected food am feed deficits 
within West Asia am NOrtll AfriC3, am to ensure that production 
in:::reases are sustained aver the lorg term, national am 
international agencies nust give greater priority to inp:::oved 
Cl."cp am soil ll1:magement am the conservation of nat-ural 
resources. 

'lhree major issuE'.s need to 00 ack:lre:;::~>1: 

1) ULllkages 
2) Priority of resource allocation 
3) TraLIirg 

:::.inkages 

- K.1lt.i.-disciplinary linkages are essential. At the nanent 
these are constrained by existin:] research infrastructun~ 
which are often ciepartloontalized on a cullliCXlity or discipline 
basis. 

N.B. 	It is also i.np:>rtant to try to avoid overlawin:] or 
c-Alflicting researd1 programs oIrl advice to extension 
agents am fanners. 

- Good linkages between policy rnakers-researchE:rs-extension 
agents-fanrers will greatly help in the develcpoont. of relevant 
research programs am the transfer of infonnatir'y'l to farmers. 
Cllrrent infrastructures dJ'rl lack of awarenP'-:>S .-rake it very 
difficult to establish such a chain of linkages. 

- Also if linkagee have been established, they are often broken 
by enforced staff novement. 

- K.1lti-national am regiooal linkages are not well established 
within crcp am soil management research. SUch networks am 
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infonnation t ansfer systems WCAlld greatly enhance the 
efficiency a~l status of agroncmic research ard extension. 

Priority of Reswrce Allocation 

- National agencies nust give greater priority to agricultural 
research ani extension, ard create a:n:titions which enoouraqe 
men ani waren in the regioo to c:mnit themselves to a career in 
agriculture. 

- within the agricultural research am extension sector, naticnU 
agencies shruld give greater priority to crq:> ard soil 
rnanagezoont research ard the oonservatioo of the natural 
resoorce base upon which future agriculture will deperl. ..• 

- Much of this research is lon:J tenn in nature. National am 
int.ernational agencies ard research workers t:henselves nust 
give such research higher priority ard recognize that "quick" 
solutions are not always possible, ard may be misleadi.n;J. 

-	 on-fann research has a vital role to play in: 

1) 	Devel~in3 relevant research programs 1:hrc:u3h better 
scientist-extension-farmer links. 

2) 	 Developrent of more precisely targeted recCllllermtions in 
variable enviroJ1l'OO1rt:.s. 

3) More realistic ecol'lClllic evaluations. 

Greater priority ard resrurce allocatioo shCAlld be given to 
such research. 

Trainirg 

Ac:hievin3 sustainable production increases in the harsh am 
variable envirorurents of West Asia am North Africa is goirg to 
I=XJSe a continuirg challerqe. To ioeet this challerqe, govert'Ulellts 
nust continue ani exparrl their invesbnent in trainirg. 

In general, the region has a deficit of skilled ~ in: 

- /l.gronaTly (ard a rarge of related disciplm-s) 
- Livestock science 
- Rural sociolO3}' an::} ecol'lClllics 

In particular« the re:Jion WC\lld benefit enoIll\OOSly fran the 
creation of a pennanent ard specialiZed regional trai.nirg center 
for Extension Agents. 
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Main Issue 

Develcpnent of awrcpriate tillage am st:ul:ble management systems 
for soil arrl water conservation, plant grc:Mth, arrl sustainable 
production. 

Major lirrler-Researd1ed Issues 

1. 	Tillage-stu1::tl:e-a.ninru interactions 
('!he use of stubble for water am soil conservation CXJTparElCl 
with .d1e current practice of stul::t>le for livestock feed) 

2. 	Effectiveness of stul::t>le retention for water infiltration am 
ra:iuced evaporation. 

3. 	Effectiveness of prinary tillage on water infiltration am 
retention. 

4. 	Efficient use of actlitional soil water thra.lgh gocx:l rranagernent 
(nutrients, weed oontrol, rotations), arrl the role of chemical 
weed oontrol in reduced tillage. 

5. 	Research am develcprent on C!Wrq>riate tillage equiprent am 
planters. 

6. 	Availability of spare parts am technical knew-how aba.rt: 
settirg am maintainirg mad1inery. 

Research strategy 

1. 	'!here shoold be l~ tenn, nulti-disciplinary, multi-factor 
trials on the major soil l-ypes of a c:::amtry. 'Ihese could be on 
research stations or on-fann, b.rt: nust be well-o::>ntrolled. 

2. 	SUch research shoold be integrated into national programs to 
ensure 10l'l:3 term cx:mnitroont am oontinuity. 

3. 	site dlaracterization is essential for carparisons am 
extrapolation of fiOOi.rlJs. 

4. 	Tillage equiprent nust be realistic for adqJtion by farmers. 

5. 	Trai.n.irg in usage am maintenance of equipnent is essential. 

6. 	I.ocal practice shoold be inclOOed as oontrol. 

7. 	All research nust inclooe IrOnitori.rg of eoonanics arrl social 
factors. 

http:IrOnitori.rg
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o:nstraints to Research 

1. 	Interactions of tillage-residue-livest:ock are CXllplex arx1 
CXI'ltrol is diffic:u1t. 

2. 	Tillage equipoent is often site (soil type) specific, arx1 
expensive. 

3. 	M.llti-disciplinazy ClWroadl to research is lackin::J within the 
regioo. 

4. 	'!here are rot enc:u;Jh experienced researol scientists. 

5. 	Tra:inin;J is inadequate. 

6. 	Contirnrity of research furx:ls arx1 personnel (scientists arx1 
SU{:P)rt staff) is needed. 

Possible Solutions 

1. 	l.cn;J-tenn government. ccmnitment at plannin:J stage required. 

2. 	Special project research f'l.trrlirg is needed fran national 
cp..reITU"OOl1t or extemal soorces. 

3. 	Yam:J research graduates shoold be involved. 

4. 	SUWOrt staff nust be trained. 

Maier Unier:=Researched Issues 

1. 	~riate methods of seedbed preparation. 

2. 	Oetenninatioo of .interaction of seed rate/plant density with 
envircranental factors. 

3. 	Mat:.c:hln:;J of varietal dlaracteristics to envirorurents. 

4. 	Predi.ctioo (IOOdellirr;J) of cswrq>riate time of SC7w'irr;J for 
curt:irturus crc:wirr;J. 

~ Priority Issues 

1. 	Plant arra.rgertelt arx1 row spacin;J 
2. 	Crusting of soils 
3. 	Seed clressin:Js 
4. 	Seed size am depth of plantirr;J 
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Research strategies 

1. 	Environmental dlaracterization is inpJrtant for ext.erwJ.on of 
results beyorx:l site of experiment. 

2. 	Multi-disciplinary research linked to multi-factorial 
experiments • 

3. 	A regional agronanic neboA:>rk to enllaI'voe infonnation exchall:Je. 

Q:nstraints to Research 

1. 	Lack of facilities for trai.nin;J 

2. 	lWr status of agrio..1ltural researd1 - reflected in poor 
lo;1istic SUAX'rt am cp:rrational furrls. 

3. 	lWr c:x::rmunication ~ regional am national scientists. 

Possible Solutions 


A regional infonnation transfer mechanism in ortIe': to: 


1. 	Facilitate research 
2. 	Give irxtividual researchers a wider sense of SUAX'rt 
3. 	Offer traini.n:J ~rtunities 

FERI'ILIZER ~ 

Major Urrler-Researched Issues am 
ru:propriate research strategies 

1. 	BlosJi1ate dynamics: depletion,lb..lild up of soil-p availability 
aver time, its relation to fertilizer regine, crqpin;J pattern 
am soil type, am its basic soil dlern.istry. 

strategies for Research: I.orXJ-tenn Trials 
site Characterization 

2. Efficient nitrogen fertilization: rete, methcxi am tine of 
awlication: c.evelcpnent of recarrnen::)ations flexible ~ to 
take acx:::o.mt of locality, season, previoos crq:> anI rainfall 
situation. 

strategies for Research: On-fann Research 
Site Characterization 

http:acx:::o.mt
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3. 	Diagnostic tedmigues: for asse£'.c;irg N am P availability and 
fertilizer need, in particular starrlardizatioo of analytical 
methods am detenninatioo of critical levels - in soil, tut 
also perhaps, for N in plant - in relatioo to soil type, 
recent fertilizer use am CIq) sequence. 

strategies for Research: site Characterizatioo 
Regional Infonnatioo Network 

4. 	Fertilizer interactions: with other managemmt practices (e.q. 
tillage, weed CClltrol) am soil misture cxn::litioos, leaclin;J to 
targeted 
levels, e

reccmnerrlations 
tc. 

for specific rotatioos, management 

strategies for ReseG'rdl: M.llti-disciplinary Research 
M.llti-factor Resea.n:::h 

I.org-term Trials 
site Characterizatioo 

5. 	Micro-nutrient deficiencies: sinple met:hcxls are needed to 
identify am anticipate micro-nutrient prcblems according to 
soil type/crq>/i ~ity of productioo. [Regional infonnatioo 
system. ] 

strategies for Research: site Characterizatioo 
Regional Infonnatioo Network 

6. 	Econanic <iim=nsion: analyze fertilizer trials econanically; 
reccrt1'OOI'rlations to farmers based 00 results of on-fann trials 
rud sttrlies of related socio-ecorx:.tnic factors am risk. 

strategies for Research: M.llti-factor Research 
M.llti-disciplinary Research 

On-fann Research 
site Characterizatioo 

l.c:J,.}er Priority Issues 

- Rl:OSIi1ate placerrent: ban:iin;J v. broadcastirg 

- Catparison of fertilizer fonns (high v. lOW' analysis; 


cx:Jll)OOrds ) 
- MicrOOiological aspects - rhizd:>ia arrl mycorrhiza 
- lb:lellin::J fertilizer response 

Use of NI5 and p32 to study fertilizer efficiency. 

wider Issues Le. Fertility Net Just Fertilizer ~ 

-	 Soil Iilysical pI'q)ert.ies (evolution in relation to rotatioo, 
soil organic matter oontent) 

- U:gume effects on soil N dynamics 
- Organic maJ"UlI'es 
-	 J:.cn:;J-term roonitorirg of fertility; nutrient balan:leS. 
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Q:nstraints to Research 

FillaD:=ial 	 strategies JOOSt affected 

,..~ 	 - l1lIIIbers All 
- traini.rg 
- salarieslin::entiveslinequalities 

~tioos - equiflOOl1t On-farm R.eseard1 
- vehicles, cpuatin:.J costs Iorg-term R.eseard1 

site Characterization 

Travel 	 - conferen::es, etc. Information Network 

OrganizatiOlY-a 

Institutional barriers M.llti~scipli.nary Researd1 
(Res.eardl v. Extension; rut also 
within Research) 

Bureaucratic procedures On-farm Research 
M.llti-ci..i.scipl i.nary Research 

Information Network 

staff chaJ'¥3es 	 lDrg-teI1'.1 Trials 

WEED <XJt.1IroL 

Major Un::'ier-Researched Issues 

1. 	0'lan3e in pop.1lation arYl species of weeds due to shift in 
fanni.n;J system fran fallow to continuoos crq:pin:.J, tak.irg 
liv£'Stoc.k interaction wi.th the systems into consideration 

2. 	I<rx7.iledge of weed flora arrl errergence patterns in winter sam 
crcp; 

3. 	Ecxn:ln.ic arrl agronanic analysis of the systems 

4. 	 Integrated weed control in food legtDOOS, particularly 
broadleaved arrl parasitic weEds (chemical use arrl cultural 
practices such as sawin:; date, ~ cultivatioo, 
solarization, etc.) 

5. 	 Integrated weed control in cereals, particularly grassy weeds 
(use of chemicals arrl cultural practices such as tillage, 
SQiin:.J date, plantin:.J pattR.J.n, etc.) 

http:Ecxn:ln.ic
http:traini.rg
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6. selection of crq> varieties with higher c:x::IIpetitive ability 

7. Centrol of late germinatl.nj weeds. 

R.eseardl strategies 

- farmer rronitorin3 
- lag-tenn trials 
- JILllti-di.scipl inary raleaI'dl 
- JILllti-factor trials 
- site characterizatioo 
- regi'Xlal agrorx:mic network 

Constraints to Res.aarch 

- Insufficient infrastructure 
- Integration of different disciplines 
- Involveme>~:t of researchers, extension am fanrers fran plarurirg 

crIWards 

Major Urrler-Researd1ed Issues 

1. Fallcy replaoe:rrent by annual ll.;'!J\.IlT!eS 

- Identification of suitable legtme species 

- studies of water am N balaooe 

- F.c:xlr¥:Inic analysis 


2. Ley fannim system 

- Social, cultural aspects need to be defined 
- Is a rew techoology feasible for introduction 
- Need to fim rrore adaptable varieties or species 
- Need to st:u1y the efrect of ley fa.nni.n;J on the chemical am 

(ilysical characteristics of soil am water use efficien::y 

3. Integration of livestcx::k into crg::pirg svstems 

- Effects on soil prc:prrt:ies am soil carpaction 

- Determine stoc.kirx.J capacity 

- Ec:arx:Ini.cs of OE>.real-legtnne-livestock systems 


http:Ec:arx:Ini.cs
http:germinatl.nj
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4. 	Crcg?im seguerces 

- Alternatives for varioos climatic situations 

- Need to fit the system into local situation 


5. 	Need to have methods for eoonc:mic evaluations 

Researd1 strategies 

1. 	Multi-disciplinaty C!Wroadl 

2. 	l.a'r:J-term, well-designed experiments 

3. 	Gro..1p experiments with similar dljectives in the region tA1t 
slightly different species am C!Wroadl aooordirq to local 
con:titions 

4. 	Initial trials-experiment station 

5. 	Introduce PC.-w technology (new varieties, new plantirq 
techniques, s...~irg date••• ) to fanners already usirq sane type 
of rotation 

6. 	CI:q> sequerx:e effects can be detenni.ned on shorter term basis 
ard on fanners' fields 

'7. 	 Design ard method of analysis of rotation experiments nust be 
carefully considered before initiation of actual field trials 

.QQDstraints to Researdl 

- carmit:rnent to lC>l"l:]-term trials 

- Expensive in tenrs of lard, time, personnel ard finance 

- CUick results are expected rut may be mislead.in:J 

- Procedures for corrluct of rotation exper.llrent.s not well 
Ul"¥3erstood. Not many good past exanples are available 

- I.orq time-lag between initiation of trials am usable (ard 
pJblishable) results 

Delronstratio.Tl of results in fanners' fields difficult because 
of 	time an:l la.'Xi required fran fanner 

http:Delronstratio.Tl
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'l"RANSFER OF ~TIOO 

Major Issues Corpernirg Extension 

1. 	Ioclusion of extension officers am fcn:nvm; in project t:eanE 
fran the rut:set 

2. 	Establishment of extension/rural sociology trai.nin;J center in 
region (a possible role for ICARI:Y\ was ~ by 
participants) 

Major o-.A1Straints to Extension Services 

1. 	Attitu:les of goverrunents/policy makers to rural develqrnent 
2. 	Gove.rnroont infrastructures, financial ~rt, etc. 
3. 	lJ::M credibility of extension workers: skills, roles, career 

develcprent 
4. 	Poor JmcMledge of extension skills/methods/technologies 
5. 	lack of econanic infonnation 

Possible Solutions 

1. 	Up:Jradi.n:J of extension servi'~/~, furrls am SUWOrt 
2. 	Specialized trainiIl3': - Inter-regional travel 

- Travellirq workshcp; 
- Establistarv;mt of extension/rural 

sociology/researd'1 trai.nin:.J center 
3. 	Greater use of electronic Jredia 
4. 	Planned projects 

Constraints to Farmer Adoption 

1. 	FOOr linkages, poor coordination between research extension am 
farmers 

2. 	Unavailability of inp..Its (seed etc.) am larJe of technical 
SUH?Ort services for farmers 

3. 	Advice to fanoors often conflictirq, instead of clear am 
targeted 

4. 	Level of education of fanners 

Possible Solutions 

1. 	Inproverrent of relationships between eadl CJI"alP in the 
researd1- extension-adqltion oontinuum ~: 

- Better organizational structures 
- M.Jlti-disciplinary project teams involvirq researchers 
- Ragular trai.nin:.J arrl/or workshcp; 
- 'I'echrx:>logical transfer coordinatioo camdttees for regialS 
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AI-HHlJX B 

1988/1989 

FR.lJECI' 1. r-ww;oom OF SOIL AND WATER Nl1IRIENIS 

Improved Efficiency of Fertilizer Use 

SWAN-1 	 Nitrogen arrl ~te soil test calibration for wheat 
in farmer's fields (cx:x:pmitive with Syrian Soils 
Diroctorate) 

SWl\N-2A 	 '!he effect of fertilizers on different durum wheat 
cultivars (C'Oq)erative with CP) 

SWAN-3 	 ContriWtion of mineralization potential in soils to 
nitrogen nutrition of wheat (cx:x::p~:::ltive with FLIP) 

SWAN-4 	 On-fann barley fertilizer tria:. .s (cooperative with 
Syrian Soils Directc;::.1te) 

SWAN-SA 	 '!he effect of soil depth on the efficiency of 
fertilizer use by barley 

SWAN-a 	 Interaction between soil roisture, soil P arrl awliea 
~te on grc:Mth, nutrient uptake arrl yield of 
lentil (cooperative \vith Al~ University, HSc stOOy) 

SWAN-9 	 Rate of ~e of available P in soils in relation to 
residual am awlied FhOSIilate urrler a cereal leguroo 
crow~ sequence 

SWAN-10 	 P-adsorption isothenns in calcareaJS soils 

Tillage arrl 	Stubble Management 

SWAN-ll 	 '!he effect of l~ term tillage systems on the 
starility of wheat/lentil rotations 

SWAN-12 	 Tillage method CQ.'TpCU"ison in 3-ca.trse wheat rotations 

SWAN-13 	 '!he effect of stul:ble b.lrni.rg arrl seedbed preparation 
systems on a wheat/lentil rotation 

SW1\N-14 	 '!he prc:ductivity of farmi..rq systems (cooperative with 
PF1P arrl FLIP) 

http:b.lrni.rg
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Inproved Prcx:luction Practices for Focx:l I.eglUnes 

SWAN-l6A 


SWAN-19A 


SWAN-2D 

'!he effect of soil tillage, r:cM spacirg am ~ 


control on yields of winter sam drickpea (c::oc:p=.. ,,' 

with FLIP) 

sitona am weed control for lentil in fu.nrers' fields 

(cx:x:perative with FLIP) 

Improved production practices tor chickpea 
(Cl~tive ~ith FLIP) 

Forage Agroncmy Trials 

SWAN-21 


SWAN-22 


Forage legmre potential in dry areas (cx:x:perative with 
FLIP) 

Vetch utilization trials 

Water Managenart: sttrlies 

SWAN-23 SUJ;:plemental irrigation of wheat: nitrogen am variety 
effects (~tive with Irrigation Depart::Joont) 

SWAN-24 Researd1. mar~ SUWlemental irrigation 
(cx:x:perative with Irrigation Department) 

of wheat 

~N-25 Researd1. nanaged supplemental 
(cx:x:perative with CP) 

irrigation of barley 

SWAN-26 Researd1. managed SUWlemental irrigation of dllckpeas 
(cx:x:perative with FLIP) 

Fallow RP..plaoerrent 

SWAN-27 

&W\N-28 

SWAN-29 

SWAN-3D 

&W\N-31 

LequIrejbarley rotation trial (Old Rotation, 9th year) 

Forage crq>jbarley rotatioo trial (New Rotation, 7th 

year) 


ContinualS barley trials Prd year) 


Barley scale-insect rotation trial (200 year, 

cx:x:perative with CP) 


PFLP/FR-JP medic barley rotation trial (200 year, 

cx:x:perative with PFIP) 
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~ 2. A(;ID-EXl)IOOICAL aIAAACl'ERIZATIOO FOR 
RESaJRCE MANNiEMENI' 

Prediction of Cr'q?/EnVirorunent. Interactions 

AC»I-l Selection and characterization 
(coc.perative with CP arxl FLIP) 

of key sites 

AC»I-2 Spatial clinate JOOdel 

AC»i-3 SlMI'lIG Wheat Grc:Mth Model. 
coefficients 

Determination of genotypic 

ACE+-4 Sinvlation of SUWlenentaJ irrigation f~ usin; a 
nv::i1ification of the CERES-'Wheat nalel arxl lCARIlA 
weather generator 

ACE+-5 Develc:poont of a CERES ~tible JOOdel for ec:oron:i.c 
evaluation of nitrogen fertilizer strategies in 
rainfed wheat arxl barley 

AC»i-6 Prediction of crcp-environrrent interactions 

AC»i-7A CERES barley IOOdeI validation arxl calibration 

Am-i-8 Whole-farm risk analysis based on expe.r:i1nental flocks 
am crc:p rotations at Tel Hadya, NW Syria 

Am-i-IO Intensification of small nr!!'lnant prcxiuction 
rainfed crc:p arxl pasture ~ of NW Syria 

in 

AC»i-ll Characterization of 
arid zones of Jordan 

drylarxl fannin;J systems in the 

~ 3. AOOPITON AND IMPACl' OF 'l'EXliNOIJ:X?I 

Estimation of lIdgJtion am Production Inp:tct 

ADIM-l 	 Analysis of c:rop-livestcx:::k production Jon the Breda
13ue'la area 

AD1M-2 	 Economic factors influencin:J adq;rt:ion of new 
technolcgy in dry areas: a case stOOy of fertilizer 
use on barley in N. Syria 

ADIM-3 	 Factors affectin; the adq;rt:ion am inpact of 
SUWlemental irrigation 
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ADIM-4 	 HaJsehold practices in sheep managanent 

ADIM-5A 	 stulX>le b.lrn.irq in Northwest syria 

ADIM-7 	 Econanical fertilizer allocation in syria (~tivE' 
with AleRX> University ani syrian Soils Directorate) 

ADIM-8 	 Barley production function in syria an:l 'I\.lrkey 
(cx:x:.perative with Olkurova University) 

ADIM-9 	 OVerall evaluation of socio-ecoocmic irrplications of 
lent.il narvestinJ nedlanl.zation research (~tive 
with FLIP) 

ADIM-IO 	 Socio-ecoocmic survey of winter SCMJ1 drickpea in syria 
an:l M::>rocx::o (cx:qJerative with FLIP, INRA - OW 
M::>rocx::o) 


