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Foreword
 

Drought remains an important issue in the eflfots of nations to feed themselves. Its 
magnitude in several parts of Africa has led to acute food shortages in recent yeats, 
and this has been a matter of great concern worldwide. 

Drought, however, is onlv one among several factors in the physical environment 
that can limit yields. particularly in tile semi-arid tropic:,. Temperature, salinity, and 
waterlogging are all important. And these factors often interact among themselves, so 
that the actual problems are difficult even to diagnose, let alone resolve. 

As part of an overall effort to consider how existing knowledge can be applied 
toN ard alleviating those physical limitations, and to plan future research, ICRISAT 
hosted a ('onsultanftls' Workshop during 19-21 I)cccmber 1984 on "Adaptation of 
Chickpea and Iligeonpea to Abiotic Stresses." Ihis voLmic brings together papers 
presented at the workshop, along with its recommendations. 

With proper application 'Af research, we believe that catastrophic food shortages 
can be mininmied or averted. Events of recent years have added a sense of urgency to 
the task of improving the ability of crops to withstand physical stresses, particularly 
drought. 

We hope that this volume will contribute meaningfully to such ameliorative 
research efforts. 

L.D. Swindale 
Director General, ICRISAT 
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Introductory Session 

Chairman : L.D. SwindaIe 
Rappirteur : N.P. Saxena 



Welcome Address 

L.D. Swindalel 

On behalf of tile organizen,, I welcome y'ou all t, this workshop. We particl'Iarly welcome the 
participants from outside ICRISAT and hope they will find the venue for this meeting suitable and 
at tractiN e. 

This workshop., dellint with tlze adaptatien of pulses to abiotic stresses, is an important one for 
ICR ISA rtid, I hope, also or oI INisitoi's As most of'you are full' awa re, abiot ic stresses on food 
crops are of great importance and concern in the world today. This is particularly so if many parts
of Africa, where severe droughts has e occurred and food sapplies have suffered catastrophically.
Nc ws has recently focused on Ethiopia, but I can assure you that droughts of similar magnitude
have been occuring in several parts of the African continent, causing great problems for their 
peoples and governrnis and for those concerned with aiding them.

With proper applicatiqyr of existing research knowledge, those catastrophic sit uation, need not 
have occurred. %lostof vou krio s how to deal witl those problems so that at least moderate degrees
of ph'sical stress on crops can be succCssfullv abated. ()nly under very severe conditions would we 
expect to find the types of problenrs that are occriiring today iii parts of Africa. More research is 
certainlv needed, but \e should ia ke ino aCCOLn tile slate of theart today. Most ofis understand, 
I think, that resea rch is soilletlliles part ,cience dlldpairt aft, ailld t ls a reference to "state: of the art" 
is not entirely ila ppropriatc. 

I hopC thil ill this \, orkshop on ill to the state ot\O1 be ,tble update tile art concerning the 
tolerance of clickpea and r geonpea to ph-sical stresses and also suggest wayvs to accelerate 
progress. *liere is it sense ot igcncv about what %or are doing and about tle nJeed to improve tile 
abilitv of these crop: to withstand phyical stresses, particnlIa rl. drought. We should iUse as Illliny
channels rilld avrnues fio iiipioveriient is possible, and se hl)c orir %,isitorswkill suggest some 
alternatie approaches ro the problem, we are tackling it I'R ISA I. I hope von Will give full 
attenltio to thre achiitics schedulCd fotr ,i aid that von will profit from participating in the 
\workshoap. 

l is 1okM i lcasurc to itsk )r. I.S. Kan\ar, I'R ISA I's I)ifector of Research, to talk about the 
purposes i the \korkshop. I)r. 'I.. Nene. l.eIder of tire Pulses IflproverIeI. Program at 
ICR1,SA I. , ill then relsekw pulses research at ICRISAT. 

I Dirmci r ( icr.'ral, ItRISAI 
RI'S %' I l rerationa ( rtip , Recearch Institute Ior the Semi-Arid Iroplcs). 19M7 Adaptalion o chick pea and pigeonpea to abiotic 

tre,,c, Pi'o,ccdin,, o the (onsultants' Workshor '9-21 Decembeh r 1984, ICRISAI (+'enler. India. i'auncheru, A.P. 502 324, India: 
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Keynote Address- Objectives and Relevance 
of the Workshop 

J.S. Kanwar' 

Let me extend a warm \welcorn. to you for participating in this workshop. In1the past, greater 
importar'ce has been gi'en tohiotic stresses such as diseases and pests, where greater possibi!ities 
exist of incorporating desirable traits off sistancc or tolerance. People have been talking about and 

physical bill 
thcI. In this %\0.orkShop.%o'Inch is ratheI a discussanits' nicotine, We vish the group to critically 

me:;a ringi stresses. Ics. aciehioements have been reported in building tolerance to 

o
, the stlitc (ofre\ ic' the art and SuggcSt iaStratce' Ir ICmO\ imng or mitigating abiotic constraints to 
prodJ uctiol. 

I x\\( important puLkcs of the semi-arid tropIS S.,\ larc chickpea and pigeonpica: chickpea is 
gi oi',nion 10.5 million ha, itd pigCo npca tm ahmtt 3 million ha. [lie rapid declilnL iII per Capita 
a\i.aihibilit\ of tlhcipulse, iI dcclopintg ountrics of the Indian subcontinent (India, Pakistan, 
Nepal. hlangladcsh, and adjoilliti CountriC,) is causine a great nutritional imbalance, particularly 
for" the poor \\1t depend SolCl\ In pulses f r stupplementitng cereal proteitns.
 

I Lt ,loing a\areness, of this sitlation and rcsact, I o\er the p.st decade have 
resulted in 
peirctCtble gaitS III pntd ucionl of pulseS. hlt ichl>S hta\ ilot rcalls increased. As pulses are being 
pueld to More tttareinal linid,, ilnd lti\orablic C1,irotucnts. tie ittiproetIent in their yield 
pttirtiaI is 110t realiicd. 

It I,, ofl aid ifteakthit)uiglt, oduction technology thatthe exteliSr iltriL!tioMi ttv I'ctat attd tice p
'Irc pishing pulse cICp tmt ttatginal latidis and lths Itxorable enviroinients. To define this 

situattim, a;ttetium Should hC directed to abiotic facto;. ';;W::IsCs, including: 
I. n tieiet dellictic\ ,teStcee . N. P). K. S.,Ic, Zn. Mo. etc.); 
2. Itnitcii toxicit\V st tess tee.. Nlinit\. \lM . atd other trace elements),
3. soil reaction stress (c... tidcitd ida ikallttitvt; 
4. MoisIire dcfiCiecv stress; 
5. moisture excess or \atcrloggi n strcss: 
6. high or lo\\ temperatire sifess: il 
7. soil physical Stress (e.g., poor soill structure, lack of aeration, etc.). 

All these arc serious abiotic constraints to production of pulses, affecting both crop stand and 
yield. 

Some of these constraints cart be remov'ed through inputs such as irrigation and fertilizers, but 
unless the genotypes are capable of giving high vielIds, comparable with cereals, the use of inputs
will not become attractive. Moreover. the rise of feriliz, r, ici has revolutionized the production 

of cereals through the itrod uctioti of lertilizer-responsive varieties, seeis to be still remote for 
pul.es. Scientists continue to argue \\iether pulses are really responsive to fertilizers, because the 
experience on fIarmers' ficlc' and at research stations is at variance.The conflict cannot be resolved 
\vithout critical studies, especially inpigeonpea. Some of the research needs can be summarized as 
follows. 

I)ctTi(i,ttr I1. lrctor o Iitici (wimi\aih I .\I 

K'R ISA (I(Ir I,rilnhr irltIIIII the I 1 7 I chri i( ItIp, I%-v 1 11, h I rCl-\rI I I top, p i. A'iapIt I c.'kpca f plgertlpea I(ahi tic 
oesctr', r,, s I h ( Iitt- \, rk,hp. 19-21 i) cemuber 114, i(RIS.\I (Cente!.!iii. 'I mclitietl,At'. 5112324, India:ccedirn o m I 

ICR ISA I 
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Poth chickpea and pigeonpea are grwVn under iainfed conditions, wiith stress firon receding
moisture in chickpea and log-dtii rat iott pigeonpca and from intermittent moisture in short- and
medilnm-duratior pigconpea. Both crops are subect to moisture deficits at the critical stages of pod
filhlng and matiritV. Iln addition, pigeonpea suffers from vatcrlogging. lacK olaeration, and poor
drainage in some soils. Salinity and alkalinity affect ho h crops, reiiticng plant stand and yield. It
has been obscr\ cd that ii the salts ire sulfatcs, chickpea's tolerance limit is tar higher than i'tliev are
chloride. . -here is Cx idCnec that sulfur deficiCney can affect Yiell in both Crops. Iron chlorosis 
seems to be conirnon in chickpea grirwine om cilcai-oa , soils. [here is also exiderice olsigioificant
geetic diflferences il ,ensitiiitv to /iic and iro dficicncv in chickpea thelc diflrerces carl be 
exploited by tle hiceders. 

1-he beneficial tesidnaoleffect Of IceiCs in rip ii.icd111 t cit to siubslcqnt crops is well 
know i. What is not Clerl"fY ullndert,)od is s tcthetCre lren.i srlleriic.t gcti differences in the
ilitr(oten-tixin' ci11a1 v airloln ,il :,  'ii,cirotvpcl , of chickpea. arid pti'eotpea. [lic role of' 
d~ifferentl ens otrtl~ lfactor" illl\t ; C011101f111oll fillnit0ct-iXritrtn in these lci cies also awaits 

hl i \%e!\t\ little ediC\\orl, tin I l 01 Cold I tilt ri cii eite chickpca of ]mirr-duiirittiOll 
pi_-Co!r I it ea. I o e- r fectlsci of Irost ott long!-durat,1ionp cill: .. InI t t arlt; ef dthl' :r Ptlafeh 1also loticed ,tine litres in (R!SA Cexperi
ittentil i 55Mihshijlrl i t si te itii,' is hiei. i this tirs sl i s because: tuitolraInc tin qnick 
r ,_cie t,.1. a itllt nced> to e do tc !ntlicd. 

Sh'p,,, ilit ii rniiliple tI sts ,tad hitch s vhf poitential iipeic ipcil has, becirreported, hut 
sthitlth tills, piicnllti ttt r artl e' C'x Ip ott I i lrtl rt rlrrilt clllllLt'ld Iu lil liptlatiol of 
0W HIOl 111t1C' , ICI)lll 10I v]( 'U ! 

Roo: .. ii , i ,t ,)t piofl llid Mi llt i t l,-,lti iii' 
,ril j,. ' cXt n pamt lre , of hoth Cilops riced to be, t iet.' ;ii : l~~tedt i ?A on2<:Il{[]'tt i\ it\ tirdtlix tiehi[ ltia.trec liet siiitibIlityoftre 

[f ,lt ,.'ii' iiL.1 ;ilt l.'i:l tti tI rx' i [ tfi 1ti.d.tiI ct ill huull putils pijs sce is to he 
qtt,'.:ti~nrbhsc. ( itipt eh,.ib'le tr~;tti n . It ' i Wt dli cxllpei l Iti scre' l'i tecetli soil iMouistiure.

,tllipftl,tlr tfph ,. ' liit'rt.c" . to ittiflit'S Crop stnd arid \ield is anotherl"illlpot
,aittspect that lted , sici,ion.
 

I bClLx hCse 5;tit, apcts' it, .: 
 , l, dc-rs\c L. itle ittlll.oiI lie iliterirational 
xxtirksluop> (Ii n Ie I i:lliI I .Q- r- pi tov . atind] [tO clpa i lt) I).ill drew attentirri 
thcsC pnrth iilltm '1te i lOltihtI . hut lilc stllilttori its rt1 Chilrde PILiCh ()\r tl"rtheVcIrsald we 
lrecd to fame a if:-,l look. 

I leei tief: is Alilittriret: to CX1arilirc I r!icei.l 1i0 critalis 1\Zl c l' carch oil physical constraints
it pulse prtoilui.' ll .1ta d tO iXpriri isC of ese;ar!.'h lt hic c ,sril-tni ill ant lotg-lcllll objectives.
It is ttot ernouch hiat \\c r erllcllthe( llitd tlrtiC ti irwl edge t)i tIre subject. \Wc shiold develop
ticchl i.,n-s i- acirics\ 1 the sct ,oali tluglh coliihoatixe scientilic leflots and hy pooling 
nraterilsi t 

Bloth b i" a!d rt!iilCgL' c: lCie, ft 1,rh "shrtild rcslIlts 01 pra.lCticl] significance. I amtnl SUre this 
it rroup Of sciCntists s1ill dentify etonctpt, ard prio\ritie, that eIced investigation. In addition, I hope
yoU %il also de\chip x,ork plalls arIl lechallisns of ctnopra tie resCrch 

I 5 stl su'ccsS 11ourSou i delibCrations. 

0r 



Overview of Pulses Research at ICRISAT 

Y.L. Nene l 

A bstract 

Ti" Ipaper /,rtotle. a ht'l/ ovA'it.t', / I(RA'IS. It interdi.tcilplinarrreseartIt on chickpea ael 
piAtc tj/n Ghlobal tmlcrtf/t' /t f iA mentit O .ei'titt ii. tr-ca t ,''.1 irefe." hiticon/ their /oihictiott 
ow/,rira it A /p ' '.eltIt C' t 'rItlt teh/rt o''11Vttoo flif/tt',. IIIl /S.. I1A rt'.lt'iltf]It/ro1/ In'.t.A]( "]" , 11 
l t ']-c]tpm, N'1 ''llt/1t; l . Itr%i.lI m lftd Brecdinlg(t//htt' dillm~l /biot abiwittl 


thl I o ill ()/'eff)i, :' / tIIt,il' , 1'(V 13'lllt' oitillIl.d amll/Nil( o e",,w.', lvlefl.wt im11lrov 't Illte'ia[V.11) 

J( .'iro ;l' liw hd 

Ihe Pulses lmrrocvcnit I'r amttltat WRISA I is 1\cihllc throu'h cooperatve agicements, to work 
concel led si ith research or, tile1,,0 illportitrit pulse itt other i ,ricilttital Ieseritch centers and universi
crops of the senii-;tricd tropics (S'AI) pgetmlpeit ties in India. At Hlisar. we carry out experiments on 
and chickpea. I he res.tct is nterdisctplinarv. v1ith short-dttratioi pigeonpea and long-duration chick
hrleeders. pihtt st eLitott]ittcist, tp ph,'iol- pea: the tesiis of this \cork are relevant and applicitl. ol 

oi.ists. anud til,troh tthet ot tile 
 ,
'ists sy\,rkiiteol hIe tot northern Indian environments, aswell as to 
common hjecti.c of impriing stahililt\ and .%ield Pitkistitn and Nepal. At (;\alioc, our research is 
it1 tie IN%( LOfps. primlt ril \ i lony-duratiot pigeonpea. We also have 

I1 lh I ailCil chickpea ait oall nurserv at I appers\aripora in Kashtotlet uluhtiition ttt of-season 
present is,t\C I0 million lt, and chickpCa is time tlr lor nutiltpklyiiig chickpea seed, thus enabling ts 
thiud it,,t ittpIttIuti t e',t Iectit,: inl tilewrld., t0 rapid ladance eilertittons. We ha\e similar 
lter hCails and peas. )r. Katmin h;ilstlheld\ cooperamtise atgrcelletts to screten ot- tolerance to 

pointed tnt that ptestcitl chickpea ields are qt:ite certtin disetses, such is s,,coch\ta blight and botry
loss aitufti T00)k ha 1.A little osur 3 tillion ha ts tttd tit chickpea. These diseases do notol 

aie t1tkdel piettttpCt ctktis hint., lor 5 tichitlsi pi's- 001-elm Iereitt littatlcheru. whereas they are endemic 
tit sicld lesls t:[ ,quite lI\. ultiiind ( )0 gI ha . ill thtose ateis. thilts Iliakin2 th: excellent sites for 
't'iell poteintitl )It oth crops is highi.losseet: Miti ctopcriti\c rcsCarch.
 
airtuIntd 40010 . l'1 PIIt re;tli/d it II title atnalv/cs tileprohletms that confront
k' l\ts ldofeICnI 
experitlittt ,titlons. Ilh litrse',, imck,, is m;,rkedks inircetsing prtdttction oipulses, th,"following points 
ditlerett itthe tso crops it chickpca itnoat\he is etilerge: 
highiiits 0I. hut tit pigeltpea ittranges bctsseemt 15 
and 30W . (irtNthdttrttionll thetsocrttpdpetnds I. ('hickpca tand pigeonpea are considered low
tupotn hction. scason. ;utilt cilti\t ar: tp roi(lltilIol priority crops bv latrers becauseis remunerative 
generally 4 f montIhs iii chickpea tild 4 1I rtiltiths liars.ests ate llt tellttill. 
in pigeotipea. 2. Ilhesecrtlpsare gro\iinhisthsistancera+ther thati 
Most otor rescarch i ,carried out luec at ICRI- cmttmcrcial lutr1iting systettis. 

SAI Center. In addition. xo.c ht.e ticilitics, tade 3. [ heir resptoisc to lertiliiers and irrigation is gen

,
I )r~grain lea decr, P tI ,c [t~i . ltJt I. I( k ISA IIIIVI( I'r(1!I TI1 110%%~in n , 'P1 1 ) g itIII l I I I).IC 11111Cs 

% wSubittettd itN(' P14 h t it (oipst Re',-Imc, I imi i Ie III-Andi t Ioplc,,tcrimumiaI ( R ISA I). 
,

ICR ISA t I tlricrti.,tiota I ( lt Rf war ItIt LItIt Ii ti t Ic ,*1t\ 17II), .l Sth I , II.,\ Ipit) 9S7 pt;lIIno oI chickpeca and plgeonp a to a biotic 
, , 


,ies+ troccedeilip ot ( Ie (I mhc t,tt , \I', ksimop.19-21t)cccinher 184. I(tJtSA t ( etIe , ti tit. Itaicitncheru, A.1'. 502324, India: 
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erallv riot remunlatieC. 
4. 	 lliee Cl()I ic tlati\ls 

pests and disaScs. 
5. (Iros th duinatin )I 1. 

llole limit 

(InIU. 

'I [Id.dllill 


thus ditiI 
SholtItlil 

It) \ItO 1 


I 


(licklpea 

(lhitLpet i+ a 

mliltld to It'l (m 

I it I . C1ithl;ilil 

ISO dit 111 

171'Ii J ) I, L' {IIIIJ rP,M eIL100t [Atl,Illd 

l' t0 1 ,1L. ( 'ii paiC ilsMi I ;II 
ltlish\ 
t li 

l hiIn sintl 
7 \ tjliJ;i: II,) ill I i 

IIl t %.tS , iI'C 

I%kj '+' p('11 ml+,1 H Ut +~ 


liatimiti ; 'i* h ik ,pIt il 
Ill IlWt htAIIM' ll- III 

Sati t( ,, ,h lni' 11II \ 

lot)' s0 tl icl 0i 

a, iL hjci ,kpeat al 

t 1;il tC'\Les iSi)\ 

'tiitLiluk itlijiC (iItel: tlicil 
I'I l+ld cnltkm rEHI, d+l'+C,'I,c 

11, 	 , i , Il t"ml ltot 

sI-pI~te 

IlicS \i ;tn~d Indiianl 

I'etlli t' ht ld Im 

thM \%C hIsIC IuMil 
'iwt 

Mltiltal t)p. P,i 

%%silmit tliL' illl u iiiditils, i\titi le 
. tI si I l ill ipts krhlti 


k llih111111 ('IIICL't'ii. 51d,l II t\," i dNeiII eIII
;illillk'SJ, I hC' Ltt"Td t I+II Is M L'{ld I l+Yl C Ii[ Alld 

,
ltsitc ii Illtt l cI ehitL.t\hlot;IS+, tis. d(hi , lie 
121011t I' \Jt a litl ',u kt'c. I Ii il l 	 at. cl 
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Figure 1. Chickpea-producin g regions in the. Aorld and their chickpea area as a percentage of total arab~e area. 
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Tllie 2. Ncreening cipabiliie% for fbiuic and Abiolic 
stresses in pigeuor:Pca. 

Ihlit 'ciw, I[ilt SotC 

Phtlipthfo thlitthlu Ilain q1ia htl.t 0. 
Senuits mO<s i lblutefl u.5 
Wih o KILctcai bliIh 0.4 
..%l'tinal fhftl 0 Ycll\ilioIILt rui 
/I'/)IhIw ' it? (sl', litiltltodc' i.."rcscint 
o d II. C ro por a u.0t 

Wailleli t o 17 \\ ted.(),) 
. . . .. . . . . . 

1.11- ck\cltcnt l'lil i. il,5, ni);[ , ~lt'',li liim 

to itelltalode's At pe-selt %c -hascno CapLhilito t 
screnll for to\o oliscaSs, 0, itchcs' broom does not 
occur in I idia, al eclcospoll blight is a disease of 
llilor inirporliallce to the crot in this coillntr\. 
W ceie,' hrioti is a scr\ sCkC-C disase in CCIntrl! 
An crica mnd ceicospora hlight is ItLiLe illporta iii 
Kem\ and other eatrtil AfIiail COUntriCs. It iS 
lecessal kto SCltll for these dicsisces ill the regions 
whoet thek are fires ilc lie t roefall (orllaiftiee 
of '0ur (leilrL in,g Board ha itoo\ rtcorl11itttd thait 
kte ,kork oil wlitch,:s" brooiii. 

We collduCiCd CXtil'sis S ill India and east-sllsC 
ern Affica on the Oc rCierc ' ;M( II Cpiid of wilt arid 
sterilits mosaic d cifiseassl<,tupe~i. We found 
that pigeonpea %klf is a problcitl i India as ssell as 
eastern Afia, ul; sterlilil\ llsoaic is irnore ii les, 
restricted to the Indian Sirbeimitjrelit. lhese tken 
diseases together cause losses utf about I'S 5113 
million per sear ini India aloie. and wil' causes losses 
of around I S $5 million i eastern Ai ica. [his 
amply detrionstrates lite attelition aidi priority that 
the!.e two disca!,es ncdl. In lItdia. \cry Ihigh incidence 
(of\kilt disease is reported il the states of %Maharash-
tra, lihar, and IUttar PIadesh. Sterilitv raosaic is 
important in ses\eral States, such as lamil Nadir. 
Gularat, Uttzlir Prade:h. and Btihat. ;ich surseys 
have helped us decide our resrech priorities for 
different regions in India in terims of resistance to 
dilseases, In experiments or, tfit elecCt of cultural 
practices oli disease tccurrreice, patho:gists a1d 
agronomists hakc found tha iitertiopping pigcoti-
pea with sorghun reduces wilt ircid.ice in the fiest 
year of cultivation. The experinent Wa; laid out inIa 
wilt-sick plot. Factors that lead to reductiorr of wilt 
incidence in such m inercropping ituation have 
not been isolated. 

We hose reali/ed the :rcr'asig nrportance Of 
Itellati des. In one Ili the ICRISAlV fields where 
sorglliun ;nd pircitpla %\ereinteleropped for four 
cotilese tisc _\Cas. \v had tife ad antage of wilt 

IC u i, dtl02 ii) ii ie tt-rt' ppingt btt a buildup III the 
populatio;o ol larce nemlatodes. Ithis iematode not 
onli\ inlests Sorghlllt nl also attacks pigeonpea. In 
a intlrcropping s.,,teri, Mhere 0oth the hosts are 

togetfher, ner,imatodc linds a fla orable 
e vironm ent ill \hich to build it. popt ifatiurr. 

"lhIiofh i., i nipigeolnpcia is nlio : l glla ll delvastat
ing th in in chickpea and hilten se,have deoloted 

c lnsideirlabfc fteit ioIto \k rk oi this pest. It causes 

a'; annual foss of S200 iilliet in Idia alone. To 
stud' the cecology Af Ili'/ollli in a legion, we have 
establisthed a net\ork of pheromone traps. This 
",\oik is hein cmarried ot i ,oopcration with the 
Iritish (%erscaS I )celopmonitt ,\dministration. 
Anottlher sclious pest of pigoelnla is tie pod fly, 
%sI'ichCal lestae le crop. partiCulfrlv inllnorth
ell' Indian cirirtlioentls. 

We feel that ICRISA I can ulstifiably take credit 
fllo l d trlliottlttigii, the ecolloulic feasibilit\ of colti
kating pslisriri-seasori pi.,etoipea. The idea was 
nit fIe%, bilt \e did d o'll.olmrate its potential. 
P lgeofipea is grown il the PhtStin\IN season In parts 
of lIndia iuch as (ilijar', hilt the system has great 
potential ill malV other alcas. Subsequent to our 
work, the State of Blihar in northern India undertook 
this acti\itY on a lalge scale. Postra ily-season 
pigelonpla ras Certain ad a iages. ior example, tile 
tiil iariagea ble height of the crop is considerably
 
reduced, which permits casier plant piotection.
 
Also, yields \er' close to normial cart b: harvested in
 
a shorter seasoi.
 

Phivsiologists ha vi, been screening for tolerance of
 
waterlogging prokl,.,iis, and some promising lines
 
hiak been identified. I('P 1-6 is a line tolerant of
 
waferlogging and of t'Ao mrtajor diseases, wilt and
 
sterility mosaic.
 

Microbiologists hase tiade important contribu
tions to pigeorrpea '/hi:-,iNiit research. Wefnow 
have a collection of 501(} isolates. One of the strains 
has beeni recommended for use in India. In the case 
of pigeonpea. ibout 70 kg nitrogen ha- I per season 
catl be fixed oy the symbiosis until the mid-pod-fill 
stage. lhis is around 88"'1 of the total nitrogen con
tent of the plant at that stage ofgrowth. The residual 
effect ott a followir g cereal cropcan be as much as 40 
kg nitrogen ha-1. We have been promptly providing 
cultures to our cooperators on request. 

The objectives in genetic improvemient mentioned 
for chickpea apply also for pigeonpra. Some of the 
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cultivars bred at I(R ISAIhave now been released' . 

Cultivar ICPI. 92 was released for cultivation in 
Himachal Pradesh; ICI. 87, a slort-duration type 
particularly suitable for multiple larvests, has Also 
been released in peninsular India and in the state of 
Maharashtra in central India. One of our short
duration hybrids, I('TlH 8. is also in a prerelease 
stage in minikit trials conducted in India. A cultivar. 
ilunt, has been released in Australia. and six more 
lines are in the pi relcasc seed increase stage there; 
this is it result Of our cOOperatise ss.ork with the 
llilersit\ of Qteetislatid. 

'egetable pigeonlpea types are impotiit ill ('en-
Itll Americai as v, ell as ill \ Clsteri and castc !:\frica . 

here clcii Peis irc coistmed is sotop". c.. Ill 
Puerto Rico, egctabitlc types. generally large podded 
with large, s\'cet-tasting green Secds arc preferled. 
('alitted pigeonpeas are marketed in certait parts of 
t11 wotrld. Wleiase mAde coilsidCrablC pi ogrcss in 
de. elopin, '.egelable t\pCs of pIlgeoipca and \%e do 
see a poteitial frS thetll solltie othel parts t fIndia. 

I. The status, asregards release, if cultivars mentioned here has 
been updated. 
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Agroclimatic Environment of Chickpea and Pigeonpea 

A.K.S. Hudal and S.M. Virmanil 

Abstract 

Chickpea and plgeonpea are gro wn in a wit',range of'agroclimatic environments. Chickpea is 
prodhced in 37 countrie%, tid p)qeonpea it 14. India accounts/r74% 'oftotalworld chickpea 

tht
prodhction(6.2 million i) and 9 thi ')rl/po'ietnilea production(1.2 mi//ion t).tChickpwa isusually'grown a/her i/ie r*'ini ce.accul on At ,red .cilte dttra~ntiig itierinlthe tropics and in it 

spring in tilt teiperateand .fediterrancan regiion.. Piceon,'cea L.usual/v sowt at the lw'giningof 
th' rain i' s a.oti. (as either ci mic'ci crop or aniIi'rcr'op.

T]ov'eri/.rp e r~lorma nt~v ol/pr omi.in. .gii,e t pe~s a ndlre<om l icthed mathte 
 tage mectp ractices, 

ih'ttif'icitio ttf a fii /'tic hmairA hutiont is udwcul. .c'teorolgica/ dtiior lour contra.,iting 
chick a-'rowtttig Il ttion.% /1ca,and II 'th'rahtl Mttlii, .. leppTo in Si 'ria. aid Ahartoum it 
.S'ut/titi tireit''tit. 

I Iiai t/'ot eI-,'ci't ttItrc'tO.s trt' i.tallh ltcated ili re,'ions with a 600 4400 mm anntia/
rainffiltl a d a c'rolvmitg /tritd / 90 180 ctv.. ('hickp'a i.usualiv gro i ltwhtere mecan dai/l' 
mximtlm t'tti/tc'raturv. ar' 2..5 310(' and itm ° ccdaiit/ i t 'tt/tempratures7.5- 13 'Cdturitig 
Jtanutir), whitei ttclc b'icc . i'le',itl. 
 toi.c oilwhich he two crops aregrott are predomitiantl, 
Alfisoc. bitttls, h,- t7pti. lt, ant I'rt'im.t. 

,lttollol vttth
Quailltitative it!ic', ']'ct¢lt\ioteta/co. ontgrowth andth, vllopmctt of/ 
these crips i.%u.iul iti bcuilding m'tl./i r sim/tint' vichA. ( .itig hiitoricalweather data,"1't11111/itive,pro/ba/btitic. .% iuae avia,,.i watera; .%otvinq were,comlutedl/r ICRIS,, T 

('Cetter (i'ataohc r) ainI li ir. ,/It l tlit ni, ti a medium-h ep 'rtist havtg 150 into 
iaOt-tc'riac,e 'a/t! ii,t. theiiidtc'a iilt/'. t tilaIr ill 70' ot 'arc studice ias 120 lm 
nt/it' raitt'- aii l t mm lrtcid/m nd SO titt Ict tI'-Na.sn sor ,lnvn. A.tIticar, the imu/ated 

availth At titt r '/ic' racic ca.%oni/lcw ill70 ' ct/thei'tars t'as more thatl120 mil it soils 
with 1.50 mm watt'r-.otrlt.ge 'qtuia'it.'. I "sing the wate'r ttt' ald .'ietl relatioiship, cumulative 
prolthililic. 0c/c t ita ntdi/tditlictru.reiiiremetirct i iter'tom teid or 6ttth ICRISA T 
('enter antd Ii' ar .. tinitilt'1l'icdicre' /t'rthtt/i roier.'.'ith/A, the itater use antdI lhouh 
.i'ie/l r'e/utiit} tt a) Ietttt cetlto coIttti I/i tt'o at/l/itic's n/[ptteitial.i|'iat ct variotus locations. 
It om it.tc t,ti. imulited vi/ld.c Iere tccer thtlt acttual.viehd' oni'.ltritintalf/dt' alt thert'tcti for /,thint tpc clrtci. i/t' chliciticati of t/it istoc/itni'.c !t~fi; ,Otitt'ca-irt inittg arctisin H'est 

A./rica i.a'o rnc/orted, 

!ntroduction fto\cevn. the yields achicved h. tlarmers are quite 
Iht%and %ariahle. I-or example. in India, average

('hickpea aiicd pipcipea arc gronn iil a %ide lariL \'illic lchickf'tca obtained 1y farmers are ften only'
ol ag'cclimiatic cn', irnicllca:s (sinhai177), and aihcct 25(1 orIcless thai' can he achieved muder nonir
their \icht pottcitiI exceeds 4 1 ha (Nene 1987). rigalcd Colitions at experinent stations \tithin fhe 

Submitted a ('P 32 h litte tt'tcnatiott ( rcp Rc'arch hitm tc It ti Scttm-Ard Ic,pc%((R1 "A I 
('RIAl I itttM t 'rtps hm tie -,tt-A.tt R cach ittittc t'i l lt ,\daptatiti o chickpea.iol'U) 19'-87. lpigeonpca toabiotic 
stresses 'c c '',l l tileC cctmStLt '' \Vorks.hop. 19-21I)ctchmbct 1984, ('RISAl ('ente. India.t incCV Piat chcr.iAT.502324. India: 
ICRISAI. 
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same
ll ilII ifia ('shr'ldlakt' arid Chickpc'I I,(,trihl. i i 
V i kItIf Sii tillii IS (irIf'(I gl) tk allcl th i;iiif\ 'ts+iS;+.',,+.la 1 + a,,s ll m ,tic.hP k ,'l,,arc. of U .d ",ilIllo 

i19,191. l e I'm , olc -,turi'(fill ily,\Intel' In thte'tropi+cs 

itidi t' r11rr teI peMIIwg rft' aid M\ tciiItrr itan
* Pont plitt 'Irf l t JLit, tlln;ilsg'i\ lt.' rl\ c'l'h li e 10111 irIn Of i i IS. RC'Ct._ jIjK),+
ggrrrrii}+1iit tu ig+lt'sfl u rrrlt_' esf,;lisii, 

lij~i ItC1i r+ niir I11Wtlealii i,. t' ,hrft'l c1r ic.'irrlns+ ;+isb 'tri t'll,lil, ' li t' l th.,itJ...1 l uitri i it' til 
att' utln)t\%i ltr llnc~rr a+ +Yff11Cl

iM,id 0IIt) ft ug t iti rajrn);rll i, \\ ll uiirrg e 

/"Ilu PIt(m\IIIL perfood h. lliji1; st'\Cft; 1984 lie plrt of
* 1)1 filitilI lit' g % li,,t'fltif .pilltiilitl, at \\ts A.SMiit Ntrr il 16 b% aAIt1 is ch ateitlii/' 


t ,i'I ,' r i dJ -lif i
II 1)r I ptit ,,.' ts Nt'nitlfeiii fL1 t I i,f)ltIIrl t' Nofill lii-gC s iiaftt'iuisIfftr 

, l titcci'sirHr1i , 
 "IlIIIfHfif 11)I1 1f10t) I\ tfIt' sta., lailtde. anrld 

:1ililt' . Ill \\ t'si \SIA .\ficii.chickpeaidlN itlh .,1It tit'S htp t i bilg 1 rI p rirlld gLNm 1 illi'0t&\C1011.rgf tilC tict', t0 if111t',tl\ as I ti.' \\ilrrt'r prtcipitatioll is 
"Cl_'t'fl t lill- snoitl(Ltl l \ jit t t'\f ilirf silit- ii )) rni (Sria{i \c Int9,,7). IllillCis \\ltl less 

.
[ils1, ItisIlut1",11\ it hk iet eflijt_\% t' tl iiit'fIltlfliil- hil ukilI athIC111il ICr IIrC pCt-fIr ittlg
flltl \lL i llnl' ItI 'h jt'irt Is (M 1. i[c llilrtiii'\ fft! II I I.lt ' lttt uor CCOtIIr lliC 

iihts t I lfil iillI.CI 
its 1C'IlIr Iiisirig gtiflti\ i, itt11 IHIIltfii CtiI l lMt )% i ti lt' I% . ' p Vol s. Cltiipi IsVIr'tm\ iilfigriiltrl(ri stippicillcll-


ALgIitilift p ifLft't , taillh \1ti i- lit r I thInt. 
 IlL lir,111 l iNl\ al lc f gOpi )lildti1a istotai I 
Illfk 
 t flli, i t' st'lit fit ti 1 1 ciii fafOtLIIdW l C\;I1111aC.IllarC1s ICCCt\ 111ig, itt attle %uinter 

flll.htl\t'\tc
'. hIt Ct'p IsNmosi iI tilti ell o theIhlll\. 111V 1 I k,tl',L' Of Ill;'[+I st.fildltltI L I[ lll\ pci {NSxt+11ti' 
 odY't+ 1987)
 

Icktiplia i lIt t ffttll.IttliIf ;jilftifisiifffl ira N l lhl 
it tt.st'liC'I iti' d It LI;fIllhtl,Lt-11% ')I frl rffrIIItIlll 


nt is.' git \ll tJli.i~ , llot [l kil'ipif \.11h It)tllItffi si fitl '
 

fiMIf it . (t'ift iCdiltCs, id h)IM10lt('ir it01 

ffrtiO Itft'ifl.S t tiniifI 
tlllp~lltls ifl ir[iii if Il ifrfg 'i! lf tf 

L f ICpt.' lilt' 

itrit I'nitili;irif'Iil i
tii.t trhrckptk il s IV, 1.l,1 
1 If t' Wles tii ialitlih' iltf till,l f t' lt'CI i \ tt.'V If't.'tlttu) Ir t ll t I) ,iS.t'\cii ( 984 . I hes 

0 It\ tlt ' fff,l' I i fIIgIIIc f I L ; I, l r ii ifIiIL I, )Iff tIn'Il tfns it Ic fIsal (129 I N) lA Ii ifJCFit d 
. (tmill ild %.;.hd l ,hckp,.' N t)I .\iCppo 3(I I 7 I I Ii ; . I 'N ) Ii S\ria. and 

I0 f Itlis, t fltllftlltiiIhlfffftfflff)5 '30N) ItIllril.iff , l illfIuc,Aif illS 

l'ie jCi \1 Id fll l f' Wth
Iii(itis )iijl tCl\\t'tfi \I I ii. \\irtic llp.1i
tile I li\f 1 Icr I t'fit'c
 

%kdICf list dIghliW+t ilsdig) 11k g , (It.tilCI s 11il1 .t to20 (. Ifilti tle li fl 1iIirr1111 
i (',ht.'lmut'rCl so\ill Ill ()e Ir IOrht)'r fllot i-

Ing fIr Li rrir\r set \k. ilnifm firh. .[Old c)itrs i rtir 

tfhickpteaCn iiCit'lust li',thOC C IlI'thcluir,. IIhlrpid 
llfs'Illfffa\i1IIlIII rrrrrririrrrr 11t'11rpCltlfm res ifrriI

m,,plIl c p l ir t kill ttH W\ 1982) Inmiu- 25 r.17 ( ) id i emI ptrial0 2) t) l t l ) Iirll 1 2 it1rln
 
kdlI' 'I linK rO V t fl fIfCs. I
-j! r m rttalclIkpl' ( it ilI )t't.'t'Ifht'I Alld .JI11 r io 4 5 frlri d \ in
 
IllldI IlMnt c \Ol If f f t's aftN' (,. nn ]it t itrt'Lit ih fll'.
I Ile t.'l)Cdt fll,!+ 

c 
12tl 

f (ill]\ tpiall inC111 ' _N , COIIIM IV, ;lie_ hLstrlis StrCiJCm aiu.'s flil ,it
ptIIIl1111l) f ,+ (FION1\[I d lIl'I t0 i 11, 1t1l} , tSl l \ 

lI ll f; 
 1t 6 

I ilri if l1 I)I M) un mut't'iiI a ll i\\Cl 

Ois I i") i('))i;r\.s.! )a'lClIgtlh dt'tcc l ses lilo n I 1 
ht'i \\I o\ ang i Ing.

" mndui. i, Il '4',%k uet't..(t.ft (t1 li' \ d f ' lilii\.
1ud ItI Ctt's t)I"I-1 4rmillaIllil ()illl\claet'al '
 
IlitiriIii,
I) Itfil tlf lrlillillf 'd bh) r C a ndisicccit'.'' sO\Vkill 

" I IJ'1iL11. I [lI A Nlt.'\igr. [)fd tkI1 II O)f SO )) fMfIftflrrrfr tiO i.'lk\p%rtflt.
 
irdi',itlllrit ,. rrt'fll ,. bc'i ct'il 2 iard 
 \1I Ii\t'rlhiLtl. tie 'crorp is i niilriifirl l t ailrllc 

W1)' Of \u Ii1 ir iltf't, dtl gih },st. 11111 is ili frfft Ilisa!, brrt st';iOll)l \l lllitillsill lift lf 
COlilrft' Cs l'trih
I t' 131' 1hC su fIlati\lfItillIi ll trlllit'ialIltl'csand illtia\i d) ;I:l. 

;I Ot IltitLi 
 ItrHillr1 ifIt lilllft' Il t an II[ as ' I ; TiIXiisil. I fte 

* ItlrrIna;. I flthit r. 'ii ia1d11,. s Il i .t1rtIll!t'lCr IItrnl tI'lrfpt'irirMi t' dteCliIits 11011 ) frto ( aid 
. 2 l lidi th'ilgi ,Oi filflifififf firi 2)) to M fIll 'il ii ,cf tiI t.'II Itt1l.3 (' II IIrl illilmillr 


W , O,f t' tri i l r 1 [1 t'ilpt';lrt'", lIt )t\lpOIilIrrhriC'tiilC ill lilt' IiInu
* (fIrerI tr.Iiiif' II fIrl.. rl IlLirlrllt.r, 

\a, ht'l) 1 0.)', aint] hf lie CVft Ilbtlttd Ilift,, rt' utilfrd 32 16 ('. Ilite gr t dll is 

ii ;uriii tiitri ar1 aIllaf iffa ff[iidx Lllt lllf ii il ifll ['llIp'rl
%khi (ilatioi 

71 flt' irtu npOfrtil,.'frtri sltri, +,tS:,adiih lt10O La.s,. i)ay lingth dcc,'.scs 
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from I I It 34 mi at sowking to I I 0,) mitt ait 
flossering, and then increases to II I 24 min at 
maturitv. On i;tcrate. 600 min of raiti:all ik icCeie\ 
before 5055\ing and atother 411) I \inl ditnniti crop 
gro,, th. 

11he climate fI SpilmIu So\,lq, :t Aleppo lesmt,-
blcs that Of If derIahId I In ia\ Wsp)CCts. BlistcciI 

sO in iin Iebrtal\ hitch anid 1,"st i.iton. 
.ill.x itil Iclup iattuir llilIc'IScs till 1 7 to 
36 U. tmmitil tcn ciat tpet.itit o to IS ( . ailtl 

taiseIti th fttt I I ho) min to 14 t .1 irin. About 3(1)1 
1n1 it iOitIMnll] is rceCi\Cd bCeore ssti\ m id 
amtothc, 5. Itiut duIlni clop vlrosi. It 'hldl sos-
icsI Nos citihr I )ceittber.L raiotlkll iS cll diStrih-
itted dliitftnli 11t1. lt-t. ntitif titiitmtintt ri 

tenpittlpeaiItC raitt,"S htl\\C I and 4 ( trt1 
l)ecnthel-r ito \LtCth. h +s I(0)1thit1icttr (mitt 

33 iiill it .,s\ lt inr No\O c'ctbt I )ecethet to (4 I 7 
1il,1n at lii Ill NI \. tili. (lit tl t fiotltoll iS 

1tte till ctutMrail',c !0 that ;1t 1iS+,1. 

(]i it tifilnittL tlopro l\th hctsCtl (O)ctocratnd 
Aptil is le-ssfasorble I Kha;titmn thain at i lsde-

al ti Itl Khitotitti. 111Crop is g otl \ ill) lliai -

Ilonl aIn r( IcdiCCe" practiclll I no rni II. nI 
Slat\tlltiit :tiitittmtiiiti ct.ipetiittitllte ate' 36' 2(.Ctl 

soti , iIll oSenttber, btt drop to 3W 33 14 Ih (a 

Ilt er\ ilttlitand Iheul uisC ac;itil. 

Silice '-', o the %olttd click pea ptodcittonth 
CONt t~ kic hIC'kil4 lhlithlr,ICSt 11(tit+llIIldh !. \\,t' ILakC' SILu t 

Itrttit l d t. 

lttllil c'lClllnl, ,ItM Ill 1t1.i(I'e.I). Ie slCitMs of 
,la\dlvsa I'tildcdS1. RajStiatlln. and I ttar JlatdcSi 

coll htitIhttcf7)'W ol the clIckpci; protluctItoi in india 
(l oe 19l. I ISIC aind .hcI (97131 dItnaritt lite 

i prt ,iiiand tolMcilil Ofl lie' clilkplct-

W 
chickp)Ct-VIos]1tie ic.itis tt "I"\gcta ;inltt' satel-
it." A 0c1 ICIOIl id t liti lh'lhad a 5 ofslCat 

Ilie tteal ciotCd lt l ittLdet cltickpC' Ati contIriIh-

tiocd it ]leSt , Il ftilal titolttl produiction. A 
Sttelhtiic itl s toteli tthat had Iless than 5', hilt at 

letit 2 Of c i'ptd tic'a iiltdet cUiIkCkp; 'lttdot r 

rodtic'd at last .5' , t lititltnal total 

10 Cll1It lii I-ict1ti1c. itC air tet.ll Cip tt . !So-
I' i Ictob, il\, And April \%Cie stipvlt. 

!llioscl Ott the" Illi i to ic adtt satellitc 
chittckpet-isl\,intip titiS i) lIndiatil ius. 2 4i. Ili 

)ctober. \licit cltickp Ct iiIS ti;tllk So\il. the' tiltett 
dails tntlli\ltlltli tIetie tItwiC ilncs bCet\\ceit 32.5, 

aitnd 3.u C. s\ lthe nie~ttt ifail\ tiitIiLIti tenIPtCi-
atttii ratige h\cii 21.) adl 22.5 C. it Alittars.,, 

\s hc(ti Iloseiing ti.Stuialls hegiis the ntcan tlail\ tttitt-

itilnli tctntcuatrtc iiitce,, froim as lh\i as 7.5 to 
15.0! ( tean til ti. titititi tetliperattitr 

grai cS heistlI 22.5 MILd30 0 (U. . pod filling 

hegins, the templralure starts risingand, hwthetirle 
ct-llikpea iS harssl'd. the ai tIemperatureS rise very 
high. For examaple, in April. the imean daily min
inInI tellip ratle rangcS heteen 20.0' and 

maximtm 
rnges het\,,e 37.5 and 40.0(C. 

Similatl\. tle henhinak soils iap of' India 

NI itith et dA.19X2) \\iS SupiMiitposed toi the map 
Oi Cote alid satellitC cIIhCkpeai-gO\\ing iegiOns of 
(cla IFig. 5 . lhe soils te Allisols, Inceptisols, 

1:nislS, aid Vetisols, 
Altisols are usuall titral to slightly acidic ill 

reactiot (1p 1 6.5 7.1)), ;re relati\ .lv shallo\ ( IIll 
dep), hie .less ela\ eontcnt. are usualls sand\ loam 

iil texttI. aMid rt!;II less ttat 100numrasailable 

25.0 C. and the mian dail r tempcratUrc 

ctt 

\satcr. Entisols atr deep loar,.,slightly alkaline(pl 

7.5 8.5), \ilth ahout 151 200 mtmrtlavailabhl water
tMIraecCz citpi, in ahott 2 m soil depth. Inceptisols 

are ntitict'rl soils, tl10re hihlLx\ dC\elopCd thtnt [ tis

o , msitll a cila' cotntent ill tie stirtace stil ranging 
from 	 30 to 50t andt a pl ritit, Itiihrn 7.5 to 8.0; 

tt eesoilS are ustiall\ less ttIt I ii deep, atnd the 
a\a;l hlc \,ater-holditg capacit is le, than I50 

nut. \etisols ate cltartctetield 1h,.40 (0)1 cl;as in 
ithestiiace soil ho~iitms. \s itht a p1 ot aboti 8.11, anld 

tle Cai stoic hetweetn 15 and 31)() min a\ailable 

latcr itt the 1.5 2 itt soil deptlh. 

Effect of EInvironmentil Factors 
oil (ickifiea Yield 

Seed \icld in graintlegics depends upon both 

t icprod.ti\ete cottponents, which are 
akcIidl, affected b\ ensiUrmental lactors (SUm

inertielh ct al 1980, 1987). Itn i study otl photother

tial clects tuuto loseritttg in chickpea, we pooled the 
phcntltlttg data (lit = 7) ftt- tMo chickpea cultivars, 

,\ttiigeti aid 150,from tfisarall I' RISAT "'n-

Cl 
, 

PaittICltert. to cialculatC tile glossing degree 
ota.s ((I)f)) tdata. supplied bs N 1'. Saxena, fURI
" NII). InI the absctice of ;eflief base tcnpetatttues 

itt diflerent gto\t St,gs sticn a stising to 50"1 
lh\kcring, 5(11 Iloseitig to l ot nitiaiint and pod 

iiltittittn to plt"iyofhtgiCtl ntlttirlt_, \N ti d 6, 8, 
atld I (U a., base Iciltpetitllts. f ile 'C base 
teultpetutelilC g tsC the ItuSet CtefficiCeIt olarialittll 

Ifrot sos\ing to 5011 flovering in both itltivars( 18"7 
il Atlnigeri and lb61 in K S50), and tile i (ii)I) 
%altues were 510 lt ,n:tmtnil aOld 675 for K 85). The 
base temperattre of wi>C'gut the lo\est coefficient 

of \artation (271 ) tron pod initia:ion to physiologi

17 
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cal maturity in Anniie,_r-Iin, lhe uncl ()I) Naliue 
was 775: there usit) differencc in cccflcints tl 

variatlin (331 ) using . 8,and 10 (,is base teml,cr-

M1.11I'CSf'oF110d Illit!'Itlton it)phv%toh, icilllfillIt% if) 

K 85J. It miia he: uiltd that these \ Sl• t ,+in 
in,. 
cuiuent po~iLtlniiiii tiiiit~hli.'nclin(uiIauiiut ii 

hll K S5()* 1 1Ii u 6 lie i I c ,I \n0I tei iipclc ic ' 

t'i I 745. x\lici > -iinltv to tl;it \it uc'i i cecet 
cilclts of \Htinti ttil tjl c, I. , ju1! Ii) ( ;1, basc
 
lCilllpc' l i lt'", h olill 1W , !Io',\tcrlny (o pod w'it a tiol1 
l l 


pcd ,W, t, 90 Iboth 1'(.rt , lroilll 3 1 11ti;n icittinM, 


CMiut ti tili t IOd 1ilitt oll 1 (dc l d hi,ti 
i;.CtIS tiier 111-1 tcii l Iitl icitHl 

I e LiC il Ir p e le ,ttlal 1 dia-ICL'iT,+11 I cit'.'tcd + 

inli niid Wti! . -iliitt.lt tollIh l h b1ti Ii , cI ,mu
died I'll ( fIcllu,.. c. lot \Nhciltanldt,:t t,,l\mllt 


],Ilick 'Ind is(6:t.it11cht] B/i.'oc ]'97, ), 'oliflitifill\ I
tild 10""5 ). lici ille,.t ,._'lun IIIIJ;I rl mI (11 1iut, 1l. 

19N1),. pJl'.e (\ tiru:Lii llid \\'ill+itll llpc 19,8J0). 
.\1ut 0 I ollt'tl Ii'. nittcr il. pritliuceti II 
each olI Ic!Cptitd b\ chickpei c%f i.t0imill i 


\1 0111', n. \l. l( RIS.. peistunil
1l(l ii N t;illii. 

vOM iii ii.l. i ill,) I hc '\p1'lllt'Pll \;m ",'lctcd at 
I(1 ' . I cRl,.I I l'!tiiclicmiu. imnI'lIlllaledh. utMC 


ettm,,jitiiI. l',;'lilhlj ould inc! ll iit-iicii,! he 
l;te ')niji l -rite:t pltliu lii. blul it isi-.; 


nCUo I\l o c'.,i o;,rthci !is clitio'l+,lIp 

clii s kt1111 1l. i. i 11iii citi, it 

()tiitlltitLej i nl ' 1 lw citi l tuc iot

men~llill M l, Chit 1W. '. 1( ,1lill l isllI 
bhil,i eIL10l'- lnu , tii ,,ln itlutrov IC 1, li,.d t 

Altl iChL li. l , ii lieil paCt Of If-t s-. t i 
,11111C;lt ti ll ,Ii\ i dlie;iCs tlldkite I oflpiiit 

pct, ,litiilt l I t'ikol iije ..'iiiplc., ,.. 1I0 lc iel-
tIl tltl 1 Oli 1 llt+ \ tii (Il]lll cduck %i '4o,' 

\as,closcl ielatetl to ijic s tenlpci tt il a' I 

madvia. S\ita I(' I)I9.\I IIg.'. 1,a) the 

E 40(10 
++ 

S 
+2 
r 

±0.0153 
= 0.98 

: 100 

0.1' 

5
 
500 ]7 = 0.40 x

J0 

200~ 

10I-I " 
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0 200J 
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4001 6000 

" 

800 

x 

ltIItis light eneg initercepted (NI.;nt2) 

ligure (I.Relationshilp Iet\;te iltercelpted solar 
radialioo ll1 tlr-In.ii' tr prodiictiil forchickpea (c. 
,.*rillgeri) at l('l lSAl ( tinter, l ratanehtro, post
ralillscasonll1982/83 . 

tod l Cal be ii'u,cdto estimate availablc soil w\atcr. 
I lie Noil watct-balaimcc model developed by Ritchie 
(1972) was u+sed to sijuiilhtc soil water for I RISA 
Center ant (lit, (lig. M. Ibie available Ntatcr

hmoldin.g capacit\ t a metltiumLn-d,,.ecp Vertisol it 

S II 'eiterant an Intisol at Ilisar is 150 ram. 
Nriitnl rainfall lloni .tiC to October is 653 nu for 

l RI'S,\ I I e teli ! 306 nn for flisir. Sowings of 

clickpci \,er assmreml oil15 ()ctobe: mlIt 'RIPSA I 
('eiter atnd on I Novcmbri t Ilisa i istorical 

\ t .i tle iii lt 19)1 71 loi lstliliabatd aid 

195 I 52 Itluaii t ' used tttcuimupt tll t t 
probability of sitliulit, Iaijilable nii stilc at SOW
ing fi thle ltf o hi.aiitiio s. For I(RISA I Center, 
Silltilatiot, of soil \ter %\iasdllc Io:"btith rainy
s.itisi lallos u i lriln ll Ilii . For Ilisar,-sc ,tistiieih 
Il il, (1011C 0tt111', iainv\-ws At ICRItl allstn. 

S\ I (Itt.l- iII 70 f otlte eas there is at least 120 

Miilc, On l i.itikhic \waitcr l;1iItY-SaSOtlliiltLter fallow 
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us helter unrjerstan Mi el her [lhe crop Su~flers from 
water defijcits at any growth stage. Additional infor-
mation otn canopy dexelopment wotuld he required 
to c~alculate the evapot ranspiration component of'dailyr 7.l evatcihalmi ch. 


Simulated (rain Yi-ld 

Chickpea gram yield could he simulated on the hasis 
of stored availahlc soil water plus winter rains 
(Singh and Das 1987). Singh and thushatI (1979) 
reported the lollmin! regression equation from 
their experimental ic',ults of 1972-73 to 1975-76 at 
I)ehradun, using cv II 208, where experimental yield 
tanged hetween 800 and 38)0) kg ha 1: 

Y = 13.1 X -456, 

\%here Y -hickpea yield fkt hia
and X water use (mm). i.e., soil water 
at sow

ing plus rainfall during growing season. 

We used this relationship to compute the CUmula
tix e probahility of chickpea yield for lisa r (FI 9) 
Sowing date was assumed to he I November and 
historical \seather data for 195 i-82 were used. Phos
phorts requirements to achieve these yields were 
also simulated assuming that 5 kg of phosphorus arc 
required to produce I t of chickpea (Saxena l9P.4). 
In '70]1 of the years, simulated chickpea grain yields 
werc at least 1.5 t hai. and simulated phosphtorus 
requirements were 7.5 kg ha-U (Fig. 9). "he ,imulated 
yields crc compared with the actual yields quoted 
in the estimates of area and production reports. Two 
points were noteworthy: (I) farmers were achieving
less than I t ha-mchickpea yield in 80%' of the years, 
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I"ilgure 8. (urnulalit ipro)lalilit, o)<f s+imulaited 
a vaillehsoil %,satr (m in)at1 so ~ing for i(R IS A T 
(Center,P~alan rhieru( ,innghistorical datall for lyde-

rabadl, 1901-70. and Ifisa, historicali (usingl (flla, 

195 1-82). 

tilldc \it)I hpo to lltia.,lcl 

Itll r llnl7)) ic i dlo l 11.
(il it) Protctinhil w e 

1"*L'titilt SL-c i (c1h' N);i.\ltkl- i ICtlrlMICI -

I I it11 t IJ cI ilt.s.IM lillaM ind 
r ti- l 'ii (Fig. 9). li(S torical iicatherdatit Im;19OI 70 .,,cicii.,d and thc soinlg date %%as 

t10 h II i ,b,:M)cillg gi i it dS derI 
htih II- l -sccllsttted act i I ai, 'iivii t I lllt 

tC ilf Rt it
\IClcl\ , +b.\d,%,d inmg i\ id ul- Sinl
%,i, It 

] 
I 
i: 
ll, '. 11l, l C lt;igcl'C lf axii tiled% LOI f ind i lVCar1 l 

Wit tI' viall i e t i li,l, o t-un, i ti i,t d ciih . Ill 
70i o)l the citte,,stillickptii o thes t 1erei dted 

It dCd alii r -,),o I 77 ) titll lalhowand 35r of'' 
.Il raiti asth t mit intmi ut der v-catt orgh m. 

I ,cCI \%,fi t i ul;i ' i. 9 )1.I t ( 

,ingithiii \ ;tileof N ikp grai l 'iI rnlln 
, Cn', CId ) tLl 1101t1 1974-75 to 
192-3 1 I( ZISA I ttcI.Si ulated Ny-I2 ds e9rccOMpArV(d kltll ictull ,.P.hh rt,-ported ill W(' ISAT 
A nnuI e po t>,hol th e' u -scilrs( Iable 1).S im u lateda l IR 

\a llc ,\\C'c\w ihl ! 2 i'o f actual 5vit'Ms50 "1o f'i nl 
* .;t:,I le1o.,,1ChICK)Ci1 y,'hlWS%ecCSil u~iltd
I'llS 1 1cou SICA1I I ni t I'u~ichuriC it'suu:\i doit noig1 SCtire 

Ior 1976 iind'., 7 1980 81 und minv-s7r ason
IhtWSC 0 10%\rgIIhun . Zrc' tt(<.I(., viltCl rainfall f;rom
 

7\7N ', bI \ 30 ill78 1hi3h , 1 11 

1976 17 and 2-1 n i 4
144 7.
 

table 1.X 

(( ltr, lnhiltohrirca, ndatrresidal m8ois)1re for
 

lvaihi 2R Actu)al and imuhted IllI9 

4 / 75 to19 82/ 8. 

t~'hkpc~l\l hitINIt 


1975 76eil~ II'l; ".2,'; 1772
 

1974 75 2659(, .30 4-92 
97 7 6SV18 578IrniinniAriuitri1977 78 1963,. 1805 1238 

1978 7 9) 1,142 1715 1459 
1979 80) 10 15 174.1t 1447 
1980 8l 1499) 1265 658 
1981 82 1250 1232 1104 
1982 83 246() 1636 1268 
I (ui;/ttrhn niclal de t lseoid eer 
hm (.%Aningco. 
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Ihe \rater-use and yi relationship studies> dis- not a\aillhie on date and amount of irrigation. This 
CUSSed ahbo\e Cail hhe 10d t ,Cren cniyirOnnlentS 10r suggests thllt SC1 miniium essential information 
production potential. Shulateid data ill table I from field experients should be recorded, so that 
shlo\, ft)r example, that in a jediutiC-deep \"ertisl, they Cati h iicltided in tile simulation and the 
s,'quential crops (solghluP, in raill ses;l,,ll Mid results call he ,geneali/,d.
 
chickpea ill postrainy season) are possitle in three
 
,eats out ot nine without loss in chickpea ,eld. 

Si•1ilted chickpea yiCld, vCIee ho, cm by 3 521( Pigeonpea 
than actual experintental yields in toum c;is. paritic
ularil so in 1976-77 Mhen rami durin( October- \V,'d pigconpC, production data (FAO 198 2)indi-I 
Februar \was los. (30 1nm). It is possible that in such Lte 14 ptucopa-gro\ing touintries. \which are 
los,-rainill \Car+s. sippletlnet(al irrigations \%.ere M-t aped into !ou- categories: 
applied in lield experimnts, but these ssetc tot eon
sidCuCd ini the Silltitill hec~iLue ilClll data were India , which protced 9011 of tile world 

3000 -15 ~-Actual tillaX. \ield m 800 kg hi t )]-- SiMulaated (max. \ield
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E 4(1- -- "ent-Figure 9. Cunmulative probability (%)of sim-

IRISAI Center ulated chickpea vield and simulated P 
!2 20. requirements for Ilisar and I(RISAT Cen-
U rEter. Patancheru. Sowing dates assumed: for 

Hisar, I Noveniber; for I(RISAT ('enter, 15 
C I 0 October. Ifistorical iweather data used: 1901-

IN0 80 60 40 20 0 70, lyderabad. for I(RISAT (0,>!er: 1)51-
Cumulative prthability ((1) 82 for Ilisar. 
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prod uction; 
" Kenya and Uganda, which indi\iduallv contrib-

ted 2 3j and together contributcd 5"1 of tile 
world production: 

" 	 Burma, the )omuinican Republic, and Malawi, 
which individually contributed I 2"1 and 
together contributed 4%' of tile otal world 
plodlction; 

0 	 Other couI.ntries, ill \shich nidis dual and total 

.,t world production \.ats helo\ I7. 

Ilic agroclimatic en iron;;lent of pigconpea has 
been discussed by Redd' and \iroiaui (1981). 
Chickpea Is usually grown tndc:- stored ,oil irs
lure, wkherea,; pligeonpca is 51551,1 ruaIlls as a mixed 
crop or as an intercrop it the heginning o the rain,, 
seaso,. Ihls. rthesoit becomces chargcd is tile ainY 
seasn ad\arllCcS Mi as the crop grIt . interittent 

ssettilng alld dryir. including periods of saterlov-
ging, irc expCrienct:d by pigeonpe. wvhich, hir\eer, 

contirlics to glOss ater the rains stop, \ith pod 
fillin g contirmiliig undcl I)roglcssi. Clv depleting soil 
moisture. 

Since 9()('of tlhe ssorld pigcOnrjrCa pr)oduictinili 
conies f!o1 India., s\C hs,\C sludiCed the distril)uiorr, 
area. prnrdiictioi, arid agrocli iiC Crsironrirrt Of 
the pigconpea-ero ing regions in India (Fig.1 il 
ltar i~ridesh, Mlaiii.sil-ira, Karintaka. iitrd Mad
lia Pradclr contrrihiuted about 80" ofl tile pigeon-
pea productiol inl india (Hose 1981 1. [astcr and 
Abel (1973) drciiorcited pigeoupea growinrg regions 
into "'core" and "Satellite'.sstiich weeC(delnedear-

her for chick pl I'igeoripe,-grs irg li is iltc 

located ss thin tie 00) 1-00 irn airnual raitnlil! 
lone W(ledo.t and VirrraI 1981). 

A'crage lcngth of tire iro\ing seison in India 'as 

prepared hr tire Agrecologicil Zones l'roject of 
FAO)(1979) (Fig. I )ouring period is dcfiued as(Ir 
the tuniber tof da\s dturinIg a rearI shcli precipaitoritn 
exceeds half the potential eapottraisfpiraiot), plus a 
period required to c,,aporatc an assured 100 mllni of 
water from excess precipitatiorn storcd ill tire soil 
llie lergrls oif pigetipea-grcirig periods lorn core 
districts m I tar Pralesh. iihar, Madh\a PLradesh, 
and easterri Mararshlira are bectncr 12(0 and 181) 
dt.i s (Fig. 1). Most of the satellite pigeoripcn-
grosvin rlegiions in the states oif Karniataka. Aindhra 
Pradush. and Maharashtra ha\e groinrg periods of 
90 120 ditys. lire benchiniark soils map ol India 

(Murthc Ct ill. 1982) has been supcrirrniposed oir the 
map of the I)igeoripea-growing regions (Fig. 12). Thie 
predoiin,; soils ill these regions are Alfisols. 
Inceptisolis, and Vertisols. 

Isoclimes of Pigeonpea-Growing Areas
 
in West Africa
 

Fhe Inter-African ('ornmhitce for Hydra ulic Studies 
(CI li 1979) defined three nriaor bioclinialic tones 
in West Africa: 

a. 	 I hie South:rn alheliril Ilne, withi iross\ nin sea
son of 75 90 d;,ys: 

b. 	 Thie Sudaniai ,one, with a grostu\ig ;cason of 

91) 165 days: 
c. 	 Jlie Northern (Guincan/one, with a gro-s rng sea

son of 165 210 das. 

Based oil i sud otf the Illolithly Illoisture aila
bilitv index for rain ;eiisot cropping :t IS locations 
(Virlllatni ct ill. 19M01 representing fise West African 
countries. Reddv and Virmani (I 981) suggested that 
the soutllCrn pi' Oi,tlre StLd1,aniij biuchinlntic lone, 
with a grtosing season of 12(1 days, and tile Northern 
(1ti1nran /one, with abut 811days. are likely to 
I,' ide a suiihbe gromiig cnihronnient for pigeOn

peat. Ilie crnp is likely to do \\ell on deep. heavy
textured soils in these region. 

Future Research Needs 

* 	 Yo delineate tire isoclitics for regions growing 
chickpea irrd pig-onrpea. 

9 l o a hk ocatiosidentify s berrchirirk that 
represent a silc range of agroclinmtic environ

lntirs ii v.hich the ts\o crops ire gr nin, for 
testing ilnpc. Irranlagenreit practices and 
pron.isirrg genotypes. 

* 	 1o comnipute tire IrequCeC\ of different water 

tiiailibiliies ill space alld lirile, Using sinrrple soil 
oaer-halaiceriodels. 

9 1 geneCrtc CtirriulatisC r-obatditiCs of yield 
piotential of tire t\tm crops., :.niig ssatcr-use and 
yield rcl-tioniships for sa rious iocation:. and thus 
to help exnedite the traosfer of techntology. 

* 	 I o collaborite sit diffCrCnt 1ational and. inter

iational institutls to document the exisling 
kIinwlcdg, on these crops, swhich can be used for 
building crop simulation models. 
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Photothermal Effects on Flowering in Chickpea 
and Other Grain Legumes' 

R.J. Summerfiel1d2,E.H. Roberts2, and P. Hadley' 

AIh'tract 

/ '/If i II rlfIt ,I('1 ll i )o/ w'l 1e/h.s 'it'ultI( ,/I, 'rId/ la '// Iu t cu l / ',t1 1 th/e. c. 'i / elIft otf/lowering in 
I It,/4 ,a. IIIt Ic /'r 'x''I, it cf ' /c',) ciu//1t i0ii Il/,r/( 

/i 'itirili, ,'1 C /It'0 I 'i I I 


I sI II I wI Ic'llcr'', i'IA clhw' oftll/'en ratlurc,oi 
lile d. /IIircS/ ,'. / i'l tir ' c l l/'gll':tic"large" f/' l el. in Ir'ltive 

ii iii 'iViiiIclt /'Iiuf[/''ic ,llc Jl'Ic lh','Irclic ... *.'S,,'*.o"..v+.,, .~,,,A o "l,' ,,,,'.. ,.+,,.i 


l i" 
,i i/ ' ,. /sl)lt l-ItIcl'l : ill \im'lil\ iVt'',,'EV , it,/'+' / " ,l,' I:,. ti.ttiol'l 'l. I /im mitilO /)/h'l lora of'l111li Illlt"I~l, lloal /I.,lenltei:ll '\( //VCC ttj('h1 . ()llo l'iodl, 

h'lf l'tr.;'', ,' diii dcii,'' /Cc') ]hi i'r i i/il/w//n c r'.It'c'llt wreStcjroil toiv'r.c'llT 'liC.LIII'S 
I,/ cn1/I, , '. Il, / 1. c l l',oAl' ,u Ija,hI /M4P (olil ic'lllihk/ 5V. ioi/'icddl/l% oilc b,i ,ddaluh' 
/'td/, I, ii . li lt ll/cll' /l /i) Nl/ml i[(/lt~uc l'ci, 'II .i 

lit /i II /Ili/i ' Uc/l lli'r' 'lil ( a (cccl 'ctr. e I/i,',t/ ' 1i lii' i i /lcll ,['llicjl ' lli//ltlli cic\''l" 01(1, /i l'Ii' tk,'.CcI'/>l [/Itlc/cc/ cccl J lil/ 

It'ili/c'lll " I/Aicr /'idcI i cli/il' c' c t'cI/ic/Iit/c'I l'//b t \' iic'hc /i I>t' l.'r'c/ / l /S5.\1.1 /i(r 'o.%l 'r'/ill, 
t/ic f/c, ii/i' ! 'u, e/lrI,' ,'ilI/l'rlof '/I o/iI is ci llI1 Ill li/c/ i r l ilihl'.\c/cl'ec //'lcl
Il/C's. ]/h'l It /iliill'I'c cIi alo l liit ' i at )lll\ ct.I dl/w''c cl/idcl 'll\\'cl'. i.sAili 'il/i v'ill//li 

,entrodud., encounters widely different physical and biological
emlironirts that cxert prolound infliuences onNcarlv I()iioniili ht per .ear ha\c heen 'cr51lito crop growth, d\elopruent, and productisitv (Sax

ntc'loiwcm I..) 

duri i te Itt d'ca tI ( ) 19l ):this lig-


chickpea (( c:,. throughout the \orld cnaj 1984). 
C\,rtll Ilinorthern Indita. thL principal producin, urea,

LInrc title[ llollis t\%itillnecctligi-lilt arrrncl If tile the crop is sowri l(rin October to Noveniheran( can 
call\ di\.elrse prodietioll Icilsol India. West Asia produce d(fl seed Yields tip to 5001 kg ha-I in a
;l.NcdllcrftrrlL . Acs.ttr n , lricl, thc .\niericita . grotk rig scason of 100 170( days. Where thegrowing
and lIt1opc Rat anld Suhba Ra19I. 1 liecrop is season s Isc'stlicted to 100 I 0 days, southvard byciite arib.f"'esscntiall. sithiropical- (Kil tlie ofn , earlier onset heat and moisture deficits and
I97') and best,itaptd c ialittis el"\ cool aIld dry e.taitward )' tile liter beginning of rains, potential
conitfiions It ctlltl;Iitecl cclusii\el\ oil sed yields of rMinfed crops, lmost ire leduced to hetween 
residual il ] 
u, ,iltu dumqnitie postr,inM scasotns. 1500 and 200 kg ha 1.[ims. rna.xiirrr productivity
01 stlbtr, pical tcts. (ifcill sIpring un11,l stlni.CI declines froit ,bout 30 tuabout 20 kg seed ha-i day-i
molths it \fecfirtirri, eInMrimllnts (SM11iilson, (Sriithstll et al. 1985). lhe crop is seldom irrigated
Ct il. 198"5). \ 111111 hbin ,ilutei lons chickpet oil sci tile \wirter cropping selsoll is iot "open

1 I Il 1 0 R1 I li \,c c",I . IitI ,le I .h.,l , Ili miie '. cj dIi l , 1i ,' 1.1 I "c l S 1ci icii ( cilccc'ic I i1c. 
s h WL 111.f I 1 ' I~'l'
. h,!, R ? 1)l 1 Ili-'., 

,Ille I icle cihi ,, II,,,, I rf.l I. ,,', ec .! ii'.i+c.,' 111cc itci ( ititt,i ,llI lit'c,liciw'.e, I ' c. hillcicilI. ticrksiiic ( i29 0I). 

Ic i, I I hi:,'c c ., ( t p I iL,IIt , ' I tIl " 1,1111-'.tII I I /IlL I i Nu \ . III IeII i' I cI , 11C,1 .111i pI C;IIhI ihjctIIiCrt tc Ir , l'I , ' ( on h.uclnl%\ ,,-,hl . I)'1 i., iA'cc'c-i. i( iUS.'A.I(ctc.. Indi; Patan ci ..A.P 502324. tndia: 
IR RIS \1 
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I[t I~1 L (I I\ Ut I II tIuEI~ 

houI, irid sui1Imii cai~i I hiu . ilcitiil I 41 1 t (11\c.IsI I\ I Ra IiImi!L [II I 9 ). iand I htst' i Ir C irkO 
king i uannnil 11 lwc plailici i lia lot III( erm l aliu\% C'iU1 I beSI *uh p tuiE, 

Cilded' I biirVI CI' Cwd I~l 1 IIC \ik,S~ I% c Itickp ciI it ) Ip i s dd ciiIp~ cIs 

. lltu~l l~ hL' t A O 
sii~oiI UIIdIiil - I~Id lliiu lill.' [ eI t I 1 I Lix.11 I lic -d k I Ixs It ti l!uILd cri I JII uItfttiL-t ESI xIIE li 

!CIdI IIIit'lI t kuMi 1diL ht; I i k C ;atidl Iii! ,i ;1 Ili tuils ,il d OtigI iii,ilI II etlImo, EtrI ~\ 1I' ;I \tUi.,l . 

19 iS9 1 1 i IiuiiCl\ i e HIL1I , l~ I Wt ,hlif tC Ill "It N ICl ;it. r40t 11w-lIII sIIi (Mi 11 I I C011i1.ii 111iu rid 
gel Iu JI L ( i II( I iltlI' iiil' .t 'i ;)r laI I III M I tit Idi I p p i iii b11Ii I i l /U) ISL' C071 - IId1 i Ii~t Ildiille 

CiiI01 I,i IIi ' ,II Li I'tl11 [aIt Ii ' I h llt i llrhtix rIf)OIIriuht . Ii- 11101[do i M -I,',.it illd tIlrail. I hC 
gellt s.I)IW% ) C1 I'l,111 ii i haurisrur xe itruit 101 L tt t -U buh (Ij i \t . IIi Lilfii l , fl ,iEu 

I iil ! li Al IkI 1IiiiiWiL 1.Ii s IOUIi-Elierii il rI (au t C1, loteici01 H 1 I ICIMC :\Iruei. s ACuilthe 

Ite I Ili Nieirt iliciiiui H i\li ilhAll c iSiqisa til itd tadl 
il l il)\ 11.Il 1I II 1l p - I Ii l 11iii LWl IIC 1A tI', lllt IIo otu ,inx 11e Aern il 'lic ll-,1 

IdiStiinal ,i\ s0lHS I JliliHi. .1 01ti lljihi S !rtll ItlIiE ilutti 1-11t ei rrilk t tllul tiill'lui c i liu I 

li t Ii ii 11,1'-x- hiL il I .ITI itICIL Midit iS Ile l xl .II1S4 ni liliils ICC11 h Lsii (1111 il u\itlluiiM) 11(1k 
III NII &IIONIt ii)IO )C HIMMtpe C a t; iditcrunp,ufiit iud t\Jii I tlil IS i i I II ;1i,' lt :ia l C~ 

tlil t' ll IIaIt) tied (linghlll ttC ui ) l)(tl pc~I trul ,lIIIl dtl 1Ix . IIl xi11llt1 l-i i c .u8 skiutlIllfg Cuii ron-lec 
till' ii I \ii , hIltw ilia II thiickj;i H 1jCll1101 I rL C01111110/tuhltt pil I )in ' a s lin hIll tIjixiCsI \liilL sa 

i rll '\ i m w h' 111 l~c %%fil chiikpva ilirti% lIti l I CIIdi lrxt uiC uxiS ihat11,Llu ut~gII(iIXu

) cI;it i lI d I11lici ltll 11t111 ~~ li l Il lklti I~iidiL p ie~il198-1liiit'uu~ ii]i siikxl 

c~U ho-i~tivi Elutircit ttiiuu' c ott'lIbtI l . C(?iuIuI uruII lic~ii uuii ui IIInunlhit It~tu h iuealnj frnn 

Aleppou '\ii I s I' I 'N I 

Allfibill l, 'I p. -,1i11 I'" 32\u (2) tON I ~ hrg~ux iie iii 

IlalixtI calL Fll Muir-Apr ir-ulNfsln 

A111,1ui fuir -n . - 11 !- Ih,, -i % [fill 1Cur i,- Io 



altitude: flov,c'i can b_- as ecarl\ as 30 daivs after 

so \in ), i I tc ,tasIO)I )AS (Sit I
IIucIfield 

and Roberlt l)NSI). Ill ne ecoits peL.tie loril -

Itlllh if JIsiiiN, buds tHit dcscii-CilL-d d -lhC',I" 

Caitc. (Illl1 itl] hllIt hitoif['l,. V 1 11ItIig (AI [t 

Cphill ,tlPh of no 

u'IlCtlllltt'ILut%oIhk'fliltFl ctl! ~ ILcI lL u[O I
 

glost, . \\hich 1,a.\ tht..a li['s 

iitiitlhuicatiuiitai SN IAl. 19g (.. 
lcifK:1 Il i 'ietce uli;il-

t Ill toil't, itkii ii i 
iil.. IL' clsehptItsleN iti 

:1011i ltll.I ltI iitIt,.cd Il .'t, Itic \tiild it)th' 

nil.,Cd Vtc ['iI %ill\iii lld let'\\Ih\s ill "%.;]ill" 


to illcathl(ItrCi'tl ,t\Ck "[ oli"cldlilltIs ( M oll-
. r


1, CIC]]CttlI +.'A [1710 ld I t tn l c lthill I t]MuChltCkN L'C 

hicudi! :iri" aillitisI hLcloitltieli ,iti.iild ,\plit. 
"
+
 a i, iitiiil lttul't i 1il l i c N1+,ht L' ,Il II [C'OI)I ii 

' 
telg['lh+Ii 1itsiioniiii MiiCt I ,"d-C it liti (i tli C'l. 

IcCliltti (i c 

(illt,. t lts M t'lCN 
19SO). Ail IItjp the' ru tllkC lllt m ,I i ci )f 

tLi i) isl ,N ;iltIiiit' dli\iS++ i!Cclll-
plitti iN [111N 'cill ,iiii I lIa l iti iiiil 'ciiccthe 

',[It , I piiu ihie;e ca ,''L'Is ' .illk ltip l"w l i I .1! , iCNI I 

t,!11:, \\It Lhi'k lpe I, lilt' liil )Ii t IlLrko ilI(.1ii cIt_ 

'I.'t)Iti 1t ll. li t l 111)01 1X "' ii tfl[ tiiLa teitI 

tit iloti01tltCi taIIt of t oiil:iie hL'iei. hiot.i 't ! 

2. l)C'lti iiriiii the uil, i%Iil l u til it i1 u'i,' ;e 

tlc'i till sir,,,11 Ic L ii kih iil-c'lIill (ii[1, :,iie1, 
fld l t 'ro cti Iiiccs thit iil Ilt ltti I 1 \rtil 
IQd)j 'ilt!. 1, .Ill' V'Nie .,I( ,'c.ti k . 
tliil Mte' iticitlli\<.1% i iti ii lIittilt 10 

lltl. tll\
C i iii. li 1,it lis 

3 i,. t ' ie , '101l Niu!ul[eaiicMc' ,inItie/-iiJll 

iiliili "is ~ii - I..us el , )Ilii iilitl! 

thel6ie 1c ll4 li n 11)ic 5e 1ii i Cou. ' 111 1ih10tlc 

i :21 11l i l i lI I i I I i I , I I a rC[),IsINI: I IilI i i 

,littiit'CL I)i ti \+i h c1til iu itaic, :Htitc'. Illi hi% 

lite ippeCJiriliTec' (t u tikl Itters, 


5. 'kscii 111ol ttiiliith tespuitisancIiiloiii-

ie1 *iniiilWx111+ . to t1e cli ciCti! C\[luitaitl i 
,
spic aitil iin cll \ psl) tki111ic i tJiit titilc.1-

clituolil baltcS. 
6 \tio 1 ir\1[ lto f ' hlLic itii lte' sureititit ie.hc iit"s 

laluc 111i:iihf(.1 N i c'i.u!,uiii %lllihfu t .cl itplisll I( 
ic, lihblC, iL c' el'i nIAi, ci' be cIr il OUt 

ill i , I i C%% Id h ,illll,of t 

I[)ciititi tthiiicili ii t'icc uu ii itjt i
h t, 1)%Cthe 

til Ii',. (if l III l It ,hi h ihhi tili \ iiuliuitditii. ) t 
nu\ iS tt'i el i1it'il ICI 'stilts be Ce itf 

teitupolll Chtllilc' IOpoidel ithihldt ( Ihil 1I)6 ) 
anlldrcCeptixil 0 tiC iitl tihace II ilirato01 Ite 

ci il.I ts3 . 

\WC Citn,-l ieit the subject nllttlertite it this paper ii 

in 1,2,6. and 7,Citing c.\arilples for grain legumes in 
general and enphaisi/ing recent findings for chick

pea in particuklr. 

FnvironnentIil Regulation
 
of Flowering in Grain Legumes
 

Iiidhiouilk, itall legumes. phiotuperitod has been 
lie L ilolilliienti factiu tr e.insi,ilc..d t hate the 

1i10sI sigilitCi[ itt ,'[('efI,e iig. atil i1ln100ttt (1i lit 

dillelcl[e',h tuwei I lpte'1 I :huC 2) adnd getiotvpes 
lt\ I ,. c" hl's %\ilb IL[Cpe,,,ih liSh[d t it)' 

i.1 11 ,ptihiu titt pIII cii ;hitt titii rio t hiCh blow
i titcclis soii .Clinig ic's 

2. hot l[oiiinl seilsiti It- thc deln or hastentinigi, 


inlllittC.lill-, pCI tli Chtllg+. ilnphotoperiod. 

. li. ['ritical plitetij titiod that at,ose or helov 
t tIRltf tsCIitli is first d i'eivod(, itintiticv 

Cs tls or,I o _ I rr[ested (cti lii;itise Icspoi\isc). 

:llioillatlY. itll atild use ofhigtU01, IhC0loNsi.,t.Iti 
tile5[tCnu t[iliS intlenldAMi0 l -tittic tCtltcrs ' LuL 'lese e 
i l IItiltCbtoli ph tretp lhd (e(:., "d i\v-ILcIrfI" )
 
hlite Cd t( i i M iNil hict' si Itlic[ltitca) iCointhe 
firm, lihtal tire tllopati lcgitlll ci ups ( willoncr
fli iial wt%k Ii),i)
 

S 2ii e ieu
n l iLt)' l l Im that originate frlo more 
()IIcN t.it,,,aic clima es (ii Asia. ileM editerra
liti'al. i siltlihti Fltole c.g., Ncc Sllatt 19 4)lre 
isutill uatitiait;iite, it,-Prr plants and are also 

tell lspoi"i se titcold iIp Cta titlle sketn li]a ition 
(I eel2i. ()i the othr i lhat , t ; strongital iltiLt 

I(ttlollll ta x 
tle Plliitscolcc ofl tropical origi tido lot hawt a vet
tiuil.n liitiu it lueuireitie and. lot the liost part, are 
cltliaiitt't shirt-ib plhittt ( I able 2). However, 
l 1tel t.pes of roost species 

i t LI \%fith iiottc grotping. itm nibers of 

datlciieth-iidiltcietn 

hlic no i\ tluliuvco eicd lorn wilthin gernplastil 
( cIColtiini of ire pioduced h_ hbridiiation. an( 

IIot ill lo p,-diy genot pe responiti to \ernalimition 

(SuLiititrtield Mllid Ruiberls 19851). And wherever 

studies Ila\ beentsuIliciettl_\ e %tctsive, major 
etcls of tempertureit otilbItieritig hi\e also been 

ho\ it (umineilield 1980; Sunierfieldi ti and W ien 

c ib, 9(1; S9tititilelield aln i oberts 1985a, b). 
ireeCders of1grain llegumes .c.cogniuec the inipor

,taile III t f weriig land roaeim fl' have esen selected 
for it (consciousl_ uur othtertsise) in selecting for 

adaptation It)particular sites, supposedly chosen to 
represent particular regions rather than specific 
coibinations of photoperiod and temperature. This 
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Table 2. Floisering responses' of grain legume crops to photoperiod and ,ernafizotion (fur sources. see Summerfield and Robert, 19,5. 

\ mralii.,ion 
S h -do,. /l-dj\ 

response 
Species 

Arachis h.1s oa,, 

Tribe 

Aeschynomenc:,e 

Center of origin 

,S..-\sreica Afcrica 

Oblgatc 
()uanQ-
tatisc Ohligate 

Quant1-
ratie 

I)a,
neutral' Obligate 

Quanl
tatisc 

l.111ilizs spp Gcnisteac Africa Mediterranean 
Cicer arie'tinu,' 

l4,rts cuinarr.% 
Cicereac 

Vicieae 
Asia 
Asia Mediterranean 

• 

Viciafaha Vicieae Asia Mediterranean 
, • 

Pisutm sativum, arvese Vicieae Asia Mediterranean 

. • 

Cajanuis ca/n Phaseoleae Africa, India 
_ 

* 
Glcjne ,nas F'hascole;.e Manchuria China 

, 

!'ham'h('11s lunatuu Phaseoleae Mexico Guatemala 

. 

Pha.wolus vulgarim F'ha~cndeae Asia 
. 

. 
P ophroarpu.
tetruonolohus PhascoicaC Papua New Guinea -

Vigna mttdt''rudjata Phaseolcac Asia India • . -
It,tza ttg uzlat 'hasiscoltae Africa India * 

-

.t. An asterisk dntes the r'sponse tpc mdci,=aic,! has been rcpo. ted; a dash that it has not been reported; a blank space that it has not been2. Obligate a respons: changcs at a discrete crticam sa,c; aantitatie response gradnall%changes ser a range of values.3. Indicates inditference to ph,t )jcriod. 

measured. 



traditional approiaci rtnteu that sclection', arfc 
gr)irt_ and testedat a iIn+her olf it,.adlot fr s'\eld 
SCaSonS to take accountt 01 Chliltic \'ialnto1-,in' 
protracted, x[ si\e ald to\,. \%c believe. ulllclr-
be strateg, lt)atI , h_\CxplOitine itCCntIsciarcfh 
dtla ( lladilc, Rombt, ci ill. f'9,S+. 1084 frI toto\lpa 
aird o bea;l SiMMerfih Oldoa )lrt', 5c. fir 
,obeai Rut ', e'tL- ;I. t).f9' ht LIkr'eA: -Siotr-
lilif. \ftlhACit. Mrid ILir14. alid inIT11r-
field. Pu rheit,, ct il. 19S fo lwtIrl). \at stije ,t that 

r+crllitl l + tcspos l\clletn',,, tI)plioto t r ilfllft' , 

,r fltoaefrt ll rrIcspt'r\sIVIr !;Ipj) l C. :1rud 
IC KIi Oft'i il a\. 'Ct: , 

Illh1 nhi i ce, I l<hotop rhi odi' Ic .,)o ,+,, t u 
Artificial ltlvridizaion ill (hicklea 

A\ trtlitoilll htiitirr trctip rittiir ,ttcrt e.ffort', 
inlirkpc i ia', Kerrn i ', ate: Ii 'istitirn tin-

rIO%., aild rro',t C,'CiiCfr l,+', bC'tr rt'.,ticted Ii 
adaitirt. ot' ecticr atiurl pet cl t, Iri ldditirl. o1f-
'CP,M i ll't'', inn' IttH' 

,"Ilt +1 l\ ht- i ,t ,l . 
h tr tilt' rr 

ll tnt ', t tmi 
t: 1, iti irsertent 

ll i i-tt,',i hiu'klfIU 
" 

ptof ibrtise\Llv C\pc slcts. 

lh t lf~lHlIit !. lk't +-' 
tli0 .t ls lie it' r-

iprst'ltri'tit prO lailt 
t I( P, IS.\ r nttMI.'ruem,'fd thrtCM2 Inlit p,rjrtbl',,itts 

a ld t l ti ',es ti t rt' IC I uit.L',tor pripr .t,, sichte f , tilt.' 
IsuL is - ut rdiiil,, pM tC1tt of , a rin criSSItIg 

bltd'J m,iii l uftit'', hiiii t ittf tisitit'smtttlttht'-
oul, ti cr inlr, itt , ,ntinfiln istif.\i,.kltitf m d 
; i ft'r \ntr'.,en l 9,Wf) 

fiy tXpliitting titt t.iunt uti iu g-tl v r'itVipiise lgarithrln Oifittudtutltllt inimttice (Withrow 1959)
t10 frt ut Citf)d in ChiICipea. I t ). l( R I., I 
SCtttl.,t' ftIuOpCd l ,etirat tic, 
turi\rt f.( i! )" tt'chniqrrc for lftt, clrlip b\ etltd-

Ing naltral da tit hotir', lisitg icatlrs-
lngths 24 
cr:nt bulbs ((-100W) suispeotdd n ;i 1.5 1.5-i t 
grid ahurt (0 ci aho\t tht'crap c;itirpv (.Sethi cti al. 
198f). Parallel rcscanch (N.P. S;a.tnim, I.. Krishia-
tirthuifv, aufd SlIclak.A.R. tpuslterf) cMi-
cfLtfdetfi tt vuneti fitrtlI i \sa!is a fccterf h). tfle 
illunittiatice rut artificial light tt,cd itid that the criti-
cal illttrti;itICtCIna.grt'aclr It lattr-flhoeritng (5 r 
ins) thi In uarl*-hfruieringt (l 2 lixf) etnotypes. We 
propose belos al Alterniuisc interpretation to 
I('RIS,-'. I',, dat. 

Resl)fonfivenes. to i)im light: H-o, Dark 
is )ark? 

In phot,.periodisrn, a plant must discrinirnate 
bhetectn dtiy and night (tl illtt ninance detected as 

dalklcs), ncistrethe diltatimn O o- hotth, andi.ie 


li) rr',pOnst: coltol sorti prtcss such as 
 flokvring 
SalaSi',hNrS ISf). ha\ C rcccnlyWe resiewed the 
fltc t Of eoticlt t Iilleti ; l soy-Illtinatti ollowerling 

b iiinnrfidcl, 

9
 

bean u Nhtteflbaticr, and Roberts, 
1984,: IfIIun11IrficId anlld Roherts M 5.), \%hich 
rtesp nd to pfrotopctiod ita', ItiatiitiVC loIg- and 
',htt-ilv Nits,d.l. respect \ \\e livie, proposed an 
Altct nriti\C o1d, ae behesCt. imeplauible expfana
io0 for difference,, oI apIl t it ',ctSiti\'t\ of tfICsCl i 

spec,,is to glil.H. ;thltlfilt) ()ir i\c- e\xpflan tio 

seeittftill 
 in it in Ofic 

I ra
 

c rIuaI1YCn t k pct, as %ke (fI SCLISS 
fr I 

I lpCII. 1i thre speciCS ir, ofl\<d, genotypes 
' ftti b eil ,\ifir .itefdhY gltr ing thter ill

itecasitg drsi,+.s itndlla point s orurce oiflight(i.e. 
ahmri iii ilhurmtuce rfint) and their time-s to
 
llov,rca icg (1)h \ ie[ hclfe
fee'hted to illumtinance. 
lit t-ait'ml- inI eld ir e,,i.,.atoits with sovbcati 
(Nlaii, antf .hlit',iitrI )74)naiuf etckpa fI('RISA' 
JQI ) :Iatulr-al dilrlttgtlls \ere e'ttl tcd to 24 not'ls 
ii.itn ipsp,, ib field plot. ReIltivC 
sNCItiS itiv tor il ILtn 'titiec,' ienIt Cstiilated by tie 

hastcl 
btighte'r ne lilirts (it.. il thit' rt'git,.,is ftC phtits 

trUi hrelltr abf:t 

dv '. of tl l l lg(0 \,ctlllg itt p rogr ssi'.efy 

to percit, tfilt lrongi,da :,,sitiposid 
tir tlt,:t). I si thig,s Critulio , both grroups of 
i ' rt+bt'nah cotclded that th re \\if, significant 
gt-'tltpic ii attlo ill ,ctisitiitv t' illiitiance. 

Nrt itfistilnditg these illtterptett tiotts, il itutlIv 
phttochernical aid phtrtobiological processes, 
resporses are approxitt., proportioral to the 

titftftatathtr thcilluminariac itself'. Fttthrtrre, as 
\c describe litter, phortperiodic phctiotina in grain 
Ic,.tues niowi_kno\i be re'lated mlore sipi', to ' toi 

the litu of progres 
 tirwtirds furwering (II ) than to 
tilt to lowcring() I lus', data cat be expressed in 
these termtrst 
 furither ctrif relations between 
illuminance and flowering. 

We [text consiIer the relations bctiseen rattes of 
progress tiri.,rd flovering aad log illnitrance that 
might he expectcd when ihtnts differing inherenutly 
in their sensitivitv to phottuperiurd tre grown in 
experimentsi in which shtort natural days are 
extended 1) light of dillecrit illittuitnanrce. Figore la 
sho s the resptnses, predicted for ,luailtitati' e 
short-fav (soyhbean) and luantitative long-day ';pe
cues (chickpea) which, for simplicity, are assumled to 
have the same threshold (T) and saturation (S)
illuminatnce values. In quantitative. short-day spe
cies, the ;file taken to flower will be delayed when 
relatively short natural days are extended by artifi
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ciaiI 1tpictiita1Ititlitlitntil.('r1cr. ej\. ill hiil) ,%s )ccie.,. hoNicc tlc \ ery rapid changes ill 
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saturation illuminance values, the relations between 
80-	 tileilluminancc of supplementary light and days to 

flowering will inevitably be different: cultiv~rs less 
sensitive to photoperiod show smaller respotnse gra

70 N. dients. We ,uggest that this alternative explanation 
A. "..,, isconceptually simpler than one ti; ;ovolvesdiffer

enc,s in responskieness to ';in light per se, and we60 haie proposed furthlcr experiments designed to test 

this concept (Summerfield, Muehlhauer, and 
50. 	 Roberts 1984). 

K 850 Those data have practical implications flor artifi
m( 1310 ;:ial nlinipulations of photoperiod either in con

4ff trolled environments or in the field. Breeders may 
wish their parental lines to flower sequentially when 

3--* (1h*> planted onl thle samle dlate in iine location so that the30- workload of hybridi/ation is spread and crosses 

between early- and late-flowering parents are facili-
I 	 frated. Seeding plants along an illuminance gradient

12 13 14 15 may achieve this objective, improving the flexibility 
Photoperiod Ilfisaturation I li nance) and elficiency of the breeding progran. 

0.035

31 

0.3-(see key in Figuic ,ibove) 
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Figure 3. Relations between (a) photoperiod (h greater than saturation illuminance) and days to flowering (0 
for three chickpea genotypes of different field maturity (ICRISAT 1981) and sensitivity to photoperiod (see 
Table 3); and (b) log illuminance and rate of progress toward flowering (1/f) for the same trio of genotypes 
grown along an illuminance gradient which extended natural days at Hyderabad (17'32'N) to 24 Ih(recalcu
lated from ICRISAT 1981). 
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"abl Ic 3. E'ffe'cts ofl photoperiof (Ii) iti oran temt'rratore (t i () on tihmes htfirst flosei ing (da)s front soiing) in three 
chickpea genolspes. ;et. "iure 3.also 


1 4 ( t -2 " photolpcniod selnsitivity 

(icriot~pr 12!i 1hh 1 1 1, a I Ranking2 

('1ia 47. 3..5 2 24.9 4.1-o.3 I 

K S51) 54.n 55.5 47.s 37.0 10.8-28.5 2 

( 130) 9.1.5 50.2 48.( 36.0 12.6-38.3 3 
IIwdc'la% III ll',clrIg iII si a 111 m ' pli tpcitid,d In II, II ald I'o) Iegillwsilt 


2 RdcI;atir "siz i II I" plopl opC d Nonl I 11 nt to.IIsIIicIII mI sC' .It .ll' 

Photothertual Effects on Ilosering prompted us to teexamine both our own and other 
in ('hickpe!! and Other Grain Legumes data on plottermal effects on development in 

terms of rates of progress tovard flowering (I rf) in
I lie sptlisc, (I higihet plant, o different regimes rather than time (days)to 1 ipelature and to flower
phOtt1i Od arc \Cl! rCL(t/,.,.it'a ,has iug ;ldaptiveC ing (1). [le outcome of this e.x;rcise involving
siign~i~iflcc, cstCCihl\ ii tlIsc ,ion5 I,'I initenseC genotyvpCS ofhCl diverse sorbean, co vpea, chickpea,
alrtiliCi;I h.\liiidioionl prCsUrCs tax e not Vet and lentil (ladley, Roberts, et al. 1983, 1984; Sum

orelaxeelto\ctiIC plloltltCrjnal rCNpolnSlveless Ilerliefd. Muelllbater, and Roberts, 1984; Roberts, 
.sliicicntl to Lacilitatc the disscnllinatiolln of cxplo- ctal. 1985; Sununerficld and Roberts et al. 1985;
ted spccc, tut) a 55idC rane of :irictlttiral ens iron- S."utmerfield and Roberts 1985c) and reevaluation 
nilclts. Malnv of the ccollmllicall.\ illpoltllt species of pre\ iously published data oilpea, common bean,
of, 2rllt IclfleIunes retalin stl(nv photothermal and slung bea.|n (tladlev, Surnerfield, nd Roberts 
responss, 1. hibChSiCCsC UnCl;lt1O)tl1S o platnt 1983) was both dramatic and exciting. It revealed 
breeders c tred to iru c.Iolerate, or nfliiipitlatC that in all cases, involving both short- and long-day
in rather empirical 5;xis(.Stitntictield atd Robcrls species, the rate of progress toward flowering is a 
1951). A majo1i loilatioii in graiti legumie heefding stimple linear functiin of tenperature, photoperiod, 
Ixis hecti the lack of allidcquatc basis to qLantif\ or both. 
ticste
csponse's arid to de isc imple, rapid. econorn- With chickpea, the last 5) years have witnessed 
icalls attiactisc. airud relible field-based screening many investigations on effects of either photoperiod
techiitucs suitable for klge trther s of segregaltin,, or \ernali/ation on time to flowering; only rarely
gerinplaisni. In tilediscussion which follos ,.ivesug- were both factor., considered together using approp
gcst that bh exploiting recent findings on thequanti- riately designed experiments, and the consequences 

- tati\C predictability o phototherinal responsi\eness of post\ernali/ation temperature effects received lit
(for flho\ering), plant brecders no, hae the abilit\ tie attention (Sutinierfield et al.1980). Realizing 
not oil, to screen their gerniplasin ellecti\elv il these seric '; lnmitations, wve investigated the effects 
efficierntl' but also to imcstigatc the gentic irteclia- of factorial combinations of day and night tempera
nisms uniderlying these lespotses. tite and photoperiod on a total of 15 diverse geno-

Almost \ittOUt exception, prc,.itos resea rch on types, again concentrating on days to flowering
the photothcrrnial effects Of phelnOlOgical scrits in (Roberts et al. 1980; Sunmiierfield et a]. 1981). Dif
grain legumes has focused on1 the titming of those ferences in photoperiod aind itl mean diurnal temper
evcnts, usually expressed relatisc to sowing orcmer- ature had large effects on time to flowering (longer 
gence. But relations hets, cen tnemperat tre and (es el- days and wartner temperatures over the respective
opmental processes in plants (e.g., germination oIf ranges of I I to 15 n and 14.5' to 24.5°C were most 
seeds, extension of stems, and expansion ,of leaves) inductive and vice versa), and warmer temperatures
 
are 
often simply and precisely described in terms of ( .301 C) hastened senescence, curtailed crop longev
rate parameters, i.e., the reciprocals of the times ity., and reduced yield (Summerfield et al. 1984).
taken to particulare\ents (M onteith 1977). This fact Ncerthteless. a coherent quantitative description of 
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itfi t I%SI, ( l I I t I ' l !A . I , d+.!n ti ill LH
'+l10 1 ) hC'I Ii ,p)0 11 if h t IAAL'\%c i ' lp I; . 

S 	 tirvestno it !\ il I ip 1i,l '! 	 'llr t l' kpc;i tjoicl- PIltiti:iii ol il C t.lt', tIC oiflp-ttlit) 	 ilia
tlie III diftIc'Ill ft'-1t11, kon~i l l ill I)tOCIiit.' rllt( licMtl ,, 

bihl !k['O AI 	 1,11+'+LlCg(till' L1t(11 111,11,1 ti C +tildPhlO1,tLiies oIt tlP ,'i aiLce ' tortiid fld 11ti \ I " i\iCidia"tit Irthlip lnts.l tt 	 lct4lC 

pliti n. ,illid 'r r.-;tir 
' 	 7. 1aktcl III 'ollitill holitl \\kli data or lentils. tile' i c 'loiti l] ' I +Ih o ll m oII, cT t ki ) p h t t op et i od 1 1 2 o fll\ ',i l ! r i all ! ]~q lni l to ill f lo wo~l ic d I ,%%h i ch 

aild Is tl), tl icc ii tei lll iii , 2t 25., illd .3(1 k tC'IIllmIt _,pontwiL rett'l r rtighls \liiS th iii\cstgited 
d th Ilt t teilt Leltt t .1 . ;iiii 2.)(' . \itl I ,epcet 1i) both i'lli il-ii c ;2 id photope

\i ich coliiboIIht itl .!ltre -ie ltticl ditt'reni linaid i l ilSumm.i lId. R ObertS cI ill. 19(5,+, \c sug
dothrl Il; ti.i': lrI itstt ict ciiI I iii1 25.4' ( , ge'st thitat the pliuti ntiii;iiR'spot,, o Iloimer.g 
%,\lCit ;iti l it iltilt-ulc<t.pc.irfilt ri+t t initi ichickpca. ie ic iLitanIt co01esiioiimii erits ror
.ctit p1 L ii ill tii il licrL' pitl 

, .' irt r t ct,. htt illl exper'IICitcl bup ill)..il_call hce described 
pt:tIoti\ us iclit tlt l 5 nil k;ibitl+Ili ( 4 ) % h.h %itsthe 	Ct.tllititil: 
.'JLI,,,i1i1cd h% 1I dMohb'ci%,o illai I( R I' . .\ 1s (if 

' shir\ t tit L i rut ll t ll. <it 	 "+(tliIt, I I - it I lit cp (I+dtltitionl " k'o thel. ,I i )III t hellilllia]l C ) IC \%it, 

thiplCitt. , ,tp that fiint il\ Xidiltu, li\ \\ liic I is the nu mber of di.s lroti sowing to irst 
M;iii pliulcd S I tt plit itll oi \ [ i i I5-h plihtupe- iloke., t is rrtca diurntal temperature. p is pho-
I ltid ICC\dt., llC NdH,tiL C ddtltttt01l tttt'+CIZ tI', HON, Ill ii ttol,.mitod, and al];,b,a id .'i t'rel+ ns_t a its \%hidh \aili 

2-l phitipeiilod. I hu,. tw Ixsa '+ircittIttlit C0itbi- betimcei gellot ,pes. 
i!iatlu l it't er.ie il i C\titilil\ I i;Hlec 8,c ui+re t:ii oi \We lwte no c\idince t a critilcal photoperiod

h h tCLtIo %pit" al cn tHrur tiii:,il \ar itiO n. I'' itll uti tile raige 12 It 15 I lot chick pea (of 10 to 16 
elc'lt pc, itll I i-tiie. tlncs (fiat, t hi lit lelitil). Ihus, in both Cases, "\,c believe that%t2\ thei froit 

itili' tt, ail aippealtilltir II ) iMie \\ IC the Itloitlth Iclalio indicatcd I n equlation I
t i t ' u l] CIs 

-icr ill is., \iktI"L.tlilrt il tes', ( Ilil lI clll pil,, ploihiibl' ifplies undei the Iaillo iii riatitial con
slut' li l Ith tslsi tc
hCibtjurr lti ii 1ilit" 1l1st i!itions ihere chickpei (iilltd lentil) crops are 
11(, it c . gn iu II,
 

Iliec piltlldlpal I lirli 
 , ii rllui ttu itl tie .lc Itli CoIstanits a., ). inld c ill eiq iatioii I pro\ide a
 
deceril I illi l seiitlhckte t(.I I s ci ill. l)S 
 ~ basis or screerintg gelot.%pCs lor ',C siti\it v to 
bitt mIIIIIiiiill btiul\l hcii': 	 pholoperiod and tempelrattiie, as we discuss 

I 	 All it tIl ct_ I llOpl tupcil do i
 
that. tlr ilt \ ,iitite th iaH
I riititC. its\Cl, li responsesif thesedixersegeritypcsare illus
itppeitil siiel0hI i I "'-l 1taii ilt h1Ie 12 -h trared in Figure 4 arid st iiaried in Table 4. 
phtII opt iiid. Ihc base tetiperature lor flowering i) i.e., the 

2. 	 (jeiiot', pe, t];tst .iL i l \ itititill ItIiii 1: liic l tellpciatire which is, in thcory. sltficieitl cool to
 
\,ere. 11) eCticti, lus ,clistl\t to phtitperuid prentnyt tprogress tirward liowering (and so I 
 = 
tliti l ici -miltit lti riles. I0 or I infinit.\) cart be calculated by algebraic 

s tcs ,ic3. 	 Fight oi tli le ttl t 'pt %u ,ClIsllte Illiitiripti tiill of tLIottoIt I to give: 
it) 	 tclnipcirr itit (atid hen to itiLirt ditrrlli ll 
tcfI lii1tIr tC I tirthclt it i i t fI nihlt trllperLt-	 I, z (-i-cp) b (2) 

ullICpr I s,c) ilita. il ilhcr pltiilopcrod ieteti e.
 
Iflu,\crs ip[0,1Ip ulitt et the iest, hus base
aIt \\arIl It'ii tile termperatuire varics with photope
telneratite. iod arid, hcrefotre, las r oi ob\iius agronornlic sig

4. 	 I I rCposcs ot d ,i midLa kabli clterruupcs tii niliicallCe. Ibis is il ColltraSit to Cowpel arid soybean 
phototh ial recumiqc lid ht diler ill tiris StCe- IhCIe progI'Ss toward flirerinig is controlled by

bt t1CiIiitic mari r (t[iIIll\ Ite \pes lritt lICtlli teCllpCrltLrC Inlplotoperiod-iilsensitiVe geilO
represented ill eaich tlintf ii\ clas,, th1s, pCclud- types or inl pliotopenriod-scrsiti\c genotypes where 
i atgstrictlr v;alid CutirparISori ) IhCil collcCIJC, photopCriods are shorter than the critical value. 
reLpt lise). Ilere. the base temriperature is unaffected by pho

5. 	 Rates of progress toisard tlo\werrug (11) were toperiod and is a meaningul agronotnic value. 
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Figure 4. Effects of mean temlperature (1t C) and photoperiod Ilp h) on rates of progress toward flowering 
(I/f), and days from sowing to flowering (f) innine chiclipea genot ipes. Symbols denote the experimental mean 
values in each of 18 environments, 9 in 12-h days and 9 in 15-i day%. Fitted regression lines are as described by 
equation I. Encircled symbols denote that plants showed an) aberrant response in these photothermal 
combinations (see text) and that these values were not incorporated in the fitting of tie regressions. 
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Table 4. Reslponse charalcriktics of potollierimal effects o% fhoiering in iiinc chickpea entIpes. 

Prloporlhons ol 

w i [ i i ,t))' ii 

Valti's ol tolnsiaIli, III ltihtall I I C.xpl lil'd 
....... .......... ...... . . ....................... .. ... bY tt(ILitiitOll I

( ine ,' a c 

(hilta (dix) 0.01775 0.00111 25s 0.019)9 .097
 
(C( 
 581 (i d:c 0.00965 00015785 0.6i00946 95.2


.A, 62 Wdx 0.04(43 00010S.12 0.0 11010 85.9
 
K N5U Id:nml 0.02295 0.0007488 0.002032 74,8
 
Rh (0)l,r1147 W 0.00103012 O.001734 69.4
 
I Ik'IIl I(2123 
 0.0(0S09 0.0102266 77.7
 
iI 110 (,II 0.2'49) O.0081337 11102401 86.9
 

II 4' 1,.11 0.01911b)0.01,889 000201 
 57.5
 
II ( 15 k 1:l) 0,00335o 0,O00!329 58
 

' 
01k,.ndtt.'I (d)t L['-1h1d1< 't, "*C-l 1% i " ' (m h]] m~ "'late" (11 10+IlTM tI1 III 11he ldh 

IIH IM't110111CII <'~+" ol K Lbh:l 10 I\ oMc s It 

It Ii f' \ I 

I w, n CI w I I t t i:siiI 

I lic llodel dc;ci6t"wd b\ Ceilation I i s i;nila: to Similar hot tfelperature delays ill f1o%,CrilL' 
th:lt descIopcd lt- gcnotlpcs I+.+.ich reversed tie dramatic haslenitig effects it) 
tl No *beall Mhen IthCs' , \ptiit.. pho'tlcIots leatll tellipttratllic tip toit a xiumtin of atboiut 25
lmgcrI than their itical ,sleiigti- (Iladle*,. 30 (') hae been recorded in sceral gLIPots'pes af 
Robert,.ct ial. 1184). BIi, ouir,c. thphttopriud so "ean lSumlriertichl and Roberts i9 SSc and in 
constat c) itt chickpe.. .1 h ittit-d ,pecies. .'(1hItU,lltl+t ilinI ,.is(soi n um.il Haiitlphries 1984). 
as lmle's,' pt'itic s+gn(IoIngda\, li;isiniing Ihtoei- \With so\hean. floser huds iere nitiated rapidly 
Ilg). ileras ill so ben. a shllt-da spcies. it IN and hccalc nacroscopically isib bllut then turned 
llcg;t\+e (long Is dclas ing Iloss ing). hlorstiic anii did [lot e pand into open flowers. Is 

there a similar pa raltI respunse in chickpea? We 
c.aninti exclude the possibilitv that kter-than-

Atypical Photothermal Effects predicted ill this snall minority of treatIh+\kCingt 

on Flowering illClt CoetInb Inai1 ;I -tonsequeWlceof tile 
ltinllliitil of I1tiiSpilHttitS "pseudo-1lower:;' 

,For some geliotypes, c rOlilletal combiations bhltrt the first pellect +los+eis i.C., thlt hotopened
th:tt included da,\s at 30 Csi niights of 15 or20 C teInperatuM c hindered the e.xpansitu of initiated 
caused lo\+.eting later thati predicted b the model buds ratihcr than the Ihral initiation itsell.
 
described in equtatitin I. IntIlC, regimes (16 o1 tile
 

'
189 combinations tested. i.e.. 7.4'; see F-ig. 4). the 
first Ilowkers it appear +.eie also at a signilicntil. Screening (;erinplasm for 
higher node thal c\xpectcd Ition the responses oi Photothermal Responsiveness 

,plants in the i Lrge maftority of photothernial Iegin s 
(Roberts ct al. 1985). )ata trot otur pie\ wu c\pcri- I he salfs the Constants b and c in equation I can 
IllenIs (Roberts Ct al. 1980) also indicated that lohs - proMide a neasure o the responsiveiess of geto
ering is lllie dela\ed i solie genthypcs at :I i pes to tentperature and photoperiod, respectiely.
day night telperaturC ol 31 18 (Cthan at 22 IN (C. I lie genot "pes tusted here also dillered appreciably 
Iheti againi, grtov, th (dry- tlatter prodi.tttil) aind il elattisecarlillL.ss (ime talkCi t) flower in tie lost 
symbiotic nitrogen i\;ton f c\ ('hala %+.tealso inductise photothernial regime). ilus, since these 
adserselv aflected by this s+arlier Conibilitiot of cotis!ailts relate to rates (i.e., reciprocals of dura
day and night temperature (IRas.sthorne :t al. 1984 titns) the., must be used bithcaution when classify
a, b). Chickpea. it seems, is not \%ell suited to rcgimes ing genotypes into response groups according to 
witi such high temperatures. their relatise sensitivity to environmental factors. 
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Camiiple. %Io it clUii4!Fo ex all calli' eiiait\ p: ttzl ai [C.iMi. A', wlither' Iilditiiin~ CIicKPC.I cio s nior 
rcliti~elk latrc I-,t,dutc 111i'. Ic pauia less III tcrtns Ofi itits %kiiCh11u,1 hc CtiltIi' OIt inl fli)\ sili'liiiiis 
Chiwg InI 11itnthti- J! 1v1%s a ite perMCIl ed pte ~l: sici~ii s oan"I In (te tiir tire l likel] toi exp 
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Management of Chickpea and Pigeonpea under Stress
 
Conditions, with Particular Reference to Drought
 

R.P. Singh' and S.K. Das' 

A bstract 

Managementpractices de.lvnsied to icrea.st the productivitv ofrainfed chickpea ant piceonpea, 
atid wal.'s to alleviateithe ill e:ffects of drought, are h ,ltighted itt this paper. lAese practices are 
basedon experience gainedin tht A/I Incia( "ordinatedResearch Projectf1r l)r.'landAgricul
lure. 1)iscussed herein are .taiabh' crop varieties, croll)l)t1.'istenis, tonvi'ly Sowing, opltl Inim seed 
rate, fertilier use, supplemental irrciqation, and other technologyi component. that contribtte to 
increasing antd stahilizinqi tire prodttction of'chicklua and pceonpea. 

(/cickpea-basledcropping .%c.terns art 'rv )op ar with h'lrharjner..In medium and deep 
black %oils, intercroppin, cIickpea wilt .cati/ower of/irvs promi,e. ic ptoductivity ofchickpea is 
directl/' associated with the moisture-vorageca acitr ofthe toilanid the aumount oil inter raitn 
rnt eiveol during tihc cro /laccsit. inll,i)n.c.c Aioil the limited moistjre .toreld ill the soilisinf N 

better utilized byc time/v .%oit ing (first hall of October to mil-Noc'enc'r. ('hickpea .iehl is not 
influenced h c' betc'een 30 and 60 Ag ha . A plat population cf 185 000 ir isiaboutveed ratct, 
Optiti cm. Ill sci/c wit/l I? iopiosdpiru, chickIpea re.Voiid. ver:' well to aplid pho,p/orus, 
whi,41 also incr'a.w.s wate'r-ut.sc e/liienccc' (O'CI:').hi the rainge '/ 110-24) ala, hater u1 , crieh 
increases liccc'rl, pIrodtc'ti, /3.5 kg .T'ed per mcic of ciater tdxc. li kit-le.turec siiisli'r:ihzer 
applicatio (it 0-1.1)) A'et/h befire crcsowinig irrigation (5 c'nc) siinificanth' increah'.c chickpeaa 
Yiel. Iti .coilc with /,;w ]/1o./cc/crt. , mcitr cit stress is niore dominat thati moiitore deficits. 

Sorghii/)igeoncl'a icctercrcppi, ha eeti .ltaidprodt 'tivi, stabI'. cnc renuideratue.['or 
most scrghm-growiti ar'a.c. itoractionsv hacbeeci e.tablis/ced comiIIets(;.'titt 'pic iamottg
stutdiedl in thc soig/cihtc //icic'iiifia ititercrcqifnl"/scl'.cteic. IPlant cl'nsitcypha.i'.s cd/ itic/)oriclnt rile int 

pigenpeat /crhd,'tivit, lrticuarlcon .11/.isiol. O)ptinal/ plactions dep'nl doi t/ie lduration of 
tie pigeotpea variet'. Staggercdplanti.g,is efficient ili imdring good crop esta/lt/ctment anel 
growith. ,'ictvri'nt octlia,,c'cc'tct a/icc ac/t.',t'c icccratscc in(itclrcroppitcg.One icr tIhvsitiplete',i
tal irrigation., dlepending ol .%oil typt, are requiredl .or reahi-ing good pigqeonpea yihh. 

Postraitic-.wectiti pii ot/ea /a.% it J i 'eeivel''i cde agrccomit re'.Narch tttention. 

Introduction Only 41 g head ' da i' f pulses is now estiuatedly 
available to the Icdian population, as against the 104 

Chickpea arcd pigeccpea arC tle tm\o iost important g recommended lor consumption by the World 
pulse crops pco%, n IHealth (l.al 198.1). To theciu India. Chickpea accounted for ()rgaii/atio meet 
42(; art] pipeconpea ior 1811 o the total pulse pro- reccirenceCcts uif )ulsCs, tie NatiocalCoccicnIssion on 
ductioin (22.0 millio n) duricn 1980 S1. Icc tht y'ear, Agriculure ( 1976, pp, 87-88) laid more emphasis on 
chickpea occlpied 6.7 million hai and pigeonpcea 2.8 iccreasiccgcrop prociitivitV than Oil expanding the 
icillioc ha, with ,cc ascrage prodlctivitV Of (9(0 kg croppicg area. ProdcCtivitv 'or 2000 A) has heen 
ha I ior chickpc:i and 721 kg hacI lor pig.otcpe.i. targeted at 1500 kg hai lot both chickpea and 

1 (Central Rc',ccrch ihitlitic lor ioaml .'.cicculturc, tldtcrahad, Anidhra Prodt',,s 5(X)051. Ihida 

I(',ISAI itntco C op,,i s I'ce i sltut ',,r Sctn-Arid I opc, 1987. Adaptation cickpica acil pigeoripea 
strc,,,% Proccdircts oi tile cosultail ' \'olkshoo,. 19-21 Dcn'txchcr )84, IntRISAI ('ente India. Patanchecu, A.. 502324, India: 
ICRISAI. 
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pi~eoitPea. Irtm I 1'l1 otamneilluat.t'tdiCscc lta
tios. the preil t yield ti"l mliichickpea isI I d
C Ih Arid pr'adtieIiaI% of 	 chickpea in major

Stchit kpea-groi ,ting,iavs of India .(After FIertili/er .Associaa b ou~t _3( (' ot)i lh ep o)t cll l . I Int h c a c ofIp i x oca W 	 , ti oll f Ind ia It 983 ).
 
,
it is 457 ((a illa lhranlitp l1.es eMII 19SI3. \icid ,ip 

tec-I to -i hiltd ill furti N. wi-, i 11t uu .+\e l PI idtii\ ivt\ R tim. I (!tlltu I ltd 

t;Itgct .s ito he Icachc' ('(00 ha I ( Li ha 'II rea (I') 

l ibMd tonditio in I 0tclle !iteL. illtil petI. I ie( .\ilhu ladcNIh 5,I1 25S 

ii ta pltIc it+Intc'da t l l. 1(t 1 (i ti tiilJtd i I It .) 75 95.9
I )tepo 


Oi \llk ouiHdetUted \ !11e VI 11i11,i (',10tdltiit.dt] tiiaiat (3 S 741o 87.9
 

R L .iI twih 1 t wcI t fool I I Itt ti d l. t icult iat,.ttI a "+(1) 9). 74.4
 

( I R P1 )A Kai iita ka I5211 Slib 94.5
 
%ljtjl,a l'rad(cq+l 1945,6 972.9 
\1h har'i, htla 4 1. 35() 80.7 

( )I i'N' 	 S2.1,3 (hickpea 	 Pull 216 41,,1,) 	 4) 

.pa't hai 1 1227( 696 X2.5
 
("hlckpcaU'H I o lt)I CXlIIs i\C]\ ill tile"[pos[IMIIl'. Nt;i- I it'll P+i .tdch I I1V3,4 S6 11 80.+7
 

otill, \%ttluih oldutS I fltil it .tt i t t di lit Itt-	 916.2 57 . 
+ 	 -In;,)),.hicpu,-I AI\h (,1t1 Ile Vi!h,11.CN (I/lldi lus_"	 9),3' 4, --4.6 

hii. t' ti(i\li x9 [ ' i iI i t I tPtlIll1+thlI, , euuul' ,	 
.ti1ie 

atd Ittt txis, til' wI., Ir t n ti. (- ( hickpea-Bast-d (ropping Systemls 
pileu 1(1\\; pr I+o 't1\1l\. Lhi~kpo.,i i, i,,jm i to m omt 

' 
tlfolli lls -1' ItNsiCl\ it StOICC Ill tileIl llltCl, lL ' w o+'.1111Ct_' . S at blehI\dIWl (. hickl-ica I,, egt %mt c is tOP. 

o I Jikpeilie'H( \%a ;il%;Hlt lI ll itt till\110 - ,lack Stl ICi imsOt saiI'l tC' India. tile crop is 
itttiIIt CuI1tu Ituix, ' i I OIli e i t101Itliltit l la Iixled oittl towd Mil Inoistuic. Itt northotern India, the 

iitcdI , gest, ofimet , eli u lc 2 	 ciol tile bI etit "W\intr rairl, ieside stored 

I able 2. Performance of chIickpca is influence.' h, rairnfall mid gromth rlration (Adapt-d from AI('I)A 1983). 

lM1 licu (h 
lalikil ,t111 Lc d ratitit p tlt tiliaI 

\(cai u "ht i 	 l.\th Yield 
i I' 


IR_';it1t1lc (111 i) \, It1 (day S) It ha
 

(lakck 'sol 
lIcklk, \, 5i)O 16(0 10)0 A-1, \'-52 76 0,5 0.0
 
lHilai+tir 6M,,( Pm( loo( A -I 90J 95 0.0 0.7
 

Shtlulph)it '12 i16 ( (hala, N-59 85 95 06( 0.7
 
990hi, .(( -24
1191) tIjjain-21. 1I10 125 1.5 2.(;
9l.H,'3() I160 .100 IHG-2('O. 208 155 160 1.7 1.8 

t ulatiit 1,35 161 30() ('-235. (hihad. IG-203 120 155 1.5 2.2 

S il i )illalie+ >iOnix 

(lh,,uiu1lpiuH 9(( 9(0 100 C-235 130 140 I. 1.2
 
R,I kh I, II t,I,,lI IINII I(0 (41) (-235 135 1..0
 

S' I t)/1.II)IL' S 0( 1]' 

flit 41o 9(1 l (( 	 11-208. C-21.1, -235 140 175 2.2 2.4 

..\lti, iii Suii,, 

\ I"a 711 140 180 (1-24. -130t 155 160 2.1 2.4
 
\araitxt o81) 11 (81 (((i-I. -2, 1-1. -3. 4, 149 156 3.0 3.5
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"il. aI L\ iduLfit I lll I :Ne I. 	 hcIo\\ 1 0 it I dLLLLl1NIC to( ~~~f 01icr 17110ffk-

I IL. \tI fLLIMIIIIiI Of CiiwkJk LICJM I 11 111 fill CIiik ILI-Ii\Lii IfftCLI~~ri IpIfg Miii IfIiXCd Ci Op
(14 to 2S)0 . 111: ct 19-4 1, i hc 'I\ ailhl pll I fi ll I IncldL and umimstaid lfor 

CflIili lac k ll )) OwI .gili .Liiiiilm Icgtiofff 

i IIII Sli ai 	 II1111 L chickpCi 
11I NI LJ Iil-L", fII(I I" I 111111 Iiml oi l"i li and andt 

Il Ii11 dill Ill- III 1AI i ilL'P cC ill (23 \\LTkOI lick pLc anid M icm [it i jhimo iiic sotils oi lire 

, IIW I 1111i)ti liLb kui liili)O\. iifIILIio I lie pClI 101 fi leCC of 1iikpc.a ;Iim nd tliei-

k.LIl i i lkl.O iold' ;1l m IIf~ll 1 lilt ,nI l C M (II Ist,,i, 1 a[It t eiii Cg i c 'Iilim kpitc i dd wa si~iI C 	 ii 

loinl [,l it) (hItI (R Id 5M1 tLI L'I 0: IIOI(ii ',II(; l - /.Il ((Ik a i (I.nt ik ahi i~d3p1.(lfu~ ~i~ 

I 	 L Ll isIliiLkl~;[fiieiO 5( 	 IIL iiN I HIL'kjc orli5b 0L 011(11 l i(: IiL ' 1101 1upiIIi 'iIi 

I(iL fIiItL ILL 1III IILLI 0IfIi III I Ik [)('i %5I111 S 

I ale 5. C l)Ifiiir:tiN c !)(.rl4)rllfflf v Ill chicikpea. musltardi, 

ich i 	 vo131jiiits li ( A 11 R~iU ),\ ReportIvili, 3.NeAiflif, % l c fiv)if , is I i ipil-Ill% ca fffj, 	 t PIiii Amma an~fd 

197I , 7ut, 1f4I,19f77 7S175 -otcr, Sit 114'I A.\~io I la[r) ana A14ftictlural I Ifii crsitY, Ilisuir. I uui )iiia, India) 

Reptsic id \Iaamfufa I'iffji ki nhSiiil foIIIIltli
 

apiir. \Iafia iura. Indfia. ) 11 I (IkI! Iii 1
 

I I 01,t. 1 11 iC1'a I hI ld 	 ;20 1i "(1 OS 

.12.'o to12!t 	 I Y0 I21ii 

I;IIlcl c 4. Sce i c Ii a l i afffi el Ilfiiitfft raI ) I .I .U asi ift III tl((l i1 ciikpea/1 miilismr ifffercrofifpi at 0i'Uaiur 
(A. J)PDA. <Sma) Fitjf(rt andi I nI;%vr%iI) iff Agf~riculiturali Scticest, 	 ilijapiuir). 

R((I1 111il1l 11 

Ra Ilml I i~hIill\('p~f1ii 

Sal ll(()cl (sole) 10301) .00) 
( iikpea 600) 
sliiii( r[(s12: 1 1510ff .34 

19S] 8 2 008.0 61.0) 0) 	 (fickJ~ii (sile) Ilt)0 I .00) 
Saloiiie (Note) I-M 1i.001 
Chfillkpeal 96i 

saIiilI m f (2:))1 850 1.47 
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tI e tliditI~cat- o I ha rI C%-i eI(I,1toppti11)114N te [II: tiutv. .IS IILuS[tiie I)'. it stiI)) 1t h ma treeI~iIIoe t* 
(2) CLhiekfpt~i abllbIt to~ noit ti iiC11tt-e 10NIC 101e the %ars' ait Ilisai I fatble 7). Miele the oserall pro
eielttv floill ]itiede epet 'CiNf tic si Thlt ceteal duiltr~ity of helikpec Xu.s lhiiiief thtan thlat of mIns
:I1pW andaitl 11i11.%%itilatddiou 1!11itmich betl- ('it( a-id Nalfliscl. 
tcl I hiee tInditioti, Neeill It) he c'elltilI m (1c .iIIe Need \ teLI Of LII!1t, %%ii'.10111o1rtdbeto more1 
UCLNNI ehikehe tip(qite . stIs I eloi"eI Lotlcltci ss(:rI-ailitIa)) icceised durIIing tire 
tAiiLjUttL SOI1 IleHI ?)00tiltiIII t IitOO)'iti ,ihOtIt ' 0!11t. ~ il lii %%]il \ ssons Ctiail fite ',2ed v.ieids Ot 

NOu ilit ritc ( os t\s11ctitle Nit lie: I.) fuel tii' , ih it tisitboi ,iiu ";11,:1 te ( I ) Ibelie pridictisits Of 
0)) 'SO ilt 0) opt itlil iII II L iIL>C ;it ChstiiiikpL) ii UlI, tlhTlthr, be pre'LdiCted rom11tire 
L i i11n ii) it ' p l it i be it il at lyit d[II§ [ii 1 cItt in dte c iLL) i li e "il plusN an ticipiated \%irrter 

lhl ' 'I ll t ,: , . t rii ,O/c).i li iS i titd iitiitii2 tctl' I ilp it e N mesi tid a lso be 
niitit\i,CIL, !0mimutilel~ (111allilt,(111i'y 111Citt Sciil shouldl be~i 

p11mIcId.I pint ;0nilllo-LII pe .mI;, tae acc 

punW,etIUtH;IdIiI14,i Iit III. p)rI)% d tun(e stab: ) I . I) ( ounrarciting Drought E~ffects 

',i:lliii-,ii~k 2.1 0)u'-IIC IN MOP QO11littii III Stine iipm IN sNsv1 mNlsotef Sil tioistrr. icLre 
NO1i11tLIti tiIJ,1Settn ttuseset ins~c 1sersltOt ilemlse iikentnd rthat tlier-op timN lac'-slitort spell.s 
cii' t i i :m 'tieI P(woli IlLNI of ii) iLmf O Itotulir diii tiePtie eron ing Sson. if thte mols-

NtI I ,tliL ilidcLLitlto: llilt 5415 IL' is 11 sitt raitts 
miii. NOtieI :IL',iitul('~ic IptmlinceN mIn kttoiss totO 1.21 

StIaiilN Ii (Jrichim'a Prodrefjrntiiltth miiisrse eIeet Olf irot Iel a111dtitese are 

' thl It sIlL',' SitII- Itirds)in- ,irIiu ti N rusinfl. I Ctlir'i. illblackpit.esu'i;J1iN 


D)m.,r:mec iltims: Reksairepuin itiiis). ascae 4 .%c:.rs (19'72-75); Naranwrti 3 icarrs (19'72-74): Deblradlri )tr 
i172-7). 

Ilul: N I utter,iii, oc t Mnt (i pp'lie l et, j!Od Ile- Is 

RegionI S i I pu (titt1t Int ') tiiiii Ist c'op 2no~ cit, Ik ii .1 ) IR hfit 1), 

fken i Black 27() _11)() 361 I dim (hick PCI 7-1) 1481) 

1plaiiii 
fimuds. (lute). perl I920) 2517 

pidd) h eai1 179)) 1824 

a\,rrnir~ AffIu%iaI 140- 180( 42.7 ImilION (hekpeir 35901 7180 

padd\ Ciekpca~ 5560 7949) 

pirddk healmt 5180 5353 

!)elrradiir suirhriotrze W4) 1801 88,2 kfiii/ Whteat 7280) 7124 
Mmii/e Bamrle \ 6731) 5867 
NMale Cluckpe~a 5431) 6490) 

I Pc ict,I m,,dtcc it, per to() kv) hImiiec' S5. iipkiuid paidi 95. holes - )). chickpc~j - 211)1 mii,)in t t15 
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"Tale7. Ierformance of iprainIl-season crop%ias affected 1)s anotll :Idistributionu of ranfifll. Ilisar (AI('II'DA:td 
Aummnul Reports tmd tharyMIuuAricnlturmal I i versils, I Istr, Ihariata, Ihndia ). 

Rafill ll111) 

SCL-d %ield(kg IJ ) 

hmI1 ( )tet 0 )LT ( 'hickpv; M S.aflotwer,%Ntluitd
Yt'; I I3) SicI) (Ft3 ("to2 1 ,c) nt4 %.)1 R('-f3) )) -27250) 

197- 731 27 " 1.2 32 25310 2240
1973 7. 91.5 38 123 M10 1560
197,1 75 I S,4 1.8 4.5 1,1J( 1560 1500
 
1975 7, 295. I21 
 .6 (4.) 2670 2390 286))
1976 77 5.1 2 0.0 28.4 2140 2430 1940 
1977 7, ,1 2 0.2 15.7 2930 1120 
1978 79 -4 .4 3 .0 
 49.2 31)10 2.140 204)
1979 So) ;1 6 0 ) 12.5 1990 217)

19I) IN 1)0
4 6.8 0.)0 2.30 21 M 2190 

.tetn W(S)) 9. 8 (5. 2380 2120 2()60 

Iale 8. (,mrrelili i coeffiviv ill r) ofll if;ll I$ill, iI of I'able 0. Effect of so ing litle (l, eed 'ield ifchickpea at
chickliu, iutllsrd, ind s:nfflo er (.M. Ntrai tlIedd,l, n 

P Amuuuniatl 

AI(R II)A , Iidier h) t)ll)659, A .. 


I llsar (AI('l ).A Reports amid I faryaou Agriecul
tindui , i plu tlislhed Iral I 'lliiersil), Ilisar, flar'tana, Irndiau). 

.'acd %ihl (kg ha 1) 

(l t e.',t' ' "I \8,let~i to\ llg litte 1975 76 1976 77 

I~k p c;i I mlo th kilec k 
(( -. I) 0 0,189 0,560Selllil )0 I 0 2 

\ttstlt iMid-()ctttet 14,10 238))

( R 11 10~) o 1.31 0.401 0.424 1 oullil \%c'ck
 

,, ;Illh ul c o,f O c ttoh 10 4 0 19 10
 

I -27.'5 ) 0.1(57 0.457 0.1)02 
 t,,id-NitAxts ,ert 851 1281) 

I it 10's ) (0.051 415 221 
I \X'd)6IIIlI] 1 1il 1hfall{11m1ll)Ill (fie iim1. Ilit s11111m ,t d %%llli' periods , as 

2,5. 22.,tti) 1.. it 1975 71,and 5 ),)), I tandand tWt 28 it 
(iI16 77 

stlls. pitk,p llt, bett cli-t' of li tIlti)lllte stilr'd ill tile 
sotil ,,kd infti, the siming t Itl chickpea itn theste
 
legitons Can ;Ill\ 
beltter miit tlli use. It \asilefln- ()ptimumu seedinug rate. ()ptim1num seeding ratesare 
sltied atIlali\ liithai inl (tl \ , ti)\\rilt s hilse to he extientelv itiptrtaint when crops are grownu tnder
dtle ealy itl (hi sei'tiM hil1 i) good \Cilrs ,Ot illg stless situiaitti s; they help ivoid ulnnecessary con
date Call he Itorc (lexsihle. Il ilorthiern lland nltlth- pettion rlotfle (ilitedlditiii)Ilil t( moistntireavailale 
westerl Itdia (c.g., iis;it intl.lailltl), lile tpl lil. 1 ill the soil and for ltiltrients. \ Ilisam , seed rates 
sint5 rug time ilot chlicklpea ,,i IsJtund It he It' (lirs) Irlim 30 (o 60 kg hi didinot cnuse any significant
hall t ()clobel, anl1d ll% dclat*' be*vtontd tlh-October differences ill yield. Similaly at Iellary it was
resulted ill hissr yield, ( t).. AaibleResa, stO ihfgs shtown that chickpea yiel did niot increase beyond a 
colld be idone fip to Nttnlher \itliotit signilicant plant population of - i . 185 000 plans hl Instead,
reluctitn in yield. Ill gencral, mid-Octotlbr to mid- yield decreased when the plant poptlation was 
November is tie ideal tittle ltr sowing chickpea ilcreIsedL to 254 000and 310000 plants ha-,despite 
(Saxena 1979). a rainfall of 457 rum. 
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correlat ion coc IIicient betwCCn 1 ater use and chick
2 - v 13.1x- 450 pea vield wias found to be significant, as shown in 

7 r 0.854 * 1.Iigurc I. 1he regression cquat:on obtained sug
,200o2111( 	 0 •gested that, ii lie Iange of I11 24(1 min witer use, 

. increased 

7 0 12n1n-1 \rater used.
 

o yield linea lv. produchig 13.5 kg seed per 
of 

" ,Saxenaand Sheldrakc (I1976. p. 761 did not find 
4 -lly i 	 beclicial eltct of dcc placecent and advance 

0 	. application ot nliosplhoriis in a black soil tItle to the 
high phosphorus-fixing capacity of the soil. flow

,", c\cr. at Iisar I wh s oo in 1982 83 that applica-
Wilcr useI( 1I1l) tion of fertili/cr either broadcast or placed at 10 cm 

Figure I. Effect of water use on grain yield of chick-	 depth before pcsming irigation (5 cm) increased 

chick a b 25"1.rdicMnpea, elnrdtm. 

Supplemental irrigation. Alhhough chickpea is 
.'ertili/er use. Ilhe response of chickpca to applied grom primaily as a rainfed crop, its water require

fertilirs was jCeCssCd earlier (Saxeria 198(1). In ineit is ofteli not met Ifron) tIlie stored nioistlle in) tile 
essence, it emerged that: ( I ) a stalter dose of N at soil and the raiilfall receised during tile crop growth 
15 25 kg ha I is uschil lo enlhancing chickpea -\ld period. A la oni le rc.potisc to supplenental irriga
12) rcspotise to appliCd PiIn black soilk is ilcolst- tion has been reported IARI 1977, pp. 211 215, 
('lt, and oltC ibseti becausC the soil has a, high Singh 1983). Rccclt work lt flisar demonstrated 
phosphous hi\ing cipacity+ h)Iit chickpea can still that applying 15 cmn water at the prcso\ing stage 
extract so:i1L, noimill) iit;iiliblom tlie soil; (\%hen soil mnoisiic belore imi.,itioni \%as 62 toni i-' 
(3) ili ttiler soils., rsp. SCto applied I' xits obseru'ed de-pth) cliatced chickpea yield substantially. At 
sIClI iLt' aaih;iblc \\its loss. ItRcdircli I )eMradil. suppliCnetLmal irrigation ot 5 ci gi\Ci ith P coliteil 
Conductedtl at dihfclct di s land IC c, rlhaiuOi, i both the presowing iLtl thicriing stages signifi-
India also conlIlls Ilese obstlsalllis cantls increased chickpea yield mer the control by 

Sigh Ct ial. (I 198 1 iCpottCd thal applicatiol of 36' (1 ble II1.
 
phosphlolis incIcasCd see *\icld id 'aMCI-lisC Ci
cicitey (WTI) of chickpea it 1) iadiiti I I ,,be 101. 
Mla.iirlim chickpea Nicld (25310 kg ha 1), about 78' Technnology (omponents 
higher than thccotittol. was olained ssith 32 kgla 
applied P). [he WIT \iasalsoloid to progrc sielk Studies at liisalr to detcrmille the effect ot1dilclent 
itcrease with 1) application up to .32 kg ha 1. 1lie Components of technology recommended for chick

li le II. Seed 'eld i of chickpeat as affected b3 itle of 

latleh' I. Iff'ct t Ihitslittorits + liti n m th' .'l appls.ing irrigation, it I)ehradti(memt.'n of2 .ears, 1977/78Tttl 1978/79) (Singh el al. 19811.
and s, it cr-ue efficietnci ( VI '1) of chick lt, at I )ttlrad ni 
(Ineain (if 3 ears. 1972/73 to 1974/75) (Singth et . 1981). Increase 

S e d \a l et W 1II 	 S eed ill \,li (] 
\teld ii setuP le t-lN \whli Uise_ (4! m'lallyih o 

(kg h' (k\) I 1) t) 11l 1) rtligiltion ticalincll (kg hla 1) conlt rol ("'inim) Iha 

0) 1420 106 S,.5 2(oittol (lo irrigatiol) 1460 

I1 1830 179 ( 	 I'icso\oiig iligation (5 cimi) 1710 18 

22 21)0) 182 t1.5 One pzleotting irligaliu, 1740 19 
(5 cm) (it al 45 tss 

32 25311 210 12.11 of crop grmth (5 Cii1) 

44 237( 195 12.2 One plesov ing irrigation 1980 36 
(5 cm) 4 one irrigation alt 

C) (0.051 359 - - ticring stage (5 cmi) 
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urC ,ol
pea slhoss\d thait ittpoivcd seedcelih or, atridlpeansIpotct+Il I IrI I~I tIpIo IcIIII,b CIand- 12.Areac of I cchn 	 I able and productiviti of pigtonpea inl majorpnp-tr eta t ih lpigeonrpa grovsing slate of India, 11I,8/81 (Flertil'er 

Itets en halning chickpea yield. As rIhv Ixltir.\nlm .+scialionof Irnlia 1983t. 
ill iitclease ohtaincd s,as 1(i and as the 

effect of sr'ppi lleerntlii rigatimoio tils trot iniesti- \i'i IIiiducti ity 
gated, Ilith sltr l lics arc nledcd toi ,.l~intif the i,. 	 (00) Ii;.. (k i .) . 
relati\c cottihiti ollttecfhlhli +\comrpoientrrs tin .i\t)fldtlla PrltICS, 226.4 195 
iel imptip \ uCsnt 	 Hilar S6.() I103 

(h+iialmI ;8{7.8 754 

Ki Ia ir kA 3t.1.4 64.1
 
Scope for Increasing l)ryand Mildhia P'lrifsi 514,) 560
 
Chickpea Production \lihaiisfhla, 706.1 510
 

( )rissai 	 88.5 492 
Iailt Nadu 71.1 560As the scope lot csir.ileU the rca wider chickpea lttir Plade'h 523.4 1411 

is limited (Nation;l (ommission o] Agriculturc All IIIim 2810.7 717
 
,
1976. pp.7 .,8).prfuclisitv hilt h.incleased. III
 

s tltl'1l , clhickl :1 is giii \l oil Hack
Illirf \ihoiiee 

sorils, It stlitlis r1i tIhe irirlllI, CcOIldi-OlIIc lltoistIt 

liots ii t iir \ittois. I:itil Lilr \- r;Ill
III1P (fihtit arcas rcceiving ai]attnuatll rainfall oI 625 800 tin 
9) I1(0 idai.)iarid hiiiei-xicHiI2gCeIItvjp, i andMe iitilet. soils hairtg i uoistuire-storage capacity of 
Isi'llaill t,- prospecsCt fir chickpea aic Jirrled it ahort 20 cot iI soil depth. 

on. I1irr1e.e'IIthis fc r, I he Iepli2cId h\ oih L'IIlltlll
clil\e crop., such is sittlolsse alli Cori'illl .
 

Chik pei sill C<r.t0irriC o il soightli- Cropping Systemls
1t0 ' lsCd 

clrickpela Clippirle s\stCrlls, Iim\s er, lt \frilt itain 
te-tier
rlilti\. (hirkpca ,hl, ,an hceraised in Result'., ohtained by AI('RD1)A have shown that
 
the black Soil wrecioi I Itoiutl id11 riMhs li thner rise pigeitllpea Callhe grown is art iltelcrop with cereals,
 
and hcttel ,tse.Is, ol
iId pe'st CIrI 0II ',ildl;. PIrd- thllier ptlses. or oilseed .. Iossevcr. celeal pigeotl
desr.h li .r if orirriei Is moe Iislable, pci iIterCroppilIg S'steiltS aletiltore kidely accepted
htre tihre op ell\ l


pro,.ifIe at leasi Me srrpphcricitiAl Ili 'citiori cmt itIndia. Sorghum, peirl riillet, linger tillet, nuai/e,

help iTIriCsclik p'a \ ichfs ,ihstait aIls. aid upland rice are the 
 taIi cereal comiponents. 1lie 

(rCatr pr t1sptCts fl rAli/iiie hlielrr chickpea suirglitin pigconrpca intercrop Sustetti is pres\aclt ill 
piodiclisls lie ill lie ri tthclr atni cast. it regiotlls iiediuni - to Ilea\Y-texturCd soils i soitheasterni
 
(d the ciil . irle assiiefd 5intier precipitatiot I ttarPradesh, tuirdelkland. and Malwa; the Vid
I)l ics a g ol hal \sl, prlo\ td etliliet Ipalic- hitarha 

)) 
,adMaratlhiada regits oi!Maharashtra;


Ilarls is not Ilrittrll and pitd hirrt dartllage is northern Kartnataka and the lelaigana and Raya
ciilittihlerf Aecess to itre of t\s supplceental ilri- lascuria regions of Aidlir 
 Iradesh. Pearl millet, pi
gatitsll"
k\rIl also help. geotlpea intercrop s ',vstctlts are quite coIrmon oil 

light-textured soil!. of western Uttar Pradesh, tire 
Saurashtra region of Gu.jarat. nortlierin Karnataka,lPigeonp e a the )eccan regiot Karniataka, and the Vidhtarba 
region of Maharashtra. Mlai/e pigeripea intercrop
 

It
 geoiipea ranks next to chickpea itt India; it errlls systertts find tplace in southeastern Rajasthar and 
of area and production. Ilte iltlr states glowing the plateau, upland riceillil; Iieteas pigeonpea 
pigeotpea, \ill arcals souwn and prtoducti\ity, at-e systrtcls are practiced in eastern Uittar Iradesh, the
giCIt in Iahle 12. Iliatr 	 Orissaplateau, and parts of" 


As a fil)N-seasiot criop. piL'eoapea is grotn 
 Ii. the pulse pigcitlpe;1 intercrop svstels, short
urainl' ott black. allfia. rnl red soils of Indiia. duaition (60 701days) pulse crops like grcengran, 
Ahout 901( of the area irrder tlhis crop is tailifed. llackgratn, and cowfpea are ideal as they give an 
[urther, it isg m~n ttristl\ as a mixed crop or inter- extra 1i(ldof'400 500 kg hta-I,without lowering the 
crop. [lie Al'R PIA has directed its research to pigeonpea yield. The pigeonpea/greengrani inter
intercropping aspects in those legints and soil types crop occupies major areas in Punjab, Haryana, 
where seq ueiia lcropping is not feasihie: these are western Uttar Pradesh, Gujarat, Tamil Nad i, and 

57 



Maharashtra. whereas pigconpea hlackgram is pre- 2.0- CSH 5 sorghum variety 
ferred inMad hva Pradesh, Andira i'radesh. and
 
Bi har. Pigeonpea coiw pca intcrcropping vstein are
 
limited onlv to some areas of Karnataka.
 
The miOst Comon oilseed crops inrcrcropped ,","!5

with pigeonpca are groundnut Mnd soybcan. -n, 15 

(irouidniut pigeonpea intercropping svstcnis are
 
suited ( the ,iaetCOf Llhldaras1lil, Andira Pra- CSH 6 soir5hum '.ariers
 

dcsh, Karnataka, and (iujarar. Sovbcai pigconpea
 
intcrcropping sysici has been introduced %%ithsli- 1.0
 
cess in the Miah,,a and limdelkhand regions. 0 T I I I I I I I I I I
 

Pigeonpea so,,bean incicroppin, i a I rov, . 

ratio has bCC ound riot ony iCrirreCItiNC bilralso -r 

hlghl\ productie it) nerrirs of cncgy output ( fable
 
13). rncrg. output per hectare 
 trirm this cropping Iigeorpea ,,rlnitis
s', stcn is higher ill olher cropping ss-
rnrnich thari Figure 2. Varietal influence on land-eqyivalence ratlio 
teris, rcportcd carlier b\ Singh ard (_hett (1981 ); ( I.ER) insoybean/pigeonpea intercropping systems, 
hioc., itranks about equal witi a maic soybean Akola. 
system, , rich produces about 51) MI. lit 

long (about 18(Idays)duration,AlICRIl)A is trying 
to idcntil suitable and compatible genotypes of
 

SuitabilitY of Geno'ype both the comporent crops ir different pigcorrpea

based i ruropping systems. Initial trials at differ-

I lie merriding considerliolis ill ilitererlppirig sys- erit locations slho\sCd gcrnot,Iic irrtcr~actiors a mong
 
Cl!l rave ben (I) bljier" exploitation of nlautiral the Comilporrenlts of tire iritcrcroppirig systeI. For
 

resolrces, tlhcreh 1v1rtCesirg roductivity from0 unit example, results obtained a,Akola have shown that
 
Lind per unit tillc, and (,21better stabili tV in produc- tire UI I \aricty of' pigeonpac is most cornpatible
 
tioi. lhre initial lo: grosnth rate of pigonrtca arnd ihS (';115 sorghun, whereas AS71-37 pigeonpea is
 
itsdeep rootirrg chmlrractei mra ke it cirinrertly suitable niost suitable for inlcrroppirig with CS H 6
 
as an intercrop that does niot adsrsclh a llIcr the sorghur (Fig. 2).
 
Yield of its companio crop. Inrsuch Cases,. .,c 'etiui
 
of stitahlc siietis shicMh latch thre i,.,rg scl
son if tie arrc:concerned, is ilipoit; nt. Ilie particu- Sowing Time
 
lars of sonic pigeonpea %micrics with gromth
 
patterns suild to ,rioius regrils ihIndia atec giecn In pige(inpea, sowing date Iasa significant influence
 
in [able 14. oin icld. Trials conidLcted at Hyderabad on red soils 

With tle lvailabilit t,!gclln pes Ila, ing short have shvr that sowing of pigeornpea with the onset 
(ahort 1310 da\)i,,rIMiutir (about 151 days), and of rainfill is desirable. 

Ji be 13. S d enerp,, Nalines pi erin,,ieen fron rt'iopea/so) inercrops atIndore (Singh ind (Chetty 18 I). 

GrossSeed -Id (kg iJha) 

(rluiinr ppitier i lgeolipei Si. bcan 1,1:R (Rs hini) M. haia 

Sole pigcnn 1890  I.)0 729o 26.4 

Sole soyhcan 21020 1.00 5932 25.4 

ligeolpea siiheua 
(1:1 row ratio) 218(0 15810 91911.93 51.3 

lPigeollpea soy\bcail 
(1:2 ro ratio) 881 1670 1.28 83(13 33.3 

. ITR : land c ' di celati) 
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Table 14. Length of growing season and particulars of pigeonpea smarielies recommended for some dryland Areas of India 
(Adapted from Ai('RPI)A 19831. 

Average \'oFsourc ( rap VarietieN Yield 
rainfall Soil Storage (ioAiig d riti.,1 reColl- )urat ion potential 

Location (mill) PCp (c IIIi I) seISOnI (da s) Inenued (dLjw} (kg la') 

Agra 710 Alluvil 14 I 2 ,hu- lS Pusa 150 160 1100 1200 
23 l)c Ageti 

1 21 150 160 14) 1500 

Varanasi 1080 Alluvial 14 18 25 Jun 18 '121 176 12W0 13C0 

16 Dec 

Indore 990 Black 30 10 Jun- 154 No. 148 165 170 13() 160 
18 Nov KhaI

gone 2 15() 155 12W0 1500 
I1y 4 150 160 14M0 160 

Sholapur 722 Black 16-30 6 Jul- 126 No.148 145 155 2100 2200 
18Nov T121 115 125 7( 1800 

Akola 830 Black 16-30 18 Jun- 168 C II 190 200 120) 
2 Dee T21 135 140 12X) 

Hyderabad 770 Rld 9 15 18 lun- 154 Ht 2 150 120W 
18Nov Hiv ,1 150 12W0 

Similar results showing the importance of sowing Stagtired Planting 
of rainfed pigeonipea at the onset of the liOn.,oon 
have been obtained hi tlh, All India Coordinated tli.ue lulnesS'. of sltaggerd planting in intercrop-
Pulse Impro'entent Project (AI('ll') at lifsar, ping systensts reported earlier (I)e and Singh 
l.udhia'a, )elhi, Coinlbatole, and Iatnlagal. 1981). Iic staggcring in linro:planting is aimed at 
Since roost pigeonpca gcnotvpcs arc photopelod asoidiig competition hetvecn tileintercrop compo
sensiitve, late sowing redncc,, he groving period, nents during peak giow\ing periods. Recent studies 
which leads to p'tr pod lornation, 1-urther, when ott Alfisols at Ilydcrabad sho%%cd that pigeortpea 
sown late the crop is nmore likely to lace moisture Nield in an intercropping systen with pearl millet can 
deficits in areas %khere post monson and winter be increased by about 301" i pigeonpea is planted 
rains are scarce, about 15 days earlier than pearl utillet (Ra\i l'rakash 

1984). It was also observed that higvh:r I.ER (1.51) 
and gross monetary returns kkere reali/ed in the 

Plant Density treatment ivhcre were maintained60000 plants ha-' 

by early sowing. 
Plant density trials conducted otnAlfisols at Hyde
rabad indicated a yield plateau between 50 000 and 
100 000 plants ha-. Elaborate studies made by AIC- . Management 
PIP revealed -hat early genotypes, such as UIPAS 
120, Pusa 84, 1-177-216, and [-21, perform well at IThe need for applying N and P to pigeonpea has 

-
about 100000 plants ha . However, rnediui- been adequately stressed and results pertaining 
duration varieties, such as HI)N-I, IDN-2, C-I I, CS thereto have been reviewed by Kulkarni and Panwar 
I, and HY 3 C, give optinmum yields at about 75 000 (1981). Venkateswarlu et al. (1981) also elaborated 
plants ha-'. The optinium population for late varie- on the natrient management aspects of intercrop
ties, like -- 17, "F-7, Gwalior 3, and Laxmi, which ping systems for red soils. Other results obtained by 
grow tall and forma largercanopy, is 50 000-60 000 AICRPDA showed that 12-20 kg ha-i N is essential 
plants ha-i. as a starter dose for pigeonpea. Under cereal/pi
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I Ale 15. Seed .held of pigell ftea its nflencedt )h pro-

dticior fachor,, I-Ii 1l98b ' 

I'iitictlou "'d \hill Ii.l ', ci 

I %k (CI'Liriril 1)1) 

p I1II 22 

I \, 121( 3 

I') 1070 17 

. a 1' 1041) 14 

I 1)70 17 

I 1.4111) 54 

t , t ,'tCc t0fillri adI p 'Lolll iI 'l i II l 

!,,k.tl Ilt rlol.I IIkL! 11:  1 k v '1 ,i . N\I l l 
V r ,+lillIIILI I ' I k 'II ' ( r <'ih il, III IIIl l 

cclI III OC-I!pfrC-s(:d -l0Iii belippisf-ti' I cijis 
onix l'lio.hrlui Iif m lte tc 12 ic'I S kg ha HLT 
of'i 11i1Cl t I 1I l ult! "hIullIii.tI ii t cill pI(go crc ,lop 

iii~ ~tKc i [ i c / 11 1liCa l lonlh ci p ~ ; M id5i l l p ln o 

hC tll I hlOi IHICitt 1 
til 

Supplemental Irrigiifii 

k ol['ii lrpc isi Sllllle, lc to nlnstuic decficits i tfIifile 
tilt1) iOittll 'fil .ccsc catl . I tlc such conditions 
Niippleiiic-ital ii rlyatiln hclps laiiictile pidiiciii x 
ofi pigc-onpca, 10111cr hotli si'lc;lnh( intcrcrop systen, 

Uljavalakshll 1983 'riitd rIcponS toi irigatit 
tip to 51)l I,t i r;hiii3m, ia ', lc utiil ii lxcii 0 

hniLn tI))tCll, !I) gciitiiI. fu tr uchlI'ililil iil 

()ic Or MO TiCaltliii. hlcliiMdc lti Ioil c 

rjcfcficiic of) poinstiliin mwicrand rainls. and 

dliratioin il lic ticrop, arb fc'IICd. I htc black so.lS 
olcc lk clhcdtd I itlite!, mnson ins, maxt, u 
require supplcricnt;il irrig;iltiin 

-Postrain)m-Sea son Pigeonpei-a 

P'igeonpca s(ixkn III the postainY Sason is gaiinirig 
ground in various parts ,) India, particularly in tihc 
eastern region,. I!o .\ cr, nanagcmcnt practices for 
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a nic"i o .i,ir11-d eti it) ht.dc chopcd,. I)iff.crent 

a ctic, (i pi2coipCi', gro- at illhb.incxl w r had 
icid, front 260 to .OO ') h ;. I licsc arc q uite low. 

bt !Urthcr studic:, on1this ilpect aic rCquired. 

(on'nrihution of Production iactors 

.'\(A W ''1' iN'P',tclidiCtd ih c l,iti\c cintilito l i t1f lr(i 

dcictioii acto. , lcrtiliicr us,,, xxccJ llill;tag llcilt, 
alltd plant potc'clioi (,Ah 1983)..\s sholl ii15. occcLlnaiiangcement Fhbleis ilt most important factor 
in incicrsisllg prodlucrtixitt., follol d by fcrtili,,cr use 

and plaint protetiion. 

e fe ren c e s 

AR('RPA I11 India ('ioordinatcd Rcscarch Piojct hor
 
I .\C!rCuliicf 1975 .\niiatI! l cp( ilt. IIxdcritmad
 

5) 56 , IP . Indh~i \!l Indh~i Colthin lct R,!scmch Pro-

Xi (l) \I! hiil~ (1~:r;ti RcSi-aiil liipt tfo 
Sc;,il~lui. P),,,I lIplmlc!I!, 11ui101i11Cti L t ltuil:i\jt iom pitch-Irlidcd llsilci'ihid500569, 

. li 1 ill lci ( ,1 CCi oriitln;iTcI- RCSCtli'h IiO 

I d l N ,ni1: % Y 1C 

ki, \1. ): i. Ipir .,fi h IicWStl litrl a 
itl" -luiipiiai , Ilhi ill Indici (oiidi tcd 0 tl, 

B~iaaibrtrilaian, . 19S3 Plic andl iccds in m~inltd
 
crip sxttln ('icc 25-41 iln Irll Ind agricultural
 
ccmcxil ii;i ' Ociahil500059,
 

A . '\Il] daih( ii;lit l sl h ctc iRCNll roi fill, 
•
)1iUlid ng:icllhII
 

( Iietti. larnianath ( K. 19. RL-warct ointcrcropping 
ic- in diuandirns piiict. liiilctiui no.7l, lcerainhd 50 

'51 A i. Ilidio: All Ini;;. idinatcd Rcscarch Project 
li I' . InhiLI \1]Clirtiurc 124 pp. 

Rajat, andSinghS. "01 Managcnt practicesfor 

uitcrcioppinc sxstcmns. Pages 17-21 inl Piicc-dings, Inter
natiiinul Wlitkship (.,. itecuopping. 10-13 .fail 979, 
InoItl.ra;ihantl. lola 'aiuucii, A.u. 502324, India: iter-
Ititilnl Ciopl Rcsc;irch listituic for the Semi-Arid 
I iopic, 

IFtriIier Asscja liion ouf India. 1983. IFertilizcr Statistics
 
1982-8.1. Ncw Iclhi, India: 
 !crtilicr Assuciation of India. 

IARI (Indian Agricultural Research Intitutc). 1977.Warcr redqulircemc'nt auid irrigation managementofcrops in 
India. Nc; )elhi. India: WaterTechnologyCenter, Indian 
Agricultural Rese'arch instiliite. 
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)IgC(Ilpi ' 10 T Iu \ I~muntLIlJ 'um Ii di~i cm 11A I\u 

212-22011 Pf nuiuuu ,tumu ()ciILL-L-ccu1imti. Air 
P]Li n pci. lI. R fimm-)CL cc R11 A""I Iidki.i 

l'.u~uic~umiJ)) A I llmiututuu! upSi Im~i~ 
lRCuuumcii lim111iiiu f" th 'CII- \fillI l pI c 

Naliuni:l ( onmiruuisimi on \L'rktlhirc 19-1, Pilkc, ~ 'v 

lit I miult mi-m cm uiliui aidi 
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Screening for Adaptation to Drought:
 
Case Studies with Chickpea and Pigeonpea
 

N.P. Saxenal 

A bsiraci 

Wtler /t'icil.at't'oiut.lorltiarli 50(1 of ilt' variwai.in it 'hic'k'/wa anti Iikeol'pa prolt/u'ion 
caitteuti' bY' Ill hitutit 10 t/U tr t'%1. i.iouid 10tIf t'I s tr. Irrati,'a Il ahlt -lavs )ti atlih, Io aht'I'ial 
ici'lt'rt/efic'it.%, (ant11, I n it i.niot rIr),tr/practicettitma a/.t lead t ' ' co'nile tn.'t'qut'a't'A.' 
t' Ita'hn gicl., anId 'a/eil I 'll,'r IIIlt,''llll'nt rop titial ition to c'I'itI (tiltt ']hlta initmrove, 

amtl .11(1/'illtet hItItI l 'll tie' t l, l lt t . hh .l n hl/p(tt Nme'i~t 'Nt'VIl,t 'tn(/i oitt ktntir/i' 
r'ali- t' t/i A i,'t'Pl, l'0 It, 'llitll . / i'c" it' ll, 'i tItato /'A l 'rt'clT ' t' A 'n/ltatil lt,.)t, i t irro,,atio/n Is 
nat' It titla./t t/' P a,'thlllattiol /I t c/itto 'lt ill the fiittitt/ hit/ian tlvirolt' /lt /ti 'A t 'a i 
itit' ll t'lit't trtll'iil'4, alaI':/thlt'i' i t''t /b' e' ti/r't/ illlt'l itl'tl /it'r illiIt'll1.. iit' ilit'ho
tloloiti'lllc 'O'1I ,1 I' it'A) " i tionl ecti t t'rii 1"1(litit hii/, tio t'l. ll pottt l l i,/ot lit' t tiltq a ,/1).,WMl /or trlto,/hl Il isIroi/l. 'll

/bc<lv.m lI/'rl .it hillk't'Ollpt'tl, verlv't'i ale'I/ llpt ve"b 

l ot'.
Ila'k to \N'revtil ,'', / i t titllit) dto,,]il. Iit, prolk'nt i.sitort"c' m+l ex/betcause.t. of] 

iiffitc'l/littA in re'pro ti'iliIngi l' thet i h'/it'ib1, ail varia/h/,'noiturt' tnen'irnlmt'lll t/t ift 'r,' ) 

'hit ''~wa, a/ct! At iA'tii ii,' th toht Iitlae/t'ti fir c'hitcApt'a A/lal(i lit app/icaltoh pgeonia. 

Introduction and large reductions in yield are due to water deficit 
(Simp.,on 1981 ). In the O nited States of America, it 

Extending culti'ation of flood crops into subopti- is estimatet] that of thc various stress factors--such 
mum environments, including drought-prone areas, as diseases, insects, weeas, water deficit, waterlog
i!. becoming increasingly important to overcome ging, salinity, alkalinity, and low temperature-
food deficits in regions of most need. l)roUght eivir- watcr availability alone depresses yield by 45%
 
onients are characteri/cd by wide i uctulations ii (Bover 1982).
 
precipitatiti, in quantity and distrioution within 
 A simple but effcctivc way of increasing yield in 
and acrt ss seastois. These fltictuatioi.s a.c targel\ drought en'ironments is to alleviate the waterdeficit 
respcisible lfr h acjaor famines that Ii !\c occurred through irrigation. However, injudicious and faulty
(Sw indal' and Iidinger 98I 1.attcCt al. 1977). Fcor irrigation may lead to development of salinity and 
example, theCC-qLiairters ol the aiable area in India is %vatcrlogging tiese problems are %cry expensive to 
considered drotught prone IVenkates%%arlia 1982), as correct and the damage may even be irreversible. 
are karge areac, t1 the semii-arid tropics in A'rica nly 14i of' the world's arable arca is irrigated at 
I Lappe ctial. 1977). present (Simpson 1981), and prospects for substanlIhe gap bct\%cen genetic yield potential and the tial further increases in irrigable area are limited, 
vicld rcali,ed is primarily related to environmental especially in semi-arid regions. It is thus important 
stress lactors. Ins c.iicl-arid lenvirtlnments, crop losses to explore other alternatives for increasing and sta

.':ubrtill I's111 e nr to (I,,oled ,s(UP Y)*+ 1th nal ,,!,ccajch Institute Im the .S'nn-/\rid I topics (I+RISA I. 

CtRIN. I (Intcttt',ttal In'ttt' Irtipt',. 1987. , 
trop, lIc,carch ilt the St'm-Arid Adaptattin olchickpea and pigeonpea toabiotic 

strC,I Ct'eeC '' t1 ('01,ttIlltis' N\Vttk,,hotl )cccm cl1984. 
L ttt , t0e , 19-21 ICRI.SAI ('enter, India. Patancheru. A.P. 502324, India:
 

'RISAI
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.Screening 'Iechniques 

('r';till_ t ,r'eC ntitis ' itlld rCpeitablC droujght 
stess nsC i11 iCillInetC Iheld conitlitots is the 

plntsl I+i!S+ 1s).r enIIatnd breed Ito fit1 ttioltII 
io ilrot ht I tIs Is lCkitiNc.is +,\5 tlot stoledtllolstlle 
,1i1A 0i"11iuIn si iihc I, \ ooiii tts. lut\-. llf 

CtCe , the u,,e ot iclilis, ichih 's tiiloiit sith.I , i) ;I 
hftcdtIt uulrlili has itsl ititl tnis Il t ilits t 

,,l tt.c dlt. tlit ul itit l1.%I tit h.ctisci itujus 

Breeding (ultivars for Adaptation 
to )rougl t 

undotight is 
StIlij tuhtu r t utilil ;1i1(f this 

(eit- tuIoIL% 11" 1.ois , C li\ tttierit , 
iiuIs'\'mi, , 

mak(, ( F nte;tnit, 
Ires 9h',7: I tluls et I I)' 
It0 Nit ln.etct srih ilttetl;ieu 

tile t1;t e ttnlll. viti11 it. , 
sillItllte eitht' ItilittCn d (11 

tllt ll, Iti t.\ihCt sLC,t 

[ ,4t .hminson 

ifiliui 1t9) If older 
ti,,s iil¢ suiictlits t 

li lits d ei ott'Iet 
eICOt' t Itot i eII 

inl tI l rot-bte+1Cs 

lt_ IItiCdo t Iict , i it rtlill t ltti\cl\ %\ellIIi 
dfmlitlt nit ilitile'is I fiiid t97(, Sthitt l I 
19701, IspcLi. sclciiiin ltr di I , t en\ ilti llt+ s 
sCLetti tiec' st r\ i1 Clops ihele (I • I itl1clitls 

lIt ,ltrlg, is ill Cltckpe. eeh,uiccu lot spe ific 
I'Mltst tiie)it IbCettc'ieS mettablh 

A "ase Sliidy i0ii (hitckptea 

(triekpe t (Wicr or' uiuoi I..) is gitsi itl ita itictr 
Crop ilt Ittifia 'Pkisiiii, IliitrIadSh, ind NCp;l. 
whichlaccoutit lottcairlk90f7 
crop \olf\\idet'a.sena. N.P. 
tatll s ritn clop in West A ii 
eg!otll. It is gecttiitll , o \ 
indtlfoes iiot teceltc llt titli. 

oittheirea fo lttothc 
1984). It is ii itipolr-

ilf tI M tleditertift llt 

li orcsoill iltititte 

-ields ie tiltii llt 
kept lkllt i ttie precUtitnuiiis +sCisti, ittif Ctlltu-
ri piacticst aic adopt c to c itt , tt sttlit¢c i ttle 
stNolitilc. Ilantingi is i ido iltlate ctiubelsall% e 
or earls*iNo\ 'ihe ie Itditi stibeoittiiitiit. Mslien 
Clitatie cittlifitioitils tre t;tls ,lte (illax. tetip. 

28 (: titi1. letip. 17 (C: open-pitl C\itpotatioii 
salus .1-5 nin it v i: see Fig. I I. In West Asia, 
plnltnti, tliaditiottallk occurs ill tilid-March. 

Ili ile Indiain subcttiiieti, ttgh tttiperatuire, 
and eiaporatic detiatid b\tCeet tilhe cnd tt the 
totso on iitftl l si)\llg et_'.ultinia rapidtnll its ic f 

ltss of S,;: sllItrC. ('iotSe.iettilI., srfacIe ljjsersu 
the oil dry tip,. aILItt ititntC itt the Ceeditg /one Is 

often insufficient for ploper germinaltion, eler
teC'. Mnd go1od establishent.1s;tld 
()tce the crop is establisfcd, it is exposed, with 

tlu. to pt toesiclv incrcasing degrecs of soil and 

rtmlosphericohtht (high tct pera+ittu;es alld eva.ipo
,It6o.n). I ie tinsetl oi thes stresse is early and more 
'sc e l wT mllle'l ts, is I'fall ' ellronencl socll at 

c'IICI III pern ill llr Inldia (see li . I ) lind in spring 
pl;i ntigs in \\est .\sia. I hcs, stl"es ar relatisely 
M ilder atIll I ,isiid tttf crni india (sce Flig. I) aid in 
Vakistan. ii in fiitcter s + in \V'est Asia (Saxela,somng 
NI('. I984). In the lattt airas, "scll-distributed win
ter fnitilal anf L tpolitv dfemand (opell-pallI t\ 

ea)lahtiormnitr 2 in'l d t\ lota period of2mt hlis) 
duiIog Ctitp elrt tht pltly alfeCs taiC the soil ml1oisture 
d licit aid pt nit bette; plant growth before the 
onset of foriight. 

l Nliiekea rooted and explores.\ilttlh dccp 
fepths gtieaict than 121 em. the bulk of the roots 

(80 at);lep)reCnlt in the ttpOO 75 c suil layer from 
sthc 1et\tr o t let it er is Used (Sheldrilk_ ind 
Sixetta lt 79). As It estli. the plaitts experience 
progicssiel i treasnig \watcr delicits fromll ener

gcticu \ird. (flickpci tesponds to irrigation in 

atlts \%\here the \Inter rainfall is negligible (Saxena 
and Yada\ 1970). ic lresponses te larger in piicin
stilar India \here attltosperie, drought is niole 
se-erc than It t torthtil India (Saxera, N.P. 1984). 
Ilt \Vest Asia chickpea is traditiotajy planted in 
spring aind is subjcctcd to tnitfaorable thermal and 
moisture regittes, wkhich cause a ilower yield than in 
the \titer-so\il crhop (S ixclla, M.('. 1984).

1lie ritit of .eld it lrilmers' fields tt) the demon
sllilt'd ielI potential it drlantds hi t.decreased
 
ctlisidetahl t' over tittle in India I1:1.1 in 1976,,77,
 
1:2.3 ii 1977 78, 1:2.1 in 1978 79. aid 1:7.2 in 
1979 8(0; Rasiogi l983[, [his suggests that a large
 
Yield pottential is tot iar\csted because of civiron-

Illtetil l slt'Lss lcltotl.
 

Stand Establihmelcnt 

lill staids of chickpea are often poor in the seini
arid regitt, of India. A pielitna,y tsurvey on plant 
stands \as cotdicted, in ctllaboration with ICRI
SA'I ecititsuis,, it Lirmus' fields in twodistricts of 
Maharaslitra state in peniintilar India. In one dis
trict, plantt stild of* chickpea were poor because of 
initiliitg toistire. Il the otlhcr, plant stands were 

reasutit bly good it raiis iid occurred ,oon after 
seedintg. l'oi atid irregular stands are often a major 
catise tit thile large yield gap between farniers' fields 
and experlillt sttlions. 
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Hi~ar (29 9'N. 75 44'E) S2 A 54''E Patanchcru (17 3'N, 78 16'E) 

6f400 

3 (0 0 l\Cg X, :T:%\CLro % ,ip r io d" R a in a ll100 P e riod );lI1lC k'tlC Il o ;crin" 400! 

100( Ptod-lil'In
,duratio~n 1v T_t0 


Sep I ! d u11 Iln 1 
, jI crip-rattre 4tac F Imuprrtu N 

" 
 - - '"1 
0 


C p I aIII I 

%a po rati i,, 

4
 

o:Ii Ii I I I 

50 S.I S. Sort duration S, I 75 
< I, duraton rton 


Sep OC! NOo% ec jan 1-ch Mar Apr %Ia% P No0' Dec 1ian I eb Mar Apr %Ia% 
Figuve 1. Variation with time in rainfall, atmospheric temperature, open-pan evaporation, and a.ai soil moisture on&diea Vertiso (depth. 150 cm)atPatancheru, near Hyderabad and on an Entisol (depth 100 cm) at Hisar, Haryana during the chickpea-flosering season in Inaia. 



---------- 

Iniproed p,nt stand .can he itchieed lipl'cing
 
tile here mlloistuire isadequate 22%
seeds at situl depths 

for germination and emergunce, using appilopliate
 
implemerits. Altmn:ati cl\. Lcnotspes can he se
lected Ior their ;hiht', ht i'irmier and eirgc il 
 " 
suboptimal seedbed mitiur. I his SeclndItSihil
itVhas hbeen hlesiieAtcd t l( ,IS.A I (cntCr itld is 

di\cusicd hllc i 	 21%
. l* 

Germnatin (iseCtd iltes lit! take placc helonk at-,
 

Critcal sul ,tsliiC I hs ltical XallC or
 
chickpeal ishlulhei tian thail L, imai/e, iof l l~~{ .
 

,ii contcII. 
for 1111unl 


liolln lll Ltil 1 tch ickp,il li . nthil,phaitasi, /eel
 
CxlC ' 	 hu il l-'si ii i k iiliA. ais ISis Ir4li ci 	 4 '~ ' 

lit)oriiors lletlhoil. Man atilillpis to idcntit //I 
VIl; IotxpiC dl Iciencc en ia\c heciisIn i c in iahthilu 


Made Inl lilho tlIit lll.eLuill!i sollllllis,. In
. tlltil, 


>tUh ttellipts uiith :hickpea at I iR IS.\ I.dillrcil
lit' eI illul tillihet ,ssCein Li., ellas v i" 

a 1ceti. lpeas, clatd ,,th t stIC /cd. have .. L
 

[+''/duc'tch d. I he otllo tlc" CIhI._tN.of d ltlght arie
 

\t 11iitto) C_ccIlpaCahlc ttuiiit li tcll t ttih 'nk 
ii i1der the nIlilllitll cntiidlit us t ivscatI IcIS C

lclit 01I p ccI th ,ll al d C dc'iltC. IiepCilmeC.
h l: '" 1) I lrl fiu_'h! it 1,, d if'l lh to"I[ Ti; -'i dt iont'l,, 

' 

C I I "IC'tI'J,I I I/ ' N0 i1AnIId ,CCd 'Ll11itC I. I IhICcIC ', 

/ l lt_
Ofv l iwd"(o>itll l k'th,~' il l to diflc,-i 	 " 

llii ,, tlt' ItiisO ,iiu pOtlkcd I11)sc' Crllllll I ' of plcing seeds- gurt M ethod 	 in gerniation 
Of! . 1 I tis lM s ( bo t io aiidg i p ic d ifferei ets 


IC 1(,I";..\t I liii, itlre chs , cp eeichts ctlitillus
 
(11111l iCisii tit d r ira ) rimotl ii n en tr-

II AeIsi Iii stlils iC l eli Cnditse.ve 
that CXIl IlilCCLH)Cdk tH'IdClIlt'h i l litl .l1', nid 

at 21/ and 22", soil moistilre confetil (top). 

,appCtl itt h) l iiiie i'eievIilt h to l g*ci'tIlitylplic 
,lrialiOll applicahle to Ihlld CtildithliIl. CC" Itrelled at 2111 (2.7 bitrsland 22q' (4 bars) soil 

RCult', ,h tnseillui odliing, failed t) LeniCg ill i: noisture -ontent ( Fig. 2,Table I ).Susceptible and 
Vertikol i "oil illot:i Ctinilti'l

, heltis 20(1. Ihe tolerant genotypes identified in the germiplasm by 
,field cap:iit. of this Vcrtisl i mrolulid 34(1 and usin2 this screening fitIbiod (21" noislure content) 

periluatte.it slung aillild It) .(icnoi.\pic difcren- wkere tested lurther by a field ilethod. 

Field method. Ihe liehil testing wa, conducled on I 

I ablt I . iI scIijares for tle effect of mloisture~ perci- deep Vertisol (fheld capacit.\ .12 .' \w and 220-250 

lil(le i1stlil ill ! ', i lr: )sotill ier alld inn1water-holding capacity in a profl!c depth of 2 im)t gtrlllillit'i ntili 

emerget'nce of chicklia. 	 at IWRISAI Centel. I lie field \%itsuniformly irri
gated with an oerhead svsteni using perforated

,t et'nitilialti l:iiruini,)e pipes. Seeding was then doneiat a uniforl depth of5 

cu1 on different d;tes. to obtain contrasting differen
tisuurc I, 55.40 15,91 ces in soil moisture contents at the time of seeding. 

l)uring the course of the experiment, no rainfall 
('uiitarit 	 12.40** Ii4W' was received. Counted nutibers of seeds were sown 

in each subplot. Soil moisture at 0-10 tin soil depth 
%\wasdetermined gravinietrically at three places in 

sstgitcicant il the5'iCetcl olprbhha t\. each replicate plot. The percentages of seedlings that 
" :siptilicanl at tile ItiIc,.I protbahit were computed.ti 	 emerged 
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A si,.nilicuant !C'thtctlio II c+cdlImw, eilic 'liCe 

( 
Iabl' 2. .t'd(lil, Iia lnelm rL'ed iil "i ,lingl III expresstd

O0CIH-I~ I tic hi.,III it llIN tl, cnten t ll \\si ,Hli-u :I, ptrct'l , of miiiniri tha t emerged ill lining I and20il 11 1i 2 i il I h Sti ff llk ranfomaion. 
fl it( t he1 %)1(u2 I I obta In l III t1e21b.t al lt 
c'\pef fic~till n. c ~ 

(l ri l i arlliati n. I li(2i ll clII8 oll ,Wi cell til l,Ila.2 
. 

\-) m iion 
-. -. 

tl~ills andi S, ilq! fl l t .'c a of2 K S ll .4-56,0 
( iil tf)thi t cnlciu~i d w4t S t lliic~iant and iIl d ( I NIIs 64. 

pet111-'t li lo l tiil at .ti il; lilttt I\ od,,[glo.I I \i(2-t11pl.p 7 ,5 

l a. 24I I I l ed See d b e d uliiigtti I ci a 2ti). 1 lc Riba t 91. 79 rA 

K -1-155if) 
54.2
.38.5 

47.2 
.17.7 

- t. it S I,(2ItO I Ic I1 li1 b c tc-ft. p't n i ),1 1 mt. 
tC4 t t- l 2(1 - Sti 

11O9lS (it'1
Itcglon,(' 

V l ' N t tttiI 

nl 
S\ttiil C%1c ,1S 

I I 2)t'lal2llht'tllloi1 liiLi tti 
+i)2 

tIi-

i 
l ,o 2 

. 

(I),rilioi Iemel t hi liit t trl % fiet ind aldftelulk.. I lie cm iclh i belt, -'onLibtuollm \ cSuhl this criop has been'l linmited (.Shchhtike ;find] Salxenli 
Aildt l i dh I)C 'li101 i 't \ ;lJ ) 7S ( 11 0 , 10 . 0g1. 19 79 :; S in g h ;ll(] lh I inh all 19 71): K ec tin g e a nld 

Igtit . I c\pelill t i t' liil t li chniusti rNti 4). lrhi o ctll c h itte , (Co h ;li_ ) Icplll ,cii11 ll2ing'IlL, III at~.+C+ \ Il,(!+k 0,1 the' N o~iItch-( c 0lli1pe ln (dltit . illl;dAllit It h ,A ltelIiptS 

+hiC W ICltl Ill Ih s l iitccti ll ;at ( R ISA I rill. 1cptlted her~e.lIl itl'S h~lLi ' S I 'li i.O t' tI'l't.l l (1 

,Qc 'mi l p(-. I lltc kl It) M+c iC 0 1t 1Cil' t e l olh ILc m l o fIll p e ll ll l la l In d ia , O wl w il d io .1g lh l s itu ti oit l l h 
,t i cllt'l pllint StMiil, dSo; 'lickpc,i Ill iio~llifi'ly cd lthc I)Olliailm scal ml is belief dclilcdt beca"usekt oIf 

colldlilltns /Clili\Cl\ ICY.! IfItLICIc'Cl'C 1r011n M WLl'i rIillall (sce 

I ig 11. 1liet ploi tc<,ikc tlc~ehopn!cnt (td soiil dro~ught 
Il t tl 2th litt2ft rcp'itli+,tlt_1(21(2lV.IItiitiiIiitl 1.3t inlnap withta(si/w) inclitlti. on tlk sllllltdthebopfO sil ddfc' ci d ill (lile 
f)ee iglU tint Stil l til rli ;it M itch it is lost IhIrxr o h C\;l')O

, i i PlaIll" sill le 6linl Xute l icitscIl\k( h l uA p t;J I S b h , c t 10 t het I I I Oi C '1 t0 iC l a l t O fl t1l0 1l l! ,h t I l l t h et ,i M lid" ,C O I , t h ei l In~l l S h o o t) \ % ; l i e C l t i' i ll 
l + 1 ) [1it I I C I ' h 1 1 1.\ li S l l0d c'\ i - lif il l S t i v l ll i t. ( - 2 ha l ) t I l l t n -, f- 12 h i l l s ) i s L I u h eIb i L S', iPu 

( 1 c lIkC t h j O I h 11t t ' ll t i 1 5,a iC li . N . P . S h~ti l l " C l t 'l l bh IC I C t il e C lt)' O V C trlllS , I l i t ' il i: l g l l i i d e o ~ 1 1t1 C O H I Cl 

ltI9 k<t'c';ilcht oil plilnt ic'spt-liI'c -Ito thought l (11i\\lt'l def'icit I)IgIC'ssI\Cl."\ Ir1CC ;l'a+t!-,\NilhiI \k+inC 

In, itom ll, I tic ilailllie of d itlghl Icilt Ito "daipt+il

lion of j, ntol) pcS, tl shoulci p ot\k lli (nlationl (85-9J0 

..... ~ ~ O)! NMcn~i~ctIn111) da+I :+, see t-ig.4). 
100 - "t0- hi il'l.c 

-- - - •Icicctag' ti s~tl +lMt'hol hf.op ()in deep Vc tistols it is not possi ble 
D I.. .. ," Illotlel~i+ to eltectik cl\ inlpuo i d Ieguhite flilt- offset tit" reced' 

8 0 - t % Il n'g so i l I l o(i t l l e' t r e a;t mel n~t s . O nl lit e ot he r d ,h a nll 

"%% , h~te se l c a + t.l i c l ;ln he +c r e t e ( ]c \ki t h c ae l re lit 
,,It til.\l deep .. llisols. Ilie ,,llistol ulsed folr txperi

60-, 2 , IllClltSN iept le'd hicic kk;l ;itif illu d 1 .3 Ill dfep wvith ,Il 

+++ i hI )I +pl'\ \ i l lt l - h to i d i l i g C ; ' ;+l it \ O~f il 1 (t) U 1 5 0 i n n . I l l 

7 ( ntil: les , le~illlcnlsill-Ililill ill 10-dayi\ intervals 
4 1) 2:t)- . t t n  m i ng -I II \\ a sI S o\%- re q u i e d to ma',ill i nIll i e p lo ts a oil l d fi eld# 

, 4)- icia iyif 1 1PI Rccedii - sotil motisqtureL retmlenlts, ere 
0 5 I1) 15 2 0) Cl a t d h\' \ith h~ld ing! irriga ti o~nsc+,.Ua fter 5 ( ,7

I)1 \ a ll l > l !' II't \ kt'lIll . I ticLs n~e mi o sicILs c'a il h t, a lle ie d in th is 
F~igure .1. Dectrealse, with firm, in soil mo(isture cj't ienl IICinihOL b\, IIhhtIhling %\atcrtither earl.\ ort late in 
("/% ) in llie tp0-10)tcn soil det, ill(] in ptrce'nhlg t' he sca+soni. I his melthodt~ peirnitted applicatiion of' 
of seedlingls li tha em l'ttrea , epriodicile sless tilalinellls from year ito year, 
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1800- ' 1lo\\et ing and stress yield wass obsered Ii theilatan
cherlu eliVroTnnilent (l ahle 3). ()in the other hand, 

,'ield potential (irrigated ,ield) \asi positioelY eurre
1700- ;Ied with stress (tolliritated) yields. 

,\ drftght ildex. idl(lepenident of OtI' ellect of 
!600 potenfial Yield, s\a, computed for \w.he'at by -ischer 

and Maurer (I1978). Ilidincr thl. (I982)2computed 
5adolight index foi terminal s(,ater Stress inl pearl 

15-")) 0 millet, independent oft lle scapead potenlial yield, 

using i t l1ltiple regiession approach:- 140)) 

a-h c Yi 
1300.
 

1 --0.94** and 

R2121)() 2 0.83 I)roughl index _ Yo-"o 
v 2 19470.1 494.4 -2.93x - statidard residual) Standard errr of Yo 

l lfifiIl ero O-Y 

(I'-- I I I I i_ ;\here
0 7- 1 yo stress yield, 

f f(O-) reglession estittate of stress yield, 
I)a\s to matullrity 

- ' lolistresso yield, and 
Figure 4. RelationshiI) tietiseen grotlh duration [ 2 da\s to lhowering. 
(da s lo maLturit,) and +ield (mean (of three plant 
densities) in eight cuIkiars otf chickpea gromin on a I he san)! nethod was tollo\ked ill clickpea to 
nonirrigated \ertisil. eomnputte droiihl indices. 

Ill this aplprch, a Comtnoui tntihile regression 
flor tile entire set of geitp ) siJ establjshed to p!e-

Ill ordelr I') ,tell Ie llllbers ,of ernLplsm diet tile stie lds, taking into consideratiot the 
lies, ;I nut-, licated aig,ltltltCd diteesign ,,ai tsed .ield potential (YIr and days to lloeriig (F). lie 
mith appiopriue check -tltiais adapted to the airialtiol (residuals) ill 'tless yields (Yo) nlot 
legioli. I Ies_ genot.pes ,ice ro. li ilnboth a itll- accountted b\. sield potential Yi ) al IF(escape) was 
stres td a drouIght citnf iltlint I lie gtnotype.:s used to0de.se+'lop an index of drought tolerance. lie 
idInt.ed is tolerant anid susceptib. Inltets sereett- stusceptibility or tolerance ot it genotype was iidi-
ilgs \\ere tested Itiithtei In eplicatcd tests Inia Pli. cated b\ tie sign of tile droulht ilndeX. If t+gative, it 
plot design, si t r co 1stitilli lil indicited that (te lterfotnill+C of tile genotYle Waslrigatitoii title 
plJots and YCnitype,, the sitph)los. u)iurer than expected: if psitikc, it indicated that 

tile genoItype perforniled hottei than expeeted. F-or 
(;enol+pic ,ariation. In a group of geiiot\leps that the purpose of identilfiing toleriant aiid susceptible 
had it \,ide range iti daY itolos\\ering (3ff 77 diys, a genotypes, a sttidard residual of 1.3 or greater was 
significi! itenit. s e correlation b,ticcll davs to citisidered. This cprtesented tile genotyvpes in the 

Ta ble 3. Siml) e correla I in coefficien tS, da, to fl~, ering . stress .ield. and stress sield is. ninslress ,ield,on an A Ifisol. 

Days it) flouring Stiess vs. 
I )\S to Obseratjoins vs. stress liolstress 

(iroup lfi cilig (mum.) vie Id yield 

All 3(-77 4S3 0.59** 0.49* 
Group I 3(-40 f17 0.04 0.30** 
Groupi11 41-50 258 0.309* 0.44*0 
(iroup IIl 51-00 73 0.13 0.46* 
(irup I V 61-77 35 (.18 0.19 

Significant at the I't le'c l ct prhabihit. 

69 

http:idInt.ed


n 110, 
Itese ll. ' *o fN . ti r lable 5. Somrle characltristics of 1vo gernipiasm lines tol

tppet ilit! \\lo t tIlenorm;aI tri htittnon Ii 
lc.i At I pobahilirsl , l 
lcts llttdIIIlC lhill) valier deficitls ndifrll i'.lL IC it +'t*1 ft_ liithIr craw anid suilsceptlille to in ,lfisol. 

ii',t land iilltffects (ilioli,pe,
S I h iiiiIa[; IIl titi l t "it l lid\ii) ( hII '(tN t( 144

i li t.i ( I0) .55 
piteiiliil i ittl Ikit ",', I i itw I f,%,...lIlMc 

that Cii%ItIHIIItrI ICllitltlr:r, (iI' tol: eL I iheieiit %1 
II% 1 ~ N ook\ 53 49(i i h MtN 1 1~I1h 11h ''1 1 l I );I% S+t,I ' r Ing 

I ahle 41. I)i, ill,Mtii W\ S2 78 
1~~~JOit1!C1 I I' ]I C)'t d 11 1L of] H, % 1 )l lhtltn t.'\ 1.5i 1.3adii" I d icktl (kg lhi) 01) 471 

,
ti( ietkind it NtI".N ( hLe'lt i-atCAI r eet( I it",c IIr'it'l \ hI ((kgIla 1162 1074 
31. anl1iIdtl+i.\ker MlPiit. t, thi ii iILC et.l,1ui,11 ptiIl 1
 
cai Itles. I lie t .ItoIL.i tI d iijli ht tt' - \Iriil
I li~itiI! 

ai :..rI te QC' ot \)ii ,tC'\ kilited eil (kg lii
l IC 'x t It oI il I N t\ill HitL',iI \i i 2(154 1227 

o12iii l+'theh aMi -f dit,taken to 11me.i1 IIL,( bl
 
4 ) 1 h 1 tilt+(1 ltc'l'IN 'ft'Cilj)C Cl It';t
tlIl lll1I/Cdt o l \oith 

C I t1) \&'Cl1tIil I'ltIJii II.p. , 

I lie It tli'. .lOUJi f. It'te +t.Ie'.i iff e it til tltrlht tilei nccti .\il isojfls,where reproduci
itcl 'st IIIIIlNif lIlilii.lt Ii i'IN itlhi1) I+C II rhaiihll W l diililht coitliills Caill tobe created froml y:al 

'iiHiNue \Ilf Jplite'tul i I .'pIi'iH lt..ItiJ \ al. could
,,Aud 
 l li;iblov pledit eSpo lles of g tciotypes 

<VCilt C\It'iii (So) t0 1 ) (ii the iidtitii itr it 'ii0- illb J\a l 'oil types.
,
IX+l.\I l",IIIN II' . iAI)O ,,..t10, I.,-C llM 1 ollfl)t'rltIt I (it 

tt t\ \ p+ %tislthiiil liptit lii., itiliiiim)i2 iiit O1tlM erculirg escat)t vffetts. lIhie tliltiol of it 
ili puitinliial i tu'roi'tit hi.itn 'ti'.,, told, hit iclh eeipt esIlit itllclic \ u rithtie conmparison of drought
 
tliouhtil tihfirtn idil\ edl i1ifn illtti\iriitemirii t Ioleilcc 


, 
ill \Ci\ dri\,s groups of genotypes

I ibli. 1. I(t.il'u Illpe illtiifle.t iil. infliao t thtI bec'aUSe 01 f le diei CCs iirrtOdiit'ct by tie escape
 
the Itcliliutie \%,'. 11'.e lill 1ifcni l l ti..ni 
%pe:s effte t,. I his \kias rnininmied in chickpea b taking

h'L' it Lit('d Ilt'lCi
t0 ittIteitI Nlls ti ('. iii1Cihii I\ itiailltagt o itsii beaig a tftuattitati\C lol-day planit.
li nii'.ts il ifC'NN( iidIiL,.i 'til.l'6 . (I'clrillentshours 

\%ec ilIpiiscii soitll altelr sceeling I resultd in 

I lie foiiiiti-dt (24 photoperiod) 
Iri,

(irrelalionl if results ihiAlfistls tand I rtsrls. .Is\\littItittits Iloinsr, 

(hick1pe'i'I i (. itirils 


liir* (within il dayss oj2' 
c iitixalt'1 l ul \t%tiu(('. .inlji Wtho'i Iil a grlo p if gerintypes' that dill e d by 30
 

dillillliiIt.liit.u' ii L[t ,einithe pesit'li ii une tde
i lli\ '1t.1Iin tlull eiiiig n;inilla tfavltuiditions. 
sitls e.,ihi'tdl lial .\lli'ul. Io es;alialtC I kihitit\ )r% houhtIicalrnenkts r then inposed as described 
O lIla: i pe i . A) Ii t. C I it'' 


\\;I1cotiill Ill'Iaalvii .ll 

tC t tPII t Hrt ektIN Il caHier. 

t illthet. isi io l Ill the sniall set i01 geirori pe. used i this experi
t,Pes. liet ciiitelatiMNi \,CiC piiSIti\c and hiph ilrleit. Mihith 
 il1of fl'ritIels,iait\Iide rangC Io

0i.84" it-'- 47) I Iris indiIuCatd tjljt ICItIICI ciIltrastitig differceCs in rIFought tolerance were 

Ialt 4. (orrela 'it coefl icierts (?-')ind test if sg iifica lice ftlfie regressi illc ielfficierits iid Ieain s le itldin chickpea. 

( .i leunit,d i t\aiesot 
it'it'.,lii c llcit-itMeiit , ta ste . icli(kg hiai) 

I tl lI\i ta\I )iii I I i Ili11 i Cotf NililII;ii aled IrIrigitcd Nolirriga lted
gI Itip II etlrini 
 r,\
l tl,,IIt. i lot]d Vtth l Nisol Alfisol 

30-77 1125-3.l 0.45 1)04 1120 1 ,6 472
(up I 300-40 (((1)2 (.(021 3..5, 129 1701 598 
(irotp l 4..-5) ((.2 . .. 0.70** IS)O 1524 494 
(oup III 51-60 (21 1)12 4.11" 857 1239 302 
(iroup IV 6 1-77 005( (( ,s 0.92 631 128(0 239 

'.igiiiiillal the Ili(ci atlr hlit(of i 
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detected. Ihe experiment needs to be rep,ated viti a drought tolerance in chickpea is outlined in Figures 
larger number of genntpcs. 6 and 7. 

Verification of results. on a set of .eliotypes. the 
coninionh' used stability anahsis &berhart and Future Rese'rch Needs
 
Russell 1966)was performed. c be uehtodRrine
adrd 
drought resistatncc in terms of .Ield \Mhcn the major 1. [ here is a need to deLine and classify the various
ensironniental lactoir alleetie yiel . ,kdrouht drought elyironts. ........ g.. nviron

stress. Ihe analysi reselled that the Cllotvpes rated inetits need to he identified.
 
istolerant on drought index criteria also pro- 2. I-ield described
tile screening capabilities as in this 
duced more stable %ields in dr :Uglht ens ironmeIs paper should be deselopcd at least itone location 
than did other irrigation-responsise genotypCs ( ig. for each iso-drought environment. 
5). A proposed Nchene for genetic improvement of 3. Segregating populaitions involving common 

crosses slhould be .!dsanced in tiledrought and 
nonstiess cnsiioni ents. Ihis should faciliate 

2500- decisions on whether selection for specific adap
tation to drought environments is necessaiy. 

4. The strong 6 - I interaction in chickpea is a 
_- 2000- linitation on screening large numbers of germ

plasm lines in a seson. li \iew of the limitations 
W11500 generally associated with pot culture techniques 

illdrought sork, attempts should he made to
develop a pot technique so that a large number of 

CC 4958 	 Cagclobvpcs1 I..> 	 ean be narrowed to a few promising 
ofe,. fo: further testing infield experiments. 

Annigeri 

50o-	 Present Status of Pigeonpea 
Research 

0 500. 1000 1500 2000 2500 Iligeonipea (C(i/alu. ca/o. (I..) Millsp) is generally 
Environimental itndex considered to be a crop adapted to drought condi

(Environnneital viel, kg ham) tions and ideally suited to semi-arid areas (She]
1.6- 03 drake 1984). The obsersatiols that among the 

o10 I rainy-season crops pigconpea appears to utilize 

, 1.2 12 Maxintit soil moisture under rainfed conditions 
1.1) 5 1l1 40 (blains aiid Chotldhary 1970)and tiat it can irodueF.0FU *7F- some sield in situations where other crops fail 

,-- 0.8- 6 8 10 12 14 160 6 21 	 (Pathak 19710) lead to such it conclusion. Studies on 

•.4 _ (,IO0 kg ha' il - te droughit tolerance characteristics of this crop,
E 0.4- hioweeri, ha~ been limited.
 

08
 

0- o6
 

Environment 
1.Annigeri 	 7. ICe. 82001 
2. K-850 8. ICC 10991 [lie soil and climiatic environments in which pigeon
3.JIG-74 9. ICC 4958 pea is grown have been comprehensively identified 
4. P-1329 	 10. ICC 10428 by Redd' and Virnani (1981). The probabilities of 
5.I-C 7684 II. ICC 11051 assured rainfall it the time of sowing of this cropare 
6. ICC 10985 12. ICC 10448 low, and the chances that the seedling will survive 

are only atbout 50%, depending upon adequacy of 
Figure 5. Stability of chickpea yield instress erviron- soil moisture in surface la.-rs (Binswanger ct al. 
ments. Diagonal line (top) indicates 1:1slope. 1980). 
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kfIh lgcl allatowical.i'i'iIllf, i L'l 1l ;l~')iitli I1huiv.'d- iii orll it N ,ithicltotcreaH Ic [ I+11OL iglth . 

ucai.ii tetm i i, Oligl t I haii\'sibiochemical 

drulght 
ell it ()It O W .t!! 

Field lab rarf(ir. 

,crecilngs 

Yield testing of )rought 
adaptcd gorod Avoid lol. Resis. 

agionoiuiic gctiot.p¢e, genotypcs 

W ' _ 

Iecommniuenidation for Iritiatiwo of plant 
C11ltiatio il ihe improvemnent progrlmn 

drought ens uII of ellt for tdrought resistance 

Figure 6. Suggested procedure for identifying drought-tolerant chickpea genotypes. 
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In India, although most areas soss n to pigeonpea 
appear to has c dependable iainlaill, tileclop is sub.-
jected to %afyingdegrees ofdrought depending upon 
growth duration of the genotype and upoi soil type. 
In spite of its deep root system, pigeon pea neels half 
of its wkatcr demand from tileupper 50 cii of the soil 
laser 	 (Sardar Singh and Russell 1981), which is 
dfepleted 	 rapidly ithc op gr-,sth. l tjictot ions ill 

moisture in the top 51 cii I,,*1o: \sill. thc:etorc, lead 

to periodic water delicit. 
Medi- and log-duration pigeoipcas planted 

in the rainy suasoli experience, as do sorghum and 
pear millet, intermittent \sater deficit during segeta-
tike stages tlgros\\th. Illthe postrainy sesoll, such 
pigeonpeas oire expose(: to progressiely increasitg 
>oil and atmospheric drought d'aring lowe ritig and 
pidhill stages, siijilar to chickp:a. Short-duration 
pigeonpea, hocse\er. is exposed only to intermlittent 
soil utoisture deficits during tilerain\ sCasun. '[ie 
seselit\' Of 	 soil drlotught illpigeonpca is nmdified by 
the cropping Sslen and the cropping pattert. 

Responses to )rught 

I here is exNc llet docuttIcitation of soil moisture 

use and 	 evipotranspirati\e losses in medium
duration 	pigeonpeas. sshich grosw in the rainy and 
postrainy 	 sCsoti on deep Vertisols in peninsular 
India (Sardar Siigh aind Russell 1981). 

[ie effect of water stored in the soil On tileyield of 
nediun-duration pigconpea during the postrainy' 
season was assessed by allesiatitig drooght stress 
through irrigation at I(RISA ('enter. Water 
deficit drastically reduced yields, and the extent of 
yield reduction dcpended )t soil type: 100'i in an 
Alfisol and 20(1 in a Vertisol (Y.S. (hathan, per
sonal communication). Responses to irrigation in 
the postraii. season pigeonpea are large (Rao et al. 
1983), indicating severe vater deficits in that crop-
ping !,ystem. These findings and observations cast 
doubt on the coMnoti helief that pigeonpea is it 
particularly drouglt-resis:ant crop. 

Cultivaral differences illresponse to irrigation 
were reported in tie West Indies (Keatinge etal. 
1980). '1he moisture deficit in these studies seems to 
have been confounded with plant density effects. 

Analyzing tileyield data from multilocational 
trials, Sinha (1981) concluded that variation in 
pigeonpea yields is not related to sariation in total 
precipitation but perhaps to its distribution. He 
reported large responses to irrigation in his 
experiments. 

Selection of parents - F, crosses 
. .	 .......
 

_1., 	 Multilocational testing of bulks 
uinder stress and nonstrcss conditions 
at Ior more locations inthe region 

I-	 - Bulk genieration or SSI) advance 
J 

Fl, 	 Evaluation with intermittent checks 
at more lhn I location 

1:, 	 Selection of top 1(0(0prlogerics, 
evaltion sithcl:use check plots 

F, 	 Selection of best 25-30 progenies 
in multilocational replicated test 
inder stress aid enstres ii iconditions 
Selection of he top tew les 

for detailed physiological analysis 

Figure 7. Outline of steps for a breeding program 

(Sharma 	 and Saxena 1979). 

Quantification if' tie effects of drought is %'cry 
difficult in pigeonpea. For example, the long grows
ing season for mediuln- and long-duration pigeon
peas permits recovery from intermittent drought 
effects. But such a recovery is not possible in short
duration pigeonpea. The periods of occurrence of 
these stresses are unpredictable, atnd they cannot be 
easily regulated in field experiments. 

Screening for Adaptation to Drought 

There are no reports yet oti screening a large number 
of pigeonpea genotypes for adaptation to drought, 
but something certainly can be done to screen geno
typcs for adaptation to terminal drought. The 
methodology reported earlier in this paper for 
screening chickpea genotypes can be used to handle 
tie terminal stress in medium- and late-duration 
pigeonpea and for postrainy-season pigeonpea. 

Future Research Needs 

To date very little attention has been paid to water 
relations in pigeonpea. Evidence gathered so far has 
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The Effects of Waterlogging on Root Growth 
and on Symbiotic Nitrogen Fixation by Legumes 

K.A. Smith' 

-Abstract 

/'is /wi tr rvtt' Ai/t /wits11 i ill t 't ' t tit-ha ot t iitnIt ata/'rh n.,' dx.sil, th e el/ 'l.%o wateril, .
l
itin('' i r ) I g0Io 1i/i1/1 'o/I '."Ill / / 'i-eJ rilit tit r ,and itsc/i'l i n tu l.it,im/ioth 

/Iil/tInlI 1/ olt,'tt. I it' /,tl/lf'Ithen (ist lisc the nvh rs /l It he reaonli thoi ,ht /ln.sihle rn 
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t't/l lcttc / t' 1 ,1 t")/I' ltt / c tI. .S'l/i il'.5 ,It/It'i it Ililll/tt 0 tl (it'/i ( it 'iI tll ittil no111 
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(110 t/hcrall o / c'l/ qlll ('I/ le, toitm !"ill]tilltter I'011(itiol.s /Plial" 
10/ the.sem/lilivill iIt{//'.gtlpil'.sl tll/l Itoitaler']~'lo.ig..More'reweari Ihi 

t l l l r e lr( Ti/' / !l I I / i / I/ '\' . ' ' l{ I I'Cd . (I t C VItd 'l 'l . I t I d r I i~ro t'.'t. .'/h l el iro ( st l t io l aI 


Introduction vctv signilicant, it irrigated as well as in rainled 
agricultural systetis. According tloFAO and

Ihe HOttdin tlstfi has had ai major impact oin [!NliS('() (1973), the total irrigated area in tile
agricultrie thrlougliout liislolr, the effects heing sorid \\as expected to reach 2010 million ha by 1975
 
benelicial illsine circurnstances, adserse in others. and ptssibly 300 million ha by the end of' the 
cen
[rom the earliest times. the allmial soils o tile ttry., and '.drainage and salinity problems will
I'loodpllinl and d'ltas of tile lajir rivers oltile increase more than prtportionately." A few years

%orld ha'.c heen the sit,.s oI hirian settlement. Silt ago, it wasestimated that about 80 million ha of land
 
carried do tile tippet'r reaches, of risers has
rlt(Il1 
 %kasdrained, mostly in the subtropical and temper
bect' regularly deposited of the'se' areasasa ieStllt o ate /ores; tite recognition ol drainage asan essential 
natural flooding or of basin itr gatilt (which has conplement to irrigation for permanent irrigated
been practiced fo nicarl, 700) Nca rs f vla rr 1967]); agriculture is now leading to the dev'pment of 
this process hay, plaseld an implrtarrt role ir the drainage facilities laster than ever before (FAO and
iiainterlaice ol,soil feltilt\. UNESCO 1973), A good illustration of the problemlIf adsersc clnseqllctites (Ii f]ooding are. of is the situation in western Canada, where more thant 
coiirsc, uIneto the daniage it calses to all billi few 280000 ha of land are irrigated and about 24000 ha 
crrp,. Although there appear to be no detailed sta- are permanently \'ateriogged and, therefore, not 
tistics available otfte area of agriculhtIral land which cropped at all becarse olf%ater seepage from irriga
isannually subject to waterlogging, or of tilte value of tion channels (Ko/lowkski 1984). 
crop losses, it is generally accepted that these are Not much systematic research has been done on 

Soit Science Ilepartn ni . Ihe IdinhUgkh Sc1t0 of Agrlctlhte, is , nIdurgh 31G. Sesit.I% Rtilll tad, 1.119 rcolland.U.K. 
!CRIS. I IIniern.timnal( ,psRcsear:h Irist i fot the S,con-.Arid Iropics). 1987 . tdaptriatinof chtickpea and pigconpea to abioric 
st'esses Proceedings ol Iie ('I [sut il s' tk',aksh p. 19-21 tiecenber 1984.If r CRIS A I ('enter.Irtd ia.Patanchert . A. P. 502 324, India: 
ICR ISA r 
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Figure I. Effect of air-filled porosity on diffusion of gases in undisturhed samples of sill loam top soils under 
pasture. (After (;radsll 1961.) 
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.t' nt'ulibiliii i:till C 1 11t 'II, tnittihli tuitf tNllti-
titleU aIIlllu! tLeIlfillial elec!..tiont " lo'~c+ttIltL'lCU-
ll t 
liltl ).%Vell. I hem-,taccceptol~s o ch' o\Jdli/ctIll .llhw[ 

ilolf ' lViM s+til-itlal1,.c.s to\.i'fatH
C tO+ 

t 
stoll olgalllic llIttcf. and ale.. I( lcetd ill ,.ittl_.+, 
dec ilndlil"o t helC the~lio,\11lch ic tJ(do\ potc,it :al 

(I ablc I), I his su lt'ct lhas hetlu ctittpitcllciseisc 
_'cte iicd h' I inllltfperil ma (1972. I) 4 )..\s tll 

Ccll fIItii I IblL' I. , hln ;111;it ii!,lt1t' oV UI haj s 
heeft CItisluItIeti illtrat' Is ti le MIf t'tiasiJ\ ritdL uCtf 
substalce. It is clertid first to nitritc, suhsc-
tuCIIi to it) tril nClii.idC, N aitl [hen tI MletCC-
uLai ititrygc, N., this \cli-kilts\lt process of 
dentrificatioti dcpltcs tlfe soil's supply 01 aV,'aila;le 
ftitrogen. fhe redox potentiai renains ptised it aI 
litirly constaftt level while nitrate isbeing reduced, afttl 
tier falls again is the next reduction, that of manga-

ltllhll h ht IIillIg;lIIles. alld Io( ltiC flCCeSsari' 

III tst'll lit'S ll ts t bisiCiltl l plant tIIC Ilth tittltS,to \ I III h li ICCU111 +1 V 'ic e' s oflub le 
s+tlill(Ics.. ICe, ltling limtl the Icttll lonl of stulh lc, :Are 

h lh ; li . ' g h C (IU 1,111 , 

o h tt \o "ito plants, hot In aitli sttls prcipi
,, ( h )t' t atios i ailst sti) julphiode le to s o lread v 

lsit.ll C toxic Cot cent 

((olsc tia P dtittk s o i)
 

ihh t t tts lit- htnfiitt pf ratis le 

I i Ill r '[ pht t aft Iit- %\' Itlegtc t oil stt CsphtiN.'C lHI++CSC I at\:lill lt * O l e Ot fit h pll(Sl, ate 

lto l'+tf , both cidic m|id alkaii l t oil l na cidda c oilk),INI S'dst h%' l~thc pl)cesss: iclcasc: of st|bed 1

iit0Irts 11tub) h(eLt \idmS ief n e li is reduce( to 
lei tile 2 lai il, i n in p htsh( dt eof ta halu 

phultmtl<rha d tal bilitl b a kin g\cllfl sites. The 
ite pl CCSS ISa tJicct aCnu of reducing colio),. 

\%iti er acshire uedi tot . chi gc o" ('! oward 
al eV hiCh CCt S Ill+ both acidU at d alkalineSubi l.*eIlso~ils affe stlll ll" r Nccrill we',e.ks (|Ptnntamn 

perft mll 1972). l alk nlih ol s, tl is chttgleU ie PiHItncica',cs 1) atl+]i iity bv' mak~inllwhd.' rtoxviapatite 
mle soluble (Sturllil aidI( N turg n 1970). 

I'+duncr naeeohic conlditions',, inlstead of-)CO), beinlg 
thc so)It end produJict of carhtohydratc nllatolisnm, 
pioducts such ats ethanol arid low molecular weight 

iir lfic acids (e.g., acetic and ,)utyric acids) are 
IucrtlCd, all Of which cart cause iJurry to plant roots 
( ussell 1977). Fhe most physiologically active 
irganit substance in flooded soil is probably ethy

lefie, uich i, tiolved both by soil microorganisms 
aill b, plant roots. The effects of this gas on plant 
growth and development are discussed in a later 
section. 

Sites of anacrobic activity cart occur inl soils that 
are n(t completely waterlogged as a consequence of 
heterogeneous soil structure and the distribution of 
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1'igure 2. (hang.es in o ' gen. nitrate. manganese, iron, and redox iotential in a silly clal as a1result of 
sialerlogging. (After lurner and Patrick 1968.) 

subst-iices for microbial respiraion. For example, 
in agregated soils of fine texture tileinteraggregate 
cracks and pores may be drained when the aggre
gates themselses are \irtoally saturated. Thus. whe
reas oxygen max readilv diffuse throughout the 
macroporc sYstem of the soil protile, diffusion into 
the aggregates themseh es ma vbe sufficientlv slow to 
allow the centers to become anaerobic (Smith 1977, 
1980). This is illustrated in Figure 3. A localited 
accumulation of readily decomposable organic mat-
ter in an unstruCeured soil may also result inoxygen 
consumliption outstripping supply, again bringing 
about tite formation of an anaerobic /one withitl the 
soil. The presence of these anaerobic /ones or micro-
sites carl result in significant losses of nitrogen by 
denitrification and in the formation of ethylene, 
which is capable of diffusing away from the site of 
formation toward plant roots that are still respiring 
aerobically and extending through oxygenated parts 
of the nearby soil. 

Effects of Waterlogging on Root
 
Growth and Development
 

The depletion of oxygen in the soil progressively 
reduces the growth of plant roots byinhibitingaero
bic respiration (L-emon and Wiegand 1962; Jackson 
et all. The between root1984). close relationship 
extension growth and both oxygen uptake and oxy
gen concentration is illustrated in Figure 4. Root 
growth slows down when the oxygen diffusion rate 
in the so;l falls below that required to sustain normal 
rates of oXygellonsumption by the roots(Blackwell 
and Wells 1983). Slower o.ygen absorption will 
depress the amount of chemical energy (mostly 
ATP) produced by tile oxidative phosphorylation of 
adenine nuclhotides that is available for growth 
(Jackson 1983). When the external supply of oxygen 
ceases altogether, root tips will die, unless there is a 
pathway for oxygen diffusion within the root. Such 
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scells, is t ti lclcen""- 4 Miltcs gi\Cs r thr Ioti ll of 

cethi, ins proot.f\Le ( it least, b ethylene 

IthaI th I leotratof es pea I tiet rootIiest d llloglittisl ift ini(
T__ prillotsar\ reaponsible or4timethlatig theftration~ t al. n ' ~984 th198 )~aAiculthlghChi~eaeofnanentes

H .i~l n. pi ictsotitolf a lrevucvnea (Jackson a nd[)ck. 198o4). thyleneanl~~f itOJS iser evoin-Inntol unatiredver of Incre 

[ettila3tios of (Jactkson f'ne- sol al.tt tiffjo 1982: Jaii( 
198l4),,ail(I ohrtO rn t r ica giesllponses til tes cai to 'ftnt , pror 


/orits i~jtlii~i tlic larg~r grc lte .c l t e ill tolf rr d oil,\ko l .ty ayca ail 

flo hroadheail
/ li ol [ie aloo,II ib simulatede, in ,%itCr~oggLtt ]tgtl1nCord5iI , r) c'thvIcllc CCUI balso 

(.5l . ( . A Titwlo lu lOll t J'.+l-ll 1# )\ in pea ( i L.1 
",cl f r ts \rt fn.iuied ill 3.4 times that of the acitted11 '1(1d '111'w.,l~'ohl' pitlticts C01ntruls (1 lluu tt i ! ll1979), andt cOmlpa.irihltc resuts~ 

hotr hroald. hL'ali ( I I(I lilba L.,) \ocrc also reported 
FJiure' 3t -asi' iffus'ion patih a ';k.si;iagglregallted fIine- (Illfall LcLal. 19)77). 
textured soil, an1d th te d t, tlop n t o fliana tvro h ic I m111\ Icesp o i k ' ll tofls to fHood ing, p rio r to the 
/ o nlt,e , J h in tire la r geir '.!g r t, l mt c o m~i d is a',p p c iija nc e u x\. g c 'l i pa,, p le te (I i lho tly ' 

li-3.'/.i0. -6

011.o40- h 1gIF-h A 1.43 +3.18.\01 

OWfi 0 .)r 2 O 9.671 

I - S 1 

ft 5 1ff 15 20 25 0t 4 8 12 16 20 
Oar gen consumption Oxygen concentration ,%,a) 

Figure 4. 1Reiatiunship betAseen root extension of 4-day-old barley seedling% aird oxygen conlsumflption and 
osx gen conrcentratlion aroundi the root%(After Jackson et al. 1984). 
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d!Ile to ., ll\IL110 Ciolltcll (.IacLk\Ii n tlIlWoiiI LCOM1O10IIuS thil giou\tIulO tm-
IDrCNN 1981). Ri(ce roOIN are st111iutohittc o\%i1 COI) lit I w'oi o~/ou/ (I .) \\aolp.) IS islotietrSCt\ 
CCltrltooousI tISC1lho ot (0hl~tiioitli 10CII tltItCtid hN Shtoot-ICruuo lbOtOollogIit tICililit) Iiotl 

croops (SoIllltlo I001 Roohcitltoo 1971 : KomngSC mid looln Ill Otot ilIid Shloot OtIS Nkrightt antd sced 
.Jacksont 19)79), I itC SlOt\t f[ltIIlooll1 lttcOil ido SwJlohol loII it joIh is ilit tai~jllilto tt5IiOiil! long 

tili~cc II II ioii SII0\kL~l ILL 

gclootl c(ot~ lict Ill [lISi tAIl WS1IIS Itll lttttt'o lol tooS Ofl Siitti 11 Mtltitidt Cttlltliioi cSgttive 

Olct iiIll atl o l Il ol cld I t OOk~lw l it lI Ic it 1OnC ~ ol I t lt 'o oo IIs ottl 1( IIti lit Ioget I 

likcIk It tl~olt Ill tOlillt tILls t~tlI (N\ ;th~ollo IS(l\%it 1l\i!loll Oo O11LC lioi S11iiii1CiitIttit 
ti lJd f~ ol/1,l I. 5 Ii lstIl 1,IC tofLthi I'P)7(01 FItL- CN)C1IILCIIS l Si o tO ithot ill 'NILM o %%Chtti C 

;it'loC [11lsl1tIIIliCS [;oltl~ 11h t. hIL ,S toli ;tillIll1lli'lli ill-t~ l Ill iS Ofl ttlitolltogogill 1", lpa h I cIlltIN' 

'51011IIit OIN MCt t Kommlot, Oft~s lh\110 tiog iir~sOV5l l0IIIlCIlCiol mid~ .1,1C- tot;ttitk joIii M0It I; 

!WI I(ISol1 )0 1O1 MCJ Il/%i 1 \MItII SS~oslil~t leil lcled hi) 

Ro0 o Cll SH 1i I/oPl/l t / 11 lilc1 killm ItOItAllcillAi/ ooti 1111 JOlhh i lw WitilCt/al.o 1979) 

(1111111l10 1 II Ot Illi oIlitol i'iI Of y tow l to III / (t1Il i Allt~1Loc o %I'dtol l Sigilifi lt \' IVodt 

to 011 11(1mt lol ljlimcii( )I od imllSOJoI illoll :c(Illtol~o l otilo lt i~Ollug t ithmit bo\ SlottitIIIII 

HO Co" Hit, p1O11olo a Io 1Jo iIIi' it bI 10iostoll 11imIols 0' I I!IO\%I ll ' I 01iII Ill C IIll bI C ICtI t 

IIdCo tCtl olt ShoS I 111 ttoLlllIII11t tlloot Oljll lilcct tctltsitltiltO\5tI i P1OT lilitoti. Yiteld 

IlS~ti~ltl~ih1ct.;~O]s 11105 tiitiOc too 0 0' JO L j l~tidI 1OSWIt IA 19079). 7Ntttletittdc( StItt'o 

ot'Stll~los IIICltOM ~ loC CII1 Otlltol lilt lo1 t Ilotiooc il otg0100t fta ( ( 'it ,IltP100 tIO)1CI Of 


Iil son att .tlcksoooo ;tl I OILS ION-4I I lls ItIIOOICC 11lol0 iM/1 I I COilli ll IC toICCoI, hll it \\o'it, jotto
 
Ill Pi Itll M~It'llitOtHol kOt dJj~jl s lo) lilt. at(Mtool- 11101 Il',octOf)O 0S WoI1iti t' 11110thiltt 1iito iOti ll is1potool
 

111C SICI1 ICHlIflitiotllt Ilootoolool. olhtdCtoO)OI1lt l .I,0tktotll 101) ill tstjipatco tic sioootttcoIll 

Ofn1 tod, l~tliti 0101 (t SCI(I ol'o1110tlSl iotitW I t' [NroolCSt o! Ok~t lo0 Sittl 1IIQiOC Illideti gl'tlshoilstoI 

CI;ktS tOf 011011\ J t los to .Iocll to 0 11 tO it CO1tloI1t1(mt I C)ll~o01 o ililllS ,ilsingfr o ith Ito
 

CH110001I~iI.' ltoh ll'IlolttollOWtot;i lt~lI s 01 -1 dl1\ Ofl lIoiltl t U tio ht ttlIllill
l;to' k~~ooo~i 

J o f ACIotlo ,1 1111111 1) Il li l Still isItti\ loll too 1 kt'ti IIooLoTltolIttlilto ll) . c')l .o 11111/cl I )Ik\ 11 

0l~lM to l lilllloc C~tcllt il Niel)I )0.~ Itl/11011 0' mid tltlcol liollots nclsotl'thildg 

I'N Ijlo i IphoolS11001' i 11S t llt 111 ilotfile0IOf to M ! hoMi I)2 lio 

9- to 1II litgt \%Icot FIOlCt S'\lCt dlllolgC t1itll
 
oOLI liphtts l~l/lIIOIll!0111 \ 2 tot I I\CS, Sirtoital
 

Sensitivitv of L~egumies CtOItCILIstSIUIS tclho ooiitCI
oIC Iloitottl ~gt~XpI)i
men',\%iltI)iIL!11\Itootdooors, oif)Muhoi shooot ijid 

to WVaterlogginig "(oid (II stt'oozit-l\kic iodtilcn by uiit htas 711 hs I 
,)1 5 dt~ls' \\ allit 0022 ( otimell 1979): Witld(ct alhlouum 

Rdlttl.\ ti~k TcoiIOCh Stuie dca~~lig \iih ffhc tI). IcIt(ffet Of gtoooitt Stfoc toit tfile seCvrity tof 

metchanlismsI iflSotlco htoSc ojotd lcgtottts ltC\fptti- RclitO!\cI\ littIt' IMIStLllatioiti 11:1's hItlCIittltC 

lICtill tllitliil. I ilOtiil ilttollildiltt )LIS WCII tl I(Itltt thc lhtooodli Ii ttolace tot lolrbgc tco.Izuttcoo 
1litilastot, hlokit'Stl Itloi200it IOI phltS )(1 stilotit.S 1) 1972) arift!e0,v loiliat ioop otit\Wi I IcmiIvtlS (1970, 

Call I111,So tl'll's to indilOcbt thilll. Nwl t Icot C\Ctp)- \kIItolhthS fletollnhthirotstootttioetoik Lowsoorno

tiolios hctIlltl \C!\ l~ tjttciiplol t " tlie toocitllitt Si ifil(OlIPC Pelttttjh t) 111 I10 ilost tiId 
dillage! by llooolt cOliliooit. ((-1o1010/ 41titltt/j) tht lsot ttolemlit oil theitttti 

\Wiotcrhoc'iig \55.05a maIl~lJ ploohtbi ttill L, tilt ClOpS Stuieid. A\tlflfa ( Illo'o/ittomeiao) raniged 
gtowlt.n tof plg'll0til I( /t:i i IoCtCIsct' MO (1972)(1/1111iloo NI oiiop liltohoos titeSt'Iwl Ilcirch als~o 

deetp Vetttsols itt Indolo W c-dtlN antttlilllt I98 l. ohocl\tl 11t1l;11 tWicoll koasi ablehotlWOfoto CLtoaIty "'elt 
J'liolitito, tis croop 001ooi IcS linCItIscd Nictd h\s 301 it) sitimic ait rtlot-/moic !cnlltp attires of 25, 19. aond 
over I)hilitlO! inl :1 t lot tOll SoorLocC. hoillooC oft toC h13C. wfioirls atlllli and Sloiritoiui inprosco in ftir 
redutctiont ill \kalei oggtitlip doilage W howdl11 ioln lCiSUisICtt tot0 tln IPit istt tltmperaturc fell ov~er this 
B3hotia 19711I. WOrk ill I-Alol,'MLorundtitet slittitited Iit lgoi. 
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Shoots 

15" Waterlogging treatment 

*-* None/ 
0-.--.-.0 Vegetative
 

.-- Prelowering
 
IO /x 
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Roots 
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0II 

IJune July 
F'igure 5. Change in dry weight of shoots an(I roots of peas growni in a sandy loarn freely drained or waterlogged
for 5 da'~s during vegetativ'e or prefloisering stages of growth, indicated hhorizontal bars. IReproduced front 
!!.Q. (annell, pp. 183-197 in Soil physical properties and crop) prodJuction in the tropics (Lal, R., and 
G;reenland, I)..., eds.) Copyright 1979. .ohn Wiley & Sons Ltd. Rep~rinted by3permission of John Wiley & Sons 
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Root Nodiilation rot N\ Stetms ,upplicd 'lit h cotmbined nitrogen 

and Nitrogen Fixation (Bond 1951))I Ilis suggctctd that it;sas the response 
ol the notules ( ol the iactt.ria )that chiefly gov
eril'id the Icictitl ol It112pla i a . to ox.yge nefhoit" 


I Ilt+tC IS12%IiClicII l thieI J)r l1C ( +I ll0 Ht I il]b - ttnsilonl. Silil i lesiltls \Soci obtaindl lot red clover 
lion1 8111 lt 1012,iwi li\;Itlou h p it . d C",lop(d ( loj/oom l I(/rar/lo'I .). ltholtgh thi'sSpecies 
Illtidlld , li bil r I1oth \ ,\llS ill c dteib\ \oltclloi2- NII(l ld.Iele;itt IJ+,t0tol'l',t(' )\\rgel) thalldid sov-

Ing2 11.1all l i 1 ', 1111l [ l8'1t1clr01,t plooc1.12s s. beart ('Cit:1iSii 81Ad JHk d 1)54).
,


N't'LtI IC(IItIIIt)" -L' 11 o flIli+tig('l}
IC O ,I I tl ht, +t]p o~ll 

ItV-,as"+h(M\11 thatl%;it 'M I .. S of li atl~ 1 I~ lti\iitl(;il. ild+. 1 +.11M' ~c)L I rt U l+t+,L t OfI~e i'tt11%d t I I/'I/WH 

thct. I'A). hi'.hu1 thllm pliflts
1(t'tIlIIt2s of)ptllIItill is, l O wLnll uillll \oil, Illll-Mtlcd 1)\ thi.edC'Lt\]el " l'LIductitol 

,p "- ' . ntt t ,it tn that acti\itS\ dechnd,;g.- t i hi dind it\% 


90' enlri' sI,mallkJLIlt.1 1,Ill10. 1l11'11n . t l. ll \\L [)t1- 21liCa1 \ \I CIhe\\;[le 'i flCl l Cl CCt_1JCd field Ct"ML.

dg e !tiIL ( I 1 sI I , ,, t LI \;It\ it1)7 ld t, (NIi 1,,1d a t iloll,at 1,\\li;I e'Il e 
l rthI121 \( u,t itlt So1.1Ile.d Iie pal.i r t 1972). ate1n],Il, tl.l Ic,11;l lI m (R ( I o \to Id+'lj l\ (hpe ll 
[Ilt_'ctt.CN' \V,lII tIL-iI'h [1(),. thdl IiV I- H +,tot , O II)[S 1IHL 0., 1111f ()I!(,[ V.oI s +ltd L ILP SI u Ltse l1 it d iIfeiC ntI 

9
tloIII Is.j0L'h It. IIIrC l ltiIe. h c:]It\it 
, 1 o\ I N liOn h\1 ,111Cllt. h , t llIilc .yCrtIisi. C(t1 L!ICiltICtI II.\ 

, 
 ,
C;11 ,1IIR'11 !I I1 \ %eC Hllj '. l i s ( 111-]c It \%as latts
, 
utdc1 ,i ,i \kit C tl lditt++Si il h the 

d111,1 thi CHCll 25l 2t pIfruicriclu .. ,, t 111 tn n110111111lt rIallir co ll1 j(allitc er and t 1978). lt saitte 
i
llplic thio l l 2rdula tel . 111111r2 iI i i ech ll \ u .'d It) I II itt a atli\lil C III \ -t i 1 h lel tl t-

81ego10 mIt ,,lslhi1 2 11 ettt 1 tto.1d,(),rl%\ .'ttI11d . 1 paCl ill serslsCuleted uhi1ct1.d to ilftrelt 
gcll+cn 1)'I ), lietel . ledi tttti rginlcI,(\Ilncllltl 1975). 1le results 

M 1 ch 11 iliwf. t e.dul,, led tiltlI , tNtilcIt\1, ,ilm:1\ that ti k i of li e 
ImUCh .t 11 1211 e . llPCii,\llI ,2h ut 11 ll. t111 + ill]Ili cIltt ie 

soluitim~l dilltIleo.alnd ill,,[ plats k ll\ [t . s,+tt lo,ul-\k pm h e Ilie o +~].i. oflsignliCa[ic~e 

112,,ClIlc ()I .',wi.1hi llicki L2 I8'll\ I eli i th ti) the of felcw of ater'111 tI lit \+ontcltte the e 

11ol, I plI ).lheI I . \oCris l l lL'It loggingll otSl \i biosi' 1l1 d cute .Nodulesant 

, ,


ltMiltl t1111111 f,i l1iud.! ' t, -tissue ,ls
S kit s 11111 prodtictitlll, tileSpecific acttieit of the 
I l+ th IcL111t1clwltl] c llrttlier be til e sisitn till111Cill[ t of thC uMt nitenullasei itshoot r ge 
ii 2. RW 1,0,-ltirlp r. lit lOIt "Isilkd r p tIlLtlitlt']l i Colt ti pl t
ft orII iN \11t1, 1)i .11, all affeetd p etilf, 'ted, a 1l elttdlIll \j. h ted eaar it

1 ,\ IIe ()I 1.lli I IC lC\ nld Ili o l tiCIeSponIseICd LCCd be t)h 11 I ,jtIL,1),1hc o:,11t icil S,pecl icIt.0\ S\Il+++ 

bCCAHlIC l]IIlH II IOC LjiC kk t,)1Ile ]ie, (1 tnnitch d h.\thetllrcth odl o t tirpi21 a\ ene 
InodtlaltCLd [OW++ N.\ LIII', \\,liCh ale dependenIt on titltnta] influence studied ... lie steep 

tileII~dU .+ ti L,.'C Irase. vitie n b lt the(Ir a tt l itr'OLCO- ui. iile li i acti\it t\\ water 
oHII)-tJd., te eraho illOils -- f 1 110dLla led ailtltaile t lotded too t nd tie finding that 

(IItattle(1 d ll e much less ti.edalfc h\ 
\\aterlo+#gilhg bear t he \\cl111 itness to tile speci

1I),rt and nitl-

-


Iable 2. Relationhip bl t, ll (iration, licit\ o itilerespo seIi. 

7.g Fiation b (atrer
t.lachcd ,,,oIhanridele,,d adper
 
.eren1971 2. (i '.o7 i Ilt ul d species are clls oerla ected
 

,pe.a ,and inthaemore floodtolerant ones the
 

t irdni1 I miLacS ha\ce the capacity to adapt to the poorer 
.... .............d n ir root e ntett. O ne'i' thaeriltion the tiro le hod of 

p8 (), ('()2 NI 1- Ratio adaptation. Much occurs in sbean (|aniklrst
 
.. .. .. . .. (m lg hq ....... pea (M inchin and Sum m er(k'ac;,lcd. . ... R() ... .. ..(::t~tacIand++t S;p -et 1975]), cti\ 

7.8 17 0 22.3 i.31 0.0)7 323 field 1970), avid l'icia flb/a (Gallacher and Sprent 
15.2 23 7 27.7 1,10, 0.511 49.5 1978), is the ~xpansion ol'corical cells to produce at 

more loosely packed nodule %%ith interconnected 
24.4 3.0 37.7 1.05 1.67 22b( gas-filled spaces that f~acilitate gaseous exchang. It 

1. Freshly nodulns shcllm I,\,,tawl((I'de(tached pr()duccd (ln:', ha.s bee~n shownI+ that nodules with this open structure 
711 tol 111-rtlltla)tlttlicubatedat 23 ('natmsplhcrc are more active nitrogen-fixers in ;I poorly aerated 
cotaining 20 kl'a'N: and-tlthe p-, shown, e viro nlment than the m ore com pact nodules that 
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Table 3. Effect of(a) differetnt concentrathis of eth,,lene in open air s,, sterns and (h) the absorption of eth)lene h r chenical 
reagents from closed ssstenis, oni the nodularion of isolated PIhacohiti vli/garis roots (After Crobelaar el al. 1971). 

i'll M-aI) Mcan dri mass 
ilt 1I rCllit (Inodulh expt.) lateral roots ,Xpt.) hIlg expt.) 

A. ()O llxCI ll 

1 lia (',II. in air 

0.04 Pa (',I, III air 
0.8 Ia (',If, in ir 

30 Iii (',I ii air 


1).Closed NystclllS 

oniltiol (C''|I, 11o reilim'cd} 

(,If. rima hr 1.01N KMnO4 

G' 1, icium al h 1.25 M lg('lt) 4)2 


I. Pa IU ppilIIng kg 

develop under ietter-dr:,ined cond ions I Sprent 
19I71: (ri.Asci lal. !976). 

Anoilcr :daptation is the eapiicty fordenitrica-
t ;i,.the ;:hiitv to reduce nitrilc to (:nitrogen oxide 

.lid tii'etl I under analetlohiC conditions, aid thtlS 
nitrat,:m, its an alternatirce i, . ni cceptor 10 

,x.vgei. Ihe rhiuohia, that nodua' ",e relatively 
lloot-olerani cowpca are d,.nitrifving organlisms, 
,.\hiieas the Ihi.obia that nodulate the much less 
tolerant t'i.mim .wiz!m are less able to dcnitrifv* 
kZahlotov, i/ e' al. 19781. 

The Possible Role of Ethylene 

Ihis pap.r ha, aheady considered tie probable role 
of ctl yclc in affecting the sclsilivits of Plant roots 
to aiaerol,ic Soil conditiIns brought about by %kater-
logging. it is ahlo possible that the process.s oftnodi
latiort of leg- lots b Rhli-o/ium spp. and tie 

a'l.,:atioll of, tit1 in nodules nay be more sensi
tive to lo\ concentrations of etnhvicne than maniy of 
tie other paint physiological processes induced h 
this SUbtantee. Nodulation ot ll'. 4'l-bean ( hot,% 
arin) roots ,,as rediuced to onil\ 10" of the control 

%shen the roots werc c posed to trace concentrltions 
(f ethvlene (0.04 1.0 Pa): the failure of roots to 
nodulate inIclosed containers could be completely 

overcone Ovtcircuiating the air itt the containers 
through ntercury(It) perchlorate solution (Grobel-
iar et a). 1971)- an effective niethod of removing 

endogenous ethylene released by the roots([able3). 
In another experiment in closed containers, both the 
endogenous ethylene and ethvtne applied at I 10 

3f.3 X4,7 41.4 
3.7 73.8 43.8
 
0l 41.6 33.8
 
0 41.7 39.2 

0 20.7 27.6 
8.7 47.6 34 5 

41.7 59.5 38.4 

Pa reduced the fixation of 'IN, by imore than 901i 
c0ttipared with treatmeuts ill Nkhich ethylene was 
continuously removed (fable 4). NodUlation of pea 
and white clover ( lri'oidioim rei' I..) plants was 
ieduced lmorc sesresl than shoot or root growth by
expiosre to I Paethylene:furthermore, tle nitroge

nase activity of those nodules that did forn in the 
presence of ethylene was reduced by 90 in pea and 
7W1 in clover over thecotttrols(Goodlassand Smith 
1979) (Table 5). 

These observations, together with the indications 
that endogenous ethylene -an inhibit the nitrogenase 
activity of subterranean clover ( TriojUum subrra
,tuo, 1..) ()ay et al. 1975). demonstrate that both 
tile nodulation process and the nitrogen fixation by 
existing nodules are generally very sensitive I ethy
lene. Furthermore, tie required concentrations are 
well wsithin the ranges observed (a) in soils where 

Fable 4. Effect of (a) initial addition of eth)lene and (b) 
continuous rem,,,al of ethilene on tie nitrogen fixationof 
nodhlated lIhaw.eolu vulgarits roots (After Grobelaar et al 
1971). 

I reatnllelnt Atom (o715N excess] 

ddedor inlo~tdNo C11 i .71O
N C aded or jenime.7 

I Pa C(', added initially 0.946 
10 Pa C211, added initially 0.626 

1. Nitrogen to%%hichnodulesexposed contained 72 atomcxcess 
,,N. 
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Table 5.Nitrogenase achli'2Av 


lated root iof pea and claier follo,+ing eXp}Oure of intact 
root s)sterns to ! Pal of ethsulenc. (Afler Goodlass and 
Smith 1979.) 

(fig .o..tic i p ltt 1 i )1cr11t 111, 

Irecatine! a ( (,\Li Pea (J\l
(ie.4es

C'onlol 0.0)36 0.44 (1.1.414 2)
 

FtlIClc-tIiCatcd 0,003 i.11 (.04 1.77 

. .
I I Pa 10 ppnm (in! kpt ') 

aeration is impaired (Smith and I)owdell 1974)and 
(b) in roots as a resuhl of cndogCnous tortllatitnit 

whetn growitig in inadequately aeratel soil (.Jacksoti 

and l)re\ 1984). 


It is w\o.trth pointing out that wkaterloggitig is Oily 
one Cxaiillple ot allens irloitental sltes- that can 

induce the crihainced hio"s\thesis ot ctdogctolus 
eth\lcllc. I lie samc phcnioIIleioll oClrs illheaills 
( tio' /(/Il) suhljcctcd t drought and \Usatclhogiiug 
(ll-ichtagv and IHall 1974), and to ph\sical impc-
dance it root cxten,,ion (Ka\s et al. 1974). Watcr 
stress also results it rcdiccu flitriectiese alcti\ it\ 
(S'rint 1972), but it is dilticult to asscss whether 
this, too, iia\ be ditcctls associated with enlanced 
cthllcnlue hiostitlicsis. Illthe case of \satcrloggi.ag, 
the piescic ,it,athick lacr of \\atcr arouttid cach 
rioot and nodulC rCdulcCS tileCcape ot Clh\lclC hV 

diffusion, tiu,Ialloifg it', to btildp
cnccetrat io 

to ph.\siolo1uic;llv signiiicantlIcls: in \cry dry Soils.
 
cotmcrscl ,. pitresical conditlitS proltt tilediflil-

sise lossiof the gas trtom the root,.
 

Screening for Tolerance 

tcr tein ingoingto Wtiteriogging 

Inpritciple, there arc oh\ ious advarItages in screen
itg pliants for tolcrance tor vaterloggirtg by directly 
Coriupa3);.rinig their groith aid dC\Co)lollet ill\water'

logged soii, becauseclto ass n[ipt ionsrelating catusc 
and effect nced he made. Such a pra)cess is timh-
consuming, hos ever, and it is c .tremtelv difficult to 
starida rdi/c conditions sult ficientlvY to allow differenlt 
experiritselrs to hle comtpaied. ior example. fhictta-
tions illsoil telnperattrc or orgall i-llatter Corttcllt 
could affect tile rate of deelipnitrt of anaerobic 

conditions. 
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e to take account of thle
cotsiderable c idence, b:ieflv reviewed itnthis paper, 

nlected with hormonal changes inlthe plant in par
ticular the CXtent of accumuILtlltioll of the gaseous 
hormone etuilene and to make this the hasis of a 

iC'tellilgtechnique. Stl:.h a sugestion x\sas made by 

1:[ItIltag\' and Iall 1979), who compared two var
ofsI'ii bean andiada Itutd that the ethlrene 

cnictnts of aerial parts intl roots increased over 9 

days' \waterlogging and that the \arictv \with tle 
. ..greater concentration sultered considerably greaterleal abscission. Ihey stggestcd that tileIlmeasure

ilent of cldogellous etltcte Cprloduction could pos
sihlv pro\idc a technique for screening plants for 

relati\c tolerance to \'ater stress. 
Illre is otlci c\idece. both ot differences 

bceten varicties ill the serisiti\ity of plant roots to 
exogenous Cth\leic (Smith and Robcrtson 1971) 
and of dilfcrcncc , 

in endtlogentus ethvlene produc
tiolt that lily dilretil afflct crop pClrrfnman cciii tihe 

fiCl. IorFCXaMleC, the itihibitiont ofhvpocotyl ehot
gat ion. which alfccted certaini varicties of soyean, 
was dtjc to rapid endtogenis)l.produetioti ofetlleti le 
(Samilv 1970). (ien that root tnodutlatiotiand nit
rigel fixation ,appear imiore sensitive to ethylene 
than other plantt g owth processes, it seems logical to 
lurther explore tle possibility that determination of 
etidiigclious ethylene production and or sensitivity 
tt exiogenotis hclvlene may be employed as indica
tors of tolerance to wvaterlogging (and also possibly 
to ojICr types ot etivirotnictiilal stress). 
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Screening for Tolerance to Salinity and Waterlogging:
 
Case Studies with Pigeonpea and Chickpea
 

Y.S. Chauhan' 

A bstract 

.!reas Iihere/,Keolltpia andticlap'aare groiinin I/iaare protieito.a/ini'*and to water/ogging 
proJe. camii It)Y ruini/all,an( poor drainage. Die lI increasingirrigation, ('.vwiA area alffected 

eaItCh rear. Both crop. art' rehti'ieh .1 l.iii I., .saiinil' 0i(( .e.N.S.
e alerlo ,ginlc, lnt /r 1',t0'e'nt of 

water 'ot A , It 1)/ n/)' to rIt'ilr/iulliin iti't u K'tto/ir'ti i ilthem to/ i i/.iraI areas of 
t'/ti/l'taon I)titoal(. to t It/ ' (tlil watelouer . Iing, itiuti 'at ionitotill 'a\ itcre saimt pro/blem.% 

'111ren111'pre( to it.itliii' ot a limtuedi ranqe o/'ellot"e.s aitIClA'.ITamd e e rherte have 
.%/u,(tnl .ett . /i eilua (hickjw to tr,anld itllt il/Au 'tt tIloth atm elior ,olatlcn .wihalii 
pi, toljca It,A/it 'rl-lerll .gi't ia(Ie a(t 

'.,tI, 

/Or tolilam' vaterl , ,q.a'.ittejirog v% hal.s been I'ARIS.1 7' 
Inl 'h'v/I'/1itt, ic /iu laboral ro Acreigt metho thitet the i(il 'rence. Severalto . 
nA1'ioum I'd /7'e'ollt' /itu' / littolt'railcu 1i all rt-al/ i vlr. . alii ." t'-sn ot u'a h'rlo,,ing 

ha Aet'n tlen'til/u'. I i/nn! ('tl lit' . tollc'% salin.'t and waterlog,,ging,i tter r Irtltr/lA I., 
ihrte i.%aIn t'I to mcrel'tl Illm Itwlit'r ralle letlctic Inalerialfirboth crops. I A' resi 'al( it io 
/I'//) tol/i'r.stai/the mecb,jtli.m anlI illheritimice lo/eratlce 11 ith ali watello/gging is/i/it'l 

alI.o i/,Itb'.be
 

Introduction A number of technological options have been sug
gested to contain salinity and waterlogging and to 

Lack o;' water is one of the major factors limiting reclaim affected lands. Experts in these fields believe 
crop yields in the semi-arid tropics, an! areas are that while technological efforts must continue, they 
being brought under irrigation to alleviae this should be supplemented by genetically adapting 
stress. This approach to raising food prodii .ion is crop plants to saline (Epstein 1978; Epstein et al. 
un',,rtunately leading to problems of soi! aii'.i- 1980; Rawlins 1981) and waterlogged environments 
tion and waterlogging( Rawlins 198 1).bol oi whict (Kri'ek 1982). Genetic improvement in salt and 
are inimical to plant growth and yicld (l.c stt 1980). waterlogging tolerance is possible, and good pro-
High salt Concentration in the scl solution lowers gress has beet) made insoie crops. Salt-tolerant 
osmotic potential and reduces water ,vailability to varieties ofrice(Akbarand Yabuno 1974; Ponnam
plants, and specific ions such as sodium, choride, peruima 1977: Rana 1980), wheat and barley 
and sulfate can ha e toxic efiects. Under water- (Epstein ct Al.1979). and tomato (Rush and Epstein 
logged conditions, the anaerobic environment of the 1976) have already been developed. Wheat (Yu et al, 
root lone affects plant metabolism, as well as nut- 1)69) and leii (.Jackson and Cannell 1979) cultivars 
rient and water uptake by roots. Thus, produci%ity tolerant to waterlogging have been identified. 
of most agricultural crops is Io'.ered. Genetic improvement of tolerance to salinity and 

1. I.c+ulnlc, l(R lS.%I Il~giall, 

rilnu(t teeSubh ited a, (T 3801 tile Itt pN RIc ch Iin,tutelt the liticit-.I [ofcsi I' .IS..\I) 

[ I ittptcICI IS. I f Initcitati t ( trp1 R'scti I uhiustittile hIm tli -Arid 1987. Adaptailon oI clhckpcii ntitipipciritea Itoabitotic 
stresses. c ii fat t,' \5mkdtp, 19-21Irocecdiig) t th.(t i etcctlter 19X4, I' ISA t 'eitc, Indta. Itianichcrui A.P. 502 324, India: 
ICR ISA 1. 
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waterlocgging stiess iillI ccoli.pcai and chickpca.tIth soils are chlorIdes itdMsulat tsosodium whereas inwhich (tlt.ll
grow illthe. adsxr cil olillllls, sottllherlnlIndian soils lhe major salts are 'hlorid,should also be ,ttllipcd. IIns pplpC ptleslts \ok illldstllacs Of siditlill, a.ld iliagnlCSiunll (Abrol lndon development ocl salilnity *t i, ,at,_dr igeig icch.r- Ilhrumbli 1971 ). Ahhctouh prccis, statistics are notance in pigcipr,, and chickpcia. available, ncia ' 0cruillhi ha of land arc considered 
,,atUrhlt.,cd (Nee I alehhI I. \fhich is nearly 10i oftthe 

Saline ad Waterlogged Soils total irriated arc (Natictial (CommissiononiAgricult ttr 19 7 ()). ( i thi.l ican 1\ 3.4 million ha are subin Regions (rowing IPigeornpea ,ect i; -Ili acc Ilotto.llg, ifhI ill the states of Uttar 
and ('hickpea PIrdaeshi. ( tulanat. \Wcst Ileivi'l. Punjiab ()rissa, 

.\tdrla lhidcslh. Kcrala al I atmil Nadi,. IlieNctrly,s )," Of it '\ I'spIVec ltpc;t ,dl' 75, , A its lic1iniit211 2.0c m illit ha ha,, ;I high ,ater table.
chltckpca ale 'uLt()\.sill 'llIr t1).2I 1t lim c! c alc l t e'tlltaJ lapprls tot be iheII( l tdctitll of iltigatihc
uttil Sllinte ;11cl \kil LI_'clhd 'ti tt l"-,Ill111(l.:1 Maimtul c tlt e 1l the t

hi hli, ht,, the :twtrititdc ie c lciti. \%tca, IO- )). 


tjlrts (ti i ,ltail c,_(Gtlpta
oci 1lp IBf alaIly,,ig the climttlic ellitroiu tten_t oftiietr pic.,.ttplep and clt..kle.t iill lrtCitl ,teIC l ligecitpctc , edhl, nd Virwtl\IrIi (19 I)I foun1d ,alger-
India. . ,,.11d, tilel'si ccl (ie.Ab li stein d t l hcgginp io he.a ati constraint to its stabilied1Ihutiblt Ic)71l lnd, iIc cIlt, LC.f c r.!lIllctnITI( s- prtio cti Jtntlh e rtila s ,isot, particula rlivon

ciln culttl 1970) SOIls ill ctch stllc. ate soils \,ki hl]igh %lt c -hl ding 
\ gi [iti 

capacity. Itido
2lCit labile I. (illcL lc alli,,ur antd \"etiostl are pione to wataer

ill Iltilt! " ti1h11i lha lt(1 1, lh11cd.tl ',I ,,\5tlit h ggittt2 tlliltg the I-ltI. ucisoII. (IgIO) alsoS c\ Sillhal 
Iairl, Lhciueafi&s 01 111LI ito-(aial tt llam hCI,Ii postulate.l 
 that ltis .iclds ocl pigeottpca ill some
pIgccttpc Aid lthiekpect tic ate it s;tlt :te. Ih11 itcals mia bf dile tco \'it icigging. In chickpea,alm.tctict, ilttia aic teii, jncismii ncat I\41)0(0)0 a e'haics c1surhlcc fi g ate small as it isgrows'n iinofl ,oil,illI idia hecolnc salte u\Cly%'var (l cla tileltcistrtlt scai iSoll,bitt its prOdUction is adversely

19 0). I lc pritpI tl s,,tSl,
ill tiOl!hICrF In ilan salu, alectcd Ishici the sater tabhl is within 0.9 in of the 

I ale I.IDistrihution 4 saofrelineand vsaterlolcd soils and area C00011hat)tnder Iigeolrpea and chikpea in India. 
Nod 
 C],(ullt,.edm11caN,
 

N;ll.
'Ilit
I 
 \'I II'IIt*q!udp.... teolpea Chickp :it 
ttilIl.dC'i 
 S it 
ct 

125 516 1591(}iit 
 1214 484 225 88,eStI
H-151,iI X551 27 65R1ccsthiia 725 .148 31 1917Pi utlh 688 1090 
 12 243\Iahcshitc 5.4 III 706 461Ilt fi;
t 526 620 

)rihsa 41)4 

, 14,-, 
60 
 100 
 41K; cIak.1 
 404 
 I0 
 341 166,M;tdhaIiladeNl 242 57 534 1932Atdlil la It csddl 24 339 248 
 46

Ielhli 16 I I
 
Kciala 
 16 
 61 3Ilthai 4 117 94 196Iatil Nadttil 4 Is 125 16Others 0 M 12 17 
1olal 
 6949 5986 2985 8220 

I Soucrce. lc,]t lt[]hitlj ijjll,1'c (19711)
2. Sotllicc.\c1itc ill (.'ctitt1i1sscctt ill -\gccill tlrt(197(c)
3 ' tici .\c I:llura s l l i n m lIniha(19,2) 
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soil surface (National (ommission ofn Agriculture 
1976). 
The e.xtetnt of vield reduction in pigcONiipca and 


chickpea due to salinitv aid \\itllOggillg is t( 


knox\ ii,but itis cxpectCd to he sulbstantial \%lict
the 

relatise areas under these crops and the regoin 


affected b%salinit- iiri ale considered.
s\aterlnggdi 

For example, at iiar aria\a ericultiral t 1i1icrit\ 

(IIAI). JIisar. salinit h hitiIlt onthe expcliriC-
tip 
till
fields as a rcs.ult of a rise ill the (\ater tabl oi e 

the yea i, lie production oii pigeonlpci arid chick-

pCa ha s heCr aflectcIi piltches
cnMsidCfrahI+, ('lt/ililt 

in sollic liel] fusc becolic so .ilil thiat neither 
crop call ross gri;s. "(mrec:is, thILr '.uilti\atiimrr %\i, 
possible a Iess \cars. aLl N.i.Si.,Ce i. (RIS .\I. 
personal Coriliiiucatrr). It is L'iCieal hs)brscld 
that aleas ssher clir 1,pci arid piiconpCa prodtic-
titt is declirng .Ic resp nd s% urlregoils \shere irri-
ga tii i, Iben lead irg t iuurirlcased piobieis of soil 
salii/arOi liriu \5.itclOggirrg!. 

Tolerance Limits of Iligeonpea 

and Chickpea 


Soil Salinity 

The ellects of sdlilit\ton crops \illy\\its stages of 
crop grossti. It\\as ohsrscfd that illsuritltiCrt ctllturC 
there sias a 501'decline ingerminationo f23 pigeon-
pea culisas t 13 nriihos cut I F(. whereas a 5011 
redulctiorn ini seedling growlr occiiurred at 9 llillillir 

cm I FU (lalisal and Malissal 1973). lire ,alinity 
level recqirired to reduce total dr rmatter (1lI)m) 
(ICRISA I. iipnhhshcd results) and yield (Plronila 
alld Kirrri 1982) .5011 ' ared to be 5 iinihos 
ciril I F of satnratiir ext. SH. I iese studies 
aliso shro\ed sirre cultisar diffel rees.Ihce reilte not 
triat.i reports asailahic of lIo\\these effects are 
mediated inpigeiiipea. Onc studyv repurtedi a decline 
in "(), uptake liv pigeri it) tire pre nc ulrsalts 
(Rao and Rao 1981 ).Another shti\ed decreased 
rates oiassirilate tirshicr;itiii ulder sAilite conidi-
tiotis ( eshipairde aitf Nimhalikar 1982). l'roteitiand 
nucleic acid nietahilisnr \%as alsioaffected under 
saline conditions, due t) ott toXicity (Raiteta. 
1981). 
lichickpra. germinatin it) solution culture \%as 

severel\ aiJrct _d only sien NaCI ctcentration 
exceeded (Kicridnani an (ihurashy -.1973). 
Chhuride-doniniant salinits s\as found to be more 
toxic tr chickpea than sullatt salifiit\ (Manchanda 
et al. 1981). -issue chloride coticentiratinfis of 4.7(1 

and ab eNwere found to be lethal for plant groth. 
Yield declined by 5011 at in I(' of 4 tinthos civ 
[II (Siarnia ci il.1982), 1lie rtest rse of chickpea 
to saiiiiit, sceiN to aiy mirthlliioisttir- isailabiity il 
the "oil. Reductions ityield of chickpea under saline 
conditions prohtahl \ccurled both a of,,isresult 
onilitic and specilic ion clects: a sigliicant intterac
tion ofi ,.arict.\, salinity. and inoistrli level %\,is 
obsersed lot icld (Iltiid \ra 1962). Ranking of 
citisars it tolerance to salirity changed under 
stress Mrid 1ir stress sittiatiois. 

'aterlogging 

At I'R I.S\ I (center. \aterhigging intire rainy sea
sil oten results in\eilisoing ofthe pigeuipea crop 
and then mrrtality, if \\aterlogging persists. Nearly 
5f) of tire plant statd was lst \Nhen waterlogging 
persisted for 96 hours inia 40-day-old crop (ICR-
SAI. Unpublished data): 4(}-da,-ohl plants were 
More susceptihle to satrhiigging than 0-day-old 
plants. Plant mortality appeareI to be related to a 

\water deficit intire plants., Mitch was probably
 
cautJsed I)''eCleased walter uptake h\v tire roots. In
 
soic case,, it nay also be due to phytophttlora
 
hlight. Partial waterhigging may affect crop growth
 
rates, as cart be inferred front the fact that crop
 
growth rates 01' pigeoripea during tile rainy season
 
are lo\er otl Vertisols than oi Alfisols. Further, 
.iclds of short-duraition pigeonpea at ICRISAT 
('eniter,. swhicinatutes at tireend of tie riin season, 

are lowerot \'ertisolsithan onAIfisols. probablvdue 
to wateihigging ott Vertisos. IPigeonpea planted on 
flat beds \as relativel. motre prone to waterlogging 
(filring tire fUly-August rainfall period than ridge
planted pigeonpea (Chrdlinrv and l3atia 1971): it 
gave 23.0"1 lower yield than tire ridge-planted 
pigetripea. probably (lie to dilfercices in waterlog
ging stress. 

Waterlogging in chickpea (cv NP 58), which 
OCCuLrred 67 days after sowing, caused yellowing of 
.\ounlg leaves arid reddening of lower leaves (Saxena 
1962). Root arld shoot development were severely 
restricted and yield was reduced. Reduction inyield 
was ,160* 18 days ofwhen the crop was subjected to 
waterlogging, and 87(i with 52 days ofwaterlogging. 
Ilovsever, there was no plant mo,-tality even with 52 
days of 'aterlogging. (Such prolonged periods may 
heent red mareas where water tables are high.) 
Iliaddition, 12 days of waterlogging imposed 3 
wseeks alter sowting resulted in a marked decline in 
dry w'eight and yield (K inarmurthy et al. 1983). 
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Screening Methods to Identify .it!'. AIfc%cultis al,, \\crc totcrtilt otslalinity uip to 
Soulrces of Toleranlce 9 tit|lios cill i. Solflc cultiiars, \'' ich showed 'esstSlrrce ill c le tCclliii lnii stage, appeac.d ioc 

ttlcratit at the ,eedctfiri stIgc. ani \ice xcrsa. Germi-
Slt Tolerane in l'igeonpea aotllalid SClitig griowth may h good parameters 

for rapid seCeClilig. Ihis m1a' valso be relevant to tile 
IPigcol pca i, note sensitts e toI silliilit thain aan,icttal lidhl situation: soilsalinity leccls are general:y 
o(tlil t l ctcliding, Inni illill/C and 1ii0f at the ing ut the rairiy scasol (ile to it - op 

hl _i'k -i,'l( ,\lelt iti ,ild (i;ileSl it It) 4). W ik I( Ctpillll . lisc ot salts dilit g tie preceding hot 
I(1' IS\ I ;irrl e l, his ,l l thti liCi_iale Ntlllllllet litr ill tile setill (lie sills InyV be collsid-III' i 
g.. lt\. IellCtrei ,cs Ill ttleLCnle to salitts\ ill caibl.\ dllitedil s ai ,,. lie cslef iehl-ba,sed ctite
j~iI-.'tl[;i: ,At hh t _c'illst;11 ("+ t ,it0\\ Ii I); alilillld Ila itib es \%ho lc plait lespoiiscs to he studied: 
.\lit\\il Il)73: lI( ,IS.\I I97': I'tat iii intd ks iiti fInmt. cr. it lin t t btee l. l'lpid a lt Ili\ not allow 
18)t-2. \ talILis Ctlit. h111i CCt. u-ed bs ieee sI genut\t jies to be pilteesse d.been I'romila tfllhetetlt i iit 

\kti- to e lie 
 tImie'lam' tOleic T (ct aid Krinar(1982) ClettleCL tine11gCJntty'pCs 01' 
pltcolio mill IC",lI C o l I tiniIIl In. ilia,tir\i%d pgeoipl a ft saliiiitv toleraice ill ptls, tisimig yield 
S\ICIh ttC til in ,aliln sails. as ciitllpait tl \i iti iil- clitcizt. S ,ie \\)ikcl, ilisti used biotchemical 
saline soils l'alil .inI \lamlis\il 1)37 scUeened 23 I'-laltc"ttsuch , protein and nuclcic acid content 
, II\li otI\,lt r I p t ) lll I h ILtLsilt t c ituC-Iall to sciecit pi npcai getotvpcs lio" salinity tolerance 
ellstl s. tisirL Nit( I Illd (i(l -ilsIll a 4::I latt. (Rl'ioanld R ll) 1981). II)lt utility )lsuch ethodsfor 
li[ 1 P letIllnittlti illd N,'e-'ellf ciuuIg Ill declituckl \itil lIi e-scale st tlctlllg lell ils to be p'o\Cll. 

ii)t tI';l It"IC. 'els (t sili Ill I t ,I 11t11111tis Cill btLt At l 'RlS \I the ptit t yirtVbjcCti\'C Of stuIdying 
ctlltll tditte ultic-, \\eiC detected ilt hoth Lltkltl sill tiiltrtnc hals bICC ltote c otCt)1llnly usCdCl]tiv

* c v4-, O 

+ 

,' t 
 ' 

WA• 

.5.. . *.. *! .d.,i;i~'. 
-.SUSCEPTIBLE 

,4 *7L,t . 
,.. 

.!..,. TEST " 

Figure i. Screening for salinity tolerance in the field. Pigeonp a cultivars C I1 (tolerant) and HY 3C 
(susceptible) liaie been planted on either side of the test row. 
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arS and adsaurced brCeelinrinline',h ia r i es d 
and resistance paraneters. lIt-,ll fieldand lahorator,, 
mcthods that allo% det'ctio of ,genotypie diIeren-
ces hi pigeonlpeCa aitl-'hlCkp ;r Ia. bee)n devCloped. 

Field screening. Naturally ,amli ild, are usallv 
qite hietcrogciorct, in thir sialinit% lc\,ls, and 
thrcloc repliated plot tests 1ae 
it p icl ris..'-
ill. los,,cs r. field plritiri ol test lines, il lorl. ros,, 
lIa irkCd (in eiler ,Sidehe kti k n tolCant IK' II) aid 
susceptible 111'V 3') culits,. has ritMCi LluitC 
,atirslacri\ in delti riin the relati., toicranc' of 
test crltr.ar,, es er undlr Such lreteroe.egrc(s Soil 
saliity cllC ltO )ll'+([it. I ) I h es u. 'lrle s1coe(ld 
lclatis<e toajl, ,lerii iolrilt 

at(or s ats.al difflrellt sl,;rc's of g l i. ( jood dit
eit.lt ii rcspotnest +t lLisiirlLZ (l)Mt t'd Il tllt'r

irtelv Saline irrca, (abut 0 ionlih),os ciii 1 1:1). \itli 
Irich lIo ei atc of l al Ill the tir',C'Pti: IC .l11nitl rows than ii the tolcrait ro\. (ieolltvpe Sll-
i lug Ciller hCrrl thanC1 iMctt;ll olit'rilrt ctrl s 

kCr- clasified' ;s toiicrtri ..*\A irirtihbrM111n1 Of ;raicd 
brcedrin leeris aid criliia tIhat sur it betcl than 
tie irolCrinr Coir1l0J, c% C II, \kCrc identified uSiiig
thir, icthtlo llg.( 2). 

I 1, th cIllll be iririlIMtd ItrlhCl it la laiL-
ral ror artificiall, cletaed gladici of aillil , crc 
available i the liheld. I ti geror ,t'sCould be 
platrted alotrg tile radietl, and rlie length of Srr\ i\-
inc -0\k Coluld be trCitt'(l all iniuhX of thle g.rrO-
t\ pe',, (olciMrCe. 

Screetning il hrick chanilbers. Io test tile pe or-
gt'iro:,l. init'r 

tios, iascrics of brick ct-haicr (I - I - 1.5rli(were 

ilice of p ira1it, cortr(illel cotdi-

col ri cti, %ii ridrrinage 'ap's at tile base. I lit' 
ehalii's ise-ic' filled \kith hlick oil arrtiliciall.%saliri-
nied/ iili \ arouS lC ls Of ;inixture (t10 NaCI Na-Sf"0 
and ('a('l, (7:1:2). At his)cr salt levcls (41) inillieiui-
\alerits kg ' soil), Cleiirrcut dilferetial rcsponlses 
between cuhtiais erec obscrctd. (ienoYpes C' I I 
aid I1( 3 7 8( shiiut'd tolerance anid IA 275 aid IIY 
3C"sliused su cptibility ('CRISAl 1977); this wsis 
in coilrtrii. sith their belhiasor in saline fields. 
Ilhis ilthod hi. lilcd inidit.v, hiowee\ . ort large-

sceiSmerigi . 

Screening in pos . ield hcit-rogccit in salinity
linlits the riririber lii lincs t il call he leened in alny 
on( seasoint. Io mniake a preliritita.l assessn n t oil
tolerance, a pot iethod ,isas dt veloped. lhe sroil of 
the requirted conducti\ity ninhis cin 1, 1:2 soil 
water extract) was mixetl in I-kg capacity round 

plastic pots. wh icl we rc rnahiltahlied at field capacity
after sowing. l)iffercnces in germitration and see
dling Stlrsival wrr noticed in less thaila mo)nth. Ihre 
dill rrenccs in saliriit, tolerance obtained by this 
method %Cie of the same order as previously
obtained ilthe field. I-or example, C I I was tolerant 
and IIY 3( ssceprihlcto saliity (Figs. 3,4). Using
this melthiod, a large rinmber of genolypCs could he 
screened ,,ii hn I milotii. A nurIber of such screen
ing cycles ( ruld he repeated within a year.

[he lPr, linmrry sc recrning of material in pots 
offers lie possibilitY of salvaging Survivinig plants 
for priOducinrg ptr-C Seed ot Silillit'-ttolerallt lines. 
Secgregating lilies, irivols 

aill d _ceptibletcontllol,erits, can also prObably be 
rill alily-toerarit par
screened in this mariner, 

Salt Tolerance iii Chickpea 

Since chickpea is hitghly sensitive to salirity', the 
utilitv of yield-based criteria for i'lentifying salt tol
raic in chickpea has bern douhte( (Chandra

1980i). Instead, preliirrary evaltaiOll al controlled 
Salinity l.vels for respilis pattern va suggested. At 
5.8 tiihts cmniiiFS, a differential response among
geniti ies %%tsob rvcd, T e performance of fotur 
chickp Cl Cilti-.rS in pots irs Cu illpred USing yield 
si a citerioin, and gcnrotvpic differences were 

dletcted (Sharnia er a). 1982). 
Screening 0f chickpe.,a _nltiVar o tIhe basis of 

proline accuilallrtioni ha, given inconsisternt results 
(Chanrdra 19X). Since intractiins orcur' between
salt tolerance arnd nitrogel sitnle, selection of 
legLrire gCnOtl'peS under both svmibiotic and 
riirigcn-ft Conditions has been thought desirable 
(I aulCr Cltal. 19 1) 

At ICRISAI , tile field, brick chaibcr, and pot
screening metiliods earlier lescribed for pigCmtipca 
were employed also r s.recriing chickpea cultivars. 
Illinweer, since chickpla is grol oil residual Stil 
nmoistire where mtroisture is often a liniting factor, it 
wa.s felt desirable to Carry oint screeningat two irnois
lure lesels. Interactions between response to salinity 
arid miroisture levels ha\e been observed in a pot
experinient (N.P. Saxcna, ICRISAT, personal 
chnlintil iicait tin). 

Waterlogging Tolerance 

Little work has been reported on identifying water
logging toleranice in andpigeonpea chickpea. At 
ICRISAT sone screening capability has been deve
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100- E C II (tolerant) 

HY 3C (susceptible) 
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Figure 2. Screening for salinitytolerance in pigeonpea: percentage ofsurvival in different pigeonpea test cultivars relativeto tolerant (( I I hand susceptible 

(HY3C) controls. 
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lurn. A large lmnber of IIns could he screened using 
this method. 

uIring+StanIldardiiaiion of uthstcchniqtl. intcra 

tlion bet eell soil colleccd froi dilfernt \crt>ol 

fields at ICRISA I and plant lloulits ti ite I \utCl-

logging \as obSCtscd t . 7). 111,onic soils, plmi 

Inoirtalitv i susct ptihic culti\ is )CCitu clCd\\Itiln d 

fs'\ da\s a IteI \\ atcI I L n hfieIc,a in iatlnottic_'sotI 

fe%,Cr plant" difd. In Lkattcrlou t'd Not. [1ll or -

nisn1,MCIs c ilt H7..). lilticatooif ucHOCtli (I 

amtonlllt (if dCot nbl't!;hlc o nl, iitt'l. tich als-

as a slislliail foi MCiiIc- e\o lItitilt . .;in]i 111Cplt,

eicc of thcse lticlooi e lltl, r i -I tclo Nlitd 
i / M' t o ll01 IC~ l , l l , 1 111C/1- 11SUl C U 11 l h 111'. l t+ tI& t if 

,
IOIC 01 hLt_ \itls p s l i tie 

itbset\ationt h iil ii tciiliei s'i. c\i- .1p-uImnie'il 

\satcil t il.n did not cattis appicciathlc n1 tliit 
(Fig. S. It-Iithet. Lrcatei nioitalit,, occitt ld in . 

rich ill .v iiiic lliatlcl. 

1DN I HY 3C 
Isusceptiblei(tolerant)I00-

C 

5o

iL .\i01h 

A B C D F A B; ) 

Figure 7. Percentage if 'ursil after ",'terlogging 

of two pigeonpea cultisars (BI)N I ard ll 3(1 in 
Vertisols collected fron different fields at 1( RISAT 
Center. 

I7 BN I toll 1 3(sscciibi 

I00- 77

] 
/ 

-. 
: . 
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/ 

-

SIigure I. Ptrcentage of surNial of' im pigtonlea 

cuilti%,irs (111).N I anidd n 3( ')in sterilied arid nmn
sterilimd Vertisols ii pts at (RISAI (enter. Soil 

sal eihss'ere colltfe d l'rll tso ,pots. anil( results ' 

each are presented seprat.l , 

(ornhin.ng Salinit, and WVaterlogging 

Tolerance 

Salinity and \sicrhTlggin often OCCUr together in 

-irigated ianid, lnu it %\ouldappear frui fJul to 

combine salt and atcrloginti tolerance iii 

improed not. pes. \Vtile screeing for aterlog

girng toleratice. Li.noticed oni pigeonpea genii

tvpcs, such ts I('PI. 227, L hich possessed tolerance 
to both vie!c-loggill and satinit\. It \outld be 

I 5 intensit\ search for genotypes\\,rthhi> to the 

toleranlce to both ihose :;tresses. 

Future Needs 

So far, onlY cormmonl\ grown cultivars and 
advanced bieeding lines ha\e been st reened for tol
erance to salinity and %waterlog),:.,gin pigeonpea. 
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and to salinity tolerance in chickpca. Foir identiking
genotypes ,,ith grenat rtI, cra ce flthe genetic rcsotr-

CeS colicction at I R.ISA. I' need,, to be s .t lilti-
call) e alLhted. It is !ikelk i oli' itlaltthat acceCC\,,S u, 
collected !011 salilt l"r%NaI c'iJo ,cd All s 1at\l t. 

greater tolcrancc I hcsc shouldbc Itted ill step, lti 
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Salt in the Soil Environment, and its Consequences
 
for the Management of Chickpea and Pigeonpea
 

K.L. Sahrawat' and ,J.R. Burford' 

,h.I fract 

(/tic~la~e' 	 (Uhid /enl' 'ff1/el (ire' I 0/cl[l/tel 'f ,lU' ]lite/I on11/ lle il'fi'tt-elel t ' t'tene nJieiHI ill Iu 
e[lh 'ItI l IC,';li-.'lwa (/fleX. li c ve' Ile' lii' if/i ,Uill 'l'irlt' m e'Ic e edI/I l l[ I. IcIhi I IU lil eil'I'f'it, 

re'ncr I fi 'r 0/c /l c l fel fieic r Itfl / W l 1tci't'tl1I[I /l'4c, e ,lIA loh e'l I . it/i mali't n.I 'c]I 

rt,\l rit their aI hi]U to[ 1)(v' 1f, m fl O titc/ ,ll 1/I ,81 .(b.1~',~w /N hi /llt,/ il , 11/111n., 171t\il l ,h lim/t,/S " /l a' 

I e'N t h1 'e1,1 /f ,Ite it ' /4 l H '0 /wijul , 'lhll'et, I f1 ilIce C 
1
' I1 II Ie'lfe/ I 0e 	 ill .l etch 11 ' 

( I/ie il 	 r ,/f it e )n )titt It c S/I I c f/h chle // c it /HI-'' IO I., Ie'/Ill Lle'I/ c/Il[ c' 11,Ill 11' I. Ihltl1/t/li~lll 	 a¢lt,#l I0'C/li , 1,1; thitltl 11I / ' / I ll# ,0/ ,/11':/I Ili(I l,'r C // /liltI' I Mtli, /I /I I, Ia '/ 1 h 1H ;I', 

11IrrIl', hm/~,/%. 

Introduction 

Chickpea and pigconpCa are hardy crops that haec 
adcpted .,ell to the harshness o the senti-arid tropi-
cal (SA eniironmtient. One example of their hardi- 
ttcss and adaptaticrn is their abilits to gro\ adlt] 
llatute inl leo\\-[ status S\ s fls,. \\itltollt the lced 

for 1) Inplluts. \ hen othr el OpS such a scrhnlltll altd 

millet require moderate inputs (ICR ISA I l9s I . 
Another example is their abilit\ to brotc ell 
lm-rainfall ens lronments. pro idcl tle sfoil has a 
high atailable stil-mcoistire soragec capacit\. Ilo 
ever, both crops appear to hate otll\ a nmloderate 

tolerance to salinit%(Chandra 1981); ld\\ardIS 198 1. 
We can therefore expect interactionst bet\en the 

moderate salt tolerance Ct these tM,o erops ind their 
hardiness in otter respect-,. But to consider these 
interaction.. \\e ti:st nCCd to knok the tc pes and 
extent if salt-al fected ',tills in Sntlt aId Sotuthetst 

Asia. 
It ircia-d that Il Se0uth anid Southeast A.%a 

an area of About ()7 millionti ha Is mildl\ to moder-

ately affected \k ith salt-related problems ( Ponan-
peruntla and landlopadhra 198))). Ihe majorit\ of 
these problem soils are saline 149 million hai): the 

rctllaildt rare alkaline ,oils ( 12 million ha ). or acid
sulfate 'ol%. ( 5 illiio: l:t1. Soi]tic soils arc dCfitLed as 
thoec soils ctontaiilg sutllicicnt salts to reduce the 
. o\rfsth plants group lnayel Sols in the other t\%e 

left haic a hlih salt tcontenlt noe%hut tht letfects ofthe 
cillithl Complllei'Itiln ) tfei salls perlsit ill the soil. Ill 
alkahtnc seid. ilt dettlatt cation Is sodiim. and 

thie pe''tc'oI ciicah-naes and hia b tates rillse, 

the plI to , tI %ihlyh lcsels. Acid-sultate ,lls110l\ 	 s 

lnlrc lltuil \ le l ,tter the ntrnsicfn ct s-ca\\atcr the 
raducttCll of sUlLitC causesll eCtiel le lo%\ sce! reac
tions, rCNulltlne Unhieh concentrationscl itlcItocrns 

o 1 t anttd]allirllttlll ill the sel. 

\V'ithin South atiad Sotheaest Asia. the location 
and causes o salinit ina\ bc grouped iv-to the fol

le\ing classes ( Ieorinanpcritlla tilt] Ilandr padhya 
1981): 

I.o\\-Is i eceastal areas. s\hcre salt has accuru
lated in the sol fron either periodic inundation 

b, seac\ater or brackish csa'cr, or by up\wcllin; of 

saline groundwater. 

2. Inland areas. \%here salt accumuitilatit camie from 
(a) tnatural sources. such as \cind-blown or 
rainfall-borne salt (cyclic salt) and poordrainage, 

I.Rc- urcc MS itlel t olml.lle ( It if %I 

Submitted , (Te 1,f 55 lt, Ietlcire6ctlceeleI (%' !-eecteretle' Itc \ t ('t, tf St\[itiiRt',ecech hcr Seeet \lSt i*Jn-

ICRISA I t inerneliiondl ( f tp, Jtutit:c tile sueei- eeld I ropicf fs)" \dapletat in 1lciickpc'.e aend pl ertc peae o abioticRct',rcl ir 

stresses. eroccnceirigs oi the (.oIseltalees' \Veorkshop, 19-21 )I ccne r 1984. 'RISAI Cnter. India. teaile hetru . A.. 512324. Iedia: 
ICRISAI 
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or (b)anthropogeni causes. such as largeIII iia-
tion schemes or locali/'ed iirigation \,ith brackish 
water. 

Salinie soils if the lOt r,. tccilris,-ix i ' ai areas 
throughot tilerCgiiin., hil jillnl d salie .oil" ac 
priniarily located it India and lakistan. ihere the'. 
extendil Mvcr c!lv slihstalntial ;reais ol tile Indo-
Gangetic plaill ill the lortllr l'ilab gco l.pitll 
arca. \ilmost all the al lin.e soils of the re1,+iotic 
also iocatetd hure. Iess Is kilti i tirl t s llnlei 

areas 01 Up];ilsd thriI Me siiasli jf)Ciie r al lIh 
despite tire ilmpoiltaticc t ,limmit ' mi pulse lolps 
tnder raillilcd 11 Is Mill\it._ctlit\Co l itlirl,+, ihit 
attCntllorl hl', 'CelcLrCn t0 irurtid ,iis. hfor \,tt-
pie in uarsjla I-).lTIdia iW>SlR I list siliiit\ 
lCSCtl' hilas 0LtiicTlltiCLI t it 'oastal iina-lsIr 
soils lot pod l, u Jiil tl.lls Iri1 ctr l 
alld }'lalltJk.Olddh.,HIM)). illilld.sotl",illd. o)iltilt 'It~l, 

the laie11ircI tlili lclls 11)cii lt I ldtis'ilid (,illt.e" 
%,all \s ( K alm artl19,). 

Physical and Chemical En 'ironmment 
of Sail-Affected Soils 

SajiC Stil',is..C ll 

centratiiits oifI salts 
c rlnCCltlatlOh all"Cl, 

IccuI;itd hC'tii ot tile hilt 

1 tilesoiti solti+t)l n I t ,titst_ 


pllil lo kl.t tlctl%is \eli Is 
indircctl tile hoigl ti(tlil Clp esou iiCoil pt,ekot' 
Of %%aLter; und tIl . llc C tuIllihu t i.i Ii'ltIiithe 


soil sorlutioi Ltttp "Cd In "IIitill]" so l 1hi\ 

ntarkedl . 
afhfeCt the i i hilit\ tdi tiptikc it ntl 

rients h\ plants. 

dolill ance (the c ,aiillcctxliOlls av silaoiltilch 

uCs) and a llniItij illrhls salltsoliliion (t 111 nlt.,eC 
dispersion of tie cl"I. 

i c ld-',ilhsoils.IilirIa , ill 'ttl tilt C\l1illcl\ hi\\ 
u HlItliiunipI I clfate, a 'tI pool hio plant i'itrouti, 

be,++.tlsc ot [hte Ito\ p11 tpl 'c. nell ,.s , tcfis isso 
111V A. %l1. ,ii d ic illlC''liCCiltraliOls ACid
sill tC s,ls ' . ph\s ,i,l lhi\i 01a1leir! till .. 

dii:pt'ldile ul soil \ilet lld \tlild Ic silltsQ iiit'lii 
picseu t lissCri L ris I J r p sic,_sUlisi1li hhai 

itL 1thti0, \lii Ji ll ripoitur0 'Aht'nl\kt 
 lOr
 

%At-i
\ t'l l0c'lCd
 

.\.Iil iaaelnleit ,fSalt-Affected 
or Sainit -Prone Soils 

l.Rlllloil[Al 1iiititt '..-AlkilM sOIs h\ liet-lhlif1iii0t ,rl 
 arId
 
dif)[11L.u'11oll ] t o 1%oI\o[Mliltl .,IM' O 

t'ilic lit it l NINICt.Irct.1liui'llttlC 

"

I i1st.tiltaIllte
,


hol'lli im "t~icd ,tO t. l+llk\, ,l ttI lit..llllt)IjlltN, 

Ill\o[k 't. tilll~t-,' tlppilw ,!; ' l tht ' t Idl1A 'lfl. \ 

iostsic l. iolIt.' hL. sti5 ' ld. Ill[11,i ,tthilolr,. the
 

hrAi ih -Cidipl ,u cl',t\ ,i tIo .hp1 i llt e ,t 
prIc'+till -iltlhc fIl f,1',l' ill \ t It+U c omI o \[ tiL I1 


i". :n. lre d:tt,1lt Ihin pir'sLitlluoil heC;iir 
iL',lch+tlll.l I ~'I \ l ( + ill tor Io,[ c.' llLgtll tile 

1ed t .Ws Atiotis iii h'et'elll' IllicI Is ltiti' 

dlittiiul t ht itt hit jr'J ltsf "proiileit l clIilkiliie
 
1tiL le+!e
 

iit\ hlic .1 cL ii perIllc, thlit buIolc 
",lit -tilittt'l putl t+ll,deselop u r,OIiCe,,e oIi 
i1 iJ iLitiblca J)Oplii'h llt tlt t i ihel l-CA-I lth ngc 

iit.'li sodsties fl+ctleiCo cd Irs ill. tii\ tIltlipnt to 
rt.ich.,,illthlrlugh 1leso t11i l t dCti pesI lon tund a 

Irnllh'st sillntesoils ot !hiilt,iliH.sodlll tili.' tco.ic s' ' , 

it lnl tiibili1t It) tcitli t.ihierltes. I-or 

domninantt ilt. Lu iiii u the ,iltt'riIClil of th 

soi b Ill\ il- r\kilh 
good-1.ualil.% s1,- tecLill, l thei'a] iatn 

problems Caused b\ sali. I hls is hec,tise is the silt 
concentrttion it tilte Soil soliItuit Is Itltd h titl\it,
e 
wkill disperse ,itett cen a sitall prolportioln ofiis 
exchanc sits i ' 151')ate OCouipiled b\ ,oditll, 

{Northcote 1971; SI)..\ 1973j. 1 hc lt peitceahil-
M. Oistidliun-doninated soil hLtiuies ilthei tel)-
val ol salts and also proriotls sslcroggun. 

I he lormationt of carb( iteics and bcarhcitreC.s Ot 
sodium leads to .\treliels h-gh soil reactions. \ktll 
pH valles o 9 10 ilot int iand andeoln,ths 
adversely alects tite asail;inlitv oi sotite mineral 
nutrients, such as F-e and -'n. \Vhenl rerttoal o: salt 
by leaching is attenpted, gypsum ma.,,he essential to 
provide both a source of calciurn (to cnsure calcium 

li 5,-ti\l u ,ilkahl 0itls. lhte addltio oi g p
\kill plslO\ 

bilit\ itl\il tl 1ie t1l irfacelict I )CCp Ica tling 

Still) 10 thtsi l U tiCC uiu peinlea

ihroughI the plotl' stIll he prC\ClilC h.\silll clav 
at depth. bit culciuIm in g\ p iit Cnitreidi] i replace 
thAt Odtill uiltiM1111i lt d tlLe. lcaching. (lcarly, 
the hcst solutitioi Into pre.cnt the dcclopnicnl of 
,odill-allcctc dclay\s tilt t lieuiwhotil profile;
 
idtall.! ,+ ntiMlsi souluttd he addeId is soioin tsa polen
tial 'tlte--ulkallie priblit is uiccogri/ed and before 
tileprihleim bccilcs .cci. 

I ois Io1 1 ti d liiamlgc N itcls %ill ho: necessary in 
itiati% saline soils for irilal ot %atcr iiid Sall11rm 
depth intile profile. ()ill\ in the bcttl-tcxtured soils. 
e.g., tlte I{rtusols olthe lnto-(iaTigetic plain, are the 
costs of drainage pro, ision likilv to be minimal. On 
dhese, s.idcl, spaced tube "ells to pump any water 
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will he adequate. On the heaviertextured soils, how-
ever, the solution is more dAIficult; the poor literal 
drainage in these soils means tb:t cloel spaced 
tile-drains n1av he essential for r-clhimation. Such 
drainage costs are extreimel, high, and the best solu-
tion is to concentrate on titrl. segd utent of 
salt problems 

I he COts , ot *ittetrptilg A11%AlIitlitaott iof 'oIl 

under rainled a ticulture \kill he muchl hcer thaLl 

under Illriatlol. Restoration ofttest. ,, .\ih idc-

quat,, :ir\saititltto of \;ttle, still depened on ht.iils 

pCrIIieabhl I lhsuoece, tintdc Itilnted .tCfIdrtith(.-. 

onl stiilt pioftiontli tr 11C tili irises 
thloitilnlp!oil.c c\cI n thr l 't eC-utile opeltnuitll 

bl l\ pcib iL tet l . Itin\ ill[\+ i s ICiCi f't i 

itieh less tnrlth sICN plroes , sl i [;ikeflmiuchlc toi tts 
h'eelrC Il tiu l III ir11!1IoI stnlrIrii)1 "I hCe,. 

fe'.t\ ir'd s(ts1 tII I t Illictud I1lTLit1rC, ItIs slM erL 

still he c\tr rillsk 10\\ LLifI A.Q11iull[tlieto tnted 

Addithuo al.l t lof,I tc l t c .itiiehei ris timior ie 

stli 'in it i Ii i rl, u tc ut ithtI ut ri ui Ie tsi 

IsN Q e I th if II tH et nI iiifidu \1t1etr thC seC 

ft ot ICtoritil 

plOdUucth ts ire toiIIdeIIe. ire bellklti oslltati[o 

oi rest fllr ritiited rid. \ki ! Trihi l .Uei hiil 

ftcttu fie sp cd .1rlildp tialttd] 

ll i 
,
tll- ii I


thill clii 


ifoihtil cd . \'eaLlmrr ie'%IlIIotl bcttI 

)tine rlitll 

f"Nllrtacc Noil tcicttI sI rcceIt!illtile ett' t, I'I stilt 

ainld ilkalI for AiCILstUilfite ritIltutIICes ttl~inots 

ut estoI il. tic resl ilelk'lII leptl 

,
Call explore tilliesti,,c dcpthl c sil\ hilt till bc 
de:errcd Itom dIcc-per esplirritoli btcis ,i ic 

hostile ,orIell\ itolitci t cuitised b.%s,thltr it\it l 

SUl rCest'ICti) ofit rintl Vepth us] etctisCel%ill 

decrease tile a1I of t( 


a cr)p. Ihis coisei eice i filit iducise emrr t -

Illenti at ]tiAtt soil fepthi is les l. iit11tn itt 


irrigated crops. because i nticrse iii Itcfltciie .\ 


irrigatiot ic llcotIrpeliatc tot tic loo.ri cl tciitc 

atttnitut t of toai ile soil %ooatei In riiteltd crift. 
ftirsse\el. rest lictit o tiltre soil \o]little exploetd I 

roots could be crtifal iililetei i mitin the stcc'ss Ortl 

hailtte of l Cirop. esprcitillk ilccp-ltol crops sucht.i 

iaschickpea itLI-.-t rid tired - it dUitttIorIr ittll 

pea. B itfih crt ps Inaitke Illtic,oi tileiI r! t Ihi th. 

pmoStritii ,CtinS ind Upon tull e.pt-loitinttIl depetc 
of[ tile soil profile [of- their \atcr S~lppliL, ( ']e,th%. 

an% restrictiot oil otitlt sUCh ,l depth, A iliillt\. 

\wkill icopar'i/e tilecrop. 

II tire past. the Ito-Iing sts fi cousta Indi 

hae been tsed predo itInanit[I t) paid.%\rice. 
reccntl.. interest hasdeeloped ilngro'. ig pulses. lt 

other areas, especially inland soils. pulses are dliii-

monlv grown under uplind (nonirrigated) condi
tions both in soils that are cotnmonlv irrigated as 
'ell as those traditionall ef m for rainfedin uised 

agricultitire. For these groip.s of soils, the strateg. 
lorhandling salts %killdifer. For the irrigable soils In 
tileCtt.ist,il lot,-lying region and the inlad Indo
(,angelic plain, anelioratio can he relativel, easv. 
I It'IIeuretnlerts ;ir excess wkater to tan of flush 

C\ces sailts through the Soil and trliltlent , th 

calcull salts ( nsiiall\, gk, p\Ili) to keep the popof
iroH ti f dititi oil the catlotll-c.xcharl e sites to II 

abs "I(tie Criticti orlun. MC \tltCl soil disperses).
 

Iiotf litltiplittic soils, t intderittecd garilculture,
 
sich as the \ctisols of the I)ccIn )I sMlich chick
pe'i aril pt)'e /[ripcm irc tsctfulpostraiit\-season
 

crop, tit iNl)iinnr Iltt'illti diflicult, tuder
 

ratiltltii rIAtM1iu :I IA tate)l h'tfIlling Ill he Miitch
 

liMer ,incl lil(.' t 'i - i (!IN silts (otQsp iiitll) %,il
 

te , lssilotlda It i tmii becals his tors-e;ich. libe 

hie profits a t lt'el itl itlritef hatl inIllItulted 

I II t tlItCI 

\\til i it s ttt l lptiri It,o riidt Ire utse of salt

tulerI tutctil is+ . [he' CIII oits ottcr t palliat.e. It 
tle soil is iketh to dcnclop t salhhit\ pil Ilc. cot

reuel! it "stlIesit1tist be tiken ;til or fittllfed 

c lops, iiist h i don use teI t e alk het tlie ,tlaI 


tr process is slo\t, onc e stol i salite.
leconi 
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Mechanisms of Salt Tolerance and their Relevance 

C. Johansen I 

A bstracl 

o .l 'Al l /1!/ I W/' i t i l 'lllliIl'l't/( i 


hit urodi /n C1. 1/1/htit'l, i' it Itll l 

/' I stwlet l oi lll i s ilitil1' Ic I¢ t ili l 011 t's Ii d iv /f 

s (I'brlw,/I , ll/hd. hi N I p , I plII'll hlt knowMVd e ge ohtll 
,Its( its sed."ia/ill-If 1/0 ( in,/at , ( /11, l '. it', i u 1',iii's Il tl'cr' pti III) tes[ / /, /,/W , it i or s llt ou 

w? %.t' /'i si/ll[ U(il 1l i i 'llll it h iltit , tI 'lsj tIidw "X 1itIi I I l rop lillr'sl l [ ,il l ' (Jh' scc10 np t 
C Xi t " i hti(I' 111/111 ll t ' ilt'?Iq's lih i .i ' W I ' hI11 s' s I/lg NWilt'sll it't' prtiplldet,i ll 4 ,ht l It 


ii iiitu l / t '10t', l t1till ] l tillit Mls/ii 4l
t'i ii 't 

t' / , Ill s mIli '1/lI'l:, 11l ille.,iiillit r ? Oi Ill 1 it', lt' lIi il' I"' , hat s 1' t 'silt, ln- el t ely. 

i Ii 
iechali s sill t tei irlce oppinting in our test 

Ihli,hlit ','ltsioi i rtcllis e stter the aotsl d help ti ti.e 

Introduction kipdIiteli 'Cs iespoie, but knoMedge of the 

l pap id rilte in icrr lite screening procpes. 
0 I 1'Oll'sil blctohl1 ' ,t ,SC' andIhte llosib - pien l ha l sahbelfect., onl hy'tirplan OplnL oi 


Sitll',lit re n tle l 5 t,, d the 'satl'silCM, hi\\ tisi is o p tile COncept' prOPOtnilte
'st' 1/ ibule ,ugl kiil~liIt ',ills'1(it'1h, 't't's'. '11l11l,1'"stt'/I Nidjo Illi/lliiiiit'Iypet i t, bicspo e 
[to tICICCt Jl; lt ;I follfle'l Co lleagu e ml . C ofknimA ct!c l1lm % I)(- ,ppileil s.Ilt--to hl. 1tile h , Westernl 

gCIW ' , ' ' I I Thl follmv,- .. l hi I)i Hcnk (ficcim a.\ Ic.g.. i r ,'it h lckpt's Sd lt mn v 1973; 

L!' '.1%.ill p C 'li) lss, (tccnvit,l980' I1 esispl . 'l . I' 5 I, sts'.,s ts mioles cal , illdssl.l \1trs 9Si3 ). 

II.'t"l Is'list . s' ( iz't'.s'l tt se'sii. I 1tI desti'dss. sc usif(ieS .s hl ',A!it llet. mohpre di.sltliss points 

's i[SCssl'i't't'slhs',,' pIti I ii's 'slk'sl 9-2IIlscd [' bt todill t ittstil ' of I C\itt (11 0, 
Ill',CILlce~ Md 'q l.' CIs Uq L, it 6 S-1 ISI an11d In Igh IIr' 1) 11 l I ( 9', .,l dilsC ,.I' \V 


il isl ll 
is tletcc'sa,l i pltllj" , t11t[hc i " e, indlt 

tlIICliIld ll,%it d;t Ilti,,\ [IllIItjOIl.hC.t, [)lA h ,titI 

,,,AC, CI~ IIit- M ajor Types of Plant Response 

,OfC_.l.,Lit l, ld IeIP0 i'..III to S alinity 
Ihs. to,,t hi , l \t iIt, 

il t,. C,,nld,.IdCl ,tiII 

toIe l' tt tactor,Ic..usal 

StICl s .12C[Ier;lioql~ltltIC I e t. %lost ph (,it 1seCIlck [oili )oto",iI studi,.esplant respon to 
and to po',,ihle mc.chiarnins,,,CT- hliiC used Na~laisthe testsalt~and relativelyunder',tifl t Mhat Sitlirlt\ 

lainlPlants, hilke ill ,:oplng lkith s 'alt. IINI little is kno,,kn abo~ut file ph1-sliologicailcoii.,equenicesC\LCc Ihi 

selt-e% idcnt, hill it is%.oith cniphasimig hecause of alkalinit.\ sodicM\. I-igurc I Indicates a broad 

Inlanl, e'Cp IlIII' tC[,, ltillptllig to %, idt- Clitssilicaition of higheri plants Ii their response toittclitil'. 


toleranlt gellot.%pcsd,,o [lot otllcelrled aibostl! M CI.'in tile external ('ertiiinly chlickpeace~lt]tt+ lllt.ditlni. 


tile1l1CChalMS,!t', ItIOiCd. ()ICours"e. 'kC Could Coll1- ;Ind possibl.\ pigeonipea %,kouldbelong to tile salIt

tiltllt locr l ,[I-lt ,sa,I ladc,, salt icscls to pick sensitike group.t s L 

, I It t l', \ I
 i I cl:tlvll H%:.m 

"uhniill ! P I lh naiitjiinl] ior l h e Irpic, l I %.n%,Ow (oop, Ikewai,:h Inqlu Sviiii--\rld l 

7 

N( tfs, \I Illil SCIln tul I I)pjlC'+} JtJM hickpcal pigteoripeatoiahioticI[ltt,-Ilhl, ( lop, RCC',irc.'h litefillthe i-. .Adaptallton ol and 


' 

111C',11 Pr,+ucc1dlnW' ( 1i111i;uinit+ 19-21 I( \1I (+ClltCi.hsdld . . P, 502 324. India:."~IHiiC \,\otkship, Occcnihc. 19h,4, I1 PA MitIn, A 

I( R1 Is, \ 1 
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Figure I. 11Csp~on%eS of ':Irious caltegories of higher piawsIto Na~i( saliitt. IAfter Greenwsiv 1973.) 

Effect of Salinity on Physiological redUlttt Or hl COtit ro iil higLh leCIcS 01 sa lt uptAe,
Processes SOhti plant Cells 0ostflottcallv adJUSt to the extertnal 

e ironmet and thus maintain high turgor. [lowt

nser. plant gromtIS \%di ddI shere cell turgor can-
Ihe COtisCLlU0nCCS o lhavinL Iic salt concentraitionis not he tuaittaiined %kerei saIt 

inl the Soil soIlutionl are illustrated inl Figure 2. Plants conlcentratjions bccomei tox\ic to thle normal cell 

or \I i ntcrnal 

rnctdihojismn Ihesc toxic clccts can ni1iniles" them
the loxker \ ater potentiail Ii the etiloronmuefit and selxcs as tuicroosniotic tlcct bectxie adjacent cells 
plant cells, causing reduced silt uptake, or h% or, Cell orgPmnelcs, interlAcrence x\ ithi ecnlvine systemls
increased salt luptae caUsed b.\ high external ion] and other metabolic flnCtiolNs. tild cotmpetitiotn of' 
Concentraltionls. llnS 1Ma*a djulst to this situatioti 1silt iotns \%ith ntutrient is in actixe transport
by aICCulaWt jIII! or'gatuIC sollut'N M'CSid ptke is across cell memthranies.slt 
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Low 	water potential (WP)
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Salt uptake 
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l.o.W P in plant 
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Little salt uptae by cells
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accunulation 
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%kilh lo\ turgor, 

dehydration. and los\ \'1l1. On en/Wm 
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t
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Reduced grovth 

Figure 2. Effects of salinit on iarious plant phisiological processes. (After Greenva)- 1973.) 
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Mechanisms of Salt Tolerance 	 components, such as vacuoles (as inl barley) or 
stens (as in broad heans):


Different higher plants has e esoled various mcta- 2. 
 IxtLusiOn of alt fr1o1 filt' plant ,LIIfacehV salt 
nisms to cope with a saline environment. These may glands (is in .I'riph. sppl, 
be summarized as follows. 3. 	Succulence, Mhich is the ability of plants to ,astly 

incre:IsC cell sohnic mtili watel Iolaintain an 
apploplitle o(S lhtic potcliial (Is illcactus). 

Salt Excluders 

Such plants f ',oanenhaneud abilityoaxcl lt. M.echanisis Applicable to Chickpea 
either front the entire plant or from particular and Iligeonpea 
organs. Iliis i.accomuplished hr cell nilelllhalra 
v,th high ion ,elect]i , lasoring potassiuti ser 
sodium lot example. ixaiple, or such plants 
1inclLde harley. citrus, and so\bean. Such plants 
hccome particulari 'ronc to moistiir, deficits unft 
saline conditions. 1lni..r. al-' 'UC IsI st l',o)n1 
organic itI plrduction forsint~ic acistnni. I il, 
has a high netabolic cost, and o'.critl plant grt tl) 
rate can be inarkcdf retarded VIlCeuIthesnitic 
imbalance is larec. Ihee type o plallls are chala,-
teried h.%! s sudiii1i and chloride lcCl if'planl 
tissues. 

Salt Accumiulators 

Such plants are able to cope sith a high uptake of 
salt in sCeral po.,sihic smaof lhich are 
outlined helos., 

Tolerance of high intracellular silt lels. Ihis 
includes the group of plants termed "'haloph,.tes" 
and also some plants ot1agricutltural importance, 
such as stgarbcet. InI these plants, cell nietaboli,,n is 
relatielh unimpaired bs high iw'rnal ,altconert-
trations and tis,,ues high Na K ratios.plant bhae 
Indeed. a in sugarhcet and ..largl.\ spp, soditunu 
inac substitule fir !i ssumn as a plant nutent,
.lI1w propertyv alIloics rapid o,,ntitic adjustmett tii 
external saline corditiort s cmith : mininial cost iif 
metabolic energy; there is noti iLuch reliance ott 
organic ions for osmnotl' adjuistment (lo\mc\er,this 
method can lead to specific ion toxic;olcs and rmii
eral inibalances if external salt concentrations 
become too high. 

Removal of excess salt accuniulation. i this 
mtechanism plant roots are able to freely take up 
excess salt, but damaging intracellular accumulation 
of salt is avoided bv: 

1.Compartmentation of salts into various plant 

When i\cconider the salinity response of the entire 
higher plant kingdom, chickpea and pigeonpea are 
ouitid co pialatisckl CnsitI\ to saline conditions, 

kkith chickpea pari cularl), so.. Studies a! lCRISA 
Aid elIeliCee hlic iliidICatcl. lio\wee, genotvpic 
dlifcicncs In es[pon',e to ,;airitil \\11in thsC.e crop 

''tS. 
pet_CMial Co'll]ntilliiitcIoi) (lie scfeeiling process 
COUld b, S'.tilAiedCL if kCckite\\ the mechanistic 
balsi,tot the, dittrenccs. IOr Cxaniple, if it isdeter
nIIICld tiat IllorC-tolelant tIpes ha\C allabilit\ to 
exclude ,odium.teIc helueticfajnal\sis of the NitK 
ratio of a i\ldc alec of Ycltoixpe, grosn anid 
sampled ulCder siil"a ColldltlOns nihI be a more 

spcies, (Sascnit 1IS.1; (haufh. , 1(<I.S.\ I , 

effctice screciltiti* proedulc[f than the currentl\ used 
etItpirical method otglgllng plants illOf graded lC\Cls 
of salrtt/cd soil. It should also be nioted that chick.
pCl h,s a partiCUlar capacity to produce and exude 
InaliC ai:d front leaf sLrflaces (Saxena 1984). This 
procc, ,ouuld no doubt hase considerable oniotic 
c0ItsecitICeS onlealcells arid nia\ thus he related to 
the tesponse of chickpea to excess ,alt acculmula
tion. ilose\cr, c,,ithlit iridulging inailly further 
speculatiton. I could sugzgest that itconcerted effort 
be Made 1uiidtif melchanistic differences between 
genotypes of chickpea arid pigeonpea incoping with 
excess salt. rather than sirtpl proceeding with the 
traditional, empirical methods of screening for salt 
tolerance. 
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Problems and Prospects to Screen and Breed
 
for Tolerance to Soil Salinity:
 
A Case Study with Chickpea
 

NJP. Saxena l 

.Abstract 

Iis iptIerativethat toh'ranteicoc'ro spe i' I o ii alltil' be inliproved b&iausesalinizationof 

agricudttralNoils ill o tii i ' t , i o . ' eli ltl,' h/il it t' Ivi'lic'iJt a l a b'eiIbetoh'ratedin a 

'en i'irop vlecie.%ms. l ]ia . (ih /It ,till/1 \'clrl/ 1/id/ ii lailal' ' geill lasti , it'0. 1 ill 10 / ii t 

.b( 'l11d bepov. /h' to .,ren1 l'I /,'r 0t .,t'i , /1 , ,' i/A. trail. it jipot %tndill flit field.a/ari'c , i ihI 

lis I/ III a/ oII it i at o II ("I teril tIa'i I i i o'iIiatc/lW IIeI 'l as c /ItIvanr or l 

/0I/uuIIIi ii( /lrc'uliil' ,l/ p 'ir ' . .]ieOl / be ',oi s,''',loi/u ' illd ir tllllIio o t':' l a/oiji 

( i,u \ti i I ti l ii /ia 'ii't'iiii, of L'cllo Itpc I ,'I sallll lo/c'(l/lh ". /t fur'/)oi\'+.ntbl od.N 

/i 0hVI lll 00,' /'.1 i'li",' ti l ti lld/ tu'utiuil' pa/'Jltl ll el l lo l Ilo hed ( hic/lea/W' W',hl 
t/l[;"ii'i: na oH i/i/lt Hur'o'tn, a io t a/n / ' app/il abA ' tu pige'on/wat.in,' rca.t' i t'; tilt' ap'uOui ii 11 

Introduction it,_ tcclal:iatioltl I,,oltcil ctlisttaineu by 'carious gCo

gr:iphical pioblms. lr ; example, in parts of' 

The papers presentcd at this vkorkshuop point to the (Cailoiria, ISA, and Ianrl1 India, it has not 

increasing threat to crop producti, its trom sialini/a- been possible tO :IdCLttt:tl. drAt salitte subsoil 

tionl if avricillilral ,soilk. I ands that pre i) :]S I\oec ,atci. 
productl,.e ha,.e had tol bet_albanldoned h eli uhiiH I hK scotad :uptiii ofl liing s,ith the salts seemts to 

due to this menace,. lich is associated sith lic has become uclreaiigls tnec:ICClrs- Itarlier .selec

introduction of irrigation iii mniy coLtitic, Iln l cropspcciCs Iorctl1tisatio. oil Salitie soils wasnu 

recent ycars (Abrol and 1lttlll]Hl 19'1 : \Ioliatiicd oCs1MdLCd] InOt %1:1%usel or proiising Ililgard 

197o), .ited it \\'% jonentr"198kt.. citcj ii 'SI)A 1973). 1hat it ., practicable to 

1977. ;' return these0to lands, culti,.ationp :fU to ,1elett t, sfalt tOIlCNatce was indicatCd in vork wkith 

rctaild or pretc t loss ot further latl tohi salinity, tw tilitito ( I.von 1941 ): this possibility was later dcn

options are ,sailable: l1 rc:lamaltiott of ,alt- onstratd . ith the ,election oftl highly salt-tolerant 

affeeted soils, (2) I[eto.itll 01r 1CIMC ultiar that Could be gross a with irrigationand erp barle. 

itniptmros lctni iithtit a cru species, fot salt tolcilra ce. u:,ing seaj %kltCl( I:pstciii atid Norl\it 1977). 

h tratitial appr,,ach oI reclaitiing saline: and I he role of tolerance to soil salinit., In increasing 

sodiC soils,. t01Ogh dillicult in tcr i, o1 time alld and stabiliiing crop priOductiity sholtld not bcooer

rttes re1 ui ed. h s bhc,'i .r". CefCctts a11d N , l. played, h \,,:c\cr. It i,, tncalistic toexpcct resistance 

COlttCtt cti 1 73 ) hl, s ),rodtlcc'd to it crop plants in the sam e viav that resis-LI (I['sI ).\ It crolinat\ 

etcouragilg tcs'alt, i India. Istael. Pakist.tl.ldie tattoe to buad.ic stIesses 0l diiseass aNtd pests has been 

United States, and Inatts olicr cu'tiltrles:. .illtoughl aCllik:.Cd. Otne has, to accept that thce are limits to 

it is possible ti rest uc the ,+oil'S Iull ,critciltuial the iouiiraIl-ce of excess salts ill the soil b\ different 

pftetial \llCtl other lactors do [tlt h1lit o'dt:1tistt\ - Clotp puies. Within a gisen Ctcro species. although 

I I LIIL I l2I,uIIII u.:( IR IS %I.otIt)t 7 

P ;S7 I,% thi tn, i ( ,,[ , 1h hl,tlttltc 1, t ,the Ilidt I , (1( R IS .\ I)Suhmtult'ni t l, t tt, 11c~ ,Clilli- l" 

I('RiS. I ( tritcrrlatlrl.1: ( [,,p:, I ,u,t' t utllt ' il iI: SvIlli- \1d I :wp)t is' sd0tb u ol cfhlckpcd .ud pigcolpca it, ahititic 
. 

sIcssc' .' ,i:icd' ii ii:h (tilsjLul t '' VT.,k ssl;' . t'-2J t/ctccllht'ul 1ii,1(' A,. ( ti ter. Indl.a Pt iilw m .' . 50i2324, India: 

t(:R.ISA I 
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t,,erfor aI-ious 

irait,, -h reIC i o\ .o\lhaeitli Io III "(Io gem IfIYpic,
 

there might he ia ragogcctic d i I "roleilarce to Salinity 
t . 

diffelrnccs iII tolcricc to ,al(N (ri+eria for Selection 

The Salinity Problem \Vsual 'ritcriat 

In Ial:INc eliiroinrit, chickpca exliibits dcevelop-Slliit\ ((cciiili,iier ctlli it1ches .i Oiiand 111CI1,t diilncit s 11iphis, sicli Is the appearance
llhmfirila 197I: ( Iimiinoa l980). tsll the [,!ic cori- oIf anlIOc-i"iii pigiiiccis on tie foliag- in tle desi
pSiifi l k \MIt SIslt i'oplaWC. ii pli'. [0 C1ii\i Iti, IIId tile chii;'ct'riStic Nclo\1in: of thcxampl., the.' S;ilinC-alkiiuC Soils iI lKiIa, i. Pini- thliacc in the kahii PpsC,. II a riideratclv ;aline
jah, Rajasth;in, and I itar Pii,'cSl 1: '.t.. pie i cii-io'iiii cii. \ifhich foeslrot Cause plant I11olltfalityi;,iIIcc of solditii1; slirie ,o, ii 5 titlc mii t. (it ol i 'CA.iU ICtIIICtL'lil III 1 i .\th., lclt.ii c genlotypicIndial ha\c chlorides aid ,iesla+',, of ",(10 ;', ii difr'ciceS can hc dctected undcr fichi co, ditions bylarc, qualltitics 1 (;iC )" arld Salinc Soils ()i \ LS[ obhLl;isailoll St llptortis. Slch diffe iec es arc nrotBeng.al h;\ c a tcdoiliii icc ofi rIIeIic'i',Iir) (' \h ll ' ii l iibonlle p ca, \\e c.'r. 

aindI 3 iihtml;it 1971 ) Ihis I ilii\ it) 01(ii, cilipti
sitioji of sifs NI "iliiIC C Ilo llil 11'hti ', lhii \ C0rr-

Strains SClcti.,ni Aif, ueCdijie ,t oiL(;htN',\,, v.
sin + Rclatic Bliotass lild Yield Rcdtuction\\i tI'r ;id ajiiihiltst ,l+ici ,<, ftL.tiii . ii l'H L ,t . "
 
reCLiiol tl sf,~ , iCiCcmlitll is ti 
 it+JutiilL* tU ",lJi. xi ufiffeieii'l'll iitcg.it-has,.d criterial hIa.x hc. d.ofs
s'. it| at ifefiiiiic h_.lJt.ti ,f iuiiJ\ ii i/iL ct ii..i lic 's]tn-., c;ih.ed ito dctci iie eeit21t\ ptie .fitfc'cIices in salt tol
s,',lil +itiirosplieii tict(q,,. sti sahtii trdui\ <Ill+|- eiiiittcc. +('hl ia f9Sil. 

Ffc.Ct]i oI lie hiie Ii' IIit c(cii iitcIie kL s .C of s;Ilh - I. the Ifiel of i l ,li \ that iiilcd b e er!.b deta
iS iNl , I'ti il' f iit+ tI LW A iLl\,1 [nIsI le it sillJ\ 5) icd [Cir IIiC i l iei,()(\ ' ie ifI.,0 Ahsceud i ,,IdlalId 

eCS+.It, Iic IISOIJ ILii IM' tiiiI,il l \ feCJLlt l 2. Cl1iti\c dcclic i1 hio +iii:S tI \ eLf %oiltitlcreas(h;indiai IQSffJ)Also sincc chickpea is SerIiil\C to inc lc\,,ls of Soil salinity (slope of the responsc
saliiiit\. I hIs h+'c iI ,till ' sfl , if al it r i.t\ curie)

pissihlc to MAke Ot \Itll-,IS cLitclla Ill thi,
uS, i 
Cl)p (Uhilll;. f9080). iUl i' Otil pIIiIMuau CiuCcii Is
 
prLrdiicti\ Ill sIliiie ciN\ uuniunicui,. 1t is icccssar Screening Methods
 
that ouri Sicnif-hiaicd CIiieCIi iC iiSlCd. Iifet Cl thi 
 in
 
Indirect iIdicts 01.II id pcuOrri:nMc 
 Field NIcthod 

AN, pointcd Oit carlier., heterogeincity of soil salinityPoor P~lant Sitands isa discouraging factor ill d.\eloping field screening 
methids: tirtcfor-, pot milhods, usinig altificiallyihc O(ccutrrLricc of pol pLaiit SitiNds is a Coiittr11rr saini/cd soils, irerecommended (C'handra 1980).cattrc ii saline fields. and this iii tiahlv rcdLuccs .\t I'RISA I \ arcir\il)U 0 Usc ti nattUral occur

yicld. ],ih!rcnc.'es htCiccn CO[ ,.pccieN iii gcrliJia- rclcc ofI hecrrotgenclls Soil salinity to our advanlion Under s'aline ci\ftiitCiil. 
 ilrc %%cll kllo\\il tage. IliC procCdiirC tol0os\cd is to grow enchOVMchrotra and (iagai\aur 19 4 I'S])A 1973) arid chickpea gcnot pe in a loing riri\ acrossa moderately
,ariahilt %%.i\thin crop Specie, haS hecn notcd hor saliic field. passing thirough the hrccrogencous

pigcopea and ch;ckpca in artltrcrrl;s silini/ed st)il patchcs 
 if salinity IIFig. I). A test line in a row issccdsof Ieotopes hlcttcr ahle to e rillatc il saf.tic f]anked b I toleranit lld I susccptihlc control. IhcCrsironimcntS \i bemd cr cl iii irrpros ire genotvpic diffcrenrcs in sairrits canl hc scorcd inl twoplant stands ard thcreh, comributing to Increased difleient i\a, s isual.,,. arid 1v relative decline in
and stable iclds. (cinot, pic differences in tol,:rancc plant hioriass and sick>. 
of difercnt onic species are ai..) of practical impor
tancLin vicofthediffercri.thetypes oflshin I. Visual scoring. Genotypes arc scored on a 1-9saline soils and [thc niodiling inll]uCncC, of other scale for sescrit\ of foliar symptoms due to soilaccompanying tots, such a.scalciumn. salinits, in relation to tolcrant and susceptible con
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A~ , 

[igure 2. Effeict of interactioni hflsivenol mii ui(re and sali;cit.1 on (tic gro~ith of chickpea (coJR; 74). 

.A111\.(jCfl )T.%Pc ditleref.L-, it) tlctidllc to s;Ilil- I ir, 1di,;ilc it t ' r101\ ditleleIicL Ina o. he 
M~ ;iffC.IU to C\I~t I i Ie , Arld .1\i t i l Il ll~a of Ci"Cl to' LIIILL! "11 ' "d \Ioki] CI)IIdiiilMIl dlLC kept

.!cI 1pasill flmIld~ he C\II1III1CLI h) LIIIIIIItC theL al Ml 0fIIIIIIIII h) 111 I '.n 
L.ItIfI Of NUI~i diflernLL 

BreedIing for Iiilerailce to Salirjit
lr~eraction of' Soil SaIiilt. sith %Ioislure 

IL'I 1111101 II11L110 ' 1or 'irlorl. h1,!tIfit LILII ,~ niLII'I (i,i' ILL . hiccifiIL! pro
kil lLIh wf Ill! - i,) 101. 1

I Io.;.6. ulaiIll i IeIIQ heenr CININC (ifLoI\ pL 
ILCII'Ill\!2ir hc 1111 ithvI 11, crl II Ail lo I 11co. thi t h LoiIiL. n111100 

IlLILI% Hj IIII !,'1Ilk fIle lL!~tSi,~l lt~d Ill I~heIIl 

!h1111rIfWindctll I &I lnl LpI LfIi!(,i IIaLIc for Ce :111 LjelI LL~lCicoi 
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Soil Sainith 

Nature of the problem 

Potentil to .ro% +hickpeai and p)ygcOn)eZIt 
in tlat .odllen iroIlnmnt 

anld IlllPIMl, llnIt 

Plant stands Yield 

(ierwtvplC diflercnceN Visual criteria. Relatise yield 
in germninaition svniptoins, Sipir reduction 

.\pproptite Iahotiator\ ald 
ield ,Creening techniques 

IdVtifiCation alp reCnIts 

Breeding Program 

Figure 3. A schematic diagram of steps required for a breeding program on tolerance to soil salinity. 

should be to arrive at an optimum level of soil salin-
ity at which expression of genotVpic variation is 
maximum. This level can be decided upon for a 
given soil type and climatic condition by growing a 
few contrasting genotypes at graded levels of soil 
salinity. 

The chosen level of salinity can then be created in 
artificially salinized microplots in the field, or in 

pots, in which the segregating population can be 
grown. Selections and generation advancement can 
then be made on tle basis of sisual differences in 
relati\e growth and appearance of symptoms. The 
promising material could finally be tested more 
comprehensively at graded levels oi soil salinity, in 
pots or in heterogeneous field conditions as des
cribed earlier. 
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An overall schematic approach is described in 
Figur I. 'Me approch mayv als h~)eapplicable to 
pi get) npea. 
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Effects of Drought, Temperature, ar Salinity
 
on Symbiotic Nitrogen Fixation in Legumes, with
 

Emphasis on Chickpea and Pigeonpea
 

O.T. Rupelal and J.V.D.K. Kunar Rao' 

.Aistruct 

T i Ht '-Rhi/ohlull l /i /ii l .\ I il' /I iiz t, / r lin. 1' a ('11tlilr/ ril//l ihic. '. s'//
,

ivlgli II'i. lz S' l l p. ti uu/lil I i/ I 11 / III ir'llli t / /r I'/I/z ' I \ t'a ' /ll , 1 1 I l/ o u I ' 

fitll i ll /it ' /(in'C\ 'll r'I f ''/ lu 'ii' I/ 1//1 I I nn 'idua l /11 ( ' l, il i/ri' l ,' i/ ICu I -ii / 

t IIll/I I \ PI11t,14 'ctsn t: has I" I III (" I 'bt'o , / , blo'IluNIc f, ' (i,a'!dll' ', I-l ]I arI 

h 	 l ll t 111\g/ 1,, llI , l C/I < l llt ll 111 l ./[. 1/ , 1 1 /lII I1" I' I'¢'l ;" q A /11 l W jl!l'C I 10 

?I)/Ic' elt'1l1]1c n ,ilelalit 	 111 . , n,IdI//h l 1 t llh7;tlllh'h/[/ll 	 eld l e ed'1 a . ateI 
1/1"' ('//t'"( I S I I/'t l't\ ?tI t 1' ', I I t IlII k\ lf ' II ;:,, I" t'/ V I I' I'd 11, 1\111 1 '',mI sI t[IIinr'F /i 't, or' i'11uu It 'aI/'i h IIit(I tI I M 1'" ,(("
 

et ient tltuht t /tb IIIt', /" , , itdCt , ,.h l illlI ttt I\' II ti, p / i h
tl(t1lt 


hod%' ( pit dh Cit/ pI , i ,z- - t t hJ%," 111 I lt l l uen	t et tlc. 1i0t1i' l.i i, /111d tll it ''1- u ik t 1N 
i ,,1 Ii 111C\/ft lo t ' ( p!el t'l O./ I I/iI tit (ll,,t n le\zel t ' t i'. jeeri h, r p, I ii'( . , 1 ,t ' S"~ll"It ! " 'h l ('1 11 1 h rt.' I . Jr;'tit h"1- / r I /t-,'.rc ctil/!!,, /I.

h t'oi l (tlldu t ,t."mJI I It ) u . ! it' zi[, 'pixaiizlw it'I'I) /1/,1,,' ,,ig 	 n'l /lt's t 	 1//(ir 
[ l l"(ilml t III lilt, \ I lll ' ' iJ 

Introduction Cr t l tlo n 
pai tic uk'Ll'.i 'th regard it its h t n'cical aspects. 

Nitrogc ip h th e'ential tot plant grm.th aln tie Sitnce tdle 

i 	 110 C 'r2 a 1,t I'rs/. 0tCN researC 1 

1970N tieii tucl , exprlandd, i, indicate delem ent th at [loSt fic(tllltl.V limlits crop Pro~duction, h\ tile IFre lqo ,. ' i) 1l c lnl Slt'[!l~llo' l/'ld li t:t 

no tl]I/erop I depleted h \ c opping. dcitriica- I1LjI t.,Itl 11ri'. e:hr it/ , \hts H\ F lostgato: 197 1 : 
tint. lach. i ltg.ad c-tsitnd tt isauretd toapp lt- Qui'pcl ;1t)7-;: t !i'i s ' ri widtl h ilk,on 
tion o\ tcridia C titl.uhject idl fli Ct!. tld h'c'. n e)5!dat/)-, ( trttm t Ail.r N/t n ) a lc adm
ioltl ca Il IIf tg elI.atew '11113% ltr'M ea.rr l/t[I, t l/ Ipih ji . ' , 

. Ntt '.a 'rr.ti (talt nilltan
 
KICl/i/P'.lcdgc t ltt l \lsF I Clt l l 1 Is al Lt,1 I II I ' 2I. as 
 %.cl I 1973.
 

,r.ui//riiru .i i . "' u/.%a, :c'
u o/vr/r cd n l atilla ('- anrdii)Llk.w)trhr Ha i'uc i !)'rilti 1iuh"cHir974.th(tim-74.\u
tcess t pI r/.L, ;tuiIIi' I CCguo/ h oi so/ils oi" \ 'ir-\i t /lr 'i, a, uivrl rr/l/' 1 i)T7 .in. i IL)-,, [j.trr 197, 1: 
nitrogen.' t-i'1 t Owti1'/1thl phas (\) krlok('1\l-tt ic u lil/uc-i lld fitllt ,I ,i'7(t \ M L ': 5l t 
atcquisitilon. bcca.Uw "SophllStlCdt(CLJ /:kjutol .'llp HL-C NC,O)huClitcip Ct>'st M, trailsandl+Alhgl 
nilerit \'It,, oftenl lalckinu and lt+crt l/ci nirlogen~ nott 11orllllg c.ot llbilwd tllitito ' !d t"I It.!1111/c[ 11, 111111 alld 

read\ik a\+ada.ble, till,, Subject d.id Il()1 ltIalCt MIUCh bccally 1 ll.' c dt uJ'.t-o 1lc lllt. t !t lI llail lead 
research effort. tile 19% N,and carl, t) O11(ut!t)I h;i/dird,, U1111l,11,1! fiXed 11tl o~tgellll;.aVIIn late 	 to,'(*, 

+tP~ltl~ttlt{ + "I Pl i~ !:~c r1ttl [,d ( t'P' Rc,callth rill in~it IloF the ,l,-\fA~ I 1w)",t 1 1( k{Ps % I I 

R I t ..I I[ ~rlt, r .1 1 ( 1,'j" kc'c.' I,!! I I I l Wt l"Ir Ih,". "cilI \ 1 ltd I tOlp10 I 19'. \. 11\tJ~pll( l l Al: r... .!p.X d fll L ,r/ppe lo lltll 
,trc-,v, .ch l It i oi c ( on,twt.tt11, shq. Ntt-21 DL~C rnihcr Jqla4. 1( RI's\ I critcr 1ndia iPatlr;J , .%P' S02 1¢24. Inldia 
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L 11.1 

I952s pIIIL1iLI Ii , 1 1 0HI Ihi lIt IIL II 1971) CLIiflCtLI ollt drijie 1 I 'iidisitIL/ l iil ')I il thle
 
mle ii Carl ileMdI h 11 p iAd jillILILL tellci thogh I iiacIIIcd s' hcal nloduls
h Ltt, hoil~e ( L)lil 

pel Ill tile sitl 5-011i \ Ci i l L etil 11 \ l ilI 11155 iltlule e cded 20()1 If thle! dJli li. StilII n11111 


dL. t tLll~ I j~fIilL ILLII 111Il I I 1T 
 I I 1ILLU. IiLLLLi IIIOLe f .Itsllt %tcliflit, LilS\Ice r IIle(tio
 
&esIIIL: A &il ii lIl 11L)i.IitiILl l Cl tilJljlc!IdI ILSI 
 (AAIN l.LIe eINihS losI. SpliltlnIri of cell 
lwhiai d hwhl ciLkpciL !till pI~conptel I AJI C.I Skilkl. d ltjIittu112IItf PISll()ii~itsla]I ItICietInS 

er oiip rhhiLI Cal ItLil Lie ,IrIhi \\ 111ILlf"\ l OCCUI~iet Ii h hureoIictIrn /ione. I rder 
IppoprliLSCLCIIII [LumciLI1siLLIllie ti.LCiI 1)C oiIfLdtii11 tile CI~pl~fIIiC ,11.11CIill thle 

it) iIeuii Ilh I hi' fl! LIc !hcic t I:L il I') IcmilI;IIc, cell, (1 thi nodule Coict.\ collapsed 
d[Or1lu11i ci 0t1 ; IL I SPierit 12)Reduced iepiIrtini EIte> and ARA 

\LL ijlillhI~II Lppkl\ itl alt'Lll "M) 75' &XIlI~It' dlli)Llll SIes. SkIe sCll MIcI Il~dil \kere
 
hle SsateI-hildmi, c;pLci ms IitLlldcd csseiirirl 
 I-l_'d it high p( ), in alte Nlicirig ir homogerua-

Itir taltii llll pILili _Irioli li iiL 5 mbiils ist Ill ~ l (i Ilii tii aid SpFrI( 1975 1, flie iesults sug
u~lirasensiri~c prilce' hiiiSit LI 1rICLIhIl- gcsied that tile cortical Collpse IIhhIted not.11.lIL 
menits should he conusidered senar;iteis to thows (it io:c tI %rh\ ieducin g tile diff usion ofI 0, Into tile 
the indlisduld plants. L!1ieenuIiLills l(' tlnpre- hceruOld -C lill HllV oic. Results of studies on det
dierthle ram%. soa~on.o lst Ice.1 1111l 1U-WiII~C LeCLI liodjlcs ilil;(. tlot he applicahie to nodules still 
either shloruac o)r exces, -I kkluL! lUrkil.( wectate IttaiChed in lie host pdlat. hutl they do proxide some 
er'uvm t. When tepri IucIIS cro' Ili cetend ![ll)i le Interestinig Insight intol tileste 
postrains Season thev Crop fr~mairli depellds n Ilk",l, drough tAIe'Scausl %iltIng of thle lower 
stored Illoistur Ii thle soii ( hickpea dld pigeConpea LSC of (,I(ill ma tuand I t i ila ,.ARA reco-
groS'ni In the pllstrainS cisoii 11111 face a progres,- Sired r-apidl% alter %%aterinig (Sprent 1972h): 
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Irrigated 

[] Non iriga ted 
Nodules Nodule dro,,eight MlM (,I1 Shot(t d"y t%%eight Root dry keight
plant (mg plant ) (g nodul-1 hi-1) (gplant') Ig plant - 1) 

21)- (It-12I2
 
/I/ /1/ < jl///5 ///i {4i 09 ,

/,X// 

10 -

I Jj 
/ 

/ ~/ 
Hir 2. Efeto riato nnd/ 

I~iuturt 2. i rrilIir i t i l ijl li, nIffct'Iitroger ,,t;;ttic and dr. -matiit5, tr pirod ,uction of(al 90 da *i)
pigetonpeal cultii ar ( II grovoion a Nkertisol, ( RI.SAI ( enter, postrain season 1981/82. (.Source: J,,.\I).K.
Kutmar Rao ani l.A. I liouuiison. unpuIlished ). 

gid arid fullc illalot lo lI thanll 40 dais\ litter s - degrees of dessicatioll expected InIlit soll, but \te
ire.e (ste 1). ILhsi tu t,.quCIrd fo nodul.IUI. h should c lt'ct tt illidertil~ing pliant ge, ttypes
I IillCtitns is oh\ niiskC\ 1',lll1 lL 017; tIk''l Cf.Ir tIC that cal lItrin luinctional S'llbosts under dr ought
Ifok\ Le'rllodles 111\ :!No f- tl<,it NoII aler to s,,i Utc Coniditio 

.XPtl%'tiiccs tuIll Cdlota . eh \CL lll lld dr-
Ing lIlda and \ ilailna1U,'I. dips and sure.ts I [enpertture

nodule 10111ullt alnllil d.lln~l hit I Itg
Lt tll Ni tl r 

seail"., hast hcen s ed 
 lie eufect 


Chickpea In larrnel,,' fied,s and 

IIl t(lIIillpcrati e oil nritrogen fixation Was 

Il ,,a _rLI-h,ds, r, it,,.d hs liC(1974. 198 I and )art et al.(1976).
gCtrrall\ n10'aS ,,ll oIlidIaed . in1 prC ion ieds 
at W(I 1SA I I enperatnr e cail allct abilitv of rhi,ohia appliedteer., :u'i thu, 'ii+ n p Ipu- to seeds at sooting, gIo. h ald ,urvival of sapro
[itions arc similar. I his indicates that lack ol phx ticrli.,ohia iii the soil, anid the various symbiotic
appropriate 1'/lu',l is not completel" r\"esponsi- prlcsses froti recoglitltil of rhiobia by legume 

-
bh_ fir poor notdulation. lfe pio nodnltilin ofi rllits iit idlle lUnctioll.
 
legumel o'. nmon residual moiSture, conpaitd Ito Rlhiohi ale SLctibl'e i It)higher tenmperatures,
croP, sop,ikth irrigation. teltip s Us to sa that tile particularl \ hci coilditions are moist father thancarlo processes of nodulation such as incttion h\ dr (\'ilkins 1907). Surmsal of rhiicbia on sceds of'
rhi'obia, nodile initiation and formation. etc. art Triloium spp, PI/..na :atiwn, and Adicu,:i.oalia
raler more aflected by moisture level than is noduIt so '.nin moist soils wa\s greatly reduced lt4WC. Thefunction. Rhitobia :ire knoti to survive sarious degree of reduction dpended on the size of the 
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01 illtli 1opuuIauim. (K [111kt i) O lli~~C .1(h) 1977). h i IIIllCILVIICC III (hC. ICitiiltile Il0SO.bc 'P'.Ck 
strain tit Ri'?,obiuiu IMoeu anld KcinctI\ 195". il.Cc urn1 IlIedI' Limit) K' ti 10i (CIfilt AIVhuu

their cipalcit\ toi titlerakt tlliperIIdtile, tile lpplr 221 (' lii\E )1t olit (IIl ) 1\.71, oIi i II L'ha 

Ishi/axka 1953. cited itIl t)hh. 11)52). 1970, LOLiI h\ .51111wH HI) ) Hoill I'Lil1K 1)11/i-,il) terl)Ciel- Irld 

tilies reaching 4))U aiii lio( 11Iltlit,10iiIll I CIII i !L\ d 1I1t~ d 1"1( i 1kil 

and)pieoillplc-a 11k IlL) al,. (W lIS \ I 19-S I., Kit Lioll)ibilei 1111)l itLLl 

knlini. Iliike\cl. tile WaII/hl' LIhickpc;I an)d -32 . 33. I IIJtpLItlllk tiIIlv 

ai cb terp II)i mIl l IlIC 1001.Li (~~II~hl klL. ii) 2) . 2 hil l.'Ilt 39 9Ic a! ld'Cie d 

Ni\) Ni lIi(\ )) I i' ilI t.l ill) 1 . I i - ),le N' et) kIWI4 lkdwloneille Ieh'p'tll l i title2)%LI 


cited ill ,Ito 19) I> p I i \RIIL 1lii 1hCt in t& ellti I w)OI, §2.tx iL 1,-7 Co'10p I N Lll A M1 IC;I23 

iIl III1edIm i~~l'tl . itl .kjl!!:~ in cIt l I 2 chiipc lhlt l 1 iN it 10M9i 011-


22) Cr h3))( N t! unlcrciit '(I Ic MiltI.' \Iciinn ICIJLI I 'Kl !L MI' 


dit~ IMCaIl l kil l~t'! ( id 1t t Ini 'It 1 ( tnh Ct lilt(. Io ' I . '0i 2II .1 Hd "0l L duP ilip I t)ic dk.
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Salinity ,Ite HIrnMed VCn \I ith Ut to .75 olIK(_'ii nd 

.%11('1 S IIifi CLIjI. ij)721.
Information oii the effect tifSaiinit\ mnid aikalinit\ (lmxx{h of) ,hickpci inI"Mid culture Intilegreen
on rhi'obia is sciIItV. alnd it is paitictlai' ackinkilixix'.e xi', dxtI i .,xl h\ Na 'I tui.\ 21) HIM ,Unless 
for chickpeai atnd pigcollpt:.. Mot ol tillel:Aiiahix iin itcilal xxl' xxi, prxxided. \VithoUt N, I tile 
studies haVe used hrioth cuii rc, an tle Initial xe!lotifl:tice of 22 11: 1xlxx "irin, \,as cxriipara
hro i ph all e i ,otie xci th i iri % il iIlll 


)anllilp.i t i! Ni(' . (Jlmo tilt a, l t! ,,It 


i ixx'.iwi ' i,,',jt lilllllitlate tii tallnelit; 
alidif xl if.x 

hroi s olf xilI l l i S.1it l i ) h t ut cl xepxI tex 

e r;x iitxllII iltI N I x. cx ll.onxx ixie 
titlll\,il,1.wi lliiC ltl',ellt.-i thaln tile control(I it IIImi d ,P:1i cIN )94), ()1]ik\ tL. !ook-s!,I',\,V"{tFai C I ' 'tiIt (I alttl e t it . I I", I Ii1,,~th lI I I p I I)H I nIt lml -rIlly.,IncotuIl(growI O-clxnlx )xiiiet \i ll li I II 2O '1 i \ AlINll tI tll ll1,11 tile 

/'IIfli /ph1'/i/xlL ii elt t.' p l Q .5 \,! V. fi x ,II I 

tile,ll xlluli t, m ,1 pa l ILire 
si!'I,,xl NiI allol ( I .li knltlml I Ibt' lt\ c It, 

Rhi.-oh/i uo x t i 'lhiull. liil. Nii l L iii\ 

N lCl tltll , ,, l iI I'; lhlibit tlt,' 

hii , h I!.L tx h ftl l/oil' "'.b"'! xi'l it '.\dl\\li 
r~lc,lh /t~lhtq t~ Ii1. p. M, i . M 11CApUl\ %CI,e c
ide d ,x n Iii hitl1i ,1 x1,tI n 111xiil1 \i ,IN 

lij)(ii} t'' i I ''lL1:1di] ti x il.M'll-i lbiii 1iM' x 

11111, l/'I. c l,/ild l. II I. ' i l ,/t.' \,I+all( ' i 0hCLc 
xlli\\ ii il t Ixlicii lttx ii,lhx l\' lx'., , l, tI , ( 

il ei(t'. i , x i,i ,il i,itai /iuixl x x/xiht . /I. xciitat-' ltiolls W4 111M,)I) t m " 1'tl _l/lt' W¢lMI],1w , 101, 

i',llIi (itit ~i' " N19 - od l i1ilxiI IkillI'-) \ liiiiipixl 

cxtlxil, xIIi liii ' I i l , iNt [ii' 
 xxr moeIiIl 


elili tlxoIll ili li ':c L'ii ll .'li' 
 lx l 

Itxx;i,",tlgt lcd tha t ll t thii 'i c,,t lihe I - i 
,hill tIc/I))l,. x, \ lii jxit)'()) l.Ilt o\C the 


piOccS-.xi irlt lit lllt'lia lill :ix'x llti 
Mx O i 

ari1ikt. I, lxx ltli t
L xt'l txilIiIi'uil tiMkthii-

it%. lxxo', Ofl i ,,t l il totiollvi ili I..', 
N:iIIC I. xiti ili'+,.liltx , t x i it llil x lxii xxilxxxi i 

tiMlil~IUitillx tli li i l,ilt x 11C illLiilt, 1 xI llIctixlill 

throtid ;ilex+,.ilti xAk',hm
. \x', (i Kim.n ci il. 

1974) llxfiLm lti.,,.undc I'.': L it xix.Lilitixtx , 

tile,txxxiih , I lIII/ixI %ii I\T'" 1 Ill '.,xP ilt 

high Litul.' .xi,,!I xxxt ll l.
x ,iinlll s illi 

henllcxc lxxidxllxxl 1i ii I I. 'xxx11lu I Ciix-
ixihm.,Of 

lluiit 12 i -"x'L litxxlx IItlll;ijt. 1i,li x
HIM tlijl 

x,) Ix. .. l Plx, l CDClltllie Il \IlIhItitC 1lltixgcll 

t-I llkx ' I cLt tx(x ,All',tll.j li xh,,cxeptc ild 11.L oni 
ill l l n c Olhllt l ll L( i!tiA.t. itilat- tliCtl id 

lli+ixitx xii ixx t p lt,,' /l ait'x. tie I tlti\tci 
t ltit c it11t H ll ;IxIflxccb\ 'f fl,tCIl ( ) at: Ix()(iix N t('Ix-x 
Illated rniinghcau x.lr, tinit. tihiuIxrc ttll,:,tcxIC 
cxxxpta (lilitiliratirlin itndSiih. 1970, and ,i 

tliCC itie2Oi 
due to ,alinit,%\xka cxmlpeniatcd illt 
I lli/0/il, tileered l 1 Olxxiilc. pc pilnt 

par h% itclxt'scd 
rodle NI/c (YlNC! aid Sitpcit 9s3 

Sx:i,,hixo it xti.cpthixu\ txxsatlt arS \ariesdlx, 
' Illicc,--rne
flixnl Saii t Sal 0).7 1 Ni'I complce l, 

supprcxscuI iixdinti olottiixxiiI. 1xtxoC\CI, iiOditlliex 

,\lllhiiticplrtLC'.cx', 1l0111lxi l iAH HiCtt-lIxti
xxtix.ard 
a li xtll tll la lx ile.10 e hall(Iull i ii ox 


.\hntixt i l 
e ,lli t.'Ol 1101,11,11,16iLltitilx tid tlt lxl 

leiijixation
ilaox iclilt,.' ilitellctCI dolic xkti0 tlalt' 

Liixlxtitl
tO llllhlIxx iix xtilatltxiis be dflli.i \"xxtilt] 

Icrel amtItl l ix ifilicijl1x ti lti h itlor\ 
,tlltjic,, h e ilhatlc llllc l tlndiltlgl t t, ,M l ,pl,

dil ie phxx ltciIa axi0be. (I ili.HCIiSi xx iu e tiICCS 
aic iii'-I lix ie IC 1 rec +,,l +icl ll[tt ltxIC ii ill[ 

tilhin . 
ilit catd x \Jats xtd i x iti xtcl iti

e tt iihe le lIti \ tihllta a ,,pcceii 
Culti l Jllll S jll 

tixi,ra.
,
in t c \ ie t1. . Il)i .ti I ii i dxx)


i'+l +i~ l%% t 

'
 

hCt'\\'e C tp . l2 tlp H d (it) xs tsl 

e tilit)'. ito
 
,,!illtti 


uLt IthCei' ,, Tlc iio Ix..lluix c,, ttlxerl:tli 
lcxik C\peliellecL !1 the field ChIiltlli.-

I, itl,
i I[ IN.\ I. , t xlilllllillcait)l) .\ 
lccenti C IItud a itncl itded IL . I (.e;ntl inidi

titt Ltixtxixiu llleeit:' ixeti,+ci pugci itpclaf linies
 

t.
ll i h il S+l atxx l/tItii 101I tol inccto differ-

I ctlltl'irtillt xlit iixll . 'IlIxbid Kit') I984). 
/x'/icx;xxlxitl i[lliiiltit' ii l'x xii1xxli{-'ixIcCted
 

xxxiN'

, it1i\ Pe tilxititlciait t'."Itliliiiaxnd hitiierable
 

tx eqabhllh a 'ti hixii 
 %%tlilt tillixist. ('Iiickpeit
 
,tram (-53 (ex lxia),
istlaedlfro asilinelilat
 
!(,Alll-ISA I (tente, prrotitced greaiter ,l toht \eighi
 
lhanilx/Ixx/ill iitx iti til ornal lield. Mxhen
tin 


cxilpaled ini pxts containing saline Noid. I his strain 
prtduced (x31'Mtle gMilln .iet thai tile cxltiol
 
tilaitICii illfitl ilk illa siliIe 
 ill 
(lb ahi l andi 19tl)). ';iilir xbxeliatixl \,,ere 

Soxil SiiJ.iin 
dih ) 

ilade IxR/xh 0/i1xlxltxnIOf Sx ted 1101lm Saii '/'xntix:il 

'lliteicd Soxi ( hilardx alI9-J)2). 

Conclusion and FIxutlire 
Research Need; 

Most xllol knowledge xxi the effects of sti'.r..ssfac
tors on HNi. coies frxoii studies ol leguimcs oiher 
than chickpea and pigeoinpc. Hence, more studies 

,
Oin io, these ix\o crop piai si eait to the stress 
Lacilxr are required. Rh :oh mx sir-oins growing as 
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saprophytes li tiL -,oil can toleiate . etL t iji-oil- IBr,'Izior i l~2 \ltiiuecn tillo \ oltitne 2: 
nments much hcttc thill thIL h1IIt leCLLIIIC lind theltl'ti' (Wotr, I K. (1 idttl lrv.. 1 

pp 

0I thesec stre.ssI l'eiors haise Iteeti I~clIct 5 C lif N l iiir' v 139 p 

aIko he m ire him tllia itiIidentifiedl !~~I' 

L(hiLIN oF : cl~lt, kdI l iklol11t I d ltto l ito (4 
t~lltp~littili'LI t642Wi Iii2I mI.~w 

mtore profleic it If' e ,l\ Of dr "tl IQittt. \I it ti mi.\ Kna 

1 ilsL iit \hilts 
tihicd \CI 0 hhit i f l. .111 iIt IiZl t Iit lll ItiLi- I 

tili~~~~~~~~~eiIiIiI m il IKlo :1 l-lif~ i	 ltSI~!I~i0ul 	 nn~ 

tet .1h1CCo ito tiolstes lin'. i Ie ,tiili Ill tiIlt (Ib .1 .%. k., oi Mashiniit.ll KA IQ-nti'veiJiL ItN~tilt 

til i ia un t t.i ho I ,ilIhII- I Ini .t iint Ilc jli licTIT it Iil (11 l:n i - odd j c , ltd sc ant.I 
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.'I flfere cc III1111. cxpc2.12. (Tomiiit 1975.IhtdcIiP i'.iiii'tiu \L 

CIhliit rait I%(Tr	i . ll% t( I.%b:i I I. 1, ) 1),:i I lire(I.~it. litlelrt'. thitr I, 1 ii it, .in I
'trens~cclIl till :1 InIib )L!"ecl11.1 Rn andIce el . ,hiit tI~ Irltit I. 'Io 11i So~ 

pci Ih i iicti ,ti I at iln'~ TI hMc~ It Iltt3o. ... enn mIi.ui ji PIit)ins q Iii 

coflctttloss. 
itt Dartthn P.... Isam R..~iuind I~eageIlam k..:. 9-' 1 hi: 
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Regional Problems 

Chairman : R.P. Singh 
Rapporteur : P. Soman 



Effects of Climatic Stress and Soil Chemical
 
Toxicities on Productivity of Chickpea
 

in West Asia and North Africa
 

M.('. Saxenal 

.-I hstract 

A major wr/t o/t I c.vI sil l t/; lilldin A of .. (I tS£]I t'thtar / hi a .In'titerraneai climtl with 
cool or cit/t. wret i inters't ;.i ft:trt smt Nh' (/li A/,ca i( ti ilIt oft!llI /Ooo h'I.wlo' ill Ihix. 
reg it , /Ac owIitm., li/utr u. t ,/t / /It II t/. t,'I/itfrO//i' ll ill /he- tt[l At,'p .Itot I/' / t '0/ to 

.reglion , t ii Ai(he/M1ti II It So'(/ I,t' ]1 /Wil I)r )(Ill it m eirt , l'/'rtlll'pre itp(tt ttt'ttil tcl ally
( rra ( /it11a lt . wi'%,I,"it/ll ], the , r e t ti l ' p1,, (he ,cX(iu r 40hat a Ndtit1711 mil,, , sivm tlha, 

larev 'rl(4tilltr i p/ r,, l' l 1tt , aIsel'el" l Ii t(1 t, l. 1arasit o rt alIreliiottill 'I!lll, S]1 i l, ,/ l 1 lles I'taItn h/twill I therIII, , !,'.'Ith1 1 [r \ICSN4, W'/ ill t a i'l 1o' I ,i lttltoc,(/ ill IN .% 

l A alt'lue il' ' 1 ,a tI ['orItrhnitttri,'edl/c pItt l rI t / (at:,]1hv'(111( f' If I , III ,' li, t(. /,(.( alloc /11"'h ( tl 
at -w h tll /11 trclIonc" co wn'r ,th '\ o/ III(' ill/ rc ttlt i ll h tt d i'oill 

Altr icui l l e c ' lt.\)earhttth. clrsA pt l' !l t titol iNat V/'tt ( t / t lltliltt to ia 'I ti/illtle. 

Climaic Conditions allnto Ptie of %dintcprecipitationt. ich largely 
dtter ines tile h t e rain.gnt ing scarton.
 

A nitor Par 
 hes te Asi 'td North .iollica is Ip these regionstchickp; is primarily gro\ ist 
charactericd onsid e itri lean1 CIn.at , ith areas \%here ic a ap a'ti n isr ilere t crp.400 
la rge critionis d sitpoxiimt.a le e seat s \t.ll 111 .ipt'll les rto t k , i11i1. h pcipitation but wklitt i tud e :tnrd itIt i' uIJ ( I ithM I ). FOrI de\ elopi ng . tiherialreY i im kep IrnllI tIi t g i i a if.;qthl t.ely long growhing 

research stamegia tiledit mplteraititrnl oh 2e It' period ari tecnonic .Yields, the crop s grown it 
Agri.u ral Rthewarch ili the Ilrl.% iarigr.eoe tlln 
we rccogni/ atjor grociiatic oniiterinl (hie a 

r I tte I (it l'.'rir.,, of reai. Ite Nile Valtev 
t r t dg ttltnd Sude i,t grod cxalple. In areas 

wl inriifall are t ns ss l tt ar0ill axccei\ing dnuitmum lrir rain, hoa\,r the crop is 
alnitude) andailalirta" onc anitucol .120bIl .. Ol ttipertufuri tile Maliauiotsin 

transition 


a d Wes.tAiid. 
area iettlen hI, ,aCle Iflas, o ter. ('hickpc is [i s\l intriditioglr hneed separate COll Nidt.'ationl. llmt of tWes.V\la and North , rica as it ring s~easonll crop, 

Areas considtred suitrtma for grairidg ctlikpeu a during Maach-ospril, Jtr oe thie,,Jr aivlcrtoiro 
copeare those withaiiian dail !engpth atrc o S 2o0 C pcrid, caeid ttea trop rodct le residual soil oisn 

during the areains setinMd.iuchtrnean cimage in uritIh it a. icrop experieice,, increasing temperatures
the cool ,uhtropics roceiving eintiea ll all bdte and d na t.ith.small ill cooel tenlltlat,"1 r lile IIill 

I rit l tu-lt-temitered cr valuesMgil,. t.'linates,+~: ia i Uln, illniminulll, and inleani air ".eliperaturets 
not available for cool tropics anld Cool s~ubtropicN anti soil temirpera.tuire.s hfo !.\w locatiols inl \est Asia 
with ..urarner raintill (Kassarnl 198! ). %lost of' til. ztl-Cgiten ill Figure 1. 1lft ekaptrati .edelliand of the 
area \ith theilft and nmoistulre. reginics, adettuatc to ,titol pherc als~o in trea ,es dt1.r1-111tis period: the 
ll. -rnit at reasoiaii length of kgro\ming periodt falls, crop comlpletes its, reproductl\C glo\kth alnd reaches 
within dhe are~as ha%\ in,- Mediter ranean ctinl:ttes. Ini nlaturit\ irngill irlt-'ra~ingly desicc-ating eniiirornlent 
these regions,, crop iproduction essentially depenlds, and Uflt.cr increasing soil mloisture deficits. 

f- w,(I~t I :.'! (If ni":I1'r tgianti, Iniiteiria t ion r, I Tp t l I ('ente hiI, \pficnht IR ,! i , h Iic l ca, R(d li lll c if, It r%"i . I P ( h , \ 5466. 

.'lcppo. S,11. 

ICRISAI t tri.rlatttn.it ( op, Iicst. rct i,tttttc 1ttr tile --" rtd I 10p7optct £' l'ttztii oIt chickp,'a aitd pltco pci to ahtotic 
strcse,'s. Ittwcctd'.ng, il ti l ht' ant,' \V'tiksiip. 19-21 tcccnihcrtslthu 1914. ICRISA ('Cinter. India tataticl h.ru, A 11.f/)2 324, India. 
ICR ISA I 
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981 ).1Ta 1 Major a riaI ioos of the NIeditrra it an clima tes in II e therm a! siut ropic, (A..fter Kias a 1i I 

\V'-l \,cdcrra:l'Nlr 1()0 mi (ool Mcditcrtnctn 1500 rm 

Regime ( III . I ItlI IIIii Ii )Cc,1 Ic (+')1if i aeIugl 

I liet Ina out r Iood C'ool ot :old I old o,Ilmci (old %%il0lci
 
%,litcl %tilh , ltuef x\,ith \,\1111 icol) Coli, ol
 

1\\ i hIll %+ lill oi hot 1tl1t11VI NIIIIIII
or
 

S1111111le[ NtllllllI-I 

,\ a l 1l1-lit.nnali l 11t- Aiitital fill- -nihial flu

dCltttitimu , cttttioht dlttitlls C'tatiiti 

25 ( .2 C 2S C 25 C 

Moisturle HIt lid it, %icill-al[d Siubh uilid .Semi-ariJ 

Io dc cl! to dc,'l It) lcsert 

I Cicllpel lleC I (' C ) Al 5. c.,, %, llrll 11 t) tilI l l 7,) Ramltla l (m iII hum1id 10 )O 21)(M), uhhtlITlld I'MR II )(A). 

scim~aril - 200 -- llid t i0 0 ii0.111, Jidll 

-.... .. - 'Iil t tllti tcttpdiltt c 

30 Air temperature - _ Soil temperature (10-em depth) 

urkcy (I oint Il)tC) / 
- \

\ _ I urlkc\' IPolatO l)uc, 
/ .---. % 

0 - 7 I - \2 ,, / \/ 

._ , -". / 

S\ / / S / I 
\ \\ ] /O/ f __ 

, . .. £ . I I 1-- r i i I, , I I I i 

r= (JAleppo) Syria (Ale'ppol).Vidt '-'- o)0-
20O
30 

,,,
 

20- \ ,/ / "/
 

\X \ /, /
 

"\\.\\. / /,/ ct cb 1)C r ._'5 o]t 1c )r .11 i D t A , 

JII1.,--'--.o _t\11 

0 - ' I I I I I I I I- I I I I i I I I 

Auc IDec Apr AugOct IDec F-.cb A-pr .lun .. Oct Feb Jlun 

"1ille (mlonths,) 

Figure 1. Seasonal pattern of air and soil lemperatures at two locations in West Asia. 
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Soil Types 	 Fable 2. Major s.oil grioups illairea,,ifNoirth Africa and 

$%et Asia Ahert chickpeas are griin or "hich ha e polen

m l).rCiptioniof tit lro i 

Asia and North ,\lrica as gi\ tn h\ Kasaln ( 191 ) iRkii ,hieulor 
A dcailcd d c 1anor1 Ioil I>So IICtI pIs inill\, 1 	 liitl. i e iormsvii % (After Ks lss 

,
h a.:lp pt[nlt1 ;r. -	 ........
The arcas \'.J cli Condltloll 1 I till 	 . .V l wa A s i a g r",ki ll ,.. L.t C 0t12 I O Ut Sl t~ \t, t ( 

g'o i son 21() j %,colllCl\ C to. ...... .-i of 75 tt chick- 

ltC dL (ltlt,'J ( I 3pea croPl plOdlltli o t, : \ (i rhiols. illhil',ols 

XCrosols. L tithtol. Anld [-it%1101 iliNOlth ,irica I ith ii 3 2 

and b %XCrlosl hthoils. (aini i,,l. anld I<ego- IItil, 7 9 
Ill,, i .I ('lckpc:, i, l'o 7rr\l ili 	 Iu\,ll,il\\es' .N\ able 2j 

'CI1151 5 lit tis ltlilr ( wii ih a 	 6 4 
V\rii 9 7 

.iiid pll Ire hith. tE ic Xcioislk Iarit 'c" crur[' ,itr 2 

prid tlCtIt\ l..i lll, 6tl 5 

11n oiI11 1ii\I Id , !! C hi n t I cha ks 8t il, l it.% I I h.ti eirohi 8 
serio .ll t to Cl p Lr'l h. p'il 1ur, ll I\;it1clill tillolls 
a~l iclillmlal cXpall~itoi a, h "hiu ill lit c 11, 
I lii. tirNi.,iIllUI ntcli t iljn( \% 1O 1) I Q" 1)1-

Sahl ll, 10 1llhd' Ol.C'lll t Lt' I ,1 ', L.',11lCt 0 I!O1 !1110 \ 

Ir!:1.,t i i ,oiili. i i l tr t m i)i i pllti 1 

(ie t\ ill rit ini [ni ,.;ltec'tni. clipi S, iLI hli
~tf1ti t tli Area, Production, 	and Yieldprrductninli linln~ltql' I )12 IL Litii l 

arid climate rilttlril tllillliC. 111e 	 of Chickpeaalld lirinilcd salt, 

hro lghlt 11n ind lhi ila .iii 2 Hlood llillli \i\lten 

;lCCi lhitlll h L lnllt\ irer hithu111 1\ L011- IlithA, prodlctiOlh and productivityinI ',he I\% if chickpea 

tarins 3-5 ilt, l)piit on,it hraphr. lhl ill the \orld aiid in tile IAR)A region are slhokn 

altect crop pl itlliii I aebl 3. Almot all ot tine chickpea crop in Alge-

II ick , ctilntries of I(.ARI)A regiion, 

arld 1976-811 IA 198Il. 

Tlilbh3. A eralt aria. olrnldlitllrl d.ii! ili iifc tullill Iajor prilditing Wh 1966-70 

I Jir--1 I 	 1976-,M) 

A I :,i I YilId C:fod+ I Lit Ionl Y tlldl iklit'tll 	 Ai cs 


-

.'rlir lIl ' O 15 I I I (ku It it ('000 Ia) ('0000 I) (kg l. ') 

Alvili 	 30 i5 4N5l 19 21 SrI0 
tgi pt 	 4 6 190 5 9 (19t 

1I a .1 	 1I80 

Morocco i16 77 680 67 42 610 

SLMdar 	 2 2 880 - 3 930 

1tlllisl 25 101 390 38 23 571 

Cpins - - I I 620 

Irar 98 49 500 37 41 1120 

Ir L 5 4 71) 14 9 580 

.liirdan 3 2 540 2 I 360 

lebanon 3 2 7!0 I 2 1840 

Pakistafn 1073 572 540 1123 550 490 

Syria 42 336 810 57 35 660 

[iirkc\ 88 102 1160 174 211 1200 

oli I s 
ICARA)\ recior 1489 X77 590 1558 948 610
 

World 11247 6210 610 11263 6745 660
 

I. indicatesdata otrdi\ailahlt.
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"i'21111 4. iInir1g (if Irs aiid igh It'IIlflt'riitt'xtrL'iI2'. ;,ifh a/'{,(ilth{., if I i, .ir iii I. at/lfor hocation'. i iIrll~crlI 5~ria 

(After f.rri 19791. . 

.2!:' 2121" \[).tI21c 
'n 
 I iiI 

cI .11)2
\lkpp 1, II2I .1 t',12 t, 42 552is 

k riili',hl'. !" 2)! 4'.+! 

!I . ( p i .itps . ll, i q. . id . I eha t1 . I I I,,iv.. 
M ol ...2LL 0 .ti, . I I ,,IsI.,ii I,+ I IllkC\I,, 22 tl't1,'k,i1hu l 

t [,1%-'.\o lclcd, .2ho21 t 1U'1f( Il2 I I 11ha llmid 51 , 
11 I'.:kisan Iis l tI. I\Ppr' I c .2 I! I l l 
l>d21 I,21. 111 i ollol 121ll 2of! 2L 1,1.1 ,II .2 INt I ei 

; i t hi t i c ' Ie, Itk p c: I i u I ( \ R I ) f c L l , w. h t tc ,l !+ ul 

ah mitH 14 15'1 t~t h, It ): t!'L ltIt u I +ri , _ oi!t.2h Ck pc111 1 7t \kt' Id 11, ?,pco .-, t~ 1.' 1,!.12

tLi11 12212,H12, 1 . 2,,, [, LU \\ c., \,', V. ., 

Ii, th I ticere its '. I 
dUCtl2il2 .1d pl21I1L',.tt', 

froml 1966,+ "0 Ito 19' , 4 
NION.t 1)f t(],hI'-,N' 

lI Il211 d t0IldlIt!1 1 , C2 L2T.1! 

'11 II 1,-i, ii, IIrc,,. : 
'tk hl ,. i 1 , ' C"( '1I,, 

c ' f l l ~h 't 

t I1I1 J ) [1I . I ! Ilkjl r, 
AhelIC I I I ll22gilttd \,+ fpl 

I 5 
"+ 

1Ia Isl, , 1 o..eI2[ Ip 11 ]2Nf 11 

,k [1r2.1o: o 2 i i I 1,- - lc( Np 

ait udte iild L'ratll ,il i 

IN IL,Q [. '2t(11,iit. J 

I I'l 'M,t1It .1IIIt 1 L 1d I\ 

1112.2l2[ cI.'lt !12 'I 'I 11i 

Il1211!2clll.II 2
2 
j 1efiilee ,oi ,1 

Iujor Clima tic and Soil Stresses 

I le M1111 f Cll ,l.l2r[22l ilII 1:1111.'.C!',hl- N-21211 

t' t11pci prodeIuCn mt t212- Ic.L'L,1ti, nc iudc, 

a. drought 1it11Ih.the L ',1 tpamw [22 i lic'fllIll at 1t12' 
fllt> erlli l ndd p id-flllhn22 Iagc,' 

h. cold it carl) '.a12 , 2L2 2Crop 1212,ml.t 

c. high Cah ie1tl,,2i2fiL:, o22! : ' 'heN1tind high pil, and11 
d. salitlltv allot111iAkllIIts p l tllllobII ) '.In)1soe i2t'11 ., 

Of the fici.1h rs listed 112t2 . tt,: .hlim11 t ',te,,,,e 
are more Iil lii , th1 the ' N,!1 stresses 11It2t!m tf 
both sciSrit\ alld di tribthln (Il eit-1t. I li imiing 
of lofw and high tCmpcciature 2'\l\reniles, kkith it Ire
quenc\ of I "ear it 13. lit llur locatlions i) S ria is 
shown in Table 4. It is e' Ident that frost could occur 
as late as in the second \%cell tf April in the lowslands 
of West Africa, and *t-mperatures may rise to more 
than 33°C by the same time and o more than 360 C 

o"1) 

I ). ,it'f i'l 
. 

II d ( 

1, 22, \l.,, : ':d .k\pr l 
I'! vk '\prt l 11.1%.k Apil',o \l',r i 2211 ;V.k \jri I 
l.1 vk \pi~l 4th n'k April 

I ll't llli1 \ I 

.. ... 
 ..
 

2r1I2d%%k\I'. 

221a1nk 
12.] vk \ta;' 

!2hI~ 24.I, M.!' 

1, -fill' II h tlLt . Ci2 . ci! t101p sL.tlll icrahleto 
h t 111101,i2 ld li2,, c'\11.'l, c, of1 

lapidh2 I1, INCI l II IIA11I. pr. I 
llII 1*1! tl,2 ll1'1 l5111C Cl 

. 2,22!! 2l o,1ll (0 I 11,1i ICll[22 
l l,! t ,hil ' 11c ' -" 

t,.'tl)p12 1t1C. I1I2' 

, .- 2 lj21IliIlJ h'. 

c'\p ,,l1 lll iOp 

t IfI C' "I , , .1Ifill 

S lrate,, to Tackle the P~rt)blem, 

'lt IF )CraII tre and Soil
 
\11oisture I)eficils
 

% + p t ,ll l, OLTfctrIIt''tlIllitliltce i it I('i\R I .A t(-

C [ s[2N,,'\ .C'II 1 21 -I,iA [lot d lI m i ht -(()leiilit 1 1 2ll)
[21I'. I I i C I . 2l()dHeItt- 'l)t t'chh11 210 , hlIdS 1).C.1 

t 2i22C' k'hi l. 'pc I 'IIl t.i Ill 11,112ch c'hlickpea '2 rop 
0 1I'l !l )il I iL t ). 111L ad it h OIt 2\01 11tII11III tlIll pL'l-

AlL lid2 sh',t ' e12.1e11112'(Sl\ iml j2N-I) \%'filter 
Si),lo%! i 0 l h1 l[l, ;lU kJ1C Cfle~h~t li-ght lISSjint 

cuhlt f'.1lp.cf1lnlt, fh",2.'1tCI.t1 ,,l!1(d11t1 rcprodul e122. phiPc ()I 1ti2:.' [ki ! ,pt1,, 1i.llilIat are 

.tlhd I11t221t. rC l1212lI l't .21l , po2'.lhlc v.lh the 
',plrIn1 -'+oiv , co p I Lie'. 2. rd 3). 1 he "122.''.c ., of this
 
Ntra % I III 2h111
lellectetJ I 11C22 t ing1 ll 'SCCL.yield 

222cr t1e1 . idriti21ltal Npring '.,220212, arid in the p1ssi
hill)ii o 21,2grailntletd chlckpci In ara V cst
ired,, 

As i iind N211th AIritca %.here ra1infall is , 400 in i.
 

I lie a .'e111elnt of '. l222)1irl21 spring 1to "in,d2itt Ill 

lt. l i m . cr. p ,',,s ,.Nme hai/,1rtl,, that IliMt he taken 
11'ir,l 'erinto . 2(1atlon(112 iU increased \ulnerabil-

Ito ll the 2rlf) t cldt. 

('old Siress 

Attempts are heil1 nldlie to incorporate ia greater 
deotee ol cold tolerance in the material being deve
loped for skinter sowing. In addition to screening 
chickpea germplasni at Hyrana on th, Anatolian 
plateau, field screening of chi~kpea material has 
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F = emergence M maturit%
 

S = So%%I, F :lowering 

198 1 82 '
 
S F 
 I', 

I[IV 482 

II (*."KI4 V-2 

980 I_____ 

ll.(' 4 20 

II (" 202 _____________________ 

I IA' 4i%T' 

Figure 2. Effect of ,,msing (t, or the plheiiolo )f chickpca nelot I1.( 482 and l1.( 202 at Ice llad a, 
S~ria. 198,I81 and 1981,'82. 

F I Sprow o%%ing \ktc omumr 
Maimnmum 1400

. . .. . l ol u rnl - W0 12000O 

- ,o4I I 

- F 'I a~r 

'4' IlC 4,'4, II C 202 I1 C 42 I.C 202 

El,'( ", 'J',I-,t 
- 11"' 1981 K2 

Figure 3. Monihi total rainfall and maximurn and minimum temperatures in 198(J/,,i and 1981/82 at Tel 
IHadya. S ria, and the effect of inter and spring si oing on seed %ield ofechickpea genotpes !1.(482 and !1.C 
202 in those eas,,n. 
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Figure 4. Exposure of chickpela genotypes. so%4n on different dates, io different temperatures at Tel Ilad)a, 
S. ria. during the 1982/83 season. 

been done at I euhol, in tie llecka ,all',, of b.\ cxposing tletni to -,f" in ice/ing chambers for 
Lehanon, and at I cl llad., in '),rmi. aniou, lentgth, of lime. 

At I cI llad. a, iid\aiiLnic: iLII oi sioll dlate hais 
hcen attemptcdit) inccac hl. proiahiit , it gQoodl 
Col tole a ,Cstet (I IQi 4) ,'i Soil (alcareousnessSC l f'rit iCCIeiIreCl'C and Other 
is much higher at t'a lici daitcs !tarri, 199) At 1c] Soil Problems 
I|ada. during the' 19SI , ,cain. thete -,crc 43 
nights w+ith tettpcratircs hclo,, trccmtt pro. catis- .lani, iOil IIt the chickpea-groing areas of West 
ing seere damage to life chicki-,ca gcnott pC, tctcd Asia id \ittil AfriCL arc calcareous., uith the cal
and thus permitting ill c\ecllcIt ipporilInt . t, CiUin ealIbinat. content being norethan 20" . Salin
screen for cold toleraie. ( icnt pC, that eiild it,. t, alkahlrr ir also fairly widespread in the 
withstand cold icre idenltifie'd at a titi slien stanld- ccliii Becauinc chickpea i, fit)' normally grown in 
ard local controls %icrecottpletel. killed. I hcaccc,- ,ulch reas, htiic\cr, lie problems of salinit, and 
stoms selected include II.C" ltilbeis 06f0. 6 S. 10)71. alkilinir, a',ltltlc signIfeariceiC onl\ ,.,eien expansion 
2487. 2505. 3081 3287. 3470, 3598. and 3789. 1 hese oif cick pca-gros.i.rg areas i.,considercd. Iran. Iraq, 
are nov, being used in tle breeding program Ih and Suidan haC problens of salinity and alkalinity 
cold tolerance of these genotypes is further \crlicd in ortie of their chickpea-growing areas (Delver 
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Sliill 11;1oV SIIL'\\l ttiit the 1101t- /iIr-II'111r1 rIirhi-
ONrs MaIr, he IrIpiJ)HLf ', s,11iriit% till' C,111IIC IC'.iiticd 

h~ introduingir chick pcar 1 hi.:''~m'riig)? lr4ricr~i 

to saliiiiit\ I htdjIrrr! I d lSj irj11 L)sit I 

No k'ollk i heirre! carried oiii ti( 1A ii -\ ,Ir 
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Irrt01ce ciricerrlltiiol0 iil inI tie olitirrr thandtie 
tolerai I-%per. 

Re feren ces 

ohitC Alid "rI P%peC(11 phIrr Sitr J;i ;rid I'iiri .\ illt t 

ckiiekpci, (I (ic anitma'i Ii liririal ot Agrictliral 

Scice -rnsI 52 1-§2-

AI iiili. * J1174 '111riiri,LricL! i n rthe 
iriratiril ,I hii; ITfrIrCi ..- ahr Nitreiri i'iriiilcc ol 
ile S>idl r~' -\r rrlri!ir. Car iii 1) 

%.. \ ticrir reC-
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Potential of Chickpea and Constraints 
to its Production in Pakistan 

Zaibunnisa Abdullahl 

A bstract 

Chickpeua all important /iratn itert)-. Pa.,Pon (fo;i in Paki.an. t.Wtchi ha. the .die,('wnd 
hiK'hetit, ad p,r dto1tit Nct/hckl,,.a in the it rhl.A-vv'eat't' ih.s are low, arotmtp 440 kg hr 

- I. 

hut oppot',ulal vie/l/ atit ui . h/,' ilt- iotic .itre sta/I 000 At! /a ai [lctJr.%oi rotlqt. 

.- /th'tlt,/ '.p t .n t.ahi/m ant ,d. / l Ill 
. 

.Vtt il /if' iit i/ ant it'/Iretit.'er.. rt p rot )flciti]ti t 
hfT'ttl I WIll ill P(A1 1 11l. Wt I !\ '"t" 111(', 0 / t tmwr(h] im tlm11 i r, Il tl(11)111',eilol()01 ]lhav I"rect-1nl1] 

N'ut // ''tl .liP it'.1 Alit PI / l a/' itblet tI t ,il ('i to protilc,I per ea'Itaim of the .rati./A 

/11, At/'c ii; /i'a (,1,1 

nd '100Noa utio noIwcl o lo a t c-a , i ot ,theIIolito 

Area and Production lable I Area, prodution, ai pritiucti, it of citkpea 

inl Pakitan. 1978-t9tf3 (]FAO Area and Productin 
Chickpea ,an imptrantt /atrI/l\ ( %i ter)-sac, on earbttk .). 
pulse crop in Pak isan d.trouiAll t1101rcL'Io , ol the 

\ o Pthii.t 'I Li1adtttt itCPtflt . akit n s a ') hi' ,et.tt ,)'.it It) (11th kg ha 
chickpca-gm to\illy'c'l/tr, 1! the vt't ld \%I'lai, . 
1984). after India ' I 9 6,14 55, 

(Of a total gctt'apllic ireat ,' N(t 5 million ha in '1') 24 3,l 439
P10hi [ 12") 11,3 ,._7"Pakistan, 4 0i.5 nli a mhttti dLc POnatahle i ltt> . [ ', 203 8'oh, 3/(7 411.3

mitintaillS. ,tttl d C rts IheI letat tiltdCl Chickpea ) 25 275 324 
fluctuate, hcietcll U.S and 1.2 m lnll ha (I able I). It,s)S9 491 550 
The most illptottant Ci).ekpet-g'!Mln t ict.itt if) 
Pakistan is the cnral iltt/io (30 40 N adt 
70 76" U. [his ineiude at i Ill/b. qI able 2. Area, production. ard ihld uchickpea in Pakisncldesiticas70 7 "F) 1 i,, ll 'miah, uch kN tan1, 1978-79 (( rJlups.Stallfics, of, Pakistan 1079).Sargodha. I)era (h/i Khan. and R \pn/ p;i Iu!i.tp' 
jab accon ts lor 76 0IlthC ttttal /;.t i;det th'.-Cl p. it Yiehl\Ica'iodc/lio 
and 7471 ol the ntational p oduct.it P ahle 2,1 I a/ltloll '(00 lai (0))0 t) (kg ham )

Second in imlportanie i/: the sk)Uthe/Ii L gil l i'tImih 914 .;,9) 427 
(located within 24 28 N and tN 72 1t). eCp'-ct211tCd 

sil' 16'4 [15by Sind, SukkUl. and .LaW'bilkld. Sitl teCeli/i,, ft 
699 

13.' of the area under tile ci-op ml a'iiutit 2ii l f ,orh \k es 
the otal productioi. I i )n i Printc' 125 23 188 

In the nprthern ritil (.12 16 N and (- 72 . ,thtchti i I I 727 
%%hich inc.udcs the Noth \Vcst lrttncr l'ix i/lcc 
(NWH-) and Deja lnmtil Khan. the 'rCl Lraler thte I'Alsia 1k224 538 439 

I. Sodt, kimcpittulcn l t ttm[P1. ,h1, 1 t "'CriLittIt 11d]'RJt!NdiL h ( Crlt.'. P'() M ll{ Palik Rohad. I~lslmiahad, IPakr.,l 

IWRISAI (h:cin.tit.nal (rp'. )/tr '.t.c/ Iti/tat'lt'111 th e '.ct,1 -. rtt Irem-At Illtst-it t chitckpca tlld pigcrilnpcato ahitic 
%,trc.sc Ploccedtpt iche ('tt'.,t/t/ta \'n1 k'n,iqt. N'1-21 i)ccctibtc '194. (RISA! ( /cnte,Ilth,. Patancicru .,\.P. 50)2324. India: 
ICR Is, i 
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crop is only marginally snaller than in the outhern cuLM,1rn. and SC,.L. is%%ellas the UtnI'LvoraweCeilS). 
region, hut i\CragC yiClS arc %ero 1o'.. WC Soil ,OIditiofl, under ,,hi'chcrop is grown. 
Chickpea yields arc zencradil. hi in Pal.ist,n and 

avcrag, yCIdS tlctCRttc aiinnttall, I).1l0v (1iiIiate#t I able 
ect, .i,:lds s high is 20((0 25(11 ke Ila:hae been 
haIvSted if) C\I.tnnIIIeI !,(I j P'J.:.1), It ispo,SS+ h' tWdi l'PAkiSarIl ill thrC distilCtPAR( Indicalting 

11;oltle pote ial tot llLetlitS ,.ipIII tIhotInl\, '.rtwc tloglil /otes o lhiclpe., Ctltiatio 
I lie large %itI cap bct, cii tie iticntal 1M alik and I 31 lie.\3t ;tl1ti iral- 1984).. te: 
iU'd yields r'Csult 1i1I11 the nIiidiceC (t hh disease.s" 
(primaril ascoCtl\t blight) Iid pcts (pod boei . The northern reg hli. I his juietdties the North 

labl, 3. Somue climatic p.Irmrautetrs; inthe northeri regiii of Pakistan (Pearce and Sioith I84). 

I cii le.ri [ Ie I 
k,ciat_"mc d l 

icii 
.. ------....... . 

I..II~ehc,,t I ,Iv,.., 0.,1,00 160 fionth ,IfIk olda,, \ ih 

Mmith la, \t II itc ic dlCOItL l uii, h,trt (IIo 25 lini 

-,~1s3 24 e 3 
Icb I 6 10 13 38 3 
kIar 24 It 34 2 (5 43 61 5 
\pr 29) It 42 5 . '39 40 4 

Mi. 37 21 4S I1 41 2S 20 2 
I, -t 25 4) Is 43 25 8 I 
Iul 39 26 50 21 61 3S 33 2 

.\ IIg 37 21 4S 20 7() 45 51 3 
Ncp 30 22 43 14 65 29 20 2 
( )CI .31 14 3.S I I N) 32 5 l 
NI 25 I 1l I 63 40 8 1 
I c It 4 2s 2 7.1 42 18 2 

I lid Cd I ll3t3,i I oil . (3lI 

2 RCp,'.ec dll t',h.. l 1 '~ Nh 4 

rTble 4. Slime clirialic iaranlers' in the ctlral regi' 2 
(ofPakistan e'earce nti(Sniii 1984). 

I( cl~lpt'r) t tilt.' {R clettf 
 -... . . . .. . . . . . P> tl llh i 

' \U I ,'. c 1t1 i ld Lt' .\ \v L' t " t) D 

.. lldtl....... . .. lo \ lt ll h tlta ' kkilh ration
~~~~~II 
Mtlh Na', \1 III I dCL iccirt¢t de 1 (1 1111 mmll (mill da" ),200 .2.5 

Jarn 16 2 24 4.. 64 7 1
 
Ich 19 (3 31 2 46 64 i6 2.1 
Mar 2-; Io 30 I 37 81 7 3.0 
Apr 3 1 44 7 26 42 6 5.2 
Ma.% 37 21 46 12 19 23 4 7.2 
.Juit 
 40 25 48 14 23 55 7 8.1 
J ul 31, 25 46 17 45 233 13 5.4 
Aug 34 24 42 14 54 258 Il0 4.5 
Sep 34 21 39 12 44 85 5 4.1 
Oct 32 15 38 7 29 21 2 3.2 
No 28 9 32 I 2(, 12 I 2.0 
Dec 21) 3 27 - 39 23 3 1.1 

I Hased tn incal tl30 %cars' data 
2. Reptesented by Islanabad 511it, 33 35'N. 73 03T. 
3. Data calculated at Chaklala. 33 73 06T.Islamahad. 508 m 17',N, 
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West Frotier Iirincc and I, chiia.icti/ed .t'A ir- tl Yc1aiclVa nd dlIb , a Iots. eitudIliltirail 
high ainla]i...\hthounh the,, dO nor1 rcrcerirl the is cant.%i Iablc 5). 
Ci-trC rgiton., datai lot tone "ii. Ill tie Ic,!Itl0 Ire 
gixcin i lui h:l 3. 

Soils in (hickpea-Growang Regions 
2. 	 The cenltril region. I Illiea , 

iliosi\ Ncmi
aIid ( I ih!e4). I 11Creci ll h iclllofIh siSi- SoIl IC
tlr he olth % -s Ilie PIMIrICe lild !Ile' 'Ioj 
%idedI ! i , ,(Cti;iJ llllQC" hll)1 sIlldk 1Ii iI~S.\ ,allk 111t1I 1itll t)l lls-n t( XLIltiliI I.,l il! s l'lid\ Ii .

kct5 antld ccitili l c; i : 111c .Cili;tll , st lC Ltlll I iie' ;t i lpl Ill olL illci IlltII' ,illt llkalil ill 
It.elics les i:nhlll llilih 111oth the rCaeCti . I Ihe Cltiiii-Cx,.'hrii cc C aliCit Ihilt C' 
t;iili \%and ilo.,it;illi\ it I 's Si- )c.'.ceui aidm. IP)[)ell f II ) ! oIlo1. llite andIhs' ilt 

itiltil an d . Itn11,lli. and itm is (I antr':m. hijli i lhl' lrilll 	 with1t(d e 1C lcll t Irtc;ls, Nk 
e 'iitli[iI.Ihluril ] l e 'Last, Ifiltdill.:i. iy.'I prilj slillill ,illiltllls IIl lItiit '. 

and slilIkot. IC,.C'~csl i i 	 aS llandelhl i tll Pakietan,hi20l I od l I:lft'l tie 
tOik IlaC' I [C'lli(Icl !1Cillt-l 110It~tllC-ictCnltI0n 

. "l'h ,iiillth rn rcgi,;i. I I11 IC Is r cpr iltl calpaclcl ( "11l'k c;i is Iiir1llI. " ltS\ , till liheltl 
hi' Sind, , 111ulld II.,dLu'M h,td I~klk %ii; l l-',J 11Wc I) ;tt this,ItC. Jllltl of~t Mh Ill ItC!Ul01) 

Tal elt 5. Mntilimt Zintlic laraiifi hilt'rsill the s tiillhtrin rtgiion l liakist;iti Iearct and Si iihi 11841. 

elltt 	 '.t hlllldt\ 	 ', c'I ,iAlm .'ilt l ,~l' CV' fL'VC lll 

.... . t tir I " c 100 Ioll) Illollh1J oI da\s ith 

.lacola di
 

, ., 21, ( 5 34 5 0 7
 
:eb 25 I 5.4 35 8 0.9
 

Mar 33 41 	 4516 	 4 31 5 0 7
 
Apr 39 22 
 47 II 41 30 5 0,5 
Ma 44 26 51 17 43 27 3 0.4
 
hillu 4t 29 53 2?11 57 31 8 0.3
 
Jul 43 30 52 24 65 42 23 1
 
Aug 40 28 47 20 71 49 23 1
 
Sep 39 24 45 16 68 
 40 5 0.3
 
Oct 37 19 42 II 
 56 31 I0 0.1
 
Nov 
 31 12 37 4 56 29 0 0. 1
 
Dec 24 7 28 I 63 31 
 5 0.5 

Karachi2 

Jan 25 13 32 4 63 45 13 I
 
Feb 26 14 34 6 72 49 () I
 
Mar 29 19 41 8 79 
 57 8 I
 
Apr 32 23 44 14 87 62 3 
 0.2
 
May 34 26 48 18 88 
 68 3 0.1
 
JIun 34 2s 46- 20 86 69 18 I
 
Jul 33 27 43 23 ,8 73 81 2
 
Aug 31 26 
 37 23 90 74 41 2
 
Sep 31 25 41 21 89 71 13 1
 
Oct 33 22 42 
 14 X3 57 0 0.1
 
Nov 
 31 is 38 9 68 49 3 0.3 
Dec 27 14 33 4 ,. 45 5 I 

r. 	57m; 28 17N, 68 29'E{; ml fln I10 ar' data. 
2. 	 4rl; 24°48'N. (6 59'T, mean ol 43 ear%' dati. 

145 



( Mialik iind Vu1al 1984). and the soils ge :ealky hae tiot of soils on hi 1,i1 ii. InIor%% cIIick pea

aI igood IliotI+ S1 tas at th e iOf 'ceding. It.tiot on 
 lls sical coliNtliaint, such a.s

('hickpC:a CerOp Izttenirl :'CStlond t0 tie appiica- Ilinmtilith'i iter-iolitig tapleit f)eld capacity.
lion of both iltiogell 11d phosphate tertili/ers and p .1'manent %iiliilgprlit needs to be -oitl
(M ilik 198: piled l,.1 chi,'kpci soils. Ihtospho-lus fertilit" oti 

exper'imet.l sliltitol, anld fillil+, fel ds+,neet, ds toIC 

be c\aluated.Soil IMoisture ald (hickpea 3. Diata If aronigi+ CC,\l,,lt l clll, oil C Olscs to 
P)roduction itilgatiOi ilChicfpt'a eCedto be C0t+tpileI I 1h1i,

\\t0Uld gi\C ;1ill lUIILCI lKii,,MllC ofl the. IlliQV, IIHLItl C 
lh los\ n1atiton iclds o! chickp a ir cotil dereIl Of losses i lCi duec to dhought Oi ,i l IttoistlrC 

to he primaris because ot Its c'AIiatioli asa rairnted deficit. 
c'lot ( .alik and I Wld 19S4 ). i ,mtillt , -Y1 Ini Inion- s \ .,co olldl.C1tcd ocstiniatliw tile incidence
'ooll +lCl.lpitat:onl Ii .!i\.I kodtLe +tti, both th, ail' of discilscs andt pcsis, plant statds ill ,i ltler

piJntit d Il OW oi t!0il I dittUClisits Ce ,l lihefi el'ds Ilced to be t'CO Id . Ite canhse' dali be 

_.'o I I i ,i h. I%t,,I Ii ill, .!r,"I IIP kt. : ,'i ' . pci. ttll Cilctat d \ ith, t,lia lo tsoill ItlolsttltH iut sce dilit 
ti 'C lios .'t dih,1 Ill til I IlL,111i iccil l. tllle I e.sflttfe tile i.NCS, ill plallt stilllds CLitLIS dA ltho~llill, lhi .';tl Imlpk'lIi ow tiLl",i t llo ; atl~istCt ihopbl til+lil] 'wcdctl d illolsillict 

lIttt t1'Il', e iw Ikilct i l i ll! ,' i t 1h1 ,if'll I Iltcd. 

It Oil lc Is ilsil 1lih,I i sil llta) t iittl[illsl i. 
1i i I,l b ell, t I tif atk titt(S+ o il tciibi+t''S tie Sttia lin ity iic(i,tc 

-,l, ilit Ill tg 97i3 tfCijtl.t\i'cordii ll iitor 
gllals' ' - )tll lt, cliit].tll t \ hatl aLliti - it pek i at 


t llon I! [hll it' tll. ll it i' I ll+, 


ll Hl ('t I \Iifl, u) lt%lde . 'c Is o soil , ill 
il ,li! I ti tedi ai kislttanI,h t ill t+ itiStlt aOll affilecd Ollth sa llC 

Ihci l Ilut s fcli+,t atiil,qtlliltlli IlldiltI ki ' sl %iltik andl t t nd l liil !9tea ut bectd soi 
,l _ttti : ell C C 1 llit d'lllti Illd. t hel+k ,itl ( iof 1t1 op 

t l[tlltil. it i tl It c e i eIn
 
d i le le+, C lckpcl-a.t t ' t , i tfllie il[il i 'p 
 ctnditio I li.
 
' atg,tc llc! \t f id
e Ih d sitric till 41 ,at-;Ia CCtILd soils Ill areistilli 

7l17 iuc i It, dine tr em oeI . >[th ait ii se he ci ,+c 6,.iciit ill l\q"u itlat ]tgl'.t tat, !hiit IS lt ililil- t C'+t,u+ll l ItCS (M OI, 111h 1iltd 1978 ), 9.3 m illlionI+ hl 
hict Im~ ilu ,,l tl> Imlpotant c p a g +. t+ thit the t1ril itcd /tltc'i ( Icl-Fie.,mi+,l+g about 44"i of file 

tl,lt ill t ill iL itltl\,palicu.il t iilllttctt'lii sf l at c i ) l Pcaistan ioca fecte d salitn iv .
'ta l all aa itf(l hist Iabutlji tdent ralu rIC( , - it l a ml .ii) 8 1,alt-affoejcted soils 
I IL l :11)tI f illll l l i,, Ofat1%C tC l il. ,ic 'alm .- ,tdicatd the renlain r+t! resaline. In
Ik,CiiiCioc 0 , dh t. it i li f tlllal.il

1
fIllti- Sli it , 51,5 i o edi lt-alIcted soils arfmle recolding Iacllitic -.h, uld he establihe+d e ithr sa linc -M,dIC OfIsOdlc. ittd 4911 i ll( ,,aiifi. Sincil- the mi;ts 

iflli l ekat . \%hich t'~ lt's lrcolc a slln in l regions 
2 \IeL.fh;lIrlil: ,tnd pl l l OCI+L'r1L+itl[ LCh',i .tC f/i- \\hcit: chickpeai ,.ar, he cutfl ittcd are exiensixe, 

TIale 6. Area ('0(10 full under diffetren't c.alegoriv,, of sa It -affect't, d solils <.\lohammatl 1973). 

,s;11J111C" Ritk 
. ...... ... . ...... . .... (;%\psilerto usL.oco thon ) Ialie I'c mi,:a Weu Ill pt.rnva Me. so."ic Iotal saline-sodic 

i'uija b 505 1226' 57 - 2588 5,1 
Sind 13-13 6i73 278 28 2322 339 

Nurth West 
Frontier Pr,,ince 502 5 9 - 516 6 

Baluchistan 175 125 4  304 90 
Pakistan 2525 2029 1i48 28 5730 492 
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l 

impr, c(tchickpci production 
otf tdenit ying crop \ari,:tics 

t1irnraice 

Reclamation of Saline Soils 

RcCl i IiI o f sa llIc antd sod ic ,oti.S has fcc(L\cd 

colt!dcahlc iA(ctitioni , countr'v.ll thit .. good 

teLc \\ Ill ti s prc.scllctd h\ \lollaill-tihcsi roi \%iti 


liltid ).Rlccittls
(1 a ctoldiniatcd project Iil'llilc 

rc'titiitIC u\t it iC itl:tIek i'iliollijti ,tttiic,].IItc 

onlusing 
\ith greater -,,iit diluted sca %atct at salc Icc, lor irtcU,,tion oft gri

becomes dependent coastal regions., lils xcork ioClIdCN stutLOdis 

Rcacit C uciLCl.t Ill:-iccil llittlltill 

Stil,ill 
\


I til tel ) 

S 
(Ct) Ltt2I ii[tI I 

leiLchin , tili 


t. hcIi mIllo cillphLcti L 

, [IlLItile itI it 

t'it Il ,%. llh hllkm cd 
t t tit 

"ias llsc-Sod ic 

of hi tl cl 

l !hi tlgt 

h tMlitt, 11. 

'aj. lMiid 

li~; itl~ ii,il tI s l siCt11>ih;11AIt.cCIIct.'lil 

ilt Cxpct 'IIitc i oLlt lc LtiSti ll I hl 'Iiih li. 

Cuia CopLs. F'r C.\ilpt., it) hectlool. cheanicalv 
anticl :d \%aic[. \ i ll It'.Is ui) to 12 (0))0ppsal .ll, 

Could bc usctl ,lithoit ;iil\ lo-s ill ile \icllof root 

tubcrs Ahiad it Ahallah I9S2hN It s'%asIter
csticL' 1t 1,otk thlt, Illti&'I. Ci tltl iLds iIilIC;.sCd ash 

LaliI1,1% u ae ti) cil.\ ilt tWIC tt Illt.itC 

1Apphciaitl' ol Sm itl lI i[, ! I0 ppill) ill 

tictltluitiiC ullts. . \ ittl I'..SitIIliutl;iic./tll . . 

,. i.I ca clt -\hcitt icik ii lti tinctItind 8 5 

1inlI , Cill ) CtIt, lli , Cett It ..\lhdUlliai te )-41. III 

illdiCi tt Slaline collttiloItititiilCw Ihc thop 1plants 

\Rh
iRCSCilch t slil:l'! lL t 

lst'Itic it. 

]' c , , :I o ne Studies oil lillagcllll 

.\lci ti CItILshl j Il Illti hc iij ),ot l, !ng CI 

Ittu i t lie iL, icstil.+t \\lch ICl ) CC Kt 
i t \icii.i 

ii 

toallcli

tlhlnts
Ila 


chickpeai
 

itlitokt 
itl tio(L [IesLinses 

,

: .lil1le. M~ ihtlhLl'Ill l kt./[1( AN'. . OI )Jl tlcS If) 

illcivi'a "Odu SAlIll I t' -k+LCClA [111011--hit,ll . (,UJ][lW d 

fLe it 'i , I tl ti 

ito I CIIic 1a11! l t il ic c eso c i\iilc[ 

itahcS hc\ clit i c ')i [hucf itii\ t ia 

[llni l hc / 2, l It 15 iti c cpt dl 

lt tdd i 

ut' 


Irolu tn c\CIIS. Luch Slint, ]lc itio 

rcc .2J hcttc iqu;i]olo[itS% \\ i in thi -h Im !iition 

(on (lid, 
Lild hi}\c hitn II~ccti\c 1 \trn2Il \\ic"It cIl 


i'+ KitnaSoll~ IC il l 0 PUIih t, 1 1111, \koi)k c,})li lu h\' 

lltJ.tith lf:t\.111L. W\alter xtlldP'm,.cr I)c.%\k'l~pilw, 

Soilshrtkh 
(

Wolk ol mipiocutt rIaLtiltc-Stodic 

Chaili!]rllliil e1 i a, IltSell agiculturalpr 
Coli nl atcdIIII ; Chi I r I lit,it Is. im'l l,[ lec o lle ll-

dolti t LS [ C ii t o l Iltulldc ;ttr01 illt ilsthe 
\%~crNkithll~i v ftllliclll! ' {..A iltdail" ldlllcll hllm andl. 
.'bdullah 19,M(). 1 '2 )hi -tN Itllld] C J..t I\ ll 

alllliottin[H gC i{Ca t1Wliill,IillIC'1:011, (11 

Kalachi and Sounic I lkn ilicat d St-ill, 

I'llC i hI I I I% I I]a I l ' I 1 .c S,-t d Icc I i Illl h I Iwu 1 i I1 

b% tlheUi.+c (lettilt[ 

/ 1111/m , ,.,. I! Cd ISl ddcl, hlashcul 
he Ihl.,tCllCtI Of[,11-1 U[llSCS ;1].',, 

' /1 %,lldh I., 

inmre>tigatcd illI l i;,[ithd o cc t-I[hcpl,)cc. Il tli 


he hittcued h-% brek-ding culm ars oftion \\wtld ial~o 

Clop SpCClCS Ililitctclit ,[ to sallinit; 

Management under Saline Conrditions 

Work onlnanagemi,'t practices to use brackish 
water lor afloi~citation ,is\%ell is agricultural pur-
poses has, been initiated on the Sand\ soils of the 

Plant inSaline l.icvironments
 

MtCh W il{l,hil>'hCCll doHLt' I'll Cltlp,, th ei~ than 

l,+..ic i 'It iL,i t AIstiil oi h tilldclSi l II c ei \ i

rllllchtu. I hiccl ail tipit ci k tl of\ . K c, t'e- t 
t 

Nit K la hajoSIaCet, I M t ll clop" lor 

tolel'lllc to Silllit\. 'i, lt;o, i il illlI /Ili(j( 

oi l hop1 il, "tlgi II . lcies 
so, ium ,xcll u SI+. il,,coltolland S,_,a,'bchCetire'.' ci v. hec . 

-. 

CLIS ..li(t'dill S s t 11i jCC~H,llll]ttlf'S i I ll11 tlliieS. 

' 
I'CPIO,(ItIt.II\+ \tt,I M olt +c lc \ atl C 'dLPOM~lh e 

Shudicl-iticliti \[l (h ilit ctlldti iAbduthd 

sIi arc pg
' 


Ili po~tiitlt-L ',little t",IiIl!!. PS111,Iitt;m\ on/! ',,iks 


i l.!'ritd ct t. reedin fr l erallc to 

[tl dtt s r lUIt,x_'- 1 1 (Ijl 7 
hat. mlmlcll 

i~ , ll l "jIt ill 
C(l f t ' (A.bd Id~ih ..' l tll, :'IIIC and \broad 

1982) 

Itc hiLgh p11 illS,IIHc--t,,dlC S,,II,hil',hCL.'n I(!,+,n 

tI III l C ' 1 (1JCII-I ) IlifllU 1 It :~l~ H), It;,( . '1 Jch it i tI 

"1\:% itoi 

deficICn1c\ {5,aA.C~liLind ";ICMh,Jk, ONO)0,;IndL 
cieflc\..C lhici,peal :,o)1hi.. pitll:t' i kl .,11.1 toIl 

yield 

niced (I)
ledlictionis ill chickpel titlet iror d,.licllc,c 
he ass,,sed linPakistall. 

S"election of Sdlt-Tolerant ("ultivars 
of Crop Species 

Studics it biochcni(:aI chaniges finresponst: to soil 
salinit ' arc inlprogres:: in crops s'uch its safflower, 
wvheat. maim., and cotton, B:reedling for toleratnce to 
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soil salinity has alreadv been initiated in crops such Ahmad, R.. and Ahdullah, Z. 198(0. Iliomass production 
as sugarcane, rice, and wheat. Genotypic differences on sandx deCSrt uing It.lgi saline \alcr. Pages 21 ;24 in
in veld for tolerance to ditferent dilutions 01 sca Iiuotechnutgl and hloertnc si no. 10. New 
water hll;e been observed IAhniad and Abdullah 's ile.ok I: 

1982h). 1 its s\tork shot ld be e tIIdCL to chickpca. hnad W., 1 2
iidI AdulhI, . . Ili itOnass production 

The Na-,- raitio, s\hich has bhen used to dis- f lood ,] lihct (tops ,,ino ltilk salite tsaicr under 
critilate betseen clttps ttlerlnit of lld slsccltihle desrt cortditins, Pi'- ILe-,96 il ttiosalitc research: a 
to salt, shouldl b assesscd for its use in detecting look to fte iutic (,,il PlrO, A.. ed.t NCL Yolk, PSA: 
salt-tolerant chickpea eenot.,pcs. I'hI'ttit PIts 

.-\,lnd, R., anld Abdulhihl, Z. 19,"h' Potato ctllltlittioll 

iiing ei t;tci dilutions lt iiietinor /.cttschlit l irConclsion tcker- und I'llu,/cbihau 15i:5-0. 

Malik, B.A. 9,s (Otiet aigro-tec httologe tot chickpeaAy of se\elial ,ioticlactts it affectttJie produc- produltion ('top 'todtitlLt ollBiulletin no.2, PARC. Isla
tiit chickpeai in Pakistan and "..ontribute to the
low natioal yields. 

t1,bad, ':kjsthti I'kstior .\ericuhir/tl Research ('ouIIcil.Ile abiotic constraints to pro- lik BA. 1)54 itpreent and production oi grain
d uiction do not 'eciii to he unique to Pakistan and ] U1tI P 'ages 485- o ra wleg uii s it Asia: 
are similar to those allecting the crop int India aiitfd 

tcitsWest Asia. Ie relat, eC 1ldrought, sallliix. forsn\ ",lCt lcl.tICs 
and sodicity allectini chckpcai prodLuctioTi needs t chickpca, and pitcouttca ). 11-15 I)cc 19S3. IRI A I (en
be quantilied and steps need 

lll IrtC iltguli l (gloudiit, 

ito he takento i:llcs atc tLe. Intlilt I',t.ttchtr. 'T 502 324. Inda: Interntitonal 
or \csr nettethcse ctosttailtt .s so that .ictasedtI (ops Rec'ste,itl ]IlsltitiC for the eilti-Alid I rIOpics.
 
more stable yields can rcslit. Malik, 
 .A., and I ufail, I. 1984- Chckpc iprodtuction ill 

Paikistan Paiges 22-'21 5 M~ IOCCLdii,: Of 111C%V0r1\0hop 

oi .\sctcl t ha Ithtlit ttl Winter So\ lltof ('hick peas. 4-7Acknowledgetlleiit 981. RI1).M as I I (A Aleppo, S\ t l(Saxetl. MA. and 
Silith. K It C'ds,) [he Ilagtte, N etherlantds: M,litillsNil-

Sie authtir ,ishlts tt thank IiRISAT and the Pak- tol D[ It tttnk ttuljtshel.
 
istait Agricultural Research (otincil IPAR(') for 1973.
Mliundid, S. \ailtggttt. ,aliiit aitd sodicity
proxiding the oppirtility to participate in this prohlcinis l Pakistan. liillett oti hiigtttion, I)raingeand
mein~ellg. Flood 'initil Rt ,tltch (itncil. Pakistant 3:31 -48. 

Mohainniadi. )5. al-altcd soils tI Pakistan. Pages 
47-64 111M ni rane biophy sics and salt toleraitce in plaits 
jQureshi, R.1I., Mllhaittnad, S.. aitd Aslai, A.,eds.) Fai
salahad, P~akiait I nicrsit\ ot Agriculture Press.

References PAR(' (Pakistan Agriculural Research Council). 1984. 

Pulse crops Pages -37-40 tm Annual report 1983-84. P.O.
Abdullah, Z. 1984. Elfec: of Zn. (_tu. Fe antd ,it oil tire otx 1031. Itlanabad, Pakistan: Paktstat Agrcultural 
growth and reprodutieC yield oi s,heat groin til saliic Rest.,:,Ch (iiti
soils of Pakista . Paper presentied at tile First National 'earce, A.F.. a ntdSmith, (.(. l9S4 Iakitla . Pages 269-
Workshop on Ettirtonittetal Strcs. 14-16 No\ K9<,;4 2 2 lie \iorld tcalier gtitde Ltndoltt [IK: hlutichinson 
Atonic icrgy ('tttttnitsl int, I Illidlill, Pakistan. Isla- & (o. 
mabad, Pakistan Pakistan t I ltn , Prc . f l.tnitcd 
distribution.) Saxelitt, N.i.,antd Sheldrake, A.R. 1980. Iroi chlorosis in 

chickfla i ( it 'r ritt'hiltt 1.)grovn on high pH calcareousAbdullah, Z., aid Ahmad, R. 1982, Salt toleraitce it Vertisols. Field Crops Research 20:373-378.
linui fult'rotuii, I .gro\ing loi salte stlso iteitended "f tilt 
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Soil and Climatic Environment in the Caribbean Region:
 
Yield Reductions in Pigeonpea due to Drought,
 

Salinity, Acidity, and Alkalinity'
 

R.P. Ariyanayaganm2 and S.M. Griffith 2 

A.bstract 

i1Grout I, t,'nl ~ tl jIlt itrit III I[ht Ill" t' q't'l t' Ii It ,']ih 1% f /s(Ii llt e(' t( IIe ;I*r lrIse 

iiprtovilng sioi/r[iltit i) tl1 lT'tw Iei e Io It I el// 1!.t'i!It /h'ttt(['I I , l ltIh/t l ti,' ph et, pea, e'lit trtlI 

p/ratl titi, 
(4 :l )IctJ t 

I I .'li.i. 

Thihh, a 

tM 11r, 'I/ 

tAt h iest' 
i/q'ItrodUctio1ernpl'ud(thn 

li 
g 

. lt 'I it tll(t I,'o 1 1iit i I ll'ittt,'r(Ii11 I ' t:aQ 'lttel I 'tla [int' , ht ie"beellw lt l / l 
g'd.lr It!'% (t",'€ ,, I II , l i1 t llb 'I , / ,1 , thlQllt )IS' , ... Ili,/\. 11 o o lUli.NI I . 

// l ipi/ i tkI' ,. i/ 10/i) lt /. \all l '( %'. I/.11-1ri' Iiire t/alt' l l't iry, 1e.. 11tt ,I ! 'I 

lrttn, lt i I t t ph( sll,/ Im itth 

tI F/WI 1 1 '(II tItl/ t\ t t. ll"I 1ih . 

/i " ilaldltr I north (lall/w as 
/!,ll lt/r dl t'l,/M l\it n ilald i I(u a Itlprl ncht(i ll 

[o~tltIP C' all(/ It'I-, O wlli I, ,/] [lhc M C ti's' I S I\ C(' 

Cetrlcme w%icanitiatniand ./ rt, the chIpe-LIlI 

Introduction sils 

t Bhc o) 
Central ,,\ n i te'Ou thei il't.'itgC-
ThJ 'iarlbbcan region9l2StretchesI, tile 


tri heCa rleaillklld 


lago ofa the W rst rot far as
Indian islands, a sitp 
Brn'da and tle Vittgin dtland, to raiula. 1rench 
Guy~ana. alnd Suirinlal ill SoUth .,\icrica. lhe di,.cr

sitf af d dife entiation o oils i it' reion hat 
been v cll doLIHCutnntI ( RCgL~nOl Research Centre 

ti58-1974: ilte oclupIrinkian 1905, 19ma6:hicApplv 15s a tt 
Land (apailit Stnr-Ne "uso criidad etioago
1965-1967 'SD)A 1972). 

Soils i utts t rltcan c ther aict laog-he gen
neit% to dilferenceS in patent material In different 

areas tile ariation in climatic pertic-
.lar the in M id ribut i o ,all.icsit\ dist tainM uhich 

affects wkeathering processes. Ihtc suggestion that 
rnany uiniqueC Soil typel, llh\ 00,upy Onk, a fc %hicc-
tares (Smnith 1983) 11uLst be con,,ideird Mien map-

pinrg inclusions i tle Soil ,cr-ies ith it si il-ar 
response to factor, of ma ntge fie lt. 

1. 111 c L A i'lllliOt ',th tka 
.

,2 [tit\Chiit ol ilhc \ cst 

I.'R ISA I I I t C I lltwIoIli, 

strc,,SCS t'i.ccchnu'I it It hC C' tlluint i' \Iork-,hop, 19-21 lDcccnihct 

tCRISA 1 

I d1,1t2Lscu- \ h%\ 1) it I-iri jil Oic dt.lictc 

Inmhe,. St .\up, tnc, I rinidad, \%,-,NIhn,11c, 

('Iop', RC,,a rchI h lI!vI Scin--V\rLIII, r tle¢ 

loll t!..I t t.'thhllaO rI in: is( odllltl(tlol n 

" .
J,,/ , l 1 iltqI/, 1 llld ,t'.1 .L w hill~, (1lilt 

,, stra,l 'sI allt a / liO/i!lilt' tirt'n. 1 
t'll!,his/it paper',/h'csri h\. ll~dlthe4ti oq, oloil'W e, j,c'iem dimpio\-cmel t(l ol hic 

111110l~t J /. 

t Ints'o ptidii ) ctt aI to '.ugllit, approriat 

I paper dticribons calsc til Soils o, which 
pigeonpea ( ( tlttl I;ip.(Iilm9I _h1 ilot ) is cultivated 
ina the Candsean r-\oitn: the v'l i, to identify con
staints atr plodttio t appropriateandits hegges 


strategies to aIc ltent it apidadontions.
 
c t er
 

Description of ti e Soils 

yhiis cuhivated 
aic cla cia tealms, loare. s ndy loais, and 

Majoy ,olrore. tCha,, \%r est 
yS

hl:anlv "adsd...Agilionmical!.% tile clays and clay, 

lo ulls"touthe,,.ost inipora t oldeill t e Caribbean 
reguionl. 

tih il oitcn lapid alnd 
ccatl. of tht high temperat llt L ia ll, result

aacdors, tathre tca is teltflc complete 

in~g ill Cla -t1xturc Soils \\fill aIcla% content of 35
40"1 or nore. ('lit\c\ Soils, dc,.eloped from 
scdinientary inaterials ate v,idcy distiibujted 

thoi u t the region ( et d r and Griffith i983),
and the nature o1 the clat\ is quite variable (Warken

(0 tilt' owlhm[ 

I r,,p c¢,1 [987, v." ntlon tit chikpea antl pigcnnlpezl it) abiotic 

10)i4. t(tRISAt (I' triter.India. tlianchc u. A.P. 502 324. India: 
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.. I lie... ... i, ,,,,,,,. o.. into.. ,lltile -m ,.veso~ils .aire c lassific(SllllIh 11)8_;),,'- eI s lo ( 
listol,,Fi tiso]s, and~e lJo
fil+'.'
{ J~l ilttL111, tile_ 

Andepts). 

i fe Ital l oll\o ,,\%lili It I, ot litcrit fw \'m. til3i 1 
an llj e a x i iI f!CocI,,t l (li t i t ie' 
hollt ti Cilh I . l ll'Ii t, lte t I ll12 

ls Illst
t.ti Co ,Iaif l stl1 1 oU ;Iribl'Icii+coif,+II I I C l i(![ I ill[ 1 r i ].l \l ,tIft1 heI Iti't~l,n-cett,,,. ),~ +s 


r 'l tllsl tt .\ lii olsS1 luit1f llt111t 

Ihle t+,2 l+n i
,llt i)l1d 1Cil l tj Lie%C'opc't5sIlL 


g ologicall mittiti
tributed th Saish ll ltMid s t tfI IlIlC l-l,.,llotiuthe lc,\\! lCa'h1', (1 lit.( 'l i 

itblen i s ill tie (iat ns alld i tIli tidldlnd 
Oodr t. i le so ils k.marlyt I lt t/rlinic it,11ti111111)1 


and f.l n t i ,il k , t
anid ill all a ppearFlirt,ls 1)Sl). i uracel (Slillhf In 13t1h/c, lhlc (els. tc l arge~l~ 
,
ilrci pl t' lial_] 1fll(,0
0 11,1 ofl11ITHil soill" 

Li .\1d lII irttttil dili]I/-rlCI., % ll, Otld,+oili ll,girld 

deposit, I hesesoils ii' Ill ' tl ti i gi ll\ 
!1il0t I11 C lWdH >CltOUsilt-%t+,,1 s IIL t i' il c ( il e \%cs ,i1.) JL a i) Cl Sl\. lIjs I lI 1lditI 'li> Iled'c Iso ls. 
aih ulh ,,\1lilt,.lttl,+l t.< Apicc-nI 5~-llVI/le. 

19177). 

Nti.sical alld iPiy'iiochcnmical Chlaracteristics 

Vcrtlisols. Inlct tis n nl, t, .a dll~sd V\ lll i l ,i\C 
ICC'pprt/li! ;lndt] lifepililliill'111% USC(- forilthe Cullti\i-

lion Of sqLIlll."MIC '/ (. tLM ("t/l/'llM m imm'/l~i anld ri. 
( )1 l.t \*[Ij11aW . Ff!lso>,l'sandlt Ifcci-itm il -'ltluni-'l 

I1'till
sills, OClt- l Coii',taIfllII.W',.
M I~ tICI.,,J;l 

Ctlifrelit plkiin,
flood f!,o ftl 'ilh t \fO)llsols mltile-
ripper ItC'athesOflC".ttlliflft!c rIhHllI'I ',;;il\C ll [,, iI.' 
"it~iIstl!liillt ,Soils,'* Lill i,_-(J\k t11Cth!I,.' if)miall;WC ,, 
re.'laim th,.llulh ,flitimag, 

file 'l t% 1x c 1IC.\t soils' ill [lie Il lollallell% t-! \ 


\'erlntsls \%)rich hA\i'C'tili;I\
Oablc S()11-;\NIt-,
rclal
tIIIu ShI
11 P11%SIill itnd t-helIlicAIil ICC,: ledOptf*tli
,, 

to geile,,lsand '+Iltllltlfc k\ellkdc,citcd
are. h 

Ahmi,:t(I M oninill
( 1983). onl]tIitc'Is the it' mOliami
 
Clay Illi:In-lal
Mid tIne>C Ol,1%",ilsllil', C I sr.<lO% 
Intlernall itage-', katcr-r-'cl l iolc-apat-it.lofdr lie 

hlell. 

reduce rwl)ting depth and 

th-'ew"oils Is qLtJlt- \khiCh Call Sigrllicain k 
itclil-
ti lol lionil lgFli 


legunics. 1ihle cla.\ 1 02 1i1i ,l coil'. li,
1 lll SlIP 
of ill e Clsa\fra,.tioiia:nd. %%filth flhgh,C+ontent of 
morilm~lorillnite, tile. t-lij\sbecoelfi.
hard anld imlper-
nmeaible in thcie and ittc.t.,l-
O)itdrying, tire sli'sI 

d rier iI-reas difficult to till, 
s>hrink markedO anid, hdhlo\iug 

a['d h .IctlhlN'%i\\ r sltn ll, -(I)CCO andL sticLk\..FirellIlpot;'IIICC O iIIl(II l ht' C Clalqk. fljI' ltlurC ill
 
Ics+,)C'UIf)a ll~allm,+J11ilnat._C' c:-lti<+fl,, l llt- anld
 

Wtil InltichIti it hull ic"Cilhcd I llilfd\ and )er

titol 

flittII 1 ih0 ll l l 


I gh t 47). 1 i i t c ,ll jt iS,tlicielti , eth 

't,Il t \i\rI lilt! ttrOl ll0 stllC 
CIIo.Iit'.dill ll is olt'n goLeCt Iii 

I hCIt lilCnliIIIlHI-Ie hCh t\i 11L1 11 t C\ t Irc( ersthed.IIlOILIcIs I t 1etd, u I,.dIth
, lk-t-cptl+
 

dcgliite ( ll ll pltI ll tlllit.,,1 lr Of CiVeu0111Cil'. i(1' 
llp t 0ttCh illtf Il ittiI othe-'t piatI" ti S 

h\i' hit h lailli Ini il/teIfln ilIhIqclhIidt 1970)) tlld,ofloxidle c( \ tlI.r di1 collltcilt te1 . s.iit 

ithu hit e\ ahi c a , i Ic Ic . tire\ cha\t-e its 
cxtrcil ltti e Ntllill'lllit l erkotliltr.
 

Ilo flls il s dC1Cur pClOhchil\( Ititi 111%iilt-,illilitll.\ 10 t-IX\<lils, Offl'l d l,,isare~ihllside, 

-d llOk (0}20 Iil deepi Jirlt] lC;'th,..'h:I\C
CriOclI 

pooul .Illtict ild t,\', i JC\ l s
tile lc [lit[ll Ci . e i l- ill
 

Aoh high p1 tt leAIons Sitl L cTi ls pllQ s i lCilItililn 
soil, \f, il fIxof a ltlflls M lllicaccOU> llliN,1itll\%the 1 l ,,ol Oil l.lo h peN in Ir-Iiild, ht \k
C.\t.l,
dietOf[I'M\('r0d~lIit\ (I IfltI i\
% And (Juim bs, 
198),-+ he (lif tile. 1ocil Cro~tp. 1hi, ilia% it) pilrtict~lsdl 

pill~l_ N, qCLj s Ofi H 1picilli lts l l' thatL t'CI t-cloppili7 l 

kee-p tlheslo~pes, underl ,dOt.I'llolttl, CloItptcm~t'.I is 
aspect orlstl idil~gclln 
 ildL'1" IOIIlCtOnltl limlc s 

Ihe''ifid.\ltlisland Iloil~lv\+ani, %%fllb iiCo ctle
 
"ritLUCttllW lt e [110111L., its Ill
I_ til 
 tile c sCtOf1:ntistols 
andi Stllic ( )Xioll, ha'+c ilnleffiient il.lnci riln-
JUl 1, f Il\ t_'C. . 111 Illlall\of these sols,, pailcul ly tile 
I 11lsol,, thlei is i111Inl'ccitsitn ntl[clai\ct (geiner-

Alk' kaolhnit, } In lit' Llsul,,
l M itch re'>,tltsfiupoor
 
Inlt-erna~l
&t iilmg'lL-n t estricts, rool t plcletlrll~il. 
flCrI Mtis daccrll llill Ilict.', 
 lie i}ti imitailiono tihe
 

-", tloflset-c-fling,.
,lahlishmlc antd proper plantl staniids 
(it the'se soil . 

'Chenmical C'haraclteristics 

(Uia%and cli\ h/ains aret relatli,,cl fertile tha.nmollre 

,,anId so~ils, C.aribbean
in (Iht_ region. Soil.s derk~ed 
1r'0l11 IniallfiC c rot. 
111the (M.\lails + id S1ir1liiilln) 

orpl i I11 xtieillel \kcatiered (as 
Mid IrtlMide it usefull 

sufppl.\ of la pLinitnuttriets'lother I h.itncs-'nti.n 


nitrogen.
 

..
lttoltlih nlitropc.il dchicict.% c{In belainct.limraied
 
llthrud) ily"Icallon 
of lt-a 01IiIi11loniac'al 1ertil

i/er, fte limet-nc% of N liiihaliil~ is \ r h Niirot-kr.v .

ec +.it'k
ligt\lisu ,iencesapp ;.irtillthesurglen
t'lossesn. \ occurtt-q~lthrO uI&hltolh soil,tili;/iitioni(on


On rc\ketting, these soil.s imnbibe large quanities i of h)'IighlPHt Il Cn
tg s\\iih hiiglic vapotranispir,.ltion), 
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denitrilicatiton (dile toi e',L's'S rlihtivttire ltCdti i to , 


teIt1pot'ar\ a1riaersihte esstdititItt trtiriit;tee e.'i th 
t
lliditiO l),0I C,+.c i \aIti,.l liahI+,Iihtllt h, N 'Cp "[)ilI\ 

,fie're 2:1 lattice Noil Cli,\'s I C;t tilHU11 el tidOlliitt 
lts '' couild he 'stibt i tni tidller L'Oodlrtol, that 

I i1 lllt;I t cAthI f 1" f I;IitI> 'I + l, CIC I I I JIi/ i i'i 1)p 

i irc " l ts I I. lli l ,'l i lI'l\ ti lete l]0lli l \1 t_'i 

'ltdtfif it'l tI I I . i' 0rc1 lslttA ilci i \lt vvli t+f ilt l Ct_llf IU llo ll. I. lk [ l tII \ k ld\ ltt of.' _,h 


C il I it*(Q1111 lit 1I III1 Ih IiIi ,hci 
IoteIN.+,C'c
_ultl,,tIol il~l d .l+\lh10Iud,, hc,llttl t1NYi'. 


-ii ,hl ilIitI' 1 1tl\ I [llt_cIt I'c t if1 ' kh' 

tridlIitht ilti, sip, If so.,"cl. lkhl ;-o,l5'itnlot; ed 
t+i'. (lif ctsvc, t i llis'I ile- uil. ,ilI ( 

l,fi )p.II 
Il'idiit ottil l olv ci o( Cdl', 

icllt , III l 'Ittilo llp 

iil [I 


rC'Sl ts0l h.'Cl;/iI itfilictiil ti hc'rIii t.l' . litcl 


Nlf I III i' -W flil .il j; tlAI t , ]t , } Il" I II I I o \1k,1I 

fiis.icssiiL' It l (1 12 \ 'st I,ii)ivtiIcfl 'isl Isdis.tltl\, 


ke N a 'it , al,1'fliis',l 1 !1: 1) \11, ,t"timim \'Mi 

25' is I rIit iitltt+-it's tsi ',\t C'I t v I Alll lll!c'iiltcl 
iiOtvi tc ti l vi li i ts fUtti .i's I ,t~i 'f calti titl I iis 

224 h I l i N .. P cc.m i\ili' 'spl t 

applical ,,'uillill ,,P
, the t tt i SCl,ti lliiiiit_'i-

tim 19 3) \pltlic'iiti I t;llK liltCt',cd lsi,.
dh\ 

35-15' O fit' l,laill tiisl
IIIt,i 

Coiurhs , It)(t) 


O)n file C' l l t l a l \ . N. f a l , 0 1~ l I1 _ t'
ct _'l, k <._ ld 'Ie tC j ) Cd 

lack sit r i C+ , it+ ihit of l lp"p to ,,tio lii\Ctd tl'itil/tii 


Ciltisl ill li 'tg t ea sif Notl', tlie ("iijhhe, ic itni
.ii i ietilC 
No Ni,ilhli t id \\;I, t s.c \il i ot, ,,ct+d M ienl 

,straight nd Mi ,Cd , 'Ss. isItpflfth.d Itiiiilel ' t I-
tl.i's [ \1, 17 ,i,a ',lfi1iiC dsi'SC 4 ,cd's, atlict plattlitli 

(viLr 1979t). titI.1 ito ,Ni iti,.iill lil.'se_'i if vif 
\lta's sihscikefd '\hIi il illttiWiAt lt'si , i to Kliak: 

vittt'its I til-sslhll Ili K}tiiiiiiueis 'strict I ttti iti 
()XISI (ltiidrar I uicl ) H1)otti S1it AI)5 iI-euiti 
re'spotunse \,I' Oh'cr'scd M e' i nn',,.d lcrtl/Ls.I'S \ i t 
43.5 k& ha mixed 'sith P. K. (an. a In) \keti', 
applied to Khaki ,src'\ sil ;iln()\ivol I]lcltti et al. 

1971). Small etfects ot N,. '. Mv li1te ippllc~t-

tion vcre reported. (iI'sC'et, oin the ti'i I i ll 
.ield of pigconpea it I rinidad II)alal and (uilt 
1977). Althtugh grain -\eld incia cd l'itltlf, t' 

fertificer and tine appli atioit l'scl ticeat.fd. i 
Significant increase , ak o.her'ed tI dry -malitr pits-
dution n o itthe highest level(-'ek-ofd plantin, a[,, 
of P applicatito (25) k ha . I ftc N P1interactitn 
%ka, 'significant bCcausC o increased ab irption of N 
due to addition o' P. 

5(0
0 

1..
 

- 0
 

I 

I, 
0) 0 40 0 ISO'0 100f 

Nitrogcn ICr ilizet applied (kt ha 

I:igure I .I of fertilit-r-N o l grain yield ofoff'' 


igeontpe: ('1274.A oi Iivtr F's'iate Series (nicat'e
ou's fine Itt\turd loam : Incte'tiso's).(Afftrr a le6of 

alaal 1974; I)ail and (uill 1)77). 

It I,pi ,',ihcili! leo eye1 d !o i rtilji ipc'it tit. ' ti 

i ipllclthi] lihu
 

1he .. i thet51 ti i t cn INi ltt_'rcd 

thrtot h hieli e d's'tl 'saitielis 'sio that thle 
ita oir'itt ol the it tNso t tll f ti,,the fil 2(J-cl 

,
si l 

( ltlith cti il.ft)t'.(j %lt s' t o tht applied 
i c' rt l l/cr .i I hle in~ s e.. n~trlc e.nlt r a t i o nl 

ht',,.t0 NItic-(,,tistic.i>'silcii.I(ld ,;trd-Jlf rtdr and Spt.IL I ?? 

. c r e a d n i l Co n 

1i
,
Jit let.t iLtti /01 I1ttore lik , tt Induice tiltl

t IC'-f)itfI'NC . I hi' , I',Il Ct tli',t to the t.edilut
 
hahilt of ttaditionlal cultliNi , il %%.hich file liiti

titIt,. pltrtiulai l f '. htcsiC icr.iTtie'fl - iltf
ahltc frmi et ctt_'t depth'N a's tre rt !ti, (.t.t ws 

andintl [55 fts16 . 

\f . W _ -. • t ati d N, aridit iltL 

oIINlcd to b1)1 i, tsd tl mtoil lin ltilte LitCIlt to 
p ti+itiAIi i, t,. tr1,I if ,i' ,(iNx. and 'ang 

197-1 \1, t t I' iv llcct:d hr tlhe 'soil p11ill Pi 

ait tlots I, P tixaitititi i the 'oil' of the (arib
bean IeeistiU I\litaill ri 1974). Itlftar applica
tlion O \ and Id t tov'CtiCOI deficienciCes 
rctmco1ti.ided. in tire nropcN' (-o\ and Kang 
19771: sal()o Puerto' Rico, hottstet.,thisi xiol, itt 

kas lot ftiit d to ticrease plant height. protein 

coitnt. '.eed 'seitht. strseed pod ratio of th 
ptgellicta culttat' Khaki and 28-huh 5 , I -Clici
atl et ill. 1977). 

liLating the etfet i' different carriers of N 
tertiliiers (NI,Ci, NaNO, CO(NII)+. and 
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NII4>NO( ) it the ritc it 5( ki ' hi in otli ir ict 
application at p]illct ili o plgc tll t t o Il' LIt, micttii 

lo d Ii. ( 980tl I I I l.iielltli llp(i t 2ltt () t t I 

f 1 .	 [l1 i 1 1 IIi I ,:i I I". l I w. i. 

Sitllit . II Illtht.'l Ili d Tll.t atill1c'm lt I,] " LL, 


t tw,]I t c ,1tco t t '' , 11 ,i, r 


1 i 1 Il ' J1I ol IIfe'l.l .it l , .Il t \io i , 1 , 
Io\i , antI tt 1n 1u 1 t i 1ll 1'1: 't lc' 1 i id I 

th N. e iltI tili t ( .tiih \hitt t I tu ' 

(t li I.hc\lcI1 t l t l :11. L i ,c'1i t::t It l1 ii , t l i'tIi 'ttt t . 

C 'IIICll ' it 1it L l It Il t ' iii I I N i 'hisIj 
1 aitlltc' 	NIA .i It o\ At!il t Ii ii1d Itr1f-i."tt 

CilI I 11 t i1: 1i 1 I(tiili : 1i It ii i 

ICt,[I I" m I ItII I_it.1 't t u t111 1 1', p ,\ t)i t f, 1+, ,u 

t Ie helecn l t1111tu ltraiS t llie itttt1' I 11 ns 
' 

tl l--+\+m/ f ; .h i . t ' ' 

i ' 1fL" h+t it :t1' ' 

2.. d+c C+l , III+.. J -1+ 1, 1' ,d 

' 11 l +I I 111) t ' t , 

,
ItJ ) 	 lt t I I +I M t' ', )I ' 	 I 

B i o hlo g i ca l N i t ro g e~ Fl>a t i o t in 
fm I.I ct IIiihtini1IctloIttIiltlo , l hct I ii l t 11 1111iii Lttp i 

S ci nceIII )Z l kIit,If [Ih fl 

.I .IICMC I, ll] \t+lII t l t' \ d', i{ JIll,( 't. t i il l II ,-t111 

1 1, ti nf ited K t I~it f l i, -+t +Ip ll),i I ,I) tll 1t p Ic ', rlp,%., 

tile t t m t Inul)Lt'Cl0III r~f lk .,tCJrCh ( CHlI+,tICMr In IntL t HSI In MIi1 crl,I It cJItte in 1 1 th i ss1i1 ti

tgwi I1tI&rtuu atci~ t , strjins Iri'tC~ill tId i ,t L~ j [t 1',tl LM ' 'I+;],~ hticItil t\ I. Ct H I it 

, 	 ,ICL IIItICS..I Irt I-tI't I II + t d ItItl I 1 Cf I 'l /o';: i + 
,

h umll~ hai\ C htc.l+ dI. ltlilw.d tIn m jl] ,~ 0 , % I&t l III!( , 

tC ItIIC,, 

t' l 1tllIICL ilt.I. It 1 11 l 1,1 ,t It ItM P I II\ C H Cll 1 1Ct 

tle . s cc o.+ o(l n I ( if(Ih l'll), n ml it , ,jl);'1 %.l I I.I 

' tlL', H1[Iu tlCL II \'!t hCC'LII ',\Cjl t IA/1(IIIC~t 1[1 , ()i lt'~ 

ColiId L l L, I i 1 Ill' (II t%IL H , .I. , I ( p-, 111C1 IAn11 
'IiLl Ctp _d. ,ill,di (t(1'C', (it ICI l '.t N I IlL.fC,Il-, 

noduth le C.tIt[it. f/~lodfll.L :;tIIIlhc! . ,i rl Ililt I ,)L<.'II~t+, 

Zi,'iIt\ ( I)lo ld~ i\': Ilt] lt L~t . t+(, ]IN 1 , ill't+ hat 

thllel I,, so m el.. copc(++t. ltr im111+ o 1m 1 t' tllt: !- It 

[Ila1 becri conlliied .'liml, Ili ( aiihhbc~ i k. rt,tl oconu~t

pea+is riodtullittedt b,, Pf l 't~ : ,lltothyt_'tl)Otl, II NCHOl t.l+t 
/,omt ,ttlrfN OhwC(11\ '.; I~ , t,oI nL:, 11,cdllamn 

,!rt)tn on tile zl ct_' ", i csC dlllcr i1tll il, CM' 

tlon \kith pa~rtictilar R]L:_,,/,vit t ',tiains, hlocal \alric-

ties selcl t rmarlkcilo, different Rhi:_01),;woz ,,tram ,, 
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thin the nitrtti: ', ietie." Iicr.:'.. 1t1t-rett c. 

t_I N_, tlii , H tI 'I lC tcllct_,1i ill (C11 II, 
,

i)if N\ Ii It iI I i' It II ' hi ct l tlodiic 

+ 
III L JIl (cI Illii' I l' 111.1 'd '1 1t IIIII)It Ill1 ' t It 1.I11'

\I l hill III, "It,, t ' u tvI (It+ 

1III 11t lk u t111t tt I cI i h.t t. 
' 
I ill I r t) htC+,IIll I _",t'-

I111ttt-L, [ i li, t )L',!c t Iiit tItI! ,'" l Il I i. tifl Iftt' , I t 

j1 itI It it Itl dI 'I I I ,1,i I \tt i1 .1' 11 ILt 

tIi itil i -I;n1it' !it I \ ut 1tj, 1 l,ih,' A Itn t\ 11 

it ' lc t!t ',th 't11111tit n; It1n:1c i 1-ii' It 1,rltuI 

r tItl t i tI 
tn it',hi 

i t A cIit i it a c I u ii tlic tI o x iitit 

hL \ m]r I, IL I . Il 1 [ 1"1I ,l:.'t li t ' .tI I tld i~ h c Il 

tIt i-111tlll ll I." Lt ;Ii ntt cit theo q I h t ii I l ,IIn 
to I 1 	 t ,I t II! I 1':1£ h o'\1 1) 1 L, ] LI ), L+ , 1 11 , dd , T"+ " Ir) I't ' I , I ( 

fI.iPi),ItkU Ih+ t .t (i {ic, I)ILt f!. :)I iLlitI) I 	 +,t I fn l I 

' 
I IF, I.t I ~IIII ,IA J % L++t~ + tt, I hI , t t (~ t I! l , I t 

,

L tl 111;t' i ".I.1 \ ,,:11) ll I d 't+ l I ,Il ,I)p ,I
t ti1I t [if+ I ic a 

, tL 	 k [ILI \\III I '+I , l,I, '.', Ii I I k,, I LIj ' I ItI 
, + I h+, ., + + I+.I,u m ,lIrmin I,,l,,a % 

t 1 11'!. titct11,I I I IhsiL - I l\ ! , I i 

+ 	 1:u nttt-l ni 1u i',; -11PtL V!,+ill illttt tile? 

+" +L I + : I ! P][k' r , R itt+t i I Ill i thre 

tT, :"I', tit ,+I[li\ 1 ),tIIiIl +,; +1 I ,till, 1(I 1\ i10 11 

. 
, ,tI+ld I ,:: ] highIt ,+ V il',d t, \k i lt l't- I 111 ' ,tildt 

ih1 fi~httl'iInet cpermanct Imiit h.%kit'11 l '11 I ! \ , 

I L-. ,x iki K d it:. h ,tI ;,I im~t++ rilnilw ~ls I 

I.,Jill I + t I , Ithe ,il I£_ u ot 

,t,. ,i 

"t\uC L IC'' I i+ r11 1 11,:'.1 L IPI-I ,~ t)+ Q aIlt 1 , , I I . l~~ I d Il 

d t ! 1 t I R i,.OIt.tll(." C C.U 11Lt~lt't tl IC~tIO 

[t' ;I~]t+'t] I IItt L",'\ if l t t..fit' i+tI I tt C 11 I1.[ dt C-

II , Ittl'i IlIJIlUt . Stlb , II ,tL'l ll\ i tIlIII, C.Itl+p ICMt S 

hoL, t,'L.looi plollImU Jlt1o ll llllct-'h ll+'II I', pIick~clledt 

f lto id lnI t) -.1,. \1, )l[ C1,tij 11)'.,1 1 lhu, suh,+m l mnti+ 

till, tI
, 

lah t+ to the I.'iop ,torcd suhsoil
Ltm ictb Ihlie 


%v.M CI I' %.tCI', ol t i~p III l
M W iO (t c gro\,t i 

lUeIoTl A, !]II.'tt- ,A Wt ,0CI.+rt t ,,': t~ ,l\•\.hl
 

+ 

[tirn ~lLItL! M ll t "CII\11SOU+.TIll( Btulltl 197,h). 

Salinity and Sodicity 

Ihli decldopmllnt 01sl .iII~\trt~- nd rpemc~llt nenlt irriga
 
tioll I,, 1l1.tl l
lo. a| Itilic n,, of tile quality of irrigation 



,atlasi' c u \l3 i CIri l 1 [) t l l I Il [ltie il ti ,2l5 )nIIt e' IUt idl citomIh1. hcclt l+c. tI sod-, nltro
sland % oI111r2;1Oiisand N , ,c IlIttI \ n II lil\t-l,.'IFtIIthi ! _i c l tL tile di\ xt' ,on is aiaila h.,
 
II 1 1 IIlgc oI .I l ' CI C, III l(Illtilila nI I illt l tIuilt
.1 nll ', ill l a ITI'l ii l uIr is, ih 


.,  

lh lr i .a i i I l ::a )11 , i I IF! l o Cc l sik- \i)I i thlr Itt hl ltih
 

I. t' .. t .ltl 	 1' ' ( [ i Icii i i,il, ,:.itl, h,,k\v1.cl 11- t(i\ I .- 11a 1 C1I t eh2 I Ct l\11l plII .1 .
 

oftNut+h \\, Ic'lt-l ill"t'+illI.,~i - 'Nit . jIl ) kI r 
' olh ',tic" , 'III .,I l:,IrI, l lI Ih. ili tli 
'+.++diltJo , \\l:th ilt t , ll ;li'. ' :b h+ ,.'I'tl!~,,1 ! .ifil ;!+ ' , i l ti oh nI k",t l"',' 1CII(Id 4
lt+I i + c "I llii d i< , ij 


N Ax ,Hlt %IQ. ,IA i +I t~+] t. [' t ,i/ 'c"+ X ), )I t ,!+ ;~h .'+" l I \hQ, l l .." \1)'t ltfIl i
%% C l ttli this 

I I 	 :, I Id tsi I I I: t 1 t JI C r i )It I It IIA i I III I111 


it il l I 1N It C II IC,,. tII I I 
 Uilt' 1 1 d.h 


Lhe I iiIII II I I II J I ,' . Ii i I C 1 R I .I 1 1 1 
 N I)'%C II 1 - t1 

. ,f I I\\ilQt I'Q I. r 1 ic C IIl, I I C , LIi I 	 CI I I I I L IL'.,IIit' . -

II I lLs iI i1Fu!J II. ,IIt 	 l ll ) 1f 	 U l 11 

klI % ')C ,iii f IIriC I Q II 'l1 Ill \ uk p1 II' ellpipo
heii i) llc ' I I I f I I I\kiri I "i C I, C \ul I IIII
l:llt 	 I I,, I Clt'l . 

Rt iti rn~t'it Ias I ctfit 	 "l,i Ltc,,Iit sit tI I
 

rIIILICN jINiI FC l ~ IIN I Il I I I I
hel.ilueIt ,l 1iai 1 ' l! IIJI I lIIt Ni IIIN dl1IIutI' I .' C ,' lll I 

ItilC I C I I2 	 NI I I' I I' C 's, :dl I \hll(IIC AI f' I 1C I c I llI I L l I l lllI I c' 11t, I ) IL I' %c't ll'ilI, i",liI i I. ll ! Iht hl(lI. I '(itC !ll.I IC I I d hibItC
 

h,,IilI. tlI hetI' ItW, I C Q ( ,(,llh l, ,ill I kh 1 1 l LLI I [I Fl,l
[i CIi" i lla. i III.1N/cIIilt I ;If 12,! k\a 
+ 


If c'lLI , t 111, I i i f 1 c +l 1 ,+i.1\ 1 ! I C+ C I t !I I Illl r III +II
llt', ! J I'.1 	 ' l 2 lk ' il l C'11 k1t 1 1 h I1' 'r,I ilih I 

,,:t I I l l I t' i]l"'!! I I l'!,!,Ilil~ ,tI;LIIlN heI1.1 It. I1 lxt I)I'I ,! II p.+! I 1 I 	 h lu' CLi 112 Il l- , rKI t l ,t 

I andI (Itll ), 2Vt I bc'd v ti- i,,11 2it. II( r 1 ) !1,1 1C1 tie 111 lt %kiL ir 2 C 

,

IAlI.111;11 1 tll tI1 1) f1! ( I :'I lll l 1 .ilUNNCLII ll 1N Irt t)ld I
he"1 1 ', l I I ,t , , )l C' I h;fll ilI il It ;l 

1121(hilp .I i i1 ll'IlId \ , I th> li l I 1 . I I I, ' I 11t1I C I rIhl1 1 I I lI l LL12I
 

tile I i ll Il (/ , 1 h h,, I h
 
,
tcr Mlll I I 11r,I11n llI I il) iI:. Nt lA[IdI l' lit 1I1.(u1c1 I, 	 l I l 2 

I fcC I .k' I 1 1l1I Li% h11 I 'IC, ti 1i IN 11i Il 1 N -il I, L'teJ! I 11 ) 11 A uupll hl 1 11 1) Ch I 

S It; L:CL I I,o'.,1)'I['iC I I ' ['!I Ii tl t l%! 1 I 1: ln : l, l I I, 1 , 1W Iil ~Ib 1"[icli Ct ck 19 i l 1!to'Iif I% l I l~lI <Il' i , 1 l tI It'I\ - !1, %k\.'dL' h"c'ir." it l ac i t 'epI th' aJl I. , 

,


xc;'t l I ,I1 t ,+h li \ , I l, ,Ii 	 Il ttm th\ iUF\ 	 I L \P ' I i it I Ifl .d .1;11,tI It " a1,1uxl, Llc' t' m v..ltir 
h t cc it iz \ M I~ Ln\, I tti I tI',0lb l l ill.l 

tilt.p' Irur- l l kl'lf II II L ii~ [LLIII L il l I'1,r'1 IiiI , dlI tl 

rit it leI 	 ()k .' f\I,\"I l t t' ll h 1 [II , ~ +,CQ!111 11, 1,I t.r,, l--c 

il L ,t.il illuil ' \", I I I'llN , rl ll (tlrc't\\	I,11 I l 11 I( , 11c 11 %k< ),i: ..,,<i Ii Ic i is llildc 10 ht\i li t 1 h1 I : i'.ll cII~tILS C hit1 H 

11'u iii t,~ . . t IC'dUC I~t% ll IlICIIIIC ll s IcdtI 

/ I 	 '1 Itich 

ttril-lu tioth s 1l. I1h% lICCLI, A t% r id~t ' TiL/ 0I . llI: ~ ficl~l l ollh'r
 

<, 

t~sr ~ts~t 	ill~tL,', ctI i ' ,N t 'l \ ' l ics C. +,iM Ih , 1 o i %ttJ at itta I \ l , i ,li r I't ).I OIIcI hll p il 

rainfll a 	 t' , i 
, 

)X Ad ~iogll 'I) t Il ie i, hiL!i H, ) rm! ; ii ((iun h 10 Ili 11tl ll hAi t C lti!t+.l hCC sL'it Ilcn lI 

Idt.CtjIIA!C1. c" ~ ICI,' -i ld J nI0 ' lL ~ iit t l ile.(U'aiih
", 

. 


hc til I hic fc , I ll I t II IthcIraf ~c q Lit te rec',.a ic Ita tl i-
Cl1imatle 	 and (r\-p (Gr m',th ll<llthat! this tCI()p hasx IC'uCICk ,lietile leipollrail , 

ll[hiLife ofl ".,+lic '.It.. c 'll"%i1tonm ett , lim~ited areasL', tl" 

Fxcc.pt Ior rimt lll!. i cl"l IMA Clt. . OtmLCM HlllptS , a d tile llO All!h ' ,.l l l,> (c.r tCn1CC, Illlitlll,msl ofl icsxcarF h .

,

l . i llJ ,irt' 

tlilicanlll, lIlrali ~l-tit,, six l di ils,\, . 

temIlper.tttrc. htultithm eA I~ III t \,if\ sIL- 1,11.1 tmil tire i fp ,and its, rrob cletw la:rgC] tile 
t \hc fl ! , oI :on.c, it it h rd gro t',,%i lti sm lll fi eis~ 

te.ri ttorlcs. In I rMLL i dit t IsInt ]llte' A. Illeli.Ai; l%l tfe.tll I+LICCCI"-has elx a.nchil'ed. ho llel.'\ 

hf e \ k ait Tilet heplnliing or tile ' so'il andit tLiy,rs~ droc't , Ill LuCAhnu %\ithl short-terml ttih problens. Ihlie 

Oil tt0\\Zld the ,.'rdOfAL+gt ldfi-q!{ '1 2 ). 1 h; ,,sa period 1111n llrll Nfl', - -nt proIgramllOt l e ige oripea im prolilc 
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D~eep layLs and (lal I ai 

D~eep Sands anid I o'ln Sands 

Am1 - - r 4M1( E 

-K;MVRMWA" -'-

T - - " -- ----------  %- - - -- -

1-ligurt' 2. Pc'rimn., oif uninterrupoted c'ropj groisih inii riridiid onils o)1f sari inj tvt'tire(unpublished. U. iHardy 

in2 the~ ( *222hcan22 d) 2 iu lli 11h2. '.2,2 has. 2212clpast yaI PIAM22(2 d1222l21i I dl YMN0;'211(222 A2 .'Ii 10il2 it)
 
2222 Co22222 ll III22 d)tc ill
' M~f). It,212.22ll.2222 of III: 122)1 J)2aaca2. I.,t21' taller(hltle11)1 uIllj2iLga)d Crop: [I\% 
\ith CahlWs' and2 lH1'.121222\:l\ 1. IC:IlpCJIHC221 Aind 1- hI 32; anid t W\ 2,1 lh\ ISiY \ 1W I97~9). I ruler 
h C 2IllC '(1' IIf2l2!L IC 1li) In :II .II: L' ;10 a' %i~.(21 M C 2it-d.2\ con1ditiothe iirigatcdcopofi h22th (arie-

Ict InI).2 I2(", It 'I 1 221I i l~th t 2 l 12'. is 
d uI t il l2 II22 !I I2.i,[.I I 11%a, Rl:a~t :I : I i11ol(i,) [L'p2222'1 2: I irlp)22 I22! ltj22illol 2,22 

I,,II I , I I I Ili-1211ll- L.2! 2)'.I it i i t l2tei tinde r irrita tion. I! (1.2 1its 

21 221'2.pt'2211 
222l.1the2 ' '2CJIL ipt' [1;r)': ,I a.2.)p2'f2I,,I If t, IlloCr1':2.2 tile R Id of I\ I' and) I\\ -'()(f212i li tile 

212211ont. and2( tchai~c 1':w2.' t pLc1Id' dk~itlc thit I tillidad titr' seas'on h22oc thani 2 t a at at 
1IX222 222 .Vit 2'-'. 1,.c I I a.21 i 1'12' plai22n dism t1i2\20000(( pla 222'.a IlKeat ingand 

4(11( kit 2.2 I 2.II c.c pC1. 1 2ti I'222:l 1.11 it2.iI'. 2 1((000 pitil'. i :rtipl 1 20( 0 (1 plants. flit I 

)1). li22i ,L' I fltii'. %212!~):2 211'h i2'tlc2 'ht ' .lal (21'd, gitc \'. 1
2 1ll21)1 221r1a'.12 of) () 12 t Ila , 2' 2ic a'. 2222p222-

211;\1122i/CLI t l'l I h,' I*.. 22Il 21llili~il2)1.' ' timi of in11tstui221 dct' 1 2 rctd22'2'11 . IC'L) h' 1.41 tr t
 
itl's And 12' C10l,,2lt! '122112 
 .2. 

12.tg1 Pv't22d'.2 

(2,22' 2(2.22 d222!) I hiuhu 122r( anlhun,I sho2rt s~pells 22f Infelr

(Ifllo!l, )2itl h2l 2. ):2.22 222222122 21222liltilet (2 f 22 .ai) '.2)2'.paitC

2222.An2d pt'd fillily lll2(11' IliT '2)2221'.1.2A1\ '.2(' 2.. 21.2221 Allcl 2Il(lly \kith 21212.1'fl12)) ate peild'. oi' 
at tile hcint222121 'If 2)1k 2,22'.o1','i \1,,i212 2help th1e 1'Jt'\.12d (22212 IdIahIto h)212122'' iIla)I. RIdCit 1e-
Crop2 c''capc21 droitr lrt1ill )II'uli and22 pod22 22p222e2. p2ihhk con2ditioned h'. the \%ater table, 

Plo21222ie,1 2jlol~t 2.2' hctdli s.llo% n122.' .22 Ihc2)1 IIFtkka!-! 12'di2' arnd Spenlce 19791. 1I 22'. thle 111 
gro22th)am ) yed A1 c;22h Moak:.r' Imied) CIOW o2f extioncse' 22) %%atcrstress' sli22 2r22)stUrcilehcit on the ~1 7 2222 ( Wi 26, 11221'.211y1)22(122III d2j22.N 2222t: ind quW221hj w2222'tU1 12tent on the ither
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'itC IC.\t , Of tile IC-IhC\i t ul u1o l hCeil alSi\C iIcaP iC ,lJ 'ci l ha" nl d LI.'ICM c',hlIilild, I c hwr 
pI&Ctllp.a IS a InM .ch potelltlIicop it-(,inhhCatl PO lt.A ed hSI i I ltd l i ti IC %CI C CvtIII HIIC i llpre.giorl, both I)OH.'d ,ind l.' -F , , p cm cl. 1anl ]ncel-

D IIIII! I'CCO\ d111t L it.di:t LLII II I t11:t Ilt I,[ L I ' I titt ll t'. I9"') 1 hu 1\tt oltl ld. 
Cl hud'C I,cIII \'Ii IM.d "%liltShoot ! t.iLlt Iol OIhL lII h- tiltIC ,C \ICt' 1hittiLICLi ealt dIlli -lII+SIInHhQ tiI t0S%,t1t1C lL' %k 11CC' ,tlt+ il t2 IIItIIl tell planlt,,, I)()[t ' , ii +'H ,tam k hut IIIq wid tinderC 

rC"ItIlptlt~l ol It l h iLC:t I .IICfl i , M trtttd.odC hI I \IIult 
li i t(,I c', It hipc t' cfttII L LCc'.CIII i 'll II'i',itCut Ill ,' I tpiil Itc-i'li litUC IS t ed 

h tIIIIC jl tI l
1 

Citj Cliiii It,I{ lCl L t ill tI tIC tIt lit T oiIL (l I I t L IL'I C~t- l t it l1 t Ill
 

tS6 li It LiI +hh I: id iiii i iii ll I lIc
lL t t . .Ield .'tlti ' ,te In 
il L d lit.' iicl L IIltlILL m Lt It C l ' li. i-featPI Strlllla )es/I I +f ll\ it di' I c". 

aL k ilL L-!iWS I Ih kl 'III Illh , j.tl,..'! , I\hh1 . ,, 

C
,tettpht l I t , lll +Id'C(I IIIt o nI;'l nlcstall,'
+ I tItIJ , Il(ItIl d (1 'i +'[tro . O f I) ttII',' lt Ill Hil I hlhli l lll Lc I t+' I M t_+ )IC" l+"' 1 't . IU h llc \k.'lsapp 

-


Rili \Lsial spntlli H. S,t-, rIt0tidui I t ttI I t, Iro dp% uAC atu i d in 
+ th  
%%,I,thflcc .1, XL'"L'Clc !11 I I I l tdJllIIllL L'l)1 l'I t I t - I fl,Ige lt!I tI tilt I I IIL lL , 1o tle i .I-


IAlhtIgh Il i L I t ',ht IC 'r"
l I ', ouh t eI p,eIpo I dltrot tp lt. ier t ll-Ctd . hit, l I'
:ILI I tliIfIL IIiletC',, -.LIIIIUl 111 ll! OhU',I"I' "n I 1 h'ltinht-i , I p , C I %,JI, 1111:tl hC.',+ ,'ll'- C L o lli

it l.w ldd',I l rt tt lll 10.1 , tu i)\ fh:" ' t/ ill C.", (L I(Ct Aft i t

t',l that ,l " 'It Ithtt (tI:,;+l (I 


help+ i+I ",Li ac tl.". t , iliti i \iid+c +
ll .I it ll I I{++'t.'l dM t IIt~tirtIIL.,il ",I iiti Hiui I l t. IfItitt~t L td+UI ,,
dr' ktItLit- ill C - n 1 drouIgI ht IthttAIl Inthue ml, tit I 1,'lthtt I trL Idftdan1 [fllSI., t t +.1'C
IICCd cloi cl -Ilt iml I Ill, 'w l +I),, ;I t (.1f '-1i t! . 11;A \ h(' I Ml dCll.' Ill H IC+ ;flilt!,!! Q'. lIdlIP ll If l ld 

lllaItl~l 0,111l110 11l1le hAl 1)CC i I; :'l I ' , "h oIi Il I I!L', lC l U, %h I ll t.' ' ' IC,!l. , A I .!)tilt''t 1h: ihItOCC+LIfIledJ 
e%1%C\ c IC i~ uLit l~ l,,U 1+,pI IIIIIt I llI M llt ' ii I ll it 11Mt t.! I Ill 11h llt] t h lC I lk, Cd \',I LI"rap~hid t Ibl'hi' LLuiIII!1 I IC I- ici. tiI ;cIIItttt field,an 

oleI (rInIt. I, ) t IhIeIIL.I,tIutthe(r I i I1ti OlhlI
wh a Ii I3 tCitde . .oIC% Soifher. 

) OIUuIit hliet I I '.:.IIP, ' id 'I % ,1) I ' 1',!% I .l +".+thitI t C <1,I)ICIULAghuc. I I C tIIIU I ldJ p I 
Ibc CCSI ,. Ill t11ll Jno t \. %,, \ 1th'l, "., :C-." I,,IICIIl ,i ] t h] , J ICoftt.I ,Ui Ill Ic'I al C11 illIh~ c' c C I 


pCFNIhlt Irlikk kct'. I:I o'lk, h \. ut :i
\1-.. I' ~ I !I u 'lO l'% , It" Ili l *IIC' \]I,,, Hl( fo.'dso! l]Cal (l l I

tile Cl,.+' IOJIItl' .1lid i,11111 1: 1~1I ldt.,t., Mdt 111 ,1 I k' IL"SISWICC'L. p Jllllh llotp% illd ltool Shtoot raItio 

]ilitit~ C' tt_.l Ill !hCI;it.tk i t .d , )Il+at1111,1C, I r lcItt i))Si,L l\CcIt 1 teotu1 ) 1710a otid hi a
 
, ' 


tl' llmPlll' 1, I IlI'c 11Chi+lIf IIt-,%I ,po llIso)lISo: Sl it hnI C+ (ICd ICI I 

( ; II\ l l~i ' lld I ' 1 i,i ,II. -% ,tlIthdl.J ) tly tI ( I I [ ,pc/+ I1k)IIII l C' Imlll\ I,I\ )Ij \, L [ I,,
CdS".fICl",O1lM
 
. 


thI;ilMIl~d LiTOLtl'il illitit, ' AI . L V% I) %CLCIt+., %C IIxt, + lllI lld I III IIC'++tL'hpoi)lhc" kilwInloccu.'ll t[ile' 

h1cIIL1 C IO[Ip i tj,.'Cp,.1 11101 Ili,! IIIC( of drOtULilt, I I tirtlIVhlpIM P,fs,, Witi ,CAlld ll',)i, ft 
 lC111tOC 
,
S,\h t 1I [I tic: ttICS llli", C.'\0Ihil ct", pII++ ,.llpttlll,, Of Sencs+--

Ilie' Il\ CnIIIk . p!v Illp 'L- II];u + lz ldl Cl ()I'I pl !"l+ I\ a,Itl+t10 tile[If'm t11 - .11 . M ice Mid ITilt: L Illd 

Ip edesIU t lt~I~ t a[ t1t ."_t : l+Itall '+fl l'CNt.I l l l C lt+l~i lth P i ot~ thPerprL.' 'l to ~ll 


hIO~P CI 11II kCl~c tt ,:. It 11ICIdh u ll o tile' Inallt.ilt .imtiv l' If Ic ,cond lt'aIC oil life. G.IC1l(

('arl-hhca [ I L!h I t I1' \IL h frI: )LIt IICS I)III I % I ~ L't % l 1C lt. halil ile I h. lie )I,-ii f \ Clit tonlhashbeen 

IMS'INotl'+,.IuIM IM I IthI(',I! IndhIllu , II[-). I i , 0 11!'+ I1)1):,11. IC Ilh,,et .c I opi ,-,' m l \\'t.\1ndies. 

-Il Meu, t\',Ith r ItL tCf tl, ifIklno%, il a I uth L iIfw I 117 p itt o ilaI c llmlltl£ill0 lo llhI 

4 0 %CkS Itthleko: Iokdlta'ol.ttId'platlol it)thlc 

%cg\ ct_' tl', . pil',SC IS',lpc+.+rk ¢ l u' I ittd.th h 
so hou .' tdI NcC d h nli geln th h i,.:Tohc critica lIk H e a t'IS tres s
 

C.\,IllllflCLI 

I)rt)ught ,tr,', Is,uNUIl,, accompanie.d hb,high 
tl c e and [tic+. OfIfurtz,.,, efcl t of thi's On senescen'c eI 


Phyvsiolo g~ical R e to t tcproductixc uctures hIm, n o~t h c i ,,tudied in
p onse s, D~rou g..hStre ss It 

pigteolpe.a. Vallt'.l l h~u cIC, ill(II ,ot pod ',.-'tco\,-
ANILthou l nl~t.,+uj1Ct 1.1.d.' thought itoheiat PCI, %kCF Clrt 0 tCo Lktuin tile hot %,,cathwr il It _ 
drOut,htl-tOlcrt Iltplant, tile mIct..haln'im t drought Inmperial Vallc%, C'alifornia (WVmiiang an~d Halt 
tolerance, Mvitch should bc tile b,isis for itdaptatiton. 198.3). Furthe,.r stILI,.',Ii iziom,,h chambers, while 
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confirming varietal dilferences in heat tolerance at 
flowering, shw\ved that stIsCxptibilit\ to high temlper 
ature w.: associated %%ith naile ,teilit\ froimi lo, 
pollen \lability ntd iLti.'hiscelt ailthlis A preinti-
nar\ stud\ nith pigetiiipei ii I rilildad hiat,, h\t ii 
that heat stress Cotllo ldilcnc suhbsltiial senescence 
ol eprotluctle ,tilctlnus (IR.I'. .\miawLamaIl. 
uiiptiblish,+ data) 

Management Strategies to Alleviate 

Soil and Water Problems 

Soils proTn t(' t Oli1ht t i Iclip rnOidLctiui , 
limited under ialed a lic'iltill1iia s"',i i" t no! 
x udespre n'il 'a tec IloneItn tiIl.haii ,. tlr.ilcit 
otCLirtntCC In seClal Island torics c. .\ntliu t. 
Ill-tarbiisi . the \'iiliii l , nuds .l,1iii icii) andt l, the 
n aitiandl tcrri oi\ - lit /e lititits ptd ctii ii 
tt ,t' rciluts. Maitn such diliihli-prtnc tici, tic 
,iIded loI top culliallil t iat' Used ti 
loiitge s. III _lai aiici. II nescl, utttipliIs lia\t hceri 

dtaC Ito a 35 7 
() hi oI(I i o tji lI-pr Itciirigat te oit1 m 

sadine areas fl (itie c itinu lu i prt ucitlii ilf s il-
cant . I SitigstlalCliti thle i m:tmip. thets iid.i 
application tl ntilich s stir eiss, iig.i sc, po lti 
inll[itel ill coitn ititation \%Ill 1 lIM 1itgpSuIuI itll t 

a ridtce-anid-liiron k ,tNtiti t ctlitatitithn tllctisels 
icelaiieuid such suits; it resulted ill itre etiXt'slL, 
root ,,sei llsantI ititl iiicrc;tset'd ,itld,,. Sudt'. 
tiooed tp\\ard tundtir capillar\ hics testiltinl itrot 

surlace ekapoirationi aid ,Ce ihUlithc iritm :he suit-
flee bV sulbsequett raiIitl (Webster 1984). 

Water nariageniett stratepits ctnploed in the 
Caribbean regiton lor areas ItherC the soil nltlouinrc 
content Is abo\e lield capacity for prolonged pcriods 
a. . :is follow\s: (1) ('anberedLbeds 14 tos I nwidC): (2) 
ridges (0.75 to 2 i, wiide) tt flat land or along 
cambered beds; (3) flatheds ( 1.5 to 4 t) itit hu x 
drains heteetn beds (i.e.. drains that are square 
rectangular in cross section): (41 ridges arid fulrr ,s, 
or flatbeds, with ield dratnts bctmieen beds (l-indsay 
et al. 1984). lhe most etlectise methld of renoving 
sIrlace water otl claw and clay loan soils requires 
grading of fields and a field la\ont ot ridg'es mnd 
lurrows on narrow 3 to 4 n beds (I..A. Stimpson, 
personal coummunication}. Experimenting on Incep-
tisols in Trinidad with col\\'pca, Gutmbs ct al. (1982) 
showed that \when soil moistule stas aroifund field 
capacity, there was art almost linear increase in the 
concentration of N and 1) in the lesa\es up to 56 days 
after planting, which coincided with fruit deselop-

Inent. ttxeci. eteen ()ctolt and )ecember, 
teitpiars, flooding, \hich int\ occir flor 12 to 24 
hiot it about 310da\s alter seeding, iesults in a 
notable decline in N Ind P cotcetntratiotns in the 
Ei, . I he KlClt ol tising \Cectati\CeTitIthes to 
colist e iwilic tndh N let.-tili/Cl, pitltCiclarlV in 
th ill.% sl.isoi,. hte\ been coilimed si.Nkrtinall 
11,2) Ill the kkCt Season s, appliatio tl mulches 
I'-uts iII njtloecitld icates anallobic Soil 

k Itolldill ( 9 tl ,ig c l d stltN¢, t i.ili 
HIlidI ( I9) hal sLIL!Ye.Siet staegies to 

IN the litnittlOs itiposcd b, suLbsoil dcIditv onl 
Iuiaim siiids and loattis. I ise ticlude: (II aci

dalCe o .ircas ininietliate t.ed ltp.tent where 
si otl acidit' Isssc% re and the use of tolerait crops: 
(a2 he Ma,.'hitg o; suillicicnt limie (2 to 5 \tars) into 
aCId suhiSui tI prolotcilot 1u)%th: (3) selecti mnl o 
L.'otatitt itlip ppIOpriat grim1\ ItlltiitltHi. whitlich. 
\%it propel plaiiti l,,d t Ill tilt i oid petiids mof 
mi st likclt toitlsmlire deticit. antd 14) selectiun of 

Ci OIis tt hereCIliittlll] tisttihntuttit itld Soil water
stirace i t ill IIIiitii)/c .lcpeti'ttce til crops
 
i[ ,tiustiu l %%lt'e .
 

l oi ncr islcd lcgiiiite ptil teiii iiiill it: ('arib
heti, tiit LalCim [Cst'il h Citlphli s shtitlld be rl ,t+d 
kit c ip Uenetic i \tiiiiitllttit h~i ilcat Itice Oif iii

daict iil ,>ties \lie ilitioll il iianniv these stI'.s.s 
.ild oloeclnatiithe land is cxpttlsue aitd 

cqiuires considerahlc resotli,.'. MI)onritn 19;41. 
Such reclanatioti stiatet., ittav be stuitahle or 
l,ii.c-scale operiutions. \\itlh increaslg cost of 
encr+ inputs. alterniti\es need to be fuitind, ihltch 

arc mioire prictical iltai strict ctigineering soILItionS 
aid n hich ',tit stutl Itarmers in the Caribbean region 
I )olton 1984; L.indsa ct ial. 1984). 
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Soil and Climatic Stresses on Chickpea
 
Production in Ethiopia
 

Tanirie Hawaflo' 

.-I bxtract 

,liltJ-/ I t ( " a l rl t 'c/nia/itg, mor I latl 

I lti'r i /it t/hickilt'r-
Ethiopia iist most iw orttlI t ci 'it r it II ,,1.'l ic l 

oi/tti-ir/ i ft l.t I ila lt''w l , t'rt1u itl lc,' ctufivilo ti m't,i c cot' ilci. r 

rt irrittt'. hicklra ih n
.ierodc thio lfia ratiks thirl atain' , l/ t , ;od III tinerc tht 

an/7l(0 /) llDi al littlales11't1liolpiI i's .groltof ill alls. it l/I 1111111i I/ r//li/e/I laijtll /hctli ell 9250 

' t t sin 5 ) narnaito inIalithe 450orranlQiii Iwitt tvi /40O w clld - i(0) lIt abi m/c' %1' fthc/. 


C]lica iir't'ran'li / L'thl , ian ln t/rtant 0/'1 , nh///clt'Pn ' I a ifall(/ti 'th etrti , dt,oltibi 
 o o 

is ata Ies inl''t! n Ilat Ill p rai1 ll.i tllsItltn eIr.rp/filtllio. . I llt / 'ratlld ltud a Ia all hethan f e 

lofru I 1/1 o/-pi/c otat-rld . ithlo i . iTlt tih "( )ahereill delu/l/0 ri(ht ic rieall (hi l 

ill ll Ille ra-infall hn Illt t'c i 1ihaltit n tif rain l ctpl e 

tl ttl h ,llif ittl" ri n in slimalli s 'o.a 
lin isa i'sti e l)r55 .itl sIll hti' " rrac 

i h-lihr1itlttgvi tI, hines 4:n iiph'ea 96:t' ,tq, that ar Ses 

ctnd another 
Ii9I9I.h. 1ctI.\.I did). 95Srtthhe 

Introduction eess thnr 4g0 i I I uh, and one

ccrt 45 9 a litniit0 111 fi i IP 450 950 

Chickpea rtci tarinrei 1 portalint pulttt irouglish it l int a ttdal iiiial one, the eratic distribution of 
total riinis nfll,responsible lorcrop of Ethiopia. Cinc rhitatd t alitudes rangingl r i alt esrttan 

from 1400 to 2300 Bllgem 198, it) a rigse n partial total Crop resulting incliCit foodtk ossSala(GClCtu 
of rugCdtOpOgraphys %hereidCgCO1rphic9i) aria- deficits the rgiou. I tie 150 450 n0 annual 

tions are associate d %ittil coitrittin Soil types andrainfall one, t errawtic d istribution of'rain, coupledt 
cst- totalsoilue of rain isusoicars, causesa totalecological /ones I%lohr 194: Muphi 19f %rid 

phal and cest pha -Sttcls 1975a1 aciri,f licpdo loss of grasses and hUSh and consleuls aiveof' 

1974. 1r Some ot the factors r975r 1983).ti4). Problcwns olsdinity, alkalinlimiting stock (ItPRt 
ic tse two zoneschickpea productioPo droc.tiltcrlogging oi it\, andu ccliC drought, chSotic 

plateaus and sorne interniountain \;tle%,,, silinitN reccitsing less thin950 1111alnntalrlainf'all~should be 

triga tackl e ssing rie rs and exploiting groundandalkalinfit r il imt i lp riser sallt*S, b th 

and frost at alittdcs e fC it ( 1965: naatrr 1800ho 1900 r'NI)Ie reserpes4 I'g irrigationc
N t rphy 1908; M cslin .-I\hcb 1981I). Chickpea is produce(] prim aily in the 950 

troil scint t tfill- paper ill litt 11 annual rainfall one, whereth cropis grown onts it is \ritten by
m ore emlph isI ()It Soil ,lilt] ch llia C LICtI S th anlo nl residual soil mroisture, pa ticularly in tile water

the ecological ,)rphsiulogi,:al aspects of chickpeat logged valleys and highland pilltCa ulS.The area of 

production. rainiled crop production is Shown in Figure 2. 

Climatic Environment Production Statistics 

area harvcst d and yieldt fvertge rainfl: distribution in Ethiopia is shown in rData 'or tl'c average oft pUlse-growing countriesFigure 1. Nearly one-third of tile country receivtes pUsCs I-or 14 major 

' 

1. ( ollcgc of iu l tkI rlc. ,'A lmw'., Jtdi. ,Ahl.il I niscisit . P If IiO\ I..,. I )jfcda\%a, I hiopia 

Ainckpca .ond psigconpea to a bloticICRISA littrnational Crop', Re~varch [n1,4111uIo[ 111CSCnuI-.\ud Izpic'.l 19h7 ..dapition of 

,treser. Procc ring, rr tihe ('C ,ultant,' \\'rlsshop. 19-21 t cceher 19S4. I RISAI ('Cei/ . Iurdir:/.P tanchcr. A l.502 324, India: 

('R ISA I 
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Figure 1. A\'erage -annualrainfll distribution in Ethiopia. 

A frica are giken in IahI) I AN r~iclj ,LI .I\1 iicall -,)rlda',erage. [:lpia ranked first in area undercountries are lo %er thial tile %orlda'eragc. IlictvNecn chi:ckp,I, fthi"+ \I()I-()r:C(o', , all( Tun11isia. The1974 and 1982 t-lmiOPiaNnkcd tird, next to Nigeria highes,[ yield Of Chilckpea %%as, recorded in lgpand Nigelr- in tile t I~t area 01 puL,,SCN 1iJllfharxcq~ed+. (Imw) O 0 kg . f;-,ilwed b% S4udan'(900'kgtile yield O)fPulse,, in I:thlt~pia %%:IN3 5 filliesgreater ia i1) and Eqthiop~ia (60o( SMXk9 h1.a1). Clhickpea inthlan those itn Nigerila and \],!iu r. Ilhe Ihighest .ields , Eg pt and ."Sudan+is, Irigated.\'+ere ohtainacd in FL~,.l-,l (1, oo( 100 1 ha ),fol- I'lle area ct, ltixated anId +yields Of tile five majorhlv,'cd h', .SUdil I(() I ) Jlj( I j 1),l t d Fthjipiaj pulses gl-omir ill Lthiopiaaregi,,en itn Table3+Chick{7()( 1 10I(0Kg hia '). Ill F ;5 tat ,alad SLudIM,. J)C~l aJIpu s Ica pe,, L firs, in area among tile fi\e pulses grownirrigated, Mihlrcas+ illFn lihila thle,+ ale gro\. n imll thiolpia until 197.1-74, thereaflter it was replacedresidual sofil mloisture, I)v\horse bean. Ihli rasont for tile decline ill bothD~ata for (lie area har\cstcd and y ield of1chickpea ar,..a and -,aid of chickpea duringi tile 1974-75 andfor 10ii ia.ior chickpcai-prlodticingcoltmrit.,in fril-ica 1975-76 crop sealsons could pro)babl\ he tile replaceare gi',cn in fable 2. Chickpea yield,; in African m~ent of1chickpea by high-yielding pulses, such ascountries were gcerall,, slightly higher than the horse bean, +and by other cereal crops grown in atfe 
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Figure 2. Areas of Ethiopia iiith acid or 4ilkaline/saline soils and areas orf rainfed crop production. (After
IU'IPRI) 1983). 

region. In general, the arCa undVr pulse.. as signii-
cantlv re'duced iat. 1975-76 crop s'ci,,n lrom that 
in previons scason',. 

The priiar5 and s.ccoindarl chickpea-grtmsing 
region' in Ethiopia are slhown in Figuic 3. l)ata for 
the cultivated area and .icids of chickpca aad lentil 
gros n in three tajor pulse-producing rcgions in 
Ethiopia are given in Fable 4. lhic potential lor 
iniproving yields of chickpea and lentil is cry high, 
as indicated by the svide range of yields obtained in 
the three major producing regions in Ethiopia. The 
geographic distribution of' chickpea praduction in 

l!Hhiopia gencralkl coincides %kiththe 950 1500 mil 
rainfall /one (ee Figs. 1.3) and the occurrence of' 
Vertisol, (Fig. 4). 

Average yields o two Improved chickpea varieties 
and one local \arietv grown in five locations in 
Ethiopia are shown itnI able 5. All three varieties 
sscre gro ,ilo \"ertisols under rsidual moisture 
cotditions, except at the M0clkassa II station where 
tle soils are of volcanic ash origin and the chickpea 
was gtmn under irrigation. ie pot.:ntial of chick
pea production in Ethiopia under both residual 
moisture and irrigated conditiens seems promising. 
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Table L Area harvested and mean 'icld of pulkes for 14 major pule-producing countries in Africa, Africa as awhole, and 
the world, 1974-1982 (FAO 1982). 

\lea haiictcd ('0101hI it-Idhi kg haI 
-' 

Country 1974-7b I' I)N I 19h2 1 ;4-?t It9M 1hi 1982 

Burkina I-a, 45 4751 4751 4751- 5) 3s 368 375 
13tOrit di 29) 29S I 3(121 3051- 627 706 711 720 

2158 965 1828 19184l-gpt I168, 145 13S 1391: 
E7thiopia 74 867 897 9111. 727 1056 1090 1100 
Kcn%a I 1 5501. 5501- 5601" 476 418 436 446 
Mlala% i 284 31101: 302 I 3051 662 683 685 692 

Morocco 571) 408 325 490 953 606 284 472 

Niger 898 1124 1242 1462 222 247 236 209
 
Nigeria 4 127 4 1151- 4 1151" 43181' 205 219 219 218
 
Rvkarda 266 2761- 278 1: 278 1: 747 8(18 813 817
 
Sudan 7(1 751- 761 771: I067 I 115 1 114 1114
 
1alnlania ,433 49 1 498 1 515 I 439 454 434 435
 
Ugantda 593 3131. 401 492 635 735 845 839
 
Zaire 2.37 252 25 2601. 6(19 550 547 543
 

AlIica 11617 I1468 11673 12412 455 462 457 458
 

World 63 576 62 679 63 813 66 295 664 645 665 674
 

I I I'W c'nl imitc. 
2. ..%eragcd h\ cai 

Table 2. Area harvested and mean ild of chickpea for 11major producing countries in Africa, Africa as a whole, and the 
world (1974-82) (FAO 1982). 

- 1)Nrca a '0(1'0ha)'e,.cstcd Yield (kg ha

Countr 1974-7t: 191S0 1981 19S2 1974-76! 1980 1981 1982 

AlIgcria 421: -43 431: 666 376 381 383 

Eg.pt 3 6)' SU 9): 1681 1833 1625 1625 
Ethiopia 166 172 249 1701" 603 854 793 882 
libya NI)' N ) NI) NI) 556 667 682 699 
Mala .i 23 251: 251- 251" 676 72) 72() 732 
Morocco 119 66 32 531) 774 681 Is8 755 

Sudan 2 31- 31F 31 945 933 933 933 
Tanania 33 271- 27: 291- 242 278 278 276 
Tunisia 41 50F 501: 49LU 553 600 640 978 

Uganda 6 3 4 5 392 333 500 600 

Africa 427 394 341 387 633 705 034 779 
World 10 143 9552 8966 10213 616 510 644 603 

I. F = FA() esurnates. L, nollicial data, 
2. Aeraged by )car. 
3. ND z no data. 
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Table 3. Area cultivated and mean yield of fie major pulses grown in Ethiopia, 1972-76(MOA 1979; Gelatu Bejiga 1980). 

Area har.esled ('000 ha) Yield (kg ha ) 

I'ype of pulse 1972-73 1973-74 1974-7' 1975-76 1972-73 1973-74 1974-75 1975-76 

Chickpea 300 302 177 198 ,70 780 635 550 
(Citer arivjmum 1,.) 

Conmmon hean 125 132 70 42 680 681 730 845 
( Phaseoh.s vu aris L.) 

Field pea 150 151 108 107 493 496 583 484 
( i'ioo, mitivilm L. 

lorse bean 137 138 320 259 850 865 921 1175 
( 1"1ciatla/aI-.) 

lentil 170 172 116 56 430 429 390 480 
(I-ei. (tdt(tari. Medic.) 

Tahle 4. Area cultivated and mean Yields of chickpea and lentil grown in three major pulse-producing regions of Ethiopia, 
1974-79.1 

(rrckpca I entil 

'.OO) ha) Yeld (kg ha i Area (000 ha) Yield kg ha-') 

Region Mean Ranee Mean Rane Mean Range Mean Range 

Shoa 55.8 45 I 6631 51 450 f,71) 45.3 25.5 6r5.2 550 350 820 

Gondar 58.2 51.4 65 1 40 420 1100 12.1 7.9 18.8 650 311 900 

fiojam 53.9 6.0 994 5(I 300 840 1.4 0.9 2.0 690 260-1180 

1. Sortlce Ra (,1, oil 't lu l.d [rn) l111C\IniIm I AiL TICl t rllre. PIi nniIg and Programmin g Dcpartmenrut (July 1979). 

('rina rs regions Secon, rsNregirn 

Ethiopia Ethiopia 

-16'N 16°N. 

(12 (2

-8 8-

4°N 4'N 

S1 I I I 

32' E 36 40 44 48
0 
E 32

0
E 36 40 44 48

0
E 

Figure 3. Regions ofchickpea production in Ethiopia Figure 4. Distribution of Vertisols in Ethiopia 
(Gelaiu Bejiga 1980). (Tamirie Hawando 1984). 
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Table 5. Average ield (kg ha-a)of three chickpea varieties gromi in fise locations inEthiopia during the 1982 and 1983 
crop seasons (G(;,letu Beiiga, iermnal comm unication), 

ehcrc /eit, Girtchi, Mclkcvsa II, .kaki. Ssirtoka.' 
Shloj shloa Na/l'ethl Shoa W\olh 

VarIiet.N ()00 111l), 1l,00 111111) {( IIl[nn)) (900{ h11111) (800 ninl) 

j(i 62 - Radhc 2150 2251) 3400 2070 2410 

11-54-10 (local) 1540 271o 2750 2170 2570 

850-3 27 - 1 378 2330 2030 242o 2670 2810 
', 

1. f lI s III palilfll hv' s llndlict if\L ag' 111[riltl',l'tllall atl111,11[loc.llli'll. 

Table 6. Various estimah c,of percentage distribution of different soil orders ( )A a) ind soil units FIA 0/IUNES(U) in 
Lthiopia (lnamirie llasando 19841. 

L and stilllceIC 

t'SI)A I )otialhuc 
'A1NIS() 
\,%oildSotl \Vc\tphtal 

Famirie 
HIaado 

soilorders I W\(),oI tlnlit 19721 Map. 19741 1974 1982 

Aridistl \croosk, Ye tt.ol,,. 50 23 20 15 
solohichaiks, SailtIHats 

litoistk Iithsols. Rcgo,ls. 25 34 27 26 
A renools, 1Ii1tisok 

1lliok \ittsols 6 14 2 9 

VertisolI 19 4 15 17 

Alfisols I.u iols - 4 10 6 

ltceptisols (ambisols. Andosols 21 25 23 

(xisols I-erralsos <1 2 

NMllisols -

t isi to l-, . 

I (ite I lanttric )atkardi) 1982. 

Soil Types dance, after Entisols (26": and Inceptisols (23'). 
Figures 3 and 4 illustrate how the geographic

The extreme variations in the geomorphic features distribution of Vertisols in Ethiopia overlaps ,ith 
of Ethiopia are responsible for the wide diversity of the chickpea-producing regions in the 950 1600 mm 
climate and vegetation in the conntr. They have led rainfall /one. The Vertisols in the highlands ofShoa, 
to the occurrence of a wide rane of soil types that Arsi, parts of (iojam, and Gondar are hydromor
differ from one another in major physical and chem- phic, and thus hae waterlogging problens. At the 
ical properties (Nurphy 1968; Tamirie Hawando end of the Ethiopian rainy season (June to August),
1974, 1975, and 1984; Brehanue Debele, personal the waterlogged areas are ploked and chickpea is 
communication). The approximate distribution of sown during September. Chickpea grows and 
different soil orders (USDA) and soil units matures on the residual soil moisture both in nonwa
(FAO UNESCO) in Ethiopia is given in Table 6. terlogged and w:iterlogged hydromorphic Vertisols 
According to more recent estimates (Tamirie and or other hydromorphic soils. 
Hawando 1982), Vertisols (17%) rank third in abun- Some salient physical and chemical characteris
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tiCS of the Stirlae hori.oin of \rctso, of tIlec major Plains 01 cefntral ;hot h1!,Iiand, I]L. LIn Inm IthIe 
chickpcia-prodtelfci ni Iecgior' II tile mhlt- X. Ihe (lonihoc soik: hoi,, ,a)rc otdish hrok1t1i10pr1tt n 
lands are gen ini lahlc 7 [he te\trIC of the,, oil, t, br,,n and 1torICrelitwinru or,ieeos olcanie 
is claye., and the I)chre Sma. l-itchte. \\olkitic.amd roCks ic I te lot:](] ,)it ICot1ti s1hptC scat

alckrr soils arc s, t ble te,t"ar tat iI,,erre Mote icied ,ic:iill, 111d rlll(rii lt;lltl'l HI tt (fit a 
thatn 77', 01 t11 . ilI l ie tilr,. ti ;t Ii h Knirut(tit 1, f \ cit ix+ l'.) ife Ir mind(I Inl %ktti2r
acidic pl f).5). ,t' pt III tire I )tukAinr. I )t h C/cit. ILtiicd hottoti lin, xrutrI ,rldtIL tIIIe ,oicL tC hills,
anid \lOdto , 111rnpliC Ciltti Of the xili I, leil- Mrit knrolklire (itiotelfolll ,,islewsii( d!, la ]iili,, 
tral. ( )r a lrt-lttlit lteIard tati ltl .tr c,l trter , ,t \er%hil III a diiLihIc phir ,prori h. Ill Itt t ll lit
sOmlel of these sol, ire 10%k rtiremn.. i bedtteIrtI L 


I hc *i t11,hle pii rpilr tl. !11 


tbe. Cll 'ilI ittjt rIId tharl 

ti lt. aild poot7lirr lpl 'kI rtmr- erL,%c% 111Irrirr \ .tlwik Ihospholrl', 
'ld e 

p o ,hatet itti rlctr ire,rr iihie plt+.,tis rrr tl1 .orre t' \ tixo , it) tMIr IC' 1 . re. i nIo 

is ]iilt ! ,i t 1 . a11d 111C 1ire Ip " t%kCII t, dlI\ iIptOrIrI tirr he oib l d f hickpa 
'.'AIi 

these 'oilk is IhIlh. mid it() rIprl, i , vP Iei,ti1;r piespire£it dI tic nrC, !, ,ppL .r 1 oltOil rhr.kpC
tertrliatrol t tas eiht.ir tdl it r rr; . I O LtritlC nr 
t\ pes it Ftirpia \[ r5,1rtpih\u.i:t i9(, rrler i(t rile 
1974, [92 I cdiie \\iktorlaIot3r 

in ,i j 'Oitll ] l dl ,iitlrt ( trllrberC ',tlls 

\arttin.t[I aIitri o . iwpe rI110M).. ,.CI[ I I Salinity, Alkalinity, and Acidity
giken lIrd ,Ltdr)C Ie L'C ,l r 11tt1irrtdtIt ,l 't e' iL" 
crop reponsc toaipplwd trti/r ' t,t It,I I hlcctdire teiont- hltt anrda ity salinits iikilin It
ph.x'e r.irrnrl prope iel ,r ti. ... t r Lhr e \I Ithtopla arc sh\ni in liutIre 2 .\[nlrph\ 1968; 

latlt 7. ome majior iih) ical and chcrniical ctharictristi,:s of lhe urf.i hiirinm if N ertisnils oc'lirring I major
chicklia-jroducin highland regims ojf Ithriopia ( ,lurili. 1VMS; "-amt l (,tatrh 1981; I atirie Ila,,rind, 1l84). Data are 
presented as ' (f total %,imtlis fo r each chiurat-terislic. 

pil
tlgll~ d. Im II <+ 

il',.li , 
:~ l .. 

. .rn r ..he d 

I ,,ti 
I .i I jL[1 

\ 

I 

,ieiie 
~h l~i,[ 

yth 

\.nidihec 
ji i i 

t [ l ' [ ] 

ulllllh,,:1 otl 

I l l e, 
rcg or " , 

et e - , rr V it 25 I rC, \hdrmi Ifhh I or m l\ledi nr lIitu testcd 

(to IIdlIr 24 ,6 ' 14 3- , 41 s5 I 22 2 I- ' "5 5" 
(initit r5 '5 ',t6', , 2 5) I) Sr I i f 14 11 -5 80 

)ehic San 10 54 9' 4 7 S7 12 ,, ,i1 23 16 12 3 i 
I.itcic .4, '2 90 20 34 ,"2 31 74 SI 20 25 8 13 79 49 
\\'iiktte 37 7 2, 57 96r 6 1 ) 5') 22 1) i)00t 1 76tcko f,4 2 79 21 33 .92 ( 9fr 90 3 X 0 22 78 78 
NId o I "6 25 4 i 9 Ix 972 5 25 12 6r3 S 91 III 

csr " , rC I ,, r sIIp,l 1 o ICd Io IeIn +ie . her cI l urh lli\tch i-tr e hini II' IhtlI l reoll 

Table 8. Selected ph.sical ant chemical Iproperties for tIo soil t .,es occurring in Ada Plains, Central Ethiopia (Murphs 
1968; Aele Becherie and lanarie tlauaunih 1974; Sarmuel Gleta 1981 

S'irtitic I Oal O)Igia lle "(itI,n-e.\cr-narc 
sinl p1l ..\ arlablc 11trrog l l trit eapacit* 

Suil t.spC IC\tllrc Itll :1()1 phesphort ts C'I Inr eq [100I Drainage 

Gonhore Snrdtk o.3 \'VL 11101 0.1) (128 3.00 6.07 25.8 31.1 \\ell drained 
(Andisok) cilk loiaili 

KoticMa (I'ik, t I o\ 0.(04 0.08 1.85 2.28 36.3 52.0 Partially

(Vertisols) 


vaterlogged 
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lahrn Ia%% npuhlihd dataI. Itii., 	 ').At hIelkaalct R.cavch 'statioll. ,as+,hanUrdo. Vailli,. 

regions are tlnd in ior, land area, and thu R1:1 chiek pea+ SICldS 1 11pto 2909t) ki! lh1 . r rectordedIC<i 
Valle% /one, Nkitre th potential ltr iigalilo, i, Ulttdl irrigatoN CI rts cOllnirtit((hdlIii Blefrer. 

high. With tire rltltodtLntoll of 1iatuIen schem-e, cation) I of Iraroi tor ieldslie ,ltecis ir Oiluhckp a 
,into these/l I,,, a lli lari ir )I 	 , + atlipistII it aietlatCdtile high \ct_s Oi pilsesdcirlitc pat rr.- rs

SalineC aid sitdic soils lld bettei rti alracterri Of ill eeal-'I. and chickpe Ii partiular. obtaind ,lth 
theSe soils Call be f0rnlrar td. coupl,:d ', thl ri t i i lPt and S nli (see Ialies Iaid 2)proper liirtroi 

lI'.,,ililrricattll s.of atd drlitlaLtC scicIrlert 

I)a aI lii Si raCtiOn ll i tI ie stlkn(I 1tr
 

AaaIR i( 'F Briasrin it rica tio o,rrre rrltlie R!1I %al 
Ic', I re p ct.iii Il %i' ,ote thce 5l0 m Prospectsr ,i lt for Extending Chickpea 
tis /olIe ale mildtitn trlditti'l\ alk lic Ihti 	 ('ultivation 
prItherri Of SiltitlllIi tIneseIC i,I 111rite s, Cer 11r:I 

,as iriinalk tIouhI Ift; it lICed l r rllircdCriltrtoIn 	 I Ilr'paper lrgliltuht, rite irpirtaIcC o1 chickpCa as 

hl allielirrati on ( tilre polter! taIi'. pi dI'iuclr,.c I ,n 	 a 1iad t I e.',)pgios,11 iII I th pl i.ifaitedCle 	 oil 

iattds ti Fthitiipia. 	 so il d %,rti.iri,reiltr lllt',tllt"lie 'Natellogc oli 

C hickpet is nut i'arr ii llhiri. I iti, hItctldir t i t, [r: ti c itrtlt \ prssl t\'.cathw.'tere ca \\ til thie lllt fit 

iris aird ()xisol, ot ioi.pli r 5- 2o. 1.rtcrrilrIllin b irIr nirlfirted lrgr-\,reldtitc chickpea Clnot1e 
hicit-ratrriaiiarl t u . ield I i -	 I\P' , % thi!lceaie' tleraIcc of kkaterloLvic|iIll.otui ll v r 	 , tIost 
pia. lie pli A luie, or 1C.e r )l , ck pAc-	 !, klip , )ll \ "uill h cetn 	 :. a alkiiti aid siiitirt\ 

irnduCilc rLilolls ilr .5 .. \ Vpt lor (irri in trk- rr'srrlc d r, 	 (liets,t, and 	 tie 
(5 ' o1 the sNst1 tested rad [pA 5. I\11r.pIr IIt , 	 [II,, ,., I e'.!r.'rldnIIrre L k )CA.C l tt, 110 n t 

-

ilC 	 r,
I ! i lrs C!ci 1 'tll pf , II .ilt. it-Ir ra No 

oIlie a Jt:IH ItLi'Ii seeriI ~I ) 111 c'. I l e sh C , 	 mrnsriribi. dhri+k '1: inrelds ubtiried ,r tar rirer filids 

Frost 	 irlicrlatTa crht,c'p.t Lar t1rrriirrid a ilrlrch trger 

plu i)t1rr ittl iic riiln I lrlupa. prouu.lcdaill In 

Chickpca glossl ill ,te il roirtntar t in llc\ s arld 	 !CetI ' e.., tolctirnt it)inili., plrrrcil stre se arC 

btd. \% , llge irrlitirill 
fst darmaLc I-!- exaiplc, at Aleni ia(altlide lieii'. l\'I \allt aid ir ]ltd Of tire cutltls, pros

ratnge It)()() chickpea it tiile\s is sCeI g)ood 

tire highland, abur,, art ahtitudl u 1900m is pr1ck t 	 h thtire iriste l f scicirt's itl 

2300 ) tui., peCtLIS IMi cxtidritnr chickpca prtdliClliOll 
,ub ect t frost dara c.c ,c.t to these Aleas, USIrr! irlIrIritLItir itirtion %,atel.sear 

Irrigation 	 Future Research Directions 

Ihe pitential for high chickpea .ields under itriga- "\i itiigita;re ciliatiL c,ditiill, inthe Sailreiatn 
in seems prominsig, as is eident trom the results /,ire oiAttica. itCiluiniro parts ili I thipia. the need 

obtained at .ielkassa II Rcscatch Statitls.. lahle for Sctiirg drluiighit-tOl'rant and Iigh-yielding 
food crorp ,ari.eties rsnlerinsing. Because chickpea is 

,
tre oi tire les pulses that Itl\ %,ellorder drlought 

cionditions, it iC,,ctse i, rh iotit..s Ihe chickpea 
Table 9. Soil reactin (I!) I ata for soiils oiccurring in the biceditng prgra it it ihropia etripiasies selection 
.\a,,Rier Basin irrigation mo:.u(\urph. It68). Data Oi lth-\ Iiti sies sined to0ir sariOUScensir
indicate number of samples ina particular Jfl range. 01111ntaIL ktondititons pr,.',ailin lintilelegion. 

Soil pl Rc!,lticIdurric tippr ftlddile I oser lintcnsi.e Icsearci is ncccssary to establish nut
range oi Soil reactiouti .A,,s \Anuitk 1Jith rtent Icqui-ettniets ii chickpea atnd to identify gcno

0.6 1.3 Neutral I I 	 t.pe, tilcrant to t i stiter deficits, soil acidity, soil 

7.4 	 7. N ilidI'. ilkaihntre I31 alkalinity and salinit%, vatcrlogging, and frost dam
age. I o iret tire anticipated expansion of chickpea 

7.9 8 .4 .,oderaten aikalin I 4 0 	 productiont inlthiopia. research data otiall aspects 

h.5 	9.0 Strongl,,alkaline I 2 0 ol chicl ;ea cultiatiotn are needed to formulate an 
optimum package Of practices that can be given to 

9ff \'cr., srrrongl.' I 0 resaikalinie I 
l'f6rmers.
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Recommendations
 



Recommendations
 

General discussions sere held after each Session of 
presented papers. !nithe final sessions, group discus-
sions were held oii ( )climate and drought. coordi-
nated h\ F.R. llidinger and reported h. R.C. 
Nagcsssala Rao. and (2) \saterloggiveL and soil toic-. 
itics, coordinated b\ K.A. Smith antld \I.(' Saxena 
ant reptilti h-\V. ,. Rallall III tileLoittl sCN-
Sion. chaired b I.S. Klmlsr alld rcpotlcd h"\M. 
Natara.jan. tilt COOlditiatOIs psCntlC.J thei ports 
Onl recottlll'ltldaitiilo, fo ilotmltr tcch, ildU. 
Johanseni plescntcd a totIlthci,,istile delihctations. 

-olltmiug is a 'ullniuir\ of the icCOiiineiidatitns 
that esolscd. 

Climate and Drought 

Temperature and Phot<operiod 

Effects on Flhenology 

I.lo ittros eadaptatiotio lcrops to specific ensir-
tuttCenltk, it i.\ital to understatd the ensirit-
lleitllfactols that Ctntrol Ilo\ering. [ lie paper 
" Sutninerfield. Robherts, and Iladle\ has sfin-

phiiLed our understanding h\ sho\\ing that in 
chickpea lhtssering is controlled h. the additIl\e 
effects of temperature anid phti:iperiod. [hi, 
ctniclusittn is hlsed oi a limited data Ct.Itiss-
Ceer, wi]th Ito acttlitillg ltirothertCirttItlllital 
tactors that citld affect tltscring. sulch iisssater 
and Initil nuittoll. I lie rlce\illce tt t.ckpe 
imprt;.eniet ot t ltie ai-mir if eitIperatunrc 
athld data ceetated b. rcsearchers atphttt~perot 
the I' ni\crstt\ if Rcadiiilg shOtlid he tfLrthcr 
esalnatcd. 

2. 	 1here are titils a lcss studcs till temperature and 
phitiperitid effects on pigeitipea, iaiily done 
at the Distt of Scientific and Industrial 
Research. New,Zealand. It is urgent that existing 
data he thiiroughl,\ esalnated and that additional 
controlled eti irollmlet studies be done. 

3. 	 ICRISA I should miaintain and expand ctntact 
wfith external laboratories adtl institutes t[hat 
have suitable cirtrolled-ens ironment facilities 
for the stud.%of temperature and phottiperitd 
effects oi chickpea and pigeonpea. Guided lv 
their field experience. ICRISA1 researchers 

should participate more direc!v than pre iously 
in fi'alnillgthe lescarch questions it)he addressed 
and designine, tileCxpcrimCnts to he conducted. 

(irowth and (irain Yicd 

I. 	 Screening tot los-tempcraturC stress dtring the 
\egctati\e glowil phase in)\ititer-sttss.itchickpea 
shouhl conitinuie at I('.\RDI)A. and ICRiSA I 
should concenitrate on) stiletlug the ctects of lowk 
temriperature tin reprttothlcti\e oo\th IARIA 
and I'RISA I should ciilahtraie chisels in stud

ying lo\ss-tenlperaturC effects. 
2. 	.]igh-tentperatul ,r,,.., oses a d itlttI litla

tiontto chickpe[, adaipti 'ln. IWRIS.\I shot,d 

d 
tern pera tiics .1)('t t chickpea IItIlatiol, 
take the lead it) stud\ ing th,: lctCriiiis elfects f 

egeCtattisC gr(i th, iftd IL[pitldtlcti\C dCc'.el-
Opment. 

..	Eflfects tf It telnpcri[Iilre, on iittldtuctit.e 
dC\seipnmCnt InCed to he dtIt[iled III pigetllpea, 
particulo - - aind long-duratitnltH"tr diU 

types hut alsio It lalte-st\s, 

ii short-duration types. 
iid more ttictant ,'ittvpes need to he 

identilied. 
1. I he temperature tespotnse curscs for grosth of 

hoth chickpea and pigeotpea need to be better 
leifiled, h. ctnducting more controlled

en'irolnent Studies. A t present %%ehase onlv a 
limited nuihet tof points onl the temperature 
response csi\e. 

IDrought Enl 'ronelnts 

I 	 It Is urgent that agrochimatiltgists work closely 
ssith physiologists and agrimnnists to classify 
soil and climatic esiritinents for chickpea aid 
pigtoipea so that agronotnic itaid breeding pro
grams can be properly planned and executed. 

2. 	 Because in most areas of the setii-arid tropics the 
amoutnt offa\aillie soil inoisture primarily 
determines crop grosth and productisity, a high 
priority objectise is to quatutifv the asailable soil 
moisture for \arious chickpea- and pigeontpea
groiming ensironments. [his parameter should be 
relatiely easy to define for crops grown primar
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ily on stored soil moisture. sutch is chickpea or 
postrainy-season pigeonpea. hut it is difficult to 
define for crops grown during the rails seasoni. 
Thus. it is necesisar to establish rclationships 
betwei w\ater a',ailabilitv and crop gro thliand 
yield. E:xitiug data olltIt' topl should be tho-
roughly reticidce betore tuithc data ,are geri-
,ted. Slimple Siimiulationt model-, could then he 
,exel ped+ rCquiing the input ot comninorlit 
available parllnetes such allar ttc ssiig. plie-
nologv, soi] depth. \satel-holdtiig caIpaIc 2. ail-

fall, and irrilgationl i: 'Ipphicahl. lhis '.ork 
requires the concerted input ol agrocimatolh-
gists, again itt close collih.)tration sxith phsiolo-
gists and agriotinists, ard shoud he uirdertaken 
inmediiatelv. 

Agrcnomic iarnagernenw of Drought 

1. 	Poor plant stand, caused h%int;adtuatC 'oil 
inoistur,: at seedling establishment. i, .. tajor 
contributor to los rainileo vields od chickpea aid 
pipconpea. Purtlier studics re rccec to deline 
optimuntl sostOiMg tchlItiqitLes or( situatlons where 
soil moisttirc is stboptimat. 

2. 	The principles determining optimui platnt popu
laion 1Ofcrops in iLoistlrc-deLicit Cn.iroetliCnts 

must be unldrstood to resls c the cotlIlct 
between optirni/int photos" tinthcsis Ihtaxoed h.% 
dense populations) and optiiii/ing s\ater Use 
(favored b. sparse populations). 

3. 	Work should continue ottnc\olvirg cripping svs-
tems that best exploit limited amounts ofa\aila-
ble soil moisture. 

4. 	Further undeistanding is nceded of Ios \arious 
agronomic factors, such as fertiliier use or tillage 
techniques, interact xsith wrater deficit. 

5. 	The question of reflectants and antitranspirants 
reducing drought stress remains cortrsersial 
and should receixe lox priority at ICRISAT. 

Genetic Inhprovcnient of Crop Adaptation 
to Drought 

Detection of Tolerant (enotypcs 

1. 	The grosth phases of chickpea and pigeonpea 
normally subjected to drought stress, and those 
most sensutie to it, need to be better defined, 

2. 	Drought-screening methods developed for other 
crops need to b,.' tested for their applicability to 

chickpea and pigeonpea. Appropriate field 
experiment designs to handle large numbers of 
genot.pes need to he %%orked out. As dixerse a 
rainge ol gctinplasin as possible should be 
screned. 

3. 	 ,\tteiopts should be miade toIidcntils particular 
rrechlanis:u, cxlh d h\ chickpeaa nd ig:Ottpea 
to cope %%ith drought strcss. s thin the broad 
catcgories ol ecclpe. aidance, and tolerance. 
Kos, iedce (t rrcchiatII-aills nia help streamline 
the ScreeningII0Cpred ur. but unduc emphasis 
need rot bc gisen to isollating specilic Illecha
rrisnt, drout1ght ICsiancC in]thCs crops.(11 


4. 	 A better uriderstarlding ot til( ,lot stem of 
both crops is painctiulaili\ neeced. , this sould 

iriupro\e apprecitttnl o Ih,". uc" initcdtos\ 

amnltlts of SMIl Il1t1 1t1lC. 11I!L:I fieltIld clalss

house stUdies sI rcctItincilded. It\ssuthld be 
particula rlv us\l nI to s.ce1n It apld earl. root 
growth. t[llicient ueans ol treasuring root dcxcl
opnritCl ill [t1e Iield need to be de eloped for 
chickpea and pigeotpea. Ihis presents a partieu
lar pr.)blCi bccasc the clops e\liihit extensive 
lootitte bchixio. flerhicile placcitient tech

,niqiies rTia be approptc 

Breeding Plrocedtres to [tillance Resistance 

I. 	 Plant breeders icCd both a clear deionstration 
tOf tie salue ofla trait, such as drought tolerance, 
arid a precise screening ability for it,before they 
are \willing tor breed lor specific traits. Ihus, 
specific breeding progratils for drought 
resistance in chickpea .rid pigeonpca are not 
likelx tu he undertaken until more definitive 
inforrmation is obtained on genotypic differences 
and oil screening techniques suitable for 
segregating pOpulatits. 

2. 	There was r1o clear coIsetIsus oi whether 
breeding simpl, tor incieased yield pote,,tial of 
chickpea and pigcon pCa xsould also result in 
better performance in drought environments. 
The reed to test the pcrf orrance of traditional 
and improved genotypes across a range of 
drought enviroitnents, to obtain relative 
responses to Moisture deficits, was suggested. 

3. 	It was suggested that ICRISAT and ICARDA 
should supply tin diflerent l, -arl\y
generation bulks of' chickpea, which ha .ot.i 
high yield potential and a degree ofadaptau to 
drought environments. Selections could then be 
made for specific local :,,aptation. 
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Waterlogging 

I. 	 Ihcl tiag iittrd ct1 lOp loesc a Lu,,Cd h %%it rltig-
fcine lieds tti he ijicet]i dctied, ptiilrt l 
plgciL'ripei , x,hMele.. IUSSCN Ile, , .L'hpcito he ,il;c -
Si[durIAbI)Ie. IhIII , 	 kkIII d tC tlM I let.It L 'iltCh IIIlt Iftt l 

i tlli I !C 
2. 	 I tic aiusal ii.chl;i ,i i \xiicrloi imi d,imi ,c 

lit pilcolrilpca liccd, to dter llliid tone help
t_",iIN I'll dIIOPIt' it, ' .Lrll. pitl "-itllt" , fol 

%'iihrttIl tol iicr ' o lihwiorirm h I\,.ctI
l( I( N.\ I ii! ewrc,. 'r , h,t* .. a e+,nl< e c.. 
in"i t ) ,h oiii1d hL p. ! r ',h;, pt)r+,)c 

'I ",-l C L: xi,i e rr , Ir. r.: 
+. 	 ih Icilct !ee rIr tti ljj r , '. rji'.lllV 
at 	 this ,livC 

4. 	 M\la riwcircrit cc Iriie . Lt' ac.i[ v ic-J
!i[ir d4 ril;rcct srclr ,is ll~[!ir ,r ii le, ,.rcL 

aht;ixl \.' ]I khIIki,mn,I ! llI ,II l i EI I lqur*Id 
to iclnt.e thcc tri ectiiciit hli'. fiiti inll t -r'\ll 
,,(ptt , J[)peCldilitC\ail rIrt r11'. 


'. .\crrrlr riarcairlrecrri ,r, 
 ri. i, crh111 m(, 
citi ieei\r llwi\ ciri.. ' uikrlt.th I, rI treIr-
'liltii~iltlion It) IlW , ' frl\ (10-h l 'l'IitM Wl ilt' I pll jp 11) 

Catlori.-l sheuii I ldIc tley l e\phh 
tlceterI( ictI,0. 	 1he deIdLL of, etS c Lrr "%:11hi-

i1; I ltr cri Iixiatltl ll Sholuld h tlIi 1h.1 L.\, IiIricl 
tI dletelHIri ' %.ictlhi Ct I h),I pll t lstll of tlhe 

Slihlijsi i pilillilll b% xffctltdahlocted b\ 
Ill 	 .Aitihnl ]x nz+o/,l l sui llsal Ill xlit hIleir i 
soils icd llhi c uctailIcd eCxiillllitir ll cl-Ito duCiJilI 
lline \\Ihetlih Iradequ tc ncliodlJii[loll Cill oc'ur 
lter tile \ateri .ugIn. is cLtiuit. , 

Soil Toxicities 

Salinit,, 

I. 	 It 'kirs gen,_iahll? rcconhiied that poor tuarrage-
ilnr' If iritiltlulrillil ds otcn cuills'. alhlrirl -
[lol aind that ennllecrlir or Illalla nellt optiols 
aft the il\ real siohlitili l rll ' itrca,,. Ii),A 
cxci. the prilihitr\C coists ot tsc optitoi. stl-
gcsl a Scopc lor liIproui nu:111! entic tlelarice 1o 
salinits, cLcn i rIlasetik st-sensitixi crI)ps 
such as chickpea atnd pigctnpca 

2. 	 Ihc Pulse .\grononm, suhprulgratll at I(R/ISA I 
shluld concetriatee o engot, Pic illttloelIlL t (t 
s;alt tolerance in chickpca at it pricotpc:t and 
lCaC to ana gCtnit aspct', to utliher, suchIas 
ntatiital orgarni/ations. 

3. 	 Ihc compunnts of salirit anii alkahnit in the 

SO Fjl,%, hre RISA I ciit trrk,. as \\cl s 
In sallt-tlcted ireais khlece chick pea or plgetonpelc arc like ]h t o he il mkn. ,h tl d hc hott r 

it deftined to illhmk or hettci c1xtr1iplcriiorn i salin
tx rl poll, hctI cCii ,IIc


4 .. tll- lpt,, he HuIJ&
A '.htltltJ It, 	 11.,+n tk ilv ,,l]i-

I.tol'rInfIC' l treCLritrI ,IAilihIc tW chIIkpea or 
pl 0'1ftipeit , lie S re'iLiiiW ',N IIIr pIOCsS. 

,-;oil p141 E\lrern', 

i 	 Ill il IirIiJIi ,siU' iL'oniiic rt,chickpCi arlid pigeon

p1i 	 a ;eI S- .;l1 g I rII. III ICiitIial t a kI it1esoi s. 
iii'.1 t in thes.e ctips hias, '.e ich ali heen 

tItmc lit thI' recih, rclatixci\ little is kriomxn 
thmrrt theii djittlitatillit ioald 'oil Conditions.rih kiioxx lerlec r', irlpot I th'Iirlititititil iiiriillt li e 

l' I'I , C rrl iIIIh s 'II e0hehe Oile IC l s. lor 
e. Illirl %tlrpi'il] t ni.lls %khere pigcilnpc 

Is cliiatic,ih 'Acll '.ill cdixe ac iSol piohlenis. 
'RIS.\ I ,hild CltlliitLc uuilci rcscillch ccll-

ICI, iI I lid\ ida 1)Irtll t these' ri' 
' 

I i acird Soil
1:0 Ilt IiIl 1 Sli llt C l ILC111"HtI t t ll th Ih lt I 10:l~l 

i, lhirltld.
 
2 lIthrer kr l, IC c 
Is ikoH lded Ii tMIr,SpcCieIC 

t'ltlls IiltrILc IMill\ (iit chi'kpcil alid pigei trl
pci on ils ,i hiJih ll xi olh ]tiitl tlililest t

llo ti l +,ch sd'l[s I, i liicct Irull dclticICnC. 
)then piiOhlCeni,. such is the elicct (of iani lkarlirc 

itsehi iii ioftlici IIICId r1t1IlcrIrrItI rCIt 
diclicic lccs, li l t l x i ppilcll More 

IMiiletaid ithi lliiiltiI til ithe i1,01.C t tile che11

cal 	 factOls in 0iid N iCede iu txoi+e SUitable 
iile':. ahirsusles. 

Mineral Nutrition 

Although not propised a ; topic tir this\orkshop, 
the iuCstion of rimiiral iutritrirn, particidarIv its 
iritelactitll tlh the 	other sltress etois discussed, 
aost: quite trcIiucitl . Ihe ltuhlo\inggeneral recom
illidatIlols concerning mini-eral nutrition 'merged. 
1 ..\ better delinitir is needed ot the nutrient deli

ceircies fmost likel t lhinit the yield of chickpea 
and pigconpta uin the Imajor oil types oil which 
tire\ are gro\\x. %Vc.-cstahlshcd experimental 
irthltds tint doiuig tIh. ialrcads exist, including 
planit :rid sil chcinical aital.,sis and plant growth 
tests, but tle\ need to0 h' specilically adapted for 
chii.:kea and pigeonpea.-k 

2. 	 Ihere wkere conflicting opinions about he 
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responsii\eness ot cicklicii imi piucopca to 5 R IS( I \ iid 1( A\R I ) A ',1iloH lfia a ~OtL 
hpl 11"rit l~iil I loll1 oilr r1(i, [ IN . 11rhllll akhxc Iolt' It L~~! ICSClIrcii Ii lIle t o~Iralic

thesclCptfi gVJliia\ appceie 11 hc ](-Ns WSPOl- ,111101 ofl ihI0I1L'1IfL'N ii dii. kpea andi pigeon-
Ni c t cl la clJi', A 10l I\\ !I ,' 10IAILL C IIC kil J 't l ie l h 'Iv IIN111 NlfIo d iiieitil ), 

of)r phospJiolur Ii I iik iiid o~il11/l!;.'ll' ihie taceklehii!'Ll' Li IctiXtliI hCit to tire 

3I licre is paliieiri ee'ClIli i Iwilt nhrke ni;fdlil-' 

ik tL 'talt1' Inli e' I" 

4. 	 Iixi: t at ioiiN 'iIO I!f hI I I1111ni 

N'. 	 t~ freil HIeX call h- ntiilnil 

nreI tXit 'dIi i 


CMI/r 111i, l I C I [ %h Il
 

soi licn I(I' I , I %, L ! iii 

li i1 't ho ilV, 


[1011 jnIl nrx hC .1tL HiiiIi1t 11)i Li
H-)( II 

6. 1ilt JIriII lNI11%Wll (ll l \ I hl/,d lectr 1, ill 

pieL I1Iper d l I I1' \ I \ I 01Ca 1I~ 111 Ihi h(' CL'I 

ItU 	 t t I i I 0it 1 X h l I t i n I l ( ' [I : L -1 I l I' f I iCh i h 


il 1111)Id r~ l lit nI m CnIi rn%
VI(11 ILIll 

G;eneral Considerationis 

a b'! NIIC'tIt( h ! ill lontf ~ it-t ItI Nl I r ILni \ w r 

f I il I I)t't:iit 'ifI 1 1 st I I,t. I li in L-N LIlliNe
 

Icea LIn Ihc it AppI tnIilIi( I I II
atIl: fli ahI 

I end I I-TaIfit(;i i cIt ( 11 L ll] If i tht till Il' 

( acI tj I I NCN, 11nit, lt I nn ltI ndl\kill 11ulIfl I:I I
 

hiffo HC t 'Itl dL- enntillli 1piliSa I i
:I, Ina 

mgnen II I Il ) 1 iriIut IClteiLl 1 rtL a! NL it heir'l
 

access to gClIct I lennillC
 

3. 	 Whren ml. piiitiiii Alton ic m 'el hlIelNil! i

fid it, Is ISWipl tL ti t I ' IllwIII l 11 i V t it tlie title 

4. 	 fI LIttihiim ith IthtllS iC.tll 011 IIIIL heVip .
 

determinerd .,, Ilil ti c -,t inthinili i Inlie hir.
 

Pilnt i1set CllI I'l I ;i l'IIt
IN html t t pitCHrl 


stre,,, tilttols I his kilumiemluc tn a
mum]r
 

ih~ingr tppiipliate Nciccillile IeCClilkiIeX. Fir
 

examrple. 1 tlhe N"lihioNIN IN urIrreIrOIC ton
 

szress Iran tire frONt planit itself, tier ,.rmbioscs
 

sihoul bnHe tee red.
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