
Effects of Soil 
Solarization
 

on Pigeonpea
 
and hickpea
 

Research Bulletin no. 11 . 
Val. 

AI 

Ut 



A bstract Hc:,iznic 

Chauhlan, Y'S. Nene, Y.1. Johansen, f' ibvvare, NI I. -ix-
enla, N.P.. Sardair .ifgh, Shatrmla, S.B., Sah._Lrat, K. I ., Bur-
ford. .R., Rupela, (i.P., Kiunti Rao, I.N.D.K., and 
Sithanantham. S. 198 1Effects tof Soil Sohjri/ation on Pigeon-
pea and Chickpea. Rescei~ Bulletin (-to. I I i'auaniherti, AT'. 
502 324. !ndia: ntmien iilnal viopi Pe',eai 
Semi-A rid I ropic.S 

ihe Cex'perielnce )2liied \ oh lucid test, oit 
sola r/tioln O il oicp a f( uIii t ltlt 
ChiL kpea (C( '' Fi111 er 01). It/ L.) Cfiltitit oughel 

leap ifo, 1,. al I('R IS. I (jiiridii(i[it I')94 
' Suu' is xieC itriodiucted III held's jiftxtd 

h Institiute lot the 

tml cecees iiol Soil~ 

W.) 1"Aillsp. , and 
a rilid ipii i a~ry 

87 , is highllightled. 
i t h tnsaiitlill wkilt. 

Suhlm ilatil wkas dom. h\ eto ull) (tie Sil \wll tra1. Iptilmt 
plvthene iherill 1 1)) int ick I iti6 8%ieeksdldnrink xru ei 
(Apr-il Nlix\ ). I hisi leretxell~ Soiil lclllpelaIaiirex h\ 6 III C it- *hie 
01 21)-m ,oil pritlile. ( )thcr~ :leS recor-ded werec inereaxeo 
n'inleruai oi of l i ttrt 

eti xe~ lsl-itl tiiinzo I) 

xxd e eanx'ix!k\r~ ledIlC 

(neffet Cotil ofeae fliilirile 

gtilpe shiof) lile i t i:1 

ilatin7)Ok tlall hin diexmir 

cil 	tot 1ilte, attleic inl popula-

ilA dint a it 1) ixcN 'IhLCS 

t Il0P W ICteu ' \,CIi YleCllltAiixa 

%ixendin ill iI--xitanl. geilc 

chtrckpcl \itf hu), a(teiinp 

ivir . Nodlae tix ane 

pig Ofittpe 

t)j)ild tO Meil NO xtift i lt ll 

yiCe ii eiikcr . l td 11111 IS dtCilet i 

id, ll~o d Ii ppxi 

lto n \\1! 

iiixieali. 

ell 	 itq1-NeW 

iii aM dei in 

its. in fpett tie dexeriheil hite iillpii e ii of tltI-iitgsti'u-
(io liii f th ad tloler aredieorfp e. 

Cover:~~~~ l indapltinghenaiop gnttt'n ol'itslti~te'ru wiflt 

1 	 itt n.V., Joliirn, ,N. L, Iiitvar,'. MlP'.,aem 
NI' Siiriir Singh. >1., SiilroiwtI, KL.. Bltij..,Sia-i,. 
Ruit;lia, (ii'.. Kumaitr Hill, )...K. (,Iiaiziii. S 1988). 
IEffiI di4 Ia ~lilri~aion dol et It poit] Sol. Iv ptoi, 1d'.1lgo. 
chicto. lillitin dt- retlitrcli- it' 11. Palanomiir . I' Al324, 
huhlf .Iilrelialiii,,m l Cn , Mr..'ic inill I f ill Si ll-~ 
I ropc 

Lvi.Ii- .liiii -f-i'ifl~t~i. 	 'I'l Cill.iit 
Sur It,. i oit a l sil tioiiittliIii Ill iIt'l IF igouh (LOatflfll 

tOtll I[. .\iiI'jt.i vI :c p i lii I, . (C(rl tltlt,01ill L) all C1 til 
d( laSAT ;III t'ail lhV tl, !IM I))?S(11 jtliu ( (,e~ 
(1111 t~~it- illiltn tt"Iimtt thu;1 

uie~s, 0I litt i~tui.tti 
rait( It- il (Full liii If, po"I iltlt 
vur) pondariit 6i-8 lqimit lll 1.1 

idh, Iplillirt tiiii, If.S champsi~ 

~t.u~ nr tt 

l; -ji'i ~ipi itjt~ 

(' I'l i al )n.Cife II, litliquet' 
(Itt 1 lit flt'itraiiirt dct It-lit dtli It, ptrtti 0-20) (li du xioi. 

I~ikitre. r-uati lit vi il Il tii-rlli-.~ o lf-cttrti'th- fiittti'il Sol 

harlit'al iti i guii l - - It-~t,linqii dtti-.ii vtion d ci 

il'liai -I t-rt,-:ilt-t', i itll t l i rw IirIlltli itt'ti t . dr' 
i-t iiw citrib Ixtit ,ttl \Inriu'vmill It'ijtm eilIilx poi 
cii t, it.t it1-. it x iil, 'iin (it- lt rt i mi -v fil rt iI'.\iigo t l 

do', 	 cull'' itt, lit xtlti- itIi .J[ t' aIi o') oi' it II'\ at i i(l 

1. l'aot.')I-'1vit tiix t- ii'al~ 'iitd t. lrt tituiit'dcta-;t lil t it' liIt­
rt'ioz-iz' n I litp t h slol ( p-lit-tlil t,In~1i 11'i*ii tha, (- t itwi 

iiI',ttz v h ii' 
tit-ichtc its inI.i~ii tMi il'tsiltt''ts ~ 

i' 	 iug i[ irixtl., A'-. (111t'hlt 11n1. gti.ioiattl-ut. iu ' 

e 1soiladintiw hwacAio iniictkvonei inne,' fbilt reidiul 
aiialion 	 Se/fiu'c't efcf solri (ilthnscndianrad tranpaen a/n-them sheelvptingl mii~vlad foaslaic..Li treamen hei feau iaion 0/ 



Effects of Soil Solarization
 
on Pigeonpea and Chickpea
 

Y.S. Chauhan, Y.L. Nene, C. Johansen, M.P. Haware, 
N.P. Saxena, Sardar Singh, S.B. Sharma, K.L. Sahrawat, 

J.R. Burford, O.P. Rupela, J.V.D.K. Kumar Rao, 
and S. Sithanantham 

S 
ICRISAT
 

Research Bulletin no. 1
 
International Crops Research Institute for the Semi-Arid Tropics
 

Patancheru, Andhra Pradesh 502 324, India
 

1988 



About the Authors 

Y.S. Chauhani: Agronornist (Phyio logy). I .gtLiliCS P rograi IIR ISAT 
Y.I.. Prograti' )irector, Iegunics, l('RISAI.Nene: 
C. !lohansell: 	 I'rincial Agronomnist, L.egumes I'iogial, IRISA. 
NI.'. Ihiile. Plant lalathogist, leties Pi)ogliii, lCRISAl.
 
N.I'.Saxena- .\onoilist (l'h.siolog.). l guoes Pirograin, ICR ISAI .
 
sirdal iligh: Soil Scientist, Resocealli a enienllt ol'oiitll, I(ISA 1.
 
S.1I.Shilllla: Plant Ncli;tologis. I eguiiies il'ogiaiti. I( N .R 

K I.. Siahraimat: 'ml Scientist. Rescuuuce NIlaicntei I't, rlau.IC RISA I.

.I.R Hllohld: 	 l'tm ,+_ipol Chemit, Rtsotcc M aa-erm nt lPtcgram, [CRISAT.+Stolt 


(.P. Rlipcla: 	 \A t nonoo (MNicrobiolog\). I egillle's logr-ill, I'R ISA I.illst 
.A.I D Is. Kumti;ir Riio Agi'iuoluust ( liohiolog'). I egurnes l)rograinl,I('R S,\I.
 
S. 	S+"ithon.,!ntarnl l'rtes ouslv Int thiologist, Ieglnes li ogaitl, l(R ISAl. Presently Grain Legume F.ntomologist, Grain Legume Research 

Ilt'am.80\)S100,10). ("lhipatii, /]iolllal. 

I he International "'Irips Resaich Institute for the SCmi-Arid Iropics is aitonprolit, scientific, research and training institute receiving support from 
donors thrtough the ('olot't1\ nC(r otp ol lItcrnational Apricultural Rescarch. I )ontors to ICRISA Finclude governments and agencies of Australia, 
Beleitlin. (anl. -cdlral Itcptblic t (erttany, Finland, Frace. India Italy.lap;n, Netherlands, Norway, S\\eden, Switzerland. United Kingdon. 
IUnited States ot.iuelita,anJ th'tollos in international and prixvate oranni/ation,: Asian )evclopnlcit liank, Deutsche (e ellsichalt f'r Techn;:, xi 
/LtsnIcnn irheCt I( I I lntctnational I I)ctloplinit Rccarch Centre. International Fund ftor 	 The European lEconomicAgricultural l)evelopmtrett, 
Conntmnity. Ihe )p,:c Ilte World Bank. and I nitcd Nations )e'h1ond lotIntt natiolal I )e\Clopncnt. elopment Programme. Information and 
conclusionJts tI1 thi, i lhliiuTI'do littencessarilv reflect the posit ion of tlhealoremlentioned governinetits. agencies, and international and private 
nremllliat lotlls. 

ISBN 92-9(166-167-4 

Citation: .'lauha n,Y.S., Nie, Y.I., . Ilaware, M I). Sa xena,N.I.,.Sardar Si ngh, S ha rnta , S.B., Salra vat, K.L., Burford, J.R., Rupela,Johansen, C.. 
O.P., Kumar Rao, IV.I. K and Sit hana it hain, S.1988. Fffects ifsoil solarization on pigeonpea and chickpea. Research Bulletin no. I I.Patancheru, 
A.P. 502 324, India: Iternational Crops Research Institute for the Semi-Arid Tropics. 



Contents 

Introduction I 
Materials and Methods I 
Results 3 
Discussion 13 
Implica tions 14 
References 14 
Appendix: Hints on Application of Solarization 15 



I 

Introduction 


Soil solari/ation is a method of heating Sail by covering it wvith 
transparent poVthcnC sheeting diuring hot peiOds to control 
soilbornc diseases. I ecIlffects, atkintages", an limitations ot 
this technique hasc been ruccrlv esie\ d byi\ Katan( 1981 a)llld 
I lritichi f1984). 1 he tCciiiqiie has ICCn c01n1,.(.-cilll cxphfitcd 
lttr mtit\tt Ihiti-\aultic cla s ill disciLsetl 1ti1111HiStil' ill ei .ts 
Xkith a liit Itiltifit lt .\iti illil d1ily itir telillictttlrs regilarly 
C\Cejiil! 35 ( '). I \;IItplS intlldc cailtial of crticilliti and 

,t tialltllt dl,+ i ,+ ll \.cetIbC ClapS il Iral ald Co1l1t Of 
.rI 1/ 1m ' ill]in p iotchial ar i ll C(alf'1rnt+i A.IS\ 

floman 98.l . !S-I). 
\fthuoulh the nllitoit be'fit t salari/Mla 

Stilbatr tie pilfl eis h.\ Sll-hi;iii" tilts.etS, 
tit p sl he: l i e etsr thaddittirl h lit.i 

;Itck.iCsId Lipi Ill i'a.ti,, (I(IR 'd pIttsti 
Clle, ts nclide C'iti id of . att IncCIin Pcii\\ede 
plant nititnti Kutm lI: Ilatichi 19,N-1) 

l S ICs tlitile of 
theits al ntO \ 
crttcall it+lt ii ani 

Such htiftitdiaitol 
t, aid re.'liulk oi 

It ha, bt+n pinItelf) tot <.l. K1t0n.i'ftnt latuit lebii s 
Itli\eSilt\. ttl n. pe. pkri .:,i COtiiitItiiiic t)it., 1t),S5)tII 
Ithat fitl1tiN i( thel ecct pttit i n1 Inlia a u yC\i+XIalte,deil 
it itoi aft s li.atittnL )I Soil. h\ phaminc, tile Slitl as tsif so 
C\p ,e ,ubs ll p rt to the fitt Illlltllcl pilttd (ApI l lit l. 
MI iell xi:t.lllltll dalti\ all tciilpelatttili's iital\ exceetfd 1) ( . 
intl feaslIIi it hull\\ \\ Ie ti ttetesld o dI clteiit siltt etHIl 

thi , ,,+ l w.'iililq: plo _ , Irntilll,,Ic ' olt l coitlld he tCliha|lict+J h , 

tniii lfic tilt 1it,%Ilietie s . patltic iat COtrolit u e
eih,'cttn' iif 

the ilt tUtu \sitsI uI picetp'of I ( 111,M11%tI/lit I . ) lIsp I itl-
Chickpo I( ii u, 411 t it11,1M I I. \\ ht+h tiC II;t1iot ItitItiilalt to 
gl \ii h i 11, Il the ildlilt sllht otllt CIlt.utht"ci 

-tleseid\V\ ii'euf thC,i i use1 i1t suit sulti/Ailtii iilittil 

kiS 1iot likClk t, he utOitICul Ihut . ft tet+ liItlecoutld 
be oIf poit itil uti'e otl tscalch sitat sl. ihcic It i tiec'Ss,a+ tO 
tepituCfd. ci,\\ iicedu teC ,tasiciikpct itid i 
far Ctlll tCIhIA sLptl tetItiL i\ h'Iet isitM 

ilthinttssua 

itctte (iCleCsbd Ite)t'l titi\ b+e leUfltl lot 

i/c Seed tr;tl 1,IJ1'Siotl of si t th U IeI. 
C 

alt laps itt1 fh h l,l Ipit ttit lald it't. 

theilt,[ Iitil. irlt 

tISce"tII to Itittiri--

I t rCt. ilc \pc-
ICet lt_' s \\trki(lg1 

\\ l f tic ) 0ut\It in 

pti+It'itll I lfi,f Mid sittihti CtIs r' l:ltCtts il l outh .0\s1ia.
A litillidisCipflitr. teu',t l t scietiistS at I( IRISA I (Ccntlcte\,itttilILmtcd l i 

cctS o SoLi /ttioll oll p l il and 

chtickpet. "ixp rit, tslt,\ cCiC tiidlictid i .r uuet.;ci tit "\c ;rs 
to cltctlitlc r-pc tibiitt \ it thetic ,tlts. In this tfltciti, \%c 

Table I. (hemical characteristics of soils tfs lariialion experinents on chickpea an(] pigeonpea at the beginning ofexperimenta­
tion, I(RISA ('enter, 1984/85 (fIll, 211, fill. 2() and 

fill I: \Cr isOl 

'heroical 

characteistic 
(0-45 Ctt) 

(It 

'ietgcoip: 
7 2 ) 

pA 
Ilectrical eCutduteIit' 

Available P (nmg .g 
N114-N (mg kg ) 
NOrN (mag kg-i) 

1 
d Snmi ) 

8.4 
0.18 
2.9 

37.9 
12.8 

Summariie methodologies employed and th, results obtined in 
these tStudies. Suggestions haseC been made for the future use of 
stlari/ation inl comparable scnli-arid tropical environ ments. 

Materials and Methods 

'xperimnental site 

x CpCrinCnts with pigCeIipeCi aiild chickp.. ',erct C(,Idtctd till 
Itisariul-\\ilt-sick lields at I('RISAI Cent.ir(17 +N 78 F, 545 
mitclestion) during the 1984 85. 1985 8 and 1986 87 sca­
,tt,. \l experilmn ts \ere dolcoll VC. lsal ( Ivpic Pelluster ts) 
fields, (fill 211, fill. 2C and lII 9A),apart tromntic in 1980 87 

b\ith Alfisol (Ildic Rlhodust.lfs) field R NS).lpicaetmpca onom 
()fl ,:cI field, eCCI)t saoil itiocitla it'c IIM 9\ t a/wa 
lft pitgeupca, and Vi (,trutrmi t>sp iteri Io,- chickpea, had 
flche\t+pesIt+"isll\ etnuhariced h\ inltnsic ail tepdeptcd ilicorplla­

\it-itin lliteialIli of \0 cttld plat to 'CreICL Iorlll\ \\ill-sick 
plot(S t SeCIt f t CSISIMLtic . HI ld l I llcsti ickilt 
doI tt etl crassaig at chickpcitip, wilt-susceptibl
 
iltt)t .,
 
I'lIelll..i Clith tcllisliCS til the Soil ot each leldilltihe b 
 gin­

tittIg if lhe c\periinltll ime giicIt ill !able I. Not frtillcr \\as 

ipph d in lield, except 40 kg ha of/ine sulfttc Jil,mi\ i 1t 2C 
It1985 8 . 1 lie fields \Ce culti;atCd and IlreparCd into 1.5 

i-itlc btoadbeds anitt furrtt\ss. 

I:xpfcrimltentai layott 

Ili 1t4 85, split-plot eXperiments \\eI condictecd for pigeon­
pea il field JIll 211 aind chickpea ill field fill. 2C. Main plots 
COInpriSeLd tIhos, with prcct: illt absence of irrigation priior 
t) slariiotion ild ,tbplots,, \Clc a tictoitl Cominratiton .'a 
\ \ilt-stisccptiblc gett[lpe (pigctlpea I.Ri 30, chickpea 

A' If Il)ad a %\ilt-resistaigent.\pc (pigconpea WII 8863. 
cIickpeai .1(i 74) kitlh anld itutfimei solari/atitn. I here \ere six 

replicatiolls. 
I 1985 8(6. the aboe

ct]Clltly lelcrrtt Ii 

atljiaceiti li-sick area in 
replications. Ill 198 87. 

Cxperiieim \\as tpeatced (subse­
l pigeOlipea ali all 

tJill, 2h, btl t i rc im.ereonly Iotlr 
silari/atio experineits were also 

1986/87 (JIM 9A, IM 8E). 
fIIl 2(C ertisl t N19AVertisiil RIM 81" Alfisol 

11--I5 cm) C(hickpea (0-60 c(ii) Chickpea (0-45 cm) Pigeonpea 
(it 72) f It 32) (n '18) 

8.3 8. 8.3 
0).20 0.,4 0.2 1 
3.9 7.4 27.3 

12.01 1 1.2 7.1 
7.0 42.0 8.2 



condu t(d in RM SE for pigeonpea and in VM 9A for chickpea. 
There %ierefour replications of the faictorial combination of 
wilt-rv,,istant and wit-stiweptitle genotypes \\itli and without ­

, CariatioL. Thee,experinlent, \wcc laid out it a I ;itin SqItlal-C 
and irrigated prior to so)ari/iaioiI.

The 1984 85 t'kt\l!I'l I[t ,t't t'OH+)t tl t In 198"S 80' I\ (t--7 

\'iding them into three hlock, each aid itmpoirg ,,olri/ition 
+trcatttent ont ot I Ni ca Ireaictlle lt,. Il *­cach the Ie,t' I'uithlot 

(lite
1986 8, ItlIitlOil itrC,trlcit, \kt.t d th, .t il icd dill otl\ 
tIhL n 

I\' tctt tI/ed lCIittlto pt{ ICIMit0 dtl 

plot that btL-C ilt lit L itch lt. picl till', ist tlh l 
III I L) i tt t iit il tltI! l " 

ClHect' t , i/iitIM theIi ,H84It19h ,, ItItI.S,t, i %C i C!(,WI <5 

Ite 'iPtt I/(. It ,,i,, icpl+I]:,')itiliri ,, 

ild ?I II ' III the .A t /ot td.i i hit' I Itte i tiI.IL' llet 

llitiitI "l tit "M tdl-it of,etiteC ilthi' i CC ltu 4100 Aj= 
ittlt ' (t4 ,I it int lidi)(ill thicki)ind (I-ini dt- i l\ti d oliln h'iu-[ I. iytout of pol heIti -overed plot1% in i sol riiation 

.t pittpii i 1It ddi\'. Atki- IwcAllll tl h i tiIIt0in t 
It I i!t iii'ti Lt-d iII(iIl 1i1 elC I't,ti il0 il t iC 
behC'tio '.Cetlo!II 

I)ChLi ]1 ''II II u tii Id ll!A il t 0It1lLlilI IICti "!\klllplili
 
hlit~t+4<! it" , oll i ,Iplplit'd (111t l li he Citl lpin~u ,++k l 

iI; tt ati it ci\1!itiillhil. iihiilii h tu t,+i tilli il itlIable 2. I-csola-i/atitt sampling \%as done 24 h after irigation fol-
Ir+
l\Ii. &l forpieipcat attlt 

chickpct \\ ilii-i I.oi pI lot ' Ci polythnce sheeting. 

Int itft pi i.Lcif 01 It 30 ctll howcd by the postsoltriiatiotn samnpling soon after removing the 
ip ptlieoipcsIas 30 ill 

9".A .I's Im thuietllt I c I o irC kpickipeaaild I It\i lt ineaCh 
scaIoll
 

Soil temperature 

Soil moisture Soil tellipetlatitlres ( (') \rec tonitored ittlw replications ill 
1Ill, 2Bl in 198,1 85 and 1985 86 tinlig copper-coistantan tither­

Siil-ttisturc cmUlliteti sit s niii'd grivinietricallv ill (0 5, itocoiples buried a1 5, 02) em depths. [eniperattre nmiasure­
5 1i.15 25. ito 25 4)0 ctti depths f lotctand alterisolariialion lticlits \\ l' illade at 0300, 000., 0900, 1200, 15)), 181), and 
in the ieldh I ll 21 and fil 2C during 1984 85 nt it1985 86, 240)0, V'fIlth \ ciC atttttlllically Iogged into it (_'apllhellCH Scien-

Ttble 2. I)iutes of soihriinl; mt rertments., sot)iilg and iir'es, tnd irrigation aiplJictioitn in soliriition ~tperinhents; sunshine 
hours, solir riadiatioin, und rainfall (iuring tihe crop )grtolltl period, I(RISAI (enter, 1984-87. 

1Ill 218, [gcottpca fl1l. 2('. 'hickpa h, 9A R 1I 81 

()pttiotl tactor 1t84 S5 19 85 ,'o 198 o7 I9,S4 85 1985 86 
-.------

1986 87 
ChickpeaiPigeolpea 

1986 87 1986 87 

Soiri/ttilnilheut I., Apt 26 Apt 1 Apt 17 ..Ap 22 Apt 16 Apt 22 Apr- 21 Apt 
Stihariatiol lt tlllillitctl 4 .fun It.ill 2 fiull 4 tn 6 [ tull 2 .[tin 4 tin 4 tin 
Ssilg dtelttt 25 .ftin 25 Jittn 25 [lul 2 No, 17 Oct 11 Oct 15 Oct 25 .[hL 
Ilirest titne 21 Jan- 31 1)kc- I2 flaa IS I eh 4-10 :ell II Feb 9 Fch 12 Jin 

0t Ieb 23 JItit 
Irrigationt lp litel 
Bleore soltut/tIon 12 Apr 24 Apr 12 Apr 16 Apr 19 Apr II Apt 15 Apr- 17 Apr 
Dhuring crop giowth I I .1t1.1 3 No% 16 Oct 16 Oct II Jul 

12 Nov 5 Sep 

17 1)cc 15 Oct 

4 Nov 
Cuitilati\C ,Itilli1C (ih) 510 369 465 470 4100 465 417 422 
"lotal solar iradiationl 

(M I -,(ittv 1180 914 1081 1090 999 1081 989 [108 
Rainfall (tin) S11 384 475 89 154 48 48 475 

1. Aobt 50 nlu lfiiiI l \il ppilicd each tllL. 



tific's CR 5 data-logging device. Air temperatures at 50-cm Fusarium
 
height from tile soil surface hours were si multa neously logged.
 

Soil Samples %%ere oIlected to estimate tie riinm ber of I"tsariut 
Chemical analysis propagLIlCs before aid aIter solari/atioil and at ma turitv of the crops. In chickpea, soil s:mples were also collected at the time 

of sowing in October. Ironi each plot, five cores of snoilSoil s;amples kerc collected frotll each experimental plot beftire to a
depth If 15 cini \crc sanpled and the cores bulked ai.d air­and after solaiarion. (CortpositCsaiplics of four cOrres per rlot dried. Alter grinding and sirin,,e, 1O-g sbsinamples of soil were

w\ere taken t( soil deths o 1o-15 cii. 15-30) ciii. and 30-45 ciii. tselfd to estimlate .h1ArtiiM propagulC ntibCrs.I lie soil samnples e\Cci air-lied i'id passcd through a 2-rum1 Selectike media \wCr ced to estimate l.asarinmr iopuilatiois
.i.c belorc itlall.iN. Soil ill aid lcMICAc i dLcli iit . (U) ill the soil. [lie populations of IK.oriorrllm oxi %1)4,1 m f.Sp cir'c'ri

\\tde' IIIri'es t iill a:1 n I ll ',Oil 10sO,ipl Iiinir V.iter lat itOf c estimiaited oil moudified ('apek-l)ox nir, which con­1.2. .\\ IiaIlc P'S irreisll[Ct aftr .tiXoi;' t11 Msilil 1.5 NI tfl.med, in addition to Iiofnill illgrdinLtsS 500 Ing peirtaclilro-
NSaI l(I) us dcsci hd hIv( )wli il I l l { 190..nnitiruniiiril- riliobn/ie c, 25 Ing mlachite green. 75f trig I)nicsticin-S., and\ aild rilAr-N \sire' ICst _(it ill 2 N K(l ' .rrticrs b sterit1i 2 g yeast extract per I. of ritCditi lighi ('hiuibe 1971)).lli rir
dillalilri \in h M.E() old )c\i Ldu's allni r lfrrCInILe 1965. IPopulationrs of 1Fru/lout (pigeolll)Ca wilt prilhOgLL) %\ereCsi­

mti d oii Nash allid Stlidel S (1962)niiediin.Ire basal rediirr 
\\ZaS ildjIIStCd to 111 5. auiloci'l and 750 m11tgo.\cd, therW\eed gro,,h I)icrvsticii-s added to tirelIldirill. liehiC diriri %ias dried ill 
nctri dishes Iir 3 dI;i\s before use.
Plots \\Cr ririt \\e 'Ci' pil ot o s) i allil \\iI ClIeriei \\CCels Soil s rilplcs oi 1011 ig 
 \ere Cet\ll\ spCad l tiHli rtuIrf C f1'gre\lire errir,h rit'elMI%\llh pigeorCIpri_. We.ds rerriom d tire rll_titilll ill sterilized petlli plates. I-Li each Samtrple. tlrerc

Ire etpec, ec\telr lrrrill Ill I 21H itt l)84 855 a d \\ct rhire plates. lPetri plates\\ie ircibateid t 25 Clfur 5lays.
s rcl\k itriI ,Q., Sr rkr/l III [herr 1 iss ied'lIl. Weeds dld tire rlitillielr of I1liiaflmill c niiiies ciourted ard enileniareld 

\\ei al],lh e r I,I II, I\\ L I re Irp I Cl tileLil , ri/ai- pr grlill of ',Lil.

tr01l. bi ta k. meJ h\ ! [lrltiI ts {o I hl
r i 111 I i.i. Ilantsi) ill these c.peTrillielts \\ere illorintoled rhlt litghi lt tile 

pp led p 11r r .... ' Ii l rI lI ' ck1er r plots \crC gruLm r period tor i isease S..IlllptOiiSi caiiLsCd by / Iat.rrium spp. 

Siil insecs atd other arthropods 

lo est illate pigeilpe anrid chick pea rhiiohial populations,I lrre ehre10,.s, -.5. 15-ciri high- 1t. il. . I I)\,CC coin posite soiI sartples were collected fron thetop 15cmlofsoilrrst~l il jIhi. ,rc, , pe iirii rife' ;u \ I R lots iii HI11.21) inisrlari,cd aind r isiiariied plotsard moist probable tl urirber
soM ,1teu ,,lkl.Wr i;1 cirrleilcd tL tfrp (,iil-fm\elliieIPN) .'counts,f'chickpca arid pigeoripea rhi/obia determrined
HInec'ts. 1ct1, [! "(!111clpe'e I1tL/1/l la 1 (Kttrimill Ilk. ,1l'llr In/ll ir Rin MR1df)nirt 1981 lIoildt1sn et il. 1984). Noduletie I,5 Si se , . lh ti ' di . i tI tiladtilis Iill( tirese Caes riInbieliand iiss \%ere reciried frio1mr

"v, 
5 6-m\ek-old pigeonipea

\Sts rrhI l( I (tt1reC 11lm] .r11e t1rrmll! m l\ 'ieu Soil sitlpcs tor nilrl li 'ickland ' plants aufter Caretul excam tior of roots.
 
, eliI U' LHl 1re It l Ilu c,,h plot tii seC
f \kcLc it plI.c if 
,111 ,,rir-! li ir' ,rrl ii;)ridl t strut is Idtiiis urrild anrrts,
 
\\crC ILll(t"ier,I I) I e a1l,, itlll 
 1rcirieril duiriritig IQS5 8t. Plant growth and yield 
iiiiile irItun err ilr Iiii ut 1I i itl i Ierlese 

I \tllIit ll \m tdt%, l o ( ill Ilk '1 llhft- Plant hicigh of pigvollpe , gtlil For\%a i recorded. bothpiifS. Ihe sIIlllI)Ir/IrrL I). t) iit) nti \s;is rirrern I( ,1I M eIt i.fCalt erops the lillm il p dirl lctitrs \ere recorded: Jirhcrology,seekih irterrl, tirirti " Iris1itn\ 
 p1nt statif. seed mecld. tiita1 -grL1t! rv ti ttera.lt 11ratodr­

iti. pids pIrIrt imtriber il secdspod !,tidd 100-seed lllass. The 
ilsniplirig ilCi i NseedC iu i ll)id plirildt I attCr for each plotNemato es ni Ill t \t,riri ml . abots 15Ili'. 

L i cii ex fic ltris six soil 2(0 C11rdepthL r tles to 
\\crC blkCd I et1h ilt 'l[ tlnti Ce detctt1C iriflCd ill 2001 
fill itltro! , i1r tle' ( bi1tleer lIl ri arlid sic, trig tueelitie R esu lts 
)(',h fIS) tMified tr rroililn.if Ii tch­r b h I1aetr1hlitCrill 

irli I 
 I')(/ '1NI.:rchIIlefr lit ,I C\,,ls il pugCdlipci Soil nmoisture 

1pt(s \ C C HI lI O rt h IC-iries, lilt)Lc '.'C il pOLre ,il, siesC. Iichickpea phlots, ir- ti t poprriilnr , m rtaisses-,sti hlobe ill d Iretds ill sioil mnroistuire ieasuremrentts ill tire1984 85 and thelfIte soliri,t . 'ickpci tinglti itrstbefort sum and it crop 1985 86 sea:nOts Were i.ill iltr. TIs results for only 1984 85 arc 
natririty. presented. 
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An irrigation o.' ahout 50 mm .just before soflari/ation 
increased soil moist tre content to near field capacity of 'ertisol 
(30)j, weight w'eighti. As water was uniformly applied, the 
watcr-content proliles in the irrigated solaried and the irri-
gated nonIIsolari/Cd tlatniients vCerc identical ill the beginning 
(Fig. 2a). After plitctemnt of polvthrte sheeting oin the plots, 
prolific condensation of moisture oil the innei suraice of the 

polytiie shentie g ill the illigated treatment helped the shoet-
Ing to adhere to the soil .uurlace. Ill tie iltloirrigatc trcatmllnt, 
colmdelsatiOli ,;, ICus l than til: illigaltoll trc tlleut.mtll, mlkig 

tile shctiug nuuire utlcrahlc to \rind. h f itg to tCitilg of the 
shUctilu. Alter tile terlinatiol of solariatiol the iligited 
solari/Cf IleatnICnt haild lost nltCi moisturc toil depth of 2 cu 
(i-g. 2h) through C\apolation and resulaitl c dclisatii 
MILmdr the sheeting. lclo\ ;I dleptth tt about 25 L'Ill, til \atr-
Coiltelit proflile wis sluntla to that be(Ie ol ili/titalt. Ill the 

Ifec %il ,  irrigateilll-o sohil d tLe;1tlett11t, +. to pOlv',thuc'C 
dheeCtilg I I'01,M 1llustlt sisa, thaththeseot llitue, los tif 

,%\,lteprofilC r tClllhlC_ theC tIontr0ilteated.I trtiilllt ilt til t '1id 
of sola I;riatlol {[ig. 2b). I o cifucc tle dillcreces iIi ,oil ibis­
turc aniong plots l or it) s\. i ng ol pigcitpea. ;ill miritioll 
(ahoult \ts giscll sf) 85. In theiholl ingnil% it so\iigin 1984 
season, sokcitg ,\as done aftr stiff icent rainfall had chtaried 
the soil prflilc msith iloistuTc. 

0 

0' 

7.5 

Soil moistutre content 
(i, weight" weight) 

15.0 22.5 30.0 

to)-
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Soil temperature 

[hc i ximum tenperatues at 'arius depths of soil were 
icached daily a+t1500 and hence temperatures measured at this 
time only are gi\cn inrfable 3. [he plots coN cred with polythene 
sheeting had markcdlY higher maximnunm temperaturcs at all 
depths at tmpera+tr sturements \cre made. 5vhich meaillC At 

cut . solri.,ation increased teniperature by ahout I0"C. The 
range of temperature increases witl) solariiation and was less ill 
tile srface lavcrs (5 cm and I0 cm) of irrigated plht.s as corn­

paied to the nonirigated plots. Ihis \as probably duC to the 
1ie,1t requhfd h the water to eaporilte, which wis suLbsC­
kuunt t r:imslfied toithe polsticiie shchtiitg as iiidicated hy the 
Condenisaition of \wutcr on the hwer surface of shteeting. [he 
teipitcratires huic. than 4' Cand 45'), w\hici cuIld b lethal 
fit llt croorganiSit'S, \\IC ITohCd foir most tf tile dtration of 

solliii/atio ill t 5 cum and ( cm d eptlhs. Ilt the tonsoliriled 
tlctutlcnt. such high-tll1pcattule d \kis C fevVer. 

(lemliclal lproperties of the soil 

Sulari/atiot did not signiticantl.v affcot pli, EU, orasailable P 
l\cs. soil NO-N cotentIration \w as ilcl'ilsed, specially where 

Soil noisture ctttent 

(, weight weight) 

0 7.5 15.0 22.5 30.0 

b 

o,-

E 

30 ­

40 

I I + 

'4 + 

Figure 2. Soll moisture contten before (a) and +lafter(b) -olari/alion measured in field B111.211 in 1984/85. Presence (+)or absence 
of solarization (S) or irrigation 11) trealmetis is indicaled. 
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Table 3. Effects of solarization (S) and irrigation (1) treatments on maximum soil temperatures recorded at 1500 in BIL 2B. 
Corresponding air temperatures recorded at 50 cm from bare soil surface are also gi :en, ICRISAT Center, 1984/85. 

Temperature (oC) 
Number of days

Soil depth Mean over Numberof'_days
 
Treatment' (cm) Range 
 solarization period >40 °C >45 °C 
S+ 1+ 5 39.0-54.1 49.9 50 48 
S- 1+ 5 34.7-44.6 40.5 30 0
S+ I- 5 41.3-60.7 53.9 51 49 
S- I- 5 35.3-47.7 43.7 46 22 

S, 1+ 10 38.4-48.0 44.4 46 23
 
S- 1+ 10 32.8-38.5 35.8 0 0
 
S+ 1- 10 39.6-51.0 46.6 50 39
 
S- I- 10 34.2-40.2 37.6 3 0
 
S- 1+ 20 34.4-42.0 38.8 20 0
 
S- 1+ 20 29.0-34.3 32.3 0 0

S+ I- 20 34.5-42.3 38.3 7 0
 
S- I- 20 30.5-34.1 32.4 0 0 

Air 34.4-48.9 42.7 43 13 

1. Sit solari/ation; S- No solari/atio,; 1+ Irrigation; I- = No irrigation. 

Table 4. Effect of soil solarization (S) and irrigation (I) treatments on nitrate and amnoniun nitrogen content in soil (mg kg-1) of 
different depths of a Vertisol (fill. 211 and fIl 2( ), ICRISAT (enter, 1984/85. 

N()-N NII 4-N 

0 15 cnt 15 30 cm 30 45 cm 0 15 cm 15 30cm 30 45 cm 

I-1 1+ Mean 1- I+ Mean I- 1+ Mean 1- 1+ Mean I- 1+ Mean 1- 1+ Mean 

l'igeonpea experiment (fIIl- 211) 

S- 5.0 5,6 5.3 5.0 4.2 4.6 4.5 4.5 4.5 3.8 4.6 4.2 5.0 3.6 4.3 6.1 4.9 5.5 
S+ 10.8 16.2 13.5 6.0 10.4 8.2 4.3 5.7 5.0 4.1 4.3 4.2 5.3 3.8 4.6 6.1 4.9 5.5 

Mean 7.9 10.9 5.5 7.3 4.9 5.1 4.0 4.4 5.2 3.7 6.1 4.9 

S -( 1)2 1.54 1.15 0.79 0.46 0.51 0.74 
S1-(2) 1.68 1.22 V.87 0.68 0.45 0.38 
SF(3) 2.27 1.68 1.18 0.82 0.69 0.84 
SF(4) 2.37 1.72 1.23 0.95 0.64 0.54 

Chickpea experiment (1II1 2C) 

S- 2.7 3.8 3.2 4.0 3.4 3.7 2.6 6.1 4.4 3.3 3.4 3.4 6.0 6.0 6.0 6.1 6.5 6.3 
S+ 3.3 15.3 9.3 7.2 10.1 8.6 4.2 5.0 4.6 3.4 4.6 4.0 6 7 5.0 5.8 5.3 5.0 5.2 

Mean 3.0 9.6 5.6 6.8 3.4 5.6 3.4 4.0 6.4 5.5 5.7 5.8 

SIE(I) 1.02 0.96 0.97 0.47 0.73 0.80 
S E(2) 1.06 0.76 0.64 0.54 0.39 0.38 
S E(3) 1.47 1.22 1.16 0.72 0.83 0.88 
SE(4) 1.50 1.07 0.90 0.76 0.56 0.54 

I. S- z No solari/ation; S+=Solari/ation; I- = No irrigation; and 1+= Irrigation.
2. SE(I i, SE2), S I(3), and SF(41 are standard errors (±)for comparing irrigation effects, solarization effects, irrigation at same level ofsolarization,

and sodari pation at same level of irriga ion, respectively. 
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the soil was irrigated before solarization (Table 4): however, 
this effect extended only to adepth of 30 cm. Soil N [14-N levels 
were not affected by solari/ation at any depth. Similar results 
were obtained diuring the 1986 87 season (results not 
presented). 

Weed growth 

Solarinrrior nrarkedlv decreased s'ced gross : (Fig. 3). Mlost 
annual %,edspecies were effectively suppresed r) 1/.,1 y sIlari,,tionr: 
hlwes erL, tlie pcrennia-lls, sichi as (rnorotn t/i, lrll. (i/rn. 
roiwtri , ,i i tI( graidrri1L:R I Iiisi ant- 'I)irrv',,/ ii/rl ijarit'proA rc o \c reid. 
\lits nost noticcablc ill tile chickpea e\pcilrlent, x; ich \'Ais lit 
hilo\k iltCi[iCt co Soilai tiollrleatrrerts ill Itille.i plCtionll Of 
Until tile s'A rig Inl ()Croher-NoC ember. 

Solari/atioi lor \Cels \%sas etfecltise in2 <t.cc,,si\c Ils 

suppressiig weesl (Fig. 4) I hCIC 'a a rcsidual cfeit of solari­
/atioll il the ple\ ris Neba r slolalrioi in tile curret veillr 
k s IIroism effecti\(. 

Soil insets ind oilier arihropods 

()ill rttitC'11Pl I llr ll itor tile etleets of olarr.atio l oil soil 
insects nid irier rtillopodS kere.'rrsuCCessful due to inade-

quate natural popninlitoris r tile cxpcrirniertnal field. 

300-

240 

,7 

IS0 / 

/I"/'/ . t:
12(I
Ia 

/ 

60 

S S4 S S+ 

1984 8.5 1985 86 
"olall/,tio nltreatment[ 

Figure 3. Nain effects of solarization on weed dr)-natter 
production in the pigeonpea experiments conducted in 
1984/85 and 1985/86 cropping.seasons iii field 1111, 2B. S+ 
solarized; S z nonsolarized. 
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1984 85 +-t 

1985 86 

Soliui/ation tlcallnl 

Figure 4. ('iiiuhlatie ind residual effects of sola riztation on 
weed growth in tLe pigeonpea experiment conducted over 2 
years in field BIL 211. Weed masses are means of irrigated and 
nonirrigated treatments for the 1985/86 cropping season. 
Presence (+) or absence ( ) of solarization treatments is 
indicated. 

Nematodes 

The population of all parasitic nnematodes of pigeon pea was 
ignarkedly affected b solari ation in the 1984 85 season(Fig.5a). Included in this population \Nere thterodhra cal.am 

cysts, eggs, and rlrvac; Rot Ietrrtrst rii/ihotr's lilh'Ii/ell­

' sret .% da mini '/i-lth'trts spp. So ariat ion wit It irrigation 
%,irs Mst effective ill rI-(lrreirrg prrpuiraionrs rf cysts, eggs, and]
larvae. Ire elfect of soliari/ation or totalnirerlatode population 
in tie 19F5 86 .,scaon was sinrilar it that in tie 1984/85 season, 
except rin... IP.caimn cysts, eggs. anrd larvae in the cysts, were 
trot affected. Ihis \%as prohaly' de toi a shorter duration of 
solari/ation itt this seasoin. A residua: effect of solariiation was 
not apparent )tt tie parasitic ilnliatrde popillltior in the fol­
lowing year. 

In tie chickpea lield, the effect of solaii tio il tile Iotal 
icinatodc population parasitic oil chickpea, including 1. reu­

sus., Pratleh'uhs.slip, R. rewi/brrmis, I 'lenviltor/h~rchuts slip, 

and /eir deraspp larvae, was significant and drastic (ig. 5hi. 
The ,einatode population rerauied rower during the entire 
cropping season. A residual effcCt of solaruation was also not 
apparent for chickpea plant para"itic neniatodes. 



Fusarium population and wilt incidence 

Just beft re solarizatior. both chickpea and pigeonpea wilt path-
ogen populations were more than 1000 propagules (g of soil) '.-

There was a large reduction in the population of both pathogens 

8 a 

- s+6 \\. c 6 


= 
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due to solarization in both dry and irrigated conditions imme­
diately after the solarization period (Figs. 6-7). In the nonsolar­
ized treatment, there was an increase in I[tsariumpropagules 
during this period. The Ftisariun population remained at low 
levels in solariied plots throughout the growing season for both 
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Mtnth,, after olariiation 

Figure 5. Effect of solarization ointhe total plant parasitic 
nematode population (mean of irrigated ain( nonirrigated 
treatments) of (a)pigeonpea and (h) chickpea with tine after 
solarization, fields 1111, 2B and tll. 2C, 1984/85 cropping 
season. S + = solarized; S = nonsolarized. 

Figure 6. Effect of solarization on numbers ofFusariumprop­
agules in pigeonpea plots in field 13il, 2B in the 1984/135 

cropping season tresence e) or absence )ofsolarization (S)or irrig.... _n (1) treatments is indicated. 

7 1 


ISE
 
'
 "5~1330- .A._. ­

900- S 1I 

++ 

O,8S+ - I-­

0 2 4 6 

Months after solariaiOtin 
Figure 7. Effect of solarization on numbers of Fusarium prop­
agules in chickpea plots in field BlH, 2C in the 1984/85 crop­
ping season. presence (+)or absence ( ) of solarization (S)or 
irrigation (i) treatment; is indicated. 
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Nonirrigated I rrigated prior to solaritation 
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1984,/85 1985 86 1936,87 
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20­
0 \ \\lm 

984 ­ - + + 
1985 + + + 
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Solari/ittion trcatmcnt 
Figure 8. Effect of solarization (n 14illincidence in 1'ilt-sucepti le pigeolpea genol)pe lRG 30 iii a will-sick plot (1111. 211) over 
three seasoo,. Presence (t) absence of solari/alion treatmentstris indicate(l. 

Nonirritated Irrigated prior to solarization 

00 - 1984!85 1985, 86 1986/87 
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1984 --- 4+-

1985 - ~-+-4-+ 
±+ 
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Sojlarization treatment 

Figure 9. Effect ofsolarization on iilt incidence in wilt-susccplible chickpea genotlype IC('V I in a wilt-sick plot (BII,2(')ov1er three 
seasons. Presence () or absence ( ) of solarization treatments is indicated. 
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crops. The beneficial effect oflsolarization in reducing the popu-
lation of I'ousariuw w\as confirnied in both chickpea and pigeon-
pea experiments conducted in the 1985 86 season. Th effect of 
solarization in 1984 o tu'arium propagule popl ttilon 
extended into the second season, 

Solari/ation reduced Nsilt incidence in pigconpea under both 
irrigated and nonirrigated conditions (Fig. 8). -The effect of 

Pigeonpea 

0 - 30-

1 - ­

46 . IX--: 4 .0 - 18 -

S 4.4 12 

4.2\4.4 

S S4 S S4 S S, 

419849) 855 85:984 


C'hickpea 

4.0 30 

.2 24 -

S 2 .4 
-.c 18 

E 

NN E 

E 6 - 12' 

0.8 6 

0.0- 0o-.
S S4 S S, S S+ 

1984 85 1985 86 1984,85 

solarization in 1984 was not apparent in the 1985/86 season 
( Fig. 8), even though the population of 'io.urium propagtiles 
was lower than in the nonsolarized treatment. 

-ffects of solari/ation on wilt incidence in chickpea were 
dramatic (Fig. 9). Significant residual effects of solarization 
could he seen in the subsequent seasons, but the 1st year levels 
were not matched subsequently (Fig. 9). 
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198586 1984/85 1985/86 
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40-
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"6 30 
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1985!86 1984,85 1985/86 

Figure 10. Effect of presence (Si ) and absence (S ) of solarization in irrigaled freatiienils on soil populations of Rhizobiun and 
nodule numlbeiier and iims for pJigeonpea in field fil. 2B and chickpea in field 311, 2C over Iho seasons. 
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Rhizobial populatio and nodulation 

S o larr 1';rtion did no t Sig niiican lyff: 0cCt rhrI , l popu latI orI oih fn 
todulhtion ofill crop 'ithe nonirigatkd ttatmne ts hi Itithe 
t;IUSed ;astgnlitrtnt reduCliol n th C P,li-illnctrs illtile iti­
gated tr atnents ( ig. 10). I!o(kC%cr. otetIeCts ,UfIcoher\ed 
for -,gconpcii illi985 86, p ob;hl fdie to tihe red te.ed dtrat:on 
,"solariatioi,. l)espitt h ,esereJCtoiins, shoot Lrv Illiter \'is'.S 

0,
[lot redilced in tilk, souliltI trea1t1n0. i at tone otlo df .tionnpZ1 ti 
1c),l:i ,s 

ill -, Citli ..g tito ilsill 

satplin g., p doe to tile c ompensator. 
ciim litrate colielen tr 

Growtih and yield of pigeonpea 
Stolld~atrir 

elfect of ofti -', 
t i t asiCitt eleit. 

apparent ft rit carl+,- !romki stages (hig. 14). .'qolari,,ation,+ ..-, 

eftfcts ii oh(:a/tioul oln plant 'o .+lh%%ec 

obiosIU 10r both wiht-stuScc ,t:hlc and ilt-re:sistant genortvpCs 
ill ale perimn 1.-3) ;ser.1eneein p4 nt height iltcrc, 
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redUeed 111C,11timle 'to 50) 1]tiowerilad ratitv. Lot0 rto 12-
example, in 84 85 fihkeriurg Period was redlied b\ 10 ays 
for R(i 30 and h% 12 d,ss or i(l 8863 and titfleto illatir t\ 
reduced by 00d a\ , fs r I R(i 30 and 9 days for I P 8 53. lil 

Col responling ,aluc, Ior lirt 86 cr'"repeat e%pertinlett in 1985 , 
10 da's and 2 davs loiIho\eriing and 8 days and 2 days for 
rnaturitv. 

,ction
Solailation nurkedlv inic-tcoscd dry-matter id and 
seed yield of hoth gellot*pes illall 1st year experinents (Fig. 
15). 1hese inci.ass greater for R( 30 than ICP 8863 aindhwere 


- -A 

4 4. 

r' 
"­
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Figure 12. Response of the wilt-susceptible pigeonpa geno­
type I.R( 30 to solarization in fill, 2B in October 1985. The 
plot in the foreground w,as not solarized and most iplanls have 
died of wilt. The )lot in the backgrourd was solarized. 

. .
 

.Figure 13. Response (f tle wilt-resistant pigeonpea genotypeFigure 11. General view of pigeonpea olprizaiion experiment 1C 8863 to solarization i Bill, 2B in October 1985. The 
in field fill, 2B in December 1986. Plots with better growth nonsolarized plot isin the toreground and the solarized plot in 
received solarization treatment. the background. 
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Trcat men ts 
Figure 15. !ifect of solariiation and irrigation tretminents ol seed (shaded) and total dry matter (enfire bar) yields of wilt­susceptille (I.M( 30) and Isilt-resisai I1(CP 8863) pigeonpei genotypes. Presence (4) or akilence ( )of solarization or irrigation 
trea tments is indicated. 
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in the presence of irrigation. Improed seed yields resulted from 

ic ased pods and seeds pat-I: there were no significantt 

tratmnrt effects onf seed sfetso slr/et.ni
 

here were I significant residual effects of soli/i4tin ill.. 
the prCviot.wsea S or eitheron total drV-atter Or seed \ied 


genotvpe (lig. 1). lortlehr, there wkere no dilference , Litw en 

soliti/;onl for 2 SlucccSsisL Nears and soliri, t11L.
(If il cuir 

refit tr only (I985 86 data of Flg. I()). Onl' wolari/ation in 

time Curmlm~ i ll CMuSed Signiificitimt differeices coimfirmili g 

results of thc It,t 5. c% 87, I('1
earI( i I) 11 cr, in 1980 8863, 

did lot respolld to solaliiltioll.
 

Growth and yield of chickpea--". 

(iro ,th antil yield of chickpea \%erc rela ti\ ely poor iiall experi­
inctits. Ihis was pr:a: ily die to drought stress, as crop growth 

had to rely Oit residual Soil moistu hecause of limited access to
 
irrigation in these fields. Further, in the first two seastos, il 

was not cult isUaM prior to chick pea Sowing for fear of crosS-

contamination hetmsccn plots. Ne\crthleless. large effects of 

solariation serc apparent (kg. 7. 


lii the 1st year ofthe experin it in 11. 2('(1984 85). \i.Lu-

ally all plants of the \kilt-sisceptihle genotypc ICCV I werc 


5- 1985 86 

IRAi 30 lC13 8863 

+ ­

-

- , 1-­

- ;: .+ ' ,
 
' V" / ],
 

.. ': ,.+
4 

,, 
.. 

( 
: 

. 

,jy j 
- -. ­

,t * 

, " . 

.
 
Figure 17. General views of chickpea solarization experiment in 
field Bill. !C in December 1986. Plots with poor stands have 
chickpea genotype (( 1, wsithout solarizat;i. The four 
rows with reasonable plant stand in the twoi upper right plots 
sith poor stand had been treated with Fusariam antagonists. 

1986,87 

LRG 30 ICP 8863 

I JISE
 

I SE 
mm0 

1984 - - + + + + + +
 

1985 + + + + + + +
 

1986 - - +
 

Solariiation treatment 

Figure 16. Residual effects of solarization on seed (shaded) and total dry matter (entire bar) yields r,'pigonpea grown in field BII. 
2B in 1985/86 and 1986/87 seasons. l)ata are pooled for irriyt,';, -ICament in 1985/86 as this treatment did not significantly affect 
yields. Presence (-)or absence ( ) of solarization treatments is indicated. 
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Figure 18. Effect of solarizalior and irrigation treatments 011 
seed. (shadled) and total dr matlter (entirebar) yields of w',ilt 

susceptible ((('V t )and resistant (IG 74) chickpea genotyles. 
Yietd and dr matter are not stomi for I((CV I for nonsolari-

t ion treatmtent dJiedJ even before recings it crmpleteti 
50% lowering. Presence ( ) or absence ( ) of solar;iation er 
irrigation treatments is indicated. 

killed before maturity in norisolariied plots and no yield %%as 
obtained (Fig. 18 ). In the s lit-resistant genotype .lG 74, there 
was a 23; increase it, seed sield die to sola ri/ation in the 
irrigated treatment and 17"1 i1 tie nonirrigated treatment, 
mainly due it) an, increase ill tire 100-seed miss. Ilie positive 
response of l(I('\' I to solariiation was confirmed iin field 13M 
9A int 1986 87 (Fig. 18). 

It contrast to pigeonper. there wkere clear residual effects of 
solariiation on I('CV I iin subsequent seasons in lIlt. 2C (Fig. 
19). In 1985 86, isso sutccessie solari/,attions had tile same effect 
as a single solari/ation in the curtrent year. In 1986 87, growth 
andf yield decreased with tine frori the res iotis solariatic.r. 
There were no significant responses of .ItG 74 to solari.ation in 
tile second and third seasons in BI I. 2( (-ig. 19). 

Discussion 

The increases in soil temperatirre achie\ed by soil solarization 
itt this study compare lu. o rably with those reported il teniper-
ate clirnates: i.e., about 100 C' in the surface soil 5-cn (eep 
(Katan 1981: tloritchi 1984). Ii the present study, tempera-

j 

tures under polythene sheeting exce,ded 60'(. at 5 cm and 
reached 42°C at 20 cm soil depth, which are in the lethal range 
formanymicroorganisns(Pullmanetil. 1981). This increase in 
soil temperature %ith solariation has been considered as the 
major drixing force for the ,arii(Ls biohgical aid phvsico­
chemical changes in the soil that affect plant growth ( Katan 
1981). 

The effects of solari/atioi in increasing growth and yields of 
tile wilt-susceptible genotypes can prinmarily he attributed to 
harn ful effects on tie wviit pathogen. I he reduction in wiIt 
incidence with solariiation was accompanied by large reduic­
tions in the nimbi-ers of Iu.sariumi propaguIcs specific to cither 
pigeonpea or chickpea. Thernmal inactivation of ftngal propa­
gules could be the reason for such reductions (Katan 1981 
Pullmai ceal. 1981). Solariation was niore effective in reduc­
ing tie lusarium propagules of chickpea than of pigeon nea' 
with consequent greater effects on growth and yield of wilt­
susceptible chickpea: tis may be due to (Iifferetitial thermosen­
silivity of the pathogens or their differential distribution in the 
soil profile. Although it has been reported Ih;t moisture is a 
crucial factor determining tile effectiveness of soil solarization 
(Katai et al. 1976). irri~,ation prior io solariation did not 
signifieantly enhance reduction of Ivrsariown propagules.
Apparently wI ater little soil moisture was present ill tile 
nonrirrigatcd solarred treatment was sufficient to thernally 
inactivate the Floarion propagules.Iliohogical control of soil pathogeris by means other thant

loical ntrol oisl pogeds by soleaiatr tati 
hra nciaini ls "ctic yslrzto aa198I).1 "Fusariunpropgules were not completely destroyed by 

and vet control of disease was ryoliiatiorrn etcnro f wilt dies a eveffective,p i 
h chickpea. involvement of otherparticularly i This indicatesfactors. It is possible that F'oariumn propagules were weakened 

b heat to te exert that thry become poor comp-titors with 
b h 
other soil mictoorgarnisis. Indications have been obtained 
recently that ftingal antagonists, encouraged b-. solarization, 
can reduce wilt incidence in both crops (NI.P. Haware. ICRI-
SAT. personal communication 191;: see Fig. 17). 

lhat additional Iactors to tire effects ofsolarization on fusa­
,i trill iI are involved is esidenced by the stimulaoryeffects of 
sol; ri/ation ot early-growth rates itt tile wilt-susceptible 
pigeolrpea genotype and onr growth and yield of the wilt­
resistant pigeonpea genotype. This increased growth 
response" (IR,). additional to the effect of controlling the 
target patlhoien, has been previously documented and dis­
cussed (Katan 1981). Howes'er, IGR effects were not so appa ­
ent in chickpea and effects of solarization ott growth and yield 
iii that crop can alritost entirely be attributed to reaction to 
ftaritini \will. Factors likely to be of importance for IGR in this 
study include control of plant-parasitic ieriatodes and 
increased mineraliiation of soil nitrogen. Stapleton et all. (1985) 
reported that solarization increased production of both N H4-N 
and NO -N. N1tI-N levels were not affected iii tire present study, 
presumably beca use of rapid cor.ersion of N1-14 to NO,. The 
enhanced availability of nitrate wilh solarization appeared to 
compensate for the reduction in rhiiobial numbers and symbio­

tic activity in this treatmient. 
P-duction of weed infestation isanother beneficial side effect 

of solari/ation. l'This could have been caused by direct thermal 
killing of weed seeds either before germiration or soon after it 
had been induced by moisture in the solarized plots. However, 
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I-igure 19. Residual effects ofsolariittionon seed (.vhided) and total dr3 ma'tter(enfire har) ields of chickpea gro%%i in field B1l. 2(
in 1985/86 and 1986/X7 seasons. Data are pooled for irrigation tr'atinent in 1985/86 as this treatment did not significanill. affect 
i ields. Presence (i ) or absence ( ) of solariiation treatments 

solariiation was less ellecti\c in controlling perennial weeds, 
probably due to the deeper distribution of their propagating 
tissues in the soil. , here tenperature increases were less. 

Stitnulators eflects 01 solariiation wCre encouragingly con-
sistent across locations and tiiite Residual eLlects o0solari/a-
tion were substantial and cotiistent lor chickpea but not 
apparcnt lor pigeotipea. -urther, in pigeonpe; there xcre indl-
cations olgreater wil incidelnce inl plots solari/cil in presious 
ve.irs biltnot rcci ing solariatttnt ill hli Clrent seas)n. I his 
may indicate all enlanced capacity lor reimiasion oftihe pigeon-
pea wilIt p.ithogeti. 

Irigatiot beforc solari,ation is geiielall\ recoilllltced to 
obtain effccti\e disease control (Katan 1981). In the pre"(mi1 
study, solariiatiot was effective w\ithout irrigition, altitough at 
least for pigetnpea, effectivcness did improve w%,iltirrigation. 
Thus, irrigation capability is not a prerequisite to elfective 
solariiation. 

Implications 
Although beneficial lfects of solari/ation have been clearly 
demonstrated for chickpea and pigeonpea inpeninsular India, 
economic cotsiderations would use of this techtiuiiLte for'iniit 
these crops incommercial agliculure. Both of these crops are 
normally grown cxtetisively, umider rainfed conditions, with 
little input attd little return. Development and use of diseaxe 
resistant or tolerant genotype, would he more practical for 

is indicated. 

disease-infested land in thesecircumstances. Nevertheless, there 
are situations where solariation is feasible for these particular 
crops. One is on1research stations where it is necessa-ry to 
repeatedl- gro\ gefotypes atleeted by wilt or other disieases, 
including nenalode-catlsed diseases, oilthe sale area ofland. 
Examples X\ould include crossing blocks and germplasm­
assessmllelt studies. Solarilation hias already been adopted as i 
practice for these circumstance's al I¢CRISAT ('enter; it is safer, 
iMore ecolllic, and possibly as effective as s)ilfulligation with 
chetnicals Another possibility of using solariation for these 
Crops is in iroluction of disease-free seed, either onl research 
stations or on a,Commlnlercial scale. It has been found that 
ftisarium wil can be seed-transmrittCd and thus ust of disease­
fec land is necessary for seed-podtmctittn ptt. 

[or crops of high \alue per unit amca, such as \Cgetables, te 
ot solari.'ation becomes mote econonically feasible fo rcontrol 
of soilborne diseases. I lie ceonemics Would inp toe with the 
advent of cheaper, thintier, tltra-violet-light resistant polvitene 
sheeting (Katan 1984) We womhtl rcotmetid that tile tech­
nique he evaluated or hhih-sale crop, prone to soilborie 
diwases itn th eel\irolllclt of peniinstlar Indlia. We have suti­
mnari/ed our mecomnendations lot applyitig solat i/alion treyt­
niits, for antt cop, itt the Appendix. 

Solariiation mla\ also be used IS tllexperitiiall tool to 
mnodily populations of-soil inicroorgaismis. At IWRISAF ('en­
ter, we arc usingtllie teileCtnitiUe instudies of Rhi:oimccologv. 
particularly to understand sioil coloniation by inoculated 
strains of chickpea rhizobia. 
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Step 

1. 

4-­

344i 

Wpind direction 

Place ends of' two sheets in furrow. 

2.ibis' sith oil a0nd comtract soil. 

..... . . . ... . .. n.aie t h p ss 

/f" "" It nu.-cc;sary, repeat the process by 

4.~~ iaing anicthcr sheet onl the ton, 
hors ogjL,tore t~s0 edges as in Step 2and 
op n ti.,the top sheet. 

5. 

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

F isj all edges are thoroughly sealed 

iti,compacted soil. 

Figure 20. Reconended ineliod of placingl pIol.heine sieelhig for solairiiing soil. 

I. It has heeni suggcsld (.A.Katan. aciculty of,Agriculture, the 
Hebrew tniscrsitv of .ierusaleiv Israel. personal coin­
tnunicaition, 1985) that addition of flesh organic matter to 
solari/cd plots can enhance silariit llellects, thioigh 
production ot \ olatile organic Conipotndls that arc toxic to 
pathogens. suoceh,s cl m ipounds conid also he ph\­
totoxic and it is reco)MC1entded that the Cielot 0I solaria­
tion vMith organic milattcr incorp'ration h- .:\periinentavY 
tested 101 ch partirecrIp ite coMiMition. 

12. Alter solarnilatiiln and prior to or during ciop growth, 

irrigation %katershould not he allosed ito 11, %k fronm areas 
possihly cot'ianiinated \with patlogens otlo solarli/id 

plots. Ise of sprinkler or irrigation thlough perforated 
pipes is thus reconnnerlded in this case. 
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