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IKTaODyCTIOJI

Crop produetioa is. usually Hiaited by InsufHciorit

water at som© fciaao or othax- du:;-i,ng tl-ie grot^Lng sooDon. ;ivo«

in niii-nid partD of tho ^-^cridj, pariocSa of IriSJisSfiGiQfjt rGin~

fall and thus vjztm: stress ccxasaonXy occur, .Tb p.any chri?

a:ir.3ao of tha i^oria crop p?roauetion witJ-oiit irrigation is

V'3ry lo'&»o "fster suppiios that can i>a for ;lrj"igati.on

.iTo also VQrY liraitGds In future irrigation will probioly

f&co mor®. llinAtatioiis b^aiice of counting usog o£ watesr,?.

Thus t2i© possibility of dealing with wstar istress Gvon with

irrigation viili becoras n»ro of a rosility in future« Popiile-

tion ineraasQ i^iil further neceesitates tliQ cultivation of
>

roargindl lands Kith low water lioldlng Gspacit|"» Thus there

tvill uRdoubtsdly "oq much dojinaiid in future £-or i^iiowiedgc*
*

al)out tha influanca of plant ij-ator stress on ci-op produGtiosi®

3nviromiental strGss problems aro gerysrally yar-r

difficult to daal •&?lth.by braading baeausa thair canplQic

nature requires a feida array of gsriotis rsspona-a irtachanieinso,

Tl-i-c: resiaonse of plants to droiight io not "<^-11 uiidoret-Dod

phyaiologicslly tout is the SKst result of ssvoral systeras^

including th© loaf and root characters tAiidii can function

efficiently during periods of water stress, Tiie present

study was undartakon by considering these aspocte.

-r
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first oi: mom^ of .pacMy» as Interorop in coGonut

©r as a miscefl -si-op aloiig yO.t'h tspiocae feanana oriQ

^fmsn Za smh, a. situation i^ontifixation of .siixjrlor grmmh'

.grm vastiet-Ms Having t©l.©rajiGs to drGught.wiX.l i>a a maj©r

through in in^reaislBg: Yield#
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11:^11 OV LITaUi.Tcn.:'

Kolst'uro BtxouG da^s not affoet all aopscto of

plant grcA-ith and cicivslopfn&nt equally® Donne proootimQ oj^

higf'ily ci:;ac3ptibig to incroasiJig jooisturu .streey

others are far lose affected. Tbo i'inal yiuld o£ tiao aro;-

will ho tim intaoral rasult of thoss offacta of atiJosju qh

growtii, roor?iratiaiii piiotosyiitliosia# TOtabolic

and reproduction, c-nly vary worioj havO Ixxsn

roported in pult,ea on thoir porfonnanco undui: CUrougiife coiii~

ditions- HencQt ©irailar wrlcs in pulsoa arici other crops

wara rcn'ioiJ'Ucl,

2»3.» Vegatative pericormaiico

liixih of the litoraturo on crop rosponeo to Oxvaght .

focusc's on yielding ability# Ikswavart tlsoro arc cavcsrnX

roportc of spejcific vssgotative aessoeiatacl T-iitli

growtli vmikir suboptirnal rnoiaturo. Hio gonoral ofCocf'. o£

-< drought on vagotative perfonnancQ is a reduction ±n yif^o

Or th© partictilar plant part that i® deveslaping t'*iQ

plant is subjectod to BtrosB* Tho aajor ^'ogcjtativo co".r>:w

nonts iiifluonGCd hy ckrought ©trass inclucSa' plant. 'h2ii^n:t^

nuinJ»2r of loacves por plant* loaf area, indnscy efcanatal dia^

trlbution, root chairactera and root/shoot ratio*
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2.1.Plant heigiit

A cGnciderablu reduction in plant v7ac obsarvrjiu

lay riilcr at al (1972) In Viqna sln^-nsis md Kapis^i: (1972)

in tomr.to under auboptimsl raoistura Conditionc^

f'Jti end Alera (1973) alfj© obssrv^^d a Gignlfloont

raduction in picjit height ciuring strae© in greonrirGT;:,

^ ConsidarabiQ reduction in plant hoight at l^oot stegd'

reportQd hy GantSiu and Korton ' (1977) in oats un-^.sr

atros^;, i-^aiiara ot al C1979) i-ex>ortod tiist lirAiteii ffoil

moistur-a inflw^naes fiald crop perfomanco by rodxicdng

plant bright in soytogru

^ Consiaerabia reduction in plant haitjit vas alco

dbsGrvoa in Vlgna gubtorranaa under sevai"© moisstura Gtrac:.c„

(;3iie and KwandemalQa 1986),

2.1.2* KiHTibjr of le®vGS' p^r plant

In & study conduetod by SosbQQ and Wioba (1971) in

barley it v/os found that x^l^ants receiving ackiquate soil

watQr were ehsad in loaf production than tho stressed pI^'ntG,

All and Alara (1973) roportad e. reduction in tliQ

nu-nlx-jr o£ locrv/ofj per pl©nt ir^ greangrsm uni^or cendi.tioiia

o£ T'Xit-Qr fiitresG^
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. Sivalcisiiar aUd shew Cl978a) founS that ^oyl^aans in.;

Irrigexted, plots ^©ro supari©!: to those in •non«*irri<3ate'd ,

plots in ths? avemg© sigs and ni^ber of Isafilcsts par' plattt#.

ItirK sncl Hali C19SQ) obsasrve^- that in in.er«?es«

ing levels of drought resulted -iM a jesiduction in timifer
'i

of lea-fiets# : - • • •• .

^ ¥ld0. <1981) reported that di^ught resistant v^if-

ties o£ .soybean tended to .l^se' mor^ l©avo8 than suscoptible.
I

varieties vfmn iin^r tsrater stress but shovjcid a .small

fiecr^asa .in leef .aiga,

ctiutiaii et al <1985) reported a rediietion in tha

nimibsr of leave.© ^hoot dry mattar in dua toi,

early strsasg,. .'̂ 'al^ak€a0r (198?) also observBca ^ reduction"'

in numbsr of leaves during moistur© stress in ^aat»
I
I

2»1,3* Sf^af area

^ According to .KraHier (1959) a small leaf aroa 5r#a3 '•

•elieracteristia of ireduqad drought irijwy in Gxop^ plants*.

So^r (1970) report^ia that in com* jgoyhean aM .sunflowefir

laaf enlargoment ms consiaerably irthiMted by Xovi leaf ;
I

mtar pot^ntiaiss aeaction'ta drought by mstirictiirig loaf

area de'val.opnent hm been reportad in ©unflowar by gcS'Cerdt

«jt al it&il)*
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A rediastiosi in leaf tsrea with aii increesQ i3i v;c'.ter

^ deficit during the vegotativa and flowering to poil for.-na*

tioR Dtage has haen rajjorted by Hiler at c?l Ci972} ir;

soutrr.erm poas^ i-Iaiao (1973) obac;ir\^cjd that .aansltivifcy oi:

dryrrujttQrr yield to strciss was gx-eatar un&ir corx^itions of

lo'jv loaf aroii in?i32c.

Ali and Alam (1973) oosarved significant x-aductioR.

.in loaf araa in gresan grs-n dUE-ing strosa.

i»ea£ area adjustrsant iias b::ien su-jcaotad oc ona

tlio msst pc'v;erfial fieiins of: s%^oidintg stress by PciosioiBra

(1976) „ Accox-ding to Thaaas at al Ci976) the only visual

indication o£ pXsmt adaptation iinclar fnoiGture stracr. t-zas

th® reduction of loaf area m oaraparod to tho cmtrol

plants. iivsOwUraar oiiU Show <1972 b) obS'-arvod that rnt<^

of loaf isrea escpiBision par plant over a period of t-iron hac

G cl'ooe corraspfsndence with soil water potontial in Goybaciii.

Jurgans et ai (197©) found that fetien c3rought was i:.;ic30scjcl

in ir.aiae* leaf araa began to decline^ fta-EKjra ot al (1979)

reported tliat in soyboaji limitod soil rxfisturo iofluGnGed

field crop wrrormanca by re<3ueinrj tho oize oS asaiaii-Mtinj

l-Qsj! area®

>

-A

In a study on the v/ator rolations o£ t'.irco :..xr,.puc-

cuitivars Babeiola (1900) obsorvad a Mgh leaf aroa indess

uneor stress. T-iirJc and llall (1980) obseirvad that in coip-cs£
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lrK2r^asing levcsla of aroi2#it jresulted in progressivoXy

IQSS Xaaf area and avairage Xasflot ares with total leaf ;
I

area having ttie gr43ete3t sensitivity to <^OMq%t* In a, .
I

stu^Sy on water relations in maizo &n&_ cucmnfeK^r sQei3iings;

Agg^vial Sirtbss C198-3) observed that ImS moQ ^acroaised"

aXraost linearly t^th increasing severity of stressi!

Vankatargmana et ©1 (1984) also reported sicnil^r rady^ction
>-

in leaf araa in^mt in fieli grotia eufarcane imsSar drought#

Studies <2<mducte<3 Singh et al (1985) in green-',

gram irjdieated © Mgh leaf area irsde^ in vari^tios growrs':
II

in smrsm^' m compart' to iSharif* •

Jk: 2n a atudy cdRdtiot©4 Monsal et aX (1986) in ;;

passion fruity 1q^ aroa p©r plant tho ariest treatinoist

was' only 11«5 par cant of tho regulgriy i^tera4 vinas# ,

'I

taliikder C1987) observed th©t in tvfieat tnoistyre ;i

stres© decreased the green loaf araa insfex toy rQdUGinfj

loavasBtm, area p^- laaf and by incroeBing ths
1

o£ wilted leavQSi,

2.1A4.... Stanatal distribution

stanat6 plays, en in^rt-ant role in decMing tho ii

plants rapponise to ^ater «S3fi€2it» uncording to i^r.am^r :

(1959) a reduced ni:ffab©r o£ sfeonates unit leaf area ^

w&B .en importetit structural Char^cterietic that reducGd

drought injury in plants. '
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Significant differencas in storaatal ddnsity, apori-

ture an<3 behaviour has been reported varieties by

Bebalola (1980) in e study on vrster relations in covjpea,
i

Scienza and Bosolli (1981) reported that stomatali

frequency was lovar in grapevine root stocks which '}

drought rejsistent then in tiKsse which -wero not, ,!

2.1•5, Eoot characters

h well dsvelop«2€i and wide aprcading rootsystem is;

an important characteristic that reduces drought injury '

in plant©, Kramer (1959) suggested that superior drought
'i

resist ancQ of sorghum when ccmpinr-Qd to corn was due to its

large ana oxtensiva root system# studios con4uct«c2 by

Tiwari et (1974) in revealed that varieties with
'i

great iiuinbar, doop vertical |>anetration and a raore hori-,

2!ontal spread of seminal roots w^re drought oscajjing and'i

high yielding^ Sharnsa and ^hildyal (1977) reported that;;

root length of wheat cjanotypo© bacsm© slgnifleantly greater

as the soil mter tansion increagad. The dry weight o£ -

roots per unit root voIukiq also Increased oignificaistly !'
I]

with incroasing soil vfater tension* I'

' cjanahu and Morton (1977) observed that oats plants
I

grovring un<3or Mater stress conditions appeared to root to

a greater <2opth then those un<2»5r norraal conditions • In ;
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stu<2i«2$ conducted on the water rolationa q£ three covjpea,

varieties B.ab.alola (1980) found th^t the variety r-®3i,^ra ;
ii

•maintained a high proiiuctivity evon under moisturQ stress

conditions* laeeaiie© of ita better root dsvelopniGrit.

•Raychau^Ssuri an<S Oupta. (19S2,) reported that a fairly des!|3
•I

root system was charsetoristic of tlia drought tolerant
1

upland varieties d£ riee» iC«vitha (1932) observed that a

^ deep an<3 t^ll develog^ti root oystom will help to get ii

Biaximum yiel^ und^r ri^sistyre stress conditions in black-r
1

grm^ I:
I

Sn Qofbean, -Garpy en<3 isJilhcil®' (1983) noticed maximum

root •proiifera.tion in tha dQep<3r v^tfeer soil la;^ors» under

midsuoEner drought cons2xtions» In general roots appeared'
r. I

to -proliferate in those soil sonas with lowest soil water

tension. •!

In a study -on the {brought rasponse o€ grain logus^^s

Pandoy et ,al (1984b) observed that ijsanut and eov^paa had-

greater root densities at the lom^r depths particularly
I

in the ^iest regime ft^iich inatess ths® mor® drought tolorant.

compared to wungbean and so^-^bGan feliich had a. shallow root;

system only* Ohieaaf^ et. al {198S> roported that the greater
I

drought sensitivity of water ya® was €ue to its shaliovj

; root system. A hi^ rcjot weight and root Xongth

observed by Kolotilov ancS Kolotilova (1905) in Lathvrus 'i

aatiyus under conditions of tnoisture stresjs, Singh and •



Afria Cl.985) reported 'that high moist\are stress increased

root length in cotton*
ii
,1

h higter root density has beer? observed. In the
|{

20->60 cm soil layer in ho&n Phasoolus vuigaris by Guimar;acfs

(1986)^ '

Arjunah et al (1988) repcsrtod. larger and dsepGr f

2root system® in drought tolerant varieties of groundnut,:

2.1»6, Root/Shoot ratio '

According to Kiliiarj ana Lam© C19$6) a- high root;

to shoot ratio was an effective means of sdeptatiori o£

plents to drought condition's and under sucJi conditions
ii

the growth rate of the roots considerably e^esssded that i

o£ the shoots*
'i

A high root/shoot ratio was ohsei-^ed in grasses by

Sosbae and Wi€bs €19715 and in mung bean by Ali and .Alam,'

(1973) under stres© conditions* '

tn- a BtucJy on tho response of two species of rape '•

seed to drought ^jtress Mchards and Hiurling (1978©)

observed that e smaller root' v/eight rolstiva to the above

ground plant t^ioight and a greetor tap root weight relativG

to lateral x"oot weight mbs assoeiatecl with higher yield In

both spaciee#
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studisa bao-sd on ths? arSect o-B wafeoi? stress or thrcjo

Goi:^ia varieties Dabalola C19G0) r-aportad that ,tho .va:vlQ?:.7

s?jQwing ma??ijQian drought tploranco hi?xl tha highest roc't/slioct

ratio as CKXBpared to t]ie othar varieties.,

Aggarwal .-md sinha Ci5'83) obaarvod that An maiso

•ana cucyn^^r" seedlings# as water potential caclirificl rootf;

gained fe-eight vJhereae Xocvee iost v^oight rooulting, in a

Mcjli ro©t to ratio.

Pandey et ai <1964b) reported a shoot roc2tic-

tion o£ 78 p?3r cant in mungtean®. 52 cant in Goybt;crsir

6Q por cent in coytgaa and 37 par ecint in i^aaiiut u!ic3:Or

conditions of clreught.

Chang ifftd Wang (19853 obs'^rved significant c3ir:co^

renees bstv.vien varieties of soybsan under drought otreas

in root dry weight# snoot dry weight and root/shoot ratio-.

SehulsQ (1986) also sucfgostod that water shortage

significantly aSfact-ad e^jtension growth ant-i r-oot/shoot

ratio on a v#iolo plant 1qvb1»

in passionfruit Honsel ot al (1986) reported th^t

water stress increes-acl the proportion of plant dry matter

translooated to the roots as ccropared to the leaves and .

etems -Urns maintaining a high root/shoot r-etio»
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ArjuRan ot el (19S3) also reported ineropsed

root/fi!':;aDt, ratio in groiHtdntit grown moistyre striae

conditions,

2,2^ Yield parformanoj

2,2.1.0 Yield, end yield cx5r».fponsnts

(196S} r^spoirtcsd eliet cScouyht duriiig ;:03;:;lC'

^ o£ rapid i3af .&Jv^iopfu3nt isi spring ^aat rcducsi tiii'-:.r

n'omiijer^ 'irir-oaght. 'fiiia'ing pGriocl o£ apxitelsst fonTjatltjr:! '

radi^csi spilielot nimiber end Cirouglit sJuring fomctic;;

rofiuccu ICQK-nQi ;«iglit«

I'ri study on the effect of moisturo stj^ese on ;4aeo.t

^ Day and Intalop C.1970) found that stress durinf? jointinr?
stago rocultQd in Icivsj: grain yields lowisr graisi VLxlxsin-;

end wriisTii.^ IiJiaoo pCjir linit tiz^'os. iinc^ iuw^-'ir csc'-^-C-

"hoad®

A

of soil rnoistura stress on the ylsld

ciiallty c.f ^iiaat waa stticLiad 'ay Day and Bannora (VDllj oiiii

found that solsture stress at the jointing lytoga aacreasQd

thG ficpur yluld but. inereassed thG flour protein.,

i.una-aQrfiuId Gt ol (1976) obaorv©d tliciu in cchix:--j

Vfilting uvaring tha -©orly stagets o£ groxyth ifadiitsaci the yioi.:!

&ttri;bute«j, total seed v?3igiit, seud norjbar .ana fruit

per pl.3nt» Wcitar stress €ran OEaergatK^ to first £io\Ajr
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halved siibsc^usnt pod production, i-filting duriu.3 the jorioA

flovKbr to nilc^od, fill hovssvur racjuccK] r-.inlxjr

oi iStsuCs p3r 'povlt Bufe tlAare T^fas no sigiiiflc-ant effoc:-. of

water iJtroso en mean seed woight and maan pod wainht.,

^'chncon aiid Hoss (1976) reporta<2 that in

plants-, stress caused a 14 par cant reduction ir; Icomc?!

\?ai'Or;t cmC. a 20 par caist reduction in grainyieid co:np-i-r;iu

to ociiUiTDi planta^

Sionlt and Kraimsr (1977) repcK-tcd fcha?-, f;c--r;'bc;r--.-,

plontn 5^trGG3Gc1 dtjiri.n.g in-fiuction aticl ;:lcx-?ai'ing„-

prof'wo.Td fma'or Elovrere, poets and iioads than ^x>ntrcl

o£ a r,hortonfi<2 r3.o^«rJi!ig W3ricd an-3 abortion of

BtTQDZ tiiariy pod izo^nation caused gx^o-otcso-t roccotioti

in nvTii^oQr o£ pods anci ssQckJ at hsrvijst..

Plants f'tresisetl vrcm aiithasir> tc oarl-;/ po>^.

in o-nts shovfiad e significantly high floret sterrllltv

fev^r of iiea»3r? at iPatyrity. T'l'at-ar Btrssss a.t all

stages c^o.u.'sad a laarked (3ocIi.na in t"h« yield of stin-awv

panicl^-;ts kernels and a.QhvXlod kemals (Senol-i.^ anS

197?}.

corsstaoia and Hearn (197B) foimcl tJiat v:ator c'e£;icl'co

d'uring ,nc;->a CiiXing jrasiilt<3d in a cessation or poc) filling

thus c^er^asing yiPid In cowpea# Tha rsdiictioa was iuaialy
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dm to the devalopnant of small seedB, fev; seeds per poa

^ ^ and few pods per plants

J'urgens et al (1970) deserved' a 42 per cent x-educ*

tion in the yiel^ of rnais© under stress® over their control

plaints, Grain filling was ©sriously ©ffeated ana it waa

responsible for the reduction in yield*

T'

A

A

I'n a 0tu<3y on tha <^££c'Gt o£ raaieture stroos in

Srasaica napuat Richards anc3 '•yiiurling (197Sb) observed a

significant reduction- In the yield ccsnponsnts « pods per

plant, poas per ra^in branch anS mom per poa^.

Soybean eultlvars ware raported to bs highly

fle>tibiG with respaet to yiola cccnponents and nioistiire

stress by Moinem et al (1979), Moisture stress S8v«3rely

affected tho sizo and niimbar of ix>tential ©toraga sites

£or produced dryraatter resulting in low yield#

Sasstnons ot al (1980/81) reported th«t drought tole-

rant .soybean cultivars were qh^actorised by a stable grain

yiald even under stress* Moisture stress had a signi£i-»'

cant influGooe on thei yield components - seeds p^sr plantt

pods per plant snd^ seed yields But no signifi<2ant sffcct

was obeerved on number of soods f-^r pod and hundred seed

weight.

In a study with thrca co^^pea cultivars significant

reduction in yield {34«'46 ,pGr cont) was obsorved by Sabolola
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(I960). Hexixmxa yield reGuction was obsorva^ ^jhon otrooo

was iiTiiiasc^d at filoijeriifscj or podding atagta,

Turk. Qt al (198d) roporto^ that drought Irriixjs-at:; at

thq £3.o%?©rlng and- pod filling -stages in cultivare

suS3stantielXy rodiic;e-d tbo yield mainly tJirougli lot? x-oO.

aonsity arad smeller sm^s,

V Reaxstmt varletioo of soybean i-iox-e rapox'tc£l to liavo

few pods t-iiiile raaintaining tba nurabas' of seads per poO ca?-."

thQUsaitd seed ymiqht CVidal® 1981).

StouGQ Qt al {1961) concluded that -in t'fiJ

mora sensitive growth stagQa to drouf^t waro flov/aring and

> pod fililriQ wltli yiold roductlon fros 3S to 69 par cent

<?^pQndiii^ on tiie timing ancl longtli o2 tlia drought t£^oat«

roGOt.

Studios couductsd by Biryi^ov anfl l^yaciiok (1983) in

v^ieat rovoaiod that selection on tho baais of grcia

per aar ratlmr than on thouoond grain woight I>o irsxrc

reXiabla In selecting drought rosisteait gaiiotypas.

t'iayohabourl (19S3) reported that in soybean po::i

drop and roduced aoad Ueye roaponGiblo for g. rodiKS-or';

yiald undoir raDisture stress*

Moietura stress during tl'ie lata raproduct-ivo GfcotjO

resulted In signlficmt difl^arencoa in hmdrad soed
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pojrcentiege o£ orr^ty pods and. sljoliing por cent in rjojboaa

<?am3a, 1984

affact OS lapistyra stress on four grain ioguroQO

studied by Paactey et ol (1^04a) ehowoa a reduction in cj-aoo

yitald in all tlie four legwas* T^'mng tho yicj^d ccxnpQiiante

2
nuniber of pods por ni wao laost affected by t-.^atogr strooo Ir.

all four spQcies* follow©^ by mmlbor of ooado xter not!

fseea wsight t-as .leest affected,

vaii£2iri and Henderson '(1985) 'TOticed in tornato a liigh

influence of drought on major yield ccsstpoi^nto such b2 flotxsif

initiation, number of fio^^rs and fruits ,psr braner. eji'I

fruit s@t.

in a Btudy on sa£f'lot^r« Hayashi and Haaa6a (2,985)

obsorvaa that thQ nunOxsr of sooda and seed dry ^^icjht por

plant were aonsif3erei>ly aecreasod Toy soil water doflcit

i?;heraas the nurnbar of florots# ijorcentago of ripon'3cl ooqcTo

and s-oed drywoiglit par hoad iv?3ro not affecte:!. dejcrc^oGo

in sQQd yloM i^as mainly dm to a rafiactlon in tho nmdxjs-

of hoads par plant*

FerarGs et si (19SG) re:?-ortod in aui3f3.ot-iQs- 5 rvjclucof-'l

sood yield unclar moist^iro stress<, in grouncTnut moiatuira

G-troso- at flo«oring cfecraaseS the total nuR^sor of poclo per
2

ra aiiu incroased tJio hundr^scl kornol yeiabt C^co ot al» l&Bojv
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Potluri ot al (1986) oboorved an incroseo in grain

^ and liaulKs yxold an incraafjQ in sroioture streso upto

50 par cQnt dopletix^n, but with 75 par cant feplotion coii-

GiderabiQ reduction in graia yield and liaelra yiQ3,cl

obsorvaci in blacJc grarti,

A poor see<S filling ancl a radiK^ou soad wslght uorQ

observed by Pianchors et al C19S6) in soybQan undrar wator
>-

etrQss conditions.

wivakumar and Singh <1987) reported that in chicicpfjaj,

sovore water stress rosulted in a reducad <3rvTnattar,

yiold ar.d seed vp^lght..

X Accor(3ing to Talu^s«3er (1907) moistura atreoo at

any stago of crox3 growth and devalorarent in miozt» rQduc0G.

the graisi and straw yields but thC' rate of daeroase dej-^ndoi

on thG dQgrQ'3 and disration of stress and the atage of cxcfp

grot-rfth,k i:eduction in grain yield under continuoas drought

^ vma tnairaly cluo to a decr^sase in the oar per uiiit area and

grains per ear,

2.2b2. Carlinoss

Varietal differencos in drought resistance ere ftwiinly
!

due to differoncGs in tlio onvirorssantal conciition^> during
-*•

cliffQrQnt groxf/th and developrr>-3n.t stagos of vori(2tioa

ing to oifferent flowsrirsv^ clasmos and not duo to any cjaocitlo
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clifferenca- in thoir cep.ccity to endure v/iit-lng> Ofton tho

varietieo having saino floK-aring fi-oration {3.q not shot; oigni-

ficant difrcrenoa-s in rsisnonse to cirought.

May and Miltliorpe ClS>62) suggtsetocl tliat vc-.riati,o,ri

in <3rought resistsnco in crop spscios wes geiieraJ.Iy dik'j fee.

differan!:jas tlisir tinio of meturity in'relation co tho

length o£ tfe growing seaison,

Stroeeing «3iOcit plants at the jointing staga reoultcst

in fovjQ? days from planting to fiowsring as raportac! hy

Day and Intalap (1970)#

3Xu-n (1979) qbser\«sd tiiet Qarly mrg'mm genotypes

not only escaped dx'ougJjt but -also avoided it bs-causo o5

reduced transpiration demand as a ragmlt of dacroassd

loaf area«

Similar roeulfes vKsra also raportod by Rso at al

(1979) in sorghum^ in th© Indian ?>aninsular» tlic replf'CG-"

mmt. of tracSitional 130"!80 day Eprghura oarly hybrifir.-

and Verioties o£ 100-110 days duration» iviiich matured

before the rains encS or bafora soil moisture dopletetl has

resulted in a rorasrkablo incroase in sorghwm production*

Howavisr^ Sairnnono at al (1980/81) ot^srvod that thGrj

was no consistent relationahip batvKsan raatux"ity croui;! ona

cuitivsr rosponso to rooistiirs stress in soybaan.
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In ©:q)©rifnJ3nts with Turk and Mail (1900)

observed tliat o^lina^s daterirdnod by tbe diry t:fsight of,;

pods at the and of. flov^ringj,- incre.ased with raQSesratQ

drought and decreasQcS with itjore sov©2re dr©ugnt» 'Purk ofe ©1

(3.980) i-aported tiiat strasBad' pla.nts of cowp^ia. KafewoQ ton

day^" earlier' fhaa tho wall watere^d coatrois* '. '

Hail ^nd Grants (ISSI) suggostod tliat earllttoss was

a ccmple^ phanciiiQfion espsoitllY .in. indGtoyinimte eiria

hORce it© exploitation m ^ dh^eetsr for improving drou^it

resistanoo wss vq^ liitiltQcl, Hofi^vor Gsirly fI©idori«g "nss

bem coiiaidere^ as a fi^sirafele cbaraater in mm¥ tee©6iitQ

progrsniM.s» In co-^pQa, th®;^ suggested that, jseiection of

.plants having mattir^^- pods: a^rly in th® season cion ^ m

effective mathod for impg'Oiilitg drou^it r^2sistanc^»

In e study .©n the response of fotsr grain loguraos to

water st^ssj, Umm (1962) noticed th@t blesskgrtrn^^ greongram.

resi:^n^(2. tO' stress throi^lj fester ^svelopi^nt

parti^-ul^ly in tim flsav^riiif to mattjritY pliiasi^ v^r^m

soylseen .showed m sii'ch (aevolopmoiatai, adjustimiit#

Db-y^ to atlthesis was f.ouitd to ha an important in<3i-

.eator of drought re^istanc© in mrghtm. fay ovmill et :

<X9e3)«

• Kittock et lal. {-ISSB) roporte^ spQe<2o<2 ^11

in eotton xmdsr oanditions of stiresa* Bolls •©€ stx-sassa5"'
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plants on ©n average of 17 <3ays earlier than bolls

of unsitressed cotton plantsi

Grs^^nhouso and field exparisisiits conducted by

ivudiri and ifender^on (1985) in tcoiatoeis showQiS an earlier

flowering in moaer©t«3ly stiressGa pl^ts as compared to '

nonstressad plants*

AccordinQ to Pinheiro ©t al (1085) days to flowiaring

was an imi^ortant factor deciding yield in rice unoar stress

conditions.

I

^©hali^shai ©nd Sidingar (198S,> reported that flo-^'^ar

initiation wa® unaffected water stress in early maturing

genotyp<s^ of bajraj* isrharea® in late- maturing ty,pes flo^,fir

ing occurred only after th© plants w3ro releesecS from streas.

^ili et al (1986) obssrvsd that eBrliness had a

direct ralatlonship with prosauctivity under drought c©ncii«

tions in pearl-millet,

sivakuatar and Singh (1967) reported that the earl|^

trsGturing chickpea cultlvar sshoweia an yield advantage over
!•

the cultivar v/ith KK^aiuin raaturity at all irrigation levels.

Quara (1907) reported that the response of th© Garly.

selection© of barley to drought streeaed sandy soil tre^t-

m^nts wag. charaet©rJ.se<l by a ten dai''® reduction in time-
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flcn%«erinig» Moreover the ociriy stjlQCtioncs t-zliieh roaov&rQ^-

frora a drought pariod ixqpcs^d «jt tiHoring# fipWrfriny or

grain flliiog raached matiirity oarlisir but with cjignifl-o

cant increase in nmtbnr of o.ars per plant end grain yield

por plant over the control* Duch <3avQloprmant-al plasticity

liiigh'c 'i5C5 a reflection csf tite adaptation reactiori o.l! ti?G

GsrlY cBootypas to dry anv*irom>3nt«

2s>2«.3-« Orain filling period

5'1ion drought is .Imposed after ant^ieois luatiuration

arid iGaf sanescencQ is hastsnods ti®ro reducing tlw

langtli o£ filling poriod. Sinco most of tho Killing

rial for grain production ^ro synthaaised during thi© parioc

.a shortening of tMa. poriotS will have an adverpa sffact on

thw yiuld (A0ene et al, 1.9GS). Verioties vsiich can raain«*

tain longor filling poriods undar drought conditions rjnould

therofor<5( 'oo advantageous under such gtreso conditions*

tfeaclwol ot al (1934) reported that in ^ybean tho

seod filling ,pez-±od was shortssrsed 'oy aover-a stross ehovJiftg

inoro aeneitivity to raoisturo stress then tlio saed grov;tli

ratOe

fsiaticnship batm'on high rato and ^hort durati'.sii o£

grainfilling and drought tolarsnco was QKph&sisod by Bryc-:?-;:?;

<1906) ±r< i^Kicsata
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Studies cGnductoa by PlancSion et si (1936) ifi

Goybo^ Ir>d4.ftated.t4iat tho timing of tha sstr&BD Ajrlm tho

grot ring pnas® cte tQrn'dnQd tho, es-stsnt anfl type of damage j,

i-jitJi iat'2 stress causing pcor seed filling cisid. ri red-ucij>£2

goad waights but ea^ly stress yield die to iny:?«3ac:^;;a

saa-S abortion tf • -

QHiairc C19S7) reportad thmt in. fesria^f tha san% Goi-I

t2rought troetmsnts t^re chaaraGterisQd by proloiigetion .in

ti5Ti3 frmt flowsring mQtiirity as cc«ipare-d xtitli tliG por«»

formanca under tha favoargble clay ©oil conditlcins ^

2»2,4« i-rolino content

BroliTtB accuiriulation occurs uadGr aovere cstreou

coiiflitions in plamts to reduce the s<Sv3rsci tsSCoet of dL-ouyl^t

on plant metatoolienu It sets as a storage £orm for tlia

otbor'Afiso inj^ibus aTiBosils. releaeea during protpln 'hrosik-^

down and Irx^mme tli© £>ouiid water in the ceils das to tlia

h:ygrosci)plG fietur©.,

Faifi {1969) reported tliat proilne content incroesocl

ypto ten fold in maize and upto 100 iold in stanfiot-^r^j psasi

and tobacco under consaitioss o£ drought„

Pelfl eiisd Juhesz (1971) ol^sorved th-it in xilairtc cf

tobacco# suiiflomr aricS potat-oes® t.dfc?! optimise -i-riter iiupplias

only traces o£ i>rolifie- ^re presant Imt during 'i;a%&r str&aa
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tha levels pi this amixtpacid 4ji©r9asa<3 rapidl:^ particul^ly

in tha ^ou^fc resistant plants*.

%n sojfghum and -aoybeari,,. Kal<3reji ana T>a^e C1974)

ioxm^ that £res proline dicl not a^imulat© raafkodly in '

either species, until ©ach was s^var©ly atrea^^fSi. showing:'

that it was fiot a- .sansitiv© in^icattor-:. Accumulation 'i

occurred at loisjer stress in soybsan tlian in st^rghtsii aho^ya-

ijig that soybsan ms i©sB tolerant, to dxmcjht a©' Gmp^&k

to sor^UTOf, ';!

In a study cofsducta<3 by mttkri et al C|977) in n

grQimdnut it was iound thet <aroii§ht, conation was s^so- •
I

elated with m incraasQ in thQ froa prolina aaswaulatimL

The variety highly tolmrmt to- cSrougiit Bhom<3 laajtiroisn )•

prolin© aecnsnulation sf^wing tho/t eGci^ulation o£ |)rolin4

during stress was an indication of djrought tolerance#
ii

F^omaswara antk fCrisimasastry <1980) c&served that

in sorghw, magnitude of prolino accuatulation xmQ high

when streas was induceci at initial ve.got&tt\pB phasi^ arid ji

dectreasQia at other at§9©s» i
II

Slrooro and Mc Micliaei (1981) rep^rteca £r«3© prolinf

acciMulation during Btreas in ostton* But Gar^ ot al
|i

(1981) suggested that «hangss in §me prolina content i

Cannot hQ correlated with drougl-^t resietanca es moa0ure4;'
by yield in bajra# •;
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Siiigh and Mshiidiratto (19G9) Mcjrj3t ••ijfe:;.--

ou; fos' hui-:;'5?^..;c ••sed

dai/G uo xloucriHg mr^ days- fe-j laikfeurity and tha lovvsot ^<3£'

saou yisici i?i CQv^Qa. Vhqy obsorvqd gonstic ec^>-a:x;o

xor huiicirccl i^ccd iwsiijht, nKj«5ar§.-to i;ojr yieXd a;:i2 Ictttcit

iiOi. feO istciuUx'.iitjf'#

•Spi'j O'c si (1970) ofesorwod that horltabili-c;7 cijul-

mates Xb tl^ i'2 gorsarations o£ gr'c3C!ngras bsd vait^uo

for nt^Cj3r of days to Slo^oring and matujclts' and icw-; utjs,'

In grCK^ngram ChouOi^ar/ ot ai 11971) obsor-/2^ r. 'nic^'i

he?*:'l taollitY c gain for plsnt lQi-:c!tu

and liursdsrad naad miigbt.

Parainasivan and Rajasaidi&ran (1980) rocordod Uio

hicj^iast GBtlmatQ &£ herlto^llity £or hundred oaou w3ici:-4

(100 par cont) foXiowad oy pod iongfh* cluotor nvsxilMi: onJ?

soad yiaid in gressngrian, "Itio cjenetie advanoo tjaa also

for tisQsQ characters.

Z^£.,tsl aJid Shtu'i (X9'32)» basGd on timix otudlorr;

20 sliralm oS blsekgrom reoortod hl^ hej^ltabiXity sxtuX •

genatj.G aav.?jrjffla for plant haight and pod longf^iu

stu-uius on t/iQ cKiiiotic vairi-aMllty o£; eo;.^xia v^"id;ir

dry t'&csilnQ isy Pandita ot ai (19S2) rovsaXed
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dlSforQtices for all trsitsi m^xxspt mfaber of pe5r <il.i^?rhar«

iliclQ ^'arlat.ion v;as Bsen for ylold pegr cay.i to ylmr'tz^

inn ssrfl ulcxat hxrhmt. They also obasrvocJ ^ Mglj cjanoJ-,;^,:!:'

ana j:j':r^nov^y;^;lc cogfflclont of W5X-ii\tion» horitfjUilBii"

rievaiiCG for yield is^r plent-^

2»4« CosT^lsfedon otudlas

->- '.JorjceX«tlori atu^Sios ^ave&l tho Qegroo oT af-53oo.''..::..t:lo':^.

o£ Q iir:?;ractor «ith itc comporwntg and aleo among tl-'A;? 03tv»

ponanto'*

Ksi'.rC'tra at el <1960) ob^earves^ a positMro carzx-l&i-r

tdon botvr.::-:m yield and Icsaf m:aa if?. hylXTid m^$:20 o3..Gf:o)

> cSijrinr; trc-t-s?:" stinsse#

Singh at ai <1972) foimd that irs barloy Qultlvars

eficymulostion o£ prolim un<l^jr rsevore ©tres'S bans yxiOn jxjs;!-

tivalv ocia'oIatGcl ifith dro'agi'it m^lstsncas

^ In !3:Ory1ii2® Bsfcuy said Si:\ior-:^mXn (1.972) s:orpGrt:4C. e

hig'^ c-->5;-vi-i3lati.oo grain ^.old witji plant hol0}t^ nmams

o£ ncxfea, sres ol foxjrth Isfiif, dav£s to 50 pcjr Qont W.c.um'j.ioj,

dry matter, productiosi*. tliouuand ^ai«. wtiight# o;^

long rct:'t? i-.ns3 X't.5i'SQ>u*ji o£ taivi l.OTtrjss^: nxutD i^cl^sc •ferri^r'St

I1b^x:v.2r ratio anS root wairjlit dirt rjyt aba:/ .sir;

reictiO'^yhiiS Ylold^
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'Doajs at ttl (1974) t^s-er'v'ad .g significant

eor;::; ;.l/:-odo:; b::?ti;c>3;n yield anu plant hclnht .in £;aa^x3.C/ cxC

BKyf^c.:iS:i during a pera-od o5 solotur^-^ .otrcisc,,. S:^ii-

lar \::r.re by i;ay et al il916) in UY:r±^m

and Shaldrake (1977) obsairvaid tha.t in <l-:1^52q>:*50

urLlrri<iatccl yiolfi sbotviod -a sigr?lficant positi^'o corrcic/i-lr?;;.

uxth dii-ought tciaraiKre tfereas nisrober o£ dayn to SlsTif^Jn:

shoi-jo-d a negative corr-ajLation with drought

toiar3::ic3»

«. ni-K3"ativ>3 corralatiori 1qg£ ariaa ralu*^

•tlva gmwta rate "«?as roporte«^ by SivsJiuni^jr and Sriav: (197S;3)

in soy.'>^an.>

i:ri a stXicJy on. ^<3 ovaluation of droug-it toi.;firar,ir?e

in rj-iid^paa Sa:<dna et al (1973) obsorvod a nacjativ:? c;c-:rra-.

wet^caan days to ED per c^nt S10Ts?ori«-:t and yiolO. it:!»acjr

£?tr-:x:s4. Of all tbe eoiiporiants o£ viold, only n#:-:-

pleiit £;hfi?yoc' significant poaitiva aosociafe.lon t^th yioia

in wiit2 iifiiirrigatod treatfA^mts,

A necjativ© correiatioB bcjtwoen iseod W^3lght and uisQtl

nusxOyar was obsorvad by Vidai and i^xrmm (1981) ia oojix^m

undi^ttr £3tr©sse
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Gcrtguan cuid rtolU'Oti-a (1962) obsarvad pos-ttlvci cc.srra«

ro©t lengtri at £1vq days, end root waic(ht

fiiatu^-itv'gow fcisi-vju yield par plant ±ti groom gra^a,

Gt-ivclie": o^nfa'uct.Qcl JCavStliii, <10F:2) ;in

bX-;>r:^: r•:iVQt^h:id « sj,g"il£icant pasitiw cormlrtic'!:.;

tT£".:i5ji yioXcl and nunter o£ fruiting larwichas p-r

pi^tTit# nu?\i^jor q£ par i>oCj hun-''£vc^ t;:

vsjlGtitj aixi hc.rv^jst IJuration t«as- foiiijd to orto:^ :• '

rsijgatd'vo c ^urrui.afeion with yiold and rcot lenytsi ahc«:7u-- a

pocil-s-ivv--. corr«;3lation witlj ylaXd#

Ali. ana f-sciidu (1982) rcr^^rtoci a sig3i;lriO£'5^c

corraiuti^n ;:!';5^\ja5in yieicS ^^uor Gtrasa end plaint hoicUt^

let.f langtii oiSQ o£ grains aod tr:A>u?5»mc aoc^;

welfii-jt is:; i3igi?i.:ji,aont n^Stjctivs ccirrQlaticr,. vrii,.: •

•obses've':' ^:^j:tvsjon yield end 3t;anatal nt^Tu>::x.

^vlfliptability «stiif3i03 in b}.^ Rsnganat:':';.! (%OBO)

revGa.Xet2 that stability of pods per nXmt contri.but<jdn

ficantiy to JStaJ^ility of yl«3id»

and haX (1933) studlQ-j thQ reiipcn::-:-^ of.

up3.c:ric irlG-: voricitia;:; to otraso ond SouncS sozl r:: •::r

rot'.:jntiel iie-gat.iV'sXy C'y:::riila^;iC tdth rcot.

xn drought years yioid was foimd to bo nacativoly

eorre.13taa, td.tli root weiglit in LgithYriia aatl'^.rus by rCcl'irtlluw
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and iCoIotilova C19S5).

Ufjaor rainfod emotions grain y±oX<2 pei? plant ^am

significantly and positively corralatotl with spilseo poa*

plant and huadrod grain weight in x-ino&t,_ Fath coaffic.toist

aBaiyQle rcsvaeiod tliat par plant, hiintlred groii:

wejigJit and plant haiglit tho n»st important contrii>i>»-

tioTj to grain yiala pir plant CaiuXlar at 1985 )•

Ibralilin, <3t al <1906) reported significant poo£.tivo

corralation o£ grain yield with grain nuri^ar txsr lioatl»

grain nwi^r of iKmvoa on tiia mairi sta^si in paari

millet,

-V Xn ricG 3'ililio ot al <19G0) c^aaorvod thst yiolcl w^,a

pooitivaly corralatfofd with ^aya to ^Xm^rtmj giigcpotAag a

strong selofction prossure for KiQ<24um raaturinc ganot2fi>~jo ox

rlo3 for drought prono Giwirom^Bt«

3aso52 on t.ho root fnorpSiologicai charactcsrlstiea of

field grown cowpq»a» Kaliii £^ei stoSqlla (1937) proposed that

.seed yield was not corrolat^ strongly v/ith emst oS tlia roct

jralatQa 'variablQs,-

st«dto© con^QCtod Say Sharraa (1^86) in raadsso indicate-a

positive correlation of horvt^st index# plant Iiolgbft,# cob

placcsiiant. hoiglit^ leaf aroa por plant, 'cob longtli and fjrain^i

por cob %»itli grain yiaXd par plants Path analysis ravaaiO'-:!
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tiiat. <3irGCt contijibution to grain yield was cfiaclQ of

prollne content, harvest index, SOO cjrain cob

length# plant hoic^t ana le«f' ^ea per plant.



MATERIALS AIMD METHODS



hiiD rnvmoa

preoont IfiTOsfcigation waa yiidarfea2;cm in thi;?

DopcsrtEr^nt o£ P.laat uroBdii^# CoiiogQ of Agricult^aro,

Vellciyani, Kara! a Agrlcuitys^aX L'nivarsity a?^4fi0 oc;to»:32.>

Dvcaiibar# 1986»

3^1» Materials

Tt^entv* varieties o£ groongraai oistsino.d Srcca the

Ragionai Agrieultisral Rese-ajccli Staticmj, Pattarnbl# 7Xiro usoc"!

for the study.

Vexletios waraj

1, 1«I - 2

2. G0«3

3^ CO-4

4, Pusa Baisal'dii

5, Pusa-lOi

6, Pusa-t03

?, r>USd^i9

8» Pusa«ll?

9,

iO,# i?issa«102

3»2, I-letliods

11, 1^04-84-^146

12. .l.GG«^107

13» I>asa««llG

14* Piisa««'l©4

15. n;-i<3-.7e

17» ©ri^«a4«^i39

Xe.

19, pm«34

30. Ol£-'W6

fiaici <scp<srlia3nt yas- laid D*at diiriiKj oariy rabi
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mmortt 1983 ^^ptincj a -Eandc^sed Block witli thraa

--f replida.fcions,« in ©ach plof of 6 n? area' th© seeds wsro ;
som at a sp&clng of 25 x t% lti.Q varieties li^ercs^ ova«

luatod uncSar open conditions without any ii^igatie^# Th©
1

cult-ural aJid manafemont practices follov^esl as per tllie

pacStage oi pr&ctiQSiB rQCCimendatlons of tte iCerale -Agri—,

cultural Uni^yersitY iMmnmg 19S6.)j,-

TBn plant© selected at ranoto Ire® each plot'
1

for recording the following observations* •
ii

j'

1, -Plant height

Platit hQi#it was KKjasiirQ<3 from the ground level to

the- tip o£ th@ st«n- in csntiJiKstres at the time o£

harvest tbQ tmm height recorc^d* ;

2.# ^yKfcor of l€s,av©s pear plant |

•Jhe nmber &£ laavea per |>iant mra cowsted at

SO par cont flot^ring gtage and the mean value r^cor«2€!<S.. ',
I

3, Nmbm: o£ pods per plant

pods vfore harvestecS at maturity frc«a each plant

.separately and th© meaii rocor^sS#

4. length of -&<2 pod
)i

Ten pq43 Msre salect©«S randoirjlsr froB the obsorva- i

tional plants ffiiid tho mem lotigth of pod^ recjorcSad in

<^3ntime,tr©s.
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5. of ssetia par pod

nuiaSXT of sQQ'dB in each randomly soloctGcl pod -jl'oq

tha cjbsvji-vationai plants wora coiintad and tho avarat^o r'lsrdxfx

of Gvodo rocoraad^

60 Hundred eaod x^ight

A randan tiarsplo of hundred developed sociao was

collectad fror.i each oaservationaX plant and tho

racor4ad In grains.

7» soed aise

Ttm aoeds used for touting hun<3rsd seed «Bi^t worts

A ' subjaetfd to wafcex" <21spis.o3a,iQnt and tho nsGan vol'uraa recorsl^-Jl

In an'^.
«

8, Yield par platit

Hio totei s«30d yiald from Gach obscjrvation^?.l plant .

^ was riicordaa and the mean ^^riced out in gram.

9, 'i'leld -per plot

Tho total grain yield fifom ©ach plot was recorded

in greiB,

10, HauXm yiold

'iij.3 tutal inaulrrs yiold I'rora each plot was x"aGor«3ed

in graf"A.
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11. dicSiri-bution

TliCj rigjit lGafl'3t frccrt the sacoivJl d^vuiopod

Xouil i;rc2n tho top vjac; aeioctuci to ;;ork out stcKiUtai fire-

quQiicy, Thin opiciermel lay^ro "woroj CQiloetad from

rant piii'ta ot the leaf and th<5 niajfixsc of stonata p3jr

raicroocopic C'iqlci v^ere counted frars twsnty cliSforent f:.lQlcv,

and tha ma<*i.'.r5 v-sIuq rocordad*

12, t»oa£ /yraa Incfe-t (L.A25

laAi vjas calculated using tho following fotmulo

suggGQtud by ^Jilliasa (1946) at SO per c-ant £lo«!orino «tag.

- f.T - X'.'jQ£ .ar'3a or th':2 tJlaiit
A- "" Ground ar«3a occupied (spacing) •'

Total loaf -arGfi} ms calciilatod using th« motiioc-

ouggQQtQd by Sreeliumar et al (197'2)c

LcSaf Regroflsion cq?j.ation Cocjf£iciG.fit of ^
" dotonninatlon

1. Tcrminol Y ^ Q,Glx 0.90

2. Giclvj 1 Y 0^7'Dx 0.93

3. SlclQ 3 ¥ cs 0#7Q35 Q.97

where ;; io tho prcKSuct o£ longth ai"i<3 arcadtl^



-4

A-

36

13. koot length ' ' "

: • • . • . . I

Th© plants- ,ware uprooted c:air©£ully th.Q lasti'

h^srmst and mot lersgth n^asUrod frcsa collar to the tip 6£

th© taproot Ir cssutiroetros*

14# Root spread ;

Root spread was studied plotting- tlis drie<3 sp-e<3i-

men on a ^rapii llie spre^ vbb fm^Mvro'S in cGntl-f ,

mstres by counting tli© .coli^ina at tl^- broaa©st part of tm
i

root* Col-unms t-Mcli Ices than half mre rejected ai^

•0K>ro' thait hal£ ifi©r<3 counted es. •c>n9,« :,

15, Ecsot/Shdot rafeic^

itie r©ot ariiS slioot portions of the observational I
i

plants- mrm oven dried at 60®C for 24 homa and-the

isieights recorded, ratio of root dry v^sight to siioot :i

dry weiglit was then reeorded for the obvsarvation-al plentsi,

ana ttm mean value worked out^ '

16, Daysi to first i'
i(

Itis- nijnter of days talian from the date of soi'-dng tc;

tiie openiftf of- th© first floi^r
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11. '"afG to n-vtiirity of first poG

nunbor of day;! taken frcxn th<2 date of ec3t-jinci

to tlKi imfetarAtv of first pod! In oa.ch plot v/as rocorric^i,

l;-i» :>ay3 to i'inal iiarwat

The number of days tskQn from tho clato oS cowing tc.

tho finol hctrv3©t jracordatl.

19. Graiii fiilinc; parioa

Th3 numi>3ir o£ days teJ^on from tho opening o5 a

flower to tho maturity o£ the pod mcb rocordea as the gr^in

fillllnrj p^rlocl.

20•„ t'roiioo oontant

Pully oxpandoci second leaf trcxn top vae? collecr.cjd

th.3 prol.ii7u coatcsit -c-jstirn'-.tav: Iry tha mQtj-.oci oucK^r^stadl

Ijfy 3atas Ot g1 (1973).

A qu^iiitity o£ Q^2S cj o£ tho dried plasiit aannlo

Ua-nogoMsc^ in 10 ©1 ok 3 p<ar cent acmeouo sulfosalicylie

acid and tho hornogenatQ flitored through a t-jhatroati numbar

two filter paper. 2 ral ©f the- filtrato ..vras roaGtorl v/ltb

2 rnl aGlcl ni)^iydrin CacIcs nin-hydrln if/as xsropared by wanf;"

ing 1»25 g nlniiydrin In 30 ml glacial acotic aqiu anC 23 ml

Gil pilosplioric acid with agitation until ai©0olv?^5 and 2 rsl
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o-j glacior. accrcifs acid in a tost, tuba for ono horn: at

aiii i::-2QC,tlcn tCiXTriinateci in an ico bath^ Hici- recotion

miK'iurG lias than a^tractad %;ith 4 ml tolioa^ and i.al!!coJ

vigurousiXy wltli a tost tuba stInter for 1&-20 secanito,

chranophoro containing toluana wa® tiian tfxarrnoci to fcan^

pi;r?t-L!rG and the aboorbanoe road at 520 rm usin<j' to3M2rio

for a blan:-:., TIao prolino CQncontretion was tlion clc.^tor.r.iinac;

trcxR a stand.artl curve and ealCAiXatod on a dry v^ialght basic

as foXloi-rGt

C/A.g ]>rolins/^Til >: mi toluane) (S/c; sorapie) = /WCj
q£ dzy matc^rial

21. Soil rJK>isti2ro iDercQntago

•-'-oil oampla© wor^ cojloctofi from each plot at >?a^d.v'

intervals anci t>ia moirstturs pgrcontago worked out li-y tiij

gravimetric, mati'iod#

3.2»li iJtatistiCei analyiiis

Tiicj data oollocted waro tabtilate-cl and the msm valm3

vfore GuiJj'SCted to atatistiual anclyais.

analysis o£ variance caia covariar.OG

l-liQ obaorvBtlonn rcK;ord.3t3. with reo)>3C2t to Gech

characiter t-rore subjected to nnalvsio oi variarie;3 as;u

eovariancQ cn givan in TcblQ 1 (Panee and Syl^-iStz^Qj,
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3VXCC :x5^fraojj of ttesn jium of :-can sua o£
£5ro-£clc.ni squsr's£i proil^ts

»B»5-jityLia»Ki|iK.itti .^a»ew»',iri>Bari>gtiit

Blociu • |r-.-l) IBPD

Tr.;;i;,tiMr-t;3 (Vi-l) !=E3y nn?V

iZrrar Cv«l) Cr«l) MiJii MSpr;

\AiOi:a r a nunUxsr of' rGpllcations

V « nuTiUsar o£ traatRvants

3 e. 2»1. 2« VarlancG

c:(^n|?onent3 of vari^ce for aaeh charactor were t-jortjed

out l-ollowing tha procedurt:? of Johncon et al (1955)»

Gonotypic variance

j.,.

•^itare Vy ». Ganoty|jic Viarianca

^ i-iS'I sa ii3aii B'ira of squares for treatorioot

t-Ei:.: » «is?, of squares for error

r ~ iJuraber of roplicaticane

iiTviroaT^ntal vai:±anco

vAiare ve as Snvironrftantai varianco

MSE « Mean sun of s.quares for etxox'



A

variance

S3 Vg i- VO

•tfii-jro yp « l>lK>notypio vari^^cct

/,.

40

Cc.x5tf.J.cient of variation

3c-tb- pl->9!iot^?piG and genotvplc cioof^lciantD of verio-

tion v/-uro calculeted as i^uc-gestod by Burton <1952)«

?r/3not^plc coefficient of variation <PC¥)

PCV ^ \f^ K 100
baan

•xiiQrQ Vp ^ Phenot^ic varianc-3

Gonot^^xdc coQfficlejit of variation icsiv)

cx:^/ «̂ ^;r xlOO
mean

I'iiar-e Vg « Oenotypic vai'ieriCQ

3,2,1.4* Hsritabilit]^ and cMn&t±c odvaiacQ

Ko.ritabllity in broad soneG (Hanson st al* 1936}

ir « 3c 100
vp

•Viliere a }-iax"it.«ibility o^efficiont

Vg ss vianotyplc varienc©

Vp wa Phenot^jic vsrlanco
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unckar SQiection

ilAi:S.rL, ISeo :2:i3 Johnraon ot al„ 1955)

A

~ JC'--- -/

wi'iOrQ

«s Canetlc advance

"1

li"' He^it^llity In tha broad sanae

Vp ^ PhoiiotYpic variance:

v; « Golection disferantial coqpresiiJ^d in •rhy.>o^:c:'ici

Dtsn^ard dtsvis-tion .

^ 2.D6 in tiio C3CG o£ 5:4 Dolaction in larriO

samples <!-!illor ot al» 195S and r.lXerd, X9i60)

BKpoctad Genetic gain (GO) laiciar ©elation

CJohnson ot eu. 1955)

G.c « ^ K 100
W«r

vfiero ~ « Gonerol moan

3«2.1,C» Co-varicince

c^uotypie covariance

MDPT - HOPS
CoVc »

Mier'O CoVvj a Ganotypic covariance

i::"PT ss Uqqxi Qvra of product for tr^^atrnont

MSp.'J w 24(aan sw. of product for- orrcr

r w Tlio nuEnbcar of replicsticHis
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Snvlronmontal covariaiics

CoVo^ s: MSPS

wiore

CC'V'i ~ "Suviromontai covarlanqy

I-Mif-'i-l c= Mean ntea of product for error

Phariotyo'lc eo-variaucci

CQ'vp S3 CoVcj -}- GoVe

whsre

CoVp ® Phenotypic eovarianc^

CoVg w GQootypic covariancQ

CcVe S2 Error (!:inviroi'HTient.-il eovjjriartODj

3i.2»liaO» Corralot-lon coefficionta

GerjotH-1.c corralatloR coefficients C^^X-Jibouri ct a,l»

1958)

^•3 -

\l XVgj

t^iQre rg 'SejKJtypdc corralaticn cDe^fficient

CuVo- ^ ss G^3not^ic CGxmxlance of traits X and 2

Vg,^ ss Genotypic variance of trait 1

•x.'-j.,, a Gaaotypic variance of trait 2

Env-ircvi'iL^unt&l correlation coefficient

ra =
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v;v:, iinviroKiiVintal correlation eosfficient

CoVCi. ^ " 3nvj.rora:i'3ntal covarianco of trait.?. X anC. 2
•Jj cu

Vvj.i - :^:?r;d.ro:maTital varlanco or trait 1

•yo., w snvixoinnantel variance of trait 2

Phonot'voic corrt^ilation coii?f.Siciont

rv;. = ^2i2

V ^1-',

t-iie£-3 irn s phonotypic correlation coo££icient

CoVp., a phoaotypic covariancci of trait 1 and 2

%, « P!iGnotypie v-arlaaicci ot trait 3.

Vp^ £3 Plvanotypic variance -of trait 2

3^ 2,1 s 7, Path atiQlysis

ainolyusiG at genoti^ic I^vgI x/ag carxiQcl out

^ using tiiO Ccllc^rlng iSiaractors -» plaQt height, numb'̂ r oj

leaVQe per plant< nuinbsr of pods p.ir plant» oaiid g1zq„ pod

lengtii, root/elioot ratio and day.s to firat flow-^ring axs

causQa aJiid tho yield par plai'it as the effect.,

•j;h3 genotyx^ic corriiiation co'^fficients of tiio a'iooms

-f eonrpononl:. CJiax-actors with yield j-p&r ijlant feKsrtj rjartitiorjaci

into dir<3ct and indirect effects as por tliQ methodology o£

Dev/ay and Lu (1959) •
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Th'^ olr:iulta2vaou3 i^qimtionc -whicii give aolutions

Car path Gc.'2f£ic.lisnts arc-

r-s ir- T'' P'
Xjf ".11 ' lY + *12 • 2y + **»♦.««. + iy + 4.»*..». -5' "iU kiy

r. ;•,;, t:;2 cfsriotypic correlation o£ tho ith indaiicmi'tent
ay

varliible (x, ) v/it!i dopenclant vax-iable Cy)

P. Ic, tho direct effect of 5-c; on y and r., P, Is thoiy 1 x;-; jcy

indircjct cf;t:Gct of :(•£ vie sc^ on y

A
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KS^iULTS

The ejcperiiBestal date rocordod ixsr© au^jectofi t..,-?

statistical analyais and tho rea^dto x-i:--isantora*

4.1, Variability eiialysie

ThG valuoiS of ten obsarvationai pXeuc.:^ in

^ plot uith r-i!Sp3ct to 20 chsrecters v?ex-u sut^jccte:! to

o5 voriariCG and qovari.^e:3 and tha AKOVr, is r^rosantQtd 1:1

. Ta->la 2» Ail tha vari^stioo extiibitud signiiricaiit di£;\Vv.

roiiJicjs for charcGtorc piont lioight, fiisnixar o£ 10j2Vv-»r j::or

poc. length., nujibar of i-j.3eds por rxxl, hi2iti.?Gd ooc:u
;

voight, sQGd ©lasa, yield p'-ar plot, haulm yield, ctaantrii
\

^ Ciistribution# leaf arqa ln«3ax» root length# root

root/siioot ratio, days to first flov^lncj, dcys to

o£ first pod, days to final "hfirvcsst and grain fiilling

p3riod, Significafit diffarancas waro not obsorvtsd Egj:

cr;aractors, niynbs^r o£ pods plant* yield yor olant end

prolino contant,

HiQ nvQan p^r.Cortrianci» of tlae 20 varieties ii". rc-jsy;'ict

of yield end other ei'icillsxy charectert. eira furnlrjhod ±"s

Table 3»

-f
Tha highest Bioan vaiiK2 for yield por plant was

rocordud by PDM«^4—146 (4,82 g) followod by Pusa-103 <4.62 •;;)
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Table Anaiysig; o£ vari.anoi' for 20 qhai'^sctars In c^rsaa ora-a

Si.
Characters . i'tean svim oS Bauaras ft 5

I'lo. Ropiilcatioii
» 2

TroatnvaBts"
df « 19

iirror

d£ « 38

1. Plant height 119.04 92,54 42.38

2. Humber of loavos
P3r plant 2.® 56 7,61 2,17 3.51-^^''

3, MiiR&Qr o£ pQcls
£K3fr plant 66,32 9^B3 B.,CO 1,7?

4. Poc2 longtl'^ 0,06 0#27 0,06

5, liiEnixjr of Boeds
par po^ 0^58 Q-^m. 0-« 28

S. Hiindrod soed
t^i^t 0.01 0,15 0,01

7» Saod 3ise O.DDOl 0,06 o,ao3 3.7^07-"^

8» Yield par plant S,52 0,G8 0,S4 1,2C

9. Yield per plot 23238.25 14392,&C 2679.14

10. Haulm yieia 1090500,00 805602:* 50 2S6SS9,S0 3.D2^®

11, Stofnatal die-
trlbution

1,93 28,:89 8,92

12, Leaf ar©e incScax 1,04 0-,S9 0,27 2«2Sv'

13* Root length 0,29 S«12 1,02

14. Hoot spread 12.75 7.63 0,74

IS, i<oot/shoot ratio 0,,0-D05 0*0007 o,oao3 2.53-^

16, Days to first
flowering 16,20 16,24 2«7© 5.34-*

17, Days to raaturity
oS fii-ot poil 1,05 20,04 i».32 11,44^-':'

IS, Days to final
harvest

1..27 27,98 1.02 27,41-^^f

19, Grain filling
poriod 0,02 4^01 0,13

20, Prolina content 328061^00 89095010 49790.»eD 1«79

* Significant at 5 por cent lovel

** Significant at 1 por corA lavel
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Table 3. Mean,values of the characters observed in twenty varieties.

S.* varieties
Plant

height
(cm)

No. of

leaves

per

. plant.

No. of

pods per
plant i

• '1 •

Pod

length
(cm).

No. of

seeds

per pod

Hundred

seed

weight

(g)

Seed

size

cm^

Yield per
plant

• (g)

Yield per
• Dlot

(g).

Haulm

yield
(g)

storaatal

distribu-

. tion

• 1 .2- • 3 4 5 6 7 8 • 9 10' . 11

35.53 10.87 10.60 7.27 11.47 3.33 2.80 4.03 36,00 413.03 25.75
34.7 6 8.97 12.10 6.92 12.70 3.21 2.72 4.08 43.00 922.71 25,25
48.43 11.59 10.43 7.70 12.27 3.38 3.01 3.55 10.83 1473.50 • -26,78
29,77 1.31 10.33 7.30 11.77 3.36 2.65 3.77 35.00 446.83 28,57
37.13 7.83 10.33 7.15 12.40 • 3.34 2.71 4.15 48.00 484.54 19,67
42.03 8.43 13.77 6.90 11.50 3.61 2.83 4.62 138.33 847.23 27,42
37.47 6.23 8.30 6.94 11.30 3.51 2.71 3.03 106.00 384.72 30.58
44.43 7.60 10.97 7.04 12.20 3.45 2.63 4.02 285.00 1643.65 24,60
33.53 6.43 10.50 6.86 11.40 3.33 2,83 3.57 140.33 1172,15 19.30
38.73 7.20 9.80 6.71 11.43 3.07 2.65 3.65 153.33 1332,56 24.33
38.33 8.43 14.93 6.64 10.97 3.35 2,80 4.82 157.67 1203,15 25.13
37.73 6.33 9.87 6.70 11.67 3.25 2,61 • 3.63 179.00 2400,20 22.80
45.03 6.07 8.80 7.14 12.47 3.10 2,28 3.10 143.67 1075.34 22.25
50.37 7.60 - 9.30 ' 6.88 12,30 2.89 2,60 3.33 200.33 1826,37 25.23
38.40 7.23 11.73 7.38 11,43 3.34 2,68 4.12 128.33 504,69 20,82
41.10 6.97 11.50 6.87 11.13 3.10 2,60 3.35 213,33 1443,59 22.95,-
30.07 9.10 13.83 6.52 10.87 3.84 2,67 4.35 131,00 509,35 21.70
32.33 5.40 9.47 6.77 10.97 3,45 2.85 3.45 99,33 599,05 19.12
35.00 6.13 12.63 6.49 10.93 3.75 2,76 r 3.95 170,67 1136,94 23.52
38.13 6.53 8.70 6.93 11.37 3,22 2,60 3,23 88,00 1430,34 21.57

38.41 7.64 10.90 16.96' 11,63 3.35 2.70 3,82 125,61 907.90 23.87

10.76 2.43 /N.S 0.39 0,88 0.18 0.10 NS 85,59 854,20 4,94

2. Co-3

3. Co-4

4. Pusa Baisakhi

5. Pusa-101

6. Pusa-103

7. Pusa-119

8. Pusa-117

9. ML-131

10. Pusa-102

11. PDM-84-146

12. LGG-407

13. Pusa-118

14. Pusa-104

15. RMG-70

16. ML-322

17. PDiM-B4-139

18. RMG-146

19. PDM-54

20. OUM-6

General Mean

CD

^ M
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Table 3 contd.

• - • -r .
'

No! Varieties •'
' Leaf ••• •

. Area

Index

'Root' ;
length
, (cm)

Root

spread
(cm)

• •Root/.'
• Shoot

ratio

Days to
first

flower

ing

Days to. ,
maturity
of first

pod

•bays to
final

harvest

i

Grain

filling
period
(days)

Proline

content

( /jg/gdw)

12 13 14 15 16 17 18 19 20

1. KM-2 2.26 15.02 12.62 0.101 37.67 57.00 60.70 18.50 561.63
2. Co-3 1.82 14.69 12.37 0.074 37.33 55,30 60.00 17.47 750.47
3. Co-4 3.09 20.03 17.92 0.107 44.33 66.00 74.70 17.73 579.05
4. Pusa Baisakhi 1.81 13.63 11.95 0.119 37.67 57.70 60.00 17.07 438.64
5. Pusa-101 1.41 14.34 11.90 0.067 37,67 57.30 62.00 16.60 857.69
6. Pusa-103 1.72 15.53 11.05 0.094 36.33 55.00 61.00 18.00 328.16
7. Pusa-119 1.43 13.04 10.37 0.124 37.33 57.00 61.00 17.93 625.85
8. Pusa-117 1.30 14.37 11.80 0.103 36.33 56.00 60.70 18.77 439.19
9. ML-131 i.i8

- <

14.89 11.15 0.100 37.67 57,70 62.70 17.63 385.31
10. Pusa-102 1.42 14.84 10.65 0.105 . 37.67 56.70 62.70 17.40 717.27
11. PDM-84-146 1.51 14.00 11.61 0.094 36.00 55.70 61.30 19.80 1050.88
12. LGG-407 ✓

1.52 15.17' 11.72 0.108 37.67 57.70 62.00 18.23 ,•''506.12
13. Pusa-118 1.37 15.18 11.59 0.106 36.67 54.00 62.70 18.10 619.32
14. Pusa-104 1.72 14.93 11.57 0.126 34.33 54.70 62.70 19.07 426.12

15. RMG-70 1.70 14.35 11.75 0.132 37.00 54.70 61.00 18.03 568.08

16. ML-322 1.45 13.64 11.69 0.103 35.33 55.70 62.00 19.20 434.83

17. PDM-84-139 ' 1.72 13.91 10.74 0.115 34.67 58.70 61.30 21.90 610.61

18. RMG-146 1.09 13.57 10.11 0.097 , 41,67 58.70 61.70 17.33 439.19

19. PDM-54 1.26 . , 13.61 10.65 0.089 34.33 53.30 62.00 18.90 551 ..84

20. OUM-6 1.22 14.46 12.14 0.089 38,33 56.30 61.70 17.80 611.15

General Mean

CD

1.60

0.85

14.66

1.67

11.77

1.42

0.103

0.029

37.30

. 2.76

56.75

2.23

62.18

1.67

18.27

0.60

575.07

/V-S
00 ^
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ana the lovwst rn^sn vgIud by Pusg-119 <3.03 g)„

__ tj-.. Ciifforence t^aa not stctistically signiSicoiit^

Too KKian xmlue for plant heicfbt varied Sron 50,37 eA

in ?UGa-104 to 29.77 Cm in Puae Daisokhi. Vorlotios Cc«4,

F-iisa«118, Pusa~117, pusq-103 and MI^-322 v.-orG on tdtU

Pusa—104^ fhc; ta-llO-sti,

Tliy mean veli^s for riimbor of loav^js per '£->.lant v;aa

tiio hi^st in Go«4 (11,59) follovxid by rcr-l-S <10.07).

t^iO varieties were on pei% 'rhe lovj^ast mam valuo Sor U>1g

character vms recordod by t:MG--146 <5.4-0},

Taa hlghast m^an valua for numbor of pods pcjr plant

> was rocordad by l?lM-.84--i46 <14.93) foUo'^d by inr»:-04~139

(13.33) and Pusa—103 (13,77) and tha XovKsBt mOGR valuo by

FUCC.-119 (S.30) em^ntnougn thoro was no sigtiificcnt diL-Fc-.

ronc.3 among tha vcrlatiee«

Tho variety Co—4 iiad tlio: hignest rreiin valu-:"! '2oi:'

lenoth of po-Ja <7.70 csi?) follo^^Qd by RMg«70 (7,38 cai) and

the lov.Qst Vidae was rocordocl for PD:-}^54 (6.49 c?n) folla/sd

by Prj>'-.84«139 (6.52 cm). raiG—70 vas on par with Co-4.

ThG moan values for numbor of seedc por pod vor-ioa

from 12.7 in Co-3 to 10,87 in prX4-84-.139. T!i,e voric-itioa

PU3a-ll8» p-usa-vlOl. Puss,«104* Co.4 and Pusa-117 voro cn

par with Co»3.
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IfiQ mean veluas for himdred soed wsight eliovjad a

mej-rimura, of 3^34 g for tho verioty ?DM«34-139 ana e rainlDT^in

oE 2.39 0 for tha Vijristy Pusa~X04« PEX-1-54 (3^75 g) t.vio

on par lixth PK4-84-X39 cud •pusa-102 (3,07 9) ^?ad on prxj

valth PiJSa*"104»

v.Jith ragerd to soocl size, CO"4» siroi-xii:! g ir'.G:'iihra;n

3 '-j
inoan value of 3.01 cm and Pusa-113 © minimuin of 2# 28 cTrn ,

The raoan valuas for haul;n yielc3 vcvcioo. £rc:ri 24:i;0=. 20 s

in :jGa-.407 to 304^72 s in Puda«119. C:i82::«3? :j)

and pu3a««117 (164-3,65 g) \-x>r© on por with

ll-ie ma>;imum nxian natibar of atomstci T>2r' :rdcrosc..::p.ic

^ field "v/aB rc'co-rci^d for Pi;sa"«119 (30»5S) ancj tliQ rainimurn

£cx il9,12). PUGG DaiseKhi (20.B7)^ Puo::-a.03

(27.42), Co«4 (26.78) cmd (25,73) v^^jsro on per with

Puea-119,

Tha niQan valuos looS ^iroa indrr- sr. 50 p3r aciiit

flowjring was the. hivghest for Co-4 (3.09) follov;ocl by

( 2 <5 26) and tlieso t?.'-® varicatiGG xmra on The irJ-nir.iu;r

valtio zoT leci: area index was racord'i^d by kMG-.146 (1,09)»

Tlie maan values for lenntn or root vorioO from

20.03 cm in C.o-4 to 13».04 cm in ?Uij:a-ll9« 7>/:olvo -yar-'v.:-

>

ties wore found to ba on par with Pu3G--ll9a but no othv.r

variety was on i:!ar with Oc>-4,
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The imsn values for root -j&prQad was tho Mgheot

for Cd-4 (17,92 csn) and the lo'^ost for RMG«146 (10.11 cra)»

<11,15 cm), Pusa~103 (11,05 era). Pm-84«139 ClO.74 cin)^

Pusa-102 Cl0>.65 an), PS'4«54 <10.65 cm) and Pusa«119 (10,37 e.n)

on par P®IG-146 but no variety v/sa foimd to on

par' with Co-4,»

The n^an. values foi* rpot/shcx>t ratio was maKiraisn

for l-uMG«70 (0,132) and rolnimuKi for Fusa«10i (0,067)« rTi-?G-.70

v/as follovjed by tho varieties Pusa-104 (0»126)^ Puoa-IXD

(0^24), Puoa BalsaJdii (0.1X9) and Pm-84-.139 (0,115),

•The miaan values for numbar of days to first flov-jor^

ing varied from 44^,33 in Co«4 to 34,, 33 in Py0s«|O4 and

FCl'i«.54. RMC—146 (41c 67) xi^s on par with C#>.4 tho longc'st

duration variety♦ Pusa-lie (36.67)^ Pu3a-^117 C36.3;0i.

Pusg~103 (36.33),, Pm-^4-»14C C36«0), ML-.322 {35,<33) anfi

I-'m«S4-il39 {34»C7) t^rQ on par t-^ith PiJse-104 and pr)il-"S4

having th© shortest duratiori»

Co«4 also recordod the Mghast mian value for ntcribar

o£ days to pod hervest initiation (66,00) follo'.^iod by

PDJ-1-.84-139 (58.70) and RMG«146 (58.70), m variety

foundi to be on par with Co«4i E^Dr'';«54 rcicorded the lov/est

value for rajetu^r of days to poa harvest initiation (53.30).

Co^3 (55.30)» P'as.e«103 (55.00), i^M,G-.70 C54.70)p Puso-104

(54o70) and Pusa-118 (54»00) ware on par vrith PK4-.54.
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The mean numlxir of deys to final potl harvtast v;a3

also thQ. higliBst fox- Co«4 (74»70). ThQ minimum ^laa recerdQc'.

by Pusa Daisal^hi (60.G0) »

The mexlKiifa mean value for ranratlon o£ grain fillinc.'

vias showi lay l?J21-^S4«139 (21*90) anfl tliQ minimmt by pugc,«-1G1

(16,60). Pusa 3aisal;hi (17,07) was on pejr with Pusa-lOl

having tno short«sst filling poriod» but no varioty vets

found to bo on- par vdtii PO--KS4-139 having the long-sst Slll^

ing period.*

'rhoii^ proXiiiQ content of laavOs sho'̂ ^q^.^l no sigrsifi®.

cant diffarenoe sniong varieties the pasn valuo vtmi i'^ighest

for I?i2^'«84«'l46 Cl05Q<.83 /ag/gdvj) lov^est for Pu3a«*103

C328 ,16 /iig/gaw)

The plicjnotypic co-efficient o£ variation gano«

typic co«-©£flclQnt of variation fcr fchQ 20 charactero

studied aire givan in Table 4 and presentod graplaically in

Pi9» 1, In genGrei tha phenotypic co-«ef£ieiantQ- o£ vaK'iij-

tion were higher tlian the genotypic GO«afficionto o£ viiria-

tion for all the cbaractera studied* H&ulin yield sIjowckS

th© highest phen6t]/pic co=-3£rici3nt of variation (59.21

per cent) Sollovjofi by yield par plot C£4»83 par cont)#

prolino content <43.C1 per cent), loaf area IndcK C3C3.22

i:K2r cant) and o£ leaves plant <26,12 por cGntl®
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Tablo 4. Mianotypic Co-e£i'iciant o£ Variation anc3 fr-enotypic

Co-officieat of Variation (par cent) for 20 C'r.curactara.

Sl^
Ho.

Cliaracters Plionotj^^ic Getiot'ivia
veriance variancQ

Vg

Pbonoti-piQ -lonotypic
COOtflh-
ciont. of

variation
i?C"V Cpor

aoe':=:i-

Ciont •:3f
'Vitiation

{p:3r
!<•- '•!

1. Plant "height 59.10 16,72 20.01 10.Gf3

2, J'lo. o£ leavos
per plant 3*98 1.82 26^:12 17.64

3* llo, o£ pcxie per
plant 7,03 1.43 24.32 10.97

4, Pod iQiigth 0.13 0.07 sa4 3.G€

S. Mo. of seado
par pod 0.51 0.23 6.17 4.13

C. Hundred soeti
^•^ight O.OG 0.05 7,25 6,47

7. SQQd siSO Q»024 0.020 5.74 5.2^

G« Yield por plant 0^59 0.04 20.04 5,Ga

9. Yi-Qid por plot 4752,21 2(XI0*85 54.03 35. G1

10, Haiilia yiQld 395767.20 123678.70 59,21 33.10

11, iitCfiiatal c3i©~
triDution IS,58 6.66 16.53 10.ci

12. l«aa£ erea index 0,38 oai 3a»32 20.73

13. Koot lon-gth 2*72 1.70 11.25 8.G9

14. Root sproad 3.04 2.30 14.81 13.2J

3.5, Root/shoot ratio 0.0005 0.0002 21,69 13.73

16, Days to first
flowering 7,27 4.49 7,23 S..G3

17. Days to maturity
o£ first pod 8.16 6.34 5,03 4.44

18. Days to final
harvest

10.01 S.99 5.09 4*02

19. Grain Ciliing
jaorlod 1.43 1.29 6.53 G.23

20. Proline GontGnt 62692.07 13101.49 43»61 19,90
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Hie lowea-fe value was recordsd by to maturity of fir^t
i

__!( pod (5',03 '^r cant)# 'Sti© highest gemtypic co-efficiont

of variation ©bservod for yield plot C35.61 psr €^nt)

and tlie lowast for pod longth (3,86 pBr cent).

4.2^ csenotic aii^ysis .•
i

SstimatOs of horitabiiity and <^iietic gein air©

^ furnishad in Table 5 and Fig^. 2, Xn g©rK3r&l the heritabi-

lity values vjore netaium to hi^ for most of the charaetera,

Highe£5t horitability estimate was recorf^d for grain fill

ing .porioa (90#79 per «»nt) iQllowad toy- days to final hari-'

vest (89.79 per caiit)* hundred seed t^^sight (79»95 per ce^^fc),

days to maturity of Sirst pod (77*67 per cent) and root •
I

spread (7S.65 per c©iit)»

Low vali^s of heritabllity rooordad £or^ yield

• par plant (7*84 psr cent),, nicnbar o£-fods par plant C20i.3;S

por cent), prolits© eontent (20.83 per- cent) and plant height

(28,29 par eont) * Yieia par plot. recorded the mas^imiBn
i

genetic gain (67,05 per cent) followed l3y haulm yield (49>06

per cent)* nyriOsar of leaves par pl^t (24.S5 per cont). leaf

area indacsc (23--18 .per cent) .and root spread (23,07 per ,c©nt)..

Hlgli v^ms of haritafc>illty couplad witJi high gsnatlc gai^

was recorded for yield per plot and haulm yield* l-li^ hori-^.
V . l'

tability couplad with low ganotic gain was recorded for g^n

filling jpariod and days to final harvest.

>

H-



Tables 5., Heritabilifey and can-atic gain far 20 ch.Qrac-

SX.
Ko, Charactacs HDritaIj.3.1ity

in Cunt"

(H^)

Gonotic

gain in
D-jr CQnt

i&3}

1. Plant hoigbt 28.29 lt.S3
2. riumbar of loaif^s 2>or

plant 4S»70 • 24.55

3. Wurnbor of rxsr plant 20^35 • 10.* 20

4. Pod longth 56,47 5.97

5. t'limitKir of .©eads ix;r jxxl 44.98 5.71

Miandsred aoed v-Qiglit 79_,9S 11.95

7. Seed sigio .64.75 9.04

S» Yiold per plant 7.84 3.24

Yiald |5or plot 59^31 G7.05

10, Maulm yield 40«23 413.06

11. St>Gfnatai dletributioo 42^76 14.50

12, Leaf araa .25.30 22.1B

13 . Root longth 62s44 . 14.4D

14. Hoot spr-aaci 75,-65 23..07

13, Root/shoot retlo 33.»,77 14.05

16« Days to first flovjerlng • 61.76 9.19

17. Oayc to maturity of first
pod 77.07 a.os

16, Daya to final liajrv^st 09.79 9.41

19, G-roln filling period 90,79 12.32

20, Prolinfo content 20*83 1G.71

55



P4g« 2.- f^ritability and Genetic gain for t^-enty charijstQrs

*^1 Plant lieight

J-'j *» Number of leavae per plant

Nmber o£ po<is par plant

^4 '«e» -Pod: iQHgth

Xg Nuinber of sa^ds ,p©r pxsicj

^6 •*^ Himar^d seacl x^eight

S'&Qd else

«8 - Yield per plant

Kg *B- Yi@l<2 psr s>lot

•Wr Haulm yield

stomatsl distrib^ation

^2 •
l.©a£ arci^ iwSsm

-\3
•m» Root lejigtji '.

=^4 »• Root spread

-
Root/slioot ratio

^16 •«» Days to first fleworing

^17 «» Days to mstmrity ©1 first poci

>^6 «?» Dmy® to final hcorv^st.

^9
« Grain filling period

''ao
•4m Prolific content

-t
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4.3. CorrGlation i^s^ialysis

C5enotypic and phanotypic correlation co-^'CfiCLlc-xitc

«ero QstimatQd* ThQ data on cscarrelatioti havo bseia split \xp

£ind are prassntod undar two hoasSsi

i) Corroiatlon beti-j^ri yield mid otter eharaet-arOi,

11) Corralation boti-joon pairs o£ clieraotore otrjor

th^'s yiald.

The Qstimatos of correlation co^fficionta at tlio

genotyijie and phsnotypic ievsis aro given in Tablo 6,

In genorai tha gsjiotypic correlations xmzn

^ in magnitude thaii their corrQspc«ir5ing phGnotypic corroia-®

tions-. Yield showed positive ganotypic cc^rrelatiofiG Vfitli

nu-nber of XoavQs per plant» nunbar of pods per plu.nt» himfii-otT

seed waight, seocl sise, grain filling parioa ©na prolino

content,

Prolins content showsd the IiighQat positive g&no^'

tH^ic correlation witli yield per plant Ci,26Cl) follot-«cl

by huntlr^d sood xai^ht (1,1459)^ number or x?ods per picut

C1.0544). grain filling poriod (O.Q134)j, ssod sisQ (0^7608)

and nmiber of laavesj ptjr plaiat CO»3t5S6)a.

Plant eho^^d a slgni£i.carjt mgati-v^ corrola«>

tioii or —1,4170 v/ith yield follotsod by nutib'jr of saoda ixit
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tabl© 6, G@noty^ic and Phonot^ic C.r^) CKsrrQlatAon ;
Co-efficients batween yield and pther Chciractar©;#

SI,
Ito.-

Cheractar® Phenofeypie
Corir^latian
Coefficiant

(tp)

canot^iG.:
Cormlntioh
CoeMiQlQut

1

!• Plant hei0it 0a373
1,

^1.4170 i
2. Ito, of le^vos per pi^t 0*4940 0i39S6

3. ife* of poda pms plant 0*9126 1.0544

4, J,Qngth o*mu -0*7296

5.*, JSo* of so^ds par' pod 0#0994 -1^0728

6, Hundred s^a taight 0*1367 1,1459

7, -Seed ©l?a 0,2118 0,7588

8. Haulm yield. 0.0866 -1,0097 •

9,, st'omafeal ^iatributipit ©•I223 .-Q,3187 •

10. l^eaf aroa 44fiQ^2c 0*3902 -0.*70S1 1

u,- Koot length. 0*079.3 -0*4559 i
3L2^ Root spresa 0»Q403 -0*2394 ,

13« Ecsot/snoot ratio •«D*a@52 -0*3885 i.

14* Days to fif3t flov/^ing -0,1243 ^.*a.(593

15. Days to, maturity of
girsfe

^.1297 -0,2535 !•

X6» mys to final harvast -0,1039 ^,3953

3:7* Grain fillirm period 0,2322 0,3134

18* Prolim coatont 0.0582 1.2601 i;
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pod C-1.072S)j aays to first fiox^ring C^O.8693), loicgtji

or taiG |.x>a C-0.7296) and leaf area inflex C^O^tQSl)^

At the jihenotypde" Icjvel -all characters Qjccapt root/

shoot ratio* days to first flo^rin^# aeya to msitvrAty o"

first pod and daye to final harvest sho^?Qd rHSSitiva. corrcs-

lations with yiai<2. Significant positive corralatiaia

observed for nusdber of podo per plaBt (0*9125),, o£

laavas .per plant C0^4-940) anc3 leaf eroa Ir^ejs

Oilier charactars shoMscl low pesitlvo qorr^iationa only,.

Root/shoot X'atio a significant nagativa corro^^citlon

o£ «0i.29S2 with yield t-<.fr3reas the other negative corrolac

tions war® not aigiiificant#

ii) Correlation betx-^aon pairs of chfer^ters otiior thar;

thoso with yield

Tablo 7 provides the data on corrolation aTfOhg tho

charGCters in all cc?r»binations* Tiio ganotynic correlc.tiono

among yield per plant and 18 yield compononto sre dio»j'ra«

matically prasant<3d in ?ig, 3«

•At tho genotypio level plant height jshot^d a signi

ficant positi\'o corralat-ion vjith root length (0.7102)» dayo

to firsal harvest C0»6948), haulra yield (0,6347)^, ntrrOx-ir o£

soads per pod C0*C-342)^ root spraad C0*5S00)« pod leniitih

(0.3663) and root/shoot ratio C0»3450)« signifc'ioaiit j-io^Dtivc



Fig« PhQiiDtypic and ^notypic coefficient of variation

for tx^rsty charactGrs

««* Plant liJ^ighfe

OQB I'Jumber of leaves j^r plant

-s>
«W l-iur.:^r of pods per i>lant
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Kg YieXa par plant
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°%.4 Fioot spread
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T-nbio Correlocior; COCV3>5n p.: r tli^r. :r.oso • . V < • ' -i

i

-

riant

heio.ht

N'o. o f

loaves

por plar

^••o. o:

pods pei
: pl^nt

Pod

lons.:t;-.
.'.'o. o f

se^.ir:

Htjr.cred

sire yiold
.Stcmawd:

d iatrib;
i.eaf

f'vrea l«;noth

.^oot

spre.^d
Root ' Dcys to

m.."itLirity
Oays to

oi: final f:.! 1,inc
Prol in-J

concoritpod ve icht tion Ind.i!N- rotio flowerir r: first pod hC£-Vi2St period•

Plant hOiLjht: 0.0705 -0.^25? 0.33;:: 0. l'34: -0.65Co -0.2396 0. f3.r 0.14 53 -0.0251 0.7102 0.5500 0.3450 0.2353 0.1666 0.594 5 -0.0034 -0.1301
Number of leovos

0.2359
-

per plar:: o..:oi: 0.33:79 o.::--2 0.152' 3.35:53 -0.3'?93 0.9c64 0.72^5 >0. 7394 -0.0990 0.3333 0;6.':50 0.5155 0.2052 0.4108

Nu.Tiber of pods per
pidnt

0.0357 o.-i7;c -0.6139 0.'.H03 0.5147 -0. C'*?! -0.13"2 -0.3959 -0.2554 -0.1637 .-0.1567 -0.6303 -0.1940 -0.2437 0.535" o.t^oo-;

Pod ler..uh 0.3323 0.3734 -0.133: 0. "5?1 -C.25c7 3.1734 -0.3502 0.2459 . 0.3467 0.6902 O.S39i 0.3034 0.7437 0. 5744 0.5315 -0.5431 -0.1013
Wumber of seeds

0.4101per pod 0. 0.0117 0.323; -0.5~23 -3.34c4' 0. •-'02 0.1033 0.2641 0.4361 0.55 27 -0.3155 0.2655 6.1365 0.2992 -0.5332 0.1992

Kundrec seed s-eicht -0.353-1 O.OSSi 0.2331 -0.2055 -0.:549 0.4653 -0.5513 0.1024 ' 0.0535 -0.1251 -0.141c -0.1535 -0.0071 0.1315 -o.'q^is 0.3535 -0.1116
Seed sise -0.0951 0.3S09 0.2241 0.0527 -C.14S5 0.3 429 -0.iS7c 0.1352 0.5563 0.4015 0.3965 -0.2^n6 0.609S 0.6333 C.4ii64 -0.1169 -0.03S4

Haulm yield 0.-;9'lS O.OS55 0.12(30 -0.0235 • o.::ii -0.3 231 -C.IGOl -0.1117 -0.3391 0,3563 0.2000 0.1692 -0.0351 0.0677 0.3.^bs 0.1344 -0.0672

stomatal distribu
tion

0.2950 0.2S53 0.1227 0.1931 0.10 j 6 -0.0069 0.1430 -0.0330 0.5979 0,1146 0.2320 0.5674 -0.0095 0.1591 0.1007 -0.0139' 0.0347

Leaf area index 0.-;964 0.8220 0.3702 0.5055 0.3cl6 -0.0462 0.3517 0.1766 0.3513 1.007 3 1.C69S 0.2664 0.7501 0.9477 o.af^s 0.0547 0.1156

Soot length 0.44S0 0.504 5 0.0755 0.4431 0.45=5 -0.1670 0.3313 0.2062 0.1615 0.5012 1.0337 0.0152 0.7537 0.7920 0.9^5 -0.1S17 -0.1592

Root spread . 0.37=9 0.63CS 0.02CO 0.5340 0.3531 -3.1432 0.3409 0.2355 0.2093 0.63=9 0.6714 -0.0230 0.7195 0.7634 0.S375 -0.1521 0.1369

Root/shoot ratio 0.0670 -0.0517 -0.2404 O.OC'39 -0.:C32 0.0155 -C.OS33 -0.0995 0.0696 0.1053 -O.C556 -0.0620 -0.0571 O.OS54 0.02 29 0.3493 -0.7628

Days to first flov.er-
ing -0.CS42 0.1556 -0.1715 0.3532 0.C5-3 -3.0922 C. 3o67 -0.04 4 5 -0.0305 0.2107 0.4525 0.4925 -0.1356 0.5274 0.7363 -0.5905 0.0046

Days to r.acurity o£
-0.0799 0.3939 -0.1306 0.2557 c.c:"3 , 0.0992 0. 4~9^ -0.0312 0.0061 0.37S3 0.5113 0.5245 0.0349 0. 7776 0.5135 -0.1192 -0.04 27

Days to fip.al harvest 0.3510 0.3 7C0 -0.0712 0.4072 0.1595 -0.C4 23 0.3533 0.2402 0.0542 0.5042 C.7250 0.7445 0.0396 0.5545 0.7065 -0.0393 -0.0035

Grain tiilinc period -0.0112 0.152r 0.3773 -0.3735 -0.3:?5 0.3305 -0.C94? 0.06=3 0.0033 0.0005 -0.1449 -0.1632 -0.2350 -0.4634 -0.1023 -0.1095 0.1151

Proline conten- -0.0504 o.os-s 0.0090 -0.103- -o.c:9? -0.0235 0.C22C -0.203 9 -0.061" . -0.0215 C.CC55 0.0294 -0.1--5 3 -0.0257 -0.002 2 -0.00 39 0.015=

er off diagonal - Gdnocvpic cc:^rslr.cions

cn
CD

• 1



Fig. 3* Correlation diagrcsa

«• Plant liQiight

*2 Nufiiber of iQeves per plant

X3 -
Nsmbar of psr plstit

Pdd ieng'th

^•5 •*» tJucib^r 0f m^ds par pod

- llim<3rod wei^t

Seed sise

Xg - Haiilm yield

-9
** atmatal distribiifeion

Leaf araa ini^sx

• R<^t leitgtOi
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^14
'<«•- Days to £tr&t fl^i^aring

^15 mr Day© to mat'ority pg first poii

=•=16 «» Days to final harvest

- Grain filling period

^8 - Prolin© content
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correlationa t-Ksro obsoEvad for ntsmbsr o£ pods par plent

^ (^0»8259) and hunaresS seod C-0,650S), At tha plToiio-

typic level significant poaitiva eorreietlorss wiro obs<2rvc<3

for loaf araa index (0.4964}, ha«lm yield 10.4948), root

length CO«44BO), of seocls par pod £0.4101)» rcx>t

sxaread C0*3789)ft days to final harvest C0,3S10)* pod iGncjth

(0.3323) and atomstal distribution (0*2950), SignifiCaiit

nagative Gorreiation was obsarvod Sor hundrotl seed waight

only C-0«3584).

Humbar of loaves per plcint eho%-/od oignificap.t posi-

ti^ns correlations with leaf erea index (0,9064), root sproadi

(0^7894)s. root longtli <0.7276), days to maturity of first

> pod (0.6250), pod longth C0«59a9)j. saed giso (0,5063)^, days

to final harvest CO#.5155)^ atofnatal cllstribution C0»4o46)a

proline content (0.4108) end days to firot flowering (0.33-33)

at the genotYP±o levsl* Ijow- positive corx^lationo

obsG-rved witri rrter^r of saods par pcxlj^ nua^bor of pods par

^ plant and hundred seod vjaight,. At the phenotypic l<2rv?Gl

siwjHificant xxjsitiv© correlations viem obsorvsd- for ell

cbaracterG esccapt huncli*3d seed vraight^ haulm yieltls dnya to

first flofem-ing, grein filling pGriod and proiintj eonti^nt*

%4ilch shoimci low 5>ositiw2 cs^rx-elations and root/sr-oot ratio

shov;ing a low negativo corralation,

Kasnbar of pods por plant \f;as found to hava signifi

cant |;x)i3itivG gGnotyi^ic correlation witli hiandcad sood
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w-oight C0»9103)» grain filling pt-rioa (0.8357proXisjG

^ content <0.0004} and seed sige (0,5147). significant nags-

tivG correlation was obscry^a with nymbsr of oeods jsor pea

C«-0.9225), days to first flowai"ing C«O.6G0e)i pod lanrjtl'i

(-=0.61S9)„ haulm yield C-.0»5791)i leaf eraa incJex (-0«3959)

end root length <«0.2584)^ i\t the phenotyplc level signi

ficant positive corx-olatioms were obs©rvoa •with c;rel..n

^ ing period <0*.37?3) and leaf aroa incte (0.3702) only^

Pod longtb was. found to have significarit positi"A3

goTOt^pia correlations VJitli laa£ aroa (0*^467)^ root

spread <0.6391), niimbsr of se^ds per pod (0.7591 )* claya to

first floiKix-ing (0.7437)^ root length (0.&902)« daytj to

> faaturity of first pod (0.5744). days; to final harvest C0.531 •:•

and root/shoot ratio (G.3034), Significant nagctiw corro-

lationa wsre observed with grain filling pariod

haulm yield (-0.3802) and hmdred oeed •woight C-0,25C7;.

Phenotipic corrolstions af pod langtli ^itxi nwnfeor o£ soada

^ per pod, leaf area index, root length, root s?:>read, dsys

to first flowQring* days to maturity oz first pod and days

to final harvast wore also positive and significantv Grain

filling pa-riod sho-t^d si.gnificent nagativu i^henot-i^pic

eorroiation v^ith pod longtlu

Umxaor o£ seeds par pod showed significant rsositiVQ

a£3sooiatlora v^itii. root spread (0*5527), root length C0.43C4)
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days to final h©rvsst (Q.2992)# days to first flowering

^ (0.2655) «nd loaf ©res. (0,.2641) at tliie ganotypic

l©v>9l. Significant nsgativ© associations \}&m observed

with hvmdred seed: 'wcii^t («-0»5723)» gr.ain filling period

{••0,5332)* seed sis© C-»0«3464) and root/shoot ratio

C«0«315S)» At the phonotypic lovol also significant poai--

tivQ relationships imm otoserved with iQaf arsa indoss, .root
I

.length and root spread ^sSiil© negative association was obsikTr"
li

v©d with hundrad seed t^^ight, '1

i!
At the geriotypic levesl hundrod seed weight showed ;i

I

significaut positive eorrotlafeion with seed size (0,4682) '
'i

and grain filling period (0«3S85) t^le significant nega«

>- tive Gorrolaticaras •mrcs observsid with haulm yield (-O.SSiS;),

,L6a£ aroa indejs md cSays to maturity o£ first pod showed '

low positive gefKstypic correlatipjie with hyndred seed
Ij

v»eight. At tJio phersotypic level slso gignifics^t positive
•i

correlations were ohserved for mod mlzQ and grain filling

^ period and nagativa correlations with haulm yield. i

seed sis© shovired significant positiva ganptypic

CQrrqlationa with days to snaturity of first pcxS <0.6338)*;
!i

day© to first flooring CO.6098)# leaf area indmc (0*S66aK
ij

days to final harvest (0,44^4,), root length (0.4015) and |

^ root BprQ^ (0.396S)-. Grain filling parlod» root/shoot •[

ratio and proline SK^ntent low aagctive g^notypic
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correlations witli seed size. ths phenotypia levsl aluo^

aoQcI size sho\s?sd significant positive associations; with

days to firat flowiring» days to maturity of first poc:«

clays to final harvest, leaf aroa indoj-:, root oprGat3 and

r<x>fe langths,

Root length CQ»3953) -arid aays to final har^vost

(0.34GG) shov^ed significant positive gaiiotypic ccr^'olution

%/ith haulin yield. Root spread, root/sh.oot' ratio» grain

filling poriod ana days to maturity of firot pod shovxid

low positive gonotypic correlations, wMle loaf eraa iiv3mz

showed significant nagatlva qorrelatiqn '.^ith haulm yioid*,

?.t tlie x^henotn^io lovei rcsot laxigth shoi^d significant

> positive corrolation (0.2662) with haylFn yield,

ctomatel distribution sho'vjed significant ix^sitive

gs3notypic correlations with loaf area indej: (0,S979) and

root/shcot ratio C0»S674)« Root lengthy rcjot apreea.,, clays

to matiirlty of first pod, days to final liarvust and proltrio

> content sliowod lot/ positiin^ gonot^pic eorralations^ Sc.yc5

to first flo^^i-ing anc3 grain f̂illirsg ;^rlocl shot<Rjd varr

loi-f nsgativa corrolatioris witli stanotai distx-ibutio.n. ji.t

th© phorsotypie lowl leaf area indesc ufaQ found to have a

significant positiv<a correlation! (0^36X3) -jitli stoinatai

diotributian#
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IjQaf •-aros index showod highly sigrd-fleant positive

^ ganotypic corraiation with root sproa^ <1»0690), root

length (1,0073), days to maturity o£ first pod (0,9477)9

day© to final harvest CO.3798) and days to first flovttrir^ig

(0.7501). Its phsiiotypic corralations with root Xongt/i,

root spread, days to matui-ity oi first jpod anct davo to

final harveot also positive &n6. algnificant.

-i.

rcoot iQRgfh shQv-;^d a aignificent positivG genotypic

sjssociaticn with root sxaroad (1.0337)®' Its association

with days to final Ijarvaot (0.9925), days to maturity ol"

first ix>d <0.?920) and days to first flo^tfering (0»7537)

were also significant «ind positive. Hov^aver grain filling

X. period and prolina content ^re found to ha.vo nacjativo

genotypie associations only. At tha plianotypie iQval also

tha charectG£-s root spread, days to first flowering, daya

to maturity qS first pod and days to final harvest shova:c1i

significant positive eosoeiation,

> Root spre-ad was found to hevo significant positivo

correlations with days to Cinal horvoat (0.S875), days to

maturity of first pjQd (0»7634) and days to Cir^t lilowariag

<0.7195) ot tha gonotypic lovol. Phonotypic correlations

of thoso charactors with root spread also significant

^ and positive« Root/shoot ratio and grain filling period

ahotv'od low negatiVQ genot-ipic and phORotypic cxirrolatian

with i'oot sproadft
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Koot/shoot ratio. Gliowod si0iificanf poGi.tixr3

-i typic cojfrol&tlon- with grain, filling poriod •C0.349Q) oi'iti

sigyilflcQHt negative gsnotypic correliition, with prolin^.

content {-^»752e)* Days, to first flot«3X"irig shot^od Xov;

negst±-vo- gc3Hot:^'pie and plienot^pie correlations mot/

siiocat ratio-*

Days to first was fotsnd to havo u oiTiSii-

iicant p.osltiv>ii' gariOtypic cm^ralatioa vfith days to ^f^at^lrity

o£ first pQcl (0.S274) and daya .to final li^srvest C0.736S}

ana a significant nos^Atilvo qorrolation t-/ith grain filling

pariod C«OiS90S)» GiEnliar associations t'«ro obsGrv?3cl £fc,

th© phsnotypic leval also*

A

. Says t& laatwrity of first pod sbowad a §igni€icar.t

IjKJsitiwe gonotypic association of 0,8185 and plionotypie

assKX:iatlon of 0,*7G65 '.-/ith days to final harvest, Iv'ith

prolina content it shoved a low negative genotypic and

phcsnotH-^c association.

Days to final harvest showed low negative -canotYpic

and phonotvpic' correlations irlth grain filling period an^'

proline content.

•Grain filling period found to hava 'a low positive

cj.onot::/pic and phoiidtypic correlations m.th prolinci contents
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4,4, i>ath •Analysis •

To get a clear pictur© of tl^ causca affect reiati^n-
i!

Ship of Various c^ponant cJiaractcars ^nd. yields pafeli oo-m^

officient analysis wa@ un^rtakeii^, genot^^ic correla

tions yioM ani2- s<stmn. coiEponQflt Ghara^ers,, viss j

plant height, -isiSRbor of leaves' per plants nmiber of: pods '̂i'

per plant, poa length, sood sise, root/ghoot ratio ana ;•
'I

days to first flooring t<?Qr@ p^titiema into their' ;Corr«ij®-«
ponding direct su<2 indirect .frets 'the results obtoinod

I

ars presentaa in Tatole 8,. 'Jhe path aisgr^a showing diredt

•offcacts afid the "^smtyp^ic corralatiom are praMant^ in !'

Fig» 4, , "

]i

of psr plant Bho-m^ the highest poetitijvs-

direct effect of 1.7462 on yiold# it exerted pssitive i'

infliroct i^flQCt through root/shoot ratio (0.0622) and nega-

tivQ ir^iract M£ect& through plant height# nwirtber o£ ledyos

p©r plent, sesa ©iss^t poa l^gth and days to first' £ioviar~

ing.. ;

Flsnt height ahotsjed .tho second 'highest poaitiv©

direct effect of 0*3495 on yield evanthou^. its, ger^
I

t^T4c qorr«2lati9n ms- nsgative («^1»4170K It s1i©WQa.

tiya indiract effect,^ throijgb,3oa.d sis© (0«0842)* pod len^gth

C0.0Q41) and days to first .flo'«#i©ring CO..0647) and negative
j

indirect-effects through nwfijer of leaves per plant C«O..O035>*,
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Table S, Directs anfl inciirect effecta- of tho various charaoteiris on yield*

Characters:
Plant
height

Ko« of

ieav^D

jser xslant

No. of
JXJdO JX;
plant

SOOQ

>r sir/j
' Pod

leiigtli
iioot/
SllCiOt
ratio

Days to
first

flOi-«r*-
dug

G311?3t'>p±G
Corre

lation

Plant lioight - 0,3495 -0.0035 «1.,4422 0.0342 Q.C3841 »0,13C9 0.0G47 »1..4i70

No. of leaves jaar
plant 0^0248. -0.0491 • 0:.3522 • -0-^1939 .a^a.376 • 0«,0393 Q.092S 0..3936

i'fc. of ix>c2s par ,
plant «0.2S37 «0»0099 1.7462 «0,1S03 -0.1421 O..G622 •«0.,106S 1.0544

Soetl siKQ ^0*0837 <-0.0278 0:^8989 •^0.3513 0,0398 ©<,1157 0.1673 0.:75Sy

Pod longtii •0.1-280 "0.0294 «1,.0BD7 «.a.oco9 0. 2.297 -.0»1204 0.2041 «0.729G

Root/slioot ratio 0.1206 0.0049 «0*-2736 0.1024 0«0697 «.0.3968 ~0..01S7 '^D.3B0S

}3ays to first
£l0M3i"iiig 0,03-24 •«^»0i66 -4«18Q3 '=^•^2142 0*1700 0.0227 0*2744 -.0:.8633

KosiduD » 0,37Ci

COftdorliiiad flgiiTGcj arcrpnssoat uirsct Gf£'3CltG }

a:

-a
CI^

-J



Fig:<,.4» • diagraro shotsdng cSirect offeets and ^not^ic |;
correlations in gmeng^m • '•''!
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- Plant height

^2 - Hisnbssr 'oi leav^sa par plant

*3
fiunter of pods s^r plant

''-4 sae^ 3isQ'

Kg Pod length

=^6 • Root/sh?5ot reti"©

X, Days to firat floi&jering
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0.2S58 0-35?3 ~0-G^0% 0.609g 0-7437 -o- ofi-yr
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nmbar o£ pods par plmt C«l,4422) &nd root/sneot ratio

C-0*1369') leading to a negative CGrreiXation..

Days to first flowaring oscertQa positive diroct

effect on yield (0»2744) emd jposltivQ Indiroct offacts

through plant liQight (0»0S24), pofi length CO* 170-3) and

root/aJioot ratio (0*0227 K A high nagativ^s indiroat a5£©afc

wa£3 o'osorwjd tlirough nuoibQi- oS pods per plant C-1.186G),

Pod lengtli eho^tl a positive direct offoct of 0-2297

on yield i".-ith positive indirect ofrects tlix-Qugh plant hoicvit

(0.1280) and sSays to first fXovjeiring (0.2041) and a liigb

negative indirQct ©ffect tlirough nmn^r of r-;od@ per plant

(«i.oao7).

Boot, shoot ratio rcscordad nogativa dlroet affioct

<-0.3968) on yield* But this cSiariiCtQr exertea positive

indirect 0£3:ects through plant height (0*1206) ^ o£

leaves per plant (0»0049')» seed sise (0*1024) and po^2 iGnrjtli

(0,0697). I^fegative iiKSiract effects «r© shown through

nijn^r of i->ods par plant (-0.2736) ana days to first £;Iov?iir«-

ing (-0.0157)*

.1

ooQd sisQ ahowad q negative dir'Sct effcct o£ -0.3S13

on yioia but its iiifairect effsct through mstiysr of. pods per

plant was high and positivo <0,6983)« Pod iangth (0»0398)«

root shoot ratio C0.1157) and days to first flowsririg
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<0«16735 also positive ludijrect ©££ects» vtiile plant
i!

height t-0«QB37) ana ijunsbasr of lQave,s per pdaijt €«0.Q2?a:)
II

isho^^d tiegativQ .in(34.rQCt effects^ '1

HUR^r of leaves per plmt -showsd a viary low negajj-
tive direct effect of -<0*0491 but its inairssct

through nisabsr of pods per plant was positiva (0,3322)., ''
'1

Indirect effect through other <3israet@rs ©secapt aee<3l siz.p

weres also found to ba pasitive,

tn tMs study the rssiaual effect was i-iorkGd out "
.1

to bO! Of 3761• About 62 por cant of the variation in yiolcl

•was es^lainoa through th© dirstet infliianc® of tlieiso dharac-

ters« of pods par plant was iotmd to the laajor

factor among thas^ cJiaractors tsfiich hmd imximm inflyKsncq

on tha yield <air<3ictly. ,j

4.5« Soil Hpisturs Analysis

'I

The data collectod on soil itK>ist\ira st v»'eelcly

intervals wer^: subjected to aiialysi© o€ and ii
|i

result© piresentea In Table ©• ;!
'l
1

I

,1

RQSidts indicated that the varietioa wsje© ©ubjoct^a

to imiform stress GonditionQ ior alitjost tli© orjtira growthJ

poriCKS €SspQpt at S3 days after sowing* leSicsr© significant '•

diffarsnca at one pessr eent level mB ©bsarvsa# ij
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Table 9, An<;ilysi6 of variBnco for aoil Oo

l-laan si£T! o£ fcjquareQ
51« Days
i-Ja« after Raplioa- Trost— arrcar

'•jQwing tion rrentc
df-2 ci£«.i9- dl:®3a

Valm

1,. IS 0.74 3a6 6,48 G»49

2, 25 0*92 e»i9 3,24 C«99

3 • 32 114*63 9»33 12.67 0.74

4.. 39 X30,S6 6,51 3.44 1.20

5« 46 -37.3? 8,25 saa l.Sl

6. 53 53,99 S«.90 3,16 i.cf

7. 60 28*22 2.22 130 -U j i, «•

^ significant at 5 p@r csnt iov-2l
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i^an valiK^s of iSoli jnoisttare recorded in^ dig-forent

plots at <3i,£far<2ist stages oS ^growth ere presented in
'I

Table iO and grraphicalXy prasen^a in Pigyras S to Qi

results revealed tliat & comtssratively high soil iaoisture!i

was prevalent disriwg the initial etsge® of crop gro*?th
ll

that is tipto 31 days ^tar sowiJig# Hiis periods corros-' i;
'I

ponds to the veg^tstiw growth of tl«3 crop. From ii

32 days to 45 days after smiing ths ©oil iroisturQ level ;•
ii

was vary low. TMs pariod. h&'ppmis to be the flowaring ii
,1
1

stage. Hiu® thQ plants mm subjected to e faix-ly hirja

watsrstres? during tb^ critical p©ri©a o£ flc^ering, ;oai*in-g
'l

th© later stages of crop (^owth, ^so lov; soil itioistyra 'i

levels w@re recoraaiS* But the rraan values of soil raolsttlro

frcsm 46 days to 59 day# o£ crop^groi^h wa® slightly Mgliesr

than tho&m disring the flov^ing period. Minimura nwsisturts;

levala were racor^d at. tJis tiiro o£ liarvast §ftor 60 daysl

of crop growth. ,i
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^ DISCUSSION



Bmught. is a fcoEsplasc plmn<mi$?wn q©ridi~

tlorjed h"*/ a. tiisi#®r of i.t5t€Jrtial e^sfeOi-^Uiil £eC5t©rs aed

tliair ifttoractioa# P|.ai3tEi^ rospaua m &mn0it in a vfirteity

of tmr^hf ^4$pfit|sg to it m re^istlnu its adveraa

0f£aet.ft im:Gr^fci©i^s alvsfa load to g qlir.nge in the

vo«3Qtt©tivs ae ^f3ii as rojprcrJyctiVQ j^erfomc0Ca of tho ewqp..

Sii tlia preiSOBt £3tiS€ly veristiog) of gros^igjrcm wiro

©vai'uatM for 'tli^ir ixst^jntial to tol^reto itK^isturo .atrosi:©

anO tlKJ resolt© di?taim-6 are cUsciss^Q teXow,

5.1*1* Plsnt hei^t .

i,8 eo •$MiJO^.mt VQgQte-tiVD &ao:;:?©r^Kt

infii^RoSQ advsrsel^' fcy moisture^' stmoc^ Considarcblo

FsauG^ioa 4?i |?leQt hsight observed in-,'5iX verietteo

evaluatei «Mcli was la i&oosi-daricjQ tho r©p©s;-ts ot Ali

and (l§73) in t|raeri-gra:n ana namm at al, Il979) isi

iso^r'^en* KsdiUi'a tsoi^ht found ^to Ix) csdvaatagv-ous "under

stress oisnditipng ss Qifi.A3fiice<3 Un ylGlci r^coriad

|5y ^^o^3er^Jt<3iy •t.aSJ^r pilots* an i.rss3fsa£30 In tri<5 hoight raoy

iiscraase tlt<5. tronsi,>iratloiial loss oS wat-ar aa fe»all as ^mtar

reqiilteincjnt tlw jjlant 3150 to an increac©-;! vagetatlva,

gro-wth tlisra by liiri-Sorlng th^ araproductiv® girowth aM

uXtliiiatialy raiS^ciyig tli0 ylaitli
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leaves pe^r plant

mo mdumfi :nufi^r of Heav^js pm plmt. -obs-orvaa ilr-

prasQut mu<ly iB in Mth tm ^S^rts ©£ liii

i\iam {1973) In ani -Tutlv a?id Haii 11960) if*

cpt^jo's# 'yatetiass traospiratlon is t^roafely Jteducad

-lay a. ira^wstion ia tb© of m thafe tlis eve±isblo

Hioistiiifa cm ^ iitlXimQ £ar th^

•gs'cyfcith thejrabj? anliaBains? fchs yiald«

5^1;,.3.^ arsa feSis:^

i^aduction in. i-QSf .ar-erQ is ea import^t nifxjiiaaicaji for

fcrastspirefcion control qiird^r ds-ought S'trQs& aurinQ. ontiro

r^roa\^tiifs a«c2 grein nilli:m pario4, A rodi^eed Iqs£ o^ac;,

Ob^oirve-a is, tMs .utady i& 4i5 Qomonamo vii€h rsj^orts

of iJili. end #-sl^--n (%9T3) in grOQiigr-siae Mam&Ri at 11979}

Irj soybfijan ana Turii ilalX Ci§60) i:a cm#Q,a» A

Ifsafc' c^sja tecraasQi? febe losjs Qt tic/v.^r gq

is^ll as inut«.?3i o^iadtng 'am! feh^ssra^ onliai^ase t;i50

0yn$;hotic aeti^i^ o§ tltcj

S*1.4.. 'Stcxna-tal distribiitiorj.

plBjQ etji ist^srtant rolo its aaeiain^ nha

plant© to 'vmtm clafieit,^ An Jjncroaso in tlia niKstaaar

of increas© tlia tr.aner^irationsl loan, o;? wator.

ii roflyaaa tiW$a^' of stcsrwt^s per tsnit Gro.d 4=d
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mattOi: tsrenslodatod to tha reots coraparcsS to tlio laavoo

m€\ BtBim. tliui3 .locs'o^irjg feliQ reot/alioot retio#, o-wsntijOTg?-?.

the? absoitsto of root gro^tli wm sn tl-io

prcssent atudy va^iistios msintainetS a ^oot/ulvjot

ratio md. a ummsim ifysro^as^s in. th& .root/shoat ratio uaa.

not obst3rve4» increasricS, rc«3t/Giic50t ratios cias-.3.ng stroas

\iem- jceportacl. hy All anS Alea Ci'$73) So -^r^ngwm, Oaijaiolc

(1900) in cxswma .and fixj'unsri sfc ad. U99Q) In grQun&nut,

S«i»7, SnrXiriQSs

•Beriitiass may not ba a true dsjvlai ioi: irasistO-nc3

®3Ch®rii3m-,, ant it is ©Drtsinly ,an .iffifert^gsist ciitaca^fcor Coi-'

arousiht proiio: .ar^as. Sarlimss raoults in ^ OBax?.p3 d2

too of clrought baceusa- ttiG pleiit® #3iG to- coiii*'

pieto thyir grovfth b^sforo tha a^vetnt drought,. tho

ijpseent ©feti(%' varAatios l<3onti£ii2€iI as M#> yio.l,din;v

'mxo £du»d to pcqudra only gbort p>;5r-l6ds €or flrot fiow^y:--

ing* •m<:ifcorlty ol; Sirsfe pod end Mnc^ harvest* Th^sB roaiats

ero in aecordajiee •tiiith tl® r^^srfes q£ furk ot qX» ilBQ3)^

liall and Grcints (3.981) in filicl ilivektraar anu Slngii

(1937) .in Hcn«3^r* SemctonB ai« itSBQ/BH)

reported m> sorisistQsit seleitionship riteturity groun

and roGponso ••fco brought st^tassc Irs,

Giraiti -Ciiiing perioti

rilXing period .isiflia^sriCaa yioicJ lay inSiueneirig t;bo
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to nK>l,#ture is of ftify3aniaiital importanoti' in '̂ 10

n\@asitEWiS5it fgf toi<3raJ5CG to moigtur© stress. In <^Qnm'Ql

yield gm-^ly reduced mQl.|it«rQ ©tregp. laeciyeo

a g^n^ri6lis<3d rad-UQtion in sXi field -eoiraponc^nts, aosa 'fcfilrig

iraoi-a affects than ofeli^rs. eorigidarable restauetion in yiold

w^- otes^JTved irs all tbs 26 varietiee. in th^ present study,

this i© in csngiKiiity with the -finaiiigs of Slonit and .,

and BrnmnB al.. (19S0/ai) in soybQ.en,

•0UE!*nei*fi#ld et al* <1973)* ^abalala ilBSQ) anca Turk at $1,

<19803 ill Potlmi #t al, (1986) in felsek^gram

aiVi4ktsn&jr snS sincfli (1987) in
I

i^feQr irsfltionoas geod y4«514 rMueitif th^s:-

> uumbHsr o£ pods per plant» in th?3 prasont sttidy a reduction

ia nyrsber of podg t-zas isSiich vr-as in coiii.omity witii
I

reports ©f Sioiiit &nd Krarrar Cl97t) Bmm^m at ©1«

(i'9ao/ai) in aoyb©an# Const-alslss <197©) in cov^^a

0Xid am- et, al* <1986) in ^r^wanut* i:^v?©vs(r in tha pffasent

^ stuiy niaajlsar of i^l^t <20Rtrilsuted 0i:9iiifi€?m)tly ''to

high graiti yield this i© avi^nt from tlie fact tbst

varieties showing Mgh«sr griiiJi yi^aia olso had ispjrs ,?syrr^r

•Of peds per pl^nt*' !

•Pod l«iiK9tl^ 0C3Q.t3s per' ispiS -wer© found to tm

luftoncs^sl significantly in 'tii© prmmt ^tudy in«3icati.ng "'

t^at vsriefeies witb li^t^sr ppds -and ®e«:e i^umbor of ^aiide •
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-pad %mm suitaisla for stress, tsonaitIritis» fhi#. IS' '

further 'Pj 'the. i&ct 'that, high fiel^ling Vari^tipa

iMnt££$^d ha6 a «6mparativQly rfisduc©^ |>0£| length seads

i:>©r HednQfeion in pod length ansS s^adis par was • in

agr^araenst yfith tha ireports of Stsrsnargiola et al, (1076)

€oiiist©ble aM He^n. C1976) in

fli© -tm otlier yiaid ocxiiponcint© hunarad .seed

mti mm mt 'mch affsetsa stress* timy ooh^-

trilsute^ ©ignifici^afciy t& i^ed alanig^ with thos

of 'pqds ,|5©r p%mt» Bimilm m^nltB fc^r hm^ed ^ceitjht

was mport&a by surcsosrfield m si# ii97^) in «2oi#^%
'I

£3eni{8sns ©t ai*. (1980/81) in -soybe&n md Um efe (1906)

iii grotsndnui?, significdiit r^aduotion in ©©attsissQ i^/as not'

oSssorved in thi® ^tudy -avsntboy^h thgj j:0p©$rt.s of Gonstal?!^

end- .Jfearn (1976) ana Turk .^1.. C19S0) in coifj-isea

agaiGgt r&sult,

firoEn tftsfss it i;3. Clear that t'rie .reduction in ^lal<i^

obaarvacl as. th^. ^q^qs-sX gre^ngrisn cultivsrs
/ _ i,

imd^xr can fae? attiribut<s^ to a rQcSuction ±n the various

yieia CGmj^mntBt pom per poa isessla p^t ispti#

and' sisssl. viXth a ralatlvsly l?4gh .,

infiumca on pofi Imgth an4 .ses!^- por pod;* PoiQ peg- plaiite-#,

hmcSrad amd might ana «gj?i4!i sis© -Ims aMmmA md.

contributed signiijicantly to taiaer mmm*
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HainteiiettCQ of a Mgh -sead cmH aisa a-ay »:?' c1.uq

to a lon9ar gr&ln, fllliag porio^S. which provido sufficient

tism for t.'ho plants to fill tli© sse«3s, in fjsstK^rel

raducGs pXent YioXd by influencing tlj3 various c-csi-

pamnts. to dlfser^nt climanijionss

Comi<M^±ng irisi4 and the veriouo |>£irc®otars that

contri'dute to drought tolerance.^ tho varietias ^r4'-5«04-l3D#

'̂;CM«'84'-i46 antS Pu^a«-103 t-jsarG found to bs. |;>ar£Qriv.i,ng gi.Araii*»

r<ji>iy undar stir-'ass conditioos. Theco vcisrla.tiejs sihoi-^6 hi{$i

seea yield owing to rfios^a nwnbar of po^la ans incrcaiiOil

iSoea aiSQ on.d might* ^e©«3 varieties; ts^er© early in flower

ing end ha<3 a long'^r grain filling period 'vdiioh contributod

to en in^smmod s^q& sIzq md weight*

5,2. V^iaMlity

(Sr«30T2arcm is a highly self goilihat^S'S spaeias ancS

hcnce only very limitGa Variability is avail able arnong the

•varieties:. m$-QQver the -cantinuous soioctlon prcctiood l?i

th& past years to develop varieties suitaS to local eondi,-.

tions arid dejaands# has further iiarro^sd dovm. the variability

in the population.

Viii'imce and eocicficient of variation- aro the .iroasisrais

of verlability in a isopulatlon-^ Ganotic vgsrisiiGD ss iaceU«-

£iea by the enivirersffsnt. is msGssurod as phonot^'piG varlcinoa.
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Pliar.otypic vaj:i..abillty canoot b-a usad fos 4ni'>3/c»v:i~

raant* lioness the totai-variability avaiiablo in a population-

eouX6 -1^ piSif%iti-o?ie<a into horitatole: and ri^n-haritaisle c<xii-»-

ponents with the -aid o£ gen^sflc paraSi©ta:rs-

In tha pr^ssrst. GfeitisTiStOB of va£'l#'ica cc-rupo^ants

iiulieataa, only little fiirsQrcjn^aa. phonatTpl-C

•gamtyyde vas'iaxieas. £i©r ch-arsctery vis^^ jaosl Ig:n.gtVi,,

niiiBbar ©f sGiiiSs p«sr pod, hmilmd aoeri sice*

leaf srsa indcjx, soot. %:;ro,#5, rc^ot/shoot £^cati-© cncl

fUllnQ This IndiOGted that, vec^i-stisns Db3vi;v3S

in csharaeter^s ars mainly dua t£> g<^?iefcic caucus

that, -environmnt haa ©ftXy i^sgiigib-Io, i.n£It3«rKsa' over t;o.a?b

Out fhQ charactoi^gi, plant niK'ntcar of Ici&vc-e- r>:jr plfint,

nt^TJaer oi. po<3s. par pisnt, yj,c?id %-ier plot, haulni yiald#

starietBl distS'.lbufeicjnj days te> first -and ^grolinij

ccsntont ano'usis.S v^xiatl^in with ireigo.r<3 to gianotyplc otic

pheno-tygtic vsriaricea Indicating s grsstor cunvironm^srital.

inliluQnea Gv^ ctifcrfystets^

CQQ£t3.Q±^nt oE variation is aJiothei" rolis-ble my.rsS'ora

of vsriai^ility, in © popiilsitlon# phonotypic ©asffiojent;

q£ varia^iion .m^esuras tlie' total veiriabiliby wh^raas tho

gono-typlG cQa.££ici.Gnt of varistian neasufas tfee -gonstlc

diversity for cjUaiifcita^iiKS^ elisx'e&tors* Sb ttis- p^Bmnt Btuihf

compairStiiveiy •high values of ph^aotypic eosa ganotypio



8 a

,18 2

©£ vsrlafcion mm £©r nyfnbei? of M-ama

P^ plaat» yieM per plot#- hsuXiB i«3a£ I.nds:s4

.mot/slmot rati0 prolio^j. «9iit^rjt inm^mting high aiBci-ant

oi' vari^Mlity im tfyem cl^aracJtsr^.,, -This .jsygf^ats fcbat.

M m m&im for qs mmmtm-Q.

thx-QU^h @elec.tiJLoii-* COs^aretivQly hi^ of

c?'o©-gei0i<?Rt of oi

g@m?typis amMMsimit :©£ v^iation- -mm x^^scssrasa for tha

p%mk •Imight.i, nta&s^ M. planfc#.

psr plaiitt and stOiJiat^ distribution i-Rdicatii^s' a mgh

^rjfiuene^: Qt .^feo snviiWisQ^fe in ^ ©xpr^ssim o£ [

•eb.ar«ict©«0,,. similar tyrefiiais jr«pc>r'te4 4'or plmt

by ai» <1@SS5 Xn -beBgalgrem,.,
I

Ail th©. 0th©r vig* pod ol

psr i^<3# Bm<& ©ise* root langth#,

mm spraaa, «l0.i'S to Mr0t flo*Kiring,, days, t© mattsrity of

fir^t pocSt^ <asys m- f.iiiing p&rim

mhibltm low phenot'/pic m4 gmotypic q^f.l.iciQnts of

T?©riation inolic^feiwj a, low 'V:^i^ili% foir t^a.ga e|:igractoria-«

H^is. ,sygg^stG that thaire i© jjot lauch iCiopa. for thsS. ispif<>vQ-

m^nti OS chai:ec:fc©rQ»- aiinilsr- r^iults obt^iR-stl „

blecOcgr^ foif pod. Itsngtli ^ Sound^'^iapaii^ian et .si. (1,9*73)

CiQud 'at -©l-!. (i9?7
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mSTsoo%bomp^a;?©®^©

&mm(6961)-^m^Jimmmvm

qikiTSpo?'•a&Jsfmm^Gi«if(086X5

i»y®i%mx)"t^%B'Sanvis>miio$o©U"^£q

-sko3©tmp-^mp&m^&2pmtiao^psA^osq©4:iTtTq^^T^^i(&TK

«fitt,&%).%»?M®^5e©Apm-Cdi^t)

pimi\£>uyii§oommwmummm^ttTss»^sibax^

.t^af0o:^,s/.op.ao^p&AS^&q^^S^mqm'V'Mm.USfit®t||.

©Siai-C?itio'iUPJiao.^iwvtiS)§ornmmt^^'V

mmmmo^mpmMTr%m^T^vLsoBsmx^Ah^th*x^mx

.&0€fpmmei-®p

:}005f•©air{3p^9tjoojf*potlo^tsK^^

po^^mm,*iis&a;e0^I^wti-gijost«

o^raki'S@nt»A^^TtT<^3^i.ir4©t|-q&tH.•(tvam:s©d,fB*l}mmturmmi%

sssdpus-{%UBt>^Gcf61*06)imaipraui

;pmmtiS6«Tttf5Uf^^Stni©s^€©litj«I.

•fsi:e«^PTA?^«f

r.t|ipueiiQi&3§B©q-|W.|-oyot®
'i

.©.torn.sirux^Bm%m^t|^-^Btiot©

^^TtTq®^T-mpw©s§B3-mmim&t}
uo«^y£iOf»-m^pns£qyeuvTS

I

€?a@fo;tic?"p%;fcs<i.

?8,

rS;

X,
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advanciS and genetic gain should also ba considered along

with the heritability values (Johnson at al.ft 1955)^

ii

csenefeic gain was found to be maximtam for yield per

plot followed by haulm yield and minimum for yield per plant,

Jiinong other characters studied medium genetic gains

were exhibited for number of leaves per plant# leaf area

index^ root spread and proline content* The other characters

Viz* plant height* number of pods per plant, pod lengthy

number of seeds per pod, hundred seed weight, seed size,

yield per plant, stomatal distribution* root length, rodt/
I

shoot ratio, days to first flowering^ days to maturity of

first pod, days to final h^vest and grain filling period

exhibited low genetic gain.

The low genetic gain expressed by yield per plant: is

in agreement with the findings of Singh and Mehndiratta '

(1969) in cov^a* hovj genetic gains observed for pod length

and number of seeds per pod are in eonformity with the '

reports of liakshmi and Goud (1977) in greengraja^ i

The high heritability coupled ^th high genetic gain

expressed by plot yield indicate^ additive gene action for

this character which envisages greater sc^pe for selection

(Panse and Sukhatme, 1957).
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tJO«c?ip;5-iif3X'--esA53SxjO'pm??i£®|?af

*(£.S6lfsa^

©siraa)L'o|t|p©t©9s^s^ObjstiDoo©ii^5,a^u^saAO-idiiif

:io5cflossS5t,f4s^i:ai|:T:t|s>p|Mwot^ob©«^>«oti'

scA^Dxpufs-mi^ilT'OSi4-©xp^x^lnCio

KpjilsBqt|!:j6iu©xP'^PUE?SuTJcc^oti^®-3Teso:^0A©p•^q^ia^x

•'•G®fS:PQBSP€)0$p©,.1f>tinq^p0ct••;^SJS'PJ30

fSq,«5,S0A,jr?t|fetijgo:^-sMp•|>OT-'XS<Jf&OTXlf'S^
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^tQUt of ^moGlatXm cSiargctars <^0;
I

i(5©^®ure^ toy ^enotypiC' ana ph^mt-YP^Q c©r2?«!.lsfeiori sc«3.:0£jicl-2nts

isa<3 iS>S9)'<r ^corrol^etionts viXl

heip it5 affecitivs progranp^js.*

GsrroiXafcion® p2?ovl<Je? b reliaMe ma^ura of «^o©tic 0ss«3pia«.

tiOB b^fsi^n dl5araGli©r0 aticl. h^ip fco dlfforentiatc^ tho vital

assocjisticms' i;iSfSt-al .isi tlrie mn irital ornssi,

(Falconer*. ,1981). li fen©tf?Xe<^e .<3f gisnotsisic ^irs'olatioft

cjiaract®lf© is aieo of' theoretical intsrdsfe,^ ht2^'ms3
I'

ifc ms? 'mim txm liTimgm^ fil^iotjeopy m frcsn dtavc-.

lop3«3nfeally 'induced j^iatitonsfeips ismtrnm cecrsisonamQ timt

eDi^aqu©n<2QS ©£ gsne ^ejtioji (st^bfeinss# 1950) .

Xm the "psra#aht seed yloid %ra3 f^imcS to tiGV© lsigfii'0i«

oant corralafeio-ns msster o£ po$:B

pa.r •h^^s3^a^s m^.d veigljt, gr^in flliliip

^riodi:. nisrffejr oi- por plant and pyolino cootcnt*;

mmtim- correlation®, 'dbmm@& -ior DShar '^lar-^ctsrs

vii^,, poa iotif^h# sii&'^r oi Si^Cii© |!©.f,poa,» pl^t lit3igbtt|, rco^-
I

lengthy. .r<^t ©p^sd, root/jslioot ratio* lssc.fi ©roQ Inde.K*

ai?3^^i.b«tiojl:i hGUla yiol.4,* ^ays to fir&t ^lov^tMng*

•dfiys fe© t^£ firsfe gipfa to firial ha^^sli:*-

o£•pom p.m 'plant shoi^s Mgli, fositi^ra cdtra--

iaMon with ©e^d yielifl shying that product.iori oS ifioro •

•ntjffiber .of p0$3 liS'^r cenditioiis contritoutes

to ^Aalc5* H^ip r€ss.ult Im comfixtted •23^ tiisi ateusiibs of
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•fttssber Qii fseed® per pod had a aeooela^

ti©n with S€jed yio3L<3 may be dm to tho @.^v0£-s©
II

of on ©^e^i filling* .m inc^^-gsa in tha nvMrnr oi

Qm^B ^er©aso %im of filling thereby
I

cing em<$. siz^j arid and ultimately th^ yiold, ;|
I,

Foci i^ngtlis also #iov?e£j lii^ negativa asaociatlon with
I

yield. Reports costsradietiiig. tJiis results prosoi^to#
'i

l52f g.srvitl'is ilBBZ} in blacicgfaiit atn.c3 in mais#*

ffegativa ss^ociation wa© ioum h&tm&n .jjlant hei^it

and laaisily i»c5ausQ -of i-&w gsnaral vigour ©£ feM

plant dy® to atrss©* Ha^vsr contar^isSi.etiiig report© wor^s '•

pregsfttea qy mm mt al. <1974) iR ao^an md Ali «na fi^iau

U982) iiJ. maiae*.
i

Boot length' an<3 spraa^l Ix&d mfativa asaeciations ^ith

^iel<S, this aswiation may als© ixi ^iue tO' t'm low

vigour of the plaiit® dm to str^cs. Hahn and stof^lla !;
(1987) di€ not £iEi4 any cori^latioii' isett.'^n root ch-«ract©t

II

md graift Sfi©l.a,. aontrarr tc? nigm^Umnt poaltivo :i

aseociation for root length Mia spr©asl was.. r^jported ,by
I'

aangwan Malii^tra <19S2). in gjresjngrara Kevitba (19S2)

in biackfraia, i'

ativa cc^jrelation was h^t\imn root/ehopt

ratio ani yield* He^ativca corralation. l>Qti!©en iroot wei#ii
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5,5. Path analysis

Psfca analysia helps to split up th^ direct siiCl

indirect effacts of various chiJijactors on ^oofl yield* Among

the eheracters studied numbsr o£ pocls per plant. t-:as found

to have tho highQSt positive airsct affect on ylelci fo?,Xot-x^d

by plant height,, days to. first floi«»ring mO. pod lQngth«.

#iil. tha other charactoro gtudied shO'#3d a nsgatlva direct

efract on yield®

UxMtibor of pods- por plant showe-d tho highest positiw

direct effect on yielclv This is in agrciaivant with tho find

ings of MiithiaSi <1976) in Mackgram, Singh Qt al^ (1977)

.and Prosannalcumciiri ana G'sorgs (1986) in graon^grsiu, Itia

direct effect of this chnraeter on sood yiold tog found

to be rnore than its correlation coofficiant* Itia corrGla«

tioo value was reduced probably due to its high nagativo

indirect offeet via plant height# sQGd aizs and days to

first flofc^ring^

Plant height also oho^,»3d jx^sitivo direct of feet on

yiold. However its corrQlation vxith se-3d yiald: Wcis nagG-"'

tivo* It was R\ainly due to t.ho high nogativ^s indiract

effect via nwr&sar of pod^ par plant. The rxjsitix'a direct

effect obsorvcid foff plant haight ie in conformity witl'i tlie

findings of Giriraj and Vi jayeiKtaaar (1974) and aocxniiti&njaran

and Rathlnan (1981) in graongram and Soundererjandian at

<19?6) in blackgrara.
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II

I

<S$yiS %p firiit fl-owar**

i.R9 md ingipitQ 0f- 0. v©ry Mgli. ^isosltivo to©Qt offset,

waa duf to i.n<airact oS nm&^'.oi

2t @si^tantiiiil i,iiai^sr©0t effect';

tlir0U§h. pod: Mngth# POBitivgi direct Bf£©ct of dixy® to

fiqi^rin§ qu fJL^ia wss ;^iJOi?tQa by GAriral vijayakwr

IR girai!:Rgr^» ,i
I

mod ateo- st^md slis^^ct sff^t iiis|site

•0t its 4si©©e:isti©B witli .eeistft ienglsh

mmrt& pmXtim ii5«lirec;t efgsset via plmt tteyg to

£4r®-t £Xmif@riil9» SKsgatlva irwiireiist efisscst^ via nii^sr '̂Of

isoda |3^r- .filsiafi*. 'Hie- hi^b, j?©fsti.ve isaeoeiiifeion witli yieW

laay ^m- to mmtivm effect thmngh pods ^or
j-flaitt*. i:

.pe?45itivQ «Siir@(Cit Mimt &$ pssd on yieli %/as i

re|>0rteti by •m-sfidapani mm R:«o (1964) in gsmn.gx:mu tiosjcsvsjr

in felaelcfram a mg&tim iii<3ii-©0fe';

'I

.sia# m€ ftuai^r o£ lesvas p^£ plant lia<a a

&mmg- ec^relatloit with yioM had riagativ© diredt

m yi€i<a, a^gat-iva. d4c®ic?fe effssefea msQ cousrit^r-.

fealanead 'by tl^ fel#i positive iHiSirQefe ©ffaotg! via liiiftboi of
aiid' dey$ tp -I'lrst flo%?@riftg Xn 'thm case oS,

l'

Blm an.<a via m&i^r of posSs per |il©nt Xn tim cm& or
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of pstx pXant:* ;

rimt/m^t ratio ncs^etiv®; 4ir©e:t ©fteet on '

Xte idltli yi@J,<a 'ii?as tb©

vaitisi' was ,$imoet ^qml to th@ v^y®. ©.€ '^rest eff <^t .in4l^.
I,

'Getiitig tiisfc tfm n^gati^^' etfmt wajs- ssiitis^ly ;cla© t0
11

tl» ii^g«t4ve eetsQen tiJie chm:mtem.A ;'
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, , stmiiRY

fh© pi^senfe investigation was' isn^rtakerj at the

Dspertment of Plent Braeding,, College of .J^grieultura,. •

Vallayani during October to Deceasber# 1988=. fvxsnty diffo-

mnt varietlasi of greangrfssi ware, evaluated for tbeir poten

tial to tolQrata «304stur6 stress, observations were made

on plant height, fitariber of leaves, per plant* number of pcK3s

par plant, pod length'# mumbar oS'.sesais per po^# hwisirad ,

seed weight# mQd sisQ». yield -per plot, of grains hauto#

yield p<5r plant, ^tomatsl distrilmti^n#. -leaf iiiaes?,, .

root length# root mpxr^Qds. root/slioot ratio# ^ays- to first

flowering# days to- matyrity o£ first p©a,. day& to £insi '

harvest* grain filling period, ana prolir^ content firm

•QacSh ©f the twenty varietiofi sttidy^ Variability,

correlation and path analysis stuMedm

'itie. variotiQs evaluated ^Mbited signific^t diffe

rence© for all the chsract^s stiidi®<a icsxcept ffear nimbar of

pods per plant* yi©lfi p©r plant and proline qontertt v^iidh'

indteated that cofisidersi^lQ arnoiait of y-ariability axistsd,

affiong th^^*

Cofisidsrable variability fcoth at tha phQnotyi>iG and

genotypie .levels .M.as ob^ervatl .for of leaves per

plant, grcdn yield per plot^. haute yielde leaf araa indox^
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root/shoot rati© en^i proMnsi content indicating- that thasf^,

eharaetera are potentially variabi©* h high envirormjntal,

ioflusnca wss disserved- m ch^aeters,: plant height# nuatoar^,

Qt poas per plai5t* yield par -plsrit aurjd ^tomatal distribu- '

tion as evidancad fron their high ph©n©tH^ic coefficient of

varietiQn md low gamt^ic coafficiant of variation# All

tha other ch^aet^s rec:or<l3d -very low -variability only* •"

Jiaritabiiity ©stimates. mm laoiaitsQ to high for- most

o£ tho characters in general# Very high heritability valua

wa$ r$c©rdai for grain filling -perioiS followed by doys to;

final harv©st md hyndrea sei@a weight* Th© yield conpon^nts

seqd. BlzB and pod length 'Bhom^ high heriti^llity isiic3r6 as

nmb^r o£ par pod shoii!?©^ it^-darat© heritebilityt Yiald

per plant £o\m<S. to hava tha minimm h©rit<?Miity in tbs

p:resent stu4y ssiMch that this €ti.eraet©r is highly •'

influenc0«a ©nvironn^nt.
'I

lferitai>ility in -conjunction with genetic atilvaiKra is

ifior© ^££^ctive, and reliable in predicting tho resultant

effect of sal^tion th^n hesritability aloifi©* The high hari-

tatoility co^pl^d -with high gsnetic ^sin recorded tjy yiqlQ

par plot indicat€!d aaditivQ gam .©otion for this charactcir

yhich envisages greater scope for selection^ Grain filling

period, days to final harvest* d®ys t© maturity of first
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pod» hundred seed weight« sead siso# root longthe dsya to

first flowsring and pod length shC2iv^<a Mgh Iserltabiiity

couplod with l€?w gonetie gain indicating non-additiva gam

actiOB. Ijear area Indess and ntirnbsr of laai/es pcjr' plant

shots?3cl KsoaoiratQ haritability in asscK:iation with moaax^ato

Qen-3tic gain whii-e pods per plant aii^ yield par plant b1iqv!Qc2

lov^ harit^ility and ger^tic gain suggastiiig |X3Qr response

to selection witfer nozraal E5ituationa»

A knovlodge of interraletionship bet%ijeor» yiold and

yieia contributing ciiarscters is vital bocauso this vould

feciXitate effective soleqtion for siraultariisou^ improv^-sjont

of one or niore of ths yield components. The intensity and

direction of association mQ^urcd by ^^enotypic and

pJKanotypiG correlation csoafficients®

The gemtyplc correlation coefficients if^^are highor

tlisn tho pl¥2not3®ic corrGlstion coafficiants indicating tlYD

masking effect of the envlrommnt in the total Osq^reselon

o£ the ganotyptiSo sead yield was found to have significant

i>ositive eorrelatiosis with oisnbsr of pods par pXeBt(, hyndE'efi

SQ^2d vralghtj, SGOd size^ grain fillihg psriod, number o£

leaves per plant and proline content® r^agetiva correlations

ware observed for pod length, nisnSx^r of SGsds per pode plant

height, leaf aree, in(±3x» root/shoot ratio and days to £.irst

£iovixsringo TIig yield ccmpononts also e;<hibit©d varyiny
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degroes of ^ssocJiation ansong tha^jgelvBs*

Xn path ^alysils mmh&r of pb^Sa por pisnfe w^s foiind

to have fea M^.0st positiva direct ©ffect on yiel<3» ^larat
'1

height* days to £i.rst flowering end pod length also

Mti2<3 positive dliroGt M£ect on grain yi<3ld^ Seed siEo ''

n«jnber ot leaves- per plgnt showed .ne^ativ© diraet offoct
,t

on- yiQlca atnd -poaitive indirect effects via nufiter of podo

per plant* Root/iJhoot ratio ejij^jbitocl nagative indircjct

effect on grain yiel^.

I

A a3snsi«^rafc)ie reauetion in vagot^tivo m w^ll as:

rssproductive p«*rfomanee was obaerved,. scsma being influericoci

raoro than tl-^ others. ' Amgng the yield coi^nonts pod longth

.and seed^ par |5od were greatly affected as nwmbar o£

pods per plants hun<ared seed weight an<3 6es3<a sis® «Qro tiot

much affected and thoy contributea signifieantly to grain'
I

yiold yni^r strees conditions <,

Trie varieties P5^-a4»139» PDM«a4-146 aiisi Pusa-lOS !•

showed high grain yiald well as high maan valuos for '

almost all the yioia contrUsuting char^tors indicating

tliair potential t© tolerate imoi^turo Btxem and suitability
'i

for cultivation in iSrought prone areas«

The study thus revaals that drought tolerant varie

ties ©£ greongreRi should have early maturity# longGr grain
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filling ^rioa, msdium and, ,l©af. c^e®, it^diSEStt more . i

numl^r of pod©- per plant ,a inoderat^ly higih seed isaigM'

««:© ©iae®
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• ABSTPJ4CT

h researcli progrsinme was carried out at tho mT.:-artr^3rjt

of Plant Breeding, College of ?igriculfcurQ^ Vellayani, durinc;

OQtobar to JSaceiPijer, 1988 with an objective o£ evaliieting

the potential for drought tolerance in graengreri through

Qcstimation of genotic vaariebility* dorrelation o£ yield

ccxBponent charaafcars and the direct and indiroct effects or

diffarent coraponaats on yield# Ti-jenty varieties o£ yreon-

gram -mre evaluated unc3er, open conditions without any irri

gation adopting a raiidoiused block design replicated thrice.

Data on twenty characters %«3ra reJGorded and subjected to

analysis or variance and covariaiices, The genotypic and

phenot^pic coefficient of variation^ heritability in the

broad sense, genetic advance and genot^iG and phoriotypie

correlations I'sjere estimated. Path analysis was conducted

with yield per plant as the effect and swen conrponsnt

characters as the cause.

Analysis of variance reveal©c3 significarst dlfferencea

aneng the varieties for plant hoight,. niariber o£ leaves per

plant, pod lengthy nmsher of seeds per pofJ# hundred seed

weight, secad size, yield per plotj, haulm yield, stomatal

cSistrib-ationo leaf area inciQXsr root lengtli, root spread,

root/shoGt ratio, days to first flowaring, days to mat'urity

of first pod, days to final harvest and grain filling pariod^



Analysis of varlenca for nm^r oi poils po# plant,, yiold

per plant end prolin^^ contant revealed no significeiit

difference araong varieties* Maxlnr«xa haritability was

recorded for grain filling periods Tk© yield corflpo»3nts»

pofi length© nijnbQr of ^sc-ds pax- ped, hxm6ted seed waiglst

and seod liizo recorded irodsrata to bigb herltabiiity aiid

gohstic gair.o Grain yield par pllmt recorcasd significant

ganot;^pie' corralations X4XUI nunsl^sir of i»cls gor

pianti hiint^ed -sQecl weights grain filling period and prolina

Gokitent« Significant negative g^notypic correlations vx^ra

racorded udth plant height, pod lengtba nwisar of seeds

pod# leaf area index and days to first flowarinoc

Path analysis revoctlod that rsisnbur o£ p©cte par plant

had tl'ia maximum direct contribution for grain yivdd fo.liOT/^cl

i;)y plant hoight, days to first £lcywG.ring and pod. lan^jth*

Root/shcxst ratio <said s©ed siza -tSKhibitod negative indirect

effect on yield. Seed eise OKortad rwsitivo indirect •affocfc

tliroiigb nurabor of poda par pXanto

The atudy thus ravaalo that in greangram eas'ly v'-air-icw

tios of msdiuffi height and loaf area i.nde» having lougor

grain filling period, iaor€5 imTibar of pofls and mpderataly

high seed siss and v,*aight ©re suitable for cultivation xmaor

raoiGtur-a strass conditionse
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