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Crop production is usually limited Ly insufficiont

_pory By ., " e % o B Frerd wm e #ahe o e e oA D e g .. g o
water at some btime or other during the grouing Soagtone.  Swern
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fall and thus woter stross commonly oocur.  In namy i

crsan 0f the world crop production without irrication is
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vary low. UFater supplios thob can 29 uead foz irrigation

-

very limited, In future irrigation wlll probably
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fego more Limdtations bicauce of corpoting usces of watar.
Thus the possibilivy of Azeling with water siress avon with

irrigation will bacane more of a Fopul i
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tion incrcase will further necessitatres the cultivation of

werginal lands with low woater holding capacity. Thus theoze

-

will undoubtedly be much nors demand in future for knowladgo
q

zbout the influencs of plont vetor ghress on Crop production.
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Srvivomment s probloms aro gonersally vesy
difficult to daal with by brecding bacausa thoir conplax
nature rogulres o wida arzay of genstic respons: mochanisns,
Tha responge of plants to drought s not well undevstood
vhyslclogically but is tho net results of savaral systaens:
incl unlnw the leaf and root cheracters which can functcion
eifficiantly dwring periods of water gstross, T prasent

study wag undertaken by considering these asgochkc,



Greengrem Vigna radiats (L) wileeek ic an important

pulse crop of India cultivated in an avea of z.ﬁé.milli@ﬁ

hectaeres with an annual production of 1.09 million tonnch

(Lals 1987). In India whore vegotarianiam is the gansral -

habit of people pulses form an important &@ur&aiﬁﬁ-pﬁmta%m-
; : |

in their dist. The crop is alsc grown as. o fodder, graen

manure and cover €rop. 4 e IR

AL praseﬂt ﬁn& natianal averaﬁﬁ yield of gr@wnaram

is as lcw as 384 k&lagrummas per %ccaara, &;th the preesnt

!)

trand cf popu&dti@n grawth, it 1& aasantiai that hmmewiaia
ateps nav% to be taken to bmast tha murr@ntly stagnant pﬁlm@
- praéueﬁian in tn& ¢euntry.

1
]
1

One of the major reasons for low yisid is the lack

of gufficient drrigation facilities, In indiaz & mojor pérm
, : j

ticn of the cultivated area is prone to long or short periods -

]

of 6reught anﬂ only vory littie facilities are availaal&‘

for irrigati@n. Thns a majmr par& of the cultivateﬂ are%,
remains under purely rainfed can&itianﬁ. ﬁﬁaﬁt from thin
’I

the praaipitstiﬁn xoceivas ﬁuxing mongsoon is inf for a
short paricﬁ and the distribution of rainfall i oft@q wﬁ
faulty that long wpells of ﬁraught ocoours in the ra,nfea’

axeaao | | | o . ‘ ﬁ
In Kcralm greongram is cultxvat@é as a raan&ud.arwy

|
without $rr1g&ti@n in the swoer rico £all&w3 after the |



first or sccind erep of paddy, as an interorop in cogonut
: ardans or as & mixed ¢rop along with teploca, banana ond
yemze In zuch a situation identification of superier crocne
grem varioties having toleranse to drought will bae a major

bregicthrough in inereesing vield,



REVIEW OF LITERATURE



elisture styoss doos not affeet all appecto of

plant gredth and development ooually. Some protoooos o

q ¢
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dighly cusCoptdbic to dncreesing wodotiure sirosg Wil

growtiy, yonpiration, rhotosynthosds, metabolin procestay
! P T Y T . S -, [ et Ge gt e Ty e, Sy e
and gueproduction. Only very limitad woriks have boun
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diticong. Hence sindizy works in npuleos and othdy clons
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Ze1s Vogsteotive porfommerkes

Huch of the litorature on crop rosponso ko Jiy
focusns on vielding ability, llowever, thore ave sovoernd
ronorts of syeaific vagetative offocte associgtod with
growth under suboptimal roisturs. Tho ganoral affoct of

drought on vagetative performanee is a roducktion in cise

<

of the particular plant part thet is dovelopins vhon T

%

plant is subjectod teo stress.  Tho major vogotatlva Commpie

nants influancoed by droucht stross includs plant haioht,

number of leavas por plent, leaf ares indow, stonatal Aigs

tribution, root characters and roob/shoot ratic.



by (hlcr ot al (1972) in Viana sinonsig and Hopuvae {1972

NS

p - —~ gy S PRI T D . , L 4 -
in tometo under suboptimal molsture conditions,

2li end Ales {1973} alse obzorvad o significont

)

raduction in plant hoeight during stress in groonarai.

Considerable reduction in plant haicht at boot stooy wao
reported by SsndBu and Horton (1977} in cats undsr waﬁex
strecs.  Eomam ot al {(1979) reported that l4miﬁeﬂ soil

molstura influences field arop perfommance by rodunding

. PRV vy S T | p
plant hoicht in soyboan.

Congidarable reduction in plant hoeldht was aloo

S

) S S ; . . i T e n e
Sosarve? dn Vigne gsubterranczs undor sovers moistun

-

AR . 2 T 2o 1. - oy o
{(Ziic and NMwandomale, 1988},

2el.2. Hunbor of lesvoes por plant

In & study conductad Dy Sosha

&r
[
3
<

it Whebe (31971) in
bariay it wes found thst plante recolving adecuate soil

water were aheud in loaf production than tho stressaed plonts

Ald and Alam {1973) reoported o reduction in thoe
numbor of loavas per plent in greengram under conditious

cf witor gtrong.



Sivakumar and Shaw (1978a) found that soyboans in
irrigated plots were supsrior to those in noneirrigated :

plots in the average size and number of léaﬁl@ts pur‘plaﬁti

Turk and Hall (1980) cbsarved that in cowpco inCroose
ing levels of drought resulied 4dn a reduction in th@‘numﬁer

of lasflets, .

Vidal (1983) reported that drought resiatart varian
ties of sojbean tenéud to loose more leavas than susccvtibla
varietiocs when undor water gtreéss but showed a small

decreass in leaf sizoe.

chuman et al (1985) reported a reduction in the
nunber of leaves and ghoot dry matter in wateryem due te%
garly stress. Talukder (1987) also observed a reduction’

in number of leaves during moisture stress in whoat,.
2.1.3, Ioaf avea

According to Kramer (1959) a small leaf areca was i
cheracteristic of reduced drought injury in erop plantg, |
Boyer (1970) reported that in corn, soybean and sunﬁioweé;
leaf enlargement was considerably irhibited by low leef |
water potentials. Reaction to drought by restricting le 3
area development has been r@garta& in sunflower by E¢karde
et al (1971).



& reduction in leaf arcs with an incresse in wvoker

-

L J LI I S . s 5 - - 3
miiclt during the vegatetive and flowering o pod £nrmn-
tion otege has boeen raportsd by Hiles et 2l (1972) 4n

soutinan neas.  Holoo (1971) cbacrved that gensitivity of

©
i,

drymutﬁaf yiald o stress was grector under oondition

low fleed aroa ind

Ali angd Alaem (L973) ovssrved significant raduction

4

in lesf srea in green gran during strosg.

~ " " e L L R oy B oy g - o
ol ares adjusthont bas boen guioestod oo oms of

the most poverivl mewns of avolding stress by Pasaiowura
{(107¢}. sccording to Thomas et al {197€) the only visual
indigation of plant adaptation undar modoture stroco waos
the redugtion of igef area as campared to the oontrol
plants.  Sivelitmar and 3haw (1978 D) gbzarwad that matae

of 1oaf srea expansion par plant over a pariod of timn had
o cloose correspondance with soil water potential in sovbaan.
Jurgens ot al (1978) found that vhen drought was inwosod

in maize, leal area began to declins. HMomom ot al {1979

raported that in soybean limited soil modsture influencad

field crop parformanca by redueing the size of assimiluting

In a study on the vator rolationsz of theco ooouo
cultivars Bavbelole (1980) observaed a high leaf aros indos

undar stress.  Turk and jlall (1980) observed that in coups



increasing levels of drought resulted in progressively
less leaf area and average leaflet area with totel leaf
area having the groctest sensitivity to dfousht. In & I
study on water relations in maize and cucumbﬁﬁ secdlings
Agoarwel and Sinha (1983) chserved that laof arca &@ﬁr@a@eﬂ'
almost linearly with 1ncrea$ing sevefity of stress. i
Vankataramana et al (1964) also reported similar rmductién

in leaf axea index in field grown sugercane under drought.

studies conducted by Singh et al (1985) in greene.

gram indicated o high leaf area index in verietics grown

in sumer as comparsd to tharife

In a study conducted by Menzel et al (1986) in |
passion fruit, leaf area per plent of the driest treatmont
was only 11.5 per cont of the ragularly watered vinas,

Talukder (1987) cbserved that in vheat molsture |
stress decreased the green leaf area index by reducing
leaves per stem, arca per leaf end by incressing thes number

|

Of wiltaﬁ leaves.

2.1 44, Stomatal distribution

Stamete plays an important role in aeciﬂing th@
plants regponge to weker doficit, according to Kramer
{1959) a reduced nunber of stomates por unit leaf area
wes an importent structural charsctaristic that reduced .

drought injury in plants,



j
Significant differencas in stametal density, apors

ture and behaviour has becn reported among varieties by |

Bebalols (1980) in a study on water relations in couwpea.

Scienza and Bosellld (1981) reported that stomatal,
freguency was lower in grapevine root ?tac 5 which ware |

drought resistant than in those which wera not.
2.1¢5, Root cheraoters '

A well developed and wide apreading rogtsystem is?
an important charscteristic that reduces drought injury 5
in plants. Kramoy (1959) suggested that superior drcugﬁt
resistance of sorghum when compared to corn was due to its
large and axtengive roat system, Studics conducted by |
Tiwari et al {1974) in wheat revealed that varieties with
great mumber, deep vertical penetration and a more h@ri-A
zontal spread of seminasl roots were drought esﬁaping anéﬂ
high vielding. Shoima and Ghildyel (1977) reported thmt
root length of whoat genotypas bocane signmflcantly aroatar
as the seil water tension incressed. The dry welight of

(
i

roots per unit root volume also increased pignificantly

with increasing soil water tension. ﬁ

Sandhu and Horteon (1977) observed that ocats plants
orowing under water stress conditions eppesred to root to

a greater depth than those under normal conditions, in |



studias conducted on the water relations of three cowpeg

verietics Babalola (1980) found that the variety ﬁawera}

maintained a high productivity even under moisture stress
conditions, bécause of its better root system ﬁevelapmené.
Raychaudhuri and Gupta {(1981) reported that a fairly d@%@
root system was charscteristic of the drought tolerant T

upland varieties of rice. Revitha (1982) observed that é

.éeep and well developsd root system will help to got é

maximum yield under moisture stress conditions in blacke:
LT &ty :

In soybean, Geray and wilholm (19833.nﬂticea maxi&um
root. pr@iiferatian in the decper wettar soil layars.'undgr
midsummer drought conditions. In general roots eppeared
to proliferate in those soil zones with lowest $mil,wat@£

tension. !

In a study on the drought response of grain legumés

Panday et al (1984b) cobscrved that psanut and cowpea hadf

graster root densities at the lower depths particularly

in the driest regime which makes thew more drought t@l@fémt
compared to mungbean and soybean which had & shallow root

system only. chuman et el {1985) reported that the greaéer

it
'
v

drought sengitivity of water yem was duc to itg shallow
root gystem. A high root waight and root length wero ?
obsarved by Koletilov and Kolotilova (1985) in Latbyrus |

gativus under conditione of moisture stress. Singh and



AL

Afria (1985) reportod that high moisture stress increased

root length in cotton,

A higher root density has been observed in the

I
il

20=60 cm soil layer in bean Phascolus vulgaris by Guimaﬁa&s

(1986).

Arjunen et al (1988) reported larger and deeper
root systems in drought tolerant varietios of groundnuts,.
2.1.6. Root/Shoot ratio ;

According to Hillien and Lemee (1956) a high root
to shoot ratic was an effective means of adaptation of
plents to drought conditions and under such conditions

the growth rate of the roots considerably execended that |

of the shoots, f;

A high root/shoot ratio wes observed in gresses by
Sosbee and Wiebe (1971) and in mung bean by Ali and Alam,

1

(1973) under stress conditions.

in a study on the rosponse of two species of rapa*
seed to drought gtress Hichards and Thurling (1978a)
obgerved that & smaller root woeight relative to the abové
Qround plant woight and & groeater tap root weight ralati§@
to lateral root weight was agsotiated with higher vield in

both species, ]

"



studies baged on the aff fact of wateyr stroess on throo
covpaa varicties Dabalola {1960) roported that the varichy
showing movimum drought tolerancs had thoe highest o :/vhvw

ratlo as compared to the othor varieties,

agmarwal and Sinha (1993) observed that in malzo
3
ard cucumber seedlings, a8 water potential declined rootso

gainad woight vhereas leaves lost weicht rosulting in o

high root to ghoot ratio.

randey et al (1984h) reported o shoeot waichi roluce
tion of 78 por cont in mungblan, 52 per cont in coyboon,
60 por esnt in cowpea and 37 por cont in peanut undoxn

conditions of drought.

W
oy
(28]
t,:}
4%
phy}

Thang and tan 353 obgarved significent
renees bhetween verleties of soybzan under droucht otyoos

in root dry wolght, shoot dry weicght and yoot/shoct ratio.

sehuize (1986) also suggosted that water shortans
gignificantly affactad exteonsion growth and root/shootb

ratio on a whole plant lovel.

in pesgionfruit Monzel et al {(1986) roporiad thot

water stress ineressed the proportion of plont dry moatter

t
}...l
o
L
e
€3
£
;‘1

translocatad Lo the roots as comparad to fhx

-

stensg thus maintaining g nigh root/shoct ratio.

-



Andunen ot 8l {198%) al=o raported ineroraod

Y 03 " PRES NI E 2 s 2 - &
root/ahont ratio in groundnut grown under molsturs 56

.
condivions.

262,30 Yicld end yvield coupornonts
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Slosdi (1968 reportad thet drought during the

- R
% 'y B Lo
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Leal dovelopmant 4n s PLANY WOOAr DOWMUIST TLLL 1T

mamher, cdrouvght during the parlod of spikelst Zormation

N @ study on the effect of molsture strese on whaot

Dy ans Inkolop {1970) found that strass during jointinn

. - am? -
agbagn rosultaed in

i g P R T S s g oo vy £ T R | P e o T B R = T L TP .-
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SEdoet of soll modsturs stomasg on dhe visld ol

» o v

we e & e e g da g o (2 1 413 e Prrges 47 . T o e oy P 4 ] yrny e
vy of wnoat wes studdad by Ley and Sanmore (10710 and

e

< al

£ aat 1 o ey e g g o A spein, 2 iy g e g o Ty, i ] S &£ gy - o by Ty,
found that moldsilrs strass at the jointing stego
o)

the flour yiold Lut increased the flour protedn,

ey

=" ‘ * b Sl SRR e Ty as e Yo BRI n, e gt
b oal (19793 chotrwed thal Lo SCupie

PR
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duz to the development of small seeds, fow seeds per pod

and fow pods per plant.

Jurgens et al {1978} observed a 42 per cent redum~
tion in the yield of maize unﬁer stre & over their control
glantﬁ. Grain fillin@ wags seriously offected and it was

reepenslble for the reduction in yisld,

ln a gstudy on the offcet of m@isture Stradﬂ in
Brassics napus Richerds and Thurling (1978b) cbserved a |
significent reduction in the vield conponents - pods per

plant, pods per main branch and secds per pod.

Soybean cultivars ware reported to be highly
flemible with respect to yicld components and moisture
stress vy Homem et al (1979). Moisture stress severely
affeccted the size end numbar of potential storags sites

for produced drymatter resulting in low vield.

mnons et al (1980/81) reported that drought t@lmm

{”‘

rant.soyhaan cultivars wore characterised by a stable grain
yield even under stress. Moisture stress had & signifi»{
cant influence on the yield components - seeds per plant;
pods per plant and seed yvield, But no significant wf foct
was obeerved on number of seods per pod and hundred sead‘
weight,

In a study with three cowpea cultivars significant

reduction in yield {34-46 por cent) was observed by Babslola



(1980). Hoximun vield reduction was obsorvad whion ostroso

was imposced at flowsring or podding gtaga.

Turk ot al (1980) roportoed that drought imposad at
tha floworing and pod £41ling stages in cowpoas cultivars
substanticlly roduced the yield mainly through low pod

danslty and smeller soeeds.

Pagistant varistios @f soyocan wore roported to havs
faow pods while maintaining the number of geads por npod and

thousand secd waight (Videl, 1981).

Shouso ot al (1981) concluded that in cowpen tha
mora sensitive growth etagos to drought wore flowaring and
pod £illing with vield reduction fran 35 to 69 por cont
deponding on tho timing and longth of the droughi tiolie

Nt

Studias conducted by Bdryukov and Lyachok (1983} in
vheat rovealed that selection on thoe basis of groin nuyew
per sar rether than on thousand grain waight would e moro

roliable in selecting drought resistant gonotypos.

Meyshebouri (1923) reported thet in soybean ot
drop and roeduced gecd woight Were rusponsibla for o reduced

yield undor molsture stress.

Bolsturo gtress durdng the late reproductive otogd

A

ragulted in cionificent difforencos in hundead seed wodghb,

-’



poreentage of ampty pods and shoelling por eont in soybhoan

{2hmed, 1994).

G
i

LEfact of moisturs gtrass on four graln logunss

studdad by Pandey et 2l {1984a) showad a reduction in suod
vield in 811 the four legumss. Among the yield companonto
nunixer of podg yer‘mg was most affected by water stroso in
all four spociles, followed by nunbor of geads por pod i

goed waight wes least affectod,

tudird and Henderson (1985) noticed in tomato a hdon
influonce of drought on major yield componento such as Slovos
initlaticon, number of flowars and frults per brane: and

fruit sat.

In & gtudy on safflower, Heyashi end Hanada (1585
obscervad that the nunbor of secds and seed dry weicht por
plant were consideresbly decreased by goil water doficis
vheraas tha numbar of florots, porcontage of ripanzd scods
and sced dryweight par hoad wore not affected, The docroouo
in sced yvicld was mainly due to g reduction in rho nwbor

of heads par plant,.

Fereros ot al (1986) renorted in sunflowor o sodueod
secd vield under medstaro stroesg. In oroundnut molaotuss
stregss at flowering degroascd the total numbar of —ods pow

2 . . e . . TN
m” and increasgaed tho nmundcaed kernel weicht (Pco ot al, 1980).



Potluri et al (19686) obsarvad an incroace in grain
and haulm yiceld with an incroass in molsture stresg Untod
50 par cont deplotion, but with 75 por cent deplotion cone
siderable reduction in grain yicld and heulm yield were

observaed in bladk gram.

& poor seed filling and a reduced ssed weight wore
obgaervaed by Planchon et al (1986) in soybean undor water

gtruogs conditions.

Sivakumar and Sdngh {(1987) reported that in ohickpon,
severs water straess rosulted in a reduced dvymatier, aoond

viald and seed weight.

-
P

rccording to - Talukder (19207) moisturo striopp st
'any stago of crop growth and Jdevolopment in whoat, reduced
the grain and straw yilelds but the rate of decrcase depended
on the dogrse and duration of stress and the stage of <rop
growth., leduction in grain yicld under continuous droucht
wag mainly duc to a decrease in the car per undt axrees and

Qrains per aur,

220”2, Darlinass

8 in thoe environmental conditions during

cdue to differance
difforont growth and developmant stages of vorictiocs Soionce

&

ing to different flowaring classcs and not due to ony ganotdo
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difforence in thelr copacity to endure wilting, Often thoe
vardetics having same flowaring duration do not show cigni-

ficent difforences in resnonse to drought.
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Strepsing whoaot plants at the jointing stagn resuliad
in fowar Gavs from planting to flowering as repovied by

Day and Intalap (1570).

Bluwn (1979} cobserved thet 2arly gorghun gonotynes
not only escaped dyought but also avodded it becauso of

reduced transpiration domand as a rogult of decrcagad

Similer sgsults were aloo vaported by Ras at ol

s Y

{1979} din sorghum. In the Indian peninsuler, tho renlsos=
ment of traditional 130-180 dey sorghum with ocowly hyboldn
and verietles of 100110 days duration, which motured
bofore the rains ond or bafora goll molisture dopleted has

rapulted in a ramorkable increase in sordhun production,

Howavsr, Sammens ot al {(1980/81) obazrvad that thors

wzs No consistent relationship botwesn maturity croup ond

cultivar rosponae to molsturae gtress in soyblan.



o U

. In experiments with cowpee Turk and Hall (1980)
‘observed that ecearliness determined by the dry wedght of
pods st the end of flowering, incresged with moderate '
drought and decreased with more severe droughts Turk ok al
{1980} reported that'atreagaﬁ'?ianta of cowpda ﬁaﬁéra@ ton

days earlier than tho well watered controlse

| Hall and Grantz (1981) suggested that carlinoss was
a cemplex phencmenon aspecislly in indeternminste crops and
hence its ewploitation as 2 character for im?rﬁving drought
resistance was very limited, However carly f£loworing has
bean considered as @ desirable character in many breeding
programmes. In Cowped they suggested that selection aﬁ\
plants having mature pods early in the seapon <an be an

cffective method for improving drought rasistance,

In a study on the regponse of four grain logumes to
water stross, Lawn (1962) noticed that blackoram, greeﬁg&am
and cowpea responced to stress through fastor dovelopmant
- particularly in the flowering to maturity phass whoreas
soybean showed no guch developmontal adjustmant.

Days to anthesis was found to be an important indi-
cator of drought resistance dn sorghum by 0'Neill ot al
{1983},

- Rittook et al {1983) raoported speeded boll opening

in cotton undsr conditlons of stress: Bolls of strassed’



plants opened on an average of 17 days earlier than bolls

of unstressed cotton plants.

Greenmhouse and field expeuriments conducted by
vudird and Henderson (19835) in tomatoes showed an earlier
flowering in wmoderately stressed plants as compared to

nonstregsad plantse

hocording to Pinhedire et al (198%) days to flowaring
was an important factor deciding vield in rice under stress
conditions,

Mahalakshmi and Bidingér (1985) reported that flowsr
initiation was unaffected by water stress in early maturing
genotypes of bajras, whereas in late maturing tvpes flower—

ing occurred only aftor the plants were released from Stress.

-ﬂli et al (1986) cbserved that earliness had a
direct $élaﬁionship with productivity under drought condis

tions in pearl millet,

Sivekumar and Singh (1987) reported that the early
maturing chickpea cultivar showad an yield advantage over

the cuitivar with medium maturity at all irrigation levels.

Cmara (1987) reported that the response of the carly
selections of barley to drought stressed'$aﬂﬂy 501l treate

ments wag characterised by a ten days reduction in time to



22
flowering, Horeover the carly selocticng vhich rocoversd
front ¢ deought poviod imposed at tillering, flewwring or
grain £illing raaﬁh@d'maturitw earlizr bubt with oignifie

cant dncroase in numbor of cars per plant end grain yield
por piant over the control.  Such developmental plagticity
miohit G2 o reflection of the adaptation reacticon of tho

anotypaes Lo dry snviroment.

£
4]
Fat
1
enﬂ
4
(4'\

2e2e3e Grain £illing peviod

wois naturation

vhen drought is impoged afier antt

-

and loef sencsconco is hagtoned, thero by roducing the

length of £illing poriod. Since mest of tho £411ling notse

rial for grain production arc synthesised during this poriod

o

shortening of this poricd will have an adverse offoct on

the yiald {(rsene et al, 1848). Varietiocs vhich can maine

b

tain longor £illing pordeds under drought conditions oaguld
wf &

s, T ey v e 8 B S e gmin e x o e Yal WX I
therciore D¢ advantaglous undar such stress conditilons.

Hackel ot al (1934) reported that in sovbesn tho
sead £illing period was shirtened by govere strass showing
more sansitivity o modsture stress than thoe sead growth

ratae.

Balationghip batwoeen high rete and short duration of

grainfiliing and drought tolorancs was enphasiged Dy Druch

(1986} in whoat.



studics condustod by Planchon et al (19205) in
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tmara (1987) reparted that in borlaey the sondy poil
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formanes under the favourable clay soll conditliens.

2ylafe Proling contont
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proline accunulation occurs umg
conditions in plents to roduce the adwerse wifoot of drvoucht
on plant metabolisms It eots as & storoge form Jou the
othorwise injurious amwonis relzesed duing protoin brooh-

down and incresse the bound weter lo the calls due to tha

2

hygroscuplc natura,

palfi (1962) reported that proling contoent incroesod
upto toen £014 in madze and upto 100 fold in sunflower, poag

and tobatoo under conditions of drought.

Pzlfi end Juhaoz {1971 obsarved that in nlanto of
tobaces, sunflower and potatoes, with optimun weker supplios

only traces of prolins were presont but during water stroeoss



!
the levels of this anincacid incressed rapidly particularly

in the drought rasistant plants. i

In sorghum and soyb2an, Waldren and Taare (1974) ;
found that free proline did not accumulate markodly in |
either species until each was severely stressed, showing
that it was not a sensitive indiecstor, Accumulation g
ocourred at lower stress in sovbean than in smrghum-sh@w+
ing that soyboan was less tmiérant to drought as‘campareé

to sorghum, i

In a study conductad by Mehkrl et al (1977) in

groundnut it was found that drought condition was agsO- }
‘cisted with an increase in the free prolineg aecumulaﬁienL
The variety highly tolerant to drought showed maximum &
proline gpeccumulation showing that accunulation of‘gr@lin%

during stress was an indication of drought tolerance.

Parameswara and ¥rishnasastry (1980) observed that
in sorghum, the magnitude of proline accumulation was high

when stress was induced at initial vegetative phase and |

dedrcasaed at other stageg,

Zimora and #Me Michael (1981) reported freo yrmlin%

accumulation during stress in cotton, But Carg ot al

(1981) suggested that chonges in free proline content |
carmot be correlated with drought resistanco asg m@aaureﬁf

by yvield in bajra.
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and folotilova (19853,

Undar rainfod conditions grein ywicld per plont was
cignificantly and positdwvely correlated with spikes pog

plant and hundrod grain weight in wheat. Poth cosfiicleont
analyeds reveeled thet spikes por plant, hundeed gooin
waight and plant hedght made tho nost dnportant conbiilue

tion to grain yiold por plant {(Bhullar st al, 1988).

Thrahin ot al {10986) reported significant positive
gorralation of grain yield with cgrain number por hoad,
grain sige and nunber of leavas on the main stom in paard

millet,

n rico 2dillo ot al {1960} chaorved that vioeld wan

b4

poaitively copreleted with days to flowering suggooting
gtrong seleoction prossure for modiun maturing gonotyors oF

rioe for drought prone onviroment.

Basad on tho root merphological characteristicn of
field grown cowpaa, Hahn and Stoflella (1987} proposed that
sead yleld was not ¢orrolatad strongly with any of tho roch

ralated variablos.

seudion conductad by Sharma (1988) in madeze indicated
positive correlation of harvest indox, plant holght, oob
placement hoight, leaf area por plant, cob lopgth and graino

-

por cob with grain yield per plont. Path anclysis rovoalod
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that large dirsct contyibution to grain yiold was mode by
proling content, harvest index, S00 grain weight, <ob

length, plant hoicht and leaf area per plant.



MATERIALS AND METHODS



PIATORINLG AND MTHIoDs

Tho pretont Anvestigotion wes undortaiien in thoe
Doprrinment ©f Plant Dreeding, Collogs of agricultura,

Vellayend, lorals Agricultural Undveorsity during 0otobore

3

Twenty varicties of groongram obtsined from tho
Ragional Agricultural Rescaorch Station, Pattambl, woroe usnd

for the atudy.
Varichtios warog

1o I = 2 11l PlMeidwl 46

2. Cleed 120 LGGad?
Js COwd 13. Pusa=ii
4, Pusa Daisaihi 14 Puga-104
5. Pusc=-101 15, MIG=T70
Ge Punae=io3 1. MB=332

Te Dugawil9 17+ PULjmfide] 30

S PUSz=117 18. BECWLAG
BRI 19, PS4

10 PusSa=}O2 20e OULwd
2,2, Methods

A £icld ovpordnent was ledd out durdng corly rebid



seapgon, 1988 adopting a Randomised Block resign with three

replications. In each plot ef & m2

srea the seeds wera
sown at a spacing of 25 x 15 <m, The verieties were aves
luated under open conditions without any drridgation. Th?
cultural and menagemant prectices ware followed as per the
package of prectices rocommendations of the Keﬁéla.agri—?

cultural University (dnon., 1988},

Ten plants were selected at random from eachp&ctf
for recording the follawing cbservationsg,
1. Plant hoight ;

Plant height was measured from the ground level o
the tip of the main stem in centimstres at the time of
harvest and the mean height recorded.

2. Number of leaves por plant

The nunber of leaves per plant were counted at

50 par cent £lowering stage and the mean velue recordad. '

3, Numbor of pods por plant

Pods ware harvested at maturity from each plant
separately and the mean recorded,
4. lLength of the pod

Ten pods wore selected randomly from the obsorva-
ticnal plgnts and the mean length of pods rucorded in

cantimetres,
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Se A OFf seads par pod

Huwiber of seeds In cach randomly solocted vt i
t"]h- \,).)&«-..q. Vui‘.;.@'{lmi. plaﬂﬁ's‘j NQI‘Q C‘Qdﬁ‘t i 1) Eif}k— ﬁ(}v QIXVK.-H, d'u“:; :gm&;}\:’
of ovds rocoodad,

Go

undred seed weight

(‘A"*év

andon sample of hundred well developad
colloctad fr

oo Was
ach observationsl plant and tho weight
racordad in gramns.

7. Seed size

The seads uged for talking hundred seed weicht woere
Bub jected to water displacanen

and thae mean voluwne rocopd
3
in om”.

8. ¥Yiold per plant

“he total secd yield fronm cach obsayvationael plont
was e

ordad and the mesn worked out in GraEm,

9, Yield par plot
e total grain yvield from
in gram

ach plot was recorded

the total hauln yiold from esch plot wes rocorded
in grem,.
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was goeicctoed

idarmal layers v 1 Fim
= laal and the totota

calculatod uging thoe following formulao

vdlliam  (1946) at 30 per cunt flowering

tha nlon:

£
cround araas cooupicd (gpacingl.

iloaf aveos was

calculated using the

sumar at al (1270).
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13. Root length
The plants were uprocted carefully after tho last!

harvest and root length measured from collar to the tip éﬁ
the taproot in centimetros. L

!

14, Root spread

Root spreed was studied by plotting the dried spedie-
man on @ graph peper. The spresd was measurod in ¢entim;
metres by counting the gcolums ab the broadest paxrt of thg
root. Columns which were lcss than half were rejected an?

more than half wore counted as ond. !
15, Root/shoot ratio

The root and ghoot portions of the cbservational
plants were oven dried at €0°C for 24 hours and the dry
waights recordad, The ratio of xoot dry welght to shoot ﬂ
dry waight was'then recorded for the obsarvational @lantsi

and the mesn valus worked ouk.

16. Days to firet flowering : ;
The number of deys taeken from the date of sowing to

the opening of the first flower was recorded.



b s . ~ End i . oty Ty
170 avo o meLurity of firgt pad

S mnenibor of deve taken from tha dete of soudos

Lo the motyrdbty of first pod in oach plot was ocorded.
Chympes ES U S -
1he oys to Jinai Bhaovout

The number of days taien from tho deate of oowing (o

the £inol hoovast was rocondasd.
19. Grain £i1ling porioed

Tha numbor of days tekan from the oponing of a

flower to the maturity of the pod was rocorded as the grain

T3 . - W : g 3 Y lem e "2 - Fui wra
Pully expandod gecond loaf from top was aollocitod

o ey R R ety e 3 - . g ~ ¥ [ PR TS - .., - - I - ~ o
ary o AN }l.'_..’?'d LT t’:ﬁfiﬁ ‘LSS&L,Q’.’..LGLL 1-):3’ t}‘,@ mﬁ?tg K 1A SUf{?ﬁ-%*}GtC}\,g

is

by . ~ - 4 [ ma &L R 0 Y] I RN Rt
A ouantity of 0,35 g of the dried plont cannls wag

o

Lad

homogendoed in 10 81 of 3 par cont asgucous sulfossiicylic
acid and the honogenate filtered through o vhatman numbow
two filter papors o ml of thoe filtrate was raactod wilih

2 ml acid ninhydrin {(aedd nin=hydrin was propared DY Ui

ng 1025 g ninhydrin dn 30 ml glacisl accotic acid and 50 md

o~

$de

G phosphorie acld with agitstion until ddssolwed) and 2 ol
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ST e eyt o semayte i} em e 2, S T -
ol olooiol antds oeid In a (ost tube £or one hous at

e o

gﬂ
e
i

0
b
(]
!

4]
T
r.f-
0
ot
('{‘

L e e N LT T 4 T P T Y d  rewd oy o gy
ireure s Ghon axbrectasd with & mi toluons ond o]

vigurously with a test tubo sgtirrer for 15-20 scoonds,

chrancshore containing toluens was then warmed €O oy

[ S R ) - % g " a
perzture and the sboorbance read at 520

for a blami, The proline coneontra bion was thon Joheend

from a standard curve and calculated on a drv walcht bas

as folloms.

( mo prolinz/ad = al tolusne) (ﬂ,'mﬂ = My prollnt/g

. ” L4 . g 1 [ LN - Y
srvadinatad An an Ace Dath,  Tho poooti

i

i

Tt

p"iv: sVemgy e g "";-.‘,1,%1 L ""1
O ary weicht maburiai

21i. Boil moisture pareentagoe

soil samplas wore collectod from cach plot an

a ) e P =] S . -y B ey ey . - ds T e
intervals and the nedstars porcontogo workaoed out Ly e

gravirietric method.
3.2.1. dtatistical analysis

-

The data Solloctad wore tabulzted and the moean v

warae oubjected to statistical analysis.

3.2.1.3, Anelysic of varisnce and covariandoe

T O ations rocord,d with oot 0 Gadh

charactaer ware subjected to snalvaic of varlense ond

eovariance on given in Teble 1 (Fanee and Sultetma, 105

valis

7 } *

R einl

;..f

3



wonda e chnclyels of verlancyfoovarianc:

R T o # . L4
LOUECR Rerece of fecn gun of
AP, DU e N
Lroedom HORATEE
o o s -
Sloi el ) MET P13
AT v ey vy N L T anid g e *
Trashnants (vl ) LISV diaseat

arrow : {vel} {r=i) MEi MERD

MG s numbaer of replications

Vo= iy of treatments
3.2.1.2. Variance
Comporents of varlance for each tharactor were worked
cut following thae procedurce of Johnpon et al (1955).
Gonotyplc varianoe

sasaen £y
BT ew MG

- id4

.y -

&

whnotyple variance

&
;.;
[
<
W
4
&

3

HYT = Uesan sum Qf gcuaras for treatuomt
UG = Mean sun Gf scuares for arrov

Jumber of raplications

¥
4

Smwvdironmaental varlancoe

T om MBS
whare Ve o= IDnvironmental vardsnoo

M3E = Mean sum of gsousras for eiror



o verianca

St phenotypie an
tion wera galculated as suguegted by B

-

biad

SOV ) b RS S
pCv = up 00
meean

wfers Voo o= Phenotypic varianco

Genotyric coefficient of varistion

oV =

)

whare Vg = Genotyple varlsnik

£

genotyplc oz

2.2.1.4, Heritapility and Genetic advanca

Horitabhildity in broad sonso {anson ¢t al, 19358}

whure HY = Herltabllity coefficlont

Vg o= Saenotyplc variance

Vo o= Phenotynid variancoe

A

¥

urton {1952).

Thanotynle cozfficient of vardation (B0V)

ciants of varipe
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are (E0) under saloction

Jonragon ot al, 1958)
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Rt o

oanetic advancoe

Haritability the oread sange

Phenotypdce variance

ection diffsrontial imooh

davioation

R E
Refohudh Lo

o Gn‘-« ar‘w

in laroae
vamples (Millor ob al, 1958 and rllezrd, 1960)

Gonaral noan
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covariance
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Comotyelo coveriancoe

of product for traatment

product Lo arIor
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Envirommontal covariancs

T
R P . - . o 3 - " 3 ",
WU = Bpwdrormental oovardancs
SLEFG = Mean sun of producet for error

Phanotvic covariancoe ' ‘

Cove = Covg 4 CoVe
Covp = FPhenotyple covariance
CoVg = Cenotypic covariance

Covke = Brror (mviroz’zmental »r::-wvariancza)

senotypic corrolation coefficlents {(Al-jibouri ot al,
1953}

whierae Yg = Jdenotyple correlation cosfficient
[ L = N
Cuisy o =  Genoctypic eovarionce of traits 1 and 2
Vg = Genotypic varionce of trait 1
= Gonotypic variance of trait 2

.

Bnviyonaenbal oorrelation coefficiaent




Q0

Do =
CoVL, o s Enviromontal covardance of tralts 1oand 2
Wby La
= Savironmantal variance of ¢trait i
TS 3 N s . e, e -} g e . o e -
= onvircpnontal vardlance of fwelt 2
% P
corpelation cogfliciant
-
4
- . o 4 % ty g Py LA X e~
whers mr = Phonotypic correlation coofficiant
e P .
'wp1¢ =  Phonotypic covariance of trait 1 and 2
ey
., gy g . . : ”~ -
Ve, = DPhonotyple vordanct of crait }

Vi, 2 Phanotypic varience of trait 2

oty anelysic et genotyvole luvel was coarriad out

lengtih, root/shoot retio and days to fivgt flowering as

causes and the yvield par plant as thoe affoct.

g

tho abova

hes )

The genotyple corvreletion coefficients ©

C’(l

component Chavacters with yield per plent were partitioned
into dirmect and indirect effects as per the methodology of

Dewey and Lu (1959).
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RESULTS



ASSULTE

The experimentsl deto rocordoed wore sudiooted o

statistical anelysis and tho rogulis prosentod,

d.1. Variobility ehalyeils

Loy o y g o 2 s A £ SRR PR T NP S AR QPSSO N I B o B

STeble 2, ALYl tho veristicos exhibitod signiflicant QAT
e P £2 o g R L Ty - gadelim e £ IR
TeNLs Lo angrotars ~$ peichit, nunbar of lasvosn L

v o .

plant, pod longth, nanoer Gf_w)tda por pod, hunered soeod

wolght, swad siza, yield por plot, heulm yvield, stonotol

Wistribution, leaf arcae indaex, zoot length, root sprasd,

root/shoot retic, days to first Slowaring, dovs to mabowity

of first pod, days to final harvest ond grain £illing
pericd.  Significent dificrencos werc not observed fow
charectars, number of pods por plant, yvield ver plant o3

proling content

The mean parformancs: of the 20 vardleties iv rogooect
of yield end other ancillery charecters sxe fuwrnichad ia

Tawls 3.

The highest mean valuwe Loy yield per plant wao

7 e

roecordsd Dy Pe54-146 (4,82 ) followed Ly Pusa-ldd {4.02



anelysis of varianoe for 20 charoctors

Sl

~igan sum of sgudsros

Cheracters . e el .
Noe ergelers Replicetion  Troathents v w wakun
4 ‘ A€ = 2 af = 19 4 = 38

1. Plant height 1192.04 O92.54 42,38 DL.ile

2. Numboyr of loaves " e , : :
' = 3 SRR
mr E)l‘ant € ® 6&3 7 06}. e 1 i 3 PROR AL

o ! £ pods : e N

3o Humbor of pods 56,02 9,53 5460 1,77

Ge

Se

12
13.
1z,
15,
18,

17.

per plant
Pod length . D06

Munbor of sceds
par pod

Hundrod sced
waight

Seed glaze
Yield par plant
¥ield por plot

Q.01
0. 0001
5452

23238.25

027
0098
D15
0,06
9.68

14392,90

Haulm yield 109050000 £05602: 50
Stamatal dig- 1.93 28,89

tribution

Lweaf arce indewm 1.04
Root longth 029
Noot sproed 12.75
Root//shicot ratic G.0005
T - £ 4 9ozl -

Bays to First 16,20

£lowering
Rays to maturity
of first wpoa

Days to f£inal
harvest

Grain £illing
oricd

Frolineg contont

1.06

1.27

3.02
328006100

G 5P
Gel2
TeE3
2. 0007
16,24
20.84¢

27.98

401

88095 ° lﬂ

G54
20679.14

o .
266859,80

.92
G.27
1,02

-y g o T LTy
‘;w?:"lu o TR A

1.9

5 por cent lovel
*% Significant at 1 por cont lovel



tabi= 2. "lHedlvalues oxr tne Characters observed

in twenty varieties.

Stomatal

sl. o 'Plgnt ‘No. of No. of  pod 'No. of 'Hundred 'Seed field per :Yield per' Haulm
No. Varieties height leaves pods»per length seeds seed size plant plot . yield distribu-
(cm) per plant; (cm). per pod weight 3 - (q) (g) (g) . tion
' - plant .. 1 o _ (g) cm R . R ,
1 2 3 a4 5 6 7 8 9 10" 11
1. KM=2 35.53 10.87 10.60 7.27 11.47 3.33 2.80 4.03 36.00 413.03 25.75
2. Co=3 34.76 8.97 12.10 6.92 12.70 3.21 2.72 4.08 43.00 922.71 25.25
3. Co-4 48.43 11.59 10.43 7.70 12.27 3.38 3.01 3.55 10.83 1473.50 '26.75
4. Pusa Baisakhi 29.77 7.87 10.33 7.30 11.77 3.36 2.65 3.77 35.00 446.88 28.57
5. Pusa-101 37.13 7.83 10.33 7.15 12.40 3.34 -2.71 4.15 - 48.00 484 .54 19.67
6. Pusa-103 42.03 8.43 13.77 6.90 11.50 3.61 2.83 4.62 138.33 847.23 27.42
7. Pusa-119 37.47 6.23 8.30 6.94 11.30 3.51 2.71 3.03 106.00 384.72 30.58
8. Pusa-117 44,43 7.60. 10.97 7.04 12.20 3.45 2.63 4.02 285.00 1643.€5 24.60
9. ML-131 33.53 6.43 10.50 6.86 11.40 3.33 2.83 3.57 140.33 1172.15 19.30
-10. Pusa-102 38.73 7.20 9.80 6.71 11.43 3.07 2.65 3.65 158.33 1332.56 24.33
11. PDM-84-146 38.33 8.43 14.93 6.64 10.97 3.35 2.80 4.82 157.87 1203.15 25.13
12. LGG-407 37.73 6.33 9.87 6.70 11.67 3.25 2.61 " 3.63 179.00 2400.20 22.80
13. Pusa-il8 45.03 6.07 8.80 7.14 12.47 3.10 2.28 3.10 143.67 1075.34 22.25
14, Pusa-104 50.37 7.60 9.30 6.88 12.30 2.89 2.60 3.38 200.33 1826.37 25.23 )
15. RMG-70 38.40 7.23 11.73 7.38 11.43 3.34 2.68 4.12 128.33 504.69 20.82
16. ML-322 41.10 6.97 11.50 6.87 11.13 3.10 2.60 3.85 213.33 1443.59 22.95,"
17. PDM-84-139 30.07 9:10 13.83 6.52 10.87 3.84 2.67 4.35 131.00 509.35 21.70
18. RMG-146 32.33 5.40 9.47 6.77 10.97 3.45 2.85 3.45 99.33 599.05 19.12
19. PDM-54 35.00 6.13 12.63 6.49 10.93 3.75 2.76 3.95 170.67 1136.94 23.52
éO. OUM-6 38.13 6.53 8.70 6.93 11.37 3.22 2.60 3.23 88.00 1430.34 21.57
General Mean 38.41 7.64 10.90 16.96 11.63 3.35 2.70 3.82 125.61 907.90 23.87
CD 10.76 2.43 NS 0.39 0.88 0.18 0.10 N.s 85.59 854.20 -4.94

s
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‘Root’

' Days to

Days to.. 'Days to

Grain

Proline

. fﬁeéf . fﬁéoi'{ '
Varieties - . Area length spread Shoot first maturity final filling content
Index . (cm) (cm) ratio flower- of first  harvest period ( pg/gdw)
. ing pod (days)
12 13 14 15 16 17 18 19 20
KM=2 2.26 15.02 12.62 0.101 37.67 57.00 60.70 18.50 561.63
Co=3 1.82 14.69 12.37 0.074 37.33 55.30 60,00 17.47 750.47
Co-4 3.09 20.03 17.92 0.107 44,33 66.00 74.70 17.73 579.05
Pusa Béisakhi 1.81 13.63 11.95 0.119 37.67 57.70 60.00 17.07 438,64
Pusa~-101 1.41 14.34 11.90 0.067 37.67 57.30 62.00 16.60 857.59
Pusa-103 1.72 - 15.53 11.05 0.094 36.33 55.00 61.00 18.00 328.16
Pusa-119 1.43 13.04 10.37 0.124 37.33 57.00 61.00 17.93 625.85
Pusa-117 1.30 14.37 11.80 0.103 36.33 56.00 60.70 18.77 439,19
ML-131 l.ia 14.89 11.15 0.100 37.67 57.70 62.70 17.63 385.31
Pusa-102 1.42 14.84 10.65 0.105 . 37.67 56.70 62.70 17.40 717.27
PDM-84-146 1.5i .14700 11.61 0.094 36.00 55.70 61.30 19.80 1950.88
LGG-407 1.52 15.17" 11.72 0.108 37.67 57.70 62.00 18.23  .”’506.12
Pusa-118 1.37 i5.18 11.59 0.106 36.67 _54.QO 62.70 18.10 619.32
Pusa-104 1.72 14.93 11.57 0.126 34.33 54.70 62.70 19.07 426.12
RMG~70 1.70 14.35 11.75 0.132 37.09 54.70 61.00 18.03 568.08
ML-322 1.45 13.64 11.69 0.103 35.33 55.70 62.00 19.20 434,83
PDM-84-139 1.72 13.91 10.74 0.115 34.67 58.70 61.30 21.°90 610.61
RMG-146 1.09 13.57 10.11 0.097 - 41.67 58.70 61.70 17.33 439.19
DDM-54 1.26 .. 13.61 - 10.65 0.089 34.33 53.30 62.00 18.90 551.84
OUM-6 1.22 14.46 12.14 0.089 38.33 56.30 61.70 17.80 611.15
ieral Mean 1.60 14.66 11.77 0.103 37.30 '56.75 62.18 18.27 575;07
cp 0.85 1.67 1.42 0.029 2.76 2.23. 1.67 0.60 A.S
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The mean velue for plant heisht varioed Srom S0.37 an

in Pusa~104 to 29.77 ¢n in Puss Baissihi.  Varlotios CiCamdl )

- s e S
U Pusa=ll7, Puss-l03 and ML327 worse on o wd e

v

The mean values for numbor of leoasves per plont woo

fdg1n hig}‘}&,‘"‘* in Cowd (lla 9) fO.a..l!O'L.\.;‘\} :3}” Wl 2 {1@3,8?}. N

-t o

A . £ - : (% A <P ‘2 3
two veriaetics were on par. The lowest mosn velus Sor ihio

character was roegorded by BMC-146 (5.40).

The highest meon valus for numbar of pods wur mlant
was recordad by riie0de-146 {14,931 followad by D ledde? 35

(13.33) and Pusa=103 (13.77) and the lowest moan valus oy

Fuce=119 {4.30) eventhouch thore wes no significent

rence among the voriotico.

The variety L@—& had the hichest moon valun Jox
length of pods (7.70 am) followsd by RUIG=T70 (7,33 on) zad

the lowest velus wan recorded for Phit=54 (6.49 omd) folicoaed

Dy FiMegdel30 (6,52 om}. HG=70 was on par with Coed,

P v 2 g ~ 3 ;

“he mean valuze for numbor of sez=ds por pod voriod
from 12.7 In Cow=d o 10.87 in Pe84-139, Tho woriction
Pusne113, Puse=101, Dusow=l104, Comd and Puscel?? wors on

par with Cow=3,



Tho mean values fa Bundred gond waloaht ghowmd o

maxvdmum of 3.384 ¢ for the verioty ?l=34~122 and o miniman

o
i

239 g for the variety Pusa=104, PG4 {3.75 g) wao

o]
iy

- R i ] % R
on par with PUALL~135 ond Pusas-102 (3,07 ¢! was on

With regard to geod size, Cowd, showed o nostdan

. . 3 PR . ~ ¢
goan valua of 3.01 o’ and Pusa=1123 & mindmum of 2,25 v,

h—'a,, 320% # P v " = o 4 A B - g eppa— # L P
he maean veluzg for haulin yvield voriod foom 2400, 20

and rusa=137 {

in LECG=4D7 to 384.72 ¢ in Pusaelld. Puse-i04 {3822,327 o)
1

o - -
643,65 g) wore on par with LiGed40

ol o ey -~ - p o -
Tha maximun nean manbar of stometa per

£ 4 N . NGR, O Y. o ™ " 2 m al) . ) - oy o v s
£iledd was rocordzd for PusSaw-ll?® {(30.58) wund tho mindmun
2o £re A & g . [ Ty o R § PSS s Vo R Saar . e Y]
for Uit 46 {15.12). Puse Bolsckhid (28573, Puoo-1i03

(27.42), Comd {26,786} ond ez (25.73) wxo on

Puco-=-119,

- e = e e -
Thae maan valuvos for 1oof ares inds=s ot 50 oo omb

&

floworing was the hichagt for Co=4d (3.09) followed vy

Fiee2 {2.26) and these two verdetics wore an par. “he nininun

5

- 2 O 25 ~ S oy P Y ' #
value foy lecfd area dndew was rocordad Dy MME-1406 (1.0,

T o a o 5: i ~ 5 A RPN Y SR S
The maan valuss for lencoth of poot variod fnom

20,03 ¢m in Comd Lo 13,04 on in Puce=119. Tuslel varilw

ties wors found to e on par with Pusa=119, but

variety woas on per with Co~d,

&3

.
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The maan values for root spread was the hichest
for Co=4 (17.92 cm) and the lowast for MG=146 (10.11 onm),
Mie-131 {11.15 am), Puse-l03 (11,05 cm), PDMeB4-139 (10.74 o),
Pusa~102 {10¢65‘cm), Pivm54 (10.65 am} and Pusa=119 (10.37 an)
ware on par with RMG=146 but no verdiety was found to 2 on

par with Comd,

The maan valuss for root/shoot ratio wos meximun
for iG-70 (0.132) and minimun for Pusa=101 (0.C67), AlK=70
was followed by the wvarieties BPusa=-104 (0,126), Fusc=110

{0,124}, Pusa Baisakthi (2.119) and Pii=04-139 (0,115},

The mean values for numbar of days to first flowere

ing varied from 44.33 in Coed 10 34.33 in Pusa-1i04 and

x4

Plite5de KiGw146 {41,€7) was on par with Co=4 the longas

duration variety., Pusa=llS (36.67), Pusa=il? {(36.33),

PUSa-103 (36.33), PIl-84=146 (36,0), HL-322 (35.22) anc
PiZie54139 (34.67) ware on par with Pusa~104 and D54

having ths shartegst duraetion,

Cow=4 also recordod the hichest mean value for number
of days to pod hervest initiation (66.00) followed by
PIM=84=139 (58,70) and RMCE=146 (58.70). bo verioty was
found to be on par with Cowd; =54 raocorded the lowest
value for numbasr of days to pod harvest initiatdion (53.30}.
Com3 (55.30), Fusa=l03 (85,00), HMC=70 (54.70), Puso=1043

70) and Pusa=118 (54.00) wore on par with »DHi=54.

l‘\



The mean numboer of daoys to finel pod harvest wes
also the highest for Co=4 (74.70). The ninimun wen recordad

by Pusa Baisakhil (60.00).

The meximun mean value for duration of grain fillino
was shown by Piit-84=139 (21.90) and the minimum by Pusq=101
(16,6Q). Puse Badgaihi (17.07) was on par with Pusoslol
having the shortest €illing poriod, but no varioty wes
found to bo on paxr with Pitk-84w139% having the longest Sille

ing period,

Though proline content of leaves showed no gignifi=
cant diffarence among varietiss the mean valuce was hichost
for PHi=ddw-lds (1050.83 uglodw) end lowest Ffor Pusa=lls

(328,16 pg/odw).

The pheneotypic co~efficieont of veriation and gonoe
typle comefficient of variation for the 20 charactors
studied are given in Table 4 angd presentaed graphically in
Figs 1. In genaral the phenotyple co-gificients of variae
tion were nigher than the genotypic cm;efficients cf voriam
tion for all tho charachers ﬁﬁuﬁi@ﬁ. Haulm viecld showod
the highast phenotyplc co-efficiont of variation (59.21
per eent) followed by vield por plot (84,63 por cont),
proline content (43.01 per cont), loaf avoo indox (38.2

par cent) and number of leaves per plant (26.12 por contl,

-~
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Table 4. Fhenotynic Comafficiont of variation and cenctypdo
Co=officient of Vardation (por cent) for 230 Charactard.
5le . Fhanotypic  Genotypdc Phenotyple  Zonotypic
U Bra a,.t I A < -".»";‘u
o, Characters voerlance varianco COGEL Lo ORI L
Vi Vg ciont of clont »f
variation wariation
POV {por Gﬁ?’{; 32
_ cent) cant
1. Plant height 52,10 16.72 20,01 10.65
2. No., of leaves : n )
‘ pﬁ’r ulant 3/@98 1-5{.’{‘ 26» ?.?’C
0. Of pods per .
S iner voda pes 7.03 1.43 24.32 10,97
4. Pod langth G133 0.07 S:14 FL06
5. No. of geeds . . o
por pod Oe 51 Ce23 Ged7 Bend
B |4 arod s "'lél - ¢ -
° eighe o 5,06 6,05 7,25 6,47
7. Seed size 0024 0.020 5.74 S 24
J. ¥icld per plant Q.59 C.04 G 04 5.00
2. Yield por plot 475221 2000485 544,503 25,01
10, Hauliz yicld 305767.20 1236782.70 59,21 33.10
11l. Stomatal dige & o - e P ~
tributi@n 15;3& t’vﬁb luc-w‘s'; 19!:{,!4.
12. Leaf arce index G.38 0,11 38,32 20,73
13. Foot l’:ﬁn;}th 2672 1.70 11,25 B0
14. Hoot spraad 3.04 2a 30 14.81 L2485
15. Hoot/shoot ratio 0. 0005 0.0002 21.69 13.73
16. Days to first : . o el
flowering 7.27 4a43 Ted3 e (1]
17. Days to maturity - - o .
ZA e 7 - I / 011&'(
Of f"“ﬂt P@ﬁ L-lG 53034 JaCJ @ Tey
18, Days to f£inel . o P
harvest 10.01 B399 5.09 Ga
19. Grain £illing " . e
9 Y (3‘ g S 2‘,-
Iﬁriﬁd 1.43 1 29 «+ 53 ‘JQ
20. Prolinc content 62092,07 13101 .49 43,61 18,60
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)
'The lowest value was recorded by deys o maturity of firét
pod (5.03‘paf cant)s The highest genotypic co-gfficient !
of variation was observed for yield per plot (35.61 per caent)

and the lowest for pod longth (3.86 per cent).
4.2, Genotic analysis

Estimates of horitebility and genetic gain are
furnished in Table S and Fig. 2. In genersl the heritabi-
lity values woere medium to hich for most of the charactegs.
Highest heritability estimate was recorded for grain £ille
ing pericd (90,79 per cent) f£ollowad by days to finel haﬁl
vest {(89.79 per éent). hundred seed weight (79.95 par c@ﬁﬁ).
days to maturity of £first pod (?7;6? per cent) and root ”
spread (75.65 per cont).

Low valuca of heritability were rocorded for yicld
per plent (7.84 par cent), number of pods per plant (20.35
par cent), proline content (20.83 per cont) and plant hﬁi%ht
{28429 por cent). Yield par plot recorded the masimum
genetic gain (67.05 per cent) followed by haulm yielé.(&égaa
per cent), numbar of leaves per plant (24.55 per cent); léaf '
area index (23.18 per cent) and root spread (23.07 pﬂr.ﬁﬁﬁti.
ﬁigh values of hexitability coupled with high goenatic gai%
was recorded for yield per plot and haulm yields High hﬁ?ia-
tability coupled with\lew gonetic gain was vecérﬁed fcr‘qgin»
£illing period and days o final harvest.



able 5. Heritability and Canetic gein for

20 Charocter
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Plant hoicht

Humoer of leoaves por
plant

Humizor of pods per plant
rod lengtt ‘
Numbor of sceds por pod
Hundrad sced woaicht
Saad sigo

¥ield por plant

Yiald peor plot

Haulm yield

Stomatal distribution
Leaf arcea incoy

Root longth

Raot sproad

Root/shoot rotic

Deys to first flowering
Days to maturity of first
pod

Rays to f£inal harwast
Grain £41l1ling pariod
Proling content
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20:35
56,47
44,90
72.95
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FPigs 2. Heritability end Genetic gain for twenty charactons

Flant height
Nurber of leavas per plant

Rumber of poﬂs‘pak plaent

Pod lencth

Numbar of saeds per pod
Hundrad sead weight
Seed slze -

Yield por plant

Zield per plot

Haulm yield'

Stomatal distribution

leaf araa index.

root length

Ropt spread

Root/shoot ratio

Days to first flowaring

Days to maturity of first pod
Days to f£inal hervest

Grain £illing period

Proline content

"
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4.3. Correlation analvsis

Genotypic and phanotypic correlation co-clficionto

‘J

were cstimeted. The data on corralastion have boen split

and args prasented under two headsg

i) Corrolation betwaon yiold and othoer charaCtoero,

il) Correlation botwosn palrs of dwraotors osbas

than yisld,

Thix agtimatas of corralation co-afficionts ot tho

genotypie snd phenotypide lovels aro given in Table 8.

in general tha genotypic correlations weno

nunber of leaves per plant, nubor of pods per plint, nAundiad
secd waight, sead gize, grain £illing period and prolince

content,

Proline content showad the highast pesitive goence
typle corzelation with vield per plant (1,2601) followsd
by hundrad sead weicht {(1.1459); nunbor Qflfﬂﬂs per plent
{1.0544), grain £1illing poriod (0.8134), seod sizo (0.7508)

and number of leaves por plant (0.3986).

Flant height showad a significant negative corrolam

tion ©f =3,4170 with yield followed by nunbor of goeds pur



Table 6. Genotypic ( rg) and Phonotypic (rp) correlation
| Comefficients batween vield and other c‘:haractem.
. ‘ Coefficient s;,@eﬂmiew
(‘S;-‘P) (.r:g) !
, " —— , _ e
1. Plant height 0.1373 14170 |
2. No. of leaves per plant 0. 4940 0.3986
3. Ne. of pods per plant 0,9126 1.0544 |
4, Pod length 0.0211 =04 7296
5. o of secds por ped 00994 =-1.0728 .
6, Hundred seed waight 0:1367 1.1450
7. dHeed size 02118 6.7588
8, Haulm yield 0.0866 ~1.,0097
S, BStomatal distribution 0e1223 (), 3187
10, Leaf ares index 0. 3902 (i, 7052
1i. Root length 0.0793 =(:4559
12. Root spread 0.0403 =04 2394
13. Root/shoot ratio =0, 2952 ~0+3885 |
14, Days to f£irst flowering ~0,1243 ~0.B8693
15 SYE o patority of ~0,1297 -0.2535 |
16. Days to final harvost =~0:1039 =0,5953 |
17. crain £4lling period 0.2322 0.8134
18, BPBroline contont 0.0582 5"

1.23601




pod le1,0728), davs to first flowering (-0.8693), longth

of the pod (=0,7296) and laaf aree indew {(=~C.7081).,

At the phenotypice lavael sll charagtors oxcept ﬁgagf
ghoot ratio, days to first lowering, days to maturity of
first ped and deys to finel hervest showed positive coryce
lations with yisld., Significant positive corrolations wire
obscrved for nunber of pods per plent (G@§12§,@ numbor of
lagvas per plant {0.4940) and leaf ares index [(0.2900),

ther cheracters ghowed low positive correlaticons onlive
Root/shoot ratio showod a significent nogaetive corralation
Of «0,2952 with yield whoreas tho other negative corrclae

tions wore not significant,

1i) Correletion between polrs of cheracters othor than
thosoe with yield

Table 7 provides thoe data on corrolation onong tho
chargcters in all combinstions. The genotypic correlotions

anong yield per plant and 18 yield compononts ora ddaciwse

maticelly presented in Pig. 3.

&t the genotypic level plant hosioht chowsd o Sl
ficant positive corrslatlon with root longth {(0,7102), dove
to £inal harvest {(0.€948), hauim vicld {(0.6347), nunbsr of
seads per pod {(Q.6342), root spread (Q.5500), ped lensth

~

(0.3863) and root/shoot ratio (0,3450). Sicnificant unogotive



Fige. 1. Fhonotypic and ganotypic coefficient of varlation
for twenty characters

El - Plant hoight

K, = Hunber of leaves per plant
xg « Hunber of pods per plant
Ky = Pod length

Xy = Husher of sepds per pod

X, e Hundroed seed weldght

=  Stanstol distribution

f4q = Ieaf ares index

H, o = Root length

314 = oot spread

KIS'"' Root/shoot ratio

¥e = Doys to first flowering

Hyw = Days to maturdty of first pad
Ko = Dave to £inal harvest

Xlg &~ Grain £illing poriod

. «~ Proline contont



Reot o
leaves rods lengt lengh £ content
prer plant plent flowering harvaest

Plant height R 0.Q78s -0.5283 0.338:2 Q.03457 ~0. 8308 -2.2398 Q.234° -2.0231 G.7102 c.ss00 0.3450 0.2383 .lé¢€d 0.8945 -2.0084 ~-0.1801
0.2017 0.5239 0.2:192 0.1521 =2.3703 ul 0.95¢4 Q.7278 N0, 7894 =0.C%2Q 0.3383 .52 0.5155% Q.Z052 0.4108
-0.¢é80% ~0.1940 =0.2437 Q,8387 0.8004

Mumber of
per plant
Number of pods per aam S : N ozya- - - .
;;:ﬂf 0f pods pe 0.0587 0.4722 -0.8132 0.9103 2.5 -0.1372 -0.395%  —0.138d  -0.1337
Pod length 0.3323 ) -¢.1333 0.7331 _o.2867 21721 -Q.3302 0.2439 . 0.8467  0.€902  0.8391 0.3034 0.7437 0.5744 -0.5431  -0.1013
Number of seeds 0.4101 0. 0.0117 0.3234 ~0.5723 ~3.3488 €.1702 0.1033 0.2641 0.4361 0.3527 0. 0.1388 -C.5332 0.1992
per podé
tiundrec ssad weicht ~0.3534 0.033: 0.2321  -0.2085 2.4652  ~0.%313 0.2034 ' 0.0533 -G.1231 ~O0.141&  -g.183% ~0.0071 0.1315 0.3585  -0.111%
Seed size ~0.0051 0.280% 0.2241  ©.0927 0.3429 -0.187¢ 0.1352 0.5563  ©.:015 0,393 —0.2%13 0.6028 0.6338 -0.1162  -0.0284

0.0853 0.1266 -0.0235 -0.3231 -3.200L —0.1117 -0.3391 0.3883  0.2000 1632 -6.0351 0.0877 0.1344 ~0.C672

' *
0.1138  0.2320 5574 -0.0093 0.15%1 0.0347

0.4948
0.1156

Haulm yield

[o)
<]
~1
w
-
o
(62
0
n
S 00 o o

Stomazal diszribu- 0.2950 0.2853 0.1227  0.1931 ~0.0089
tion
Leaf area index 0.4964 0.823C 0.3702  0.5083 -0.01¢62 0.3613 1 0.7501 0.5477
Root length 0.4480 0.5045 0.0755  0.443 -5.1670 0.1615 0.5012 1.0337 o152 0.7537 0.7920 0.90%%5 ~0.1592
Root spread 0.3729 0.83C8 0.0200  0.58:0 -2.1452 C.2095 0.€389  0.&8714 _a.0230 0.7185 0.7634 ©.875 0.1362
Root/shoot ratio 0.0870  -0.0517 -0.24C4  0.063¢  —0.103Z 0.0155 0.0626 0.1053  —0.0S36  -0.0670 ~C.0571 0.0854 0.0229 c.3408  -0.7¢%E
2.030s 0.2107  0.4525  0.4828  ~0.133¢ 0.8274 0.7365  "-3.390% 6.0046
~0.0427

o
P
o
w
o

Days to first Zlower- P
J2ys to st -low ~0.03842

2563 -0.0032

ing
Days to maturity of ~0.0799 0.3939 -0.1306 0.0Gs5t 0.3783 0.631¢ 0.03i¢
0.3510 0.37c0 -0.0712 9.054 0.5042  I.7230  0.7443 0.038¢ L5548 C.7085 -C.
-0.0112 0.1528 0.3773 0.0038 0.0006  -3.1349  -0.183%  -C.233C -0.4884  -0.1023 -0.1005 . 0.1151
-2.0817 . -0.0215  C.CC88  0.0294 -0,1753 -2.0257  -2.2022 -3.0039 S.0183




Plg. 3., Correlation dlagram
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corralations were obsorved for number of pods per nlent
{(=0.8259) and hundred seced weight (=0,8508). AL tha phofioe
typic loevel significont positive correletions wors obsoryod
for loaf axea index (0.4964), haulm yvicld (0.4948), root
length (0,4480), murbor of seods per pod (0.4101), root
spread (Q.3789), days to finsl harvest (0.3510), pod lonoth
(0.3323) and stomstal distribution (0.2950). Significont

nogative correlation was observed For zundzez gond weight

only («0.3384).

Humbor of leaves par plant showsd significont tosie
E i

tive correlations with leaf erea index (0.9864), root sgroad

{(0.7894), root length (0.727¢), deys to maturity of firss
pod (0.6250), pod langth (0.5989), seed size (0.3663), days

to final harvest (0D.5155), stomatal distribution (0.405483%,

proline content {(0.4108) end days to £irst flowering f0.3303)

at the gonotypic level. Low pogitive correlations wors
ohgerved with numbar of sacds per pod, nuwder of pods por
rlant and nundred secd waight., At the phepotypic lovel

signlficant posiltive correlations were observed for all

1

charaecters except hundred geed walght, haulm yield, devo ¢
first flowaring, grein filling poriod and proling contant,
vhich showad low positive cerrelations and root/ehoot ratio

showing a lov negstive corraelation,

Number of pods por plant was found to hava 8Lgnifiem

Cant positive gonotypic dorrcelation with hundred sood



6f

eight (0.9103), grain £illing period {0.8357), prolinc
content {0.8004) and seed slze (0.5147). Significant nogce
tive correlation was obsorved with number of seods per pod
{=0.9228), days to first floworing (=D.6008), pod leongth
(«=0.€189}, haulm yield (=0.5791), leaf orea indey (w=2.3959)
ond root longth (=0.2584), At the phenotypic lovel signie
ficant positive corralations were observed with rein Zille

ing period (0.3773} and leaf ares indem (0.3702) only.

Pod length was found to have significent positiva

-l

-~
3

goenotypic correlations with leoaf arce indow (0.04073, woot

1

3
pe;
W
op
)

B”t'!

st flowering (0.7437), root length (0.0902), doy

maturity of first pod {(0.5744), doys to final harvast (0.53100

and root/shoot ratic (0.3034), Significont negetive COrpoe
lations were observed with grain £3i1ling pericd iwwp;ﬁblﬁ.
haulm yield («=0.3802) and hundred seod wolght («0.20507),.
Phenotyple corrcletions of pod longth with nurber of soods
per pod, leaf aree index, root longth, root spread, dovs
first flowering, days to maturity of first pod ond days
to finel harvest wore also positive and gsignificent, draln
filiing pericd showed significent negative phenotypic

corroiation with pod longthe.

unbor Of seeds por pod showed significent wositive

aggocistion with root spread (0,5527), root lanoth (0.4351)



days to final harvest (0.2892), days to first flowering
(0.2655) and leaf ares index (0.2641) at the genotypic
level, Significant negative associations were chserved |
with hundred seed weight (=0.5723), grain £illing period
{=0,5332), seed size (=0.3464) and root/shoot ratio |

- (=0,3158). At the phenotypic level also significant po&é—
tiva?relatienshipﬁ vere observed with laaf area indax,,réot
Jength and rcet‘e@raad while negative association was mbé%r-

|
vod with hundrad seed weight, i
i

At the genotypic level hundrod seed weight showedj
significant positive correlstion with seed siza (0.4682)3
and grain £illing period (0.3585) while significant Negaw
tive corrvelations werc observed with haulm yield (~0.5513?.
Leaf area index and days to maturity of first pod showed
low positive genotypic correlations with hundred seed

weight. At the phenotypic level alsc significant pesitiv%
I
correlations wore observed for seed size snd grain £1illing

period and negative correlations with haulm yield, ﬁ

n

Sged slze zhowed significant positive genotypic J
correlations with days to maturity of first pod (0,6338).?
deys to f£irst flowering (0.6098), leaf area index (Dq5668?,
days to final harvest (0.4464), root longth (0.4015) and ?
oot spread {0.3965). Crain £illing paeriod, soot/shoot ﬁ
ratio and proline content showed low negetive genotypic ﬁ

)

"
I
i



corrclations with seed sige. At the phenotvoic level algo,
saed size showed significant positive associations with
days to first flowering, davs to maturity of first pod,
Gays to f£inal harvest, lesf arca index, root aproa?d and

root length.

Reot lengti (0.3963) and deys to final harvoss
{

with heulm yield. Root spread, root/shoot ratlo, oxain

)

s

+3400) showed gignificant positive genotypic corselstion

£illing poriod and days to meturity of fissot »od showsd
low pocitive genotypic correletions, while lacf orcs indow

show:d gignificent negative corralation with houlm yisld,
At the phenotypic leovel root length showsd significant

positive correlation (0.2682) with heulm vield,

Ctomatel distributlon showed significant positive
ganotypic corraelations with leaf area index (0.5979) and
root/shoot ratic (0.3674). Root length, root spresd, days
to meturity of Zirst pod, days to fimal harvest ond pralino
content showad leow positive genotyple correlations. Doys
to first flowering ond grain £1illing peried showed vory
low negative corrclations with stometal distribution. ob
the phonotypic lowvel leaf arco index was found o have a
significant positive correlation (0.3613) with stomatal

diotribution.



L3

Leaf arcozs index showad highly significant pg@itiv@
genotyple corraelation with root spread {(1.0690), root
longth {1.0073), Gavs to maturity of first pod ($.9477),
days to final harvest (0.8793) and days to first Slovering
{0.7501). Itz phenotypic corrcelstions with root longth,
root spread, days to maturity of firgt pod and days to

final harvest were also positive and significant.

floot lehgin showed a significont positivoe genotypic

i

assoviation with reoot spread (1.0337). Its asgocicstion

@

with days to final hervest (0.992%}, days to maturizy of
first pod (0.7320) and dave fo first flowering (0.7537)
were also significant and positive. Howaver grain £illing
pariod and proline contont were found to have nagative
genotypic associations only. At the phenotyeic lovel also
the charecters root spread, dueys to first flowering, davs

to maturity of firet pod and days to final harvest ghouwad

significant positive ssgociation,.

Poct spread was found to heve gsignificant positivae

R

ays to finel harvast (0.887%), <avs to

f

s?l
g
£

correlations wi
maturity of first ped (0.7634) and daye ko Firut flowaring
{0.7195) &t the ganotywmic level. rhonotyple coxralotions
of those characters with root spread wore elso sionificant
and positive., Doot/ghoot ratio and graiﬁ £illing pericd
ghowaed low negative genctypic and phonotypic corrclaticon

with root gproad.



Root/shoot roatlo chowsd aighificant positive goioe

typle correlation with grein €11ling poriod (0,3498) and
significent negative gonotypic correlation sdth prolins,

contant {(=0,7622)., Days o £irst flowsring showad lov

negetdyve genotypic and phenotypic coryrelations with oot/

Rays to flrgt flovering was found to hovs o Slgndie
ficant poditive genotyplce morpelation with doys Lo matuzity
of first pod {0.2274) and davyg to finol horvest (J.73053
and a significant negative correletion with grain Filling

poriod {«0,5905). Oimnilar associations wore obhseoved ab

Days to maturity of ﬁirﬂﬁ‘pﬁﬁ ghovwad a SignifiCaﬁt
positive gonotypic association of 0.8185 and phonotyple
aggociation of 0.7065 with ééys to final harvest, With
prodine content it ghowsd a low negative gerotypde and

phenotyvede assocliation.

Daya to final harvest showed low n@gativaaamu ypi*

and phonotypic correlations with grain filling period and

prolin:s content.

Grain £illing poriod was found €0 have a low pooitiw

ganotyede and phonotypic correlations with proline content.

-



4,4, Path Analysis

To get a elear picture of the cause effect ralat1§n~
ship of various component characters and yield, path coe'

efficient anslysis was undertaken.. The genotypic carrelé—

tions batwaan yiold and sevan component characters, viz.‘
plant huignt. nunber of leaves poer plant. nunber of mads?
per plant, pod length, seed gige, root/shoot ratic and ;
deys to first flowering w&é@ partitisned into their*carr%su
ponding direct and indirect effects ard the results @bﬁainad

are presented in Teble 8. The psth diagram showing dirade
!

effects and the genotypla correlations are pregsented in

Fig > 4’:’» . | - :

Number of pods per plant showad the highest poaitiVa
dir@ct effact of 1.,7462 on wield, It exerted positive
indirect effact through root/shoot ratio (0.0622) and naga-
tiva indirect effects through ﬁiant height, nunber of 1uavaa
per plant; sesd sigpe, pod length and days to first'flowers

ing. ;

Plant heicht showed the second hichest positive |
direct effect of Q.3495 on seed yield ewventhough its,genc+
typlc corralation was.n@gative‘(ni,41791. It ﬁh@waﬂ.posi%
tive indirect effects through sead s;ze (0,0842);,?06 len%th
{0.0841) and days to first flowering (0.0647) and negativ%

indirect effects through number of leaves per plant (=0.0035),



Directs and indirect eflfocts

of tho voricus dnasracterg on vield,

‘ ) Plant Y. of Ho. of  Sead pod oot/ Days to  Genoty;
Charactars : ) e . PR y O e
hedight leaves pods pog sina longth  shoot f.‘,Lr COrrtes
per plant plant ratio flmmrw lation
ing
Plant hoight - 023495  =0,0035 w3 od422 0,0042 G.0e41 ={},13G9 00647 =1.41°
:E? N\. {' '."""mf’.:‘ Tmr F 7 K " . ¥ . o 2Ny o, L
e of aeE 0.0240  =40891  0.3522  =0.1965  0.1376  0.0393  0.0026  0.30:
My of Nt L) ) . p N . 59 e L
e 08 RO TOT 0 <0.2887  w0.0099 1,746  =0.1803  =0,1421  0.0622  w0.1665  1.05:
Jeed sise 3o 0537 w34 02 Gu830U8  -3,3513 QU358 Coll57 J3e1C73 e 758
Pod length 0.1280 =0.029%4 ] 0307 «(}e QCOT 042297 «(e 120 e 2041 w728
toot /shoot ratis G.12086 0.0040 =36 2735 00,1024 0697 i}, 3960 =3 0157 w{e 3L
fon? -«-.:ﬁ W-hc’t =y W K iy g, o ¥ 3 3 Pa %, o c A
8y ﬁﬁzﬂg““ 0.0824 =0.0L66  «1,1808 =0,2142  0.1700 S0227  0.2741 m0.86¢
Rogildus = (3,37061
{Undorlinod figures poprogent dirsct offocts)
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numbar of pods per plant («1.4422) and root/shoot rotio

(«0,1369) leading to 2 negative corrolation,

Dave to first flowering exsrted pesitive dircct
affect on yicld (0,2744) and pocitive indirect affocts
through plant height (0.0824), pod length (0.1708) and
roct/ghoot ratio (0.0227). 2 high negative indircct offect

was observed through number of pods per plant («1.1880),

rod length showsd o positive diraect offgct of Q.2297
on yisld with positive indirect gffeots through plant hoddd
(0.1280) and davs to first flowering (0.2041) and a high
negative indirect effect through number of pods por plant

{=1.0807).

fopt shoot ratico recordad negatdve direct cffect
(=03,3968) on yield. OBut this character exerted positive
indirect offects through plant height (0.1206), nuaber of
leaves per plant (0.0045), sead size (0.1024) gnd pod length
{0.0697). Negative indirect offocts ware shown through
number of pods per plant (=0.2736) and days to first flowore

seed size showed a negative direct effaect of -0.3513
on yield but its Indirect ¢ffect through numbar of pods por
plant was high and pesitive (0.6983). red length {D.0398),

root shoot ratio (0.1157) and days to first flowering
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{0.,1673) slgo showed positive indirect sffocts, vhile plant

hedght (=0.0837) end number of leaves per plant (=0.0278)

showed negative indirect offects, 4

Number of leaves per plant showed a very low neg%%
tive direct effect of ~0.0491 but its indireet effect
through nuwber of pods per plent was positive (0.3322), !

Indirect effect through other characters axéapt geod aiaé

werae also found to be positive,

In this study the residual effect was worked out i

to ba 0.3761. about 62 por cent of the variation in yia%d
wes explainaed through the direct influsnce of thaso éheréau
ters. Numbar of pods par plant was found to ba the maja%
factor among these chersctors which had meximum influence
on the yield directly. !
4.5, Soil Hoisture Analysis ﬁ

_ ‘ | /

The data collected on soil moisturs at woekly |
intervals were subjected to analysioc of varience and the |
|

rasults prasented in Table 9, E

Results indicated that the varieties were subjected
to uniform stress conditione for almost the ontire growth
poriod except at 53 days after sowing, whers significent .

differonca at one par cant 1@vel was chearved, |



Table 9.

Malysis of varianco for soil
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Significant at 9 per cont lovel



]
Hean valuds oéf 801X moisture reccrded iﬁ- ﬂiﬁﬁeren:;t:
plots at different stagus of growth ere presented in 1
Table 10 and graphically presented in Fiqures § to 8. ‘I\”iac
rasults revealed that a comparstively hich soil x*\oi..ature.l
was prevalent durmﬁ the Initial steges of crop growth |
that is upto 31 days after sowing. 7This periocd corroce
ponds to the vegetative growth ghesae of the cm'p.‘ From i!
32 days to 45 days after sowing the soil moisture lovel |

was very low, This period happens to be the flowering

stage. Thus the plants were subjected to e fairly high
waterstresg during the critical period of flowsring. Buz}.;-ing
the later stages of crop growth also lov soil moisture |
levels were recorded, But the mean values of eoil moistire
from 46 days to 59 days of crop growth was slightly highﬁ%x:
thon thoss during the flowering period, Mindmum moisturc
leﬁa,la wore racorded st the time of harvest after 60 Cluy‘ﬂl



Table 10. Hean valuces of sall moisture [per cont) at wealkly intervals.

15 days 25 days 32 days 39 days 46 days 53 days &0 days

51, Varietios .
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Se DPuscelOl 5470 .5 6,59 Gel2 5000 T2 5.67
6. Pusi-i03 7,16 5.1 4,732 5,02 7422 S.84 5,28
7. Dusasild © 8.83 7.33 5.02 6,54 7.60 6.61 5,29
5. Pusa=il? id.71 634 4,93

4e 2 6.97 7.22 6ol

Se =131 9.0% 7.15 Sa7 GoG2 7«38 CudS G481
10. P&sawiﬁz 750 9.51 S.43 5672 720 €.04 4.57
11, Pilimiid4=14C 5.72 7.53 541 5472 4. 51 Geldd . £.9%
12,  LOG-407 Q.90 T30 2e74 496 £.05 5628 C4.54
13. Puscelils 10.90 1090 1.70 G 49 4491 2,17 3«8
14. Pugso=104 Sa32 7.53 2.43 277 4.19 3a81 3.09
i5. [G=70 $.72 2220 5232 3.81 5.65 4.53 4455
10 2ML=322 Q.88 3.37 3,00 2.82 te 20 3.0381 S4B
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o 4. 7% &2 75 G e <



Fia.5_Soi. MOISTURE PER ceNT AT weekLy INTERVALS

KM.2

co-3 .

CO~4

Pusa Baisakbi
Pusa-10}

1

2
3
4
5

2

u

1o

Sotl moisture percent
0

T LI

N : ' 60
o 18 25 32 39 46 53

Days after sowing



Fig.@ Sol. MOISTURE PERCENT AT WEEKLY INTERVALS

6. Pusa-l03
7. Pusa- 11q
8. Pusa-1l7
9. ML - 13

10. Pusa- loz

i

10

Sotl moisture percenf

o I 25 32 39 46 53 6o

Days after so wing



i

lo

Sall moisture percent
IS

Fig.7 Sol. MOISTURE PER CBNT AT WEEKLY

il
2.
A3.
W

INTERVALS -

PDM-84-146
L&G - 407
Pwsa -lig
Pusa- tos

i¢. RMG - 70

g

5

32

39

46

53

]



Soll moisture per cent

{3

12

i

lo

Fi-8 SoiL MOISTURE PERCENT AT WEEKLY

le.
7.

g.
1.
20.

INTERVALS

ML.322
PDM. B4 -139
RMGt- 146
PoM-54
6UM-6

i ' 25 32

Days after sownn 9

53



DISCUSSION



PISCULIIoH

Drought rosistance is a complon phencmensn oondie
tiomed by a nunber of intornal and emzhornad foctors ong
tholr dntoraction. bPlants respond to Sroudght in o variety
of ways thoreby sdopting %o it or resisting its adveros
effpet. Thege dinteractions always load o o Chonnd in tho
vagatative ap wall 2 roproductive porformones of the epop.
in tho presont study ftwonty verdiotios of grosngran wooo
avaluated for théir potentisl o tﬁl@tﬁ%@‘maiat\ & ShrQds

and thxr resules obtained arce distcuseed balow.
S.1.3., Plant hoedght

Plant hadcht is oo Loportant vogetotive component
influenood adversely Ly molsture strose. Consideroble

raduction in plant helght was cbserved in 21l the verictios
evaluated which wes in aocordencs with the roperts of Al
and ala (1973} in greengram and Momom ot al. {1979) in
soyboen,  Hediun helght wes found o bo advanbagoous undor
gtrass condltiono as evidenced from the hich vicld recoxded
by modergtely tollar plonts.  an dnerseos in the hodoht moy
incresse the tronepiradional loss of watar ao wall ao waton
reguiremant of the plant duo o on increaped vonotstivae

grovth there by hindoring the reproductive growth and

ultimately reducing the yield.



541424 Humber of loaoves por plant

The reduced nunber of lesves par plant obsorved in
the prasent study is in socordenco with the roports of hii
and alam {(1973) 4in greengrom and Turk and Hall (1960) in
Ccowpiin.  Waterloss through trenspiration is graatldy roduced

by & reduction in the pumbar of lesves so theb Ui avelileblo

o y
H

molgture can be effectively utilizaed for e vuproductive

giouth theraly enhanedng the yiold.
5,103 lLaaf area index

fopcuction in loef sres is en important ovhoniem for
_ﬁfana@iratian\caﬁir@i undar drought stross duzing the ontire
reproduetive and gﬁaiﬁ £iliing poricd. & rodueocd loaf arao
obgurved in this study is In consomancs with tho roports

of Add end Blan (1973) in gooongran, Momem ot ols (1979)

in scybaan and Turk and Uall (1%8D) dn Coupiue A roducad
laaf ores decresses the tyanspirationel loss of woter ao
well oo aveld mutusl sheding and theraly oohoncRg Eho photcwe

gynthoetic scudvity of the plont,

Selads Stamatal Jdistribution

Stomota playe on dmportant rolo in d&eciding tho

rgoan, 8 y < in, W, 34 r 2 - R Fo ol = 4 N B LY T ey S e
Datntd ragponnt o wator deficdy, ap inevosso 4An YR nunbor

o

d g g s 3 3 4% Y 4§ N s o g B TP | 3 oy £
£ ntomates will increape the tranopirationasl loss of untow,

onst o roduend muebor of stomatad per wnld area io

Ty



regordad tha law@st'yialﬁrgﬁr'yiaﬂt'ané mogt of the high
yielding verietied recordad o modorate nuwiboer of éﬁiﬁm&tﬁ;ﬁ
per unit ares confirning the reports of Hromeg (1959) that
& reducdd number of gtomates per unlt arve docresses drought
injury in plantg,
Sele%5. Hoot length and gnresd
Root length and sproad .ir‘zﬁ'luefma gfaln yield ﬁﬂﬂi‘_’-ﬁ%
straes gonditions by influcncing the water upteahe of g@l@iﬁt .
» wall developed and wida spresding root cyotem i choragtos
ristic of roduced drought injury snd increased yisld in %rep
plants g8 reptried by Sebalols (1980) in cowpon, Kav&tha@
{1982) in blackeoren and arjunan at sl. (1988) im-grwunanﬁty
In contrast €0 this in the presont atudy the varicties with
high root length and spread were found to be low yielding
and it may be Sue bo tho dndreassd vegobskivo growth at iétza
expanse of reproductive growth, Theso veriotios wﬁwe-ﬁa%nﬁ
0 have an incressad shoot growth which wis ovidont ﬁzﬁﬁﬁ
their high lesf sroe indews A modersta root longth and |
grread wore recorded by most of the high yielding varieﬁims

under stress.
5146, Rootfehoot ratio |

Water stregs incressos the proportion of plant dary



mattor ¢ransiocetud to tha roobn compercd to the leavoes
and gtenms thue increasing the root/ahoot ratio, owenthough
tha absolute spount 6f root growth was reduesd, In thoe
rragent study veristics mainteinsd g modoratae root/shoot
ratio and & meBsive incradss in thie poot/shoot retio uad
not obsarved. Increassed vroot/dhoot ratios during stroos
wa2re reportod by ALl end Alam {1973} in greongran, Debalols

(1980) 4in cowpea ond Arjunan ot al. (1938) in groundnut,

Sarliness moy not B o true dovice for peolsbancd
macnanism, Hut Lt iz certainly en important chorector for
drought grono erses. Dorlincog results in an o5Caps of
thae effect of drought Dacausy tho plents are oHle 50 OO
plete their arowth boefore the advent of dreusht, 7o tho
prosent study tho varigtiesn ldentifiied es high vicldiny
were found o roguire only ghord poriods for first floudite
ing, moburity of first pod gnd final horveost, These rosulic
are in accordoncs with the reports of Turk ot ol. {19800
Hall and Grantz (1961) in cowses ond Sivekumar ond singh
£1967) in chickpea. Howover, Scmmong et al. (1960/81)
reported no consistont relotionship botweoon nmaturity (roun

s

and response o Grought gtrass in govboin.
Salefie Orain £illing poricd

7illing period influsheoz viold by influsneding tho



4

W

81%¢ and weight of seeds produced. & reduction in tho
£4liing period reduces the time available for tho ﬁill:md
of seeds, resulting in a poor acod £41ling, b&&éu5§~mngé
of the dry matter for £11lling the sesds are synthesized
during this period. Hence variaties which can maintain |
longer £illing periods are advantageous under gtrogs cﬁﬁdi—
tions. In the pressnt investigation the verioties fdentde
£ied as high yieiﬁing.iﬁeorﬁsdvmangax £illing pariods which
ware in consohance with the repcrts oF tmars (19687) in |

barley.
B:1:9, Proline content

Acvunulation of proline during stress is considorod
to ba an adeptive mechanism for drought tolerancs, Prolina

increases considerably the smount of strongly bound water

Thug the verdeties ghowing accumulation of proling ﬁurin%

strags will be drought tolerant and high yvielding:. In the
present study meximum proling accumulation was observad in
the veriety having the highest vield per plant whieh.ig>in
conformity with the rosults of Mehked et al. (3977) in .

‘groundnut, Slmore and Michesl (1981) in cotton and

Hukhar jee et al. {1962) in cowpes.
$:1+10. ¥ield and yield conpononts

The ability of & crop species to yield when aubjeét@@



to suboptimal moisture is of fundanental importance in tho
neasurament of tolerance to moisture stress. In ganﬂrai
¥ield is greatly reduced under moisture strosp Decause of

2 generalised reduction in all yiold components, coma being
more affected than others. Considerasble reduction in yiela
was obsorved in all the 20 wvarietieg in th@.pr$3ent stuéy,
This is in ¢anéirmity-ﬁith the findinga of sionit and
Kramer {1977} and Semmons et al. (1980/81) in soybean, |
Swmerield et al. (1973), Dabalola (1950) and Turk et al.
(1980) in cowpea, Pobluri et al. (1986} in blackeram and

Sivakumer and 3ingh (1967) in chickpoe.

water ptress influonces seod yield by reducing tho
nunbir of pods per plent. In the presont study a r@@acﬁian
in number of pods wag observed which was in ¢Qnﬁo£mity w@th
the reports of sionit and EKraner (1977) and Samonsg ot a;g
{(1880/81) in soybean, Constable and Measrn (1979) 4in COWpA
and fao at al. (1986) in groundnut, ﬁaweﬁar ia the ?rasént
study humbar of pods per plant contributed significantly 'to
high grain yisld end this is evidont from the Ffact thot gha
varieties showing higher grain vield also has more nunbor
of pods per plant. '

Pod langth and secds perfpsﬁ wers found to be
influenced significently in the present study indicating

that verdeties with longer poda and gore nunber of sceds



v

par pod are less guiteble for stress conditions, This is
Further proved by the fact that the hich yie;ﬁing variaticsg
idantified had e comparatively reducsd pod length and ﬂéﬁﬁs
'par pod. FRedustion in pod length and seeds per pod wasﬁ in
agreament with the reports of sSummerfisld er al, {19?&}l§nd

Constsble and Hearn (1978) in cowpea.

The twe other yisld components hundraed goed weighi
and sead size were not much affectad by stress, They Cone
tributed significantly to soed yield along with the number
of pods per plant. Similar results for hundred geed weight
was reported by Summerfield ot al. (1976) in cowpas,
Semmens et al. (1980/81) in zoybesn and fao eﬁ als 619353
in groundnut. Significent reduction in scedsize wes nctﬂ
observed in this study eventhough the reports of Constable
and Hearn {1978) aend Turk et al. (1980) in cowpea are l

againet this result,

From thass it dg cless that the reduction in yielé
oksorved as the gensral reSponsa of gresngran cultivers
undey siress <an bo attribut@ﬂ £0 & reduckion in the vari@us
vield components, pods per plant, pod length, szeua PRy ﬁaa,
hundred seed welght and secd size with a relativoly high
influnnce on pod length and seods por pod, Pode per ylaqp;
hundrad seed weight and grain sizo were less aﬁﬁ&@t@ﬁ;an@.

they contributed significently to vield under stiego.



Haintonence of & high sead woight ond sood aidg W omay B dus
to o longer grain £illing poriod which provide sufficient
tims for the Qlantg te £i11 the zoesds. In ganersl drought
reduces plant yield Dy influenging the voaricus yiocld cone

ponants to different dimoncions.

e PR 3 . . TN Cs W s e vy B o N
Conpldoring yi2dd and the verdous paragoiers thot
? b $x ¢ > o e N T L S fe Tr oy et - "~
contribute to drought tolerance; the varittiss Piiiedd-139,

PiMeim146 and Pusa=-103 were found to be porforiing £ovous

Y

rably under stresg conditions, Those voriotios shouad hich

G

seed yiald owing to more numbar of poda ond an incroasod

P

suad size and weicht. Theso varieties were carly in flower-
ing end had a longer grain £illing poried which contrdbuted
o an inoressed sead slze and woicht,
Sela Vari ﬂuillty

Sreengron g o bighly eelf pollinated snocles and

honece only very limited wariesbility iz evailabls smong the

5y

varisties. Noresver the continuous gnlockion proctised in
the past years to develon varistios gulted to locsl condie
tiona and demands, has further narrowed dovs thoe ﬁd”ﬁdJ&lit

in the population.

&

Vardienes wnd cogfficient of voriation aroe the moasguras

"

akility in e population. Gonetlc varisngs s modie

k4
FES

o

ver

fiad by the environtent is muesured ap phenotyplo verioncs.



vhenotypic veriabillity cannot Lo used for varietsl Anniovee

X

mant, Honee the total varizbility svailable in a population
could by pertitioped inmto horitable and non-haritablc come

ponzntn with the ald of genstic narswveters.
o § &

In the pregent ftudy estimatas of voriancs Coopononts
indleatsd only little aifferoncas bobwoon ghsnmtyyig ongd
g@nétypia veriancas for the chasact@fs viss mmz Longthy,
numbsar of sceds por pod, hundred seed woight, g30f sivo,
leaf srue indsy, Toot sproad, root/shoot rotio and groin
fdlling perdied, This indicoted that verletions obaoswvaed
in these characters obe mainly dus o gonetic caugen ond
that environmnt haai enly nagligible inflinhndd ovay thafs
dut h Shar mctursa, plant helght, nunber of leogrog por plant,
nunber of aﬁﬁ par plont, yvield per olot, hauln viald,
stonetel distribution, days to first flowarivg, and proline
content showed wide varletion with regerd to gonotyplic ond
phenctypic verionces indicating o grzator environmentol

P

infludnes over thoste cheragtars,

Costfficiont of variegtion is anothar ralisble gesswsa

9

of veriadility, in e population. The phonotypie eosefficient
of varistion mgasures the total variability wWheroas tha
gonotyple costficiant of voriastion meazures tho g“ﬂﬁtic
diversity IZor guantitative dherectors.s In tho presagt ﬂru«v

comperdtively high values of phenctypic and gopoty



coafficients of verietion wore rucorded for numbor of léaves
per glaﬁt. yvield per plot, haulm yield, lesf area index;
root/ehoot ratio and proline content indiﬁstimg?high.améﬁnﬁ
of variability for thuese charactors, This suggests that
there iz no scops for the dmprovement of thoso charasters
through solection, _é@mparativalyvhigh,valnes-af phenotypia
copfficient of varistion with correspondingly low welucs of
genctypie cosfficiont of veriation were recorded for the
Sharacters plant haight, numbey of pods par plont, yiold
per plant, and stomatal distribution indiceting a high
influence of the enviromnent in the axpression of these
characters. Similar trends were reported for plant height

by #horgade ot al. (1985) in bengolaram.

211 the other cheracters viz. pod length, numbor of
saeds por pod, hundred ssed woight, Seod sise, root ‘lan@’.th;
rost sprasd, deys to first floworing, days to maturity of
£irst pod, days to final horvast and grein £illing pericd
exhibited low phenotypic and genotypic coefficients of
variation indiveting a low variability for these charactérs.
This suggests thet there 16 not much stope for the improves
mont of these cheredters. Similar results werd obtalnzd,
in bleckgram for pod length by Sounderapendian et al. {1§7§}

and Goud ot al., (1977).



5.3, Havitability and Ganctic gain

The estimates of herditable portion of variation are
givan by such genetic paremcters as heritaolliey, .Jahﬂéﬂn
2t al. {(1955) have suggosted that heritability estimat@é
along with genetic gedn is more useful than haritahiliﬁf
alonc in predicting tho resultant effect and selecting éhﬁ
best individusla. |

In the presont study grain £illing péri@d,sﬁcwédf
maximun horitability (90,79 per cent) and yield per plaﬁt
the mingmun {7,684 per cent)., High heritebility value$‘3§re
a8lso shown by days to final harvest, hundred secd weight,
days to meturity of first pod, root spread, sced size, reot
length, deye to £irst flowering, yield por piot and pod
length. High values of heritability indicsts mindmun

influence of anvironment on these charadters.

The high herdtability observed for days to final
harvest was in congonance with the reports of Singh end |
Malhotra (1970) and Veeraswamy ot al, (1973} in gr&anﬁra$,
High heritebility observed for hundred seed walight iy Conw
£irmed by the reports of Chowdhury et asl., (1971) and
Paremasivan and Rejasekharan (1980) in greongram and Sinéh
snd Mehndiratta (1969) in cowpea. The hich heritability

vbserved in respect of deys Lo maturity of £irst pod is in



agroemrent with the reports of Smplg ot al, (1974G) in oreon-
aram. The comperatively high heritsbilivy for days to
flowering dn this study s in conformity with tho posulis
of Sroekuner and Abraham {1879} in greongram. Pod langth
also showed o comporatively high horitebllity eonfisming
the roports of Gupta and Singh (1968} in greengrom and

soud et al. (1977) in blackgras.

Moderate heritsbility estimetes wore obgorved Fop
plent hadght,; number of legves por plent, nueber of scads
par pod, haulm yvield, stomatal distribution, loal arss index
mnd root/shoot retio. Hodorate neritabilisy obsurved for
seeds per od ds in consongned with the réports of Goud ot ol.

{1977) in bleckarems

Tha other charscters, nupbor ef pods per plant, wicld

per plant and proline content adiibited wvery low horitebilisy

o

g«

values. Howaver, Soundarspsndisn ot al. (1978) in Rlodkgres

reported medium herdtability for nunber of pods pow
Low heritability values in respect of seod yiadd obtained
by Goud ot al, {1977} in Rlachkorem ond Leokshmi end Goud

(1977) in coupsa are in agroomant with tho precont rosultc.

4 high velus of heritability slone doos not provids
tho necessery informetion sbout the ghnstie prograst thit

could bo asshieved by procticing selection. Honto gonctico



advance and genetic gain should also be considered along

with the heritability values (Johnson et al., 1955).

Genetic gain was found to be maximum for yield per

plot followed by haulm yield and minimum for vield per ?lant.

Among 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
vize plant height, numbar of pods per plant, pod length;
number of seeds per pod, hundred seed weight, seed size,
yield per plant, stomatal distribution, root length, root/
shoot ratio, days to first flowering, days to maturity Qf
first pod, days to final harvest and grain £illing pericd
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 cowpea. Low genetic gains observed for pod lehgth
and number of seeds per.pcd are in conférmity with the
reports of Lekshmi and Goud {1977) in greengram. £

The high heritability coupled with high genetic gain
expressed by plot ?ield indicates additive gene action ﬁ?r
this character which envisages greater scope for selactién

{Panse and Sukhatme, 1957).



Gradn £illing poricd, deys to final hepvest, doys to

wmaturity of Plrst pod, hundred goed welght, seod sizo, oot

length, deys to first flowsring and pod length hed hidg
haritability coupled with lew gonetie galn, Thie indics
non additive gone action which greatiy limits the seopa oo
improvorent of these charactors through solection (Fanse

and Sukbatmw, 1957),

Lat area indsst and mendér of lesves par plant ghoesd
modercte horditability in asgocistion with modorate gonotic

gain., Proline content showed low hoeritabiliby couplod with

Pods par plant and yvield per plane had low horitse
bilivy and low gonetie gain auggesting podr response o

ES

salection under normal situastions.

.

H.4. Corraelation

The correletion studiss condugted rovegled that gonce

tyode Sorrelationg aro higher in magnituds than ohenotyiic
oA -.5 Py ﬂrm

corralations, Sedd yield i an importent charester thet
conbinzs the axprasaion of man ther sssoclstaed chayocters.
An astimats ©F the interrzlationship baotween yiald ol yi&l&
contributing chorscters thus Lzeilitetoseffzdtive geloction

for simuliencous improvemant of one or moid¢ charactor.



The aextont of associatlion botween charactors are
measured by genotypic and phenotypic correlation eaﬁﬁf;éiants
{(fode and tobinson, 1959). rhanotypic correlations will
help in designing effectiva broeding programues, conotyoic
correlations provide & relishle measwre of gonetio asam?iau
tion between cheracters ond help to differentiste tho qital
associations ussful in breeding from the nen vital anas
(%61C5nﬁr¢~1931)g A kﬁewledg@ of génﬁty@ic éaéﬁalaﬁian;

' between characters 4s also of theoreticel interost, bocouse

it may arise from genetic linkage, ploiotropy or from dovew

1@ﬁm§ntally'in&u¢@ﬁ ralationships betwech cooponents thut
éra.iﬁéirect Qéﬁﬁeguéncas of ganc aaﬁiﬁn (stebbins, 1950).
in the presant study geé& vicld wes found to have signi%in
cant pasiﬁiv& genotypie correlations with huﬁber Gf pods
per plant; hundred seed wodght, seed size, grain ﬁilliﬁg
pericd, nunber of luaves per plant and proling contont,
Hogative correlaticns were observed for all other charactors
viz, pod length, hunber of sseds per pod, plant haight, root
length, root epread, root/shoot ratde, leef sxos index@!
stomatal distribution, heulm yiald, days to first flowering,

Giys to maturity of first pod and days to finel horvest.

Bunber of pods per plant showad high positive UL E
lotion with seed yield showing that production of wore
nurber of pods under atress cenditicns contributed signifie

canely to yield, This result i confirmod by the studias of



Saxena @t als. {1972) in chickpes, Renganatha {(1983) in
cowpea and Bhullar et al. (1985) in whest.

Hundred seed weight had high gsﬁiéiv&-asﬁmciaﬁian&
with sead yleld: s&imilar significant asamcia&icn&'warg-;
reported by ettty and Srecramulu {1972) in aa:@hum.\hawitha
(1982) in blackgram, Al and Haidu {1982) in maize and H
Bhuller et al, {1985) in wheoot, |

seed size alsc showsd high positive association with
yield whidh is in confirmity with the reporis of Ali anﬁ'
Naidu (1962) xn maize and Ibrahim ot al, {1986) in p@arlq

0

millet.

Mumber of lesves per plant showsd positive correlie
tion with yield and similar results were reported by |
Ibrahim ot al. (1986) in pesrl millet,

Grain £illing period had significent positive assde
Ciation with yield which shows that longer €illing pﬁriaéa
are favourgble for gotting high seed yield under moisture
stress conditions. Thisz ragult is confirmed by the repg%@s
of Asana et al. {1968). o

High positive aasa@iéﬁi@n wag also r@g@&t&ﬁzhw&@@§m4

proline content dnd scad yiald, Similor rosults wors

reported in barley by Singh et al. {1972). L
)



i
Humber of seeds per pod had a high negative ascceia-
~ tion with seed yﬁaié which mey be dua to the adverse eﬁﬁ%ct
of drought on s2ed £illing., A7 incrosse in the nurber @é
seeds decrease the efficiency of seed f£illing thercby redue
cing tho sead éiz& and waight and ultimately the yield, ;

Fod length elso ghowed high negative association with
yield. Reports contradicting this ropults were prasentoed
by Raviths (1982) in blackgrem and sherma (1988) in maizd.

Nogative asgociction was found betwsen plant height
and yield mednly beceuse of the low genoral vigour of the
plant due to etress, Howsver contradicting reports were
presented by Doss et al. (1574) in soybean and Ali and Naidu
(1962) 1in maize, :

Boot l@ngth'and spread had negative asgociations with
yield. This aseociation may also be due to the low general
vigour of ﬁh@ p1anﬁa due to stress. Yehn ond Stofella |
(1987) 414 not £ind ony correlation botusen root charact@?
and grain yield. Contrary to this, significant poaitive |
aspociation for root length and spréaﬂ was . raporte&:hy |
Sengwan and Mehrotra (1982) in greengram angd Kavitha‘(19ﬁé)

in bleckgram.

Hegative correlation was cbserved between root/shobt

ratio and yleld, Negative correlation between root welght



A
|
i

i
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and yield was reportad by Kolotilov and Xolotilova (1985)
in Lathyrns sstivus. Opposing results were reported by j
Zetty and Srecramulu (1972) in sorghun and Sangwen and

Hehrotra (1882) in grecngram.

soed yield showad a significent nagativm‘aasauiﬁtipn
with leaf aras index eventhough its association with num%%r
of leaves per plaht was significant and positive. This j
suggests that an increased number of lesvas caﬁpladfwithlé
reduced individusl leaf srea is sdvantageous under maisﬁgia
stress conditions. Sivekumar and Shaw (1978%) reported ”
nogative agsociation h@twe@mllaaﬁ araa and reletive grawth
rate. Contrary ¢ this significent pesitive association '
wes cbserved by Hehrotrs ot al. (1966) and Sharma (198&)5in

maize and Setty and Sreeramulu (1972) in sorchum.

Stomatal distribution had nogetive association with
yiold confirming €he roports by All and Naidu (1982) in
malza,. |

|
Deys to flowering showed significant negative agsow

ciation with yield. &Gimilar reports wers given by Saxona
and theldrake (1977) and Sawgha et al. (1979) in chickped,

le
Days to meturity hed a nogstive asscoistion with |

yield., UConfirmatory results were reported by Kavitha (1932)
in blockgrams



$5.5%. Path analysi

Path analysis helps €0 split up the direct and
indircct cffccts of various characters on good vield, lmong
the characters studiced number of pods par plent vas fownd
to have tho highast positive direct affcct on piold followod
by plant height, days to first flowering and pod lonsih.

ALl the other charactors studied showed a nogative diract

affect on yicld,

Hurber of pods por plant showed tho hichest positive
direct cffect on yield. This is in agroemont with the finde
ings of Muthiash {1976) in Blackgram, Singh et al. (1977)
and Progamakumetrl and George (1888) in groongram. Tho
direct effect of this character on soed yicld was Zound

to i more than its correlation coofficlient, T CoryGlaow

tion value was reducced probably duc to lts high nogative

A2

indirect offect via plant heldght, seed size and davs to

£irst L£lowaring.

Flant height also showad positive direct effect on
yielﬁQ However its correlaticon with soced yield was nogaw
tiva, It wes maeinly due to the hich negative indiract
effoct vie nunbsr of pods per plent. The positive divect
affect obsorved for plant hedght is in conformity with thé
findings of Girirej and Vvijayakumar (1974) end Boomdhumcran
and Zathdnen {1981} in greengrem and Scunderapendian ot al,

{1976} in bladigra,.



A

0
1

4 The negative associastion botwsen daye to first §l$w3r~
ing and yield ingpite of o very high positive direct offict
was mainly due to the negative indirect effect of aumbar’, of
pods per plant. It axerts a substantial indirect affect
through pod length. Positive direct offect of days to T
lowering on yield was reported by @ixira§ and:vijayakumér
{1974} in greengram. | | |

Pod length alse showed positive direct effect insﬁitﬁ
of its hich negative associstion with sead yield, @@@‘l%ngth
axerts positive indirect effoct via plant height and aay§ to
£irpr flowering, mnd negative indireoct eﬁﬁ@mtJVﬁa\nﬁmbar;of
pods per plant. The high negstive aassociation with yield
may be due to the negative indirect effect through pods ﬁar

plant. . ;

Positive direct affect of pod length on yield wawj
reported by Thendapani and Reo (1984) in groengran. Howaver
Muthieh (1976} in blackgram reported a hegative indirect

effect ¥

Seed size and number of lezves per plant which haé 2
strong positive eorrelation with yield had negative direct
effect on yleld, These negative direct effects wxe aouﬁt&ra
balancad by the hich positive indirect effects via number of
pods per plant and doys to first flowering in the caaa~o§

gead sizo and via nusber of pods per plant in the case of



nunbey of leaves per plant.

root/enoot ratio showed negative dirsct effect on
‘yiem; Ite aggociation with yisld was also negative and the
value was almzst egual o the valus of direct effect mﬁimf».
cating that the negetive direct effect was @ﬂtﬁﬁaly e tq::

the negative association betwaen the charscters, )



SUMMARY



SUMMARY

The gresani invostigation was'undﬂxéak@n at the
Depeartment of Plent Broeeding, Collegs of Agriculture,
Vellayand during October té December, 19868. Twanty AL € £ T
rent varieties of greeﬁgram wére,évaluateﬁ for their potén—
tial to tolerate moisture stress. Observations were mad#
on plant hedght, nunber of leawes per plant, number of y&ds
per plant, pod length, nurbor of geeds per pod, hundrad :
seed weight, seed size, yield per plot of graing and hau%m,
vield per plant, stometal distribution, leaf srees imdex,]
root length, root spread, rgat/ahoat ratio, days to first
flowering, days to maturity of first pod, dayg to Ffinal
harvest, grain filling pexiwd, and proline content from
aach of the twanty varzutmas under ﬁtﬁﬂkn Veriagbility, '

correlation and path analysis uere studied.

The varieties evaluated exhiblted significant Aiffae
rences for all the charactors studied except for number of
pods per plant. yizld per plant and pxoline content thsh
»ndicatad‘that congiderable amount of variability axisted

among thame

Corisiderable variability both at the phenotypic and
genotypic levels was observed for nurher of leaves por
plent, grein yield per plot, haulm yield, leaf ares indes,



root/shoot ratio end proline content inéicating'ﬁhat thﬁse;
characters are potentislly variable. 2 high environmental
influence was obscrved én characters, plant height, numba#:
of pods per plant, yield per plant and stomatal distribue
tion as evidenced from their high phenotypic coefficient of
variztion and low geonotypic coefficiont of variation, all

the other characters recorded very low veriability only.

Horitability egtimates were modium to high fow'mcs;
of the characters in gonersgl, Very high heritability valﬁa
was recorded for grain £4illing period followed by days tc;
£inal harvest and hundred seced weight. The yield eamp@naﬁts -
sead gize and pod length showed high heritsbility vwhere as
number of seads par pod showed moderate heritability. Yﬁéld
per plant was found to have the minimum heritability in,gha
presont study which ghowed that this cheracter is highly

influenced by chvironment.

Haritability in conjunction with genetic advance #s
more effective and reliaeble in predicting the résultant ﬂ
effect of seléction than heritability alone. The high horie
tability coupled with high gonetic gain recordsd by yield
per plot indicated esdditive gene action for this character
vhich envisages greaster scope for sgelections Grain filiing

period, days to finecl harvest, days to maturlty of first



pod, hundred seed weight, soed size, root leongth, days o
first flowering and pod length showed high heritobility
couplad with low goenetic gain indiceting noneadditive cone
sction., Leaf arsa index and number of leaves per plant
showad medorate heritability in association with moderata
genctic gaein while pods per plant and yield per plant ghowed
low herltebility and genetic gain suggasting poor response

o selection under normal situations.

A knowladge of interrelationship betweon yicld and
yield contributing characters is vital bocause this would
facilitate effective solection for simultanaous improvement
of ong or more of the yield components. The intensity angd
direction of agsociation were measured by genotypic and

phenotypic correlation ceefficients,

Tha genotyplc corralation coesfficients were highor

wen the phenotypic corrolation coefficients indicating tho
masking effect of the environmant in the total ouprossion
of the genotypes. Seed yioeld was found to have gsignificant
positive cerrelati@né with number of pods per plant, hundeesd
gseed walsht, sesd size, grain £illing pericd, number of
leaves per plant and proline content. Iegative correlationgs
were cbserved for pod length, number of scods por Tod, nlant
height, leaf arce index, root/shoot ratio and days to first

)

flowering. The yield components also evhibited varying

LV



degraese of association awong themselves.

In path analysis numbar of pods por plant was found
to have th2 highest pogitive direct @ffaet on yield, leﬁt
| height, days to f£irst flowering and pod length also exhi%
bited positive dilrect effect on grain yield. Seced sizo ;
and number of leaves per plant showed negative direct cffect
on yield and positive indirect effects via number of pod%
per plant. Root/shoot ratio also exhibited negetive indizcct

effect on grain yield. :

A considerable redwtion in vegatative as woll asf
roproductive performance was obgerved, scne being inﬁlueﬁceﬁ
more than the others. Amcng the yield components pod longth
and seeds per pod were greatly affected where as numbor of
pods per plant, hundred sead weight and sesd size were ﬂét
much affected and thoy contributed significantly to grain
yisld under stress conditions.

The varieties PDHeS4w139, PDie34~146 and Pusa=103 .
showed high grain yield a5 well 2s high mean valuos for
alimogt all tha yield contyibuting characters indicating
their potential to tolerste moisture stress and suitabiliiy

for cultivation in drought prone areas.

The study thus reveals that drought tolerant varioce

tles of greengram should have early maturity, longer grain



£41ling period, medium heicht and leaf ares index, more . |
nunber of pode per plant and a moderately high seed wight}

ang size,
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ABSTRMT

A research programme was carried out at the Department
of Plant Breeding, College of Agriculture,; Vellavani, during
october to December, 1988 with an objective of evalusting
tha potential for drought tolerance in greengrem through
astimation of gencetic variaoility, esrrglatien of yield with
component Charactars and the diregt and indireesr cffects of
differant componuents on vield, Twenty varieties of yroene
gram were evaluated under open conditions without any irrie
gation adopting a randomised block design replicated thrice.

:_E

Data on twenty charveacters wore recorded and subjected to

[t

L]

analysis of variance and coveriance. The genotypic and
phenotypic coefficiont of variation, hecitability in the
broad sense, genotic advance and genotyplc and phenotyolc

"

correlations were estimated. Path anslysis was conductoed

0

with vield per plant as the effest and seven component

Cheragters &8 the Causd,

analysis of vardiance revezled significant differonces
among the varieties for plant height, rumber of lesves per
plant, pcd length, number of seeds per pod, hundred sead
welght, seed size, yield per plot, haulm yiecld, stometal
Gistribution, leaf arees index, root length, oot spread,

root/shoot ratlio, deys to first flowering, davs to maturity

of first pod, days to final harvest and grain £illing period.



Analycis of varience for number of pods por plant, yilold
ar plant and proline content rovesled no significant
difforence among varisties. Maximun hetiﬁability was

recorded for grais £illing pericd. The yvield componants,

pod length, nuwnber of ssods per pod, hundbed seed weight
and secd gize recorded moderate to high heritebilicy and
ﬁ”hﬁtié gain. “rain yield per plant recordsd significent
positive gonobtypic corvelations with numbar of pods peu

Iy

plont, hundred ssed wedght, ofain £illing pevied and proline

content. Significent negative gencotypic correlations ware
rocorded with plent heloht, pod length, anurboer of gseeds per
pod, leaf ares in and days to £first flowering.

Path analysis revealed that numbor of pods par plant
had the maxnmum diract contribution for grain visld followad
by plant h*l”ht. days to ¢ir st flowering and pod longth.
Root/sheot ratio snd seed size exhibited magative indizect L

.

P

cffect on yield., gSeecd size axcrted positive indirect affoqot

through number of pods per nlant,

Thie study thus roveals that in greengram garly variQe
ties of medium hedight and loof arca index having longer
graim fillinq pariod, wmore numbar of pods and & moderchoely
high seeaed sige and weight sre sultable for cultivation uidor

modsture s“*ass conditions.
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