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INTRODUCTION



INTRODUCTION

Grain legumes constitute an important group among
the wvarious food crops of the tropics. Besides beaang the
main scurce of vegetable protein ain the human diet, the
value of pulses as nutritious feeds for the cattle and as
restorataive cover and green manure crops to the soil has
long been recorded. India has nearly one third of the
global area under pulses (23 mallion ha.). But due to the
present very low level of productivity, the total produc-
tion (12 million tomnes) i1s short of country's requirement
by about 50 per cent. In order to attain high economic
yields, a pulse crop should have high biological yield
coupled wath high harvest index. Genetac restructuring of
the plant types to give higher harvest index may lead to
the development of types with high economic yield (Jeswani,
1986). Since a vast majoraity of people of India depend
upon pulses for their protein reguarement, inCreasing the
cultaivation and production of pulses assume considerable

importance in solving the protein malnutraition problem.

Cowpea (Vigna unguiculata (L). Walp) 1s one of the

important pulse crop an Kerala and i1t occupies nearly
75 per cent of the total area under pulses ie. about
28,500 ha (Anon, 1985). In Kerala, cowpea 1S grown in

uplands during the rainy season and an the rice fallows



during the summer months. The yield of rainfed crop 1s
very often significantly reduced due to inadequate and
erratic monsoon and the frequent prevalence of long spells
of drought in recent years. Drought is usually considersd
as a deficiency of available scil moasture whach produces
internal water deficits in plants, severe enough to reduce
plant growth and productivicy, by a delay or prevention of
crop establashment, weakening or destruction of established
crops, alteration of physiological and birochemical metabo-
lism and the quality of grain (Larson and Eastan, 1971).
Different varieties of cowpea respond differently to the
conditzons of drought. These differences are attribured
to the presence of characters contraiouting to drough. tole=-
rance such as deep wide spread root system, high root/shoo.
ratio, leaf area andex, long grain fillaing period and hagh
harvest index. In this context, the present investigation
in cowpea was taken up with the objectives of
(1) assessing the performance of differeni cowpea varieties
(2) studying the variability, correlation and the darecc
and indirect attraibutes contraibuting o drought tolee
rance and grain yield and

(3) 1dentificataion of drought tolerant varaieuvies,

The study on genetic wvariability, correlation and
path analysis helps to identify an i1deal plart Lype of
cowpea with high harvesting efficiency suited to drought

prone conditaons.
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REVIEW OF LITERATURE

In India a major part of the cultivated area is
under purely rainfed conditions., The erratic rainfall an
this area often results in long spells of drought. Hence
the identifaication of drought resistant/tolerant varieties
1s a must for overcoming this situation., Drought resistance
1s the result of many, fregquently independent morphologrcal
and physiological characters, whose interaction has not yec
been suffaiciently elucidated., Only very little systematic
work has been carried out with the specific objective of
breeding crop varieties for the development of drought
resistant/tolerant varieties. Variabilaty that is observed
in the various morphological and physiological characters
can be used as the basis for selection of drought tolerant
varieties. Selection criteria in breeding for drought
tolerance, variabilaty, correlation and path analysis studies
on characters contributing to drought tolerance and hagh
yvield in crop plants with special reference to pulses are

reviewed,
2.1. Selection crateria in breeding for drought tolerance

Drought resistance/tolerance is very dafficult to
measure because of the presence of large number of adapta-

tions contrabuting to this mechanism. In the case of



stresseg to which plants have been exposed only for a short
period in their evolutionary history, only one or two adﬁp-
tations have been developed. In contrast to thas, landl
plants whaich have been exposed to drought for as long as
they have been on land, all conceivable adaptations can be
found, some in one spe¢ies, others in another. when evar
luated in thus way, resistance is a combination of many
thangs, since yield depend not only on the abllity of che
plant to survive the drought, but algo on 1ts ability to
grow and complete its development before, during or after
the drought. Some root and shoot characters and physiolo-
gical characters help the plants to overcome drought and

to gaive good yield.
2.1.1. Root length and root spread

The root system plays a decaisive role in plant adap=-
tation to water deficat. The relation of root system to
drought resastance has been the subject of considerable

research.

Misra (1956) reported that an early and well deve-
loped root system enables a plant to withstand early periods
of drought more successfully. In latcer periods of growth
and development, the larger and wider area would be covered
by the better developed root system and conseguently the

plants can tolerate drought conditions. He observed that



the dafferent strains of corn which had better root syster
had greater ability to survive soil drought than others.
Rajagopalan (1958) notaced that tne root number, total

length, thickness ano dcy welght of roots are greatér in

drought reszstant rice varieties. Kramer (1859) reporie.
thal a deep well oranched and wide spreading root systen
is excellent protection against droughu injury, becausa,
the more extensive the roo. system, the larger the geser-

voii 0f soil water, tne plants carn zhsorb.

The root characters associaled with droughc resig=
tance in sorghum was siudied by Thangavelu et al. (19C7a)
and found that drought resistance was correlated with tho
characterastics of root system such as greater length,
higher percentage of thin roovs and deeper pengtration.
Hurd (1969) reported ithat saince the yield under sacni-arad
condations 1s relatved Lo efficient moisture utilizalion,
the root pactern of varieties is amportaat. He siggested
that varieties paving a dense root system, capable of pene=
trating the soil rapidly, along with a larger proporticn
of roots at lower depths should be selected for making
crosses and developing wheat varieties suited for sent=-arid
conditions. Tiwari €c al., (1974) observed that i1 wheat,
varieties wiith moce number of roots capable of deep vertical
penetracion and a moce horizontal spread of seminal roots

werc drought escaping and higl yielding. Sandhu and Hortop
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(1977) studaed the response of ocats to water deficit and
found that plants growang under soil water stress condi-

tions had deep roots,

Babalola (1980) studied the water relations of
three cowpea cultavars and reported that while selecting
cowpea cultivars for intercropping purposes characters
such as depth of rooting, lateral root spread and root den=
sity whach affect water extraction at different soil degths
should be considered. Thomas (1983) observed that the
greater drought resistance exhibated by tepary beans

(Phaseolus acutifolius) when compared to common beans

(P. vulgaras) was due to the presence of longer roots in

tepary beans.

Pandey et al. (1984) studied the droughi response
of four grain legumes under irrigation gradients and found
that cowpea and peanut had higher root densities at 0.4 m
to 0.8 m depth than soybean and mungbean and this appeared
to be a major adaptative mechanism for their drought tole-

rance.
2.1.2. Root/Shoot Ratio

A high root/shoot ratio was repocted in drought
resistant varieties of rice by Rajagopalan (1958) and an

sorghum by Thangavelu et al. (1967a). Kramer (1969)



reported that greater root/shoot ratio 1s always associrated
with drought resistance. Parao et al. (1976) found that
sorghum and corn whach are more drought resistant than rice
had much higher root/shoot ratio. 0'Toole and Chang (1979)
observed that as the root to shoot ratio increases, the
visual score in field drought screening shifts towards the
resistant rating., O'Toole and Maguling (1981) reported
that the dryland cultaivars of rice differ from rainfed and
irragated wetland rice cultivars in their greater root-to-
shoot ratio. In race, Cruz et §i° (1986) observed that
water stress increased the ratio of root drymass to shoot

drymass and the leaf area to total root length.

Schulze (1986) reported that water shortage signi-
ficantly affects root growth and the root-shoot ratio at
the whole plant level. Murty (1987) proposed that a well
ramafied deep roet system with greater root/shoot ratzo
to tap moisture from deeper zones are important for drought

tolerance.
2.1.3. Leaf Area Index

Thangavelu et al. (1967b) studied the leaf and
panicle characters associated with drought resistance in
sorghum and concluded that less number of leaves, narrow

leaf characters and reduced fourth leafl area help to



withstand the drought by minimising the waterloss by
transpiration. Hsiao (1973) observed that moisture stress
can reduce the development of leaf surface area. He pro~
posed that the sensitivity of dry matter yield to stress
should be greater ain a growing crop with a low leaf area

index than in a crop with a high leaf area aindex.

Sammons et al. (1978) reported that a significanc
reductaion in leaf area under drought is related to plant
drought susceptability. They suggested that cultivars
which are able to maintain high photosynthesis at or near
control level under increasingly severe soil moisturc
stress are considered drought resistant. Drought adapta=
tion of cowpea studied by Turk (1979) revealed that with
increase an levels of drought, leaf area, shoot dry matter,
numbar of leaflecs and average leaflet area decreased. Alix
(1980) scudied the genotypic response to moisture stress
an cowpea and found that leaf area index reduced dus to
molscure stress in all genotypes. He proposed that a geno-
type suited co rainfed conditions should show a lesser
reduccion in leaf area aindex, leaf area durataon and photo-
synthetic efficiency and thus be able to produce haigh dry
matcer. Turk and Hall (1980) studied the drought adapta-
tions cowpea and found that drought avoidance by cowpeas
were pactially due {0 low transpiration resulting from low

leaf area. Garrity gt al. (1984) suggested that a reduction
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in leaf area was an important mechanasm for transpiration
control under drought stress during the entire reproduc-—
tive and grain £illing periods in grain sorghum. They
proposed that the reduction in leaf area which occucrred
early in cthe season and the leaf senescence which occurred
later proved to be the major mechanism for transpiration

control and drought avoidance.

In cowpea, soybean, peanut and mungbean, Pandey ei al.
(1984) found that increasing molsture stress resulted in
progressively less leaf area, leaf area duration, crop
growlh rate and shoot dry matter and they found chat these
grain legumes differed in their ability to maintain leaf
area index at hagher levels of water stress. Shavrej et al.
(1987) reported that in ragi, cultivars maintainaing hich

leaf areca index under siress produced more grain yield,
2.1.4. Number of siomata

One of the .mportant characteristic which postpone
the development of internal water deficit is few stomata
or stomata which close pcomptly when water deficait occurs

(Kramer, 1959).

Buican et al. (1964) studied the genetic resistance
of maize to droucht and reported that an field and lab

tests, resastance Lo dcought has been associaced with a
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small number of stomata with Llong thack walled guacd cells.
In sorghum, Thangavelu gt al. (1969) reporied that one of
the charactier which is essential for lowering cranspiration
15 fewer stomata in the leaves. Ravindranath and Ala (1972)
reported that less number of stomata mus. be soughi for

vhile breedaing for drought resistance.

Setty and Sreeramulu (1972) studied the drought
tolerance of sorghun selections based on morphological
characters and yield components and reported that selec-
tions with good yreld have [ewer number of stomata/unit

area.

Babalola (1980) found that stomatal density, aperture
and behaviour to decreased soil water potential differed
widely among different cowpea cultaivars. Renard and Allucik
(1981) studied stomatal and leaf characteristics of culti-
vars of riace in their response to water stress and reported
that ihe least susceptible cultivars had fewer stomata than

other cultivars.

The response of cowpea to acmospheric and soxl
droughl was studied by Nagarajsh and Schulz (1983) and
they reported that in coupea stomata 1s more sensitive to
soil drought. Shewesh gt al. (1985) suggested that stomatal
freguency and distraibution are important in determining the

drought tolerance or drought susceptability, because stomata
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regulates water loss and utilization in crop plants.
2.1,5. Duration upto maturicy

In cultavated crops the ability of a cultivar to
achieve maturity before the soil driaes out is the main
adaptation to growth in a dry region. In spring wheat it
has been widely demonstrated that earliness leading to
drought escape confers an yield advantage under terminal
drought (Derera gt al., 1968). Chinoy (1960) studied the
physiology of drought resistance in wheat and reported
that in India, the only wheat varieties that produce good
yvields are those that complete their growth before the

onset of drought.

ojomo (971) reported that early f£lowering has been
considered as a desirable character in several breeding
programmes with cowpea for drought tolerance. The earli-
ness reduces the number and the time of ancidence of the
moisture stress pericds in relation to the phenology of
the plants and therefore is an amportant characteristic

as suggested by Arnon (1975).

Turner (1979, 1986) stated thac the greatest advances
in breeding for water limited environments have been
achieved by shortening of the life cycle, thereby allowing

the crop ro escape droaght. Foster and Weng (1979)
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[
suggested that ain grain sorghums, the number of days to
flowerang i1g a useful selection criteria in developing

drought resaistant lines.

Hall and Grantz (1981) reported that droucht resis-
tance of cowpea tan be improved by selecting early appea-
rance of mature pods. They added that earlier partitioning
of carbohydrates to reproductive parts would result in more
drought resistance in cowpea. Similarly Sangwan and
Mehrotra (1982) reported that in mungbean, early maturiﬁg
genotypes showed promise for hagh and stable seed yield
under rainfed conditions. Norem et al. (1985) studied the
characters associated with drought tolerance in sorghum
and found that days to anthesis were significantly less for
drought tolerant laines than for medium and low droucght

tolerant lanes.

Murty (1987) suggested earliness as an insurance
against drought in rice and hence is an important attri-
bute to be considered in selecting the varieties for drought
prone areas. In pearl millet, Biadanger et al. (1987)
assessed the factors affecting yield under stress and found
that the major {actor determaining grain yield of a genotype

under stress conditions is its duration to flowering.
2.1.6, Grain Falling Period

Shorter grain fillaing period adversely affects yield
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under drought conditions. Since most of the carbohydrates
accumulating an the grains are synthesised during grain
£i1lling period, its shortening will have an adverse effeFt
on the yield as suggested by Asana gt al. (1968) in wheat.
Gregory (1982) reported that in rice, yield under stress
can be increased by ancreasing the quantity of assimzilates

moved to f£11l the grains.

The effect of moisture stress on the duration of
the seed fillang period was studied by Meckal et al. (1984)
in soybean and they reported that the duration of the seed
£1lling period ranged from 27 days an the late stress plants
to 43 days in the well watered plants., Drought after anthe-
s1s hastens maturation and leaf senescence, thereby reduces
the length of the fallang period. Bruckner (1986) suggested
that hagh rate and short duration of grain filling were
associated with post anthesis drought tolerance in sprang

wheat.

The duration of seed filling is related to yield an
many crops. Plancho ¢t al. (1986) suggested that the reduc-—
tion an seed weight of soybean under late srress was due to
poor seed fillaing. Omara (1987) observed that the response
of early selections of barley to the droughi treatmenis in
sandy soil was characterised by a reduction in the tame to
flowering ard a corgesponding prolongation an the time from

flowering to maturity.
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Nelson (1987) studied the relationship between seed
£111ing period and seed yield in soybean and fourd that

longer seed £illing period leads to higher seed yaeld.
2,1.7, Plant heaght

among the structural characteristies wnich may be
related to drought resastance include plant height along
wath root and inflorescence characters. Henckel (1964)
reported that drought causes a dwarfing effect on plants
mainly due to early cell maturation. Day and Intalap
(1970) studied the effects of soil moisture stress on che
growth of wheat and found that moisture stress, at the

cratical period of growth resulted in shorter plants.

Hiler et al. (1972) found that plant height was
drastically reduced in covpea when droughl was amposed
during various growth stages. In mungbean similar results
were reported by ali and Alam (1973). Simlarly in oats,
sandhu and Horton (1977) noticed reduction ain plant height

under conditions of drought.
2.1.8. Proline Accumulation

A major effect of water stress on plant metabolism
[

involves an inhabicion of protein synthesis and the modi-
fication of aminoacid metabolism leading to a rapid and

extensive accumulation of proline (Barnett and Neylor, 1966;
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Sangh gy al,s 1973b). Levitt (1972) stated thau [_.ece
proline accumulation in water stressec leaves has boeasn
speculated to constiture an attribute of drought resistarce
or drought hardiness. Singh gt al. (1972) observed wnac

the rate and extent of proline accumalation uncer comparable
water stress conditicons varies consideraply betuvecn dilffic-
rent genotyp=ss. They found that the potential for proline
accumulation appears to vary dareccly with the abiluty of
the genotype to yield under drought conditions. Siagh et al.
(19732} studied the stress metabolism in barley and reported
substantial varietal differences in proline accumulatios:

and found that varieties which zccumulated larger concen=
tratior of free proline tend to have leaves which survived
extreme water stresg more readily and grow more rapidly
followang stress relief, They suggested thal proline con-
tent may be linked in an indirect menner to tissue survival

duraing and after stress.

In sovbear, Waldren and Teare (1974) reported thab
accumulation of proline under water stress could ke an
andacator ol drough. resistarce or susceptibalaty, Singh
et al. (1974) observed proline accumulation in whear and
barley plants subjected to soil moisture stress and they
suggested that this abality can serve as a criteraion c:
drought resistance/tzolerance. But Hansen et al. (1977)

guggested thot proline accumulating potentaial should rot
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be utilarzed as a positive indcx of drought resistance in
screening maethods for cereazl breeding prograrmes, Simi-
larly Michael and Iimore (1977) suggested cthat acoumulation
of prolinc is pou 2 good indicavor of Lthe onsst of planc
water stress. Hansen el al. (1979) suaggosied that seleci=
ing barley for lov prol.ne accumulacion might bhalr to

identify pronising macerial for drought prone enviconments,

In sorghun, Sivaramekcishnan gt sl. (1988) observed
high levels of proline sccumulation in drought resistant

lines and low levels .n drought susceptible lines.
2.1.9. Hacvest Index

One of the important objective for the raanfed crop
production under semiarid conditiorn for high yvield is to
bave higbh harvest andex (Atnon, L975)., [{oster aid wang
(1979) siudiea the response of sorghum genotypas to drought
induced by dafferencial irrigation and fournd that high har-
vest index under conditions of drought or the change n
hacvest andex due to wvatver stress may be useful selection
criterza in developing drought resistant grain sorghum

types.

Hall and Crantz {1931) scudied the droughi resis=
tance agspects in cowpea and reported that an early maturing

selection from CB5 variety of cowpea had high harvest index
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and high yvield along with drought resistance.

Pandey gt al. (1884) studied the drought response of
four grain legumes, viz. cowpea, soybean, mungbean and
peanut, under airragation gradient and observed that harvest
andex decreased linearly with increasing levels of drought

for all the four species.

Ibrgham et gl. {1986) cobserved in pearl millet that
lines wath hagh tolerance to stress had high harvest index

as i1t increases the proportion of harvestable grain.
2.1.10. Yield and yield components

Sance the aim of the breeder 1is to develop varieties
capable of maximum yield in arid climstes, the most commonly
used measure cof varietal drought resistance has been the
yield in the field under conditions of drought. Asana
(1957) suggested that drought tolerance capacity of any
crop 1s best assessed on the basis of yield vhich was con-

sidered as a measure of drought resistance/tolerance.

Levitt (1972) and Parao gt al. (1976) proposed that
yvield is the ultaimate criterion for measuring drought resis-—
tance. Fasher and Turner (1978) defined drought tolerance
as the ability of the crops to maintain yield when subjebted
to drought. Fisher and Maurer (1978) reported that culta-

var yield under drought is the function of yield potential
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(yield waithout drought), drought susceptibility andex and

antensity of drought.

Manjunatha (1978) made investigations on the growth
and yield of pulses in summer. He compared high yielding
varietaes of greengram, blackgram, cowpea and soybean and
found that soybean variety, hardee, gave highest grain
yvield when comparea tc other pulses, mainly due Lo more

number of pods per plant and 1000 grain weight.

Sammons et al. (1980) suggested that a breeder
interested in the development of a hagh yielding soybean
culcvivar, tolerant to moisture stress should select for
vigorous growth potential ard yielding ability ander a

moisture stress environment.

Water relations of three cowpea cultavars, Adzuki,
Ife Brown and Newera, were studied by Babalola (1980) and
reported that soil moasture stress signaficantly reducad
the growth and yield (34-46 per cent) of these three cowpaa
cultavars and the grain vield reduction was highest when
stress was amposed at flowering/vodding stage. Pendey et al.
(1984) observed that in grain legumes, the number of pnds
per square metre was most affected by water stress followed
by rurmber of seeas per pod, while seec veighi wos least
affected, Norem et al. (1985) reporctea that in socghum,

drought tolerant lines produced signaficantly more hzads.
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Upadhyaya and Ruwali (1985) suggested that in breeding
vwheats for heat and drought tolerance, genetic improvements
should be made for characters such as number of ears per

plant, grain weight per spike and 1000 grain weight.

Bidinger et al. (1987) reported that in pearl millet
andavidual panicle yield can gerve as a selection index in
terminal stress. They suggested that a differential ability
to maintain normal graan numbers or the grain yield per

panicle 1s an important factor in response to stress,

Aggarwal and Sanha (1987) suggested that in wheat
breeding programme for droucht environments, it would be
useful to select for more spikes, whereas for high yield-
ing irragated environments selection based on more number
of grains per spike and reasonable number of spikes would

be more desirable.

2,2. Variability

2.2.1. Genotypac and Phenotypic Coefficients of Variation

Studies on genotypic and phenotypic coefficaients of
variation for characters contrabuting to drought resistance/
tolerance are very limited. Most of the works are confined
to the studies on genotypic and phenotypic coefficients of
variation for yield and yield components. The available

literature on the above aspects are reviewed here.
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Singh and Mehndiratta (1969) studied variability in
forty varieties of Cowpea and reported that number of pods
per plant had the maximum genotypic coefficient of varia=-
tion (52.52 per cent) followed by number of pod clusters
per plant (33.02 per cent) and grain yield per plant (22.43
per cent). The number of days to maturity (5.52 per cent)

had the minimum value in their studies.

Veeraswamy et al. (1973) estimated hagh genotypic
coefficient of variation in cowpea for grain yield per plant
{34.9 per cent), number of pods per plant (28.7 per cent),
number of branches per plant (24.2 per cent) height of the
plant (23.4 per cent) and number of pod clusters per plant
(20.9 per cent). Ramachandran et al. (1980) studied eight
varieties of cowpea and reported that genotypic coefficient
of variation was maximum for grain yield per plot (57.12
per cent) followed by number of pods per plant (56.56 per

cent) and manamum for length of the pod.

Radhakrishnan and Jebaraj (1982) ain cowpea reported
that the number of pods per plant had the maximum genotypaic
coefficient of variation followed by number of pod clusters
per plant, and number of branches per plant. The number
of days to maturity had the minamum value of 4.7 per cent
in thear traial. Dharmalingam and Kadambavanasundaram

(1984) an their studies on genetic variability on forty
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varieties of cowpea observed high genotypic coefficient

of variation for harvest index (35.69 per cent), number of
|

pods per plant (29.92) and grain yield per plant (24.16)

and the mainimum value for number of seeds per pod (12.88).

Patil and Baviskar (1987) made variability studies
an cowpea and reported high genotypic and phenotypic coeffie-
cients of variation Zor pod clusters per plant, pods per
plant, seed yield per plant and hundred seed weight. Philip
(1987) an blackgram reported high genotypic coefficient of
variation for leaf area index at blooming (35.87) and mini-
mum value for number of seeds per pod (2.79) in partially

shaded conditions in coconut gardens.
2.2.2, Heritability and Genetic Advance

Sangh and Mehndaratta (1969) studied forty varietaes
of cowpea and reported high heritabality estimates for days
to flowering (88.8), length of pod (80.5) and days to matu-
rity (78.3) and low heritability for seed yield per plant.
They have estimated high genetic advance for number of pods
per plant (31.6) and seed yield per plant (27.6 per cent).
Veeraswamy et al. (1973) recorded the maximum heritability
for pod length and the minamum for number of seeds per pod.
Genetic advance was haigh for pod length followed by number

of pods per plant and grain yield per plant.
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Rajendran gt al. (1979) recorded high heratability
and genetic advance for the characters such as days to
floweraing (95.2 and 57.1), days to fairst pod harvest (93.7

and 40.3) and number of seeds per pod (83.5 and 100).

In cowpea, Sreekumar et al. {(1979) observed moderate
to hagh heratability estumates for numbes of days to flower-
ing (69.2), total duration (49.2), number of grains per pod
(40.6) and grain yield per plot (43.4)., Ramachandran et al.
(1980) reported hagh heritabilaty for number of days to
flowering and high genetic advance for seed number per pod.
Radhakrishnan and Jebaraj (1982) recorded high heritability
coupled with high genetic advance for number of pods per
plant, and number of pod clusters per plant. The number!
of days to maturity and plant height had high heraitability

and low genetic advance in their studies.

Dharmalingam and Kadambavanasundaram (1984) reported
maximum heritability estimates for length of the pod followed
by harvest index., Patil and Bavaskar (1987) made variabi=-
lity studies in cowpea and observed highest heritability
for hundred seed weight followed by days to maturity and

pod length.
2.3, Correlation Studaies

Coefficients of correlation indicate the intensity
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and direction of character associations in a crop. Corre-
lation between various characters contrabuting to drought
tolerance and hagh yield is of considerable importance to
the breeder when selection is done based on more number of

components.

Derera et al. (1969) observea a strong corsistent
negative correlation between grain yield and days to firsti

ear emergence in wheat under simulated drought condations.

Singh ara Mehndiratta (1969) repocted high positive
genotypic correlation between number of pods per rlant and
nurber of pod clusters per plant and days to flowesring and
days to maturaty an cowpea. Negative genotypic correla=
tion was reported for length of pod with number of pod
clusiers per plant and number of pods per planc, Seity
and Sceeramulu (1972) reported a high genotypic correlataon
of grain yield ain sorghum with plant heaght, number of
nodes, area of fourth leaf, peduncle thickness, days to
fifty per cent blooming, dry matter producrion, 1000 grain
weight, number of long rocts and lenglh of the longest
roots. Root/shoot ratio and root weight do not show any
relationship with yield while number of long rooils and

length of longest root are correlated with yield.

singh gt al. (1972) found that ain barley cultaivars,
accumulation of proline under severe stress has keen post—

tively correlated waith their droughe resistance. In coupea,
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angada (1976) reported positive genolypic correlation
between number of seeds per pod and height of plant and
negative genotypic correlation between number of pods per

plant and seeds per pod.

Rajendran el al. (1979) evaluated nineteen varie-
ties of cowpea and reported significant positive genotypic
correlation of grain yield with height of the plant, number
of days to first flowering, number of pod clusters per
plant, number of pramary branches per plant and numbcr of
seeds per pod., Sreekumar et al. (1979) recoraed signifi-
cant positave genotypic correlation for grain yield in
cowpea with number of days to blooming, total duration and
nunber of grains per pod. Vaidal and Arnoux (1981) observed
a negative correlation between seed weight and seed number

in soybean under drought condaitions.

Kavitha (1982) reporied a positive correlaticn of
root length wath yield under moisture stress conditions.
alil and Naidu (1982) observed a significant positive corre-
lation berween yield under stress and plant heaght, leaf
area, length and size of the grains and 1000 grain weight
in maize. Significant negative correlation was observed
between yield and stomata number and they suggested that
plant height, stomata number and ear characters are the

most reliable characters for screening for drought tolerance.



Sangwan and Mehrotra (1982) found a positive Cocre-
lation coefficient between rcot length at the fifth day
and root weight at maturity and seed yield per plant in
mungbean. Dumbre et al. (1982) studied the genotypic ana
phenotypac correlations of six quantitative characters in
twentyfour cultivars of cowpea and reported that hexght

and pods per plant were saignificantly correlated with yaelid.

Mambani and Lal (1983) studied the response of
upland rice varieties to drought stress and found that
so1l moisture potential was negatively correlated with
root density. Natarajaratnam et al. (1985) estaimated
phenotypic correlation of yield and yaeld components in
ten varaieties of cowpea and found that grain yield showed
positave phenotypic correlation with number of pods per
plant, number of pod clusters per plant and height of the

plant,

Genetic variability in sunflower cultivars under
drought conditions were studied by Gimenez and Feceres
(1986) and observed a high positive correlation between
grain yield and leaf area. In pearl millec, Ibrahim et al.
(1986) observed a positive correlation of grain yield with
seed welght and number of seeds, and a negative correlation
with plant height under low water level. Edillo gt al.

(1986) reported that yield an rice was positively correlated



with days to flowerang, and suggested the selection of
medium maturing genotypes of rice for drought prone env.ron-

ment.

Kahn and Stofella (1987), based on studies on root
morphological characteristics of field grown cowpea, pPro=
posed that seed vield was not correlated strongly with any
of the root characters. Patal and Bhapkar (1987) made
correlation studies in cowpea and observed that seed yield
was positavel; and significantly correlated wath pods per
plant and seeds per pod which were negatively correlacea

with each other,

cnecics of some morphological, biochemical and
phvsiological characters associated with drought resistance
in maize was invesliigated by Sharma (1988). His correlation
studies indicated positive correlation of hacvest index,
plant height, leaf area per plant and grains per ¢ob wilh

grain yield per plant,
2.4, Path Analysas

Patel and Telang ’1976) made path analysis of yield
components in cowpea and repocted that seed number per pod
had the largest direct effect on seed yield, followed by
hundred seed weighi and pod number per planct. Pod length

had a marked negative direct eflect on yield. 1In pea,
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Narasinghani et al. (1978) report~d marimum darect effect
of nunber of seeds per plant on yvield followed by rundred
sced vesght, number of days to maturily, aneigyhv and pro-

Ttelin percentage.

I covpea, Hanchinal et al. (1979) ceporied thau
the rumber of branches per plant had direct effccr on
yield and thav number of seeds per plant had andirect
effect acting through number of kranches. Rajendran g. al.

(L979) obsaorved thrat in cowpea, days Lo first flowerang

had posaitaive direct effect on seed yield,

Misra (1985) reported that pods per plant, 1000 sced
weight, seeds per pod, reproductive period and cluster per
plant contr_buted directly wo seed yield in greengram. In
maxze, Sharma (1988) reported direclL contribution of pro-
line content on grain yield followed by harvest index, 500

grain weight, cob length, plant height and leaf area aindex.
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MATERIALS AND METHODS

The research programme was carried out at the
Department of Plant Breeding, College of Agriculture,

Vellayani, Trivandrum during October-December 1988.

3.1. Materials

Sixteen varieties of cowpea (Vigna unguiculata (L).

Walp) collected from the Department of Plant Breeding were

used for the study.

3.2. Methods

A field experament was laid out in the Instructional
Farm, College of Agraiculture, Vellayani during October 1988
adoptaing a Randomised Block Design with four replications.
In each plot of 4 x 2.4 m area, the seeds were dibbled at
a spacing of 30 x 20 cm. The cultural and management prac-
tices were followed as per the package of practices reco=-

mmendations of the Kerala Agraicultural University, 1986.

Five plants were selected at random from each plot
and data on the following characters were recorded from
these plants and averaged.

1. Root length

Root length was studied at three growth periods viz.



vegetative, floweraing and harvest periods. The sample
plants were uprooted carefully and length of the tap root

was measured an centimetre.

2. Root spread

Root spread was measured by placing the dry root
specanen on a graph paper and measuring the width of the
root at its broadest part. Columns more than half wecre
considered as one, and the root spread was expressed in
centametre. This character also was studied at the three

growth periods,

3. Root/shoot Ratio

The ratio of root dry weight to shoot dry weight
was expressed as root/shoot ratio. From each sample plant,
root and shoot portions were taken separately, sundried
and then ovendried at 60-70°C for 24 hours and their dry
weaghts were measured and ratio found out. This character

was studied at vegetative, flowering and harvest periods.

4, Leaf Area Index

Leaf area was measured at vegetatave, flowering and
harvest periods using Leaf Area Meter. All the leaves
separated from each uprooted sample plants were fed to the

Leaf Area Meter separately and the total leaf area of each
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prlant was measured. From the leaf area, leaf area index
was cCalculated by usaing the following formula suggested by

William (1946).

Total leaf area of the plant
Ground area occupied (spacing)

Leaf Area Index

5. Number of stomata per microscopic field

Fully expanded and mature leaves were selected from
the sample plants and leaf impressions were taken by giving
a thin coat of nail poliash on the lower leaf surface and
peeling it of after drying. From these ampressions fifteen
microscopic fields were scored for number of stomata and

the mean number per microscopic field was estaimated.

6. Days to 50 per cent flowering

Number of days taken from the date of sowing to
fifty per cent floweraing in each plot was observed and

recorded.

7. Plant height at maturaty

Height of the plants were measured in cencvametre
from the ground level to the tip of the main stem at the
time of final harvest and the mean height recorded.

8. Number of pods per plant

Number of pods in each observational plant was
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counted and averaged.,
9. Number of grains per pod

Single pod from each observaticnal plant was threshed
separately and the number of seeds in each pod was counted

and the average worked out,
10. Grain Fillaing Pericd

Faive random flowers wore tagged in each of the obser-
vational plants at the day of flower opening and the mean

number of days taken for pod maturity were found out.
11. Duration upto maturity

Mean number of days from sowing to final harvest

was recorded.
12. Yield per plant

Yield of grains obtained from each observational

plants were measured and averaged and expressed in gramsl

13. Size of the grain

Size of the grain was measured as volume of water
displaced by hundred grains and the average volume of

hundred grains were expressed in cubic centimeter.



14, Hundred grain weight

2 random sample of hundred grains were selected fronm
the bulk ain each plot, weighed and the mean weight was

recorded in grams.
15. Grain Yield per plot

The total yield of grains from each plot was recorded

in grams.
16. Haulm yield per plot

The total bhusa yield (parts of the plants other than

grains) from each plot was expressed in kilograms.
17. Prolaine content

Proline content was estimated by the methodology
suggested by Bates et al. (1973). Leaves collected from
each sample plants were dried and powdered separately.
Approximately 0.25 g of the material was homogenized in 10 ml
of three per cent aqueous sulfosalicylic acid and the homo-
genate filtered through Whatman No, 2 filterpaper. Two ml
of filtrate was reacted with two ml acad ninhydrin and
two ml of glacial acetic acid in a test tube for one hour

at 100°C and the reaction terminated in an ice bath. The

reactaion mixture was extracted with four ml toluene, mixed
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vigorously with & test tube stirrer for 15-20 sec and warmed
to room temperature. The chrcmophore containing tolusne
was read in Spectronic 2000 at 520 nm using toluene as a

blank,

Purified proline was used to standardise the proce-
dure for guantifying sample values. The proline concentra-
tion ar the samples were determined from the standard curve

and calculated on a dry weight basis as follows.

(f{g proline/ml x ml toluene) /5/weight of sample (g)

= Mg proline/g of dry weight material
18. Harvest Index

Harvest aindex for each cbgervational plant was calcu-

lated by using the {ollowing formula.

Economic yvield
Biologacal yield

Harvest Index =

Total grain vield from each observational plant was
recorded as the economic yield and dry weight of all the
other plant parts and the grain yield vere considered as

biological yield.

19. Soail moisture

Soil moisture was determined at weekly intervals by

gravimetric method, where a known weight of the fresh scoil
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collected from each plot was oven dried at 105°C until cone-
stant dry weight was obtained and the loss in weight was

expressed as percentage,

3.2.1. Statistical techniques
1. Analysis of variance and covariance
Analysis of variance and covariance were done

(1) to test whether there was any significant different

among the varieties, with respect to various traits

(11) to estimate the variance components and

(212) to estimate correlation coefficients (Singh and

Choudhary, 1979)

The extent of phenotypic variation for any character
1s the sum of the genetic and environmental effects and

can be determuned by the mechods given by Kempthorne (1957).

v{P) = V(G) + 2 Cov (G.E)
where v(P) = °§(x) = Variance due to phenotype
v(G) = Gé(x) = Variance due to genotype
V{(E) = c’é(x) = Variance due to environment
Cov (G,E) = Covariance between genotype and environm=at



If che genocype and the environnence arc Ladlpluuerc
Cov (G,L) 4s equal to zerou, so that
V(P) = V{(G) + V(E)

2 2
%o(x) = “g(x) + %e(x)

If there are observations on twc Characters X and Y
on each aindavidual, the extent of covariance bertieen ¥ and ¥V
due to the gencotype and enviromment can be estimated oas

suggested by Kempthorne (1927) as follows.

COVb(x,y) COVG(x,y) + COVﬁ(X,y)

<j:,:r(x,y) + Gé(x,y)

]

or “p(x,y)

i

vhere Gb(x,y) Phenotypic covariance between ¥ and v

[}

Gé(x,y) Cenotyplc covariance between x and y

G
el(x,v) = Invivonmenial covariance between x and y

If the cxperaiment 4is designed ir « Randomised Compleie

Block Design with 'V' treatments and ‘r' replicacvious, ke
2 2

2 2
o~ -~ O ) T -~
estimates of "p(x), “ply), Zgix), Zg(v), “elx),

Gé(y). Tolx.v) “g(x,y) and Gé(x,y) can be obtained from the

analysis of variance/covaciance (table 1).

variation in crop stand occurred in few plots due
to erratic seed germinatlion, Hence the population coune

in each plot wvas statistaically adjusted by analys.o of



Table 1. Analysis of variance/covariance

Source af M.S.xx  Dxpectation of M.S.P. Expectation of M.S. Expectation of
M.S.xx (x,¥y) M.S.P.(x,Y) v.¥) M.S.yy
Block (r=1) Bxx Bxy Byy
Treatment (v=1) TXX crze(x)-;-ro-zg(x) Txy o e(x,y)+roglx,y) Tyy O“Ze(y)+ro‘zg(y)
Error (r-1)(v-1) Dxx o %e(x) Exy o e(x,y) Lyy s Ze(y)
Total rv-1 Txx =y Tyy
Hence we have the following estamates

o) = L (moc - mox) o %e(x) = Dxx &

crzg(y) = -1: (Tyy = Lyy) o—ze(y) = Byy

& gl{x,y) = 3‘1:- (Txy — Exy) o e(xX,y) = Exy
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covariance for elaminacrang the variation in plot yields

due to the dafference in plant population.
2. Coefficient of variation

The coefficient of variation 1s a unitless measure-
ment and 1s used for comparaing the extent of variation bet-
ween different characters measured in different scales.

Phenotypic coefficient of variation (PCV) for character X

(o2
= px) y 100

"

Genotypic coefficient of varration (GCV) for character X

-
= "glx) o 00

X
where oﬁ(x) and O:;(x) are the phenotypic and genotypic

standard deviation respectively, and X 1s the mean of the

character X.
3. Heritabality (H2)

Heratabailaity in the broad sense is the fraction of
the total variance which is heritable and was estamated ‘as

a percentage following Jain (1982) as -

e

LI}

—Z x 100
o

b

1§

where [+1 Genotypic variance
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ozp = Phenotypic variance

4. Genetic advance under selection (G.A)

Genetic advance is a measure of the change in the
mean phenotypic level of the population produced by the
selection and depends upon heritability of the character

and selection dafferencial

G.A as percentage of mean = KH Gvp

b |

where X 135 the mean of the character X and K as the selection
differential whach is 2.06 at 5 per cent intensity of selec-

tion in large samples (Allard, 1960).
5. Correlations

The phenotypic correlation coefficient between X and Y

was estimated as

Y (x,7) = ° p (x,v)

p(x) Tp (v)

vhere p (%,¥) 1s the phenotypic covariance between X and Y,
cjﬁp (%) 1s the standard deviation of the character X and

%5 (y) 1s the standard deviation of the character Y.

The genotypac correlation coefficient betwcen X and ¥

was estimated as
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s g (x,v)
o g (x) og (v)

X¥g (x,¥) =

where ¢ g{x,y) 1is the gevotypic covariance between x and vy,
¢ g(x) a1s the standard deviation of the character %, and

o g{y) 1s the standard deviation of the char-acter y.

Critical value of 'r' corresponding to 52 degrees
of freedom at 5 per cent level of significance s used
for tne test of significance for phenotypic correlavion

coefficient (Faisher and Yates, 1957).
6. Pach Analysis

The method of path analysis developed by wraight
(1921) was used o study the cause and effect relationship
among a system of correlated variables. The diarecc inicluence
along each separate path in such a gystem and the degree
to whach the wvariation of a given effect is determined by

each particular cause were examined.

Path analysis at genotypic level was carried out
using the characzers, root/shoot racio and leai arca aindex
at. vegeratzve period, root length and roor spraod at her-
vest period, duration upco maturrty, grain £i1lling period
and harsvest andex as causes and grain vield per nlot as the
affec.. The genotypic correlation coefficiencs of +the above
component characters with grain yield per plol were parti-

{1oned into direct and 'ndirect effects as per the methodology



40

of Dewey and Lu (1959).

The samultaneous equations which give solutions for
path coefficients are

Ly = Tig Pyy ¥ Tap Pay = ¢+ + Piy e e H Ty Dy

where 2 = 1,2 « & + « K

.1:3_Y 1s the genotypic correlaiion of ithe lth independent

variable (xa) with dependent variable (y). Ply 1s the

direct effect of x1 on v and £ 1s the indarect effect

< pky

of %2 via xk on v,



RESULTS



RESULT

The results of the experiment are presented below.

4,1, Varaabality

The mean data collected on twentysix characters were
sub jected to analysis of variance for testing the sagnifi-
cance of the differences among varieties and the ANOVA is

presented in Table 2.

The sixteen varieties of cowpea studied, exhibited
significant differences for all the characters except for

root spread at vegetative period,

Analysis of variance for soil moisture percentages
(Table 3) do not show any significant difference among the
varieties showing that uniform soil moisture conditions
existed in the experaimental area. Mean values of soil
moisture percentages (Table 4) showed that, in general,
during flowering and maturity periods, the crop suffered
relatively high moisture stress, when compared to vegeta=

taive period,

The mean values for twentysix characters in saxteen

varieties of cowpea are presented in Table 5.

Root length at vegetative period ranged from 11.1 cm

in Kanakamony to 15.1 c¢m in UPC~124. The varieties DPLC-224,
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Table 2., Analysis of variance for twentysix characters in
Covwpea
Mean sguares *
Sﬁ' Characters F value
) Repli~  Varie-  Error
cation ties
1. Root length at ok
vegetative period 7.132 4,370 1.625 2,69
2. Root spread at
vegetative period 5.661 2.270 2.054 1.11
3, Root/shoot ratio at *%
vegetative period 0.009 0.004 0.002 1.83
4, Leaf area index at * %
vegetative period 0.023 0.134 0.017 7.79
5. Days to 50 per cent * k
flowering 1.641 58.673 1.918 30.59
6. Root length at * %
flowering period 7.356 9.366 1.617 5.79
7. Root spread at * ¥
flowering period 0.641 2.863 0.815 3.51
8. Root/shoot ratio at %k
flowering period 0,006 0.007 0.002 3.11
9, Leaf area index at K
Flowering period 0.118 0.465 0.047 9.83
10. Number of stomata bk
per microscopic 2.047 54.066 12.114 4,46
field
11. Root length at Kk
harvest period 7.483 15.650 1.954 8,01
12. Root spread at * %
harvest period 9,217 30.416 3.144 9.67
13. Root/shoot ratio 0.026  0.026  0.006  4.53

at harvest peraod
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Table 2 (contd.)

Mean square
gé' Characters F value
* Repli- Varie=- Error
cation ties

14, Leaf area aindex

atv harvest 0.012 0.048 0.008 5.85
period
15. Number of pods (X
per plant 1.239 17.592 2.001 8,79
16. Number of grains 2.709 16.763 1.551  10.81""
per pod
17. Plant height at i
maturity 10.419 346,226 19.897 17.40
18. Grain f£filling ook
period 0.199 10.988 0.362 30.33
19. Durataon upto %
maturity 1.167 53.050 1.611 32.93
20. Grain yleld per 3,286 5.520 1.467 3.76"%
plant
sk
21. Size of the grain 0.828 40,198 0.294 136.81
22. Hundred grain *%
weight 4,462 56.110 1.254 44,76
23. ;’l’gﬁn v1eld T 5901,190  13250.200  2825.750 4.69""
24. Heulm yield per 0.166 1.061 0.171 6,19
plot
S d
25, Prolaine content 1680.330 88831.000 7534.620 11.79
LA
26. Harvest index 0.045 0.024 0.004 6,78

*% Sagnaficant at 1 per cent probability level
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Table 3. Analysis of variance for soil moisture percentage
8l. Soial moisture per- Mean square F value
No. centage Replica- Varie- Error |
taion ties
1. 18 days after 11.523 8.738  5.588  1.56
sowaing
2. 25 days after 3.987 4.397  2.476  1.78
sowing
i
3. 32 days after
sowing 58.620 12.754 10.440 1.22
4. 39 days after 50.537 5.559  3.718  1.49
sowing
5. 46 days after a
sowang 1.591 1.386 0.932 1.49
6. 53 days after
sowing 0.665 0.8308 0.506 1.60
7. 60 days after 0.634 0.706  0.503  1.53

sowaing




Table 4. Mean values of soil moisture percentage

Soil moisture percentage

fk]:': Varieties 18 days 25 Gays 32 days 39 days 46 days 53 days 60 days
after after after after after after after
sowing sowing sowing sowing sowing sowing sowing

i. C-88 11.1 10.2 5.6 5.0 5.0 3.9 3.9

2. V=240 12.1 10.5 8.5 6.5 4.7 3.6 3.4

3. C=190 i1.8 11.1 7.4 7.9 4.7 3.1 3.1

4, GC=B2=7 10.0 13.0 9.7 7.3 4.7 3.6 3.4

5. 1=26 7.9 8.1 7.3 5.3 3.9 3.1 3.1

6. UPC=124 7.1 10.5 7.9 5.6 3.6 2.6 2.6

7. IC-38956 2.0 10.5 2.7 4.8 3.9 3.4 3.2

8. DPIC=224 9.4 10.5 11.2 5.3 4.2 2.8 2.7 i;
9., DPLC=198 7.5 2.9 8.0 5.0 3.9 3.1 3.1
10. DPLC=-216 8.1 11.4 10.2 5.6 4.4 3.4 3.4
11, WVCM=8 2.0 9.9 9.2 7.8 4.7 3.6 3.3
12, DPLC=210 9.9 10.2 i12.1 6.2 3.6 2.6 2.6
13. Kanskamony 10.9 1.1 11.4 8.7 4.7 3.6 3.4
14. Charodi 9.0 1.1 7.7 5.6 4.2 3.1 3.1
15. C-152 8.4 11.4 10.5 6,7 5.0 3.4 3.3
16. V=26 10.2 9.6 10.4 6.7 5.8 4.2 4.1

General mean 9.47 10.58 9.17 6.25 4.45 3.31 3.28

CD (0.05) 3.37 2.24 4.61 2,75 1.38 1.01 1.01



Table 5.

Mean values of twencysix characters in Cowpea

1 2 3 4 5 6 7 8 9
gi- Varieties At vegetataive perlod At flowering period
) Root Root Root/ Leaf Days Root Root Root/ Leaf
length sgpread shoot area to 50 length spread shoot area
{cm) (em) ratio andex per cm) {(cm) ratic aindex
cent
flowers-
aing
1. C-88 13.8 11.86 0.08 0.76 49 18.2 14.8 .07 1.50
2 V=240 12.8 12.2 0.04 0.97 50 17.0 13.1 0.06 1.68
3. C=190 13.8 12.2 0.07 0.35 52 16.4 12.4 0.13 0.65
4. CC=B2=7 11.5 13.7 0.07 0.91 47 i8.3 14.9 0.12 1.32
5. 1-26 14.6 12.7 0.05 0.84 41 20.4 15.1 0.19 1.14
[ UPC=124 15.1 11.8 0.15 0.92 43 21.2 14.2 0.17 1.27
7. IC-38956 13.5 12.5 0.08 0.62 42 12,0 14,1 0.07 1.14 o
8. DPLC=224 14.6 12.1 0.05 0.80 45 19.3 14.5 0.05 1.75 <
9. DPLC~198 12.8 12.1 0.05 0.99 44 18.1 14.3 0.08  1.85
10. DPLC=216 13.1 12.3 0.14 0.88 44 19.1 13.7 0.10 1.38
i1. VCM=-8 12.9 11.6 0.09 0.48 40 16.5 13.0 0.12 0.59
12. DPLC~210 12.7 13.6 0.05 0.66 50 17.6 15.1 0.07 1.63
13. Kanakamony 11i.1 14.1 0.06 1.00 48 15.1 14.2 0.07 1.32
14. Charodi 13.5 11.8 0.06 0.70 45 18.9 13.5 0.06 1.21
15. C=152 13.3 12.4 0.08 0.71 50 17.7 13.8 0.10 1.07
16. V=26 13.7 12.9 0.05 0.82 50 17.4 15.4 0.07 1.53
General mean 13.30 12.47 0.074 0.776 46 18.13 14.13 0.096 1.31 —
CD (0.05) 1.82 0.067 0.187 1.98 1.81 1.29 0.069 0.310



Table 5 (contd.)

10 11 12 13 14 i5 16 17 18
si. Varieties Number At harvest peraiod Number Number Plant Grain
No. of sto- Root Root Root/  Leaf of pods of height f£falling
mata length spread shoot  area per grains at period
per {cm) (cm) ratio  index plant per maturity {(days)
M1Cro- pod
scopic
field
1. C=-88 23.7 19.1 19.6 0.17 0.53 2.8 11.0 45,4 17
2. V=240 25.0 18.2 17.8 0.21 0.40 4.7 14.4 55.5 15
3. C~190 29.2 17.2 14.0 0.32 0.15 4.6 12.5 31.0 15
4. GC=82=7 25.8 18.9 17.2 0.19 0.39 5.4 13.5 53.7 15
5. 1-26 15.6 23.7 18.8 0,20 0,27 8.3 13.6 33.3 16
6. UPC=124 19.5 23.5 21.9 0.34 0.36 7.4 9.6 41.4 18
7. IC=-38956 18.2 19.5 16.3 0.33 0.27 6.8 10.8 32.6 15
8. DPLC~224 22.0 19.7 23.0 0.18 0.33 10.5 11.0 41.5 17 o~
9. DPLC~-198 21.4 19.6 22.2 0.18 0.34 7.0 8.5 43.0 18
10. DPLC=-216 22.4 20.2 19.4 0.24 0.40 6.0 9.0 36.0 17
11. VCM=8 17.8 19.5 15.3 0.42 0.22 5.5 12.3 31.2 i3
12, DPLC~210 27.2 18.5 20.3 0.15 0.40 5.8 9.6 49.1 20
i3. Kanakamony 21.5 16.2 15.4 0.16 0.48 3.3 14.7 45.2 16
14. Charodi 24.0 19.4 15.5 0.29 0.39 8.9 12.0 57.2 15
i5. C-152 23.6 17.8 17.3 0.19 0,51 4.8 14.5 48,8 15
16, V-26 26.4 17.6 15.5 0.22 0.53 3.5 13.2 57.8 16
General mean 22.71 19.29 18.10 0.235 0.374 5.98 11.91 43.94 16.2
CD (0.05) 2.02 1.78 6.36 0.86

4,97 1.99 2.53 0.107

0.130



Table 5 {(contd.)

19 20 21 22 23 24 25 26
Sl. Varieties Duration Yield per Size Oof Hundred Crain Haulm Proline Harvest
No. upto plant (g) the grain yield per vield content index
maturity grain weight plot (g} ©per plot ( g/g9)
{Gays) (cm3) (g) (kg)
1. C-88 69.0 3.2 17.1 19.1 109.2 2.32 604.8 0.33
2. V=240 70.0 4.7 8.9 9.1 229.4 1.85 465.8 0.46
3. C«190 72.0 2.2 5.3 4.9 53.4 0.55 356.1 0.40
4, GCm82=7 67.0 4.6 9.5 9.1 151.8 1.69 597.1 0.46
5. 1=26 61.0 5.6 7.2 8.1 110.8 0.50 425.4 0.42
6. UPC=124 67.0 5.1 14.6 13.5 184.7 1.08 307.1 0.48
7. IC=38956 62.0 6.0 9.2 10.9 106.3 0,71 672.2 0.55
8. DPLC=224 68.0 7.3 2.3 9.7 224.4 1.78 308.6 0.45
9., DPLC~198 68.0 5.2 11.9 11.4 237.7 1.44 255.6 0.42
10. DPLC=216 68.0 4.3 2.7 10.1 258.0 1.24 311.1 0.43 é;
11. VCM=-8 60.0 4.9 7.0 6.7 155.5 0.82 594.9 0.65
12. DPLC=210 71.0 5.1 12.1 14.8 144.5 1.36 277.7 0.38
13. Kanakamony 69.0 4.2 12.2 13.3 199.3 1.79 494.7 0.38
14. Charoda 65.0 4,1 5.3 4.6 211.2 0.96 296.1 0.43
15. C=152 70.0 3.8 8.3 7.5 109.2 1.92 206.7 0.41
16, V=26 70.0 3.6 10.3 11.4 139.6 2.17 275.0 0.33
General mean 67.0 4.6 9.9 10.28 164.05 1.37 403.07 0.437
CD (0.05) 1.81 1.73 0.77 1.60 90.77 0.707 123.86 0.086
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1-26, C-190, C-88, V-26, IC-38956, Charodi and C-152 were
on par with UPC-124,

Root spread at vegetative period vacied from 11.6 cm
in VCM=-8 to 14.1 cm in Kanakamony. Eleven varieties viz.
GC-82-7, DPLC-210, V-26, 1-26, 1C-38956, C-152, DPIC-216,
V-240, C-190, DPIC-198 and DPIC-224 were on par with

Kanakamony.

The variety UPC-124 had the highest value for rost/ ,
shoot ratio at vegetative period (0.15) and V-240 had the
lowest value (0.04). The varieties DPLC~216, VCM-8 and
C-152 were on par with UPC-124,

Leaf area index at vegetative period ranged from
0.35 (C«190) to 1,00 (Xanakamony). The varieties found
to be on par with Kanakamony were DPLC=198, V~240, UPC-12L,
GC~-82-7, DPIC-216, 1-26 and V-26. The leaf area index of

different varieties are shown graphically in figure 1,

Days 10 50 per cent flowering ranged from 40 in
VCM=-8 to 52 in C=190, The variety 1-26 was on par with
VCM-8.

Root length at flowering period was highest for
UPC-124 (21,2 cm) and lowest for Kanakemony (15.1 em). The

only varaety on par with UPC=124 was 1-26.
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Root spread at floweraing period ranged from 12.4 cm
(C=190) to 15.4 cm (V=26). Nire varieties were on par with
V-26. They were DPLC=-210, 1=-26, GC=82-7, C-88, DPLC-224,

DPLC=-198, UPC=124, Kanzkamony and IC-38956.

Duraing flowering period root/shoot ratio varied
from Q.05 in DPLC=-224 to 0,19 in 1-26. UPC=124 and C-130
were on par with 1~26. During thais period leaf area irdex
was maxaimam for DPLC=224 (1.75) and mainimum for VCM=2 (0.59).
The wvariecies V-240, DPLC=198, DPLC=216, V=26 and C-=B8 wace

on par with DPLC=224.

Number of stomata pecr macroscopic field ranged {rom
15.6 in 1=26 to 29.2 in C=190. Varieties DPLC=210, V=26,
CC=-82=7, and V=240 were on par with C-190. The varieties
VCM=8, IC=38956, and UPC=124 also had low number of stomata

next to 1=26.

The wvariety 1=26 nad the longest coot at harvest
period (23.7 cm) followed by UPC=124 (23.5 cm). Kanakamony
had the least value for root length (16.2 cm) during this

peryrod,

Root spread at harvest period ranged from 14 cm an
C-120 to 23 com in DPLC=224., DPLC-198 and UPC=124 were on
par wath DPLC=-224. During this period root/shoot ratio

was highest for VCM~-8 (0.42) and louest for DPLC-=210 (0,15).
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The varieties UpC-124, IC-38956 and C=190 were on par with

VCM=8 .

Leaf area index at harvest period ranged from 0.15
in C=190 to 0.53 in C=88 and V=26, Varieties C=152,
Kanakamony, V=240, DPLC-210 and DPLC-216 were on par wath

C-88.

Number of pods per plant varied from 2.8 in C-88 to
10.5 in DPLC-224. The variety Charodi was on par with
DPLC=-224. The other varieties having relatively higher
number of pods per plant include 1-26, UPC=124, DPLC-198,

IC=38956 and DPLC-216.

Number of grains per pod ranged from 8.5 in DPLC-198
to 14.7 in Kangkamony, The varieties C-152, V=240, 1-26,

GC=82=7 and V=26 were on par with Kanakamony.

Plant height at maturity ranged from 31 cm (C-190)
to 57.8 am (V=26). The varieties such as Charodi, V=240

and GC=82~7 were on par with V=26.

Graan f£illing period varied from 13 days (VCM-8)
to 20 days (DPLC=-210). No other variety was on par with
DPLC-210., The varieties UPC-124, DPLC-198, DPLC=-224, and
DPLC=216 had relatively longer grain f£illing periods.
Grain filling periods for sixteen varlecies of cowpea are

presented graphically ain figure 2.
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Variety VCM-8 took minimum number of days to maturaty
(60 days) and C=190 took maximum number of days (72 days).
1-26 was the only variety on par with VCM=-8., IC=38956 and
Charodil were also relatively short duration varieties.
Duration upto maturity of different varieties are presented

graphically in fagure 2.

Yield per plant was maximum in DPLC=224 (7.3 g) and
minimum in C=190 (2.2 g). Varieties IC=38956 and 1-26 were

on par with DPLC=224.

S1ze of the grain ranged from 5.3 cm3 in Charodi
and C=1590 to 17.1 cm3 in C=88. No variety was on par with
C~88 and UPC-124. The varieties Kanakamony, DPLC-210 and

DPLC~198 had relatively larger grain size.

Hundred grain weight was lowest in Charodi (4.5 g)
and highest in C-88 (19.1 g). No variety was on par with
C-88. The wvarieties DPLC-210, UPC-~124 and Kanakamony had

relatively higher grain weight.

Grain yield per plot ranged from 53.4 g in C-190
to 258 g in DPIC=216. Six varieties were on par with
DPIC~-216 viz. DPLC~-198, V=240, DPLC-224, Charodi, Kanakamony

Yield of haulms per plot varied from 0.55 kg in

C=190 to 2.32 kg 1n C-88. Varaieties V=26, V=240, Kanakamony,
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DPLC-224 and GC=82-7 were on par with C=88.

Prolane content ranged from 206.7 f‘g/g in C=152
to 672.2 M g/g in IC-38956. The varieties DPLC-198, V=26,
DPLC-210, Charodi, UpPC-124, DPLC-224 and DPLC-216 were on

par waith C=152.

Harvest index was lowest for C-88 and V-26 (0,33)
and highest for VCM=8 (0.65). No variety was on par with
VCM=8, Varieties such as IC=38956, UPC=-124 and GC=82-=7
had comparatively higher harvest index. Harvest index of

different varieties are presented graphically in faigure 1.
4,2, Variance and Coefficient of wvariation

Phenotypic and genotypic variances and ccefficients
of variation for twentysix characters are presented on

table 6.

Root/shoot ratio at wvegetative period had the highest
phenotypic coefficient of variation (74.01) followed by
that at floweraing period (65.88), haulam yield per plot
(46.68), grain yield per plot (45.,20), root/shoot ratio
at harvest period (44.63) and proline content (41.41).

These characters also showed high genotypic coefficlent of

variation.

Number of pods per plant, hundred grain weight,

vield per plant, size of the grain and leaf area index at
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Table 6. Phenotypic and Genotypic variances and coefficient
of variation for tweptysix characters

Varaiance Coeffaicienct of
Eé‘ Characters variation
* Pheno=- Geno~- Pheno=-  Ceno=

typic typic typic typic

1. Root length at

vegetative period 2,311 0.686 11.43 6.23

2. Root spread at
vegetataive period

3. Root/shoot ratio

2.108 0.054 1i.64 1.86

at vegetative 0.003 0.0005 74.01 30.22
period

4, Leaf area index
at vegetatave 0,046 0.029 27.64 21.95
pariod

5. Days to 50 per cent
floweraing

6. Root length at
floweraing period

16.107 14.189 8.67 8.36

3.554 1.937 10.40 7.68
7. Root spread at
flowering peraod

8. Root/shoot ratio
at flowering period

1.327 0.512 8,15 5.06

0.004 0.001 65.88 32.94

9, Leaf area aindex at
flowering period

10. Number of stomata
per microscopic 22.602 10.488 20,93 14,26
field

11. Root length at
harvest period

0.152 0.104 29.76 24.62

5.378 3.424 12.02 9.59
12. Root spread at
harvest period

13. Root/shoot ratio
at harvest peraiod

9.962 6.818 17.44 14.43

0.011 0.005 44.63 30.09




Table 6 (contd.)

Variance Coefficient of
;i' Characters varistion
* Pheno- Geno- Pheno= Geno=
Typic typic typic typac
14, Leaf area andex
at harvest perrod 0.018 0.010 35.87 26,74
15. Number of pods
per plant 5.898 3.898 40,61 33.02
16. Number of grains 2
per pod 5.354 3.803 19,43 16.37
17. Plant height at
maturity 101.479 81.582 22,93 20.56
18, Graan filling
period 3.019 2,656 10.71 10,04
19. Durataion upto 4
maturity 14.471 12.860 5.65 5.32
20. Yaield per plant 2.480 1.013 34,01 21.74
21. 8Sige of the grain 10.270 9.976 32.37 31.90
22. Hundred grain
weight 14.968 13.714 37.63 36,02
23. Grain yield per  gu95 960 2763.380  45.20  32.04
plot
24, Haulm yield per 0.409 0.271  46.68  38.00
plot
25. Proline content 27858.720 20324.,090 41.41 35.37
26, Harvest index 0.009 0,005 21.71 18,18
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all the chree growth periods showed relataively high pherno-
typic and genotypirc coefficient of variation., GCenotypic
coefficient of variacion was lowest for root spread at
vegecative peraiod (1,.86) followed by roov spread at flower-

ing period {5.06) and duration uplo macurity (5.32).

Days to 50 per cent flowsring, grain f£ill_ng period
and duration upto maturity showed very lactle differerce
between their genotypac and phenotypic coefficieny of

variation.

4.3. tferitabality and Genetic Advance

hHeritability percencages arnd genstic advance as
percentage of mean for twentysaix characters in cowpea are

pregented in table 7 and in figure 3.

Sizo of the grain had ithe highest heritabilaicy
(97.1) Followed oy hundred grain weighl (91.6), duration
upto maturity (88.9) days to fFafty per cen. flowering

(88.1) and grain fillaing period (88.0).

Plant heaight al maturxty, proline content, nuwd2r
ol grains per pod, leaf area index ac vegetaraive and flover-
ing periods, root length and root spread at harvest period,
haulm yield per plot, number of poas per plant and harvesti

index had comparatively hidher heratability percentages.



Table 7. Heritabality and genetic advance for twentysix

characters
2. Characters  Hertablity  censtic savance
5 of mean
(H%) (G.AL)
L sg;;tiizg;hpgglod 29.7 7.00
“ egetorive peried 2.6 0.6
P eastative poried 17.2 24.2
b Gegetative period 62.9 35.9
> flowering T 88.1 o
i ettos
7 gigﬁeigigagegiod 38.6 5.3
S HI e 3
O S e 46
e pet e
12, gggiozpread at harvest 68.4 28.6
13. Root/shoot ratio at 46.9 42.1

harvest period




Table 7 {(contd.)

D8

s1. Heratabilaty Cenetic advance
No. Characters percenitage as percentage
of mean

14, ILeaf area index at

harvest peraod 54.8 40.6
15. Number of pods per

plant 66.1 55.3
16. Number of grains

per pod 71.0 28.4
17. Plant heaight at 80.4 38.0

maturity ° *
18. Graan falling

period 88,0 19.4
19. Duration upto

maturaty 88.9 11.8
20. Yield per plant 40.9 28,6
21. 8aze of the grain 97.1 64.8
22, Hundred grain weight 91.6 71.0
23. Grain vaeld per plot 50.3 46,8
24, Haulm yield per plot 66.3 63.7
25, Proline content 73.0 62,2
26. Harvest index 59.2 26.1
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FIG 3 GENOTYPIC COEFFICIENT OF VARIATION (GCV) HERITABILITY (H?) AND GENETIC ADVANCE (GA) FOR TWENTY SIX CHARACTERS INCOWPEA
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Very low herirability values were shown by characters
such as root spread (2.6), root/shoot ratio (17.2) and

root length (29.7) at vegetative period.

Very high genetic advance was shown by characters
such as hundred grain weight (71.0)}, size of the grain
(64.8), haulm yield per plot (63.7), proline content (62.2)
and number of pods per plant (55.3). Root length and root
spread during vegetative and flowering periods showed very

low values for genetic advance.

High heritability coupled with high genetie advance
were exhibited by c¢haracters such as size of the grain
(97.1 and 64.8), hundred grain weicht (91.6 and 71.0),
number of pods per plant (66.1 and 55.3), proline content
{(73.0 and 62.2) and haulm yield per plot (66.3 and 63.7).
Leaf area index at vegetatave, flowering and harvest perlods
and grain yield per plot also showed comparatively high
heritability together with high genetic advance. Though
the characters days to 50 per cent flowering, grain fille
ing period and duration upto maturity exhibited high heri-
tabality, they had very low genetic advance. Root length
at flowering and harvest veriods had comparatiwvely high

heritabilaity, but low genetic advance.

4,4, Correlation

The genotypic and phenotypic correlation coefficients
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of grain yield per plot with twentyfour characters and
their intecrelationships are shown ain table 8. The geno=-
typic correlations between grain yield per plot and other

characters are presented graphically in faigure 4.

4.4.,1,. Correlation between grain yield per plot and other
characters

Grain yield per plot had maximum positive genotyplc
correlation with leaf area index at vegetative period
(0.778) followed by leaf area index at flowering period
(0.626), root spread at harvest peraiod {(0.347), number of
pods per plant (0.409), root/shoor ratio at vegetative
period (0.385), grain fillaing period (0.330) and plant
height at maturity (0.267). Relatavely low, but positave
genotypic correlation existed between grain yield per plot
and characters such as root length and root spread at
floweraing period, root length and leaf area index at har-
vegt period, duration upto maturity, size of the grain,
hundred grain weight, haulm yield per plot and harvest
index. CGrain yield per plot had high negative genotypic
correlation with number of grains per pod (-~0.384), rooc/
shoot ratio at flowering period (-0.505) and harvest period
(=0.213), proline content (-0.350), days to fifty per cent
flowering (-0.258) and number of stomata per microscoplc

field (=0.132).



of yield, yiald o

Table 8 Phenotypic and Genotypic Correlation Coefficients
s1 Characters Root Rowt Root/ Leaf Days to  Root Root Root/ Leaf Numbar Root Root Root/
o length spread shoot area 50 per length spread sh00t area of length spread at  shoot
at vega- at vege- ratio at index at cent at at ratio at 1index at stomata at har- harvest ratio .
tative tatjve vegeta- vageta- flower- flower=- flower- £ ower- flowar-  per micro- vest period harvas:
period pe1iod tive tive ing ing ing ing ing scopic period period
period period period period period period field
1 Root length at - - e 0 0124
vogetative pariod -0 205 0 065 —0 146 =0 128 0 395 -0 621 0133 -0 040 -0 158 0 465 200 12
2 Root sproad at - - - b-Ad 33
cative period 2 734 -0 113 0 322 0 102 -0 165 0 144 -0 193 0154 0121 0 445 -0 099 -0 2
3 Root /sahoot ratio - .
at vugestative 0 515 -1 291 - -0 052 -0 114 0 267 -0 083 0 299 -0 218 -0 154 0199 ~0 097 0 184
period
4 Leaf ares index - o . -t
at vegetative -0 286 0 591 0 076 - -0 078 0 184 0 287 <0 081 0539  -0134 0 134 0 396 -0 417
period
S  Daya to S0 per - e . e * 0150 -0 341"
cant flowering ~0 299 1108 =0 510 =0 O5R -0 379 0016 -0 252 0 188 0 6Mn -0 543
6 Root length at - - ¢ ra 0 422° 0.062
£ lowering pariod 0 946 1 092 0 630 0 247 -0 568 0194 0 299 0149 -0 200 0 625
7 Root spread at - * 0 21iS =0.168
flowering pariod 0 097 1765 -0 365 0576 -0 020 0 433 0 029 oad 0115 -0 124
8 Root /shoot ratio . N e
at flowering 0 601 0 227 0580 -0135  ~0 513 0 S64 -0 118 - -0 369 -0 304 0 393 0 087 0116
period
g Leaf arsa index e a4
at flowering -0 086 0 699 -0 363 0 821 0 263 0170 0 €719 -0 681 -~ 0 116 -0 018 0 459 -0 456
period
10 Nu bar of stomata . .
per microscopic 0 340 0782 -01372 -0 214 0995 -0 SB9 -0 048 =0 512 0 224 - -0 421" 0123 ~0 255
fialda
11 Root length at - 0124 83
hevant per1od 0 783 1 342 0 701 0222 -07172 1 034 0 301 0886 -0038 -0 812 - 1 01
2 Root spread at -
hetvest period 0 515 =0 653 0 288 0518 =0 221 0 676 0 535 -0 046 0720 -0 276 0 562 -0 238
13 Root/shoot ratio _ 0o -
ot hacveot perioa 0 423 1 871 0742 -0 651 -0 560 009 =0 915 04711 -0882 -0 327 0 248 460
14 Leaf area indox
ot hatvest period 0 366 0 755 ~0 044 0.617 0 543 -0 125 0 696 ~0 591 0 634 0 343 -0 413 0113 ~0.774
5 ’;e";‘b;‘l'aﬁf pods 0 643 -1 263 0 038 0034 =0 626 0 794 0 084 0 246 0143 -0 493 0 648 0 529 0 209
16 ::_‘b'f el -0 415 1320 -0 565 0 021 0327 -0 566 =0 153 0038 -0 303 0 086 -0 431 -0 689 -0 206
17  Plant heignt at -0 375 0621 -0 493 0 468 0570 -0 147 0 364 -0 620 0 s83 0 642 -0 397 -0 007 ~0 515
maturity
18 arain filiing 0 192 0 641 0 027 0 387 0 244 0 356 0 603 -0 146 0 727 0 281 0 226 0 782 -0 656
per
\9 :‘*‘“1“‘ upto -0 191 0912 -0 162 0139 0920 -0 397 0011 -0 508 0 442 0 954 -0 622 0 114 -0 586
rurity
20 Size of the grain =0 021 0198 0 359 0 514 0 165 0 142 0 637 -0 224 0 565 -0 023 0 105 0 573 -0 438
M ““‘1‘3;‘“ grain -0 066 0 469 0 160 0 420 0 194 o 087 0 706 =0 322 0 598 0 014 0 027 0 496 -0 516
e t
22 Gi.m yield par -0 24¢ -0 107 0 385 0778  =0.258 0 144 0 023 =0 505 0 626 =0 132 0 105 0 547 <0 213
plot
23 “I“t‘ yield per -0 426 0 664 -0 228 0 554 0631 =0 331 0 491 =0 765 0 675 0 468 -0 626 0 279 -0 765
plo
24 Proline coatent -0 437 0 197 -0 062 -0 119 -0 285 -0 150 -0 013 ~0 007 -0 265 -0 364 -0 n38 -0 3N 0 296
25  Harvest index 0120 -1 159 0523 -0332 -0 749 0 140 -0 616 0 304 ~0 569 =0 667 0331 -0 116 0 849

significant at 5 par cant probability level

significant at 1 par cent probability level



xanenta and othur charactQera in Cowpea

laaf area Number Number Plant Grain ‘Du.rat.ion Size of Hundred Grain Haulm Proline Harveat
index at of pods of seeds haight filling upto the grain grain yiald yiald content index
harveast per per pod at matu- period maturity woight per plot per
puriod plant rity plot
-0 105 0 285" -0 18¢ -0 205 0 067 =0 070 0 o1 0011 ~0132 =0124 =0138 0 147
0158  ~0 004 0 097 0 255" 0119 0 050 0 040 0 104 -0 060 0 025 0029 -0 134
~0 015 =0 001  -0.284" -0 274" 0141 -0 059 0.133 0077 ~0082 =0151 -0 028 0 091
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Crain yield showed significant positive phenotyplé
correlation with leaf area index at floweraing period
{(0.465) followed by leaf area index at vegetative period
(0.446), plant height at maturity (0.298), haulm yaeld
per plot (0.288), root spread at harvest period (0.287)
and leaf area andex at harvest peraod (0.267). Significant
negative phenotypic correlation existed between grain yield
and days to 50 per cent flowering (=0.292). Non-signifi-
cant positive phenotypic correlation wasg recorded between
grain yield per plot and characters such as number of pods
per planc, graln fillaing period, size of the grain, root
length at flowering and harvest periods, hundred grain
weight and harvest index., Non saignificant and negatave
phenotypic association was observed between geain yield
per plot and characters such as root spread and root/shoot
ratio at flowering period, number of stomata per miCroscopic
£field, root/shoot ratio at harvest period, number of grains

per pod, duration upto maturity and proline content.
4.4.2. Correlation between pairs of characters

Root length at vegetative period had hagh positive
genotypic correlation with root length at flowering period
(0.946) followed by root length at harvest period (0,783),
number of pods per plant (0.643), root/shoot ratio at

flowering period (0.601), root/shoot ratio at vegetative
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period (0.518), root spread and root/shoot ratio at harvast
perrod. A high negative genotyple correlation existed
between root length at vegetative period and characters
such as root spread at vegetative period, pcolinc content,
baulm yield pes plot, number of grains per pod, plant
height at maturity, leaf area index at vegetative and paL.

vest periods and number of stomata per microscopic field.

Saignificant and posituve pherotypic cocrelation was
recorded between root length at vegetative pericd and root
length at harvest period (0.465) followcd by root lengtn
at floweraing per10d (0.395) and nunber of pods per plant

(0.285). 1 hagh but noa=significant phenotyplc assocaation

b

1as observed between rcoot lengrh al vegetative peraod and

:

characters such «8 root spread at vegetative perico, plant
height at ma.uricy and number of siomaia per milLOSCOpPiC

-

field,

Root spread at vegetative period showed high posie
tive genolypic correlatior with root spread at flovering
period (1.765) followed by number of grains per pod (1.320)
days to 50 per cent floweraing (1.108), duration upto matu-—
rity (0.912), number of stomata per microscopac field
(0.782), leaf area index al vegetative, floweraing and hac-
vest periods (0.591, 0.699 and 0.755 respectavely), plant

height at maturity (0.621) and grain f£illing pericd (0.5641),
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The genotypic correlation belween root spread at vegetative
period and root/shoot ratio at vegerative period, root
length at floweraing period and harvest period, root/shoot
ratio at harvest period, number of pods per plant and hare

vest index were high and negative.

Root spread at vegetative period showed significant
positive phenotypiec correlation with characters such as
root length at harvest period (0.445), leaf area index at
vegetatave period (0.322) and plart height at maturity
(0.255) whale thas character had negative, non-significant
phenotypic correlation with root/shoot ratio at vegetative,
flowering and harvest periods, root length at flowering

and rooi spread ac harvest periods.

Root/shoot ratio at vegetative period had high posi=
tive genotypic correlation and saignificant positive phenow-
typic correlation with root length at flowering period
{0.630 and 0.267 respectively) and root/shoot ratioc at
flowerang pericd {0.580 and 0.299 regpectively), The charac-
ters such as root length and root/shoot ratio at harvest
period, harvest index, and size of the grain had high posi-
tive genotypac correlation and a non-significant positive
phenotypic correlation with root/shoot ratio at vegetacave
period. Number of grains per pod and plant height at matu-
rity showed high negative genotypic correlation and sighg-

ficant negative phenotypic correlarion with root/shoot ratio
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at vegetataive pexiod.

Leaf area index at vegetative period had maximum
positive genotyplc correlation with leaf area index at
floweraing period (0.821) followsd by leaf area index at
harvest period (0.617), roolL spread at flowerang period
(0.576), haulm yield per plot (0.554), root spread at har-
vest period (0.518), size of the grain (0.514), plant
height at maturity (0.468), hundred grain weight (0.420)
and grain filling peraod (0.387)., All these characters |
had significant positive phenotypic correlation with leaf
area index at vegetative peraod. A significant negative
phenotypic correlation was observed between this character
and root/shoot ratio at harvest period (-0.417) and harvest
index (~0.262). The leaf area index had maxamum negative
genotypic correlation with root/shoot ratio at harvest
period (=0.651), followed by harvest index (-0.332), number
of stomata per microscopic field (-0.214), root/shoot raﬁlo

at floweraing period (~0.135) and proline contenc (-0.119).

A hagh positive genotypic corrclation was observed

between days to fifty per cent flowering and number of
|

stomata per microscopic field (0.995), duration upto matum
raty (0.920), haulm yield per plot (0.631), plant heighu

J
at maturaity (0.570), leaf area index at harvest period

(0.543) while thas character had a high negative genotypic
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correlation with number o pods per plant (-=0.626), hacvest
andex (=0.749), root length at flowering and harvest
periods, coot/shoot ratio al flowering period and proline

content.

Days to 50 per cent flowering had maximun positive
phenotypic correlation with duration upto maturity {(0,901)
followed by number of stomata per microscopic field (0.671),
plant height at maturity (0.415), haulm yield per plou
{0.377), leaf area index at harvest period (0.317) and
number of grains per pod (0.288). Days to 50 per cenc
flowering had significant negative phenotypic Correlation
with root length and root/shoot ratio at flowering period
(=0.379 and =0.252 respectively) anrd hacvesi period (=0.543
and =0.341 respectively), number of pods per plant (-0.515)

proline content (=0,265) and harvest index (-0.581).

A high positive genotypic correlation was observed
between root longth at flowering period and at harvest
period (1.034), number of pods per plant (0.794), root
spread at harvest period {(0.676), root/shoot ratio (0.564)
and root spread (0.433) at flowering period and grain .
fi1lling peraod (0.356), All the above characters exhabited
significant positive phenotypic correlataon with root
length at flowering period. This character showed sSigni=-

ficant negative phenotypic correlation wlth duration upto
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maturity and a high negative genotypic correlation with
number of stomata per microscopic field (-0.589), number
of grains per pod (=0.566), haulm yield per plot (=0.331)
and duration upto maturity {(=0.397). The charecters cuch
as leaf area index av flowering period, size of che grain
and hacvest index nad relatively low, but positive geno-

vyplc correlation with root lenguh at flowering period.

Root spread at flowering period showed & hagh and
positive genotypic asscociation with hundred grain weigho
(0.706) followed by leaf area index at £flowering and hare
vest periods, size of the grain, grain filling period,
root length and root spread ar harvest pericd. A hagh
negative genotypac correlation existed belween roov spread
ar floweraing period and the Characters sach as coot/shoou
ratio at hervest period (=0.915) and harvest index (=0.5616).
Number of grains pec pod, number of stomata per mMiCro=-
scopic field and prolanc content had celatively low, but
negative genotypic corcelation with root spread at flowcre

ang period.

Root spread at flowering period had maximum Sigili-—
ficant positaive phenotypic correlacion with hundred gramn
weight (0.446) followed by leaf arvea index at flowering
period, size of the gra.n, grain filling peciod and planc

heaght at matarity, while this character showed negative
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prenotypic cogrelation with number of stomata pes MACrOe
scopac f£ield, root lengrh and root/shoot ratio ac harvest
period, numbes of pods per plant, nunmber of grains poe. pod,

prolzne content and harvest index.

A high positive genotypic correlailon .as Jbserved
between root/shoot ratic at flowering period and the charate
ters such as root length {0.886) and root/shoot ratio
(0.471) at harvest period and harvesc index (0.304). Ilumbe:
of pods per plant and number of grains per pod <lszo showsd
positive genctypic correlation with this charac.er, Le—af
area index at flower.ng period, nuber of sgtomata per 111Cro=
scopic f£ield, leaf area index at harvest period, plant
height st maturity duration uptc maturity, hundred grain
weight and heulm yiela per ploc showed high negative geno-

typic correlation with root/shoot ratio ac flowering perdod,

Signilicant posiiive phenotyparc correlation was
obgerved between coot/shoot ratic acr Zlosvering reriod and
root length at harvest period (0.393), wuh.le this znaracter
had saignificant reqailive phenotypic correlations wicth Teal
area wndex at flowcr.ng period (=0.369}, haulm y_eld per
plot (=0.363), nunber oOFf stomacva pe. miCroscopic fielc
(=0.304), plart heaghe at maturity (=0.350), leaf areca
index at harves. period (=0,289) and durat.on upto maturaty.

Root/shoot ratio at Elowering period had posituve, but
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non=sagnificant phenotypic association with number ¢f pods
per plant, number of grains per pod, proline content and

harvest index.

Leaf area index at flowering period nad maximum
positive genotypic correlation with grain filling period
{0.727) followed by the characters such as rcot spread at
harvest period (0.720), haulm yaeld per plot {0,675), leaf
area index at harvest period (0.634), hundred grain weight
{(0.598), plant height at maturaty (0.583), size of the
graizn (0.565) and duration upto macarity (0.442). A hagh
negative genotypic correlalion was observed between leaf
area index at flowerang period and root/shoot ratic at
harvest peraocd (-0.882), harvest index (-0.569), number

of grains per pod (=0.303) and proline content (-0.265).

Significant positaive phenotypic correlation existad
between leaf area index at flowsring peraod and the charac-
ters such as root spread (0.459) and leaf area index at
harvest period (0.470), plant height at maturity (0.522),
grain filling peciod (0.543), duration upto maturity
(0.346), size of the grain (0.469)}, bundred grain weight
(0.462) and haulm yield per plot (0.580)., a signaficant
negative phenotypic corcelation was shown by this character

with root/shoot ratio at harvest pericd and harvest ln“e$.
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A high positive genotypic and significant positive
phenotypic correlation exasted betuween number of stomata
per microscopic faeld and duration upto maturity (0.954)

and plant height at maturivy (0.642).

High negative genotypic correlations and signifi-
cant phenolypic correlations were shown by the characters
such as root length at harvest period, root/shoot ratio at
harvest period, number of pods per planct and harvest index
wath number of stomata per microscopic field, Leaf area
index at harvest peraod, number of grains per pod, grain
f1lling period and haulm yield per plot had relatively low
positive genotypic and phenotypic correlation with number

of stomata per microscopic field.

Root length at harvest period showed high positive
genotypic correlation and signaficant positive phenotypic
correlation with number of pods per plant (0.648 and 0.518
respectively). Relatavely haigh positive genotyplcC correla=
tions and non-significant positive phenoiypic cocrelations
existed betueen root length at harvest peraod and the
characters such as root spread at harvest period, root/shcot
ratio at harvest period, grain filling period, size of the
grain, hundred grain weight and harvest index. tigh nega=-
tive genotypic correlations were observed between root

length at harvest period and leaf area index at harvest
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period (=0.413), number of grains per pod (-0,431), plant
height at maturity (=0.397), duration upto maturity (-0.622)
and haulm yield per plot (~0.626). Significant negative
phenotypic correlation exasted between root length at hare
vest period and the characters such as number of grains

per pod, duration upto maturaity, and haulm yield per plot.

Root gpread at harvest period showed hidgh positive
genotypic associations with grain £illing peraiod (0.782),
size of the grain (0.573), number of pods per plant (0.529)
and hundred grain weight {0.496). All the above characters
also showed significant and positive phenotypic correlations
with root spread at harvest period. High negative geno=-
typic correlations were observed between this character
and number of grains per pod (-0.689), root/shoot ratio at

harvest period (=0.460) and proline content (=0.371).

Root/shoot ratio at harvest period showed high posi-
tive genotypic and significant positive phenotypic correla-
tions with harvest andex (0.849 and 0.598 respectavely).
This character had high negative genotypic correlations
and significant negative phenotypic correlations with the
characters such as leaf area index at harvest period, plant
height at maturaty, grain filling period, duration upto
maturity, size of the grain, hundred grain weight and haulm

yield per plot.
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Leaf area index at harvest period showed high posi-
tive genotypic correlations with the characters such as
plant height at maturity, grain f£illing period, ducation
upto maturity, size of the grain, hundred grain weight and
haulm yield per plot. High hggalee genotypic correlations
were chserved between leaf area index at harvest period
and the characters like number of pods per plant (=0.525),

harvest andex (-0.700) and proline content (=0.223).

The characters such as plant height at maturity,
duration upto maturity, size of the grain, hundred grain
weight and hsulm yield per plot showed sagnifacant positave
phenotypaic correlations with leaf area index at harvest
period. This characrer had significant negacive phenotypac
correlations with number of pods per plant and harvest

index,

Numbexr of pods per plant had high positive genotypic
correlation with harvest aindex (0.349) and high negative
genotypic correlations with number of seeds per pod (~0.391),
duration upto maturity (=0.459), size of the grain (-0.348),
hundred grain weight (-=0.381), haulm yield per plot (-0.,513)
and proline content (-0.319). Number of pods per plant
showed significant positive phenotypic correlation with
harvest index (0.305) and saignifacant negative phenotypic

correlations with number of grains per pod, duration upto
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maturity, size of the grain, hundred grain weight and haulm
yield plot. The grain filling period had positive, but
non-saignificant phenotypic and genotypic correlations with

number of pods per plant.

Number of grains per pod had positive genoiypic
correlations with plant height ac maturaity (0.329), proline
content (0.246), haulm yield per plot (0.221) and duration
upto maturity (0.019), while this character showed negative
genotypic correlations waith grain failling period (=0.624},
size of the grain (-0.389), hundred grain weight (=0.361)
and harvest index (=0.102). Number of grains per pod showed
significant negative phenotypic correlations with grain
£1lling period (=0.525), size of the grain (-0.330) and

hundred grain weight (=0.,314).

Plant height at maturaty had hagh positive genotypac
correlation and signaficant positive phenotypic correlation
wath haulm yield per plot, wvhile the characters such as
grain f£illing period, duration upto maturity, size of the
grain and hundred grain weight showsd positive but rela-
tavely low genotypic and phenotypic correlations with this
character. Plant heaight had significant negatave pheno:

typic correlation and high negative genotypic correlation

with harvest index.



74

Grain filling period showed positive genotypic and
highly significanct positive phenotypic correlations with
Characters such as duration upto maturity (0.487 and 0.425
regpectively), size of the grain (0.601 and 0.542 respec-
tively) and bundred grain weight (0.621 and 0.556 respec=
tively). Crain filling period showed high negative geno-
typic correlations wath prolane content (-0.511) and har-
vest index (-0.560). These two characters also showed
significant negative phenotypic correlations with grain

fillaing period.

Duration uple maturity showed positive and hagh
genotypic correlation and signafacanc positive phenotypic
correlataon with size of the grain (0.313 and 0,305 res-
pectively) while this character showed high negative geno-
typic and sagnificant negative phenotypic correlations with
proline content and harvest index. Duration also had high
positive genotypic and phenotypic correlations with hundred

grain weight.

size of the grain showed high positive genotypic
and highly sagnificant positave phenotypic correlacions
wath hundred grain weight and haulm yield per plot, This
character also showed high negative genotypac correlation
with harvest index (~0.385). Sagnificant negative pheno-

typic correlation existed between size of the grain and
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barvest 1idex (-0.312).

Genotypic correlation of proline content with hundred
grain weight was positive and that with harvest index wvas
high and negatave, Sigrificant negat.ive phenotypiC Corre-
lation was obscrved between hundred grein weight ana hare
vest andex (=0.350) ard a non-significant positive pheno-
tyvplic correlation existed betuween hundred greain weight and

prolins content.

Haulm yield per plot showed high negative genctypic
correlation (=0.547) and significant negataive phenotypaic
correlation (=0.419) with harvest index., Proline content
had high positive genotypic correlation and significanc
positive phenotypic correlation with harvest ndex. The
genotypic and phenotypic assoclation between proline con-

tent and haulm yield per plot was low and negacive.
4.5. Path apralysas

The genotypic correlation belueer greain yield per
plot and seven clisracters viz. leaf acea index and root/
shoow ratic ot vegetative period, root length and coot
snread ot harvest period, grain £21ll.ng period, durat_on
unto matuct ty and harvest indea. were partitiocaned anto theax
corcespond.ag direct and indircecc cffects through path

coefficient analysis and the results obtained are vresanted
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in table 9. Direct effects of these seven characters on
grain vield per plot and their interrelationships are shown

graphaically in faigure 5.

The harvest index showed maxamum positive direct
effect on grain yzeld (1,387). This component exerted low
positive indirect effect on grain vield through coot spread
at harvest period {0.0%56) and high negative indirect effects
on grain yield through leaf area index (~0.376), graln £ill=-
ing perzod (=0.461) and duration upto maturiiy (-0.383},
while this character exerts low negative indirect effect on

grain yield through root/shoot ratio (-0.085).

Leaf area index at vegetative period was the second
component havang high direct effect on grain yield (1.132).
Leaf area index at vegetative period exerted positive
andirect effect on grain yield through grain filling period
{0.319) and duracion upto maturity (0.069), while this com-
ponent exerted negative indirect effects on grain yield
through harvest andex, root spread and root length at har-

vest period, and rooc/shoot ratio at vegetative period.

Grain £illing period, the thard component having
high positaive direct effect on grain yield (0.825) exerted
high positive indirect effects through lesf area andex at
vegetative period (0.438) and duracion upto maturity (0.244)

while it exerts high negative andirect effect on grain



Table 9,

Direct and Indirect effects of seven characters on yvield per plot

Leaf Root/ Root Root Grain Duration Harvest Total
sl. Characters area shoot length spread {:llaing upto index corre=
No. index at ratio at har-~ at har- period maturity lation

vegeta- at vest vest

tive vegeta~ pericd period

period tave

period
1. Leaf area index
at vegetataive 1.132 -0.012 -0.021 -0,249 0.319 0.069 -0.460 0.778
period
2. Root/shoot ratio
at vegetative 0.086 -0.163 -0.067 ~0.138 0.022 -0.081 0.726 0.385
reriod
3. Root length at
harvest period 0.251 -0.114 -0,095 -0.270 0.187 -0.313 0.459 0.105
4. Root spread at ~d
harvest period 0.587 -0,047 -0,053 -0Q.481 0.645 0.057 -0.161 0.547_\l
5. Grauwn filling
period 0.438 -0.004 =-0,021 =0.376 0,825 0.244 ~0.776 0.330
6. Duration upto 0.158 0.026  0.059 =0.055  0.402  0.501  ~-1.060  0.031
maturaity
7. Harvest index ~Q0.376 -0.085 =0,032 0.056  -0.461 =~0,383 1.387 0.106

Resaidual effect = 0.149

Direct effects are underlined



Fig. 5. Path diagram showing the direct effccts and inter-
relationships of grain yaeld per plot with seven component
characters in cowpea.
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FIG 5 PATH DIAGRAM SHOWING THE DIRECT EFFECTS AND INTER RELATIONSHIPS OF
GRAINYIELD PER PLOT WITH SEVEN COMPONENT CHARACT RS IN COWFLA
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vield through harvest index (-0.776) and root spread at
harvest period. The indirect effects exerted by grain
fi1llaing period on grain yield through root/shoot ravio av
vegetative period and root length at harvest periods were

low and negatave.

Duration upto maturity exerted high and positave

direct effect on grain yield (0.501) but ats indirect
£fect throagh harvest iadex was very high and negative
(=1.060). Duration upto maturity had positive indirect
effect on grain yield through leaf area index at vegetative
period (0.158), grain filling period (0.402}, root lengih
(0.059) and root/shooct ratio (0.026) act wvegetative period
and negative indirect effect tnrough root spread at harvesc

perxzod (=0.055).

Root spread at harvesi p~riod had negativa direct
effect (=0.481) on grain yield and high positiv~ indi:ect
effect ‘hrough leaf area index at vegetative peracd (0.587)
and grain fillang period (0.645) and low positive indirect
effect through duration uptc maturaty (0.057}). This charac-
ter had negalive indirect effect or grain yield throitgh
root/snco. ratlo at vegetative psriod (=0.047}, root length

at harvest period (=~0.053) and harvest andex (-0.161).

Root/shoot ratio at wvegetative perica and oot

length at harvest period had negative direct effecrs on
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grain yield (-0.163 and =-0.095 respectavely). Both these
characters exerted high positive indirect effect on grain
vield through harvest index (0.726 and 0.459 respectively).
Root/shoot ratio at vegetatrive period had low positive
indarect effect on grain yield through leaf area index
(0.086) and grain fillang period (0.022) and negative
indirect effects through root length at harvest period
(~=0.067), root spread at harvest period (=0.138) and dura-
tion upto maturity (=0.081). Root length at harvest peraod
also had low positave indirect effect on grain y.ield through
leaf area index at vegelatave period (0.251) and grain fille
ing period (0.187) and negative indirect effects through
duration upto maturity (-0.313), roov/shoot rario (-0.114)

and root spread at harvest period (=0.270).
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DISCUSSION

Successful crop production in regions of freguent
drought requires development and cultivation of drought
tolerant varieties and methods and practices for providing
or maintaining sufficient available water for growth.
Varaeties within a crop species are found to be darfferang
in thear ability to endure drought. Selection of varie=-
ties which can evade or endure periods of insufficient
moiwsture lead to efficient crop production. In the present
study, sixteen varieties of cowpea were grown under mois—
ture stress conditions to study the varietal differences
in response to drought and the various characters contri-
buting to drought tolerance in these varieties. The results

obtained ain this investigation are discussed below.

5.1. Varietal Evaluation

Detailed evaluation of varieties for assessing the
different attrabutes contributing to drought tolerance and
grain yield are essential for identifyang and selecting
types with potential for drought tolerance. In the present
study saignificant differences among varieties were observed
for the characters such ‘as root length, root/shoot ratio
and leaf area index at vegetative, flowering and harvest

periods, root spread at flowering and harvest periods, days
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to 50 per cent flowering, number of stomata per micro-
scopic field, number of pods per plant, number of graias
per pod, plant height at maturity, grain filling pericd,
duration upto maturity, vield per plant, size or cthe grain,
hundred grain weight, grain yield per plot, haulm yield per
plot, proline content and harvest index indicating cne
presence of considerable amounct of variability., The varic=
bility noticed an the characters such as yiela per planec,
days to floweraing and plant height were in conformity with
the results of Pandita er al. (1982) in cowpea under dry
farming conditions. The characters such as grain yaeld
per plant, harvest index, siomata number, grain weight,
root length, leaf area per planc, proline content and plart
heaght whach showad high variraocility conforms the resulis

obtained by Sharma (1988) in maize under drought conditions.

The grearver diffecences between the genotypaic and
phenotypic variances observed for the characters such as
number of stomata per microscopic f£ield, plant height at
maturity, yield per plot and proline content suggests ithat
these characters are highly anfluenced by the environmental
conditions., The smaller dafferences bectween the genotypic
and phenotypic variances observed for the leaf area index
at floweraing and harvest periods, grain £illaing period,
yield per plant, size of cthe grain, and hundred grain w.eignt

suggests that variataion in these characters are mainly dur
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to genetic factors and the environment had only very little
influence an the expression of these characters. The extent
of varazability noticed for different characters in different
varieties of cowpea and their relation to drought tolerance

are discussed below.
5.1.1. Root length and Root spread

A well developed root system is very essential for
normal growth, development and production of crop plants.
Root length and root spread measured at the vegetataive,
flowering and harvest periods revealed that relatavely long
and wide spreading root systems were present in the varie-
ties 1=-26, UPC-124, DPLC=216, DPLC=224, and DPLC-198. These
observations were in agreement to the results of Rajagopalan
(1958) in rice and Thangavelu gt al. (1967 a) in sorghum
that a deep and wide spread root system will be found in
drought resastant varieties. Therefore, the above varie-
ties can be considered to have potential for drought tole-
rance. The varieties UPC-124, DPLC=216, DPLC=224 and
DPLC=198 were high yielders in conformity with the reports
of Tiwari et al. (1974) in wheat and Kavitha (1982) in
blackgram that varieties with deep and wide spread root
system were capable of escaping drought and producing high

yield.
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5.1.2. Root/shoot Ratio

Rajagopalan (1958), Paraoc gt al. (1976) and Murty
(1987) in rice reported that drought resistant varieties
possessed high root/shoot ratio., The varieties UPC-124,
and DPLC=216 showed relatavely high root/shoot ratio at all
the three growth stages along with high yield and therefore
can be considered as drought tolerant in agreement with the
results of the above workers. The varieties VCM-8, IC 38956
and C-190 were low yielders eventhough they had hagh root/
shoot ratio at harvest period. According to Fischer and
Turner (1978) since root growth under drought conditions
may be at the expense of shoot growth and further photo-
synthetic development, the harvestable yield may be reduced.
Thig may be the reason for the low yield in VCM-8, IC=38956

and C=190.
5.1.3. Leaf area index

several scientists have reported that cultavars
which are capable of maintaining high leaf area index even
under conditions of drought were the resastant ones.
(sarmons et al., 1978 in soybear; Rajagopalan, 1958 in
rice). The varieties Kanskamony, DPLC-198, V=240, UPC-124,
DPLC=216 and DPLC=224 had relatavely hich leaf area index

at vegetative and f£lowerang periods and haigh yield in
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conformity with the results of Parameshwara (1979) and
Setty and Sreeramulu (1972) in sorghum, Alil (1980) an
cowpea, and Shavaraj et al. (1987) in raga,that varieties
maintaining high leaf area index under stress conditions

produce high yield.
5,1.4, Number of stomata

Drought resistance in crop plants s decermined by a
wide range of physiological characters. The regulation of
water loss by the stomata 1s one amportant character. Selec-
tion for stomatal characters potertially provides great
scope for improvements in drought volerance, because stomata
provide the meain control of watec loss and conseguently of
plant stress. The varieties such as 1-26, VM-8, IC-38956,
UPC=124, DPLC=198, Kanakamony, DPLC-224 and DPLC=-216 which
had relataively lower number of stomata per microscopic
£i1eld can be considered as drought tolerant in conformity
to the results of Buican et al. (1964) in maxze, Ravindranath
and Ala (1972) and Renard and Allur:zk (1981) in rice, and
shewesh gt al. (1985) in sorghum that drought tolerant
varieties will have fewer number of stomata. Varieties
UPC-124, DPLC-198, Kanskamony, DPLC=224 and DPILC=-216
recorded high yield also in agreement with the reports of
Setty and Sreeramulu (1972) in sorghum that under drought

conditions, selections with high yield had fewer number of
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stomata per unit area.
5.1.5. Duratzon upto maturity

Relatively medium duration varieties like Charodi,
UpC-124, DPLC=-216, DPLC-198 and DPLC-224 were found to be
the hich yielders in this study in conformity wich the
reports of Hall and Grantz (1981) in cowpea that medium
durataion may be desirable since an extremely precocious
plant may be as poorly adapted as a late one. arnon (1975)
also reported an anverse relationship between early matucity
and yzelding potential and suggested that growing period

should not be shortened more than the essential.
5.1.6. Grain Filling Period

Among the slxteen varieties of coupea, DPLC-210,
UpC=124, DPLC-198, DPLC-224, DPILC-216 and C=-88 had long
grain f£illing periods., Short grain filling period has been
reported to be adversely affecting the yield under drought
conditions. The varieties UPC-=124, DPLC-198, DPLC-224 and
DPLC=216 had longer grain fillaing period and haigh yield in
agreement with the results of Asana et al. (1968) in wvheat,
Gregory (1982) in race, Omara (1987) ain barley and Nelson

(1987) ain soybean.

5.1.7. Plant heaght

Wide variataions were observed between varieties with
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regard to plant heaght andacating that height is haghly
affected under conditions of drought, in conformity to the
observations of Day and Inlalap (1970) in wheat, and Ali
and Alam (1973) an greengram. Varieties with medium heicht
such as DPIC=-198, DPLC=216, DPLC=224 and UPC=124 were found

to be relatively hagh yielders and drought tolerant.
5.1.8. Proline Accumulation

Varielies IC=38956, C=88 and VCM=8 accumulates more
proline an their leaves when compared to other varieties.
Varietal differences in proline accumulation under congi=-
tions of drought s in agreement wath the findaings of Sangh
et al. (1972) and Sangh et al. (1973 a) in barley and Blum
and Ebercon (1976) in sorghum. High yielding varieties an
this study had relatively low amount of proline viz. UPC=124,
DPLC-198, DPLC=224 and DPLC=216 suggesting that selecting
cowpea varieties for low proline accumulataon under drought
might help to identify promisaing material for drought prone
environment in agreement with the results of Hansen et gl.

(1979) in barley.
5.1.9, Harvesc index

Varieties VCM=8, IC-38956 and UPC=124 had high har-
vest indices followed by V=240, GC=82=7, DPLC=224, DPLC=216,

Charodi, DPLC-198 and 1=-26. Foster and weng (1979) in
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sorghum reported that varielies with high harvest index
under drought were drought tolerant and therefore these
varieties can be considered to have the potencial for
drought tolerance. Pandey gt al. (1984) in grain legumes,
Ibrahim et al. (1986) in pearl mallet and Lorens et al.
(1987) in maize have reported that under drought conditions,

varieties with high harvest index also gives high yaeld.
5.1.10. Yaeld and yield components

High yielding ability of a crop even under condi=-
tions of drought has been considered as a measure of drought
resistance (Asana, 1957; Parao et al., 1976 an rice).
Varieties DPLC-216, DPLC-198, V=240, DPIC=-224, Charodz,
Kansgkamony and UPC-124 were the high yielding varieties in
this study and these varieties can be considered as drought
tolerant. These varieties had relatively high number of
pods per plant, size of the grain and grain weight suggest=-
ing that these three yield components are more aimportant
contributing to high yield under drought conditions in con-
sonance wath the reporis of Manjunatha (1973) an soybean,
Upadhyaya and Ruwali (1985) in wheat and Aggarwal and Sinha

(1987) in wheat.
5.2. Variability

Variability observed in a plant communlty is
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phenotypic variabality which is the result of the genetic
variabilaity, upon which superimposed is the varaiability due
to the effect of enviromment an which the aindividual geno=
type perpetuate and survives. The variabilaity available in
a population could be partitioned into heraitable and non-
heritable components with the aid of genetic parameters
like genotypic coefficient of variation, heritability and
genetic advance which serve as useful guidelines for selec~

taion.
5.2.1, Genotypic and phenotypic coefficient of variation

Genotypic coefficient of variation measures the range
of genetic diversity for guantitative characters in a popu-
lation and phenotypic coefficient of variation measures the
extent of total variabilaty. Hagh genotypic coefficient of
variation was shown by characters such as root/shoot ratio
at vegetatave, flowering and harvest periods, leaf area
index at vegetative and flowering periods, number of pods
per plant, plant height, yield per plant, size of the graan,
100 grain weight, grain yield per plot, haulm yield per ploc
and proline content indicating the presence of more genetic
variability in these characters. High genotypic coefficient
of variataion noticed in the case of number of pods per plant
and grain yield per plant is in conformity with the results

of Singh and Mehndaratta (1969), Veeraswamy ¢t al. (1973)
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and Radhakrishnan and Jebaraj (1982) in cowpea and Sreekumar
and Abraham (1979) in greengram. Contrary to thas, Pillaz
(1980) and Phalip (1987) an blackgram reported low geno=
typic coefficients of variation for number of pods per plant
and graan yield per plant. High genotypic and ghenotypac
coefficients of variation observed an yield per plant is in
consonance with the resulvs of Pandita gu al. (1982) in

cowpea under dry farming conditions.

High genotypic and phenotypic coefficients of varia-~
tion noticed for height of the plant is in agreement with
the results of Veeraswamy et al. (1973) in cowpea; Sangh
et al. (1975) and Soundarapandian et al. (1975) in black-
gram, Philip (1987) in blackgram reported high genotypic
coefficient of variation for leaf area index at flowering
period in conformity wath the present finding. Grain yield
per plot showad high genotypic coefficient of variation in
agreement with the results of Ramachandran gt al. (1980).
High genotypic coefficient of variataon notaced for 100
grain weight i1s in consonance with the results of Patal
and Bavaiskar (1987)., Harvest index showed relatively high
genotypic coefficient of varaiation an conformity wath the
findings of Dharmalingam and Kadambavanasundaram (1984).
Contrary to thas low genotypic coefficient of variation was
reported by Sagar et al. (1976) for harvest index in black=

gram.
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Characters such as number of seeds pod, grain £illing
pericd, duration upto maturity and days to 50 per cent
floweraing had very low phenotypic and genotypic coeffiients
of variation indicating the low amount of varaiabilivy in
these characters and thereby limiting the scope for their
improvement by selection. Low genocypic coefficient of
variation noticed for number of seads per pod is 1in cConsow=
nance with the resulits of Charmalingam and Kadambavanasundaram
{1984) in cowpea and Philip (1987) in blackgram. Duration
upto maturity showed low genotypic coefficient of variation
in agreement with the results of Singh and Mehndiratta
(1969) and Radhakrishnan and Jebaraj (1982). Number of
days to fifty per cent flowerang showed low genotypic
coefficient of variation contrary to the results of Sandhu

et al. (1978) in blackgram.
5.2.2. Heraitability and Genetic Advance

Genotypic coefficient of variation alone cannot
estimate the heritable portion of the variation. Burton
(1952) had suggested that genotypic coefficient of varla-
tion together with heritability estimaces would give a
better idea regarding the amount of genetic advance to be
expected by selection. Allard (1960) suggested that gains
from selection for a particular character largely depends

on the heritabilaty of the character.



91

Heritability was high for characters such as sige
of the grain, hundred grain weight, duration upto maturaity,
days to fifty per cent flowering and grain filling period.
Hagh heritability noticed for hundred grain weighe is in
agreement with the findangs of Patil and Baviskar (1987).
Duration upto maturity showed hagh heritebility in confor-
mity with the reports of S8ingh and Mehndiratta (1969),
Sreckumar et al. (1979) and Patil and Baviskar (1987). High
heraitabality observed for days to fifty per cent flowerang
agrees with the findings of Singh and Mehndaratta (1969),
Sreekumar gt al. (1979) and Ramachandran et al. (1980).
Moderate to high heritability was recorded for characters
such as plant height at maturity, proline concent, number of
grains per pod, leaf area index at vegecative and flowering
periods, root length and coot spread at harvest period,
haulm yield per plot, number of pods per plant and harvest
index. High heritability noticed for number of grains per
pod agrees with the resulcs of Rajendran et al. (1979), and
Sreckumar gt al. (1979) but contrary to the reporcs of
Veeraswamy et al. (1973). Harvest index shoued high herita-
bility in.bonﬁormity with the findings of Dharmalingam and
Kadambavanasundaram (1984). The hich values of heruitability
estimates indicates the highly heritsble natuce and the
minimum influence of the environwent in the expression of

thege characters,
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Johnson et al. (1955) suggested that heratabila.y ain
con junceion with genetic advance is more effective and
reliable in predicting the resultant effect of selectaon
than heritability alone. HModerate to hagh heritawility
coupled vith relatively high genetic advance was shown by
the characters size of the grain, hundred graain ueaght,
nurber of pods per planc, proline content, haulm yield per
plot, leaf arca index at wvegetative, flowering and harvesi
periods, root spread at harvest period, number of grains
per pod, plant height at maturicy, grain yield per plot and
harvest index. High heratabilicy coupled with high generic
advance noticed for number of pods per plant agrees with
the results of Radhakrishnan and Jebaraj {1982) in cowpea;
Sangh and Melhotra (1970), Ratnaswamy e. al. (1978) and
Sreekumar and Abrzham (1979) in greengram. In cowpea,
Rajendran et al. (1979) reported hagh hericabilaity together
with high genetic advance for number of grains per pod in
consonance with the present findings, High heratabalaity
and haigh genetic advance for plant heighet obtained an this
study agrees with the findings of Soundarapandian gt al.
(1975) and Sandhu et al. (1978) in blackgram. But
Radhakrishnan and Jebaraj (1982) in cowpea and Sreekumac
and abrzham (1979) in greengram reporred high hericabilicy
and low genetic advance for plant height contrary to the

present findangs.
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According to Panse (1957) high values of heritability
combaned wich high genetic advance indicates the additave
gene action for the character and selection based on these
characters will lead to improvement of the population. High
hecicabilaty values associated with low genetic advance s
attributed to the non-additive gene effects which include
epistasis, dominance and genotype X environmenc interaction
(Panse, 1957). Characters such as days to fifty per cent
flowering, root length at flowering and harvest periods,
grain filling period and duration upto maturity showed hagh
heraitabilaity but low genetic advance. High heritabalaty
coupled with low genetic advance observed for days to fafty
per cent flowering is in consonance with the results of
singh and Melhotra (1970) and Sreekumar and Abraham (1979)
in greengram., Contrary to this, Rajendran et al. (1979)
in cowpea, and Sandhu et al. (1978) in blackgram reported
high heratabilaity and high genetic advance for this charace-
ter. High heratability and low genetic advance noticed
for days o maturity agrees with the fandangs of
Radhakrishnan and Jebaraj (1982) but contrary to this high
heratabality and high genetic advance was reported by
Rajendran et al. (1979) for days to maturity. Yaeld per
plant showed low heritability in consonance with the f£ind-
ings of Singh and Mehndiratta (1969) in cowpea. Contrary

t£o this, Pandita et al. (1982) reported high heritabilily
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for thas character., High heratability estimated for yield
per plot is in agreement with the results of Sreekumar et al.

(1979) in cowpea.
5.3. Correlation

Coefficients of correlation indicate the intensity
and darection of character associations in a crop. The
interrelationships of component characters of yield provide
information about the probable consequences of selection

for simultaneous improvement in these characters.

The grain yield recorded positive genotypiC correla-
tion wath leaf area index at all the three growth periods
viz. vegetatave, flowering and harvest periods, root length
and root spread at floweraing and harvesc periods, root/shoot
ratio at vegetative period, grain filling period, number of
pods per plant, plant height at maturity, haulm yield per
plot, duration upto maturity, size of the grain, hundred
grain weight and harvest index andicating that selection
based on any one or more of the above components will result

in an increase in grain yield,

Positive genotypic correlation between grain yield
and leaf area index is in conformaty with the results of
Setty and Sreeramulu (1972) in sorghum, Ali and Naidu

(1982) in maize and Gamenez and Fereres (1986) an sunflower



95

under drought condations. Root length at harvest pericd
and grain yield showed positive correlation in agreement
with Lhe fandangs of Setty and Sreeramulu (1972) in sorghum
and Kavitha (1982) an blackgram. The root/shoot ratio au
vegetative period showed positive correlation with grain
yield, but setty and Sreeramulu (1972) reportied that root/
shoot ratio do not show any relationship wath grain yield
in sorghum, contrary to the observataons of this study. In
conformity with the reports of Neslson (1987) in soybean
grain f£illing period showed positive correlation with grain
yaield. Plant height and grain yield showed positive geno-
typic correlation in agceement with the results of Rajendran
et al. (1979), Dumbre et al. (1982) and Natarajaratnam

et al. (1985) in cowpea. Contrary to this, Ibrshim gt al.
(1986) reported a negataive correlation between grain yield
and plant height in pearl millet. Positive correlation of
grain yield with duraticn upto maturaity 18 in consonance
with the reports of Sreekumar et al. (1979) in cowpea.
Number of pods per plant and grain yield showed positive
genotypac correlation in agreement to the findings of
Rajendran gt al. (1979), Dumbre gt al. (1982), Natarajaratnam
et al. (1985) and Patil and Bhapkar (1987) an cowpea. Alx
and Naidu (1982) reported positive genotypic correlation
between grain yield and size of the grain in maize in CoOh=

formity with the present results. Positive correlation of
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grain yield with hundred grain weight agrees with the
results of Patel and Telang (1976), Chikkadyavaiah (1985)
and Choulwar and Borakar (1987) in couwpea, Setty and
Sreeramulu (1972) in sorghum and Ali and Naidu (1982) in
maize under drought conditions. Harvest index and grain
yield showed positive genotypic correlation in agreement
with the results of Sharma (1988) in maize, under drought

conditions.

Grain yield had negative genotypic correlation with
number of grains per pod, root/shoot ratio at flowering and
harvest periods, proline content, days to £ifty per cent
flowering and number of stomata per microscopic £ield.
Negative correlation observed between grain yield and number
of grains per pod is contrary to the results of Rajendran
et al. (1979), Sreekumar et al. (1979) and Patil and
Bhapkar (1987). Days to fifty per cent flowering showed
negative genotypic correlation with grain yield contrary to
the results of Sreekumar et al. (1979) in cowpea, and Setty
and Sreeramulu (1972) an sorghum, Grain yield and number
of stomata showed negative correlation in conformity waith

the findings of Ali and Naidu (1982) in maize.

Days to fifty per cent flowering and duration upto
maturity showed positive genotypic correlation which agrees

with the findings of Singh and Mehndiratta (1963) in cowpea.
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Number of pods per plant and number of grains per pod had

negative genotypic correlation in agreement with the find-
ings of Patil and Bhapkar (1987) in cowpea. Angadi (1976)
in cowpea reported positive correlation with seeds per pod
and plant height in agreement to the results of this study.
Negataive correlataon between grain weaight and grain number
observed agrees with the results of Vidal and aArnoux (1981)
in soybean. Number of pods per plant and 100 grain weight
showed negative correlation an consonance with the results

of Hanchainal et al. (1979) in cowpea.
5.4. Path Analysis

Path analysis is an efficient biometric tool throw
ang light on the contribution (direct effect) of a charace
ter to the yield and also its influence (indirect effect)
through other characters. In the present study the geno-
typic correlation between grain yield per plot and seven
characters were partitioned into their corresponding direct
and indirect effects through path analysis, Harvest index
showed maximum direct effect on yield followed by leaf area
index at vegetatave period, grain f£illing period and dura-
tion upto maturity suggesting that selection based on these
¢haracters may lead to increased yield under conditions of
drought. High direct effects of harvest index and leaf

area index on yield is in conformaity with results of Sharma
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(1988) in maize. Diarect effecl of days to maturity on
yield 1s in agreements with the findings of Narasinghani

et al. (1978) in pea.

Based on correlation studies and path analysis, it
can be concluded rhat a plant type suited to drought condi=-
tions should be early flowering with deep and wide spread
root system, high root/shoot ratio and leaf area index at
vegetatave period, low proline content, few number of
stomata, long grain filling period and medium duration
resultang in the production of more number of pods per
plant and high harvest index. The cowpea varieties UpPC-124,
DPLC=-198 and DPLC-216 which satisfies the above plant type

can be selected as drought tolerant.
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SUMMARY

A faeld experiment was conducted at the College of
Agriculture, Vellayani, Trivandrum during October to December

1988 with sixteen varieties of cowpea (Vigna unguiculata (L)

Walp) adopting a Randomised Block Design with four repli-
cations, to study the potential for drought tolerance.
Observations were made on twentysix characters vaz, root
length, root spread, root/shoot ratio and leaf area index
at vegetative, flowering and harvest periods, days to fafty
per cent floweraing, number of stomata per microscopic field,
number of pods per plant, number of grains per pod, plant
height at maturaty, grain £illing period, duration upto
maturity, grain yield per plot, proline content and harvest
index. Soil moisture content of different plots were asse-

ssed at weekly intervals by gravimetric method.

The analysis of variance indicated that sagnificant
differences exiscted among varieties for all the characters
except for root spread at vegetataive period. Analysis of
variance for soil moisture percentage showad no significant
differences among experamencal plots, indicating uniform

soil moisture status in all the plots.

Studies on root characters, root/shoot ratio and

leaf area index at different growth periods revealed that
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varieties with deep and wide spreadang root system at harvest
period, high root/shoot ratio at vegetative period, and high
leaf area index at vegetative, flowering and harvest periods
were relatively high yielders. Studies on the number of
stomata per microscopic¢ field indicated that plants with
less number of stomata are givaing high yield under condi-
tions of drought. Varieties with low proline content,

medium duration, long grain filling period and high harvest
index were high yielding indicataing the importance of the

above components for selecting drought tolerant varieties,

More difference was observed between the genotypic
and phenotypic variances of number of stomata per micro-
scoprc field, plant height at maturity, yield per plot and
proline content indicating the high influence of environ-
ment in the expression of these characters. Very small
difference was observed between the genotypic and pheno=-
typic variances of leaf area index at floweraing and harvest
periods, grain filling period, yield per planct, size of the
grain and hundred grain weight suggesting that vaciation

in these characters are mainly due to genetic factors.

Characters such as root/shoot ratio at the chree
growth periods, leaf area index at vegetataive and flowering
periods, number of pods per plant, plant height, yield per

plant, size of the grain, hundred graan weight, grain yield



53
101 7015

per plot, haulm yield per plot and proline content showed
high genotypic coefficient of varazation indicating the
presence of more genecic diversity and scope for utilizae
tion by selection. The characters such as number of grains
per pod, grain filling period, duration upto maturity and
days to fifty per cent flowering showed low genotypic

coefficient of variation and low genetic varaability.

Moderate to high heratability coupled with high
genetic advance were recorded by the characters such as
sa1ze of the grain, hundred grain weight, number of pods per
plant, proline content, haulm yield per plot, leaf area
index at vegetative, Zloweraing and harvest peraiods, root
spread at harvest period, number of grains per pod, plant
height at maturity, grain yield per plot and harvest index
indicating the relaability of these characters during selec-
tion programme for the amprovement of yreld. Characters
such as days to fifty per cent floweraing, root length at
floweraing and harvest periods, grain falling period and
duration upto maturity showed high heratability and low

genetic advance.

Grain yield per plot showed high positive genotypic
correlation with leaf area index at vegetative and flowering
periods, root spread at harvest period, number of pods per

plant, root/shoot ratro at vegetative perilod, grain filling
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period and plant height at maturity suggesting that selection
based on any one or more of the above characters will result

in an increase an grain yield.

The path analysis revealed that maxamum direct effect
on yield was contributed by harvest index, followed by leaf
area index at vegetative period, grain f£illing period and
durataion upto maturity suggesting that selection based on

these characters can increase the yield.

Based on the varaiabalaty, correlation and path andly-
s1sS, it can be concluded that a plant type suited to drought
condations should be early flowering with deep and wide
spreading root system, haigh root/shoot ratio and leaf area
index at wvegetataive peraod, low proline content, few number
of stomata, long grain f£illing period and medium durataon
resulting in the production of more number of pods per plant
and high harvest andex. The cowpea varieties UPC-~124,
DPIC=-198 and DPLC=216 whach satisfies the above plant type

can be considered as drought tolerant.
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ABSTRACT

A research programme was carried out at the departe-
ment of plant breeding, College of Agriculture, Vellayani,
Trivandrum during 1988 wiith sixteen varieties of cowpea
for studying the potential for drought tolerance. The
data on twentysix characters and soil moisture percentage‘
in different plots were collected and subjected to analysis
of variance/covariance. The genetic variabilicy and corre-
lations were estimated for the characters contributing to
drought tolerance, yileld and its components. The path
analysis was conducted using yield as the effect and seven
components contraibuting to drought tolerance as causes.
Analysis of wvariance for twentysix characiers revealed that
significant differences exasted among varieties for all the
characters except for rool spread at vegetative period. The
analysis of wvariance for scoil moisture percentage showed no
significant difference among experimencal plots indicating

uniform soil moisture status an all the plois.

High genotypaic coefficient of variation, moderate
to high heritabailaity and hlshgenetlc advance was shown by
characters such as leaf area index at vegetative, flowering
and harvest periods, number of pods per plant, hundred grain
weight, and proline content. Harvest index alsc had modera=-

tely high heritability and genetic advance. Thas indicates



the relasbility of the above components during selection

programmes for the improvement of yield.

Grain yield per ploi showed high positive genctypic
correlation with l=2af srea index at vegetative and flower=
ing pariod, ruot spread at harvest pecricd, number of pods
per plant, root/shoot ratio at vegelavive period, grain
f1lling period, and plant heaighc at maturity. Path ana-
lysis revealed that harvest index ana leaf arza andex ac
vegetative geriod had maximum positive direct effect on
yield., Based on the studies on variability, correlataon
and path analysis it can be concluded chat a plant type
surted to drought conditione should be early flowering with
Jeep and wide spread root sycstem, nigh rootv/shoot ratic and
leaf area aindex at vegelative poriod, low proline content,
few number of stomata, long grain {illiag pericd and medium
duracion resulting in the produciion of more nuamber of pods
per plant and high harvest iandex. The cowpz2a vacieties
UPC~124, DPILC=198 and DPLC-216, satisfying the above plant

type can be considered as drought tolerant.





