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INTRODUCTION



INTRODUCTION

The fii-oundnut plant originated in the Bolivian

region (Gregory and Gregory,1976). The crop is now

generally distributed in the tropical, sub tropical and warm

temperate zones of the world. However, the limits of

present commercial production are between latitudes 40° N

and 4 0° S.

In India, £L-oaadnut was adopted as an agricultural

crop only during the late 19*^ century. But the country has

I already become a major groundnut producer accounting for

L * nearly one third of the world's production. Groundnut
accounts for 45 per cent of the total area and 55 per cent

of the total production of oilseeds in the country.

The edible oil economy in India is primarily

dependent upon groundnut production. The major portion of

the groundnut in India is utilised for oil extraction. Up

to 1979-80, India was exporting groundnut oil. About 12,000

tonnes was exported during 1979-80 earning Rs. 91 million.

However, export of groundnut oil was discontinued since then

in view of the higher demand within the country and to check

the rising price in the internal market ( Patel,1988;.
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Though, India i-anks first in area and production
of groundnut. the present productivity is less than the
uoVld average. Thia is mainly because of the fact that the
crop continues to be grown mostly in drylands. often

subject to the vagaries of the weather. Up to 1970-71

groundnut was grown only during the Kharif season.

Thereafter groundnut cultivation started on a large scale
in rabi and summer also. This has opened up new areas in
the southern and central parts of the country and there is

considerable scope for increasing productivity also. since
the yield of groundnut in rabi and summer is double than

that of Kharif.

For moat parts of the country, in order to suit

the rainfari patterns, rotation systems and availability of

water in the irrigation sources, early maturing groundnut

varieties are required. Nigain ^ (1980; indicated that

groundnut which mature earlier and possess ' higher yield

potential together with good quality will be extremely

useful in the areas of the semi-arid tropics which have

short growing season, where an early maturing" crop may

escape stress situations. There is also good scope for

fitting early maturing groundnuts in the relay or

sequential cropping systems, particularly in South-East Asia



by utilizing the residual moisture after the harvest of the

rice crop (Gibbons, 1980;,

In Kerala , the rice-rice-groundnut sequence in

double cropped wetlands has opened out new vistas in the

production of groundnut. It is projected that about two

lakh hectares of rice fallows can be brought under groundnut

during summer season CAnon., 1978aJ. Nair (1978) emphasized

the urgent need for evolving short duration varieties of

^ groundnut for rice fallows. The crop sequence trials
[

{ conducted at the Rice Research Station, Kayamkulam (Kerala)

had proven that groundnut can be grown pi ot Ltdbly ae a third

crop in the rice fallows of Onattukara (Anon., 1979). The

trials in farmers fields conducted by the Kerala

Agricultural University through the village adoption

programme had demonstrated the possibility for extensive

cultivation of groundnut as a commercial crop in the rice

fallows. The trials conducted under the National

demonstrations have also exposed similar possibilities

(Anon., 197Sb),

The major constraint in extending the groundnut

crop to the summer rice fallows is the lack of an

extra early variety maturing in 80-90 days with synchronized

pod maturity and moderate yield potential.
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The pi-esent study undertaken with, the follouine

activities has relevance in this context.

O Estimation of senetic parameters like components
of variance, heritability and genetic advance in

extra early, early and medium maturing bunch

types of groundnut.

iJ.) Computation of correlations between oil yield
and its components and path analysis for pod

yield and oil yield and their components in the

above three maturity groups.

Ill) Assessment of combining ability in the parents

selected for recombination breedinfi.

iv) study of the nature of gene action involvinc the

inheritance of earliuess.

V) Identification of types with high yield coupled
^ with early maturity.

An understanding of the genetic basis of earliness
in relation to productivity traits will help the breeder to
have a more rational approach in brending for the trait.
Among the parents tested for combining ability, good
combiners for earliness could be isolated. Moreover,
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promisinfi recombinants (high yield coupled with early

maturity) selected could be used for further testing and

s election.
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REVIEU OF LITERATURE

The success of breeding a self pollinated crop

like groundnut mainly depends on the choice of the best

parents for hybridization, and tVie ideal ;:>tiloation scUome

adopted in the early generations. Genetic information about

the nature of combining ability and the type of gene action

governing the inheritance of important economic traits is a

prerequisite in fixing the suitable parents and designing

the appropriate breeding procedures. A review of the

reported results on variability, heritabi1ity, genetic

advance,correlation, path analysis, combining ability, gene

action, heterosis and genotype x environment interaction in

groundnut are presented hereunder.

2.1 Variability

Basu and Ashol^aRaj ( 1969 ) recorded high genotyp'ic

coefficient of variation for number of days to flower^

Moderate to high genotypic coefficient of variation for days

to 50 per cent flowering was observed by Kushwaha and Tawar

(1973). However, Kuriakose (1981) reported low values for

duration up to flowering under both kharif , uplands and

summer rice fallows.



Low value for genotypic coefficient of variation

for spread of flowering was reported by Pushkaran (1983).

But, Patil and Bhapkar (1987) recorded high value for the

charact er.

Kushwaha and Tawar (1973) recorded low values of

iienotypic coe f f i c i l. of variation for days .to maturity.

Similar result was obtained by Pushkaran (1983). However,

Patil and Bhapkar (1987) recorded high value for the trait.

High value of genotypic coefficient of variation

was reported for number of immature pods per plant by

Kulkarni and Albuquerque (1967) and Radhika (1984). Patra

(1975) registered a moderate value for the trait.

Lakshmaiah (1978) obtained high value during kharif and a

moderate value in rabi. Pushkaran (1983) recorded a

moderate value for the trait during kharif and a low value

during rabi.

Kulkarni and Albuquerque (1967) reported moderate

value of genotypic coefficient of variation for number of

mature pods per plant. Low values of genotypic coefficient

of variation were recorded by Majumdar e^ (1969),

Sangha (1973b)' and Patra (1975). Values ranged from low to

moderate for the spreading group and low for the bunch
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group (Dixit ^ 1971). High values of genotypic

coefficient of variation waa "reported by Dixit a^. (1970)

and Pushkaran (1983). Lakshraaiah (1978) recorded low and

moderate values in two different seasons.

Basu and AsokaRaj (1969) reported high genotypic

coefficient of variation for haulms weight per plant.

Moderate to high genotypic coefficient o'f variation estimate

was recorded for dry weight of fodder by Kushwaha and Tawar

(1973). Pushkaran (1983) rei>orLed low genotypic contt'icient

of variation for the character in both kharif uplands and

summer.

Low values of genotypic coefficient of variation

was reported by Basu and AsokaRaj (1969) and Majumdar ^

al. (1969) for dry pod yield. On the other hand Dixit ^

• (1970) obtained high values for the trait. The

genotypic coeficient of variation was low in the bunch

group whereas, it ranged from low to moderate in the

apreadinfe group (Dixit , 1970 ). Sangha C1973b) and

Deshmukh e t al. 1986) obtained low valueo tor dry pod

yield whereas, Patra (1975) recorded a high value for the

character. Moderate genotypic coefficient of variation was

recorded in kharif and a high value in rabi for the trait
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(Lakshnialah» 1978). Pushkaraii (1983) reported low values in

both kharif and summer seasons. • Patil and Bhapkar (1987)

obtained high value for the trait.

Kushwaha and Tawar (1973) registered low genotypic

coefficient of variation for 100 pod weight, while

Kuriakoae (1981) recorded a high yalue. Pushkaran (1983)

obtained low values for the trait during both kharif and

summer seasons.

Mohammed et -al. (1973) recorded high genotypic co

efficient of variation for shelling percentage in semi-

spreading and spreading types . Natarajan (1978)

concluded from their study that variation in shelling

percentage was the highest in prostrate varieties in

comparison to semi-spreading varieties. High genotypic

coefficient of variation for the trait was recorded by Rao

(1980), while Kuriakose (1981) obtained a low value.

P.ushkaran (1983) reported low values for the character in

two seasons.

In both semi—spreading and spreading types,

-riohammed ^ (1973) reported high genotypic coefficient

of 'variation for kernel weight. Sangha (1973b) and Patil

and Bhapkar (1987) obtained high values for 100 kernel
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weight. In a study with both semi-spreading and spreading

varieties, Watarajan ^ (1978J recorded moderately

hifih variation in kernel weight. Kuriakose (1981) reported

high genotypic coefficient of variation for the trait, while

Pushkaran (1983) recorded low estimates both in kharif

and summer.

Low estimates of genotypic coefficient of

variation for oil content were reported by Kushwaha and

Tawar (1973), Kuriakose C1981) and Pushkaran (1983). Shany

(1977) in" a study with nine varieties and five crosses

registered considerable variation in oil content. Norden

(1980) recorded a wide range in oil content in different

types studied.

2.2 Heritability and Genetic Advance

High estimate of heritability for days to first

flowering was obtained by Basu and AshokaRaj (1969).-

riajumdar ^ ( 1969), Kushwaha and Tawar (1973) and

Ramanathan (1980). However, Kuriakose (1981) recorded

high heritability but, low genetic advance for days to

50 per cent flowering. In a two season study Pushkaran

(1983) obtained high heritability but low genetic advance

for duration up to flowering.
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High heritability estimate was reported for

period of flowering by Majumdar (1969). Pushkaran

(1983) obtained high heritability coupled with moderate

genetic advance for the trait during kharif season, while

during summer season high heritability along with high

genetic advance was observed.

Days to maturity showed high heritability

estimates in studies conducted by Majumdar et al. (1969)

and Kuahwaha and Tawar (1973). High heritability but low

genetic advance was noticed in both kharif and summer

seasons (Pushkaran, 1983).

Kulkarni and Albuquerque (1967) reported high

heritability and low genetic advance for number of immature

pods per plant, while Patra (1975) reported moderate

heritability with higher genetic advance,. In a two season
/

study by Lakshmaiah (1978) an higher heritability estimate

^ was recorded .in the rabi season compared to the kharif.

But, the genetic advance values were lower in both seasons.

Pushkaran (1983) reported low heritability values for the

trait in both kharif and summer seasons but the genetic

advance values were moderate.
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Kulkarni and Albuquerque C1967) reported high

heritability estimate for number of mature pods per plant,

but the genetic advance was low. Majumdar a_l.. (.1969 )

recorded low heritability coupled with low genetic advance

for the trait. Dixit ^ (1970) reported moderate

heritability and moderate genetic advance for this

character. In a study with bunch as well as spreading

group, Dixit ^ (1971) recorded low heritability, but

moderate genetic advance for number of mature pods per

plant. High heritability coupled with high genetic advance

was obtained by Cl"-^73b). Patra (L97S) rocorded low

heritability, but high genetic advance for the character.

High heritability with high genetic advance was estimated by

Sivasubramanian (1977). Lakshmaiah (1976) reported

low heritability and low genetic advance in kharif season

whereas, in the rabi season the heritability estimate was

high but the genetic advance value was moderate. Moderate

heritability and genetic advance was reported by Pushkaran

(1983). Reddy ^ a^- (1987) indicated that the percentage

of mature pods to flowers had high heritability coupled with

high genetic advance and should be given greater attention

when selecting for improved yield.
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Moderate heritability values for haulms yield

was reported by Basu and AsokaRaj C1969). Dixit ^ al.

(1970) recorded moderate heritability estimate but a low

aenetic advance f-or the character. ICuriakose (1981)

recorded low heritability and genetic advance values for

haulms yield. Fuahkciran (1983) i-eported modei-aL«

heritability but high genetic advance values during kharif,

while during summer heritability estimate was low and the

genetic advance was moderate.

High heritability estimates for pod yield were

reported by Reddy (1968), Dixit ^ al^. '( 1970), Raman and

SreeRangasamy (1970) and Sandhu and Khehra (1976). Moderate

heritability values were recorded by Basu and AsokaRaj

(1969), Majumdar aj^. (1969), Sangha (1973a) and Cahaner

(1978). Dixit ^ (1971) reported a wide range of

heritability in spreading types compared to the bunch types

in three environments. Low genetic advance for the trait

was recorded by Basu and AsokaRaj (1969), ttajumdar e_^ al .

(1969), Dixit ^ C1970), Sangha (1973b), Dixit ^ al.

(1971) and Lakshmaiah (1978). Moderate value for genetic

advance was recorded by Raman and SreeRangasamy (1970),

while Patra (1975) reported very high value. Low values of

heritability and genetic advance were reported for the
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trait by Kuriakose (1981). Puahkaran (1983) recorded low

_ values of heritability and genetic: advance for the character

during summer, while during kharif ^ea^ion both ttie values

were moderate. Basu (1986aj registered a moderate

narrow sense heritability value for ' pod yield.

Krishnamurthy (1986) stressed that selection for

total biomass and pod yield per plant with high heritability

will be effective in increasing groundnut productivity.

Reddy ^ (1987) recorded high heritability coupled with

high genetic advance for pod yield.

Bernard (1960) reported that weight per pod has

high heritability value. That" 100 pod weight had high

heritability value was observed by Basu and AsokaRaj (1969),

Majumdar ^ (1969 ), Dixit (1970) , Kushwaha and

Tawar (1973), Cahaner (1978), Dorairaj ^ (1979) and

Kunakose (1981). Pushkaran (1983) reported high

heritability and fairly high genetic adVance for the

character. '

Hlfih heritability estimate Cor shelline percentage
was recorded by Bernard a960J and Kushwaha and Tawar (1973)

while, Basu and AsokaRaj (1969), Majumdar

^ (1969) and Dixit ^ (1970) reported moderate •

values. Thouah Kuriakose (1981) also recorded high



15

heritability for shelling percentage the value for genetic

advance was low. Pushkaran (1983) in a two season study

found high heritability and low genetic advance for the

trait during Kharif season while, during the suminer season

the heritability value was moderate with low genetic

advance. Reddy ^ (,1987) observed high, heritabi 1ity but

moderate genetic advance for shelling percentage.

Badwal (1967) reported high heritability

^ estimate for kernel weight. Badwal and Gupta (196a)

recorded high heritability coupled with high genetic

advance for the character. Similar findings were reported

by Dixit ^ al. (1970). Sangha (1973b), Sangha and Sandhu

(1975a) and Kumar and Yadav (1979). High heritability with

moderate genetic advance was reported by Pushkaran (1983)

and Deshmukh ^ (1986),

Kushwaha and Tawar (1973) reported low

heritability estimate for oil content. Pushkaran (1983) in

a two season study recorded moderate heritability and low

genetic advance values during, both kharif and summer

seasons.
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2.3 Correlation

Kushwaha and Tawar (1973) recorded positive

correlation between days to flowering and 100 kernel weight.

Nagabhushanam (1981J reported significant negative

association between days to first flowering and pod yield.

Kuriakoae (1981) reported negative correlation between pod

yield and days to 50 per cent flowering. Puahkaran (1983)

also reported significant negative association of pod yield

with duration up to flowering. He alao ob:3Qrvedl.\ positive

correlation between duration up to flowering and oil

content. Yadav ^ (1984) observed significant positive

correlations of pod yield and pod number with days to first

flowering. They also noted correlation of days to first

flowering with days to maturity and shelling percentage.

Deshxnukh (1986) recorded negative association between

pod yield and days to 50 per cent flowering. Significant

positive association between duration of flowering and pod

yield was reported by Kuriakose (1981).

tlohainmed (1977 ) in a regression study of F3 on

Fe indicated that maturity (lateness) was positively

correlated with se'ed yield. Kumar and Yadav (1978) in their

studies with bunch varieties reported strong positive

association of days to maturity with pod yield. Pushkaran
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(1983) recorded moderate positive correlation of days to

maturity with pod yield. Uu (1983) observed negative

correlation of maturity date with yield. Alam ^ (1985)

reported positive association between pod yield per plant

and days to maturity.

Patra (1980) observed sianificant positive

correlation of number of immature pods per plant with pod

yi eld.

Significant positive correlations of nun\ber of

mature pods per plant to pod yield were reported by

Dorairaj (1962) in both spreading and bunch varieties,

Jaswal and Gupta (1966), Chandra mohan ^ &1. (1967),

Khangura and Sandhu (1972) in spreading varieties, Badwal

and Singh (1973) in semi-spreading and erect types,

Chandola ej^ (1973), Kushwaha and Tawar (1973), Sangha

(1973b), Shettar (1974), Patra (1980), Kuriakose (1981),

Nagabhushanam (1981), Lakshmaiah (1983) and Deshmukh e^ al.

(1986) .

Comstock "and Robinson (1952), Moustafa and Sayid

(1971), Lin a2_. (1969), Bhargava a_l. (1970),

Phadnis et al. (1973), Dholaria et al, (1972), Nair (1978),
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Sinsh ( 1979), Veiikateswaran (1980), Yadava ^

(1981) and Alam (1985) reported significant and

positive association of number of pods per plant to pod

yield.

Kushwaha and Tawar (1973) reported significant and
/

positive association of number of mature pods with number

of immature poUa per plant. Yadava ^ (.1981) lound

positive and significant association of number of pods with

days to first flowering.

Nevano (1924) and Lin (1954) reported strong

correlation between total number of pods and dry pod weight.

Pushkaran (1983) found significant negative association of

number of mature pods with 100 kernel weight.

Lin ^ (1969) indicated positive association

between number of pods per plant and shelling percentage.

Kushwaha and Tawar (1973) reported significant and positive

correlation between number of mature pods per plant and

shelling percentage.

Pushkaran (1983) reported significant negative

association of number of mature pods per plant with 100

kernel weight.
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Samooro (1975) observed positive correlation

between number o£ pods and seed'maturity.

Chandramohan ^ (1967) found that weight of

plant (haulm) had high positive correlation with yield.

Nair (1978) reported that yield of haulms was significantly

and positively correlated with yield. Pushkaran (1983)

recorded that haulms.yield had significant and positive

correlation with duration upto flowering and maturity, 100

pod and kernel weights.

Nevano (1924) recorded strong association between

dry pod weight and total pod number. Syakudo and Kawabata

(1965) observed significant and positive association between

pod and kernel weights. Coffelt (1974) and Coffelt and

Hainmons (1974) observed highly significant correlations of

pod weight with seed number and seed weight. Nair (1978)

and Radhika (1984) reported that 100 pod weii^ht was

significantly and positively correlated with pod yield.

Kuriakose (1981) reported positive association of pod

yield with 100 pod weight. Pushkaran (1983) obtained high

positive correlation between 100 pod weight and 100 kernel

weight. Deshmukh et al. (1986) in a study with Virginia

bunch genotypes indicated that pod yield had significant

and positive association with 100 pod weight.
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Raman ^ aJ- (.1970) reported high positive

genotypic and phenotypic correlation coefficients between

yield and slie11 i ng percent ag e . Kliangura and Sandhu (.1 972 )

obaerved strong poyitive . aa«ociation of pod yield with

shelling percentage. Similar findings were reported by

Dholaria ^ C1972) and Kumar and Yadav (1979).

Kushwaha and Tawar (1973) observed significant negative

correlations of shelling percentage with 100 pod weight and,

100 kernel weight. Shettar (1974) noted that pod yield was

negatively correlated with shelling percentage.

Venkateswaran (1980) observed significant and positive

correlation of yield with shelling percentage in bunch

varieties. Patra (1980) stressed the importance of

shellin'g percentage as an effective yield component for

selection. Ramanathan (1980) observed significant

positive correlation between shelling percentage and pod

weight. Kuriakose(1981) reported positive association of

shelling percentage with pod yield.

Significant positive association of 100 seed

weight with pod yield was reported by Dholaria ^

(1972 ), Sangha (1973b), Kudupley (1977 ), Singh ^ aj^.

(1979), Rao (1978/79), Labana et (1980), Kuriakose

(1981), Nagabhushanam (1981), Raju e^ a^.(1981), Singh ^
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al. C1984). Kataria ^ (1984), Raiihika (1984), Yadava ^

^.(1984) and Deahmukh ^ (1986). Venkatesuaran

(1980) noted sifiniticaiit positive correlation ot yield witli

kernel ueisht in spreading type of groundnut. According to

him, kernel yield was more steady and reliable than yield

of pods. However, Sanaha and Sandhu (1975) reported

negative association of 100 seed weight with the number of

pods.

^ Elsaeed (1967) observed that coefficient of

y correlation between oil content and kernel weight was

negative. Kushwaha and Tawar (1973) reported negative but

non-significant associations of percentage of oil content

with days to maturity and 100 pod weight. Kudupley (1977)

reported nonsignificant but, positive association between

yield and oil percentage. Shany (1977) observed highly

significant negative correlation between oil content and

percentage of mature pods and positive correlations between

•oil content and number of pods per plant, and mean seed

weight. Layrisse e_^ aj^. (1980) indicated significant

associations of pod yield seed yield with oil content.

Kuriakose (1981) also reported significant positive

correlation of pod yield with oil content. Pushkaran (1983)

recorded negative correlation between oil content .and 100

kernel weight.
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2.4 Path analysis

Uri£ht (1921) developed standardized partial

regression analysis known as path coefficient analysis. It

analyses the cause-wffect relationsliip. The path

coefficient analyses attempted in groundnut are reviewed

hereunder.

Khangura and Sandhu (1972) in a study with 30

spreading varieties of groundnut observed that the

regression of pod yield on the number of mature pods was

highly significant. They inferred that number of mature

pods was an effective selection aid for improvement of pod

yield in spreading groundnut.

Path coefficient analysis by Badwal and Singh

(1973) indicated that the number of mature pods in semi-

r spreading and erect types and 100 kernel weight in

spreading types had significant direct effect on yield.

Shelling percentage in general had indirect effects towards

pod yield. The individual contribution by various component

traits to pod yield v.aried from one group to the other.
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Chandoia ^ (1973) recorded that the number of

pods per plant had a high direct effect on yield.

In a study with semi-spreadinfi x bunch and semi-

spreading X semi-spreadinei crosses of groundnut, Sandhu and

Khehra (1977a) indicated that number of mature pods had

hifih direct contribution on pod yield. The contribution of

Other traits was largely indirect through pod number.

, That direct or indirect influence of the number of

mature pods was more pronounced on pod yield was reported

by Raju (1978) in his work with cultivars and their 10

hybrids. Days -to flowerinj^ had negative direct effect but,
It affected pod yield indirectly via. days to maturity.

That pod number had high positive direct effect on

yield followed by 100 kernel weight and days to maturity was

indicated in a study with 16 bunch groundnut cultivars by
Yadava ^ (1984). They also observed that pod number

affected"pod yield via. days to maturity.

Path analysis at the genotypic level by- Singh

^ aJ. (1984) indicated that shelling percentage was an

important yield component. 100 kernel weight showed high
indirect effect on pod yield via. other traits.
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High positive direct effect of mature pods, 100

pod weight, 100 kernel weight and percentage of sound

matured kernel on pod yield was observed by Deaiimukti ^

aa. (1986). They also sufigested that characters showing

negative correlation with pod yield also exhibited negative

direct effects for days to first flowering.

Jaswal and Gupta (1967) in their studies with 59

erect varieties over two seasons suggested number of mature

^ pod per plant as an important selection criterion.

Dholaria ^ (1973) observed that branch number

was more important in spreading type , while pod number was

more important in bunch types for selection for improved

yi eld.

Selection for characters viz., the number of

mature pods, pod weight, mature seed weight either

individually or in combination could aid in improvement for

increased mature seed yield per plant (Nigam 1984).

2.5 Combining ability and gene action

In six parent diallel cross (without
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reciprocals) Uynne aj^. (1975) estimated combining ability

in the Fa generation. The parents included Valencia,

Virginia and Spanish botanical types. Estimates of gca were

of greater magnitude than sea £or all the characters

except percentage of sound mature kernels.

Caret (1976) evaluated the Fi hybrid progeny from

a complete diallel of five cultivars, four of them African

and one from U.S.A.. Estimates of gca were significant for

pod and seed yields per plant, the number of pods and seeds

per plant, 100 pod weight, 100 seed weight, oil content and

shelling outturn. Sea and reciprocal effects were also

significant for all the traits except oil content. The gca

estimates were larger than sea estimates for all the

characters except shelling outturn. It was concluded that

the major part of the total genetic variability was additive

for all traits except shelling outturn.

Sandhu and Khehra (1976) indicated from their

studies that non—additive effects were more important than

additive effects for pod yield per plant and number of

mature pods per plant, whereas additive effects were more

important for 100 kernel weight.
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Oraby ^ (1977) found that seed weight was

controlled by one or two major genes with few minor genes,

and additive effects were more important for this trait.

In a study with two crosses at two sites, Sandhu

and Khehra •( 1977a) concluded that shelling percentage was

controlled by predominance of non-additive components of

variance.

Gibori ^ (1978) in a diallel analysis study

found that yield per.plant and days to flowering were due to

dominanc e.

In Fe and Fa generations of a study, Mohammed ^

(1978) found that additive effects were significant for

all traits and non-additive for yield and pod size.

In a six parent half—diallel cross of diverse

groundnut cultivars, Isleib ^ ^.(1978) evaluated the

progeny from Fi to generations for the presence of

epistatic effects. For all the traits measured, estimates

of epistatic variance were larger than those of dominance

variance. In an analysis of the Fe generation of diallel

crosses, Cahaner ^ (1979) found duplicate gene

interactions for the weight of pods per plant.
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In A livti parent tliallel atudy, Raju aj^. (1979)

indicated that the sea variance was greater than the gca in

magnitude for' all the traits studied, which showed the

predominance of non-additive gene action.

Siijnificant gca estimates were obtained in both Fi

and Fc generations for resistance to early leaf spot

(Cercospora arachidicola-) and late leaf spot

(Cercosporidium personatuml indicating additive genetic

effects for minimal leaf defoliation CKornecey al. 1980).

Layrisse ^ (1980) observed that variation

due to both general and specific combining abilities was

significant for yield and oil characters while the sea

estimates were significant for protein percentage. However

the component of variation due to gca was larger than that

of sea- for all the characters studied.

In a six parent diallel analysis involving four

Virginia and two Spanish types, Singh and Labana (1980)

studied combining ability for nine vegetative and pod

characters. The mean squares due to gca and sea were

significant for all the characters. .They suggested bi-

parental progeny approach for the improvement of pod yield

and its components.
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Sridharan and Marappan (1980) indicated that pod

yield and 100 kernel weight were influenced by additive gene

e f f ects.

Gan ej^ aj^. (1981) in a diallel study found that

fica and sea effects and reciprocal effects were highly

significant for all the 15 traits studied. High

heritability was indicated by the close correlation of

estimated gca values with the parental values. The maternal

inheritance component of genetic variance was significant in

some varieties.

Hamid ^ (1981) in a six parent full diallel

analysis found that sea effects were more important than gca

effects for percentage protein content and shelling

percentage. The reverse was true for other traits studied.

Both the gca and sea effects were approximately equal for

percentage oil content.

A ten parent half diallel study conducted by

Labana ^ (1981) indicated greater sea variance for pods

per plant and pod yield per plant while gca variance was

Sweater for 100 seed weight.



22

In a five parent diallel including three Valencia
and two Spanish type., Reddy (ip82) observed preponderance
of additive fienetic variance for ibo kernel weight. other
traita such aa number of mature pods, number of immature
pods. number of Kernels, total kernel weight. weight of
«ound matured kernels, shelling percentage and 100 kernel
veight showed significant difference for mean squares due to
both fica and aca. Estimates of components of variance
indicated preponderance of non-additive gene action for
these traits. Sea variance was highly significant for pod
yield. Both additive and non-additive genetic variances
were of equal importance for days to first flowering.

In a line x tester analysis involving four males
-d five females. Raju (1982) observed that there was no
preponderance of either gca or aca for most of the
characters. sea effects were more predominant than gca'.
The resistance to rust had very high gca variance compared

that of sea suggesting a preponderance of additive
fienetic variance.

In a study on the influence of plant density on
combining ability.Reddy (1.83) found that lower plant
<^ensities could be utilised for the estimation of combining
ability under limited seed supply and valid inferences could
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be drawn even from small Fg populations. Predominance of

non-additive gene action was indicated for kernel yield,

yield of pods and weight of haulms.

Khanorkar ^ (1984; in a line x tester

analysis using six early maturing Spanish bunch varieties

as female parents and three rust resistant Valencia strains

as male parents, found that sea variance was greater than

fica variance for traits such as mature pods, immature pods

and rust infection indicating a predominance of non-additive

gene action.

In another line x tester study involving seven

females and three males, Hanoharan ^ (1985) observed

additive gene action for 100 pod weight, shelling percentag
and pod yield and non-additive gene action for pod number.

^ line X tester analysis, Basu ^ al.
C1986b) found Xhico' to be the best general combiner

days to 50 per cent flowering and days to maturity.

highest negative heterosis for the above two trait

exhibited by the cross combination TMV 2 x Chico.

e

f or

The

s was
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In a eight parent diallel analysis, Basu ^ al.

(1987) reported that traitw auch au days to SO per cont

flowering, days to maturity, mature pods, pod yield, 100

kernel weight and shelling percentage were controlled

predominantly by additive gene action.

2.6 Heterosis

Stokes and Hull (1930) were the first to study

heterosis for different traits in groundnut. .In a diallel

study, Syakudo and Kawabata (1963) observed marked heterosis

for the top weight.in Virginia x Spanish or Virginia x

Valencia combinations.

Parker ^ (1970) -in their study obtained Fi's

which exceeded mid-parent means by 20 to 40 per cent for

several seedling traits which included days to flowering.

They also found that greater heterotic responses were for

Valencia x Virginia crosses than for Valencia x Spanish or

Virginia x Spanish crosses.

Wynne e^ (1970) observed that greater

heterosis for yield and pod characters was given by

Valencia x Spanish crosses.
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Hammons (1973) observed heterotic responses for

pod yield in Fi hybrids resulting from crosses between the

subspecific groundnut groups.

Studies by Uynne ^ (1975) indicated genotypic

X environment interaction in the expression of heterosis.

In a five parent diallel study,Caret (1976)

obtained a good heterotic response over better parent for

100 pod weight, 100 kernel weight, pod and seed number per

plant and shelling percentage. Crosses involving Virginia

and Spanish type as parents manifested the best heterosis.

Heterosis over the superior parent for yield

components such as number of mature pods (20.05 per cent),

two seeded pod (20.8 per cent) and pod yield per plant

(37.02 per cent) were obtained by Raju (1978).

High gca X low gca crosses produced greater

heterosis than high x high or low x low crosses in studies

by Arunachalam ^ a^. (1980), Prasad (1981) and Arunachalam

et al. (1982) .

Muralidharan and Raman (1980) observed positive

heterosis for days to flowering, number of two seeded pods



33

( .1 and pod yield per plant in the hybrids produced by crossing

bunch types with Arachis monticola.

Sridharan and Marappan (1980) reported pk^sitive

heterosis over better parent on all the hybrids studied for

number of mature pods and pod yield per plant, Heterosis

ranged from 23.33 to 87.50 per cent over mid-parent and from

6.22 to 38.40 per cent over better parent for number of

• mature pods and from 37.44 to 95.33 per cent over mid-parent

y. and from 4.20 to 70.30 per cent over better parent for pod

yield. For 100 pod weight and 100 kernel weight, heterosis

ranged form 6.38 to 30.20 per cent over mid-parent.

^ Gregory _ejt (1980) in a diallel study found

heterosis in crosses between different subspecies. Moat Fg

• means were equal to mid-parental values although some Fe

means were exceptionally high or low.

/ Positive heterosis for number of mature pods and

yield per plant was observed by Kumar (1981) in a study with

28 hybrids obtained from four established cultivars and

seven pollen parents of wider genetic base.



o

y

3^

Uynne aad Gregory (1981) reviewed the phenomenon

f heterosis in groundnut and arrived at the followinfi

conclusions. Heterosis is most often observed in crosses

between the sub specific groups. There is difference in

gene action in crosses made within and those made between

botanical varieties. In crosses made between parents

chosen from a single botanical variety, additive genetic

variance appeared to be of prime' importance, but in . crosses

made between parents from different botanical varieties both

additive and non-additive genetic variances may be

signi fleant.

Raju (1982) indicated that heterosis for economic

yield may be obtained in both intraspecific and intra-

subspecific crosses, unlike most of the previous reports

where yield heterosis was thought to be prevalent in inter-

subspecific crosses only.

^ Reddy (1982) observed that heterosis percentages
in crosses between Spanish x Spanish and.. Valencia x

Valencia were equally good and comparable to the best cross

which involved Spanish and Valencia parents for several

trai ts.

y
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laleib and Wynne (1983) found that a significant

portion of the variability in heterotlc effects were

attributable to differences among the parental groups, with

generally higher levela expressed in inter - subspecific

crosses. Dominance was the most important source of non-

additive genetic variation for traits like pod yield and

seed yield, while epistasis was more important for pod and

seed numbers. For characters manifesting more dominance,

the relationship of heterosis to divergence between parents

was linear and increasing, while the relationship was

curvilinear for characters largely controlled by epistasis.

Presence of an optimum level of genetic

divergence between parents to obtain heterosis was indicated

in studies of Arunachalam et al . fl984).

2.7 Genotype x Environment interaction

Joshi ^ (1972) studied the stability of

bunch cultivars at seven environments in Gujarat. Cultivars

showed stability in all environments for yield, one of them

performed consistently well in both poor and good

environments.



Singh ^ (1976) studied eight promising

spreading varieties of groundnut under four environments.

Pooled analysis of variance for pod yield showed that the

mean differences between the genotype and genotype x

environment interaction component were highly significant.

Both the environment (linear) and genotype x environment

(linear) components of variation for stability were highly

significant. The differences in stability were mainly due

to linear regression.

Sanaha and Jaaual (1975) teated 12 groundnut

varieties for two years at four .locations. The performance

ot varieties in different years was quite uniform but was

inconsistent at different locations. The small and non

significant variety x year interaction indicated that the

performance of different varieties in different years was
quite similar and suegested that little would be cain^d by
testing the varieties for more than two years.

Significant genotype x environment interaction was
obtained for pod yield and 100 seed weight but not for

number of mature pods in an evaluation study conducted by
Sandhu and Khehra C1977b).
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In a two year yield trial, Tai and Hammons (1978)

obtained large and significant cultivar x location x year

interactions and small. year x cultivar and location x

cultivar interactions in respect ^ of pod yield. percenta^se

of sound matured kernels, 100 kernel weight, extra large

kernels and fancy sized pods.

Uilliams (1978) opined that cultivars were

sensitive to changes in the environment before the pod

filling than during the actual pod filling phase.

Yadava and Kumar (1978a) tested 11 varieties in

three environments for phenotypic stability of pod yield,

ahelling percentage, 100 seed weight and oil content. The

magnitude of the linear component of the genotype x

environment interaction was high for pod yield, 100 seed

weight and oil content.

Yadava and Kumar C1978b) studied 17 genotypes

under four environments and found that the linear and non

linear portions of the genotype x environment interactions

were significant for 100 kernel weight, oil content and

shelling percentage. Genotype x environment interactions

were significant for these three traits. It was also found



3S

that the stability parameters for the different characters

were governed by apparently independent iienetic systems.

Sifinificant genotype x environment interaction

(linear) was obtained for number of days to maturity and pod

yield in a study conducted by Yadava and Kumar (1979) with

13 varieties in four different years. The non-linear

portion of genotype x environment interaction was

sifinificant only for the number of days to maturity!

In a study with 17 cultivars ^rown at four locations in

1971-72 and at three locations in 1972-73, Mercer - Quarshie

(1980) recorded that variety x year x locality interaction

effects were significant for traits like pod yield, number

of pods per plant, seed yield, shellinfi outturn and 100

seed weight. The variety x year interaction was

significant only for 100 seed weight and the variety x

location interaction was significant for seed yield and 100

seed weight. It was inferred that testing in several

locations was more important than testing during the several

years.

Uynne and Gregory (1981) opined that although

genotype x environment interactions vary with the material

tested and the site chosen for testing, genotype x

environment interactions in groundnut appear to be similar
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to those in several other autogamous species. The yield of

a groundnut cultivar in each individual experiment if

unique, the environmental conditions differentiating the

tests cannot be grouped according to years or locations.

This IS not surprising considering the indeterminate nature

of the groundnut plant.

Pod yield and four yield related charactera were

y studied in 12 spanish bunch genotypes under three
I

environmental by Kumar ^ aj,. (1984). Gx E interactions
uere sienificant for all the traita. Non linear-components

had higher values for all the traits except pod yield and

( maturity. For pod yield non-linear component of the
> interaction was significant whereas, for the four other

traits, linear components were significant.-

^ Norden ^ aj. (1986) found that fienotype x

interactions were highly significant for pod
/ yield, fancy pods percentage, shelling percentage, 100

kernel weight and S.M.K yield in a study .with four multi

line populations along with their component lines over four

years in two locations. Large differences uere not present
for the traits between sib-lines. However differences were

found in stability estimates from regression coefficients
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and deviation from regression of multilines compared to the

component lines.

Vindhiya Varman et. ai. (1989) worked out

phenotypic stability Batiinat.es both under etreaa and stress

free environments, for three consecutive years involvinj.

seven aroundnut &enotypes. The phenotypic responsiveness

and stability were estimated for productivity and kernel

quality characters. The genotype RSHY 1 exhibited high mean

performance for yield and quality characters indicating the

average unit responsiveness across the environments.

However, the stability was poor. JL 24 produced bold

kernels even under stress conditions. All other senotypes

exhibited similar pattern of stability and responsiveness.

In their study on genotype x environment

interaction, Veerabadran ^ (1990) indicated that the

lareer the interaction, the lesser were the chances of

progress under selection in a breeding programme. The

variety Co 1 was considered to possess stability under

favourable environment and the genotype Dh-3-20 was found to

be specially suited for unfavourable environment.
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2.8 Breeding for earliness

Earliness is an important objective in groundnut

breeding. Nigam ^ C1980J) indicated that groundnuts

which mature earlier than the current cultivars and

possessing high yield potential together with good quality

will be extremely useful in the areas of semi-arid tropics

which have short growing seasons or where an early maturing

crop may escape certain pests and diseases.

Good scope for fitting early maturity groundnuts

into relay and sequential cropping systems, particularly in

South - East Asia by utilizing residual moisture after the

harvest of the rice crop was suggested by Gibbons (1980).

Tiwar (1983) pointed out that summer varieties

should, in addition to high yield and superior quality

posses early maturity, responsiveness to fertilizer

application and fresh seed dormancy,

Donald (1984) opined that earliness coupled with

good kernel yield would ensure stable production in poor

rainfall areas.



X-

42

In order to identity early maCurinfi jienotypes it

is quite essential to determine their time of optimum

maturity. Groundnut is unique compared to other crops in

that it has indeterminate growth habit. Pod maturation, a

cumulative and subterranean process, makes determination of

time of optimum maturity difficult. Soil and atmospheric

factors further complicate the maturity determination. For

determination of the time of optimum maturity, staggered

system of harvesting was suggested, wherein the lines under

evaluation are harvested at pre-defined intervals from

randomized and replicated field plots (Rao and Gibbons

1984). Thereafter, the components associated with crop

maturity are analysed and time of optimum maturity

determined at that point of time when the various maturity

related characters attained their peak values.

Studies conducted by Rao and Gibbons (1984)

indicated that early maturity varieties unless harvested

early in a staggered harvesting approach did not exhibit any

significant advantage in yield. They also recorded that a

variety that gave maximum yield at 90 days after sowing may

also show superiority when harvested at 75 days after

sowing.
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Arunaclialam and Bandyopadhyay (1984) opined that

decision made jointly on a number of dependent characters

were more representative than those drawn from a direct

observation on the final pod yield alone. Rao and Gibbons

(1984) euegested the traits viz., pod yield, sound mature

kernel yield, 100 pod weight, 100 kernel weight, shelling

percentage and sound mature kernel percentage as important

ones for det erm i t i on of phyai o1og Ica ] maturity in

groundnut.

Gupton and Emery (1970) estimated heritability of

maturity as measured by the percentage of light transmitted

through oil expressed from kernel. This gave the oil index.

Tai and Young (1977) registered high values of

broad sense heritability for the level of free arginine

in groundnut cultivars. Thus, the use of Arginine

Maturity Index as a measure of maturity was indicated.

Studies on the genetic control of maturity in groundnut

indicated that earliness was recessive to late maturity and
was controlled by a single factor (Badami, 1923; Patel et

1936 and Hassan, 1964). Holbrook ^ (1988) in a

study with and plants from reciprocal crosses
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involving early maturity chico and extremely late PI 383421

observed that maturity was under the control of four to

six genes, with a tendency towards earliness. No

reciprocal differences in maturity were observed.

Breeding programmes have been launched, at the

International crop Research Institute for Semi-Arid Tropics,

Hyderabad and at various AICORPO groundnut centres for

incorporation of earliness into present popular varieties.

Chico, Robut 33-1, 91176, TGE 1 and TGE 2 have been

identified as sources of earliness. Chico is very early,

small poded and small kernelled spanish genotype from

Russia. TGE 1 considered to be as early as chico, but

superior in pod yield, shelling percentage and oil content,

possess foliaceous stipules as a genetic markerHouli and

Kale, 1982).

Observations on the flowering pattern of groundnut

in relation to crop duration have indicated that early

maturity genotypes like chico, ICGS (E) 52 and Gangapuri

flowered at a rapid rate up to 44 to 47 days after sowing

and further produced flowers at a slower rate up to 65 to 70

days after sowing after which they ceased to flower (Anon.,

1985).
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, Basu ^ (1986bj used Ganfiapuri, MH 2, chico

and Robut 33-1 as donoi* of earliness iii crosalngj pro£rai\uue

with four Spanish bunch types by the line x tester method.

They recommended chico, Robot 33-1 and Gangapuri as parents

for breeding early maturing, high yielding varieties.
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MATERIALS AND METHODS

3.1. MATERIALS

3.1.1. Preliminary Evaluation

The genetic material consisted of 63 bunch types

of groundnut maintained under the oilseeds project of the

Department of Plant Breeding. The source of these types

are presented in table 1.

3.1.2. Choice of parents for hybridizatiion

The material comprised of six extra early types

(chico, ISKN 8827. ICGS 35-1, Dh(E) 20, Dh(E) 32 and lES

883) and three high productive types (TG 3, TMV 2 and JL 24)

selected from the preliminary evaluation programme(Figures

1 &• 2 ) .

3.1.3. Combining ability study

The study involved six lines, three testers and

their 18 hybrids as detailed in table 2.
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Table 1. SOURCE OF TYPES

SI.No. Type

43

1. Chico
2. IGGCFDRS)
3. ICG 44-1
4. ICGS 35-1
5. ICGSE 21
6 . ICGSE 52
7. ICGSE 121
8. ICGV 86010
9. ICGV 86011

10. ICGC 860-12
11. ICGV 86013
12. lES 883
13. ISKN 8827
14. ISKN 8828
15. ISKN 882 9

16 . ISKN 8830
17 . ISKN 8831
IB. ISKN 8832
19 . ISKN 8833
20 . ISKN 8834
21 . ISKN 8835
22. ISKN 8836
23. ISKN 8837
24. ISKN 8839
25. ISKN 8840
26. ISKN 8844
27. ISKO 8802
28 ISKO 8803
29. ISKO 8804
30. ISKO 8805
31. ISKO 8806
32. ISKO 8807
33. ISKO 8808
34 . ISKO 8809
35 . ISKO 8810
36. ISKO 8811
37. ISKO 8812
38. ISKO 8813
39. ISKO 8814

Original source

Russ i a

ICR ISAT

do

do

do

do

do

do

do

do

do

do

do

do

. do
do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

do

47
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Table 1. Cont'd

SI.No. Type Original source

40 . ISKO 8815 ICRISAT
41 . ISKO 8816 do
42 . ISKO 8821 do
43. ISKO 8823 do
44. ISKO 8824 do
45., ISKO 8825 do
46 . TG 3 BARC, Troinbay
47 . TG 14 do
48. PGN 1 Ludhiana
49. RG 192 do
50. BPG 521 Bapatla
51 . JL 24 Jalgaon
52 . THV 2 Tindivanam
53 . VG(E) 55 Vridhachalam
54. VG 7 7 do
55. Dh(E) 2 0 DharvaiJ
56. Dh(E) 32 do
57. MC 3 Vellayani
58. MC 11 do
59. MC 18 do
60. MC 21 do
61 . MC 2 2 d o
62 . MC 29 do
63. MC 3 3 do



Figure 1. Selected six lines and three testers.

Lines

Chico (LI)

ISKN 8827 (L2)
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ICGS 35-1 CL5)

lES 883 (L6)
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TG 3 (Tl)

TPIV 2 (T2)

JL 24 (T3)
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Table 2. DETAILS OF SELECTED TYPES AND THEIR HYBRIDS

SI.No. Types/Hybrids Code No.

I. Ch i CO

2 . . ISKM 88^2 7
3. ^ IC'gS 35-1
4. '.DhCE^^^O
5 . Dh( E) , :32
6. lES 883

7. ,TG 3 ."i
8 . Thv 2"
9. ' JL 2 4f'
10. • Chi'co:,: X ^TG 3
II. Chico'LX TMV 2
12. Chico'' X JL,; 24
13. ' ISKN'8827'-'X'TG 3-.,
14. , ISKN/8827 -X TIIV '2 •
15. ISKN'8'827. X J.L 2'4
16 . ICGS' 35pl X TG- 3 '
17. ICGS X T-nv" 2 '
18. ICGS r '̂s'Vr X JL' 24'",,.:;.
19. Dh(E)V20 ..X-.TG 3 ';
20. Dh(EK2'0 'x'fnv 2.'
21. '.DhC'E '̂̂ 20" X JL 24 ''."'C;' ^
22. -•Dh(E)•^3^2 X TG 3-
23. i- Dh(E) >2 X TuV^I'-"
24. Dh(E):;3,2.X JL 24
25 . r, I ES 8'8'3.--^X TG'' 3 "•
26. lES TMV 2

27. .lES 8'8'3.*-X'JL 24.
I. 0

S V

i r .A'

s ,

Ll

L2

L3

L4

L5

L6

T1

T2

T3

Ll X T1

Ll X T,2

Ll X T3

L2 X T1

L2 X T2

L2 X T3

L3 X '•T'l
L3 X. •T2

L3 X ;'t3
L4 X •ti
L4 X 'T2
L4 X •'T3

L5 x' T1

L5 X' T2

L5 X T3

L6 X, T1

L6 ^X T2

L6 •X T3

•

>. r
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3.1.4 Study of Fa generation

The genetic material consisted of ' the 18 Fa

populations Cf^niilies) derived from the hybrids listed in

table 2 .

3.1.5. Genotype x environment interaction

The material for the study 'consisted of the six

lines CChico, ISKN; 8827.iCGS 35-1, Dh(E) 20/Dh(E0 32 , and

lES 883) and three testers (TG 3, TIIV 2 and JL 24) selected

in the preliminary* evaluation.

3.2. riethpds

I ' •"

3.2.1. Experiment'al procedure

3.2.1.1. Preliminary Evaluation

I

The 63 types were evaluated in rice fallows

during summer 1989 (January to April) at the Rice Research

Station^ Kayamkulam. The experiment was laid out in a

split plot design with three stages of maturity as the main

plot and the 63 types in the sub plot, with three
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"V replications. Each sub plot comprised of a single three

- meter row with plants spi3.ced at 20 cm. Staggered harvesting

of the main plots was done at three stages of maturity,

viz.,,80, 95 and 110 days after sowing. Data on the

following traits were recorded taking all the 14 plants,

except^ the border plants of a variety in each replication

as the sample.

Number of immature pods per plant

.Number of mature pods per plant

i i) Haulms yield per plant

iv) Pod yield per plant

v) 100 pod weight

vi) Shelling percentage

vii) 100 Kernel weight

»viii) Oil content

\

/ 3.2.1,1.1, Estimation of genetic parameters

Genetic parameters such as co-efficients of

variation, heritability and genetic advance as percentage of

mean were estimated for the eight characters recorded.

r
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3.2.1.1.2. Maturity index

A maturity index was computed by taking into

consideration six traits such as ratio of number o£ mature

to immature pods per plant (instead of the characters as

such), pod yield per plant, 100 pod weight, shelling

percentage, 100 kernel weight and oil content.

3.2.1.1.3.,, Maturity groups

Based on the maturity index, the 6.3 types were

classified into three groups namely, extra early, early and

medium, each of the three maturity groups, mean

performance of the constituent types for the eight traits

recorded were studied.

3.2.1.1.4. Correlatiion

In each of the three maturity groups, phenotypic

and genotypic coefficients of correlation were estimated

between the different characters which included, number of

immature pods per plant, number"of mature pods per plant,

haulms yield per plant, pod yield per plant, 100 pod

weight, shelling percentage, 100 kernel weight, oil content
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and oil yield per plant. Oil yield per plant was calculated

aa f ollou£i :

Oil yield per plant (fi.) =

Pod yield per piant(^.) X shelline X oil content(^;)

10.000

3.2.1.1.5. Direct and indirect effects

Direct and indirect effects on pod yield and oil

yield per plant in each of the tliree maturity groups were

worked out. The components of pod yield included, number of

immature pods per plant, number of mature pods per plant,

haulms yield per plaiiL, 100 pod wei^lit, shelling

and 100 kernel weight. The components of oil yield included,

number of immature pods per plant, number of mature pods per

plant, haulms yield per plant, pod yield per plant, .100 pod

weifeht, shelling percentage, 100 kernel weight and oil

content.

3.2.1.2. Choice of parents and hybridizatiion

The nine selected types were crossed in the line x

tester model keeping the six extra early types as the lines

(LI to L6) and the three high productive bunch vai'ieties as
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testers (T1 to T3). The lines were vised as the ovule

parents. They were grown at the Colleee of Agriculture,

Vellayani during Kharif 1989 (tlay to October) in basin pots

kept on raised platforms to facilitate easy accessibility to

flowers. The crossing technique suggested by Reddy ^

(1970) was followed. In order to avoid marking of each

crossed flower, a particular cross combination was confined

to plants in a labelled pot. The flowers which were not

used for crossing however, were removed daily. The sowing

of the lines for crossing was staggered to keep the

flowering phase protracted over a long period to facilitate

large number of crosses. At harvest, the mature pods were

collected, cross wise, dried and stored.

The parental types were grown separately and

selfed pods were collected, dried and stored.

3,2.1.3. Combining ability

The six lines, three testers and their eighteen

hybrids were raised adopting a Randomized Block Design with

three replications in the rice fallows during summer 1990 at

the Rice Research Station, Kayamkulam. Each plot comprised
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of a sinftle four meter row with plants spaced at 20 cm.

The off type plants from the parental types and selfed

plants from the hybrids were marked out and excluded. Data

on the following characters were recorded from five plants

selected at random from the remaining genuine plants in each

treatment per replication.

i) days to first flowering

ii) Spread of flowering

iii) days to maturity

iv) number of immature pods per plant

v) number of mature pods per plant

vi) haulms yield per plant

vii) pod yield per plant

viii) 100 pod weight

ix) shelling percentage

x) 100 kernel weight

xi) oil content

3.2.1.4. Study of Fb generation

The 18 Fe populations (families) were raised in

three randomized blocks at the College of Agriculture,

Vellayani during Kharif 1990. The plants were harvested at

80 days after sowing. Ten high yielding extra early
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recombinants with high mature to immature pod ratio were

selected from each family in every replication.

Observations on the following characters were recorded on

these plants.

i) Number of immature pods per plants

ii) Number of mature pods per plants

iii) Pod yield per plant

iv) Kernel yield per plant

v) Shelling percentage

3.2.1.5. Genotype x environment interaction

Genotype x environment interaction was studied by

utilising the data relating to the nine types selected as

parents from the preliminary evaluation in three

enviornments.

First environment(summer, 1989): The data obtained

by the nine types in the preliminary evaluation for the

different traits such as number of immature pods per plant,

number of mature pods per plant, pod yield per plant, 100

pod weight, shelling percentage, 100 kernel weight,'and oil

content in their respective maturity groups were considered.
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Second environment(summer, . 1990). The da

obtained by the nine types in the combining ability
evaluation for the traita detailed above were considered.

Third environmentckharif, 1990): The nine types

were raised in a simple Randomized Block Design uith
three replications at the Collate of Agriculture Vellayani.
Each plot consisted of three rous of 15•plants each at a
spacinfi o£ 30 x 10 cm.

The Bartletts test was used to judge the

homosenity of error variances of the three different
environments. The genotype x environment interactions were

analysed following the Eberhart and Russel (1966) model for
the traits exhibiting homofienity of error variances.

3.2.1.6. Details of characters studied and estimations made

i) Days to first flowerinfi : The number of days

from souine to the appearance of the first flower on each
observational plant.

ii) Days to last flowering : The number of days

from sowina to the ceasation of flowerinfi on each
observational plant.
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iii) Days to maturity : The number of days from

aowinfi to maturity of each observational plant. In arriving

at maturity, the appearance of plants, senescence of. leaves,

nature of pods, shell characters, pod filling, kernel

characters and the inside colour of .the shell were considered

at harvest.

iv) Number of immature pods per plant: The

number of immature pods in each observational plant at

harvest.

v) Number of mature pods per plant : The number

of visibly mature pods per plant at harvest on each

observational plant,

vi) Haulms yield per plant : The fresh haulms

yield of each observational plant after removing mature and

immature pods at harvest.

vii) Pod yield per plant - : The mature pods of

individual observational plants were sun dried and weight

recorded.

viii) 100 pod weight : A random sample of 100
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dry pods was drawn from each type per replication and

weighed.

ix) Shelling percentage : A random sample of ZOOg

of dry pods per type per replication was shelled. Shelling

percentage was estimated as a percentage of the weight of

kernels to the weight of pods.

x) 100 kernel weight : Hundred kernels were

selected at random from a sample of dry kernels in each type

per replication and weighed.

xi) Oil content : A random sample of kernels of

each type per replication was drawn and oil content was

estimated by using the OXFORD 4000 MWR analyser at the

Tamil Nadu G.D. Naidu Agricultural University, Coimbatore.

xii) Reaction to major pests : There was no

significant incidence of pest attack.

xiii) Reaction to major diseases-: The plants were-

scored for their reaction to the incidence of rust disease

at 80 days after sowing. Scoring for rust caused by

Puccinia arachidis was done employing the 1 to -9 scale

suggested by Subramanyan ^ (1980).
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Uhere, 1 - no infection.

9 = 50 to 100 per cent foliage destroyed

by rust.

xiv) Spread of flowering : The difference between

the days to the first and the last flower in each

observational plant was taken as the spread of flowering.

xv) Ratio of number of mature to immature pods

per plant ; The ratio was obtained by dividing the number

of mature pods in each observational plant by the number of

immature pods.

3,2.2. Statistical analysiis

3.2.2.1. Preliminary evaluati
on

The data collected were tabulated and subjected to

statistical analysis for estimation of the coefficients of

variation, heritability and genetic advance.
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3.2.2.1.1. Coefficients of variation

The analysis of variance of the split plot experiment is

presented in table 3. The fienotypic, phenotypic and

enviromental coefficients of variations were estimated as

follows.

J (t'sl
Genotypic coefficient of variation, G.C.V. V ^ 100

mean

nSv - MSe
where,(?^

i Z 2,
where, cTp = (Ts +Je

(Te - MSe

CJPPhenotypic coeffcient of variation, P.C.V. = ^ x 100
mean

Enviornmental coefficient of variation, E.C.V. x 100
mean

3.2.2.1.2. Heritabi1ity

Heritability in the broadsense (H^) expressed as

percentage was estimated as per the formula suggested by

Hanson ^ (1956).
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(T&
i.e., H2 = X 100

a

crp
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3.2.2.1.3. Genetic advance

Expected genetic advance under selection v/aa estimated

according to Allard (1960) as;

K X X cTp
Genetic advance due to selection =

mean

where, K = selection dif£erentiial.

Table 3. ANALYSIS OF VARIANCE (ANOVA)

Source df Ms F

Replication r - 1 nSr MS. / tlS.,

Stage o£ harvest s - 1 MS. MS. / MS.i

E>^r-or 1 (s-i) (^-1) MS. ^

(v-l) MSv MSv / MS.a

Type X
stage of harvest

interaction (v-l) (s-l) MS^. MS,. / MS.^

Error 2 s(v-l) (r-1) MS

Total svr - 1 MSt

a e
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3-2,2-1-4- Maturity index

V

Based on the critical difference (C.D.) values

of the treatment combinations obtained from the above split

plot experiment, the 63 types were scored for the maturity

traits namely, ratio of number of mature to immature pods

per plant, pod yield per plant, 100 pod weight, shelling

percentage, 100 kernel weight and oil content. The

different scores were 3,2, and 1. The score 3 was given to

those types whose mean values at 80 days harvest was

significantly higher than that at 95 and 110 days harvest,

and also to those types whose mean values at 95 and /or 110

days harvest were on par with that at 80 days harvest. The

score of 2 was awarded to those types whose mean values at

95 days harvest were significantly higher than that at 80

and 110 days harvest, and to those types whose mean values

at 95 and 110 days harvest did not differ significantly. The

score of 1 was given to those types whose mean values at 110

days harvest were significantly higher than that at 80 and

95 days harvest. For each type, the total score was

calculated by adding the scores obtained for the six

different traits.
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On the basis of the standard error (S.E). values

the 63 types were classified into three groups namely,

extra-early(>riean + S.E.)» early (Mean +/- S.E.) and

mediumC<Mean - S.E.).

3.2.2.1.5. Correlations

In each of the above three maturity groups,

correlations between different traits were worked out both

at genotypic and phenotypic levels.

Table 4. Analysis of co-variance

Source of variation df
Mean sum of products (Xi,Xj)

Observed Expected

Between replications r - 1 MSPr

Between types v - 1 MSPv rcrvij + CTeu

Error (r-1) (v-1) MSP. (Te
i j

From the analysis of co-variance (Table 4)» the

£enotypic, phenotypic and environmental co-variances where

estimated as :
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PISPv - MSP.
i) Genotypic co-variance, iTfiu =

r

ii) Environmental co-variance, treu = MSP,

iii) Phenotypic co-variance, tTpij = V&x i + ffeij

These co-variance components were substituted in

the following formula to calculate the fienotypic (rg) and

phenotypic(rp) correlation coefficients;

The genotypic correlation • coefficient , between

characters Xi and Xj,
/

(Tfii j

j
I X.

JT&i X cTfij

2.

where, jTfii = eenptypic variance of character Xi

1

= genotypic variance of character Xj

Phenotypic correlation coefficient between

character Xi and Xj ,

2fpi J
i J

ffpt X ffpj

X
where, irpt = phenotypic variance of character Xi

%

trpj = phenotypic variance of character Xj
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The significance of correlation coefficients were

tested by using the student's ^t' test uith degrees of

freedom, equal to that of error.

3.2.2.1.6. Direct and indirect effects

The estimates of direct and indirect effects of

the productivity traits on pod yield and on oil yield were

estimated through path analysis technique in the three

maturity groups as suggested by Uright (1921) and elaborated

by Dewey and Lu (1959) using the mod^el,

Y = alxl + a2x2 + a3x3 + akxk

Uhere, Y and X are the standardized variables

corresponding to yield and the 1 to K traits respectively.

The solutions to the simultaneous equations formed was given

as,

Rk H h M k " Ra 1 , k

where, R,< « ^ is the int ercorr elat ion matrix of

the k dependent variables Xi . >. k is the vector of

correlation between the dependent and independent variables

(Xi). The residual factor (R) which measures the influence
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of those characters, if any not included in the causal

scheme and that o£ the environment was estimated aa,

= I •- c,.Pi

where, rij, i = 1, k is the correlation of

the dependent variable with the independent vaiiabi«i and

Pj,i = 1 ... k , the path coefficient which meAusres the

direct effect of the independent variable on the dependent

variable. The indirect effect of the Xi variables on Y

through Xj was estimated as rijP», ru being the correlation

between Xi Xj.

3.2.2.2. Combining ability

3.2.2.2.1. Line x Tester analysis

Analysis of variance:

Analysis of variance was done for all the

characters and tfe.yt of .significance of ditterences aiiion^ the

types including parents and crosses wa.g performed (Table 5).

Estimation of combining ability:

For estimating the general and specific combining
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ability effects, the method Uescribed by Kempthorne (1957;)

was adopted. In thia method, th#s co-variance of full sibs

and half sibs in terms of mean squares due to lines (Mi),

tester (Mt), line x tester (HiiJ were obtained, from which

the variance due 1(3 tieiiwrai i;ombi.iiin^ al^LliLy and i «.•

combining ability wet-.-^ estimated.

Table 5. ANOVA for line x tester including parents

Source df ns

Replication (r - 1)

Par ents c1 + t - \ )

Parents vs

ci'osses 1

Crosses (It - 1)

Lines Cl~i) Hi

Test ers (t - 1J lit

Line" x Tester (.1"!) (t-1) Mj t

Error (r-l) (It -i;) M,

Total (r It - 1)
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where, 1 = number of lines

t = number of testers

r = number of replications

The significance of lines and testers are tested

against mean square due line x tester, while the

significance of line x tester is tested against mean square

for error (Singh and Chaudhary, 1977).

The genetic components were estimated as:

Cov. H.S.(line)

Cov. H.S.(testers) ,

Cov. H.S.(average)

Cov. F.S.

rt

lit-Ml t

r 1

r(21t-l-t)

(1-1) ni + (t-i) til

l + t-2

(Mi-n.) + (Ilt-M.)+ CMii-M.)

3r

6r Cov. H.S - rl+t Cov.H.S.

3r

- Ml
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cr^ gca = Cov. H.S, (average^

tilt - tl.
sea =

r

Uhen, F=0, u^D = 4 o*® sea

F = l, o^D = cr^ sea

Uhere, F is the inbreeding coefficient.

Estimation of gca and sea effects:

The model used to estimate the gca and sea effects of

ijk^^ observation was as follows,

Xijk = ^ + g"i + g'j + S"ij + e

where,

r
population mean

1 J k

g" 1 = gea effects of i*^^ line

&' j ~ g«:*a effects of tester

S"ij = sea effects of ij*^ combination

e'ljk = error associatted with ijk*^ observation

i = number of lines
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j = number of testers

k = number of replications

The individual effects were estimated as follows

X
1. Mean

Itr

Xt . . X . . .
2. . gca effects of lines g" , =, -

tr itr

X.j. X. . .
3. gca effects of testers g'j = -

Ir Itr

4. sea effects in combinations

^ Xi.. X.j. X..
tr Ir Itr

where,

^ - total of all hybrid combinations.

Xi • • = total of i*'' line over 't'testers and

'r' replications.

X-j- ~ total of tester over ^I'lines and 'r'

repli cat ions.

= total of the hybrid between i*^^ line and
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tester over "r"' replications.

The standard error pertaining to gca effects of

lines and testers and sea effects in.different combinations

were calculated as given below.

S.E. Cg"1) Lines

rt

S.E. (g'j) testers =

r 1

S.E. (S'ij) in combinati ons

M.

r-

Proportional contribution of lines, testers and

line X tester to total variance :

Contribution of lines

Contribution of testers =

Contribution of (Ixt)

SS (1) X 100

SS ( crosses)

SS (t) X 100

SS C crosses)

SS (Ixt) X 100

SS (crosses)
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Uhere, SS (1) = sum o£ squares due to lines

SS (t) = sum of squares due to testers

SS (Ixt) = sum of squares due to line x tester

3.2.2.2.2. Heterosis

Relative heterosis Cdi):

Relative heterosis was estimated as,

FL - HP
X 100

np

where, F1 was the mean value of the hybrid and MP

was the mean mid - parental value. It was expressed as
percentage.

Heterobeltiosis (dii):

Heterobeltiosis was estimated as,

Fi - BP
X 100

BP

where, Fl was the mean value of the hybrid and BP

was the mean value of the better parent in the cross,

expressed as percentage.



Standard heterosis (diii);

Standard heterosi.s wa.s estimated as,

Fi - SP
X 10 0

SP

74

where, Fl. was the mean value ot the

hybrid and SP was the inean value of the standard type,

expressed as percentage.

Significance tor the three types ot' heterosis was

tested by usin£ the C.D. values calculated as,

C.D. value for relative heterosis = tdf<»)^/ 3 M.

y 2r
C.D. value for heterobeltiosis

and standard heterosis = t df<.) / 211,

3.2.2.3. Genotype x Environment interaction

The data obtained from three seasons viz., summer 19S9

summer 1990 and Kharif 1990, were subjected to location-wise

analysis of variance followed by pooled analysis. Pooled
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arialyeis of vari<Anc« perforni«5d to investi^cite this cotisist^ncy

of the types over environment- The split up of the degrees of

freedom for various sources of variation is given below (Singh &

Chaudhary, 1977;.

Table 6. POOLED ANOVA

Source df U.S.

TypesCG) t-1 KSg

Environment (E) s-1 PlSe

G X E (t-l) (s-1). MSg , E

pooled Error st^r-l) USei

The mean sum of squares due to genotype x

environment interaction was tested against mean sum of

squares for pooled error. The analysis for estimation of

stability pa^'ametei-^.s was proceeded when the variatice duti to

genotype x environm'ent interaction was found significant.

The model of Eberhart and Russell (1966) was used

for stability analysi.s with types tested in s *

environments. The stability of types under different

environments was computed as:-
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Yij = (i =l,2,....t and j = l,2,...,sj

Yij ~ [lean of i^ type in environment.

m = Mean of .ill the types over all the environments

bi ^ The regresaion coefficient of the ivariety

on the environmental index which measures the

response of this type of varying environments.

Ij = The environmental index which is defined as

the deviation of the mean of all the types at

a given location from tVie overall mean.

£ Yij £1 Yij £ Ij = 0
i ij j

t' ts

and iij = The deviation from regression of the ivh type at

jth location.

0 . ,

stability Parameters:

The two'parameters of stability were calculated

as ; -

a.) Tl\»j f e^i etis i on »;i) e f t lij i en L which i tlie i-tMJsa i on

of the performance of each type under different environments-

on the environmental means over all the types. The
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resression coefficient (bi) ior each type is computed as

" t' test,

• j
bi = •

£ I =J
j

Regression coefficient \*/as tested by applying the

t =

where,

SECb)

b-1

SE(b)

MS due to pooled devioition from
regression

j

b) nean square deviation CS®dJ froia linear regression,

d. f <52,, /
j / Cs-

CS=./r)

The significance of S^d is tested against pooled

error (S®,).

The analysis of variance for phenotypic stability

is presented below in table 7.
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Table 7. ANOVA FOR PHENOTYPIC STABILITY

Source df ns F

Total st-1

Types t-1 MS-, MSi /nsa

Environment +

(Type X EnvironmentJ tcs-n

Environment (LinearJ
Type X Environment
(L inear)

rr
1

MSe MSa /MS3

Pooled deviation t c s - 2 j MSa

Type

Pooled Error

s-2 =

3-2 =

s-2 =

s-2 ^

ia —2 —

S-2 -

s-2 =

ti-2 =

s-2 -

s(t-13 (r-i; n
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RESULTS

I



RESULTS

The data collected from the different experiments

were tabulated and were subjected to statistical analysis

whereever required. The results obtained are interpreted

and presented hereunder.

4.1. Preliminary evaluation

The analysis of variances for the eifiht characters

studied in the 63 types in the split plot experiment are

presented in table 8. For all the eight characters studied,

eifinificant differences were exhibited by the types.

Moreover, type x stage of harvest interaction was also

significant for all the characters.

4.1.1. Genetic parameters

Coefficients of variation, heritability and

genetic advance were estimated for all the eight traits from

the analysis of variance. The estimates are presented in

table 9.



Sofjrce

Replications

Stage of
harvest (A)

Error 1

TypeCB)

CAXB)

Error 2

V

Table 8. AtCMA - ^lit plcA e:99'U)ent.

No. of No of Hajilnis

" df ir.fiat'if'e nature yield
pods per pods per per
plarit plant pl^t

Pod

yield
per

plant

100 poi Spelling
I4t. %

100 Oil

Kernel content

wt. /:

62

•12s

372

31.5^1

263.54'

i.07*

j.66

•13.84 502.69 0.96 i18.; 0.2S !.34 •1.&1

629.68— 38537.25— 1455.-15— 60976.25— 22102.91— ^11S.8S— 265.56

4.63 351.22 'l.57 57.13 0.84 0.44 0.06

43.69— 1101.34

24.22— 475.69

12.99 118.97

19.33— 690.62-^ ' 255.49'

3.01

3?1.S3

153.01

80.68—

0.43

A cri *
\*J7m4

0.34

6.44-

0.77'

0.10

** Significarit at 1% le-vel
CO

o
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Table 9. COEFFICIENT OF VARIATION, HERITABILITY AND GENETIC ADVANCE

SI. Charact ers

No.

Mean

Coefficient of

variation

Genb

typic
Pheno

tipic
Environ

mental

1 .

2 .

3.

4 .

5 .

6 .

7 .

No. of immature

pods per plant 7

No.of mature 15

pods/plant

72 30.35 30.82 43.25

75 " 11.72 22.88 25.71

Haulms yield /
plant (e. ) 55.58g. 18.70 19.52 27.03

Pod yield/
plant (g.) 11 . 55e

100 pod weight(g) 69.25g

Shelling
percentage

100 kernel

weight (g.)

55 . 93

31

8. Oil content () 46

69g

50^

11.65

11.16

9 . 54

13 . 28

1.84

19 . 00

21.06

9 .61

13.41

1.96

15.02

17.86

1.17

1.84

0.68

Herita

bility

(^)

Genet ic

Advance

of mean

49.24 43.91

20.79 10.98

47.85 26.65

37.55 14.72

28.08 12.19

98.51 19.51

98.12 27.11

87.95 3.55

CO
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For all the characters studied, phenotypic

coefficient of variation (P.C.V.) values were higher than

the respective genotypic coefficient of variation (G.C.V)

values. The highest P.C.V. was showed by number of

immature poda per plant (30.82). followed by number of

mature pods per plant (22.88), 100 pod weight (21.06),

haulms yield per plant (19.52) and pod yield per plant

(19.00). Oil content registered the lowest value (1.96)

for P.C.V.

The highest G.C.V, value was recorded by number of

immature pods per plant (30.35) as in the case of P.C.V.

This was followed by haulms yield per plant (18.70), 100

•kernel weight (13.28), number of mature pods per plant

(11.72), pod yield per plant (11.65) and 100 pod weight

(11.16). As in the case of P.C.V., oil content showed the

lowest value (1.84).

Environmental coefficient of variation (E.C.V.)

was also the highest for number of immature pods per plant

(43.25). This was followed by haulms yield per plant

(27.03), number of mature pods per plant (25.71), 100 pod

weight (17.86) and pod yield per plant (15.02). In this

case also, oil content recorded the lowest value (0.68),

followed by shelling percentage (1.17) and 100 kernel weight
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(1.84). For the traits such as, number of immature pods

per plants number mature pods per plant, haulms yield per
plant. pod yield per plant and 100 pod weight, the E.C.V.

values were higher than their respective G.C.V. values.

Heritability estimates in the broad sense were

either low, medium or high for the eight different traits.

Highest estimate (98.51) was recorded by shelling percentage

followed by 100 kernel weight (98.12) and oil content

(87.95). The values were medium for number of immature

pods per plant (49.24) and haulms yield per plant (47.85).

The lowest estimate was showed by number of mature pods

per plant (20.79).

Genetic advance expressed as percentage of mean

was moderate to low for the eight different traits. It was

maximum for number of immature pods per plant (43.91),

followed by 100 kernel weight (27.11) and haulms yield per

plant (26.65). Oil content recorded the minimum value

(3.55).

High heritability estimates with moderate genetic

advance was recorded by 100 kernel weight and .shelling

percentage. On the other hand, oil content had high
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heritability with very low genetic advance. Moderate

estimates of both heritability and genetic advance were

showed by numbor of immature pods per plant at\d haulma yield

per plant. The traits such as number of mature pods per

plant, pod yield per plant and 100 pod weight showed low

estimates for both heritability and genetic advance.

4.1.2. Maturity index

A maturity index was formulated (Table 10) by

taking into consideration the mean values for the six

different traits namely, ratio of number of mature to

immature pods per plant, pod yield per plant, 100 pod

weight, shelling percentage, 100 kernel weight and oil

content in each type at the three different stages of

harvest viz., 80, 95 and 110 days after sowing (Table 11).

On the basis of the critical difference (C.D.) values of the

treatment combinations obtained from the split plot

experiment, the 63 types were scored - for the maturity

traits. Based on the scores obtained, the types were<

classified into three groups namely, extraearly (>Mean +

S.E. ie., >10.05), early (Mean ± S.E. ie., 10.05 to 9.69)

and'medium ( < Kean-S.E. ie.,< 9.69).
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Table 10. SORE CH«T FDR mTURITY I>CGX

Type Ratio of Pod 100 pod Shelling 1C0 Oil Oatijrity

No. No-of ma:- yield wei^t pet'cen- kernel content T Crcfsp

ture to per (C3) tage uei^t (C6) 0

iomvature plant (C4) CC5) t'

pods . CC2) a

(D1) 1

01 2 3 3 2 2 2 14 Extra early

02 3 2 2 1 1 1 10 Early

03 3 1 2 1 2 1 10 Early

OA 3 3 2 2 2 14 B<tra early

• 05 2 3 3 i 1 1 11 Extra early

06 1 1 3 1 i 1 8 rtediuAi

07 3 2 2 1 2 1 Extra early

08 3 2 2 1 1 1 10 Early

09 1- 2 1 1 3 1 9 (lediuni

10 3 2 2 1 2 1 11 &<tra early

11 3 2 2 2 1 11 Extra early

12 2 • 3 3 1 1 13 Extra early

13 2 3 3 1 2 13 Extra early

14 2 2 1 1 1 1 8 riediuro

15 3 2 2 1 1 1 10 &rly

16 3 1 2 1 1 1 9 Medium

17 3 1 2 1 1 1 9

18 3 2 2 1 1 1 10 Early

19 2 1 2 1 2 1 9 nEdiunt

20 3 1 2 1 1 1 9 t)sdiun)

21 3 2 2 1 1 1 10 Early

22 3 2 3 1 1 1 11 Extra early

23 3 2 2 1 2 1 11 Extra early

24 3 2 Z 1 1 - 11. Extra early

25 o 1 • 2 1 1 1 9 nsdium .

26 1 1 2 1 2 9 risdiijm

27 1 2 2 1 1 1 8 (lediun)

28 1 1 1 1 1 1 6 nedlijn)

29 3 2 2 i 1 1 10 E^ly

30 3 3 2 1 1 1 11 Extra early

3\ 3 2 2 1 1 1 10 Early



Table 10. Cont'd. SCORE CM FOR mTliRITY m£t

Type
No,

Ratio of Pod 100 pod Shelling • 100 Oil Haturity

No.of isa- yield Height percen kernel content t Group

ture to • per {C3) tage ti^eight tC6} 0

ic&aturs plant (C41 {C5) l

pods • {C£) a

1
(CD

32 3 2 1

33 3
n

C 1

.34 2 2 2

35
A

O c 1

36 3 2
n

L

37
n

0 2 1

38
o

0 2 1

39 0 2 2

40
n

0 1 2

41 3 1 2

42 3* 2 3

43 3 2 1

44
n

0 2 1

45 3 . 1 2

46 3. 1
n

0

47 2 2
n

C

48 3 1 3

49 3 1 2

50 3 2
n

C

51 1 2 2

52 1 2 3

53 3 1 2

54 3
n

C 1

55 2 2 3

56 2 2 3

57 3 2 2

56 1 2 2

59 3 1 2

60 3 1 2

61
>V
0 1 2

62 3 1 2

63 3 1
n

L

tiean = 9.87' S.E - o.ia

10 Early
9 ilediuQ

9 Mediusi

9 Mediuta

10 Early
9 Hediun

•to Early
10 Early

9 Hediust

9 HediuG\

11 Extra early
9 :[1ediuQ

10 Early
9 Hediuib

11 Extra early
9 Hediuia

10 Early
9 Hediufii

11 Extra early
8 Hediuia

10 Early
9 KediuiD

9 Mediuai

13 Extra early
12 Extra early
10 Early

8 Mediuffi

9 Hediurn

9 HediuEi

9 Hediuoi

9 Medium

9 HediuD

8G
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Table 11. MEAN VALUES AT DIFFERENT HARVEST STAGES FOR DIFFERENT TRAITS,

(a) RATIO OF NUMBER OF MATURE TO IMMATURE PQDS/PUM {CJ

Type Ai
No.

Ac Aa Type
No.

. Ai- Ab • A3 Type Ai
No.

Ac A3

1. 4.19 6.01 6.10 22. 2.01 2.72 3.36 43. 0.S5 1.73 2.32

2. 3.27 1.98 2.58 23. 2.34 l.BO 3.09 44. 2.30 1.99 2.S2

3. 1.98 1.47 3.25 24. 1.49 1.62 3.13 45. 1.51 2.62 3.29

4. 3.55 3.33 4.12 25. 2.55 2.35 3.23 46. 1.82 2.76 3.32

5. 2.22 4.18 4.38 26. 2.05 1.48 4.00 47. 2.12 4.99 3.81

6. 2.79 1.72 4.96 27. 2.02 2.04 4.66 48. 1.93 2.15 3.10

7. 1.53 1.77 2.66 28. 2.21 1.62 4.22 49. i.93 1.55 2.85

8. 0.97 0.85 2.36 29. 2.60 2.33 3.'i4 50. 2.50 2.85 3.14

9. 1.90 2.74 5.49 30. 1.77 1.43 2.32 51. 1.87 1.28 4.69

10. 1.81 2.05^ 3.19 31. 0.62 0.68 1.83 52. 2.27 1.51 4.75

11. 1.77

\

2.13 2.25 32. 2.56 1.67 2.32 53. 1.96 1.77 2.46

12. 3.50 5.73 5.80 33. 2.30 '1.34 0.74 54. 3.01 2.25 3.27

13. 2.47 ' 4.97 4.3% 34. 0.25 2.41 2.15 55. 1.51 3.38 4.66

14. 0.21 2.13 2.11 35. 1.71 1.70 1.39 56. 2.78 4.60 4.61

15. 2.29 2.16 2.75 36. 1.54 1.35 3.02 57. 1.48 1.08 2.18

16. 2.33 1.78 0.53 37. 2.71 1.48 0.95 58. 2.05 2.48 4.28

17. 2.52 1.45 2.59 38. 2.64 1.52 3.08 59. 2.53 2.75 2.28

18. 2.38 1.24
n io
LiOO 39. 1.49 t.12 1.22 60. 2.85 2.66 1.36

19. 1.49 5.34 3.66 40. 3.36 4.09 3.05 61. 1.87 2.47 1.63

20. 1.68 2.03 1.67 41. 2.10 1.57 1.59 62. 2.16 1.34 1.94

21. 1.91 2.24 1.35 42. 3.00 1.88 2.32 63. 2.56 1.03 1.42

CD(AB) = 1.80 Ai

Aa

= Harvest al 80 D.A.S.

= Harvest at 95 D.A.S.

at t
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Table W. Cont'd. (b) POD YIELD / FLAfiT (C,)

Type
No.

Ae A3 Type
No.

Ai Ac A3 Type
No.

Ai As A3

1. 6.69 6.92 6.51 22. 9.10 10.98 12.89 43. 8.80 11.86 14.4^

2. 5.76 11.48 12.43 23. 7.62 10.79 10.76 • 44. 8.76 11.14 11.9

3. 7.93 12.26 16.91 24. 8.97 10.73. 12.88 45. 7.35 12.53 15.^

4. 10.81 12.52 13.20 25. 8.82 10.38 14.02 46. n.17 14.81

5. 8.38 8.02 10.53 26. 8.44 8.67 13.92 47. fi.42 . 11.35 12.V

6. 8.52 9.19 14.32 u • 7.45 13.45 15.97
t

48. 7.78 9.64 14.1,

7. 7.00 9.97 11J4 28. 9.64 9.86 16.99 49. 9.51 ,8.95 14.9c

B. a.25 11.99 14.32 29. 8.14 14.31 16.34- 50. 9.82 13.18 15.2(

9. 0.27 12.65 13.14 30. 9.40 9.28 11.71 51. 10.89 14.98 17.1!

10. 11.27 14.14 14.K 31. 8.04 14.00 14.84 52. 12.10 16.07 16.7<

11. 9.77 11.44 12.31 32. 8.28 11.24 12.91 53. 8.28 11.08
*

15.44

12. 10.30 11.03 12.31 33. 8.89 12.28 12.89 54. 1.44 18.81 14.0i

13. 12.30 13.09 14.3S 34. 9.57 14.05 13.58 55. 9.46 10.38 11.05

14. 7.81 10.02 12.24 35. 8.11 12.86 14.36 56. 8.47 10.61 12.^

15. 7.43 11.32 14.0? 36. 6.32 12.38 13,67 57. 9.73 11.74 12.9^

16. 7.52 12.01 15.35 0/ • 9.32 14.12 12.54 58. 8.32 12.26 14.07

17. 6.74 12.04 15.89 38. 8.28 13.49 15.66 59. 8.24 12.73 15.9c

18. 7.16 14.07 15.72 39. 7.67 9.40 11.21 60. 6.66" 13.04 15.9C

19.. 7.89 12.22 16.16 40. 7.94 10.98 14.19 61 7.36 12.43 15.3i

20. 7.75 11.46 15.09 41. 8.93 9.38 15.31 62. 9.79 12.78 15.t;

21. B.28 10.M 12.32 42. 9.34 10.67 12.57 63. 7.2s 12.22 15.5C'

C.D. (AB) = 2.73



Type
No. Ai As A3

1. 32.96

2. 34.32

3. 51.49

4. 64.46

5. 53.33

6. 51.47

7. 46.92

a. 55.68

9. 50.00

10. 56.74

11. 58.47

12. 54.89

13. 56.05

14. 61.67

15. 46.22

16. 45.02

,17. 50.10

18. 42.33

19. 59.55

20. 49.96

21. 59.13

36.56 47.55

71.96 67.09

70.89 78.07

53.15 87.90

72.59 75.46

64.98 63.22

68.20 75.70

77.74 82.95

72.76 97.42

94.57 96.00

79.08 83.17

62.24 69.22

74.30 75.27
I'

70.74 106.71

79.59 94.31

95.39 112.59

76.37 81.46

65.28 83.28

87.69 94,06

80.37 87.48

83.30 85.85

CD (AB) = 19.80

Table 11. Conl'd.(C) 100 POD HEIGHT (C,)

Type

Ml

22. 59.01

23. 45.48

24. 49.39

25. 45.08

,26. 62.65

27. 57.9V

28. 63.56

29. 43.32

30. 47.83

31. 42.98

32. 44.26

33. 42.18

34. 63.82

35.' 43.58

3i. 49.10

37. 45.49

38. 52.66

39. 50.10

40. 45.93

•41. 51.18

42. 56.44

57.61 75.22

43.15 97.64

70.19 83.92

54.75 68.44

84.62 91.40

95.89 107.33

77.93 105.32

78.05 96.91

54.93 78.75

85.76 93.28

65.11 96.62

72.73 94.65

73.33 84.22

63.86 115.99

70.98 80.56

75.04 102.67

68.69 126.50

65.89 80.03

60.70 77.36

60.60 62.69

65.78 65.65

Type
No. Ai Az A3

43. 43.63 51.68 100.60

44. 43.85 62.42 89.40

45. 61.70 100.25 118.28

46. 53.72 61.71 67.58

47. 34.24 57.67 76.56

48. 60.40 67.80 76.79

49. 71.95 81.75 97.43

50. 54,18 76.54 99.16

51. 66.11 100.58 101.££

52. 56.76 64.66 78.87

53. 55.33 95.84 106.54

54. 62.74 75.38 107.00

55. 73.51 68.83 78.57

56. 52,98 M.26 68.34

57.52.10 77.23 92.81

58. 52.71 80.46 89.26

59. 50.20 86.96 94.34

60. 42.98 67.76 83.08

61. 34.15 83.15 90,95

62. 57.03 86.03 94.51

63. 42.33 59.85 75.11
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Table 11. Cont'd, (d) aCLLING F€RCENTftG£ (C4I

type

No.

"•» Ae fia Type'
No.

Ai Ae A3 Type
No.

Ai As A3

1. 55.37 56.24 57.10 22. 33.45 42.51 66.24 43. 35.73 46.16 65.31

2. 48.23 50.57 89.66 23. 55.63 59.96 69.08 44. 39.91 59.09 63.45

3. 41.78 47.97 80.41 24. 48.93 63.59 63.76 45. 41.50 59.69 67.13

4. 59.89 69.93 70.91 25. 49.34 59.55 68.10 46. 52.62 64.26 79.33

5. 55.28 57.73 67.95 26. 45.14 56.24 59.0? 47. 45.42 52.38 61.19

6. 53.28 60.53 68.52 27. 43.38 51.64 61.73 48. 55.83 60.16 69.41

7. 58.35 65.51 70.61 28. 43.52 49.50 60.21 49. 44.58 52.19 69.10

8. 47.43 59.30 69.44 29. 43.70 50.49 63.53 50. 58.24 60.76 80.04

9. 40.42 52.28 62.46 30. 42.48 54.24 62.64 51. 40.57 53.65 75.45

10. 44.29 47.51 67.47 31. 26.00 51.75 62.29 52. 43.12 61.47 74.53

11. 41.56 47.80 66.39 32. 30.49 60.39 65.27 53. 46.92 52.12 80.16

12. 58.63 63.48 68.77 33. 30.85
*4

49.39 59.51 54. 43.27 71.49 80.93

13. 55.43 66.68 68.39 34. 38.34 52.92 65.31 55. 51.77 62.01 60.36

14. 41.70 56.17 68.97 35. 47.70 63.43 71.04 56. 59.92 64.53 68.50

15. 43.70 54.57 59.99 36. 39.67 47.99 73.21 57. 43.64 55.42 68.50

16. 37.70 46.47 66.22 . 37. 34.55 45.38 58.01 53. 43.62 52.39 61.71 .

17. 37.53 46.90 57.86 38. 42.55 49.44 60.58 59. 53.57 58.67 63.95

18. 48.59 54.56 ' 65.69 39.- 38.78 51.56 67.14 60. 44.00 58.13 68.78

19. 44.84 54.75 65.37 40. 48.32 53.62 60.18 61. 55.87 58.23 65.74

20. 45.99 56.22 60.26 41. 39.65 45.19 60.33 62. 47.82 55.35 66.06

21. ,46.94 55.37 68.66 42. 39.88 44.88 65.13 63. 43.85 55.27 64.15

CD (AB) = 1,05



Table 11. Cont'd, (e) 100 KERNEL HEIGHT (Cs)

Type Ai Ae As
No.

1. 21.50

2. 24.43

3. 21.73

4. 30.60

5. 26.17

6. 32.27

7. 30.13

8. 26.50

9. 32.70

10. 26.29

11. 27.20

12. 26.30

13. 36.21

14. 31.20

15. 25.20

16. 26.97

17. 25.57

16. 29.67

19. 31.40

20. 21.37

21. 28.17

26.30

25.80

29.03

31.27

26.23

42.42

32.10

33.20

32.35

30.02

29.41

27.15

39^20

36.50

35.00

35.23

35.28

31.16

38.59

24.60

34.13

CD (AB) = 0.94

23.00

32.47

27.73

33.58

34.13

47.30

32.03

37.63

33.00

30.20

•I
29.43

29.43

39.00

38.26

36.15

39.17

40.07

37.30

39.48

36.77

35.37

Type
No.

22.

23.

24.

25.

26.

27.

26.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

A,

21.17

29.53

26.42

26.41

29.35

31.10

36.75

32.70

27.73

20.50

29.51

26.10

20.00

36.50

29.30

18.53

25.36

28.18

27.83

20.71

23.37

26.34

47.07

25.40

31.57

30.01

34.40

38.53

37.33

33.13

34.03

30.19

28.20

30.10

39.47

33.33

25.60

27.32

33.10

28.13

22.60

28.37

41.97

47.45

34.63

37.13

30.10

36.50

42.70

45.35

39.45

41.25

33.00

30.30

32.58

43.62

38.93

30.31

27.57

34.17

32.37

27.37

36.95

Type Ai
No.

43. 27.05

44. 39.43

45. 23.43

46. 20.12

47. 25.20

48. 31.63

49. 31.03

50. 26.10

51. 20.15

52. 28.50

53. 24.60

54. 36.07

55. 29.13

56. 31.25

57. 29.90

58. 24.43

59. 23.47

60. 25.17

61. 29.03

62. 24.30

63. 22.10

91

As As

23.40

49.63

38.23

24.80

28.63

31.67

32.70

34.57

28.09

31.70

30.70

44.70

30.01

32.25

32.08

27.47

30.10

29.25

32.27

39.42

27.31

38.10

29.47

39.32

34.60

33.12

35.38

37.57

34.80

34.27

32.80

43.10

#

48.37

32.10

33.48

38.48

32.13

32.10

34.10

35.13

36.07

32.13
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Type
No.

Ai Ag A3

9r-

Table 11. Cont'd, (f) OIL CKiTENT (C^)

Type
No.

Ai Ae Atj Type Ai A« As
No.

1. 47.17 47.83 47.97 22. 43.30 46.00 46.88 43. 44.75 46.27 47.33

n

C» 45.17 4&.17 48.33 23. 45.13 46.03 47.40 44. 44.85 46.12 47.27

3. 45.52 46.42 47.67 24. 44.35 46.13 47.03 45. 44.38 46.08 47.08

4. 47.25 47.B3 48.02 25. 44.72 46.10 46.95 46. 47.17 48.17 48.67

45.28 46.17 47.33 26. 45.60 46.23 46.47 47. 45.17 46.23 47.85

45.20 46.30 47.08 27. 45.38. 46.03 4B.20 48. 45.07 46.07 47.35

i •(
!

45.20 46.03 47.90 . 28. 45.08 46.12 48.17 49. 45.19 46.30 47.33

45.13 46.47 48.15 29. 45.25 46.37 48.28 50. 45.05 46.42 48.42

J
tr

? 9- 45.77 46.80 48.35 30. 45.22 46.12 4fl.17 51. 46.36 48.33 49.33

• 1'
• 10. 45.17 46.20 43.23 31. 43.57 45.12 47.38 52. 48.33 49.17 48.67

11. 45.28 46.22 47.77 32. 45.17 46.30 47.95 53. 45.20 46,13 47.82

\ 12. 48.93 49.02 48.98 33. 45. t? 46.15 48.00 54. 46.4^ 47.07 48,27

\ 13. 49.18 49.35 49.27 34. 45.25 46,05 47.98 55. 48.13 48,03 48,50

) 14. 44.72 45.76 47.43 35 45.07 46.17 48.03 56. 48.19 48.17 48.17

44.35 46.20 47.17 36 44.88 46.27 48.07 57. 45.40 46.12 47.12

\ 16.
j

• 17.

44.10 46.12 47.42 37 42.62 45.07 47.18 58. 44.52 46.03 47.32

44.38 45.90 47.38 38 45.15 46.33 47.83 59. 45.25 46.18 47,27

18. 45.58 46.33 47.23 39 45.52 46.28 47.20 60. 44.55 45.13 47.37

45.03 46.08 47.53 40 45.35 46.18 47.22 61. 45.12 46.20 47,53

43.80 46.02 47.07 41 45.95 46.23 47.32
r

62. 45.07 46.^ 47.33

'j 21. 44.22 46.33 47.00 42 44.78 46.05 47.29r 63. 43.78 45.38 47.47

/
} -- .... 'ir ""v""

* a

CD (AB) = 0.51
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There were 17, 16 and 30 types in the three groups

respectively. No type had the maximum score of 18. But the

lowest score of six was obtained by the type No.28 included

in the medium firoup. The type Nos, 1 and 4 in the extra-

early group secured the highest score of 14, followed by

type Nos. 12, 13 and 55 with a score of 13 and type No. 56

with 12.

4.1.3.

groups

Mean performance of types in the three maturity

The mean values for the different traits in the

extra early group are presented in table 12 . The number of

immature pods per plant ranged from 4.14 (type No. 42) to

10.80 (type No. 11). The number of mature pods per plant

varied from 11.02 (type No.22) to 23.07 (type No. 1).

Haulms yield per plant ranged'from 26.90 (type No. 7) to

54.01 fi. (type No.5). Mean pod yield per plant ranged

from 6.96 to 12.30 g. The highest value was obtained by

the type No. 13 and the lowest by type No.l. 100 pod weight

ranged from 32.96 (type No.l) to 72.51 g. (type No.55). The

range of shelling percentage was from 33.45 (type No.22) to

59.89 (type No. 4). 100 kernel weight varied from 20.12

(type No.46) to 36.21 g. (type No. 13). The range of oil

content was from 43.30 (type No. 22) to 49.18 per cent
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Table 12. MEAN VALUES FOR THE DIFFERENT TRAITS IN THE EXTRA EARLV GROUP

3L. Type Nufliber of Ralio of Haukis Pods 100 pod Shelling 100 Oil

No. No. indiiature pods No. of mature yield/ yield/ weitght percentage kernel content

/ plant tu iMiature plant plant (g) (3) weight (X)

pods/plarit (gj (g)

1. 01 5.50 23.07 34.26 6.69 32.96 55.37 21.50 47.17

2. 04 4.20 14.89 39.25 . 10.81 64.46 59.fi? 30.60 47.25

3. 05 7.39 16.37 54.01 S.38
Eo nn

DjtCrO 55.28 26.17 45.28

4. 07, 7.30 11.15 ' 39.25 7.00 46.92 58.35 30.13 45.20

5. 10 7.63 13.83 38.71 11.27 56.74 44.29 26.29 45.17

6. 11 10.80 •19.oa 38.59 9.77 58.47 41.56 27.20 45.28

7. 12 4.60 16.11 43.51 10.30 54.89 58.63 26.30 48.93

8. 13 5.27 13.GO 32.52 12.30 56.05 55.43 36.21 49.18

9. 22 5.48 11.02 30.84 9.10 59.0 i 33.45 21.17 43.30

10. 23 6.53 15.41 49.80 7.82 45.48 55.63 29^53 45.13

11. 24 8.63 12.83 41.96 S.97 49.39 48.93 26.42 44.35

12. 30 7.91 13.97 52.35 9.40 47.83 42.48 27.73 45.22

13. 42 4,14 12.43 34.47 9.34 56.44 39.85 23.37 44.78

14. 46 ^75 15.92 46.54 11.17 53.72 52.62 20.12 47.17

15. 50 5.11 12.77 36,50 9.82 54.18 58.24 26.10 45.05

16. 55 8,33 12.58 34.40 9.46 72.51 51.77 29.13 48.13

17. 56 5.29 14.72 43.53 8.47 52.98 59.92 31.25 48.19
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(type No. 13) .

In table 13, the mean values for. the different

traits included in the early group are presented. The

number of immature pods per plant ranged from 6.20 Ctype No.

15) to 14.07 (type No. 52). The range of number of mature

pods per plant was from 9.48 (type No. 31) to 21.27 (type

No.52). Haulms yield per plant varied from 38.82 (type

No.21) to 86.58 g. (type No.2). Pod yield per plant ranged

from 9.40 (type No. 39) to 16.07 g. (type No. 52). The

range of 100 pod weight was form 62.42 (type No. 44) to

85.76 g. (type No.31). Shelling percentage varied from

47.97 (type No.3) to 61.47 per cent (type No. 52). 100

kernel weight ranged from 25.80 (type No. 2) to 49.63 g.

(type No.44). The range of oil content was from 45.12

(type No. 31) to 49.17 percent (type No. 52).

The mean values of the 30 types included in the

medium group are presented in table 14. The range of number

of immature pods per plant was from 2.47 (type No, 27) to

17.93 (type No. 60). The number of mature pods per plant

varied from 10.77 (type No. 33) to 24.83 (type No. 41).

Haulms yield per plant ranged from 48.13 (type No. 47) to

122.00 g. (type No. 34). Pod yield per plant varied tcom
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Table 14. Vm VALUES FOR THE DIFFERENT TRAITS IN THE MEDIUM GROUP

SI. Type No.of No.of Hauldis Pod 100 pod Shellin'j 100 Oil

No. No. iMiature Hiavure yield- yield/ weighl percentage kernel conten'

pods/plant pods/planl plant plantig) (g) weight a)

(gj tg)

1. 06 4.27 21.20 52.05 14.52 63.22 68.52 47.30 47108

2. 09 3.67 16.97 79.40 13.14 97.42 02.46 33.00 48.35

3. 14 - 6.90 U.57 63.76 12.24 106.71 68.97 38.26 47.43

4. 16 8.90 4.70 48.54 15.35 112.59 66.22 39.17 47.42

5. 17 7.60 19.67 73.38, 15.89 81.46 57.86 40.07 47.36

6. 19 4.83 17.67 66.72 16.16 94.06 65.3/ 39.48 47.53

7. 20 11.40 19.00 53.44 15.09 87.48 60.26 36.77 47.07

8. 25 6.40 20.70 61.50 14.02 68.44 68.10 37.13 46.95

9. 26 3.7/ I'j.o; •L'/.t,! ij.Vk; VI. 40 • V-'.i)'/ :;o. K) •16.-I'

10. 27 2.47 11.50 66.12 15.97 107.33 61.73 36.50 48.05

11. 28 3.57 15.07 66.50 16.99 105.32 60.21 42.70 48.20

12. 33 14.53 10.77 101.05 • 12.89 94.65 59.51 30.30 48.00

13. 34 7.39 16.97 122.00 13.58 84.22 65.31 32.58 47.98

14. 35 9.20 12.80 75.02 14.36 115.99 71.04 43.62 48.03

15. 37 13.23 12.60 78.54 12.54 102.67 58.01 30.31 47.18

16. 40 6.23 19.03 63.61 14.19 77.36 60.18 32.37 47.22
17. 41 15.57 24.83 89.49 15.31 62.69 60.33 27.37 47.32

18. 43 6.47 15.00 60.49 14.45 100.60 65.31 38,10 47.33

19. 45 4.17 13.73 60.49 15.52 118.28 67.13 39.32 47.08

20. 47 4.7 17.90 48.13 12.93 76.56 61.19 33.12 47.85
21. 49 5.47 15.57 66.37 14.96 97.43 69.10 37.57 47.33
22. 51 ' 4.83 22.67 64.39 17.15 101.62 75.45 34.27 49.33
23. 53 7.20 17.73 77.09 15.44 106.54 80.16 43.10 47.82
24. 54 5.63 18.43 65.30 14.08 107.00 80.93 48.37 48.27

25 58 4.20 17.99 73.39 14.07 89.26 61.71 32.13 47.32
26. ,59 6.57 14.97 48.80 15.96 94.34 63.95 32.10 47.27
27. 60 17.93 24.47 110.60 15,90 83.08 68.78 34.10 47.37
28. 61 13.60 22.20 86.68 15.36 90.95 65.74 35.13 47.53
29. 62 8.23 15.93 87.59 15.66 94.54 66.06 36.07 47.33
30. 63 15.83 22.53 67.06 15,50 75.11 64.15 32.13 47.47
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12.24 (type No. 14) to 17.15 fi. (type No. 51). The range

of 100 pod weight was from 62.69 (type No. 41) to 118.28

g. (type No.45). Shelling percentage ranged from 57.86

(type No 17) to 80.93 per cent (type No. 54). 100 kernel

weight varied from 27.37 (type No 41) to 48.37 g. (type No.

54). Oil content ranged from 46.47 (type No. 20) to 49.33

per cent (type No. 51).

4.1.4. Correlations

Phenotypic and genotypic correlations were

estimated between nine characters including pod and oil

yields in the three maturity groups separately.

4.1.4.1. Extra early group

The phenotypic and genotypic correlation

coefficients are presented in table 15. At the phenotypic

level, pod yield per plant showed highly significant and

positive correlation with oil yield per plant. Uith 100

pod weight and oil content, its association was significant

and positive. Number of mature pods per plant showed

highly significant but negative relationship with 100 pod

weight. 100 pod weight recorded positive and significant
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Table 15. PHENOnPIC AM) GENQTWIC COEFFICIENTS OF CORRELATION IN THE EXTRA E^Y GROUP,

No. of rto of hfeuififi Pa(\ 100 p.jcl .3^.elling
immature natiire yield yield i^it. %
pods per pods per pa-
plant plant plant

(X1) ix;.:)

per •

plant
(X4)

CX5) 1X6)

m

Kernel

Ult.

(X7)

Gil Oilyield
caiterit pei* plant;

CXt]) vX9)

(X3)

No. of

inmiatiire

pods per
plant

(XI)

0.21 0.15 0,04 0.01 <..05

rto of

ftiature

pods per
plant

(X2)

l-teulllfS

yield
per

plant
(X3)

Pod

yield
per

plant
(X4)

100 pod
wt,

<X5)

Shelling

(X6)

100

Kernel

wt.

<X7)

Oil

content

(X8)

0.08 0.13 -0.11 --0.51— 0.17 -0.23

0.:?1- O.AV -0.07 -0.^1 0.11 -O.On

-0.10 -0.30- 0.10 0.33- -0.09 0.17

0.14 -0.60'*- -0.37— 0,54— -0.10 0,27-

•^.33- 0.22 0.13 -0.11 • -0.11 0.'

-0.13 -O.'SO" -0.06 0.;>1 O.m/)"**

-0.30- 0.30- -0.0-1 O. '̂tO— 0.15 0.62— 0.4!

Oil yield
per plant 0,36— -0.02 0.12
(X9)

0.64— 0.30- 0.68— 0.51'

0.2m

-0.0-[

0.25J'

0.13

0.6V

o.-tl*"

0.83—

* - Significant at ^/. level
** - Significant at 1% level

Upper triangle - Phenotypic coefficient of correlation
LcMsr triangle - Genotypic coefficient of correlation

-0.17

o.o-'i

0.01

0.21

0.60*

O.MM—
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association with 100 kernel weight. Shelling percentage

^ showed highly significant and positive association with 100

kernel weight, oil content and oil yield per plant. 100

kernel weight showed highly significant and positive

relationship with oil content and oil yield per plant. Oil

content recorded highly significant and positive association

with oil yield per plant.

At the genotypic level, pod yield per plant

recorded highly significant and positive relationship with

^ oil content and oil yield per plant. Uith 100 pod weight

the association was significant and positive but the

relationship with number of mature pods per plant was

significant and negative. Number of immature pods per

plant also recorded highly significant negative association

with oil yield per plant. Uith shelling percentage and oil

content also the relationship was significant and negative.

But with haulms yield per plant, the relationship was

and positive. Number of mature pods per plant

showed positive and highly significant relationship with

haulms yield per plant and with oil content the association

was significant and positive. But with 100 kernel weight,

the relationship was significant and negative. Haulms

yield per plant recorded highly significant ahd negative

association with 100 pod weight. 100 pod weight showed
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sifinificant and positive relationship with 100 kernel

weight. Shelline percentage recorded highly significant and

positive association with 100 kernel weight, oil content

and oil yield per plant. 100 kernel weight showed

significant positive association with oil yield per plant.

The relationship of oil content with oil yield per plant

was highly significant and positive.

4.1.4.2. Early £roup

At the phenotypic level (Table 16) pod yield per

plant recorded highly significant and positive association

with oil yield per plant. Uith oil content^ the

relationship was positive and significant. Number of mature

pods per plant showed highly significant and positive

correlation with oil content. Haulms yield per plant

recorded significant, but negative relationship with

shelling percentage. Shelling percentage showed significant

and positive relationship with oil content and oil yield

per plant. Oil content recorded significant and positive

correlation with oil yield per plant.

At the genotypic level . pod yield per plant

showed highly significant and positive association with
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Table 16. PHENDTYPIC AM) GENDTYPIC COEFFICIENTS OF CORRELATION IN 7>£ E^Y GROUP

No. of

iftfiiatiire

pods per-
plant

(X1)

No of

ftafcijre

pods per
plant

(X2)

HaulnE

yield
pa-

plant
(X3)

Pod

yield
per

pltyit
(X4)

100 pod
wt.

(X5)

Shelling
%•

(X6)

100

Kernel

u^t.

(X7>

Oil

content

(Xe)

Oil yield
per pltint
(X9)

f*). or I'od 100 ptid 1 iit<i Hi 1 I'll I yun.l
inviatiir-e nK».t'ire yield yield wt. 7l Kernel cmtfcH'it pel' pltuit
pods per p'aJs per pa" per CX5) (X6) wt. (X8) (X?)
plant plarit plcOlt plant VA/ /

(XI) (X2) (X3) (X4)

« • « 0.02 • 0.01 0.18 -0.12 -0.12 -0.18 0.26 O.lA

... -0.07 0.23 -0.37 -0.05 0.06 0A9^

0.1? 0,3-1" 0.15 0,10 -0.29^ -0.15 -0.0?. o.ai

1,09**- 0.77— 0.13 -0,06 -0.05 O.mO" O.B?^

-0.1m -o.ai o.^x:}

-0.27 -0.12 -O.AO— -0.12 0.26 0.37- 0.38-

-0.34- 0.05 -0.21 -0.0? 0.26 . ... -0.11 0.03

0.4r 0.74- 0.06 0.40— -0.11 0,64*

0.76— 0.41— 0.34- 0.78— 0.51- 0.04 0.82—

* •- Sigiificant at 5?; level
** - Significant at IX ie-s^l
— - Not ^tinable

L^per triangle Phenotypic coeffii-ient of correlation
Lower triangle - Ctenotypic coet'f icieiit aK correicition
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number of immature pods per plant, number of mature pods per

plant, haulms yield per plant and oil yield per plant. Uith

oil ijoiiteiiL Llie fiijrfoi:ia,Lioii watj poiiiLive and aitiuilicaiiL.

Number of immature pods per plant recorded ' highly

significant and positive relationship with oil content and

oil yield per plant but it showed significant an'd negative

association with 100 kernel weight. Number of mature pods

rer plant recorded highly significant and positive

association with oil content and oil yield per plant, and

with haulms yield per plant the relationship was significant

and positive. Haulms yield per plant showed significant and

positive relationship with oil yield per plant but recorded

highly significant and negative association with shelling

percentage. Shelling percentage in turn recorded highly

significant and positive correlation with oil content and

oil yield per plant. Oil content showed highly significant

and positive relationship with oil yield per plant.

4.1.4.3 Iledium Group

The correlation coefficients furnished in table 17

indicate that at the phenotypic level, pod yield per plant

showed highly significant and positive association with

number of mature pods per plant and oil yield per plant.

Number of immature pods per plant recorded highly
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No. of

inmiat'jre

pods pet-
plant

(X-1)

l>to of

mature

pods per
plajit

(X2)

HaulnK>

yield
per

plant
(X3)

Pod

yield
per

plant
(X4)

100 pod
wt.

CX5)

Shelling
y

(X6)

100

Kernel

wt.

(X7)

Oil

content

(X8)

Oil yield
per plant
(X9)

lable 17. pfBoTYPTc Pit GENOTYPIC COEFFICIENTS OF CORRELATION IN T>€ PEDIUI GROU»
. . 104

No. o? to of J-feyjlriis Pod

iifttijt-s yield yield
pods per pods per per per
plarit plant ptlarit plant

(X1) (X2) 1X3) (X4)

100 pod STielling 100
wt. y. kernel

(X5) (X6; wt,

(X7)

Oil Oil yield
cuciterit pa- plant

<X8) (X9)

0.16 0.37— 0,01 -0,10 -0.06 -0.26— -ij.U -0.02

-0.02 0.46— -0.60— 0.13 -0.10 0.02 0.45

0.62— 0,3 0,03 -<).07- -0,04 -0,24" 0.11 0.03

0.10 0.18 0.21- -0.01 0.10 0.01 0.33 O.W*

.22- -0.87— -0.16 -0.12 0.24- 0.26 0.23- 0.10

-0.10 0,30— -0,04 ' 0.21- 0.42— 0,60— 0.35— 0.52—

-0.^1— -0.17 -0.37— 0.01 0,44— 0.60— ... 0.16 0.24*

-0.15 -O.On 0.22— 0.06 0.m6— O.-fi;— 0.\8 0.2m-

0.O1 0.30— 0.13 0,80- 0.23- 0.79- 0,37- 0.^?-

* - Sigiificant at SK level
** - Significant at 1% level

Upper triangle - Phenotypic coefficient o-P correlation
Loi^ triangle - tenotypic coefficient of correlation
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Significant and positive relationship with haulms yield per

plant but recorded significant negative association with

100 kernel weight. Number of mature pods per plant showed

highly significant positive relationship with oil yield per

plant but with 100 pod weight the relationship was

negative and highly significant. Haulms yield per plant

recorded signifcant and negative association with 100 kernel

weight. The relationship of 100 pod weight with traits such

as shelling percentage, 100 kernel weight and oil content

were significant and positive. Shelling percentage recorded

highly significant and positive correlation with 100 kernel

weight, oil content and oil yield per plant.

At the genotypic level, pod yield per plant showed

highly significant and positive correlation with oil yield

per plant and with traits such as haulms yield per plant and

shelling percentage the relationship was significant and

positive. Number of immature pods per plant recorded

highly significant and positive relationship with haulms

yield per plant and significant and positive association

with number of mature pods per plant. On the contrary., its

relationship with 100 kernel weight was highly significant

and negative and with 100 pod weight it was significant and

negative. Number of mature pods per plant recorded highly
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significant positive relationship with haulms yield per

plant, shelling percentage and oil yield per plant but with

100 pod weight, the trait showed highly signifcant and

negative relationship. Haulms yield per plant recorded

significant and negative association with oil content but

with 100 kernel weight, the relationship was highly

significant and negative. 100 pod weight showed highly

significant and positive correlation ' with shelling

percentage, 100 kernel weight, oil content and oil yield per

plant. Shelling percentage recorded highly significant

^ relationship with 100 kernel weight, oil content and oil

yield per plant. 100 kernel weight registered highly

significant and positive association with oil yield per

plant.

4.1.5. Direct and indirect effects

The direct and indirect effects of component

characters on pod yield in the three maturity groups are

presented in tables 18 to 20 and in figures 3 to 5. In the

extra early group, among the six different components of pod

yield, 100 pod weight showed the highest direct effect. Its

indirect effects via. number of immature pods per plant and

100 kernel weight were low but positive. Its indirect

effects via. number of mature pods per plant, haulms yield
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Table 18, DIRECT AND INDIRECT EFFECTS OF THE COMPONENT CHARACTERS ON

POD YIELD PER PLANT IN THE EXTRA EARLY GROUP

Components Direct
Effects

No. of

immature

pods per
plant

(XI)

No of

mature

pods per
plant

(X2)

Haulms

yield

per

plant

(X3)

100 pod
wt.

(X5)

Shelllne
%

CX6)

100

Kernel

wt.

(X7)

-0.47

No. of

immature

pods per

plant

(XI)

0.12 0.01

0.51 0.16

0.78 0,11

-0.35 0.12

0.15 -0.02

Indirect effects

via.

No of

mature

pods per
plant
(X2)

Haulms

yield

per

plant

(X3)

100 pod Shelling 100
ut. h Kernel

(X5) (X6) wt.
(X7)

-0.04 -0.14 -0.06 0.16 0.06

0.05 -0.07 0.03 -0.03

0.21 -0.19 0.07 -0.03

-0.47 -0.28 -0.08 0.23

-0.08 -0.04 0.04 -0.16

-0.05 -0.01 0.04 0.07

Residual = 0.68
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Table 19. DIRECT AND INDIRECT EFFECTS OF THE COMPONENT CHARACTERS

ON POD YIELD PER PLANT IN THE EARLY GROUP

Components Direct
Effects

No. of

imioature
pods per
plant

(XI)

No of

mature

pods per
plant

(X2)
\

Haulms

yield

per

plant
(X3)

Shelling

W)

100

Kernel

wt.

(X7)

0.30

No. of

immature

pods per

plant
(XI) •

0.52 -0.08

0-60 0.12

0-45 -0.12

0.33 -O.n

Indirect effects
via.

No of

mature"

pods pe

plant

(X2)

-0.20

0.19

Haulms Shelling 100
yield Kernel
per (X6) ut.

plant (X7)
(X3)

0.25 -0.35' -0.44

0.17 -0.06 0.03

-0.24 -0.12

-0.05 -0.18
0.12

0.02 •0.07 0.09

Residual = 0.78
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Table 20. DIRECT AND INDIRECT EFFECTS OF THE COMPONENT CHARACTERS

ON POD YIELD PER PLANT IN THE MEDIUM GROUP

Components Direct

Effects

No. of

immature

pods per
plant

(XI)

No of

mature

pods per
plant

(X2)

Haulms

yield

per

plant
(X3)

100 pod
wt.

(X5)

Shelling

(X6)

100

Kernel

wt.

(X7)

0.01

0.58

0.08

0.45

-0.14

0.03

No. of

immature

pods per
plant

(Xl)

0.15

0.05

-0.10

0.01

-0.01

Indirect effects

via.

No of

mature

pods per
plant
(X2)

-0.01

0.03

Haulms

yield

per

plant
(X3)

-0.01

100 pod Shelling 100
vt. *; Kernel

CX5) (X6) wt.
(X7)

0.01 0.01 0.01

0.20 -0.50 0.15 -0.10

-0.01 -0.01 -0.03

-0.39 -0.07 0.19 0.20

-0.04 0.01 -0.06 -0.09

-0.01 -0.01 0.01 0.02

Residual = 0.98
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-0.47

0, il

-0.60

-.0.37

0.78

-0.il

0.^9

0.14

-0.33

0.22

0.13

•V

-0.01&

-0.30

• V - Pod yield /plant

y^- No.of iMMature pods/plant
-0.13 X," No,of nature pods/plant

Haultts yield/plant

189 pod Ht.

Xg- Slieiling x
X^- 196 Keraal wt.

R - Residual

F i g-Lire 3 , Path diagran showing the diwct effects and inter - relationships
of conponent characters on pod gield in the extra-early group.



9.30

0.52
0.19 4-

-0.40

-O.Sl-#-"

-0.2:

-0.12

0.05

V - Pod yield /plant

X^- No.of iMMature pods/plant

X^- No.of nature pods/plant
-0.34 X^- DaulHs yield/plant

Xg- Shelling '/.

X^- 188 Xemal Ht.
K - Residua!

F i gure 4. Path diasrrai* showing the direct effects and inter - relationships
of component characters on pod yield in the early group.



8.01

. 0£.

-8.U

F i g are

0.22

-3.8;

-0.10

0.30

-0.34 -0.17

-0.3:

-0.31

Y - Pod yield /plant

Xj- No.of iHMture pods/plant

Ko.of nature pods/plant

Xg- Haulns yield/plant

Slielling '/,

y^- 189 Kemal ut.

R - Residual

5 , Path diagram slkowing the direct effects and inter - relationships
of coMponent cl^^ters oo »od uiqIJ •«»
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per plant and shelling percentage were negative. Number

of mature pods per plant, haulms yield per plant and 100

kernel weight showed positive direct effects on pod yield

while number of immature pods per plant and shelling

percentage recorded negative effects.

In the early group, maximum positive direct

effect on pod yield was showed by haulms yield per plant.

Its indirect effects via. number of immature and mature

pods per plant were positive while via. shellihg percentage

and 100 kernel weight were negative. Characters such as

number of immature pods per plant, number of mature pods

per plant, shelling percentage and 100 kernel weight showed

positive direct effects on pod yield.

In the medium group, maximum positive direct

effect was recorded by number of mature pods per plant on

pod yield. Its indirect effects via, number of immature

pods per plant, haulms yield per plant and shelling

percentage were positive whereas, via. 100 pod weight and

100 kernel weight were negative. Haulms yield per plant,

100 pod weight and 100 kernel weight recorded positive

direct effects on pod yield while traits such as number of

immature pods per plant and shelling percentage showed

negative effects.
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The direct and indirect effects of component

characters on oil yield in the three maturity groups are

presented in Tables 21 to 23 and in figures 6 to 8. In the

extra early group, the maximum positive direct effect on oil

yield was recorded by shelling percentage. Its indirect

via. number of immature pods per plant, number of

mature pods per plant, haulms yield per plant, 100 kernel

weight and oil content were positive but via. pod yield per

plant and 100 pod weight were negative. The direct effect

of pod yield per plant was close to the effect of shellinfi

percentage. Its indirect effects via. haulms yeild per

plant, 100 pod weight, 100 kernel weight and oil content

were positive while via., number of immature pods per plant,

number of mature pods per plant and shelling percentage

were negative. Number of immature pods per plant, number

of mature pods per plant .and 100 kernel weight showed

negative direct effects on oil yield per plant while, haulms

yield per plant and 100 pod weight showed positive direct

ef f ects.

In the early group, the maximum positive direct

effect on oil yield was recorded by pod yield per plant.

Its indirect effects via. number of immature pods per

plant, number of mature pods per plant, haulms' yield per
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Table 21. DIRECT M) DCIRECT EFFECTS OF TIE COtlPOrCNT OWiCTEKS ON OIL YIELD PER PLiWT

IN T>E EXTRA EM.Y GROUP

Conpo- Direct
nents

No. of

in«iature

pods per -0.05
pl«r)t

(X1)

No of

niatijre

pods per -0.04
plant

(X2)

Haulma

yield
per

plant
(X3)

Pai

yield
per

plant
(X4)

100 pod
wt.

(X5)

Shelling

(X6)

0.03

0.61

O.Ol

0.62

100

Kernel -0.01
Uft.

(X7)

Oil content

(X8) 0.19

Indirect ePfects

Via.

No. uf \k) of Hau3,nis Pod
iriniiatijj'e ivitttiirs yield' yield
pod^ ptif poda per pa' pef
plant plsnt plajit plant

(X1) (X2> <X3) (X4)

100 pod 3^lelling 100 Oil
wt. *: Ker-nel r.ofitent;

tX6) • wt. (X£i)

(X7)

-0.0-1 -0.(>1 0.0-1 -0.01 0.02 0,(>1 0.01

-0.0-1 -0.01 0.01 -O.Ol 0.01 -0.01 0.01

O.Ol 0.01 0.01 0.01 0.01 O.Ol 0.0

-0.06 --0.19 O.O-'t 0.33 -0.07 0.13 0,25

O.Ol ^).01 -0.01 O.Ol -0.01 O.Ol 0.01

0,2-1 0.14 0.03 -0.07 -0,07 ... 0.29 0.39

0.01 O.Ol 0.01 -O.Ol -O.Ol -0,01 ... -0.01

-0.06 0.06 -O.Ol 0.08 0.03 0.1^
0.09 ....

Residiial= 0.01
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Table 22. DIRECT ItDIRECT EFFECTS OF THE COnP(*C^ C^*«ACTERS

ON OIL YIELD PER PL/WT IN T>t EPHU GKCJIP

Con'fjQ- Direct

No. of

inmatiire

pods per
plclilt

(X1)

No of

natijre

pods per
plant

<)(2)

f^ulnis

yield
per

plant
<X3)

Pod

yield
pa-

plant
(X4)

Shelling
X

(X6)

100

kernel

wt.

(X7)

0.03

0.10

-0.10

0.82

0.58

-O.t^

Oil content

(X8) 0.04

Indirect effect. i»

via.

No, ot' Nd oi' HeiiiiiiB
:iiiii'3li.ire niatiire yield
po»Ji5 pei" (jfjJs per per

plant plant plant
(X1) (X2) (X3)

Pod Shelling 10<) Oil
yield IUytic?! cc^iteni
pa (.X6> wt. (.xy?

plant (X7)
<X4)

-o.m o.oi o„o3 -0.0-1 0.01

-0.02 0.03 0,05 -0.01 0.01 0.07

-0.02 -0.03 -0,CQ 0.04 0,02 O.OI

0.90 0.39 0.63 ... --0,10 -0.07 0.46

-0,16 -0.07 ^.23 -0.07 0.15 0.23

0.02 --0.0-1 0.01 0.01 -O.Cr\ ... 0.01

0.02 0.03 -O.O-I 0,02 0.02 -0.0-1 ....

Residual = 0.02
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Table 23. DIRECT I^DIRECT EFFECTS OF Tl€ COTOCNT OWIACTERS ON OIL YIEip PER PUVff

IN 11L flDim GKUJ'

Conpo- Direct
nents effect:

-0.01

Indirect effeiitsi

via.

No. iDi- No erf' f'od

iwiiatiij^-e nfufciih-G. yield yield
pods per pcxi5 per per per
plioi'c plarit pldTit plartt

(X1J (X2) tX3) (X4)

10() pOiJ Ghelliny 100 Oil
wt. % KaTisl c.jfiterit

(X5) (X6) . wt:. CX3)

(X7)

-0.01 -0.01 -0.01 0.01 0.01 0.01 0.01

No. Q?

inifiiat'jre

pods per
pijuit

(Xl)

No of

nat»ire

pods per
plant

(X2)

-0.04 -0.01 -0.01 -0.01 0.03 -0.01 0,01 O.OI

Haiilflis

yield
per

plant
(X3)

Pod

yield
per

plant
CX4)

100 pod
ut.

\X5)

Shelling
X

(X6)

100

Kernel

wt.

(X?)

-0.01

0.61

-0.04

0.69

-0.05

Oil content

<X8) 0.09

0.01 0.0-1 0.01 -0.0-1 -0,01 -0.01 o.or

0.06 0,11 0.13 ... • -0.07 0.12 0.01 0.(X

0.0:1 0.04 0.01 0.01 -0.02 -0.02

-0.05 0,1Q -0.03 0.14 0,2? 0.41 0.

0.02 0,01 0.02 -K).01 -0.02 -0.03 ... -0,01

-0.01 . 0.01 0.02 0.ai 0.04 0.04 0.0c

ResidUrti •= 0.0-1
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-0,05

-0.84

-0.31
-0.10

0.14

-0.30

-0.50

-0.3:

-0.11
-0.11

0.29

-0.01
0.62

0.19

R

F i g ur^e 6 . Path diagram slwwing tie direct effects and

inter - relationships of coMponent characters

on Oil yield in the extra early group.

'V

-0.33
-0.13

0.22
-0.30

0.13 -0.06 -0.01

0.21 0.40

V - Oil yield /plant Xs- 188 pod ut.

5«t- No.of iwuiture pods/plant Xe- shelling X

No.of Mature pods/plant V loe kernel wt

1^3- Haulns yield/plant Xe- Oil coconut

Pod yield/plant R - Residual

-0,30

0.30



0.93

-0.10

-0.12

0.19

1.09

0.47 -0.27

-0.12

-0.40

-0.09

0.40

• y-

-0.34

0.05

-0.21
0.74

0.06

y - Oil yield /plant

Xj- No.of iMnature pods/plant
0.41 No.of nature pods/plant

X^- HaiilHS yield/plant
Pod yield/plant

Xg- Shelling it

X^- lee Kenial wt.
X^- Oil content

F i g'ur^e 7 . Path diagran showing the direct effects.^d inter - relationships of

of conponent char^ters on Oil gield in the early sroup.



V

-0.01

-0.04

0.62
0.10

-0,01 -0.22

0.18

-0,8?

-0.16

-0.04
-0.04

0.21

0,44

-0.05 0.46

F 1 g-u.r^e 8 . Path diagraM showing the direct effects and

inter - relationships of coMponent characters

on Oil yield in the nediuM group.

-0.10
-0.31

0.30
-0.17

-0.37

0.01

y - Oil yield /plant

Ho.of iNMature pods/plant

Xg- Ho.of nature pods/plant
X3- HaulMs yield/plant

X,- Pod yield/plant

r

-0.15

-0.04

0.22

0.06

190 pod wt.

Xg- Shelling X
X^- lee Xemal wt.

Xg- Oil content
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plant and oil content were positive but via. shelling

percentage and 100 kernel weight were negative. Characters

riamely, number of immature pods per plant, number of mature

pods per plant, shelling percentage and oil content recorded

positive direct effects, while haulms yield per plant and

100 kernel weight showed negative effects.

In the medium group, all characters except pod

yield per plant, shelling percentage and oil content, showed

negative direct effects on oil yield per plant. The maximum

contribution was made by shelling percentage. Its indirect

effects via. number of. mature pods per plant, pod yield per

plant, 100 pod weight, 100 kernel weight and oil content

were positive, where as via. number of immature pods per

plant and haulms yield per plant it was negative. Direct

effect of pod yield on oil yield was close to the effect

of shelling percentage as in the case of the extra early

group. Its indirect contribution via. all other traits

except 100 pod weight were positive,

4.1.6. Reaction to incidence of rust.

The reaction of the 63 types to the incidence of

rust is presented in table 24. The.mean scores ranged from

1.2 to 8.6. The lowest score was obtained by ISKN 8832.
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Table 24. REACTION OF THE 63 TYPES TO THE INCIDENCE OF RUST

Type Mean Type Hean Type Mean

No . Score No . Score No . Score

1. 2 .1 22 . 1. 2 43. 2 . 3

2. 2 . 6 23. 3 - 1 44. 2 .1

3 . 8 . 5 •24. 1 . 9 45. 1 . 4

4 . 3 . 2 25, 3 . 2 46 , 3 . 1

5. 2 . 4 26. 5.2 47, 2 . 6

6 . 1. 5 27. 8 . 3 48. 1 . 5

7. 2.3 28. 2 . 2 49. 8 . 4

8. 1.8 29. 8.6 50 . 5 . 2

9. 1.9 30. 1 . 2 51. 5 . 1

10. 1. 4 31. 1. 7 52. 8 . 6

11. 8.4 32. 2.1 53. 3 . 1

12 . 2 . 4 33. 1.8 54 . 2.3

13 . 2 . 3 34, 1. 6 55. 2 .1

14 . 8 . 3 35. 5.2 56. 4 . 1

15. 2 . 4 36, 8.4 57. 2 . 3

16. 2 . 1 37, 1. 9 58. 2 . 2

17 . 5.6 38. 2 . 2 59. 2.4

18. 1. 2 39. 3.4 60 , 1 . 5

19 . . 3 .4 40. 1 . 6 61, . 1 . 4

20 . 5 . 1 41, 1. 3 62 . 1 . 2

21 . 5 . 3 42. 5 . 1 63 • 1 . 4
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The hifihest score was obtained by ISKO 8804 and TMV 2. Out

of the 63 types, 39 of them recorded scores below 3.

4.2. Combinina ability analysis:

4.2.1. Analysis of Variance:

The mean sum of squares for the 11 characters

with the levels of significance indicated are presented in

table 25. The types studied showed significant differences

among themselves for all the traits. The variance of lines

was significant for traits such as days to first flowering,

days to maturity, haulms yield per plant, pod yield per

plant, 100 pod weight and 100 kernel weight. The testers

showed no significant variance for any of the characters

studied. The variance for line x tester was significant

for characters such as number of immature pods per plant,

number of mature pods perplant, haulms yields per plant, pod

yield per plant, 100 pod weight, shelling percentage, 100

kernel weight and oil content.

The data on mean performance, combining ability

and heterosis estimates in respect of the 11 characters

are presented below. In the estimation of standard
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Table 25. ft«OVA OF COHBINIMG ABILITY (LIKE X TESTER ANALYSIS)

tt.S.S

Days to Spread Dd<» to No. of No of Kaulis Pod 100 pod Shelling 100 Oil

Source df first of ftflturity iBaature eature yield yield «t. I ' Kernel content

flower flower pods per pods per per per vt. X

ing ing plant plant plant plant

Replications 2 0.94 0.70 0.28 0.005 2.50- 31.63 0.48 - 819.00- 77.61— 37.48- 0.65

jTc?" ".f'li.?

(Typei) 26 1.39- 5.44- 117.76- 1.83- 11.45- 471.45- 47,15- 1260.77- 117.69- 279.42** 3.59**

Parents S 2.58" 5.90- 123.46- 1.53- 10.63- 643.94- 44.03- 1347.90- 10"l.42- 256.45- 1.40-

Crosses 17 O.SO'* 0.82 87.15- 2.07- 11.63— 331.29- 49.54- 1251.23- 131.42- 303.62- 4.49-

Parents Vs
51.76- 5.97-

Crosses 1 1.7a- 80.22- 592.44- 0.16- 14.51- 1434.27- 31.42- 726.00- 14.43

Lines 5 2.15- 0.92 186.06- 2.93 11.80 944.64- 99.51- 3178.73- 1^.47 626.87- 5.04

Testers 2 0.24 0.30 59.36 3.47 19.80 58.30 5.77 81.66 76.78 21.74 0.16

Line x

Tester 10 0.24 0.87 43.26 1.36- 9.95- 79.22- 33.31- 521.39- 91.82-' 98.38- 5.07-

Error 52 0.31 0.68 0.48 0.001 0.33 43.00 0.55 19.09 7.58 1.10 0.24

* Significant at 57. level

« Significant at IX level

M

eo
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heterosis the type TG 3 was selected as the standaj ^

bacauae of its proven hifih yielding ability and prevala-^ce

^ in the recion.

4.2.1.1. Days to first flowerinfi

The mean performance of the lines, testers and

hybrids are presented in table 26. The values ranged from

•23.0 to 25.0 days for lines and from 24.67 to 25.00 days

for testers. Among hybrids, the range was from 23.67 to
'S

25.00 days. The values for lines, testers and hybrids

^ did not differ appreciably.

The combininfi ability effects of the lines,

testers and their combinations are presented in the table

27. All the lines except LI showed positive fica effects

but none of them was sisnificant. The fica effect of LI was

sianificant. but negative. The gca effects of the testers

were not significant. The sea effects of none of the cross

r combinations was significant. In several cases the values

were nefiative.

The estimates of the three types of heterosis

for the trait are presented in table 28 and figure 9.

Relative heterosis (di) for the trait ranged from -2.68 to
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Table 26. MEAN PERFORMANCE OF LINES, TESTERS AND HYBRIDS

- DAYS TO FIRST FLOUERING

Test era TG 3

CTl)
TMV 2

(T2).
JL 24

CT3)

Mean of

Test ers 24.67 25.00 25 . 00

Lines Mean of

lines

Mean of hybrids

Chico

(LI) 23 . 00 23 . 67 23.67 23 .67

ISKN 8827

(L2) 2 5.00 25.00 24.33 25. 00

Dh(E)20
CL3) 23 . 00 25.00 25.00 25.00

DhCE)32
CL4) 25.00 24.33 25 . 00 • 25.00

ICGS 35-1

CL5) 25.00 25.00 24.33 25.00

lES 883

(L6) 2 3.33 24.67 25.00 . 25,00
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Table 27. COHBINING ABILITY EFFECTS OF LINES, TESTERS AND

COMBINATIONS - DAYS TO FIRST FLOUERING

Testers TG 3 TMV 2 JL 24
CTl) (T2) CT3)

gca of

T est ers

o

0
1

1

o

o

0. 13

sea of

Lines lines sea of combinations

Chico

CLl) -0 . 98- 0 . 04 0.09 -0.13

ISKN 8827

(L2) 0.13 0 .26 -0.35 0 . 09

Dh(E) ?.0
CL3) 0 . 35 0 . 04 0 .09 -0 .13

Dh(E) 32
(LI) 0.13 -0 .41 0.31 0.09

ICGS 35-1

(L5) 0 .13 0.26 -0 .35 0 . 09

lES 883

(L6) 0 .24 -0 .19 0.20 -0.02

C. D. LINE (5i: ) =0.53

C.D. TESTER (5^) = 0.37

C.D. LINE X TESTER (5%) = 0.91

Sifinificant at 5% level
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Table 28. «TER0S1S X.- 'DAYS TO FIRST FLEERING

Testers TG 3 (T1) TMV 2 (T2) JL 24 (T3)

Lines

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Relative .

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Chico

(LI) -0.69 2.91" -4.05" -1.38" • 2.91" -4.05" -1.38" 2.91" -4.05"

ISKN SS27

.(L21 O.ti 1.34" 1.34" -2.AS" -2.68" -1,38" 0.00 0.00 1.34"

Dh(E) 20

(L3) 4.a7" 8.70" 1.34" 4.17" 8.70" 1.34" 4.17" 8.70"- 1.34"

Dh(E) 32

(14) -2.03" 1.38" -1.38"- 0.00 0.00 1.34" 0.00 0.00 1.34"

ICGS 35-1

(L5) 0.66 1.34" 1.34" -2.66" -2.68" -1.38" 0.00 0.00 1.34"

lES 883

(L6) 2.79" 5.74" 0.00 3.46" 7.16" 1.34" 3.46" 7.16" 1.34"

« Significant at IX level

C.D. di 157.) = 0.90

C.D. dii (5;;i = 0.7fi

C.D. diii (57.J = 0.78

I—
lO
ro
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Figure 9. HETEROSIS % - DAYS TO FIRST FLOWERBWG

10

B

a

A

2

0

-2

-4

-a

TO 3

CHICO ISKN 8827 Dh|E) 20 Dh(E)32 ICOS 36-1 lES 683

TMV 2

m

CHICO ISKN 6827 DH<EJ 20 Dt^EJ 32 I0Q9 36-1 IE3 883
JL 24

CHICO ISKN 8627 Dh(E) 20 Dh(E) 02 ICOS 06-1 IE0 660
EB nsn C3
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4.89 per cent. ISKM 8827 X TMV 2 (L2 x T2) and ICGS 35-1 x

THV 2 CL5 xT2) recorded the maximum negative- sighificant

heterotic value. On the other hand Dh(E) 20 x TG 3 (L3 x

Tl) registered the maximum positive significant value.

Heterobeltiosis was estimated keeping the early-

flowering parent as the better parent, as earliness is

the desired trait. The (dii) values ranged from -2.68 to

8.70 percent. The maximum negative significant values were

showed by the combinations ISKN 8827 X TFIV 2 CL2 X T2^ and

ICGS 35-1 X TMV 2 (L5 X T2) while the maximum positive

significant values by DhCE) 20 x TG 3 (L3 x Tl), Dh (E)

20 X TMV 2 (L3 x T2) and Dh(E) 20 x JL 24 CL3 x T3).

Standard heterosis ranged from -4.05 to 1.34 per

cent. The combinations namely chico x TG 3 (LI x Tl)»

chicb x TMV 2 ( LI . x T2) and chico x JL 24 (LI x T3)

recorded the maximum negative and significant heterotic

value while eleven out of the eighteen combinations

recorded the maximum positive and significant value.

4.2.1.2. Spread of fl owering

In table 29, the mean performance of lines,
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testers and their hybrids are presented. The values

ranfted from 45.00 to 48.00 days among lines, from 48.33 to

49.00 days among testers, from 48.33 to 50.33 days among

hybrids.

The combining ability effects of lines, testers

and their combinations are presented in table 30. All

the lines showed gca effects which were not significant.

The gca effects of the testers were also not significant.

None of the cross combinations showed significant sea

ef f ects.

In table 31 and figure 10, the estimates of the

three types of heterosis are presented. Heterosis over mid

parental value (di) for the character ranged from 1.03 to

7.46 per cent. Dh(E) 32 x JL 24 CL4 x T3) recorded the

maximum heterotic value for the trait while. lES 883 x JL

24 (L6 X T3) recorded the lowest value.

Heterosis over the better parent was estimated by

keeping the type with compact spread of flowering as the

better parent which is the desired trait. The (dii) values

ranged from 2.77 to 11.84 per cent. Dh(E) 20 x JL 24 (L4

X T3) recorded . the highest hetcn^otic value, while the

hybrids DhCE:) 20 x TG 3 (L3 x Tl) and Dh(E) 20 x THV 2 CL3
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Table 29. MEAN PERFORMANCE OF LINES, TESTERS AND HYBRIDS

- SPREAD OF FLOUERING

Testers TG 3 TMV 2 JL 24

CTl) CT2) CT3)

Mftan of

Testers 49 . 00 48 .33 48 . 67

Mean of

Lines Lines Mean of hybrids

Chico

CLl) 45 . 33 48.33 49 . 33 49 .67

ISKN 8827

(L2) 47 . 00 49.67 49.33 49.67

Dh(E) 20
(L3) 48 . 00 49 . 33 49 . 33 49.67

Dh(E) 32
CL4) 45 . 00 49.67 49.33 50. 33

ICGS 35-1

(L5) 47.00 50.00 49.33 49 . 00

lES 883

(L6) 47.00 49 . 67 48 .67 48.33
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Table 30. COMDIWING ABILITY EFFECTS OF LINES. TESTERS AND

COMBINATIONS - SPREAD OF FLOUERING

Testers

eca of

Testers

TG 3

T1

TMV 2

T2

0.07 -0.15

JL 24

T3

0 .07

Lines fica of

1 ines

sea of Combinations

-0.26 -0.85 0.37

Chico

CLl)

ISKN 8827

(L2)

Dh (E) 20
CL3)

DhCE) 32
(L4)

ICGS 35-1

CL5)

lES 883

(L6)

0 .19 0.04 -0.07

0.07 -0.19 0 .04

0.41 -0.19 -0.30

0.07 0.48 0.04

-0.48- 0.70 -0.07

C.D. LINES (5i) = 0.78

C.D. TESTERS (5^) = o.55

C.D. LINE X TESTER (S'O = 1-35

0 . 48

0 , 04

0.15

0 . 48

-0 . 52

-0 . 63



Table 31. ^CTER0S1S X - SPREAD OF FLOtERlNG

Testers TG 3 (T1) TffV 2 (T2) JL 24 (T3)

Relative

heterosis

* (di)

Heterob-

eltiosis
(dii)

Standard

heterosis
(diii)

Relative

heterosis
(di)

Heterol>-

eltiosis

(dii)

Standard

heterosis
(diii)

Relative

heterosis
(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Chi CO

(LI)

ISKN 8S27

(L£l

DhCE) 20

(L3)

Dh(E) 32

(L4)

ICGS 35-1

(L5I

lES 683

(U)

2.47— 6.62— -1.37

3.48- 5.68- 1.37-

1.71* 2.77'

5.68— 10.33— 1.37-

4.17— 6.38- 2.04-

3.48- 5.68- 1.37-

» Significant at 5X level

" Significant at IX level

C.D. di W = 0.90
C.D. dii (5X) = 0.78
C.D. diii (5X) = 0.78

5.34- 8.82- 0.67"" 5.68- 9.57

3.49- 4.96- 0.67"

0.67"' 2.42** 2.77- o.67"*

3.84- 5.68

2.76- 3.48-

5.71- 9.6^- 0.67" 7.46-' 11.84'

3.49- 4.96- 0.67" 2.M" 4.26^

2.11- 3.55 -0.67"

1.37-

1.37-

1.37-

2.7V

0.00"

1.03"' 2.83*' -1.37*



Figure 10. HETEROSIS % - SPREAD OF FLOWERING
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X T2) recorded the lowest value.

Heterosia over the standard parent (diii) ranged

from -1.37 to 2.71 per cent. Dh(E) 32 x JL 24 (L4 xT3)

showed the highest heterotic value while, the combinations

chico X TG3 (LI x T1 ) and lES 883 x JL 24 (L6 x T3)

recorded the lowest value.

4.2.1.3. Days to maturity

The mean performance of lines, testers and their

hybridsare presented in table 32. The mean values ranged

from 77.33 to 95.67 days among lines. Among testers, the

range was from 94.33 to 99.17 days. The range was from

81.17 to 99.00 days among the hybrids.

In table 33, the combining abi.lity effects of

lines, testers and their combinations are presented. The

lines namely chico CL1)» ISKN 8827 CL2) and Dh(E) 32 (L4)

showed significant negative gca effects while, Dh(E) 20

(L3), ICGS 35-1 CL5) and lES 883 (L6) showed significant

positive gca effects. Among the testers, THV 2(T2)

recorded significant negative gca effect while TG 3 (Tl)

recorded significant posi.tive gca effect.
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Table 32. MEAN PERFORMANCE OF LIMES, TESTERS AND HYBRIDS

- DAYS TO MATURITY

Testers TG 3

(Tl)
TMV 2

(T2)
JL 24

CT3)

Mean of

Testers 95. 17 94.33 . 99.17

'r

Lines

Mean of

Lines Mean of hybrids

Chico

(LI) ' 77.33 82.83 85 - 00 82.67

ISKN 8827

CL2) 94.83 81. 17 83.40 83 . 33

Dh(E) 2 0
CL3) 95.17 88.50 89 . 00 92 . 50

Dh(E) 32

CL4) . 95.00 93.67 82 . 50 82.83

ICGS 35-1

(L5) 92.17 99 . 00 93. 00 92.17

lES 883

(L6) 95.67 92 . 83 83 . 33 92 . 67



c
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Table 33. COMBINING ABILITY EFFECTS OF LINES, TESTERS

COMBINATIONS - DAYS TO MATURITY

T esters TG 3

CTl)
TMV 2

(T2)
JL 24

(T3J

fica of

Testers 1 .87- -1 ..76- -0.11

Linea

fica of

Lines sca of combinations

Chico

CLl) -4.30- -2 . 53- 3 .26- -0 . 73

ISKN 8827

(L2) -5.iy -3.33- 2.63- 0.81

Dh(E) 20
CL3) 2 .20- -3.37- 0.76 2.61-

Dh(E) 3 2
CL4) -1.47- 5.47- -2.07- -3.39-

ICGS 35-1

(L5) 6 . 92- 2.41- 0 . 04 -2 . 45-

lES 883

CL6) 1 .81- 1.36- -4.52- 3.16-

C.D. LINE (5^; ) • = 0. 67

C.D. TESTER = 0. 46

C.D. LINE X TESTER (5%) = 1. 14

Significant at 5% level
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Table 34, tCTEROSIS X - DAYS TO fttTURITY

Testers T6 3 (T1) T«V' 2 (T2) JL 24 (T3)

Line

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Chico

(LI) -3.9V 7.11" -12.97" -0.97'« 9.92** -10.67" -6.32" 6.91" -13.13"

IffiN 8827

(L2) -14.56" -14.40" -14.71" -11.82" -11.59" -12.37" -14.09" -12.13" -12.44"

Dh(E) 20

(L3) -7.01" -7.01" -7.01" -6.07" -5.65" -6.48" -4.SI" -2.81" -2.61"

Dh{E) 32

(L4) -1.49" -1.40" -1.58" -12.85" -12.54" -13.31" -14.66" -12.81" -12.97"

IC{E 35-1

(L5) 5.69" 7.41" 4.02" -0.27 0.90" -2.28" -3.66" 0.00 -3.15"

lES 653

(L6) -2.71" -2.46" -2.46" -12.28" -11.66" -12.44" -4.88" , -3.14" -2.63"

5« Significant at IX level

C.D di (SX) 1.15

C.D dii (51) 0.40

C.D diii (5X) 0.40

m

»—•

h-»



Figure 11. HETEROSIS % - DAYS TO MATU^?
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Out of the eifihteen cross combinations, seven

recorded sifinificant negative sea effects. Amons the

remaining eleven combinations. seven showed significant

positive sea effects.

In table 34 and figure 11. the estimates of the

three types of heterosis are presented. Relative heterosis

(di) for the trait ranged from -14.68 to 5.69. ICGS(E) 35-1

X TG 3 CL5 X Tl) showed the maximum heterotic value while

r' Dh(E) 32 X JL 24 (L4 x T3) showed the minimum valm
e.

Heterobeltiosis was estimated by considering the
\

early maturing parent as the better parent, because

earlinessis the desired trait. The (dii) values ranged from

-14.40 • to 9.92. Chico x TMV 2 (LI x T2) showed the

highest heterotic value while ISKM 8827 X TG 3 (L2 x Tl)

showed the lowest value.

Standard heterosis (diii) ranged from -14.71 to

4.02., The combination ICGS 35-1 x TG 3 (L5 x Tl) showed

the maximum heterotic value while ISKW 8827 x TG 3 CL2 x

Tl) showed the minimum value (Figure 12).



Fifiure 12. Cross combination - ISKN 8827 (L2) X TG 3 (Tl)

showing the minimum value for standard

heterosis - days to maturity
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4.2.1.4. Number of immature pods per plant.

In-'table'^iS the mean performanc^i of lines, testers

and their r-hybrids are presented. Amonfi lines, the mean

number of immature pods per plant ranged from 1.35 to 3.19,

while amonfi- testers it ranged from 2.24' to 3.50. The range

was f rom ^l.-46» to 4.15 amon£ the hybr ids. ,

^ The combininfli'ability effecta of lines, testers

and theUr combinations:,' are presented in table 36. Among
V ^ '

•) ^ '

lines, Ctiico (LI), ISKNj 8827 (L2) and Dh(E) 32 CL4) showed
f \

significant negative gca effects whi^le Dh(E) ^20 ICGS
•|

35-1 (L5) and lES 883 v, (L6) showed " significant positive

effecta. None of the testers recorded significant gca

effecta. Out of the eighteen cross combinations» .eight

combinations recorded significant negative sea effects and

fieven combinations recorded significant positive effects.
' ' * •

>

The estimates of the three types of heterosis
I .

are presented'i'in table 37 and figure 13. > Heterosis over

the mid-parental value Cd-i')- r-anged from -53 . 94 to 100.48.
/ / " •" ; . ..

ICGS 35-1 X .TG 3 (L,5 x Tl) recorded- the highest heterotic
•-

value while;,' bh(E) 32 x TMV 2 (L4 x T2) recorded the

lowest value.
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Table.35. MEAN PERFORMANCE OF LINES, TESTERS AND HYBRIDS

- NUMBER OF IMMATURE PODS PER PLANT

. > Testers TG 3

CTl)
TMV 2

(T2)
JL 24

CT3)

't,...

^ \

Mean of

'Test ers
1

2 . 64 3.50 2 . 24

Lines

1

Mean of

'Lines

: \

Mean of hybrids

Chico

(LI) . '.•--li35 2.84 2.12 1.75

ISKN 8827'N

(L2) ,2.29

\ 1

1.84 1.54 1 .71

Dh(E) 20
(L3) 2. 15 2.79 .= 2.37 3.38

Dh(E) 32
(L4) 2.84 3 . 65 1 . 46 1 . 83

ICGS 35-1

CL5). • 1 . 50 4.15- ' 3.21 2 . 73

lES 883

(L-60 3.19 2 . 40 1.70 3.61
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Table 36. COMBINIMG ABILITY EFFECTS OF LINES. TESTERS AND

COMBINATIONS - NUMBER OF IMMATURE PODS PER PLANT

Testers

fica of

Testers

TG 3

(Tl)

0 . 44

TMV 2

CT2)

-0.44

JL 24

CT3)

0 , 003

Lines

fica of

Lines sea of Combiinations

-0.27 0 .16 0 . 33 -0.49-

-0.81- -0.30* 0.28* 0 . 02

0.35- -0.50* -0.04 0.54-

Chi CO

(LI)

ISKN 8827

(L2) .

Dh-(E)-20
(L3)

Dh-(E)-32
(L4)

ICGS~35-1

(L5)

lES- .883

(L6)

-0.19- 0.90* -0,42- -0.48-

0 . 86* 0 . 35* 0.28'

6.78- -0,61 -0.43-

C.D. LINE (5^:) = 0.11

C.D. TESTER = 0.80

C.D. LINE X TESTER (5^) = 0.20

* Significant at 5^: level

-0.63*

1 . 04-
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"Table 37. t£TEROSlS X - NUMBER [F IlfiATURE POOS PER PLAKT

Testers TG 3 (T1) THV 2 (T2) JL H4 (T3)

Linss

• Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diill

Relative

heterosis

(di)

Heterob-

eltiasis

(dii)

Standard

helerosis

(diii)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Chi CO

(Lll 42.36" 110.37" 7.56— -12.58" 57.04- -19.70" -2.51" 29.63- -33.71"

S827.
(L2) -25.35" -19.65" -30.30" -46.80" -32.75" -41.677 -24.50" -23.66" -35.23"

Dh(E) 20

(L3) 16.49" ^.77" 5.6S- -16.11" 10.23- -10.23" 53.99" 57.21- 28.03"

Dh(E) ^

(141 33.21" 38.26" 36.26" -53.94" -48.59*- -44.70" -27.95" -18.30*' -30.66"

ICE 25-1

(L5i 100.4^" 176.67" 57.20- 28.40" 114.00- 21.59" 45.99" 52.00- 3.41-

IESS83

(U) . -17.67" -9.09-- -9.09" -49.16"- -46.71" -35.60" 32.97" 61.16" 36.74"

" Significant at 1'/ level

C.D di (5X1 0.06

C.D dii (52) 0.04

C.D diii (5Z) 0.04

r

C-J

CO



Flgura 13. HETEROSIS % - NUMBER OF IMMATURE PODS PER PLANT
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Heterosis over the better parent was estimated by

keepinfi the parent with least number of immature pods per

plant as the better parent. The (dii^ value ranged from

48.59 to 176.67. The highest value was recorded by the

combination ICGS 35-1 X TG 3 (L5 x Tl) and the lowest

value by Dh(E) 32 X THV 2 CL4 X T2).

Heterosis over the check type (diii) ranged from

44.70 to 57.20. The highest value was showed by ICGS

35-1 X TG 3 (L5 X Tl) and the lowest value by Dh(E) 32

X TWV 2 L4 X 12).

4.2.1.5. Number of mature poda per plant

In table 38-, the mean performance of lines,

testers and their hybrids for the trait are presented. The

mean number of mature pods per plant ranged from 11.39 to

12.75 among lines, from 8.52 to 15.71 among testers and

from 8.80 to 16.31 among liybrids. ^

The combining ability effects of lines, testers

and their combinations for the trait are presented in table

39. Among lines, Dh(E) 20 (L3), DhCE)32 (L4) and ICGS 35-1

CL5) recorded significant positive gca effects while,
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Table 38. MEAN PERFORMANCE OF LINES» TESTERS AND

HYBRIDS NUMBER OF MATURE PODS PER PLANT

Testers TG 3

CTl)
TMV 2

(T2)
JL 24

CT3)

Mean of

Test ers 11.28 15.71 8.52

Lines

Mean of

Lines Mean of hybrids

Chi CO

(LI) 11. 48 12.74 12.55 11.54

-ISKN 8827

CL2) 12.24 13. 03 8.80 11.14

DhCE) 2 0
(L3) 11.27 15.49 10.53 16 .31

DhCE) 32
(L4) 12.75 13.07 11.99 15.80.

ICGS 35-1

CL5) 11.39 12.59 15 . 23 12.86

lES 883

CL6) 12.69 12.95 10 . 84 13 .95



Table 39. COHBINIWG ABILITY EFFECTS OF LINES.

TESTERS AND COMBINATIONS - NUMBER OF MATURE PODS PER

PLANT

Testers

lines

TG 3

CTl)
TMV 2

CT2)
JL 24

CT3)

Aca of

T esters 0.46-- -1.20-- 0.74--

*
Lines

£ca of

Lines sca of Combinations

Chico

(LI) -0.58- 0 . 009 1. 47- -1.48-

ISKN 8827

(L2) -1. 87- 1.58* -0.99- -0.59

DhCE) 20
(L3) 1 .26- 0. 92 -2.38- 1. 46-

f

Dh(E) 32
(L4) 0 .76- -1.00- -0. 43 1.44-

ICGS 35-1

(L5) 0 . 70- -1.43- 2.87- -1.44-

lES 883

(L6) -0 . 28 -0 . 08 -0 . 54 0.62

C.D. LINE (5;;) . = 0.54

C.D. TESTER C51) = 0.38

C.D. LINE X TESTER (5S) = O.94

* Significant at 5% level
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chico(Ll) and ISKN 8827 (L2) recorded sifinificant negative

sea effects. Among festers, TG 3(T1) and JL 24 CTS)

recorded significant posi.tiye gca effect and TMV 2 (T2),

significant negative effect. Out of the eighteen cross

combinations, five recorded significant positive sea effects

while six recorded significant negative effects.

The three types of heterosis estimated are

furnished in table 40 and ' figure 14. Relative heterosis

(di) for the trait ranged from -37.03 to 48.57. The

combination Dh(E)32 x JL 24 (L4 x T3) recorded the

highest heterotic value, while ISKN 8827 X TMV 2 (L2 x T2)

recorded the lowest value.

Heterobeltiosis was estimated by considering the

parent with greater number of mature pods as the better

parent. The dii values for the trait ranged from -43.98 to

40.97. The hybrid Dh(E) 20 x JL 24 CL3 x T3) recorded the

maximum heterotic value while the hybrid ISKN 8827 x TIIV 2

(L2 X T2) the minimum value.

Standard heterosis (diii) for the trait ranged

from -21.99 to 44.59. The highest value was recorded by

DhCE) 20 X JL 24 (L3 x T3) and the lowest value by ISKN

8827 X TMV 2 (L2 x T2).
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Table M. HETEROSIS Z - NUMBER Of HATmE PODS PER PLANT

Testers TG 3 (T1) TrW 2 {T2] JL 24 [T3)

Relative Heterob- Standard ReUtive Heterob- Standard Relative Heterob- Standard
Lines heterosis sltiosis heterosis heterasis eltiosis heterasis heterosis eltiosis heterosis

(di) (dii) (diii) (di) (dii) (diii) (di) (dii) (diii)

Chico

(L11 11.96- 10.93- 12.94- -7.69-* -20.11—- 11.26- 15.40- 0.52 2.30-

ISKN 8827 •

(L21 10.80- 6.45- 15.51- -37.03- -43.98— -21.99- 7.32- -8.99- -1.24-

Dh(E) 20

tL3) 35.58- -33.3S- 37.32** -22.80- -32.97- 6.65- 42.76- 40.97- 44.59-

Dh(E) 32

(L4) 8.78- 2.51- 15.37- -15.74- -23.68- 6.29- 48.57- 23.42- 40.07-

ICGS 35-1

{L5J 11.07- 10.54- 11.61- 12.40- -3.06— 35.02- 29.18- 12.91- 14.01-

lES 863

(16) 8.05- 2.05- 14.80- -23.66- -31.00- 3.90- 31.54- 9.93- 23.67^

« Significant at 1Z levsl

C.D di (521 0.94

C.D dii (5X1 0.02

C.D diii (5X) 0.02



Figure 14. HETEROSIS % - NUMBER OF MATURE PODS PER PLANT
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4.2,1.6. Haulms yield per plant

In table 41, the mean performance of lines,
testers, and their hybrids for the trait are presented. The

mean values ranged from 28.52 to 71.76 g. amone lines, from

49.10 to 66.63 a. amone testers and from 21.19 to 61.60 g.
amonfi hybrids.

The combininfi ability effects of lines, testers

and their combinations are presented in table 42. ICGS

35-1 (L5) and lES 883 (16) showed positive eca effects and

chico CLl) showed sifinificant neeative sea effects amone
lines. None of the testers showed sxenificant gca effects.
Amone the cross combinations none recorded aienificant sea
ef f ects.

The three types of heterosis estimates for the
trait are presented in table 43 and figure 15. Heterosis
over mid-parental value (di) ranged from -52.41 to 29.52 per
cent. The highest heterotic value was registered by ICGS

1 XTMV 2 CL5 XT2) and the lowest value by chico x
TMV 2 CLl X T2).
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Table 41. MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - HAULMS YIELD PER PLANT

Teat era TG 3 TMV 2 JL 24

CTl) CT2) (T3)

Mean of

T esters 66. 63 60.53 49 . 10

Lines

Chico

(LI)

ISKM 8827

CL2)

Dh(E) 20
(L3)

Dh(E:) 32

CL4)

ICGS 35-1

CL5)

lES 883

CL6)

Mean of

Lines Mean of hybrids

28.52 25.79 21.19 23.56

45.22 38.36 40.94 41.73

48.49 44.00 39.87 40.72

37.71 34.82 39.27 31.02

34.59 41.83 61.60 43.53

71.76 52.70 50". 81 52 . 67
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Table 42. COMBINING ABILITY EFFECTS OF LINES,

TESTERS AND COIIBINATIONS - HAULMS YIELD PER PLANT

Testers TG 3

CTl)
TMV 2

CT2)
JL 24

CT3)

gca of

Testers -0.66 2 .04 -1 . 37

Lines
fica of

Lines 8ca of Combinations

-16.73' 2 .94 -4 .36 1.42

0-10 -1.33 -1. 44 2 .76

1 .29 3. 13 -3 .70 0.56

-5.21 0.44 2.20 -2.64

Chico

(LI)

ISKW 8827
CL2)

DhCE) 20
(L3)

DhCE) 32
(L4)

ICGS 35-1

(L5)

lES 883

(LO

8.74- -6.49 10.58 -4.08

11•SI- 1.30

c:d. line (5^) = 6.21

C.D. TESTER (5^) = 4.39

C-D. LINE X TESTER (5%) = 10.76

-3.28

Significant at 5% level

i]

1. 98



Table 43. ^CIEROSIS X - mxm YIELD PER PLfWT

testers TG3(T1) TffV 2 (T2)
JL 24 (T31

Lines

Relative Heterob- Standard Relative Heterob- Standard Relative Heterob- Standard
heterosis eltiosis heterosis heterosis eltiosis heterosis heterosis eltiosis heterosis

(di) (dii) (diii) (di) (dii) (diii) (di) (dii) (diii)

Chico

(Li) -45.79" -61.2?" -52.41" -64.99" -68.23" -39.29-" -52.02" -64.64"

ISKN S8Z7

(L2) -31.41" -42;42" -42.43" -22.57" -32.36" -38.56" -11.51- -15.01" -37.37"

DME) 20

(L3) -23.56" -33.96" -33.96" -26.86" -34.13" -40.16" -16.55" -17.07" -38.89"

Wi(E) 32

(L4) -33.26" -47.74" -47.74" -20.05" -35.12" -41.06" -28.53" -36.82" -53.44"

ICGS 35-1 .

(L5) -17.35" -37.22" -37.22" 29.52" 1.77 -7.55 4.03 -11.34* -34.67

lES 883

(L6) -23.S4" -26.56" -20.91" -23.18" -29.19** -23.74" -12.64- -26.60" -20.95"

« Significant at IX level

C.D di (5X) 10.75

C.D dii C5X! 9.33

C.D diii (5X) 11.95

a



Figure 15. HETEROSIS % - HAULMS YIELD PER PLANT

TQ 3

-60 •

-76

•26

-BO •

-76

-26 •

-60 •

i

CHICO ISKN 8827 Dh(ej 20 Clh<E)a2 1003 36-1 IE3 883

TMV 2

CHIOO I3KN 8827 On(E) 20 Dtl(E) 32 1033 06-1 IE3 883

JL 24

CHICO mu 8827 Oh(E) 20 Ot^E) 02 IC08 06-1 IE8 880

H Ab(««« SSS HAteratelbocto aiiKKnf



146

Heterobeltiosis was calculated by considering the

parent with hifiher haulms yield per plant which is the

desired trait as the better parent. Heterosis over the

better parental value Cdii) ranged from -64.99 to 1.77. The

highest heterotic value was showed by ICGS 35-1 XTMV 2 (L5
3C T2) and the lowest by chico x TMV 2 (LI x T2)

Heterosis over the standard parent (diii) ran^v^d
from 68.23 to 7.55.The highest value was recorded by ICGS
35-1 X TnV 2 (L5 xT2) and the lowest value by chico x TMV

2 (LI xT2).

4.2.1.7. Pod yield per plant

»

The mean performance of lines, testers and
their hybrids for the trait are presented in table 44. The
mean values ranged from 6.31 to 19.00 g. amona lines, from

1.5.28 to 19.41 e. among the testers and from 7.00 to 18.87

£. among hybrids.

In table 45, the combininc ability effects of

lines testers and their combinations are presented. Amona
lines, ISKW 8827 (L2) Dh(E) 20 (L3) DhCE:i 32 (L4) and lES
883(L6) recorded significant positive sea effects and chico
(LI) recorded significant negative gca effects. Araong
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Table 44. MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - POD YIELD PER PLANT (a.)

Testers TG 3 TMV 2 JL 24

(Tl) (T2) CT3)

Mean of

T esters 19.41 • 16 . 62 16 . 28

Lines

Mean of

Lines Mean of hybrids

Chico

(LI)

ISKN 8827

CL2)

Dh(E) 2 0
CL3)

DhCE) 3 2
(L4)

ICGS 35-1

(L5)

lES 883

(L6)

6.31 7 , 00

15.30 18.27

19 . 00 9 .62

16.65 17.01

16.98 13.37

14.86 18.86

9 .76 7 . 57

11.29 16.00

18. 76 17 , 08

15.19 18.87

16.95 11.02

18.31 14.13
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Table 45. COHBINING ABILITY EFFECTS OF LINES,

TESTERS AND COMBINATIONS - POD YIELD PER PLANT

Test ers TG 3

CTl)
THV 2

CT2)
JL 24

CT3)

sea of

T est ers -0.37 0.65- -0 . 28

Linea
eca of

Lines aca of Combinat ions

-6.30- -0.74 1. 00 -0.26

0.80 3.45' -4.55- 1 .09

0.76" -5.16* 2 .96* 2 . 20*

2.63- 0.36 -2 . 48 2 . 13*

Chico

(LI)

ISKN 8827

CL2)

Dh-CE)-2 0
CL3)

Dh-(E)"32
(L4)

ICGS-35-1
(L5)

lES- .883

(L6)

-0.61 -0.04 2.52" -2.48-

2.71* 2.14* 0.57

C.D. LINE (5'.) =0.71

C.D. TESTER (5%) = 0.50

C.D. LINE X TESTER (5*^) = 1.22

* Sisnificant at 5% level

-2.69-
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teeters, sifinxficant positive fica effect was recorded by

TPIV 2 (T2). Six cross combinations showed significant

positive sea effects and five showed significant negative

sea effects.

The three types of heterosis estimates for the

trait are presented in table 46 and figure 16. Relative

heterosis (di) for the character ranged from -49.91 to

16.33 per cent. The highest heterosis value for the trait

was recorded by lES 883 x TUV 2 (L6 x T2) (Figure 17)and the

lowest value by Dh(E) 20 xTG 3 (L3 x Tl).

Heterosis over the better parent was estimated by

keeping the parent with higher pod yield per plant as the

better parent. Heterobeltiosis (dii) for the character

ranged from -63.94 to 10.17 . The highest value was

recorded by IES 883 x TMV 2 (L6 x T2) (Figure 17) and the

lowest value by hybrid, chico x TG 3 (LI x Tl).

Standard heterosis (diii) ranged from' -63. 94 to

2.78 per cent. The hybrid Dh(E) 32 X JL 24 (L4 x T3)

(Figure 18) recorded the highest value while the hybrid,

chico X TG 3 (LI x Tl) recorded the lowest heterosis

value.
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Table 46. ^£TERQS1S X - POD YIELD PER PUa^T

Testers TG 3 (T11
- TMV 2 tT2) JL 24 (T3)

Relative

heterosis
(di)

Heterob-

• eltiosis

(dii)

Standard

heterosis
(diii)

Relative

heterosis
(di)

Heterob-

eltiosis
(dii)

Standard

heterosis
(diii)

Relative

heterosis
(di)

Heterafa-

eltiosis

(dii)

Standard

heterosis

(diii)

Chico

(L11

IS{N 8S27

(L2)

Dh(EJ 20

(L31

Dh(E) 32

(L4)

ICGS 35-1

(L51

IESS83

(L6)

-45.57— -63.-63.94**

5.27- 5.87- 5.87-

-49.91— -50.44— -50.44—

-5.66— -12.36— -12.36-

-26.52- • -31.11- -31.11-

10.10— -2.83— -2.83—

« Significant at 5Z level

" Sigriificant at M level

C.D. di (5X) 1.23
C.D. dii t5X) 1.05
C.D. diii (5X) 1.05

-14.87- -41.28- -49.72- -32.96- -53.50- -61.00

-29.26" -32.13- -41.83-' 1.33- -1.72- -17.57'

5.33— -1.26— -3.35— -3.35— -10.11— -12.00'

-8.69— -8.77— -21.74- 14.61- 13.33— -2,78*

0.89 -0.18 -12.67- -33.73" -35.10- -43,23-

16.33— 10.17" 5.67" -9.25— -13.21— -27.20*

r\

O



Figure 16. HETEROSIS % - POD YIELD PER PLANT
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Fieure 17. Cross combination - lES 883 (L6) XTMV 2 (T2)
showina the hiflhest values for relative heterosis

and heterobeltiosis - pod yield per plant.

1
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Figure 17.



Figure 18. Cross combination - Dh (E) 32 (L4) X jL 24 (T3)

showing the highest value for standard heterosis - pod

yield per plant



V , i X'
h '

T •
y ^ t

9

' ' '--".^.i ».,
•^> •I tw «fe ' ^ !/'• >

t '^\ 'V /* "-«'- -^

lv'r"^''

Figure 18.



i5 _̂L

4.2,1.8. 100 Pod Ueiftht.

Li, - '• ' ' - - -
o r ^ • •

T-he-^.riiGan performance of lines, testers and their

^C'-' ~ •
hybrids ar.e presented in table 47. Amonfi lines, the mean

'-Mir:'' ' '

values ranfeed'from 45.04 to 99.06 . Amonft testers, the
> ' X • .

f' , s • .

ranae was. from d6.9d'>to 11-1.^3 &.. The mean, values ranged

from 42.^0-to 104:11 &. amon£ hybrids.
-c -ai j - S-.'

- S>-. ' V - -
7 t-v' .
; in table 48, ,,the"^combininft ability effects of

•• I '
J-""' f Ju '' ' tj •

lines, testers-^arid their combinat^ions are pre^sented. Aiaonft

lines Dh(E5 -20L3) and lES 883 (L60 recorded^significant

positive^ gca effects while, chico TLl) and ICGS 35-1

recorded,I is.ifi^ficant neftiative.-fica-i jsf f ects . ^.None of the

testers showed-* ^significant 'gca feffectVv^' Seven cross
•T ' "T" i" '

:V- '' ' ' ' ' '
combinafiona registered significan;t, positive sea effects,

while four, j::^mb,inations registered--signi-f icaht negative sea

effects. 1 •

The-vthree-''types' o.f heterosis esfi-mates for the
•j

' J ' •* ':5"
trait ar e^-present,ed-^in~^t'able? •^4,9 and figure 19. Relative

• -j ^ I
j ^ ^ r:

heterosis (di) ranged'-from.'-,5'0-i»-7-6 vto-33,.,2.4 percent. The
°

hybrid, Dh(E) 20 x TIIV 2 (L3 x'"r20 - "record ed the highest

value, while chico x JL 24 (LI x T3) recorded the lowest

value.

,
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Table 47. MEAN PERFORHANCE OF LINES, TESTERS AND

HYBRIDS - 100 POD UEIGHT (fi.)

Testers TG 3

(Tl)
THV 2

CT2)
JL 24

(T3)

Ilean of

Test ers 99.19 86 . 98 111.13

Lines

Mean o£

Lines Ilean of hybrids

Chico

CLl) 45.04 42.70 55.90 38.45

ISKN 8827

(L2) 95.18 90.59 60.35 91 .85

Dh(E) 20
(L3) 69.30 86.60 104.11 89.16

Dh(E) 32
CL4) 99.06 89.90 56.43 89 . 54

ICGS 35-1

(L5) 93 . 53 69 . 08 79 . 28 68.82

lES 883

CL6) 62 .87 98.17 99 . 27 100.07
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Table 48. COMBINING ABILITY EFFECTS OF LINES,

TESTERS AND COMBINATIONS - 100 POD UEIGHT

Test era TG 3

(Tl)

TMV 2

CT2)

JL 24

(T3)

£ca of
Testers 1.16 -2.46 1 . 30

Lines

gca of
Lines sea of Combinations

Chico

(LI) -32.66* -4.14 12.68- -8.54-

ISKN 8827

(L2) 2.58 8.50- -18.12- 9.62-

Dh(E) 20
(L3) 14 . 94- -7.85- 13.28- -5.43

Dh(E) 32
(L4) 0.28 10.16" -19.74- 9.62-

ICGS 35-1

(L5) -5.96- -4 .47 9 .34- -4 . 87

lES- .883

CL6) 20.82-- -2.15 2 . 55 -0 . 40

C.D. LINE (S'u) = 4.14

C.D. TESTER (5^) = 2.93

C.D. LINE X TESTER (5^:) = 7.17

* Sifinificant at 5^ level



Table 49. hETEROSIS I - 100 POD WEIGHT

Testers TQ 3 (T1) TMV 3 (T2) JL 24 (T3)

ReUlive Heterob- Standard Relative Heterob- Standard Relative Heterob- Standard
• hetsrosis eltiosis heterosis heterosis eltiosis heterosis heterosis eltiosis heterosis

(di) (dii) (diii) (di) (dii) (diiil (di) (dii) (diii)

Chico

[LD -40.7?^ -56,95- -15.32^ -35.*73- -43.64" -50.76- -65.40- -61.24-

ISKN 8S27

(L2) -6.79 -8.67- -8.67- -33.74- -36.59- -39.16 -10.96" -17.35- -7.40-

Dh(E) 20

(1-3) 2.50 -12.70- -12.70" 33.24— 19.69" 4.96 -1.17 19.77" -10.11"

Dh(E) 32

(L4) -9.31- -9.37" -9.37- -39.34— -43.03" -43.11 -14.^* -19.43" -9.73—

ICGS 35-1 ••
(L5) -26.31" 30.36— -30.36" -12.16" -15.24" -20.07 -32.75" -38.07" -30.62"

lES 883

(L6) 21,15- -1.03 -1.03 32.49— 14.13" 0.08 15.02" -9.95" 0.89

i Significant at 5X level ^

« Significant at IX level

C.D. di (5X) 7.18

C.D. dii (5X) 6.21

C.D. diii (SX) 6.21



Figure 19 HETEROSIS % - 100 POD WEIGHT
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Heterobeltiosia (dii) was calculated by

considerina the parent with higher 100 pod weight as the

better parent. The dii values ranged from -65,40 to 19.69

percent. The highest heterotic value was showed by Dh(E)

20 X TMV 2 CL3 x T2) and the lowest value by chico x JL 24

(LI X T3).

Standard heterosis (dii) ranged from -61.24 to

4.96 per cent. The highest value was registered by the

hybrid Dh(E) 20 x TMV 2 (L3 x T2) and the' lowest value by

hico X JL 24 (LI x T3).

4.2.1.9. Shelling percentage

The mean performance of lines, testers and their

hybrids are presented in table 50. The mean values ranged

from 58.08 to 74.67 among lines. Among testers, the range

was from 65.93 to 74.59. Among hybrids, the mean values

ranged from 51.01 to 79.00.

The combining ability effects of lines, testers,

and their hybrids are presented in table 5(. chico (Ll) and

ISKW 8827 (L2) showed significant positive gca effects

while Dh(E) 20 (L3) and lES 883 (L6) showed significant

negative gca effects. Among testers THV 2 (T2) registered
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Table 50. MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - SHELLING PERCENTAGE

Testers TG 3

CTl)
TMV 2

CT2)
JL 24

CT3)

Mean of

Test ers 67 .85 65 . 93 74.59

Lines

Mean of

Lines Mean of hybrids *

Chico

CLl) 60.38 79.00 73.70 70.14

ISKN 8827

(L2) 71.57 72.74 70.26 73.12

Dh(E) 20

(L3) 58. 08 51.01 64.55 68.79

DhCE) 32
(L4) 64.54 62 . 60 75.84 73.03

ICGS 35-1

(L5) 74.67 67.37 67.22 62.19

lES 883

(L6) 65.65 61.92 67.79 61 .35
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Table 51. COMBINING ABILITY EFFECTS OF LINES,

TESTERS AND COMBINATIONS - SHELLING PERCENTAGE

Test ers TG 3

(Tl)
TMV 2

CT2)
JL 24

CT3)

gca of

Testers -2.15* 1.97- 0. 18

Lines

£ca of

Lines sea of Combinations

Chico

(Li:i 6.36- 6 . 87' -2.55 -4 . 32

,ISKN 8827

(L2) 4.11* 2.85 -3.75 0. 90

DhCE;) 20
(L3) -6.47- -8.29- 1.13 7.16-

Dh(E) 32
(L4) 2 . 57 -5.74- 3.38 2 . 36

ICGS 35-1

CL5) -2.33 3 . 93 -0 . 34 -3.59

lES 883

(L6) -4.24- 0 . 38 2.13 -2.51

C.D. LINE C5^:) = 2.61

C.D. TESTER (5^) = 1.'84

C.D. LINE X TESTER (5^) = 4.52

* Significant at 5% 1 evel
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significant and positive gca effects while TG 3 (Tl)

refiistered sifinificant and neftative gca effect. Among the

eighteen cross combinations, only two showed significant

positive sea effects and two, signficant negative sea

ef f ects .

The heterosis estimates for the trait are

presented in table 52 and figure 20. Heterosis over the

mid-parental value (di) ranged from - 18.99 to 23.22 per

cent. The highest heterotic value was registered by chico

X TG 3 (LI X Tl) while the lowest value was recorded by

Dh CE) 20 X TG3 (L3 x Tl).

Heterobeltiosis was estimated by considering the

parent with the higher shelling percentage as the better

parent. Heterosis over the, better parental value (dii)

ranged from -24.82 to 16.43 p^r cent.The hybrid chico x TG 3

3 (LI X Tl) recorded the maximum value and the minimum

value was registered by Dh(E) 20 x TG 3 (L3 x Tl).

t

Heterosis over the standard type (diii) ranged

from - 24.82 to 16.43 per cent. The hybrid chico x TG 3 (H

X Tl) registered the highest value while the lowest

heterotic effect was showed by Dh (E) 20 x TG 3 (L3 x Tl).
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Table 52. HETEROSIS X - SfS-LlNG PERCENTftGE

Testers
•

TG 3 (Tl) TMV 2 (T2) JL 24 {T3)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

hetefosis

(diii)

Relative

heterosis

(dl)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Relative

beterosis

tdi)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Chico

(LI) 23.22- 16.43- 16.43- 16.70- 11.79- 8.62- 3.93 -5.97- 3.38

ISKN S827

(12) 4.35 1.63

ro
•

• 2.20 -1.83 3.55 0.05 -1.97 7.77-

Dh{E) 20

(L3) -18.99- -24.32-

•
•

CjJ

4.10 ' -2.09 -4.86* 3.70 7.78- 1.39

Dh(E) 32

(L4) -5.43* -7.74- -7.74- 16.26- • 15.03- 11.76- 4.98" -2."09 7.63-

IC6S 35-1

(L5J -5.46* -9.78- H).71 -4.38 -9.98- -0.93 -16.67- -16.71- -8.34-

IES683

(Ih) -7.24- -8.74— -8.74- 3.04 2.82 ^).09 -12.5i- -17.75- -9.59-

♦ Significant at 5X level

'H Significant at \t level

C.D. dl (S'/l) 4.52

C.D. dii (5:i 3.9H

C.D. diii (5X) 3,92

fJl



Figure 20. HETEROSIS % - ^HELLING PERCENTAGE
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4.2.1.10. 100 Kernel weiflht

In table 53 the mean parformance of lines,

testers and their hybrids for the trait are presented. The

mean values' ranaeed (rdm 21. 96 to 46.13 B- amonc lines,

from 38.52 to 55.51 g. amone testers and from 23.00 to

51.04. 6. among hybrids.

In table 54, the combininc ability effects of

lines, testers and their combinations are presented.

Dh(E)20 (L3), DhCE) 32 (L4) and lES 883 (L6) recorded

a'ifinificant positive gca effects while chico (LI) and ISKN

8827 (L2) showed significant negative gca effects.Among

testers,TMV 2 (T2) and JL. 24 CT3) registered significant and

positive fica effects while, TG 3 (Tl) registered significant

negative effect. Among the eighteen cross combinations,

six registered significant and positive sea effects while

six others combinations recorded significant and' negative

sea effects.

The three type of heterosis estimates are

presented in table 55 and figure 21. Relative heterosis

(di) for the trait ranged from -54.56 to 33.18 percent. The_

highest heterotic value was showed by XES 883 x TMV 2 (L6 x
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Table 53, MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - 100 KERNEL WEIGHT (fl.)

Teatera TG 3

(Tl)
TMV 2

CT2)
JL 24

(T3)

Mean of

Testers 48.54 38 . 52 55. 51

Lines

Mean of

Lines Mean of hybrids

Chico

(LI) 21.96 25 .79 23 . 00 17.60

ISKN 8827

(L2) 38.77 24.30 39.38 41.73

Dh(E) 20

(L3) 38.31 47.43 45.36 41.92

Dh(E) 3 2

(L4) 46.13 39 .27 41.75 49.29

ICGS 35-1

(L5) 39.44 43. 11 38.98 33. 43

lES 883

(L6) 38 . 13 46.51 51 . 04 50.21
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Table 54. COMBINING ABILITY EFFECTS OF LINES,

TESTERS AND COHBINATIONS - 100 KERNEL UEIGHT

Lines

Chico

(LI)

14427

CL2)

DhCE) 20
CL3)

DhCE) 32
CL4)

ICGS 35-1

CL5)

lES 883

(L6)

Testers

gca of

t est era

TG 3

(Tl)

-1.16

TMV 2

CT2)
JL 24

(T3)

1.02- 0.16

gca o f

1 ines

sea of combinations

-16.77' 4.82' -0.16 -4.67-

-3.76- -9.70 3.22* 6.'46

6.00 3.68 -0.57 -3.11-

4.57* -3.00' -2 . 71* 5.72

-0.39 5 .76 -0.55 -5.21

10.36* -1.58 0 . 76 0 .82

C.D. LINE (5%) = 0.99

C.D. TESTER (5^) = 0.70

C.D. LINE X TESTER (55) = 1.72

* Significant at 5h level
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Table 55. [£TEROSIS X - 100 KERfCL UEIGHT

Testers TG 3 tTI) TMV H (T2) JL 24 (13)

Relative

heterosis
(di)

Heterob-

. eltiosis
(dii)

Standard

heterosis

(diiil

Relative

heterosis

(di)

Heterofcr

eltiosis

(dii)

Standard

heterosis

(diii)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

SUndard

. heterosis
diii)

Chico

(LU -26.84 -46.87- -46.87- -23.94- -40.29- -52.62** -54.56- -68.29- -&3.74-

ISKN 8827

(L2) -44,34- -49. W -49.394- 1.90- 1.57* -18.87- -11.48- -24.82- -14.03-

Dh(E) 20

(L3) 9.22"- -2.29- -2.29- 18.08- 17.76- -6.55- -10^64- -24.48- -13.64-

Dh{E) 32

(L4) -17.04- -19.10- -19.10— -1.36 -9.49** -13.99" -3.01- -11.21- 1.55-

IC65 35-1

{L5) -2.00- • -11.1?- -11.19- 0.00 " -1.17 -19.70 -29.58- -39.78- -31.13-

lES 883

(L6) 7.34- -4.18- -4.13- 33.18- 32.50- 5.15- 7.24- -9.55" 3.44-

* Significanl at 5X level

« Significant at IX level

C.D. di (5X1 1.73
C.D. dii (5X1 1.49
C.D. diii (5X) 1.49

C3
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T2) and the lowest value by chico x JL 24 (LI x T3).

HfiterobelLioais tor tlie tL*ait vau ostimated by

considerine the parent with hifiher 100 kernel weifiht aa the

better parent. The dii value ranged from -68.29 to 32.50

percent. The maximum heterotic value was registered by IES

883 X THV 2(L6'x T2) and the lowest value by chico x JL 24

(LI X T3).

Standard heterosis (diii) for the trait ranged

from - 63.74 to 5.15 percent. The hybrid, lES 883 x TMV

2(L6 X T2) registered the highest value while, the lowest

heterotic value was recorded by chico x JL 24 (LI x T3).

4.2.1.11. Oil content.

The mean perfomance of lines» testers and their

hybrids for the trait are presented in table 56. The mean

values among .lines ranged from 47.44 to 49.33 percent.

Among testers, the range was from 47.43 to 49.13 percent.

The range of mean among hybrids was from 45.33 to 50.77

percent.

The combining ability effects of lines, testers

and their combinations are presented in table 57. Among

lines, chico(Ll) and ICGS 35-1 (L5) recorded significant and



16.5

Table 56. MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - OIL CONTENT (%)

Testers TG 3

(Tl)
TMV 2

CT2)
JL 24

(T3)

Mean of

Testers 47 , 43 49.13 48.35

Lines

Mean of

1 ines Mean of hybrids

Chico

(LI) 47 . 44 49.59 49-51 49 .50

ISKN 8827

CL2) 48 .97 50.07 47.79 48.51

Dh(E) 2 0
(L3) 48.07 48.12 49 . 04 49 . 93

Dh(E) 3 2
(L4) 48 . 24 45 . 33 48 . 62 48. 73

ICGS 35-1

(L5) 48 .21 49.91 49 . 96 49 . 08

lES 883

(L6) 49 . 33 50.77 48 . 01 48. 23
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Table 57. COMBINING ABILITY EFFECTS OF LINES.
testers and combinations - OIL CONTENT

'Testers TG 3

(Tl)

TMV 2

CT2)

JL 24
CT3)

gca o£
Testers

o

O1

o

0
1 0 . 07

Lines

gca of
lines sea' of combinations

Chico

(LI)

14427

CL2)

DhCE) 20

(L3)

Dh(E) 32

CL4)

ICGS 35-1

CL5)

lES 883

(L6)

0.61'* 0-02 0.08 -0 .10

-0 .14 1.24* -0.89 -0.34

0.09 -0.95 0 .11 0 . 83

-1*.37-- -2.27 1.17- 1 .10'

0.72** 0.22 0.42 -0.64

0 . 08 1.73- -0.89* -0.84*

C.D. LINE (5^:) = ^

C.D. TESTER C5^) = 0.33

C.D. LINE X TESTER (5%) = 0.81

* Sifflnificant at level



1,67

positive' gca effects while Dh(E) 32 (L4) recorded

siflnificant negative ftca effect. None of the testers showed

significant fica effects. Five cross'combinations recorded

significant and positive sea effects while, five other

combinations registered significant negative sea effects.

The estimates of the three types of heterosis are

presented in table 58 and figure 22. Relative heterosia for

oil content ranged from -5.24 to 4.94 percent; The hybrid,

IES 883 X TG 3 (L6 x Tl) recorded the highest hetrotic value

while the lowest value was recorded by DhCE) 32 x TG 3 (L4 x

Tl) .

Heterobeltiosis was estimated by keeping the

parent with higher oil content as the better parent. The

(dii) values ranged from -6.03 to 4.53 per cent. The hybrid

chico x TG 3 (LI x Tl) registered the highest value while

the lowest heterotic value was recorded by Dh(E) 32 x TG 3

(L4 X Tl)

Standard heterosis ranged for the trait from -4.43

to 7.04 per cent. The hybrid IES 883 x TG 3 (L6 x Tl)

recorded the maximum heterotic value while the minimum value

was recorded by Dh(E) 32 x TG 3 (L4 x Tl).
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Table 58. ^ETEROSIS X OIL COI^T

Testers TG 3 (T1) TMV 2 (T2) JL 24 (T3)

Relative

fieterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Relative

heterosis

(di)

Heterob-

eltiosis

(dii)

Standard

heterosis

(diii)

Chico

(L1)

IBKN 88i7

(LZ)

Dh(El 20

(L3)

Dh(E) 32

(L4I

ICGS 35-1

(LSI

lES 8S3

(L6) •

4.54** 4.53^ 4,55^*

3.88— 2.25— 5.57—

0.77 0.10 • 1.45—

-5.24 ~6.03— -4.43'

4.37* 3.53- • 5.23—

4.94* 2.92— 7.04*

* Significant at 52 level

« Significant at 1Z level

G.D. di {5Z) 0.80

C.D. dii (52) 0.70

C.D. diii 15X) 0.70

2.54— 0.77* 4.39** 3.35— 2.38— 4.36**

-2.57- -2.73- 0.76* -0.31 -0.94- 2,28"

0.91* -0.18 3.39— 3.57— 3.27— S.S?**

-0.13— -1.04— 2.51— 0.90' 0.79— 2.74"

2.65— 1.69— 5.33— 1.66- 1.51- 3.48"

-2.48— -2.68— 1.22- -1.25- -2.23- 1.69**



Figure 22. HETEROSIS % - OIL CONTENT
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4.2.2. Variance Ratio and Genetic component of Variance

The •masnitudes of fica and sea variances and the

variance ratios (gca/sca) for all the 11 characters were

computed and the data are presented in table 59. The

genetic components of variances were also estimated and are

presented in table 60.

The variance ratio for days to first flowering was

0.11. Uhen inbreeding coefficient (F) was zero, dominance

genetic variance for the trait (0.09) waa greater than

additive genetic variance CO.07), when F=l, additive

component (0.03) was greater than the dominance component

(0.02).

The variance ratio for spread of flowering was
I

1.00. Dominance genetic variance (F.0=0.26; F.l" 0.07) was

greater than the additive components (F.0=0.01; F.1=0.01).

The variance ratio for dayo to maturity was

0.05. Dominance genetic component (F.O = 57.03; F.1=14.26)

was greater.than additive component (F.0=5.26; F.1=2.63).
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Table 59. MAGNITUDE OF GCA VARIANCE AND SCA VARIANCE
^

fica 3ca Ratio
SI.No. Character Variance Variance (fica variance/

sea variance)

1 . Daya to first
flowerina 0.D2 0.16 0.11

2. Spread of
flowering 0.01 0.01 1.000

3. Days to
p- maturity 1.32 29.28 0.05

4. No. of immature

pods per plant 0.02 0.82 0.03

5. No.o£ matura

pods per plant 0.05 4.41 0.01

6. Haulms yield

per plant 7.56 90.79 0.08

7. Pod yield
per plant 0.49 14.24 0.03

8. 100 pod weight 21.88 370.07 0.06

9. Shelling
percentage 1.19 39.66 0.03

10. 100 kernel

weight 6.15 92.56 0.07

11. Oil content 0.02 1.02 0.02
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Table 60. GENETIC COMPONENTS OF VARIANCE

SI.No. Character —

F.O F. 1 f!o F. 1

1. Days to first
flowering

0.07 0.03 0.09 0 . 02

2 . Spread of
flowerinfi 0.01 0.01 0.26 0.07

. 3. Days to
maturity 5.26 2.63 57 .03 14.26

4. No. of immature

pods per plant 0.09 0.04 1.79 0.45

5. No.of mature

pods per plant 0.20 0.10 12 .83 3.21

6. Haulms yield
per plant 3 0.23 15.12 48.30 12.07

7. Pod yield
per plant 1.95 0.97 43.67 10 .92

8. 100 pod weight 87.53 43. 76 669.73 167 . 43

9 . Shel1ing

percentage 4.75 2.37 112.33 28.08

10 . 100 kernel

weight 24 .62 12 . 31 129.71 32 . 43

11 . Oil content 0.07 , 0.04 6 . 44 1 .61

A ~ Additive component

D - Dominance component

F - 'Inbreeding coefficient
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Number of imiaature pods per plant showed variance

ratio equal to 0.03. Dominance genetic variance (F.0=1.79;

F.l= 0.45) was greater than additive genetic variance

(F.0=0.09; F.l= 0.04).

The variance ratio for number of mature pods per

plant was 0.01. Dominance genetic component(F.0=12.83;

F.1=3.21) was greater than the additive component (F.0=

0.20; F.1=0.10).

Haulms yield per plant recorded a variance ratio

of 0.08. Dominance component (F.O = 48.30; F.1=12.07) was

greater than the additive component (F.0=30.23; F.l= 15.12).

The variance ratio for pod yield per plant was

0.03. Dominance genetic variance (F.0=43.67; F.1=10.92)

was greater than additive genetic variance (F.0=1.95; F.l=

0.97).

100 pod weight recorded variance ratio of 0.06.

Dominance genetic component CF.0=669.73; F.1=167.43) was

greater than the additive component (F.0=87.53; F.1=43.76)

The variance ratio for shelling percentage was

0.03. Dominance component of variance CF.0=112.33;
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F.1 =28.08) was areater than the additive counterpart

A (F.0 = 4.75; F.l= 2.37).

The variance ratio for 100 kernel weifiht was 0.07.

Dominance genetic component F.0=129.71; F.1=32.43) was

greater than the additive component (F.0=24.62; F.l= 12.31).

Oil content recorded variance ratio of 0.02-

y Dominance genetic variance (F.0=6.44; F.1=1,61) was

greater than the additive component (F.0=0.07; F.1=0.04).

4.2.3. Propotional contribution of lines, testers and line

X tester to total variance.

The contribution of lines, testers and line x

tester to the total variance are presented in table 61 and

figure 23. Of the total variance for days to first

flowering, the contribution of lines was 78.85 percent, of

testers, 3.55 percent and of line x tester, 17.60 percent.

In the case of spread of flowering, of the total

variance, the contribution of lines was 33.00 percent, of

testers, 4.26 percent and of line x tester, 62.74 percent.
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Table 61. PROPORTIONAL CONTRIBUTION OF LINES,

TESTERS AND LINE X TESTER TO TOTAL VARIANCE

Lines Testers Line x Tester

SI.No. Character (percent) (percent) (percent)

1. Days to first

flowerinfi 78.86 3.55 17.60

2. Spread of • .
flowerinfi 33.00 4.26 62.74

3. Days to

maturity 62.79 8.01 29.20

4. No. of immature

pods per plant 41.60 19.75 38.65

5. No.of mature

pods per plant 29.79 20.00 50.22

6. Haulma yield
per plant 83.86 2.07 14.10

7. Pod yi eld
per plant 59.08 1.37 39.55

8. 100 pod weight 74.72 0.77 24.51

9. Shel1ing
percentage 52.03 6.87 41.10

10 . 100 kernel

weiftht 80.10 0.84 19.10

11. Oil content 33.03 0.42 66.55



Fifiure 23.
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X9 - shelling percentage

XIO - 100 kernel weight

Xll - Oil content

I



100% -

50% - I

2b% -

•r

Figure 23. PROPORTONAL CONTRIBUTION OF
LINES, TESTERS AND LINE X TESTER TO

TOTAL WJIANCE

i Li

X4 X5 X5 X7 X8 X9 XIO

nes Ee^ Testers Line x tester

m

A I 1



62.79 P

29.20 per can

175 •

Uith reaard to days to maturity, lines contributed
er cent, testers, 8.01 percent and line x tester.

t to the total variance.

Of the total variance for number of immature pods

per plant, the contribution o£ lines was 41.60 per cent, of
tester. 19.75 per cent and of Una x tester, 38.65 per

cent.

In the case of number of mature Pods per plant,

the lines contributed 29.79 percent, testers. ZO.OO percent
and line x tester 50.22 per cent to the total van

ance.

Of the total variance.for haulms yield per plant,

the contribution of lines was 83.86 per cent, of testers.
2.07 per cent and of line x tester. 14.10 per cent.

Uith reeard to pod yield per plant. the lines

contributed 59.08 percent, testers, 1.37 percent and line x

tester, 39.S5 percent to the total variance.

Out of the total variance for 100 pod weiftht, the

proportional contribution of lines was 74.72 per cent. of
testers was 0.77 percent and of line x tester was 24.51
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percent.

In the caaa of jjhollina percentafie, of the total

variance, the lines contributed 52.03 percent, testers, 6.87

percent, and line x tester, 41.10 percent.

Of the total variance for 100 kernel weight, the

proportional contribution of lines was 80.10 percent, of

testers, 0.84 per cent and of line x tester, 19.10 percent.

Uith respect to the oil content, lines

contributed 33.03 percent, testers, 0.42 percent and line x

tester, 66.55 per cent to the total variance.

4.3. Selection in Fa population

the range and mean values for the different

traits such as number of immature pods per plant, number

of mature pods per plant, pod yield per plant, kernel yield

per plant and shelling percentage of the Fe selections in

the 18 Fx families are presented in table 62. In the case

of number of immature pods per plant, the lowest range (0

6) was recorded by the family, L4 x T1 and the highest

range (0-19) by L3 x T1. The lowest mean value for the

above trait (2.70) was registered by the family L2 x T2 and



SI,

No.

Fe

Fofiiliss

No of iiaalure pods/pUnl

Range Mean + S.E.

1. L1 X T1 3-12 6.02 + 0.64

2. ^ LI t T2 "0-15' 5.17 +0.58

3. LI X.13 1-14 . 5.30 + 0.58

4. • L2 y T1 0-11 5.60 +0.67

5. L£ X TZ 0-12 2.70 + 0.53

6. L2 X 13 0- 9 3.57 + 0.40

7. L3 t T1 0-19 4.13 +0.65

S. L3 X 12 0-10 3.66 + 0.43

9. L3 X T3 0-12 4.*43 + 0,54

10. L4 X T1 0- 6 2.90 + 0.30

11. L4 X T2 0-11 4.23 +0.50

12. L4 X 13 0-13 3.70 + 0.55

13. L5 X T1 0.10- 3,03 +0.45

14. L5 X T2 C- 9 3.60 + 0.45

15. L5 X T3 0- 8 3.23 + 0.44

16. L6 X n 0- 9 3.00 + 0.34

17. L6 X-T2 0- 7 3.33 + 0.32

18. L6 X T3 0- 6 3.27 + 0.42

Table 62. RAT^QE AND tmi Vftf-UES OF Fb SELECTIONS

No of ftature pods / plant

Range

13-32

10.30

11-28

10-29

10-23

12-30

10-28

10-30

10-29

10-29

10-24

11-27

14-29

11-29

10-27

10-30

12-28

10-33

Rean + S.E

25.12 +1.22

26,40 + 1.80

22.70 +1.20

23.50 + 1.62

19.37 + 1.29

22.53 + l.-'l

23.33 + 1.12

23.27 + 1.30

22.63 + 1.48

17.93 + 1.42*

16.80 + 1.08

22.53 + 1.38

23.50 + 1.33

1S.93 +0.84

14.22 + 1.12

18.51 + 1.20

17.45 i 1.32

20.42 + .37

Pod yield/plant (g.)

Range Hean + S.E.

7.88-24.65 12.34 + 1.10

8.80-26.94 15.26+1.20

6.26-25.05 14.42 + 1.00

11.39-26.36 16.76 + 1.12

10.67-25.77 17.21 + 1.48

12.70-23.35 19.40 + 1.22

11.28-29.39 19.69 + 1.00

9.80-24.69 17.84 + 1.04

9.14-29.19 20.17 + 1.12

9.94-28.03 13.67 + 1.51

10.31-23.22 11.18 + 1.02

10.55-25.21 19.27 £ U57

12.55-27.79 16.11 + 1.28

10.25-26.14 15.55 +1.18

10.09-26.54 13.03 + 1.24

9.97-27.72 17.01 + 1.13

11.63-25.68 16.94 + 1.28

10.14-30.03 18.96 + 1.25

Kernel yield / plant (g.)

Range

6.33-14,02

4.02-17.99

5.05-14.14

7;13-14.32

7.^-16.56

7.28-17.18

8.59-19.74

6.36-15.S9

6.63-18.06

6.32-17.71

6.08-15.46

7.41-19.83

9.36-20.64

7.00-20.03

6.82-19.53

7.47-18.88

8.10-18.78

7.50-20.32

Rean + S.E.

9.86 + 1,02

9.45+ 1.04

9.32 + 1.07

12.10+ 1.14

10.10+ 1.17

12.66 + 0.^-9

12.87+ 1.22

12.15+ 1.03

12.65+ 1.13

10,04 + 1.05

8.75 + 1.Q3

14.62+ 1.14

10.78 + 1.47

9.97 + 1.02

9.96+ 1.03

11.16 + 0.99

10.43 + 1.53

12.90+ 1.19

•A

Shelling percentage

Range

56.79-69.70

46.65-67.79

56.48-67.28

58.50-73.40

56.60-61.91

61.93-72.17

57.08-66.02

60.60-73.83

55.49-65.0?

68.58-76.66

.60.88-80.0-0

63.37-79.93

61.10-72.51

56.62-71.05

68.40-78.76

64.80-69.01

56.90-64.51

61.88-75.60

Mean + S.E.

62.95 + 1.56

61.93 t 1-55

64.63 + 1.47

72.11 + 1.38

58.69 + 0.98

65.26 + 1.67

65.36 + 1.50

66.U + 1.56

62.72 + 1.43

73.45 + 1.41

78.26 + 1.66

76.91 + 1.58

66.91 + 1.47

64.12 + 1.57

76.44 + 0.96

65.61 + 1.61

61.57 + 1.48

68.04 + 1.52
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the highest by LI x. T1 (6.02). For number of mature pods

per plant, the hiflhest ranfle was recorded by the family L6

X T3 (10-33) and the lowest by L5 x T1 (14-29). Uith

regard to mean values for the trait, the highest value was

registered by LI x T2 (26.40) and the lowest by L5 x T3

(14.22). The highest range in the case of pod yield per

plant was recorded by the family L3 x T3 (9.14 - 29.19

g.) and the lowest by L2 x T3 (12.70 - 23.35 g.)- The

highest mean pod yield per plant was also registered by the

family, L3 x T3 (20.17g.) and the lowest was by LI x T1

(12.34 g.). In the case of kernel'yield per plant the

highest range was showed by the family LI x T2 (4.02

17.99 g.) and the lowest by L2 x T1 (7.13 - 14.32 g.).

The highest mean kernel yield per plant was recorded by the

family L4 x T3 (14.82 g.) and the lowest by L4 x T2

(8.75g.). The highest range for shelling percentage was

registered by the family LI x T2 (46.65 - 67.79) and

lowest by L6 x T1 (64.80 - 69.01). The highest mean

shelling percentage was recorded by the family L4 x T1

(78.26 percent) while,the lowest was by LI x T2 (61.93

perc ent).
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4.4, Genotype x Environment interaction

The pooled analysis of variance for the different

traits such as number of immature pods per plant, number of

mature pods per plant, pod yield per plant, 100 pod weight,

ehellina percentage and 100 kernel weight under three

different environments are presented in table 63. In the

case of oil content, the location wise analysis revealed

that error variance was heterogeneous arid interaction was
7

absent and hence pooling of data was not possible. The

study revealed that differences among the types were highly

significant for number of immature pods per plant, number of

mature pods per plant, pod yield per plant,100 pod weight,,

shelling percentage and 100 kernel weight. The G x E

interaction components were significant for all the traits.

The error variances were heterogeneous for all the traits

except, 100 kernel weight. Hence, the G X E interaction

was analysed only for 100 kernel weight.

r~

The analysis of variance for stability for 100

kernel weight revealed that differences among the types (G)

were highly significant (Table 64). The mean squares due to

the environment (E^, G X E , E + (G X E), E (linear;) and

^ ^ ^ (linear) were highly significant. The linear



Source

Types (G)

Environments (E)
G X E

Pooled Error

df

8

2

16

48

Table 63. POOLED ANOVA FOR DIFFERENT TRAITS

No.of iminature No.of mature
pods/plant pods/plant

4.51"

58.43'

3.49'

1.70

30.36''

87.oy

13.54-*

2.25

Jl.S.S.

pod yield/
plant (g.)

32.30*

53.60-

9.42-

1.38

100 pod
weight(g.)

1011.48**

2949 . 56'*

121.63**

36.95

** Significant at Ih level.

Shelling
(%)

52.39*

528.56**

21.59-*

2.44

100 kernel

weight Cg.)

133.41*

408.54"

37.22-

2.45

CO

o
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Table 64, ANOVA OF PHENOTYPIC STABILITY FOR

100 KERNEL UEIGHT

Sourc e df n.s .S.

Total 26 211 ..89

Types 8 133 ., 41- •

Environment +

(Type X Environment) 18 78 . 48--

Environment (Linear) 1 816. 21--

Type X Environment
(Linear) 8 58. 16--

Pooled Deviation 9 14 . 56

Pooled Error 48 2 . 45

** Significant at level.
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Table 65 PHENOTYPIC STABILITY PARAMETERS FOR 100 KERNEL UEIGHT

SI.

No.

Types
100 kernel weight (g)

Mean

CX)
Regression
coef f ic i ent

(b)

Deviation from

regression

1 . Chico 21.70 0.03 -0 .79

2 . ISKN 8827 37 .88 0 .22 -2.63

3. DhCE) 2 0 38 .59 1 . 00 40.64

4. DhCE) 32 36 .17 1 .32 41.17

5. ICGS 35-1 36.97 0 . 73 0 . 23

6. lES 883 35 . 43 1 . 16 9 .27"

7 . TG 3 40.24 2 . 58° 9 .16

8. TMV 2 34.10 0.33 18. 72

9. JL 24 46.95 1.64 6 .29

General Mean = 36 . 45 * - Significant at 5^ level

S.E. Cb) 0.40 Q - Significantly deviating
from 1.00
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component of G X E interaction was preponderant. The

parameters of phenotypic stability for 100 kernel weight

are presented in table 65. Uith regard to the mean 100

kernel weight, JL 24 recorded the higheat value followed by

TG 3 , Dh(E) 20, ISKN 8827 and ICGS 35-1. The lowest mean

was value shown by chico. Uith respect to the regression

coefficient, Dh(E) 20 recorded unity while, IES 883 and

ICGS 35-1 showed values comparatively near to unity. In

the case of deviation from regression the lowest

•7 value was showed by ICGS 35-1, followed by chico and ISKN

8827 .
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DISCUSSION

Groundnut is the most important annual oilseed

crop in this country. Till the sixties, the crop was grown

only during the kharif season. Since then, its cultivation

has been extended to the rabi and summer seasons also. This

extension of the crop to non-traditional seasons has opened

up new possibilities for groundnut production in the

southern and central parts of the country. There is

considerable scope for increasing production since the

productivity of rabi and summer groundnut is double than

that of Kharif (Patel,1988). In Kerala, _the rice baaed

cropping system with the rice - rice - groundnut sequence in

wetlands offer new vistas in the production of groundnut.

It is expected that about two lakh hectares of rice fallows

can be brought under this crop during the summer season

(Anon., 1978a). The major constraint in extending the crop

to the summer rice fallows is the lack of an extra early

type maturing in 80 to 90 days with synchronized pod

maturity and moderate yield potential.

The present study was undertaken with the main

objective of providing basic information to overcome the

above constraint through development of extra early
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aroundnut types suitable as a summer crop in the rice

fallows. The results of studies conducted on variability,

heritability, fienetic advance, correlations, path analysis,

combining ability and stability are dis.cussed.

5.1. Variability, Heritability and Genetic Advance

A. preliminary evaluation of 63 bunch types of

groundnut was carried out for estimation of variability for

maturity and related traits such as number of immature pods

per plant, number of mature pods per plant, haulms yield per

plant, pod yield per plant, 100 pod weight, shelling

percentage, 100 Kernel weight and oil content. Phenotypic

coefficient of variation (P.C.V.) as a measure of the total

variability was highest for number of immature pods per

plant followed by number of mature pods per plant and 100

pod weight and lowest for Oil content. Genotypic

coefficient of variation (G.C.V.) is useful to assess and

compare the range of genetic variability for quantitative

traits. The G.C.V. was highest for number of immature pods

I
per plant, followed by haulms yield per plant and 100 Kernel

weight. This indicated that number of immature pods per

plant had the maximum genetic variability in the types

studied. , Similar reports were made by Kushwaha and Tawar

(1973), Kuriakose C1981) and Pushkaran(19 83). The G.C.V. was
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lowest for oil content which indicated very low genetic

variability for the trait. The extent of variability

contributed by the environment is measured by the

environmental coefficient of variation (E.C.V.)- In the

present study, the traits such as number of immature pods

per plant, pod yield per plant and 100 pod weight showed

E.C.V. values which were higher than the respective G.C.V.

values indicating the profound influence of environment on

these traits.

Burton (1952) had suggested that G.C.V. together

with heritability would be a better estimate of heritable

variation for exercising selection. The highest

heritability estimate was recorded by shelling percentage

followed by 100 kernel weight and oil content. Studies of

Bernard (1960) and Kuriakoee (1981) also indicated high

heritability estimate for shelling percentage. The lowest

estimate for heritability was for number of mature pods per

plant. This is in consensus with the reports of Majumdar et

(1967 ), Dixit ±t (1971) and Pushkaran (1983).

Johnson ^ (1955) opined that heritability in the

broadaenae -alone ie not enough in predicting the resultant

effect of selection and that heritability along with genetic

advance is more useful for this purpose. Genetic advance
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waa the highest for number of immature pods per plant

followed by 100 kernel weight and haulms yield per plant.

The lowest value was recorded by oil content. Kuriakose

C1981) and Pushkaran (1983) also reported low genetic

advance for oil content. High heritability along with

moderate genetic advance was recorded by shelling

percentage and 100 kernel weight which indicated that these

two traits were under the control of additive genes and

would respond favourably to selection. High heritability but

low genetic advance was recorded for oil content which

indicated the non-additive genetic control for this trait.

Similar findings were reported by Kuriakoae C1981) and

Pushkaran(1983). The traits such as number of mature pods

per plant, pod yield per plant and 100 pod weight showed low

estimates for both heritability and genetic advance

indicating the profound influence of environmental factors

over these traits. This is further confirmed by the high

E.C.V. values for these characters.

5.2. Maturity index.

In order to identify early maturing genotypes it

la quite essential to determine their time of optimum

maturity. Groundnut is unique compared to other crops, in

that it has indeterminate growth habit. Pod maturation, a
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cumulative and subterranean process, makes determination of

time of optimum maturity difficult. Soil and atmospheric

factors further complicate the maturity process. For

determination of the time of optimum maturity, stagaered

harvesting was sugeested, wherein the types under evaluation

are harvested at pre-defined intervals from randomized and

replicated field plots CRao and Gibbons, 1984). Thereafter,

the components associated with crop maturity are analysed

and time of optimum maturity determined at that point of

. time when the various maturity related characters attained

their peak value. Arunachalam and Bandyopadhyay(1984)

opined that decision made jointly on a number of dependent

characters was more dependable than that drawn from a direct

observation on the final pod yield alone. Rao and Gibbons

(1984) suftgested that the traits such as pod yield, sound

mature kernel yield, 100 pod weight, 100 kernel weight,

shelling percentage and sound mature kernel percentage are

important traits for determination of the physiological

maturity in groundnut. Thus, realizing the difficulty in

determining the time of optimum maturity, an index based on

maturity related characters such as ratio of number of

mature to immature pods per plant, pod yield per plant, 100

pod weight, shelling percentage, 100 Kernel weight and oil

content was envisaged to give a more reliable estimate of
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maturity. Moreover, such an index would help in firouping of

types on the basis of maturity. In the formulation of the

index, the mean values for the above mentioned traits in

each type at the three different stages of harvest namely

80, 95 and 110 days after sowin£ were taken into

consideration. The types included in the extra early group

obtained values for maturity related traits which did not

show significant difference at the three harvest stages.

These types therefore can be harvested at 80 days after

sowing without any economic loss. The types in the early

group obtained values for maturity related traits which

attained peak stage at 95 days after sowing and thereafter

did not show significant change. Thus these types can be

harvested at 95 days after sowing without any economic loss.

The types included in the medium group obtained values for

maturity related traits which showed a linear trend from the

harvest at 80 days after sowing to the harvest at 110 days

after sowing. These types can thus be harvested at 110 days

after sowing. An earlier harvest would result in economic

loss in these types.

5.3. Correlations and path analysis.

In order to understand the nature of association

of characters in the different maturity groups, correlation
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coefficients, both at phenotypic and cenotypic levela were

estimated in each of the three maturity groups. This was

followed by path analysis on pod yield in order to estimate

the direct and indirect effects of traits such as number of

immature pods per plant, number of mature pods per plant,

haulms yield per plant, , pod yield per plant, ahellina

percentage and 100 kernel weight. Path analysis was done

for oil yield also includina oil content in addition to the

pod yield components.

5.3.1. The extra early group

Both at the phenotypic and fienotypic levels, pod

yield per plant showed significant and positive correlation

with traits such as 100 pod weight, oil content and oil

yield per plant. The significant and positive association

of pod yield with 100 pod weight were reported by Nair

(1978), Radhika (1984) and Deshmukh ^.(1986). Layrisse

e^ aj^ (1980) and Kuriakose(1981) also recorded the

significant positive correlation of pod yield with oil

content. At the genotypic level, 100 pod weight showed

significant and positive association with 100 kernel weight

but, with haulme yield per plant the relationship was

significant and negative. Pushkarart (-19 83) reported similar
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association between 100 pod weight and 100 kernel weight.

Number of immature pods per plant showed significant and

positive correlation with haulms yield per plant but with

traits such as shelling percentage, oil content and oil

yield per plant, the relationship was significant and

negative. Number o£ mature pods per plant showed

significant and positive relationships with haulms yield per

plant and oil content. But with pod yield per plant and 100

kernel weight the correlation was significant and degative.

Shelling percentage recorded highly significant and positiv

correlation with 100 kernel weight, oil content and oil

yield per plant. Kushwaha and TawarC1973) however, reported

significant negative correlation between shelling percentage

and 100 kernel weight. 100 kernel weight showed significant

and positive association with oil yield per plant. The

relationship of oil content with oil yield per plant was

significant and positive.

e

Among the six different components of pod yield,

100 pod weight exhibited the highest direct effect. Its

indirect effect via. number of immature pods per plant and

100 kernel weight were low, but positive. Its indirect

effects via. number of mature pods per plant, haulms yield

per plant and shelling percentage were negative. Deshmukh

et al. (1986) also reported high positive direct effect of
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100 pod weifiht on pod yield. In the case of oil yield per

plant, the maximum positive direct effect vas recorded by

shelling percentage. Its indirect effects via. number of

immature pods per plant, number of mature pods per p''ant,

haulms yield per plant, 100 kernel weight and oil content

were positive but, via. pod yield per plant and 100 pod

weight were negative.

5.3.2. The Early Group

Pod yield per plant showed significant knd

positive correlation with number of immature pods per plant,

number of mature pods per plant, haulms yield per plant, oil

content and oil yield per plant. Significant positive

correlation of number of mature pods per plant to pod yield

was reported by Dorairaj (1962) in both spreading and bunch

varieties and by Nair(1978). Chandra mohan e^ al.( 1967 )

reported significant and positive correlation of pod yield

with haulms yield. Layrisse ^ ^.(1980) and

Pushkaran(1983) recorded significant and positive

association between pod yield and oil content.

Number of immature pods per plant showed

significant and positive correlation with oil content and
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oil yield per plant but with 100 kernel weight, the

relationship was significant and negative. Number of mature

pods per plant showed significant and positive relationship

with haulms yield per plant, oil content and oil yield per

plant. Haulms yield per plant showed significant and

negative association with oil yield per plant, but with

ahelling percentage, the correlation waa a igiii f icant and

negative. Shelling percentge recorded significant and

positive correlation with oil content and. oil yield per

plant. Oil content showed significant and positive

association with oil. yield per plant.

The maximum positive direct effect on pod yield

was showed by- haulms yield per plant. Its indirect effects

via. number of immature and mature pods per plant were

positive while via. shelling percentage and 100 kernel

weight the indirect effects were negative. Uith regard to

oil yield, the highest positive direct effect was recorded

by pod yield per plant. Its indirect effects via. number of

immature pods per plant, number of mature pods per plant,

haulms yield per plant and oil content were positive but

via. shelling percentage and 100 kernel weight the indirect

effects were negative.



5.3.3. The medium group

Pod yield* per plant showed significant and

positive association with haulms yield per plant, shelling

percentafte and oil yield per plant. Chandra mohan e_^

a^.(1967) and Nair (1978) recorded significant and positive

correlation of po«J yield with haulmti yield. Kaiuoin

a_l.(1970 ), Dholaria _ejt a_l.(1972), Khangura and Sandhu( 1972)

and Kumar and Yadav (1981) also reported significant and

positive relationship of pod yield with shelling percentage.

Number of immature pods per plant showed significant and

positive correlation with haulms yield per pl,-.nt and number

of mature pods per plant. Kushwaha and Tawar(1973) also

reported significant and positive association of number of

mature pods with number of immature pods per plant. The

relationship of number of immature pods per plant with 100

pod weight and 100 kernel weight was significant and

negative. Number of mature pods per plant recorded

significant positive correlation with haulms yield per

plant, shelling percentge and oil yield per plant but with

100 pod weight, the relationship was significant and

negative. Significant and positive association between

number of mature pods per plant and shelling percentage was

also reported by Kushwaha and Tawar(1973).
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Haulms yield per plant recorded significant and

negative relationship with 100 kernel weight and oil

content. But Pushkar an( 19.83) reported significant and

positive correlation between haulms yield and 100 kernel

weight. 100 pod weight showed significant and positive

relationship with traits such as shelling percentage, 100

kernel weight, oil content and oil yield per plant.

However, Kushwaha and Tawar(1973) observed significant and

negative relationship between 100 pod weight and shelling

percentage. They also reported negative correlation of 100

pod weight with oil content. Significant positive

correlation of 100 pod weight with 100 kernel weight was

also reported by PushkaranC1983). Shelling percentage

showed significant and positive association with 100 kernel

weight, oil content and oil yield per plant. However,

Kushwaha and Tawar (1973^ reported significant and negative

relationship between shelling percentage and 100 kernel

weight. 100 kernel weight recorded significant and positive

relationship with oil yield per plant.

The maximum positive direct effect on pod yield was

recorded by number of mature pods per plant. Its indirect

effects via. number of immature pods per plant, haulms yield

per plant and shelling percentage were positive while, via.
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100 pod weight and 100 kernel weight were negative. That

number of mature pods per plant had high direct effect on

pod yield was reported by Badwal and SinfihC1973), Sandhu and

Khehra (1977a), Raju(1978) and Deshmukh ^.(1986). The

maximum direct effect on oil yield per plant was recorded by

ahellins percenta^ti. Its indirect effects via. number of

mature pods per plant, pod yield per plant, 100 pod weight,

100 kernel weight caihI oil cpntwnt were postive, while via.

number of immature pods per plant and haulms yield per plant

were negative.

5.3.4. Maturity groups - A comparitive assessment

A critical assessment of the more important

components of pod yield and oil yield in the three maturity

groups is attempted as follows:

In the extra early group, number of mature pods per

plant showed significant but, negative association with pod

yield. The trait however, showed low but positive direct

effect. In the early group, the association of number of

mature pods with pod yield was highly significant and

positive. Thi^ was further strengthened by the high

po';:_j.ve direct effect of the trait. In the medium group,
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the association betwen the traits uas positive but not

significant. However, the direct effect of the trait on pod

yield was positive and high. Hence, number of mature pods

per plant could be used as an important selection criteria

for pod yield in the early and medium groups.

100 pod weight, another major component of pod

yield showed significant positive correlation with pod

yield in the extra early group. This was further supported

by the high positive direct effect of the trait. In the

early group, correlation between 100 pod weight and pod

yield was not estimable presumably due to the lack of

variation for the trait among the types included in this

group. In the medium group, the association between these

characters though not significant, was negative. But the

direct effect of the trait on pod yield was high and

positive. Thus, 100 pod weight could be used as a selection

criteria for pod yield in the extra early and medium

groups.

Another component of pod yield, shelling

percentage showed negative but non significant relationship

with pod yield. The direct effect of the trait on pod yield

was also .negative. In the early group, the correlation



i9S

between the traits was negative but not significant . But,

the direct effect of shellina percentage on pod yield was

high and ffositive. This could be attributed "to the positive

indirect effect via. 100 kernel weiftht. In the medium

group, the trait showed significant and positive association

with pod yield. But its direct effect though low was

negative. This might "be due to the low but negative indirect

effects via. traits such as number ot mature pods per plant,

100 pod weight- and 100 kernel weight. Thus shelling

percentage could be used as an important selection criteria

for pod yield only in the early group.

100 kernel weight, yet another important component

of pod yield showed positive but non significant correlation

with pod yield in the extra early group. The direct effect

of the trait was also positive but low. On the contrary in

the early group, the relationship between the traits was

negative but not significant. However, the direct effect of

the trait on pod yield was moderate and positive. In the

medium group the trait showed positive but non significant

correlation with pod yield. tloreover, the direct effect ot

the trait though low was positive. Thus 100 kernel weight

could be reckoned as a selection criteria for pod yield

irrespective of the maturity groups.
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With regard to the different components of oil

yield in the extra early group, number of mature pods per
plant showed negative but non significant correlation with

oil y.ield. Moreover the direct effect of the trait on oil

yield was negative and very low. In the early group. the
i

trait ahowed ij i 4in i f 1can t and positive .:oi-1-« 1a t Ion with oil

yield. The direct effect of the trait on oil yield was also

positive but low. In the medium group the trait showed

significant positive correlation with oil yield but its

direct effect was low and negative. Thus while exercising

selection for oil yield in the early group the importance of

number of mature pods per plant might be stressed-

Pod yield per plant showed significant positive

correlation with oil yield in all" the three maturity

groups. The direct effect of the trait on oil yield was

also high in all the three groups. Thus irrespective of the

maturity groups. pod yield could be considered as a

dependable component for improving oil yield.

100 pod weight showed significant positive

correlation with oil yield in the extra early group. But

its direct effect though positive was low. In the early

group, the correlation between 100 pod weight and oil yield

could not be worked out because the co-variance was not

estimable. In the medium group. the trait showed
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sisnificant and positive association with oil yield. But

its direct effect on oil yield was negative and low . Thus

in the extra early group, the importance of 100 pod weight

assumes sianificance in selection for oil yield.

Shelling percentage recorded significant positive

relationship with oil yield in all the three groups, 1Ls

direct effect on oil yield was also positive and high in the

three groups. Thus irrespective of the maturity groups,

shelling percentage could be considered as an important

component for exercising selection for oil yield,

100 kernel weight showed significant and positive

correlation with oil yield in the extra early group. Its

direct effect on oil yield was however low and negative. In

the early group, the association of the trait with oil yield

was positive but not significant. However, its direct

effect on oil yield was low but, negative. In the medium

group, the relationship between the traits was significant

and positive. The direct effect of 100 kernel weight on oil

yield however was negative but, low. Thus 100 kernel weight

might not be a reliable component for improving oil yield in

any of the. three groups.

Oil content recorded significant positive
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correlation with oil yield in all the three maturity groups.

The direct effect of the trait on oil yield however was low,

but positive in all the three groups. Hence oil content

assumes importance in exercising selection for oil yield in

all the three groups.

In the extra early group, selection based on 100

pod weight and 100 kernel weight would help in improving pod

yield. However, the negative association of number of

mature pods per plant with pod yield and its low but

positive direct effect on pod yield indicate that while

selecting for pod yield care should be exercised in striking

a balance between number of mature pods per plant and the

other traits such as 100 pod weight and 100 kernel weight.

The negative association of number of mature pods per plant

with, pod yield is contrary to the results reported by

several- workers including, Dorairaj (1962); Kushwaha and

Tawar C1973); Lakshmaiah C19Q3) and Deshmukh (1986).

The change in the nature of association might be due to the

fact that in the extra early types larger number of mature

pods pet- plant watj conipon.sat:ed by a. hitihor pod weifciht.. Uitl»

regard to oil yield in the above group, pod yield per plant

and shelling percentage could be L-eckoiiud aa teliable

traits. In addition to, the importance of traits such as

THWSSUR



-V

100 pod weight and oil content might
be stressed.

In the early group, emphasis must be given to
such as number of mature pods per plant, shelling

percentage and 100 kernel weight for i^provin. paa yield.
yield and shelling percentage would be the reliable

,o,

Wight not be ignored.

In the medium group improvement in pod yield.could
be .ade more effective by relying on traits such as number
of mature pods per plant, 100 pod weight and 100 kernel
-i.ht during selection. „ith re.ard to oil yield, stress on
traits such as pod yield and shelling percentage could be
effective in.'bringing about improvement through selection
In addition to. the role of oil content ™ight not be
minimized.

5.4. Combininfi ability.

The breeding method to be adopted for improvement
of a crop depends primarily on the nature of gene action
involved in the expression of quantitative traits of
economic importance. Combining ability studies reveal
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nature of ,ene action anci lead to identx ficatlon of types
With hi^h general oo.binln, ability effects. and cro.s
combinations with hi«h specific combining ability effects.
This in turn helps in choosing the types to be included in
recombination or population breeding: proaramraes. The
concept Of combining ability .as first proposed by Spra.u
-d Tatu.,ci..2) and they attributed general co^blnin.
-Xllty to additive effect of .enes and specific combining
ability to dominance deviation and epistatic interaction.

e

Amone the different methods developed to estimate
seneral and specific combining abilities. diaMel

analysis and line x tester analysis are in common usage A
aiallel cross involves a set of crosses produced by
-volvin. -n- lines or inbreds in all possible combinations
and the analysis of such crosses is known as diallel
analysis. Xhe concept of diallel cross .as first described
by Yates C1947 1 f-uThe theory and analysis of diallel cross
was developed by Jinks and Hayman (1,53). The line x tester
analysis was proposed by Kempthorne (1957). Here, -i"
inbreds are crossed to each of "fOt t testers and thus "ixf
full-sib progenies are produced. The appropriate method to
- Chosen is based on whether the breeder is interested
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about knowing the interaction between the male and female

parents and/or the interaction among males and among females

also. In the present study, the advantage of using the line

X tester method is that it helps in understanding the

interaction between the lines (extra early types) and

testers (high productive types) excluding the interaction

among lines and among testers which is not required.

Moreover, the method helps in reducing the number of crosses

to be attempted when compared to the n= combinations in a

complete diallel without affecting the reliability of the

information required. This assumes more importance in a
crop like groundnut where artificial hybridization is

difficult.

Uith the objective of combining earliness and high

yield, six types showing high maturity scores in the extra

early group Cchico. ISKW 8827, Dh(E) 20, Dh CE) 32, ICGS

35-1 and IES 883) were selected and used as ovule parents.

Three types with high productivity in the three groups (TG

^ 24) were used as male parents.
Combining ability was estimated for traits such as days to
first flowering, spread of flowering, days to maturity,
number of immature pods per plant, number of mature pods per
Plant, haulms yield per plant, pod yield per plant 100 pod
weight, shelling percentage, 100 kernel weight and oil
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content. The general combining ability of the. parents and

their specific combining ability in cross combinations were

estimated and the nature of gene action involved for each

trait was assessed. The variance due to the types studied

were significant for all traits and hence the data were

further analysed for combining ability. In the line x tester

analysis, the variance due to lines was significant for

traits such as days to first flowering, days to maturity,

haulms yield per plant, pod yield per plant, 100 pod weight

and 100 kernel weight. But the variance due to testers was

not significant for any of the traits. However, the

variance due to line x tester interaction were significant

for number of immature pods per plant, number of mature pods

per plant, haulms yield per plant, pod yield per plant, 100

pod weight, shelling percentage, 100 kernel weight and oil

content which indicated that both additive and non-additive

gene actions might be involved in their inheritance. The

predominanace of sea variance over gca variance for all the

traits indicated the preponderance of non-additive genes

over additive genes in the control of the traits. This is

in tune with the findings of Raju ^ (1979). However,

rianoharan a_l. (1985) reported preponderance of additive

gene action for pod yield and shelling percentage. The

preponderance of additive gene action for days to maturity,
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no, of mature pods, pod yield, shelling percentage and 100

kernel weight was reported by Basu ^ ^1^. (1987).

5.5. Evaluation of Parents

In a recombination breeding programme for crop

improvement, choice of parents assumes great importance. In

the evaluation of parents, their general combining ability

effects for the different traits were considered first. In

the case of days to maturity, lines chico, ISKN 8827 and

Dh(E)32 recorded significant gca effects indicating their

good combining ability for earliness. Moreover the line

chico exhibited significant negative gca effect for days to

first flowering revealing its good combining ability for

early flowering. Basu _et a1. (1986b) in a line x tester

study also found chico to be the best combiner for days to

50 percent flowering and for days to maturity, the most

important attributes governing earliness. Uith respect to

the spread of flowering, none of the lines showed

significant gca effects. In the case of number of immature

pods per plant, chico, ISKN 8827 and Dh(E) 32 showed

significant negative gca effects expressing their ability as

good combiners for lesser number of immature pods per plant.

Uith regard to number of mature pods per plant, Dh (E)20,

Dh(E)32 and ICGS 35-1 recorded significant positive gca



207

effects indicating their good combining ability for the

trait. For haulms yield per plant, ICGS 35-1 and lES 883

showed significant positive gca effects indicative of their

good combining ability for the character. In the case of

pod yield per plant. ISKN 8827, Dh(E)20, Dh(E)32 and IES 883

registered significant positive gca effects revealing their

better combining ability for the trait. Dh(E) 20 and IES

883 recorded significant positive gca effects for 100 pod

weigh? indicating their high combining ability value for the

character. In the case of shelling percentage, chico and

ISKN 8827 revealed to be good combiners due to their

significant positive gca effects. Uith respect to 100 kernel

weight, Dh(E)20, Dh(E)32 and IES 883 registered significant

positive gca effects indicating their good combining ability

for the character. In the case of oil content, chico and

ICGS 35-1 were found to be good combiners due to their

significant positive gca for the character.

Among testers, TKV 2 recorded significant positive

gca effects for pod yield per plant indicating the high

combining ability of the parent for high yield. This tester

also showed significant positive gca effect for days to

maturity revealing its good combining ability for early

maturity. Uith regard to traits such as days to first
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flowering , spread of flowering, number of immature pods per

plant, number of mature pods per plant, haulms yield per

plant, 100 pod weight and oil content none of the testers

showed significant gca effects . But in the case of shelling

percentage and 100 kernal weight the tester, TttV 2 recorded

significant positive gca effects revealing its high

combining ability for both the traits.

The mean performance of the parents used in a

recombination breeding programme also assumes importance.

Among the- lines, chico showed the highest mean performance

with regard to traits such as days to first flowering , days

to maturity and number of immature pods per plant. The line

DhCE) 32 recorded the best performance with respect to

traits such as spread of flowering , number of mature pods

per plant, 100 pod weight and 100 kernel weight. Dh(E)20

showed the highest mean performance for pod yield per plant

and ICGS 35-1 was the best for shelling percentage. The

line lES 883 recorded highest performance with regard to

haulms yield per plant and oil content.

Among testers, TG 3 recorded the highest mean

performance for days to first flowering, haulms yield per

plant, pod yield per plant and shelling percentage. The

tester TMV 2 registered the best performances for traits
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24. Thus with reeard to mean par for„.ance, amon« linea. chico
waa the beet for earlineas and amona testers, TG 3 proved
to be the beet for productivity.

In order to identify the stable ones from amone
the parents used, senotype x environment interaction was
estimated. As the error variances were heterogenous for- all
traits except 100 kernel weight, the Gx E interaction was
analysed following the Eberhart and Russell Cli'66) model for.
100 kerhel weight. Though both the linear and non-linear
components of the genotype ^ environment interaction were
sisnificant. the linear portion waa preponderant. This is in
accordance with the findinea of Yadava and Kumar C1978a).
The line. ICGS 35-1 was found to posaess stability for the
trait as it registered the reeression coefficient close to
unity and the variance due to deviation from regression not
Significantly different from zero. This line also recorded
- low score in the reaction to the incidence of rust
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5,6. Evaluation of Cross Combination

The nature of the specific combining ability (aca)

effects in the different cross combinations and their mean

performance were used for evaluation. In the case of days

to first flowering, none of the cross combinations produced

significant sea effects. However , the cross combinations,

chico X TG 3, chico x TMV 2 and chico x JL 24 recorded early

flowering. For spread of flowering, as in the above case

none of the cross combination showed significant sea

effects. But, the cross combinations, chico-x TG 3 and lES

883 X JL 24 registered the least spread of flowering. In the

case of days to maturity, lES 883 x TMV 2 recorded the

highest significant negative sea effect. However, the cross

combination ISKN 8827 x TG 3 registered the least number of

days to mature, Uith regard to number of immature pods per

plant, IES 883 x TG 3 recorded the highest significant

negative sea effect while the cross combination Dh(E) 32 x

TKV 2 showed the least number of immature pods per plant. In

the case of number of mature pods per plant, the cross

combination ICGS 35-1 x THV 2 showed the highest significant

positive gca effects. However, DhCE) 20 x JL 24 recorded the

highest number of mature pods per plant. Uith regard to

haulms yield per plant, none of the cross .combinations

recorded significant sea effects. Uhile , ICGS 35-1 x TflV 2
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parents, Dh(E) 32 with highly significant positive gca

effect and a comparatively higher positive significant sea

effects. Such superior cross combinations involving high

performing and low performing parents and exhibiting high

sea effects are expected to segregate for desirable

transgressiVe aegregante, aa the desirable additive gene

effect of the high performing parent and the complementary

epistatic effects of the cross are coupled in the direction

to maximise the expression of the character under

consideration (Singh 1990). This supports the

importance of both additive and non-additive gene effects in

controlling earliness and productivity. However, Basu ^

^.(1987) reported preponderance of additive gene action for

days to maturity and pod yield. In the case of traits such

as number of immature pods per plant, number of mature pods

per plant, 100 pod weight and shelling percentage, the best

cross combinations were resulted by a high x low combiner

combination with a high sea effect. This indicated the

importance of both additive and non-additive genie systems

in the control of these traits as in the case of days to

maturity and pod yield per plant. The predominance of sea

variance over gca for these traits indicated the

predominance of non-additive over additive genes in the

control of the traits. Reddy (1982) in his- study also

indicated the preponderance of non-additive gene action for
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shoved the highest mean value for the trait. For pod yield

per plant, ISKN 8827 x TG ,3 registered the highest

significant positive sea effects. However, the highest

yield was showed by Dh(E) 32 x JL 24 . In the case of 100

pod weight, Dh(E) 20 x TMV 2 showed the highest significant

positive sea effect. The highest mean performance for

shelling percentage was recorded by the cross combination,

chico X TG 3 . This combination also registered tho highest

significant positive sea offect. The cross combination IES

883 X TMV 2 registered the highest mean 100 kernel weight.

However, the combination ISKN 8827 x JL 24 recorded the

highest significant positive sea effect. Uith regard to oil

content, lES 883 x TG 3 showed the highest mean perfomance

and the highest sea effect.

Uith regard to days to maturity, the most

important attribute governing earliness, the best perfomance

was showed by the cross combination, ISKN 8827 x TG 3. This

could be attributed to the high significant negative gca

effect of one of the parents involved namely ISKN 8827 for

the trait and comparatively desirable negative significant

sea effect produced in the combination. In the ease of pod

yield per plant also, the combination Dh(E) 32 x JL 24 which

gave the highest mean pod yield per plant had one of the
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parents, Dh(E) 32 with hifihly significant positive gca

effect and a comparatively higher positive sianificant sea

effects. Such superior cross combinations involving high

performing and low performing parents and exhibiting high

sea effects are expected to segregate for desirable

transgressive segregants, as the desirable additive gene

effect of the high performing parent and the complementary

epistatic effects of the cross are coupled in the direction

to maximise the expression of the character under

consideration (Singh a^., 1990). This supports the

importance of both additive and non-additive gene effects in

controlling earliness and productivity. However, Basu

aj^. (1987) reported preponderance of additive gene action for

days to maturity and pod yield. In the case of traits such

as number of immature pods per plant, number of mature pods

per plant, 100 pod weight and shelling percentage, the best

cross combinations were resulted by a high x low combiner

combination with a high sea effect. This indicated the

importance of both additive and non-additive genie systems

in the control of these traits as in the case of days to

maturity and pod yield per plant. The predominance of sea

variance over gca for these traits indicated the

predominance of non-additive over additive genes in the

control of the traits. Reddy (1982) in his study also
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indicated the preponderance of non-additive cene action for

the above characters except 100 pod weight. Uith regard to

haulms yield per plant and 100 kernel weisht the best cross

combination did not reveal desirable significant sea effects

but one of the parents involved was a'good general combiner

for the trait indicating the role of additive genes in the

control of both the traits. The preponderance of additive

genetic variance for 100 kernel weight was reported by Reddy
C19823 and Basu et a^. (1987). But the predominance of sea
variance over gca variance for the traits revealed the

importance of non-additive genes over additive genes in the

control of the traits. For oil content. the cross

combination with highest sea effect and mean performance was

a product of low x low combiner combination indicating the

role of non-additive genes. However, the gca/sca variance

ratio which is less than unity for all the traits except

spread of flowering indicated the predominance of non-
additive gene action in the inheritance of these characters.

This may be due to the fact that the parental materials
included in the study were highly selected for yield and

maturity related traits (Nanda ^ aj^. . 1983).
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SUMMARY

Groundnut is the most important annual oilseed

crop in this country. Till the sixties, the crop was croun
only durina the kharif saaaon. Since then, its cultivation

has been extended to the rabi and summer seasons also. This

extension of the crop to non-traditional areas has opened up
new possibilities for groundnut production in the southern

and central parts of the country. In Kerala, the rice based

cropping system with the rice-rice-croundnut sequence in uet

lands offer new vistas in the production of groundnut. The
major constraint in extending the crop to the summer rice

fallows IS the lack of an extra early variety maturing in 80
to 90 days with synchronized pod maturity and moderate yield

potential. The present study was undertaken with the main

objective of providing basic information to overcome the
above constraint through development of . extra early

groundnut types suitable as a summer crop in the rice

fallows. The salient features of the study are summarised

here under :

A preliminary evaluation of 63 bunch types of

groundnut was carried out in rice fallows during summer 1989

at R.R.S. Kayamkulain for estimation of variability for

maturity and related traits such aa number of mature pode
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per plant, haulms yield per plant, pod yield per plant, 100

pod weight, shelling percentage, 100 kernel weight and oil

content. Phenotypic coefficient of variation (P.C.V.) was

highest for number of immature pods per plant followed by

number of mature pods per plant and 100 pod weight and

lowest for oil content. Genotypic Coefficient of

variation(G.C.V.) was highest for number of immature pods

per plant followed by haulms yield per plant and 100 kernel

weight. This indicated that number of immature pods per

plant has the maximum genetic variability in the types

studied. The G.C.V. was lowest for oil content which

indicated very low genetic variability for the trait.

Number of immature pods per plant, pod yield per plant and

100 pod weight showed environmental coefficient of variation

(E.C.V.) values which were higher than the respective G.C.V.

values indicating the profound influence of environment on

these traits.

The highest heritability estimate was recorded by

shelling percentage followed by 100 kernel weight, and oil

content. The lowest estimate for heritability was for

number of immature pods per plant. Genetic advance was the

highest for number of immature pods per plant followed by

100 kernel weight and haulms yield per plant. The lowest
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value was recorded by oil content. High heritability along

with moderate genetic advance was recorded by shelling

percentage and 100 kernel weight which indicated that these

two traits are under the control of additive genes and would

respond favourably to selection. High heritability but low

genetic advance was recorded for oil content which indicated

non-additive genetic control for this trait. Number of

mature pods per plant, pod yield per plant and 100 pod

weight showed low estimates for both heritability and

genetic advance indicating the profound influence of

environmental factors over these traits.

Groundnut is unique compared to other crops in

that it has indeterminate growth habit. Pod maturation, a

cumulative and subterranean process makes determination of

time of optimum maturity difficult. A maturity index based

on maturity related characters such as ratio of num-ber of

mature to immature pods per plant, pod yield per plant, 100

pod weight, shelling percentage, 100 kernel weight and oil

content was envisaged to give a more reliable estimate of

maturity. Based on the scores obtained, the 63 types were

classified into three groups viz., extra early, early and

medium comprising 17, 16 and 30 types respectively. In order

to understand the nature of association •of characters in the

differnt maturity groups, correlation coefficients, both at
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phenotypic and genotypic levels were estimated in each of

the three maturity firoups. This was followed by path

analysis on pod and oil yields in the three groups.-In the

extra early group, selection based on 100 pod weight and 100

kernel weight would help in improving pod yield. However,

the negative association of number of mature pods per plant

with pod yield and its low but positive direct effect on pod

yield indicate that while selecting for pod yield care

should be exercised in striking a balance between number of

mature pods per plant and the other traits such as 100 pod

weight and 100 kernel weight. This negative association

might be due to the fact that in the extra early types more

number of mature pods per plant was compensated by a higher

pod weight. Uith regard to oil yield in the above group,

pod yield per plant and shelling percentage could be

reckoned as reliable traits. In addition to, the importance

of traits such as 100 pod weight and oil content might be

stressed.

In the early group, emphasis must be given to

traits such as number of mature pods per plant, shelling

pereftntagt: and 100 kernel weight for improving pdd yield.

Pod yield and shelling percentage would be the reliable

ivi
traits for effecting improvement . through. selection.
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Besides, the role .of number of mature pods per plant and oil

content might not be ignored.

In the • medium group, -improvement in pod yield

could be made more effective by relying on traits such as

number of mature pods per plant, 100 pod weight and 100

kernel weight during selection. Uith regard to oil yield,

stress on traits such as pod yield and shelling percentage

could be effective in bringing about improvement through

selection. In addition to, the role of oil content might

not be minimized.

Uith the objective of combining earliness and high

yield, six types showing high maturity scores in the extra

early group were selected and used as ovule parents. Three

types with high productivity were used as male parents.

The six lines, three testers and their eighteen hybrids were

raised in rice fallows during summer 1990. Combining ability

was estimated following the line x tester method. The

variance due to the types was significant for days to first

flowering, spread of flowering, days to maturity, number of

immature pods per plant, number of mature pods per plant,

pod yield per plant, 100 pod weight, shelling percentage,

100 kernel weight and oil content. The data were further

analysed for combining ability . The variances due to lines
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were significant for days to first flowering, days to

maturity, haulms yield per plant, po'd yield per plant, 100

pod weight and 100 kernel weight. But, the variance due to

testers was not significant for any of the traits. However,

the variances due to line x tester interaction were

significant for number of immature pods per plant, number of

mature pods per plant, haulms yield per plant, pod yield per

plant, 100 pod weight, shelling percentage, 100 kernel

weight and oil content which indicated that both additive

and non-additive gene, actions might be involved in their

inheritance. The predominance of sea variance over gca

variance for all the traits indicated the preponderance of

non-additive genes over additive genes in the control of the

traits. Chico was found to be the best combiner for

earliness among lines. Among testers, TG 3 proved to be the

best for productivity.

\

In order to identify the stable ones from among

the parents used, genotype x environment interaction was

estimated under three environments. As the error variances

were heterogenous for all traits except 100 kernel weight,

the analysis was done only for 100 kernel weight. The line

ICGS 35-1 was found to possess stability for the trait.
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The cross combination, ISKN 8827 x TG 3 showed the

best performance with regard to days to maturity, the most

important attribute soverning eariiness. In the case of pod

yield, the cross combination DhCE) 32 x JL 24 was the best.

The best cross combinations were from a high x low combiner

combination and a high sea effect. This was true in case of

other traits such as number of immature pods per plant,

number of mature pods per plant, 100 pod weight and shelling

percentage. Such superior cross combinations involving high

and low performing parents and exhibiting high sea effects

are expected to segregate for desirable transgressive

segregants, as the desirable additive gene action of the

high performing parent and the complementary epistatic

effects of the cross are coupled in the direction to

maximize the expression of the character under

consideration. This indicated the importance of both

additive and non-additive genie systems in the control of

these traits. Uith regard to haulms yield per plant and 100

kernel weight, the best cross combinations did not reveal

significant sea effect but, one of the parents involved was

a good general combiner for the trait indicating the role of

additive genes in their control. For oil content, the cross

combination with the highest sea effect and mean performance

was a product of low x low combiner combination indicating

the role of non-additive genes. The gca/sca variance ratio
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which was less than unity for all traits except spread of

flowering indicated predominance of non-additive gene action

in the inheritance of these traits.

Ten high yielding extra early recombinants were

selected at 80 days after sowing from the 18 Fc populations

for further testing and selection.
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ABSTRACT

A preliminary evaluation of 63 bunch type of

groundnut revealed that the genotypic coefficient of

variation was hisheat for number of immature pods per plant

which indicated the maximum genetic variability for the

trait and lowest for oil content which indicated low

variability for the trait. High heritability along with

moderate genetic advance was obtained for shelling

percentage and 100 kernel weight which showed the importance

of additive genes in their control.

A maturity index was formulated and on its basis

the 63 types were classified in to three groups namely,

extra early, early and medium. In the extra early group,

100 pod weight and 100 kernel weight were important

components for pod yield. In the early group, number of

mature pods per plant, shelling percentage and 100 kernel

weight were important components for pod yield. In the

medium group, number of mature pods per plant, shelling

percentage and 100 kernel weight were important components

for pod yield. For oil yield in all the three groups, pod

yield and shelling percentage were the important components.



Line x Tester analysis with six extra early types

as lines and three high productive types as testers

indicated predominance of sea variance over fica variance

indicating preponderance of non-additive gene action over

additive for the traits studied. Chico was the beat general

combiner for earlinesa and TMV 2 was the beat general

combiner for pod yield. High yielding extra early

recombinants were selected at 80 days after sowing from the

10 Fz populations for further testing and selection.
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