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INTRODUCTION




INTRODUCTION

The groundnut plant originated in the Belivian
region (Gregory and Gregory,1976). The crop is now
generally digstributed in the tropical, sub tropical and warm
temperate zones of the world. However, the 1limits of
present commercial production are between latitudes 40° N

and 40° S.

In India, groundnut was adopted aa an agricul tural
crop only during the late 19tn century.lBut the country has
already become a major sroundnut producer accounting for
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 ojilseeds in the country.

The edible o0il economy in India is primarily
dependent wupon groundnut production. The major portion of
the groundnut in India is utilised for o0il extraction. Up
te 1979-80, India was exporting groundnut oil. About 12,000
tonnes was exported during 1979-80 earning Rs. 91 million.
However, export of groundnut o0il 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).



Though, India ranks first in area and production
of groundnut, the present productivity is lesgsg than the
wo'rld averagaea. Thiy Iy:) mai;ly because of the fact that the
crop continueg tp be grown mostly in drylands, often
subject to the ‘vagaries cof the weather. Up to 1970-71
groundnut was grown only during the Kharif sSeason.
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 vield of groundnut in rabi and summer is double than

that of Kharif.

For most parts of the country, Iin order to suit
the rainfall patterns, rotation systems and availability of
water in the irrigation sources, early maturlng groundnut
varieties are required. Nigam et al. (1%80) indicated that
groundnut which mature earlier and possess higher yield
potential together with good guality will be extremely
useful in the areas of the semi-arid tropics which have
short growing se¢ason, where an early maturing c¢rop may
escape stress situations. There is also good scope for

fitting early maturing groundnuts in the relay or

Eequential cropping systems, particularly in South-East Asia
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by utilizing the residual moisture after the harvest of the

rice crop (Gibbong, 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 (Anon., 1978a). Nair (1978) emphasized
the urgent nmneed for evélving 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 protitably as 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 denonstrated 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., 1978b).

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 present study undertaken with. the following

activities has relevance in this contaxt.

i) Estimation of genetic parameters like components
of variance, heritability and genetic advance in
extra early, early and medium maturing bunch

types of groundnut.

1i) Computation of correlations between 0il yield
and its components and path analysis for pod
vield and oil vield and their components in the

above three maturity groups.

iii) Assessment of combining ability in the parents

selected for recombilnation breeding.

iv) Study of the nature of gene action involving thae

inheritance of earliness.

v) Identification of types with high vield ecoupled

with early maturity.

An understanding of the genetic basig 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 earlinsess could be Isolated. Moreover,



promising recombinants (high yield coupled with early
maturity) selécted could be used for further testing and

selection.
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REVIEW OF LITERATURE

The success of breeding a self pollinated crop
like groundnut mainly depends on the choice of the best
parentasa for hybridization. and the ideal selection schiome
adopted in the early generations. Genetic information ébout
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, heritability, genetic
advance,correlation, path analysis, combining ability, gene

action, heterosis and genotype X enviroament interaction in

groundnut are presaesnted hereunder.

2.1 Variability

Basu and AshokaRaj (1969) recorded high genotypic
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 wup to flowering under both kharif . uplands and

gummer rice fallows.



Low value for gencotypic coefficient of variat}on
for spread of flowering was reported by Pushkaran (1983).
But, Patil and Bhapkar (1987) recorded high value for the

character.

Kushwaha and Tawar (1973) recorded low values of
genotypic coafficient 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
wvas 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.
Lakgshmaiah (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 wvariation for number of

mature pods per plant. Low values of genotypic coefficient
of wvariation were recorded by Majumdar et al. (1969),

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

moderate for the spreading group and low for the bunch



group (Dixit et al. 1971),. High values of genotypic
coefficient of variation wag reported by Dixit et al. (1970)
and Pushkaran (1983). Lakshmaiah (1978) recorded 1low 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 of variation estimate
wvag recorded for dry weight of fodder by Kushwaha and Tawar
(1973). Pushkaran (1%83) reported low genotypic coatficient
of variation for the character in both kharif uplands and

summer.

Low values of genotypic coefficient of variation
was .reported by Basu and AsokaRaj (196%) and Majumdar et
al. {1969) for dry pod yield. On the other hand Dixit et
al. (1970) obtained high values for the trait. The
genotypic coeficient of variation was 1low in the bunch
group whereag, it ranged from low to moderate in the
gpreading group (Dixit et al., 1970 ). Sangha (1973b) and
Deshmukh et al. 1986J\obtaiuad low valuws rfor 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



(Lakshmaiah, 19278). Pushkaran (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 wvariation for 100 pod weight, while
Kuriakose (1981) recorded a high value. Pushkaran (1983)

obtained 1low values for the trait during both kharif and

Summer sSeasons.

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

efficient of variation for shelling percentage in semi-
spreading and spreading types . Natagajan et al. (1978)
concluded from their study that variation in shelling
percentage wag the highest in prostrate varieties in
comparis;n to semi-spreading varieties. High genotypic
coefficient of variation for theltrait wag recorded by Rao
(1980), while Kuriakose (1981) obtained a low value.
Pushkaran (1983) reported low values for the character in

two gseasons.

In both semi-spreading and spreading types,
-‘Mohammed et al. (1973) reported high genotypic coefficiant

of ‘variation for Kernel weight. Sangha (1973b) and Patil

and Bhapkar (1987) obtained high values for 100 kernel
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welght. In & study with both semi-spreading and sgpreading
varieties, Natarajan et al. (1978) recorded moderately
high variation in kernel weight. Kuriakose (1981) reported

high genotypic coefficient of variation for the trait, while
Pushkaran (1983) recorded low egstimates both Iin kharif

and summer.

Low estimates of genotypic coefficient of
variation for o0il content were reported by Kushwaha and
Tawar (1973), Kuriakose (1981) and Pushkaran (1983). Shany
(1977) in’ a study with nine varieties and five crogses
regigstered considerable variation in oil content. Norden
(1%80) recorded a wide range. in o0il 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),

Majumdar et al. (1969), Kushwaha and Tawar (1973) and
Ramanathan (1980). However, Kuriakose (1981) recorded
high beritability but, low genetic advance for days to
50 per cent flowering. In a two geason study Pushkaran

(1983) obtained high heritability but low genetic Iadvance

for duration up to flowering.



High heritability estimate was reported for
period of flowering by Majumdar 3$ al. (1969). Pushkaran
(1983) obtained high heritability coupled with moderate
genetic advance for the trait during kharif Season, while

during summer season high héritability along with high

genetic advance was obgerved.

Days Ato maturity showed high heritability
estimates in gtudies conducted by Majumdar et al. (196?)
and Kushwaha and Tawar (1973). High heritability but low
genetic advance was noticed in both Kkharif and summer

seasong (Pushkaran, 1983).

Kulkarni and Albuquerque (1967) rceported high
heritability and low genetic advance for number of immature
poda 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 Lkharif.
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 (1967) reported high
heritability estimate for number of mature pods per plant,
but the genetic advance was low. Ma jumdar et al. (1%69)

recorded low heritability coupled with low genetic advance

for the trait. Dixit et al. (1970) reported moderate
heritability and moderate genetic advance for this
character. [In & study with bunch as well as spreading

group, Dixit et al. (1971) recorded low heritability, but

m&derate genetic advance for number of mature pods per
plant. High heritability coupled with high genetic advance
wag obtained by Sangha (L¥73L). Patra (L?75) recorded low
heritability, but high lgenetic advance for the character.
High heritability with high genetic¢ advance was estimated by
Sivasubramanian at al. (1%977). Lakshmailah (1978) 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 et al. (1987) indicated that the percentage
of mature pods to floyera had high heritability coupled with

high genetic advance and should be given greater attention

when selecting for improved vield.
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Moderate heritability values for haulms yield
was reported by Basu and AsokaRaj (1l96%). Dixit et al.
(1970) recorded moderate heritability estim;te but a low
genetic advance for the charactear. {uriakose {1981)
recorded low heritability and genetic advance values for
haulma vield. Pushkaran (1983) ruported modeatrale
heritability but high genetic advance values during kharif,

while during summar heritability estimate was low and the

genetic advance was moderate.

High heritability estimates for pod yield were
reported by Reddy (1968), Dixit et al. '(1970), Raman and
SreeRangasamy (19270) and Sandhu and Khehra (1976). Moderate
heritability values were recorded by Basu and AsokaRaj
(196%), Majumdar et al. (196%), Sangha (1973a) and Cahaner
(1978). Dixit et al. (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 (196%), Majumdar et al
(1969), Dixit st al. (1970), Sangha (1973b), Dixit et al.
(1971) and Lakshmaiah (i??B). 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 Kuriaﬁose (1981). Pushkaran (1983) recorded low

values of heritability and genetic advance for the character

during summer, while during kharif season both the valuges

were moderate. Basu et al. (1986a) registered a moderate
narrow sense heritability value for pod yield.
Krishnamurthy et al. (1986) stressed that selection for

total biomass and pod yield per plant with high heritability
will be effective in increasing groundnut productivity.
Reddy et al. (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 et al. (1969), Dixit et al.(1970), Kushwaha and

Tawar (1973), Cahaner (1978), Dorairaj et al (1979) and

Kuriakose (1981). PuShkargn (1983) reported high
heritability and fairly high genetic advance for the
character. '

High heritability estimate for shelling Percentage
was recorded by Bernard (1960) and Kushwaha and Tawar (19723)
while, Basu and AsokaRaj (1%69), Ma jumdar
et al. (1969) and Dixit et al. (1970) reported -moderate

values. Though Kuriakose (1981) also recorded high
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heritability for shelling percentage the value for genetic
advance wasg low. Pushkaran (1983) in a two séason study
found high heritability and low ;enetic advance for the
trait during Kharif season while, during the summer season
the heritability value was moderate with low genetic
advance. Reddy et al. (1987) observed high. heritability but

moderate genetic advance for shelling percentage.

Badwal et al. (1967) reported high heritability
est;mate for kearnel waight. Badwal and Gupta (1968)
recorded _ high heritability coupled with high genetic
advance for the character. Similar findings were reported
by Dixit et al. (1%70), Sangha (1973b), Sangha and Sandhu
(1975a) and Kumar and Yadav (1979). High heritability with

moderate genetic advance was reported by Pushkaran (1983)

and Deshmukh et al. (1986).

Kushwaha and Tawar (1973) reported low
heritability estimate for oil conéent. Pushkaran (1983) in
a two season gtudy recorded moderate heritability and low
£enetic advance values during. both kharif and  summer

s

geasonsg.
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2.3 Correlation

Kushwaha and Tawar (1973) recorded positive
correlation between days to flowering and 100 kernel weight.
Nagabhushanam (1981) reported gignificant negative
association between days to first flowering and pod yield.
Kuriakose (1981) reported negative correlation between pod
vield and days to 50 per cant flawering. Pushkaran (1953)
alwo reported significant negative association of pod yield
with duration up to flowering. -He alaso obsarved( positivae
correlation between duration up to flowering and oil
content. Yadav et al. (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 perceﬂtage.
Deshmukh et al. (1986) recorded negative association between
pod yield and days to 50 per cent flowering. Significant
positive aggociation between duration of flowering and pod

yield was reported by Kuriakose (1981).

Mohammed (1%77) in a regression study of F3 on
Fo indicated that maturity (lateness) was positively
correlated with geed yield. Kum;r and Yadav (1978) in their
studies with bunch varieties reported 'strong -bositive

agseociation of days to maturity-with pod yield. Pushkaran
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(1983) recorded moderate positive correlation of days to
maturity with pod vyield. Uu (1983) observed negative
correlation of maturity date with yield., Alam et al. (1985)
reported positive association between pod yield per plant

and days to maturity.

Patra (1980) observed significant positive
correlation of number of immature pods per plant with pod

vield.

Significant positive correlations of number of
mature pods per plant to pod yield were reported Dby
Dorairaj (1962) in both spreading and bunch varieties,
Jaswal and Gupta (1%966), Chandra mohan et al. (1267),
Khangura and Sandhu (1%72) in spreading varieties, Badwal
and Singh (1973) in semi-spreading and erect types,
Chandola et al. (1973), Kushwaha and Tawar (1973), Sangha
(1973b), Shettar (1974), Patra (1980}, Kuriakogse (1981),

Nagabhushanam {(1981), Lakshmaiah (1983) and Deshmukh et al.

(1986).

Comstock 'and Robinson (1952), Moustafa and Sayid
(1971), Lin et 'éi. (1969), Bhargava et al. (1970),

Phadnis et al. (1973), Dholaria et al. (1972), Nair (1978),
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Singh t al (1979), Venkateswaran (1980), Yadava et al.

(1981) and Alam et al. (1985%) reported significant and

positive agsociation of number of pods per plant to pod

vield.

Kushwaha and Tawar (1973) reported significant and

’
positive association of number of mature pods with number
of immature pods per plant. Yadava et al. (1981) tound

positive and significant association of number of pods with

days to first flowering.

Nevano (1%924) and Lin (1954) reported strong
correlation between total number of pods and dry pod weight.
Pushkaran (1%83) found significant negative association of

number of mature pods with lOO'kernelhueight.

Lin et al. (196%9) indicated pogitive association
between number of pods per rplant and shelling pPercentage.
Kushwaha and Tawar (1973) reported significant and positive

correlation between number of maturas pods per plant and

shelling percentage.

Pushkaran (1983) reported significant negative
assbciation of number of mature pods per plant with 100

kernel weight.



, 13
Samooro (1975) obsacrved positive corralation

between number of pods and seed maturity.

Chandramohan et al. (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 vield. P;shkaran (1983)
recorded that haulms .yield had significant and positive

correlation with duration upto flowering and maturity, 100

pod and kernel weights.

Nevano (}924)‘vecorded strong association between
dry pod weight and total pod number. Syakudo and Kawabata
(19653 observed significant and positive agsociation between
ped and kernel weights. Coffelt (1974) and Coffelt and
Hammons (1974) observed highly significant correlaticns of
pod weight with seed number and seed weight. Nair (1978)
and Radhika (1984) reported that 100 pod weight wasg
gignificantly and positively correlated with pod yield.
Kuriakose (1981l) reported positive agsociation of pod
vield 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 asgsociation with 100 pod weight.
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Raman et al. (1970) reported high pogitive
"genotypic and phenotypic correlation coefficients between
vield and shelling percentage. Khangura and Sandhu (1972)
obgserved stronyg positive  asgociation of pod yinld with
shelling percentage. Similar findings were reported by
Dholaria et al. (1972) and Kumar and Yadav (1979).
Kushwaha and Tawar (1%73) observed significant negative
correlations of shelling percentage with 100 pod weight and,
100 kernel weight. Shettar (1974) noted that pod yield was
nagatively correlated with shelling percentage.
Venkateswaran (1980) observed significant and pogitive

correlation of yield with shelling percentage in bunch

varieties. Patra (1980) sgstressed the importance of
shelling percentage ag an effective yield component for
selection. Ramanathan {1980) observed gsignificant

positive correlation between shelling percentage and pod
waight. Kuriakose(1981) reported posgitive asgsociation of .

shelling percentage with pod yield.

Slgnificant positive association of 100 seed
welght with pod vield was reported by Dholaria et al.
(1972), Sangha. (1973b7), Kudupley (1977), Singh et al.
(1979%9), Rao (1978/79), Labana et al. (1980), Kuriakose

(1981), Nagabhushanam (1981), Raju et al.(1981), Singh at
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al. (1984), Kataria et al. (1984), Radhika (1984), Yadava st
al.(1984) and Deshmukh et al. (1986). Venkateswaran
(1980) noted significant positive correlation ot yiseld with
kernel weight in spreading type of groundnut. According to
him, Kernel yield was more steady and reliable than Qield
of pods. Howeaver, Sangha and Sandhu (19757 reported

negative association of 100 seed weight with the number of

pods.

Elsaeed (1967) observed that coefficient of
correlation between o1l content and kernel weight was
negative. Kushwaha and Tawar (1973) repérted negative but
non-gignificant asgsociations of percentage of o0il content
with days to maturity and 100 pod weight. Kudupley (1977)
reported nonsignificant but, positive agsociation between
vield and oil percentége. 'Shany (1977) obgerved highly
significant negative correlation between oil content and

percentage of mature pods and positive correlations between

‘0il content and number of pods per plant, and mean seed
weight, Layrisse et al. (1980) indicated significant

asgociations of pod yield seed yield with oil content.
Kuriakose (1L981) also reported significant positive
correlation of pod yield with o0il content. Pushkaran (1983)
recorded negative correlation between oil content _and 100

kernel weight.



2.4 Path analyasis

Uright (19213 developed standardized partial
regregsion analysis known ags path coefficient analysis. It
analysesg the causge-weffect relationahip. The path
coefficient analyses attempted in groundnut are reviewed

hereunder.

Khangura and Sandhu (1972) in a study with 30
spreading varietieg of g@groundnut observed that the
raegregsion of pod yield on the number of mature pods wasg
highly significant.' They inferred that.number of mature

pods was an effective gelection aid for Lmprovement of pod

vield in spreading groundnut.

Path coefficient analysis by Badwal and Singh
(1973) indicated that the number of mature pods in semi-
gpreading and erect types and 100 kernel weight in
spreading types had gsignificant direct effect on yield.
Shelling percentage in general had Indirect effects towards
pod yield. The individual contribution by various component

traits to pod yield varied from cne group to the other.
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Chandola at al. (1973) recorded that the number of

pods per plant had a high direct effect on vield.

In a study with semi~-spreading x bunch and semj-
spreading x Semi-spreading crosses of groundnut, Sandhu and
Khehra (1977a) indicated that number of mature pods had
high 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 flowering had negativg direct effect but,

it affected pod yield indirectly via. days to maturity.

That pod number had high positive direct effgct on
vield followed by 100 kKernel wveight and days to maturity was
indigcated in a gtudy with 16 bunch groundnut cultivars by
Yadava et al. (19843. They also observed that poed number

affected pod yield via. days to maturity.

Path analysis at the genotypic level by- Singh
et al. (1984) indicated that shelling percentage was an

important yield component. 100 kernel weight showed high

indirect effect on pod yield via. other traits.



High positive direct effect of mature pods, 100

red weight, 100 kernel weight and percentage of sound

matured kernel on pod yield was observed by Deshmukh at
al. (1986). They also suggested that characters showing

negative correlation with pod yield also exhibited negative

direct effects for days to first flowering.

Jaswal and Gupta (1%67) in their studies with 59
erect varieties over two seasong suggested number of mature

pod per plant as an important selection criterion.

Dholaria et al. (1973) observed that branch number
was more jimportant in spreading type , while pod number was
more important im bunch types for selection for improved

viald.

Selection tor 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 vield per plant (Nigam et al., 1984).

2.5 Combining ability and gene action

In a 8ix parent diallel Cross (without
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~

t al.(1975) estimated combining ability

reciprocals) Uynne
in the Fz generation. The parents included Valencia,
Virginia and Spanish botanical types. Estimates of gca were
of greater magnitude than sca for all the characters

8xcept percentage of sound mature Kernels.

Garet (1976} evaluated the F, 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, o0il content and
shelling outturn. Sca and reciprocal affects were also
significant for all the traits except o0il content. The gca
estimates were larger than sca estimates for all the
characters axcept 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 ot al. (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 et al. (1978) in a diallel analysis sgtudy

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

dominance,

In Fe and Fa generations of a study, Mohammed et
al. (1978) found that additive effects were gignificant for

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

In a sgix parent half-diallel ‘cross of. diverse

groundnut cultivars, Isleib et al.(1978) evaluated the
progeny from F, to F, generations for the presence of
epigtatic effects. For all the traits measured, egtimates

of epistatic variance were larger than those of dominance

variance. In an analysis of the Fg generation of diallel
crosses, Cahaner et al. (1979) found duplicate gene

interactions for the weight of pods per plant.



a7

In a five pareut diallel study, Raju et al. (1979)
indicated that the sca variance wasg greater than the gca in
magnitude for all the traits studied, which showed the

predominance of non-additive gene action.

Significant gca estimates were obtained in both F,

and Fs generations for resistance to early leaf spot
(Cercospora arachidicola) and late leaf spot
(Cercosporidium personatum) indicating additive genetic

effects for minimal leaf defoliation (Kornegey et al. 1980).

Layrisse et al. (1980) observed +that variation
due to Dboth general and specific combining abilities was
significant for vyield and oil characters while the saca
estimates were significant for protein percentage. However

the component of variation due to gca was larger than that

of sca-for all the characters gtudied.

In a six parent diallel analysis involving four
Virginla and two Spanish types, Singh and Labana (1980)
studied combining ability for nine vegetative and pod
characters. The mg;n squares due to gca and sca 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

effocts.

Gan et al. (1981) in a diallel study found that
£<¢a and sca effects and reciprocal effects were highly
significant for all the 15 traits studied. High
heritability was indicated by the close correlation of
egtimated gea values with the parental values, The maternal
inheritance component of genetic variance was gignificant in
some varieties.

A

Hamid et al. (1981) in a six parent full diallel
analysig found that sca 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 sca effects were approximately equal for

percentage o0il content.

A ten parent half diallel stﬁdy conducted by
Labana et al. (1981) indicated greater sca variance for pods

per plant and pod yield per plant while gca variance was

greater for 100 seed weight.
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In a five Parent diallel including three Valencia
and twe Spanish types, Reddy (19825 observed preponderange
of additive genetic variance for 100 kernel weight. Other
traits such ag number of mature pods, number of immature
pods, number of Kernels, total kKernel weight, weight of
sound matured kKernels, Shelling percentage and 100 kernel
weight showed sigﬂificant difference for mean squares dgye to
both gea and sCa. Estimates of components of variance
indicated Preponderance of non-additive gene action for
these traits. Sca variance was highly significant for pod
vield. Botﬂ additive and non-additive genetijc variancesg

vere of equal importance for days to first flowering.

In a line x tester analysis involving four malesg
and five females, Raju (1982) observed that there was no
Preponderance of either gca orp gca for most of the
characters, sca effects were more pPredominant than &ca.
The resistance to rust had very high gca variance compared
te that of SCa suggesting a Preponderance of additive

aenetle variance.

In a sStudy on the influence of plant density on
combining ability,Reddy (1983) found that lower plant
densities could be utilized for the estimation of 'combining

ability under limited seed supply and valid inferences could
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be drawn even from small Fe populations. Predominance of

non-additive gene action was indicated for kernel vield,

yield of pods and weight ¢of haulms.

Khanorkar et al. (1984) in a line x tester
analysis using six early maturing Spanish bunch varieties
as female parents and three rust resistant Valencia straing
as male parents, found that sca variance was greater than
&ca variance for traits such as mature pods, immature rods

and rust infection indicating a predominance of non-additive

g€ene action.

In another line x tester study involving seven
females and three males, HManoharan et al. (1985) observed

additive gene action for 100 pod weight, shelling Percentage

and pod yield and non-additive gene action for pod number.

In a line x tester analysisg, Basu et al.
(1986b) found ‘Chico' to be the best general combiner for
days to 50 per cent flowering and days to maturity. The
highest negative heterosis for the abovae two traits was

exhibited by the crogs combination TMV 2 x Chico.



In a eight parent diallel analysis, Basu et al.
(1987) reported 1lhat traits such aw days to 50 poer cunt
flowering, days to maturity, mature pods, pod yield, 100

kernel weight and shelling percentage were controlled

predominantly by additive géne action.
2.6 Heterosls

Stokes and Hulf (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 Spanigsh or Virginia x

Valencia combinations.

Parker st al. (1%70) .4in their study obtained F,’'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 hgterotic regponses were for

Valencia x Virginia crosges than for Valencia x Spanish or

Virginia x Spanish crosses.

Wynne et al. (1970) observed that greater
heterosis for vyield and pod characters was given by

Valencia x Spanish crosses.
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Hammons (1973) observed heterotic responaes for
pod vield in F, hybrids resulting from crosses between the

gubgpecific groundnut groups.

Studies by Wynne et al. (1975) indicated genotypic

X environment interaction in the expression of heterosis.

In a five parent diallel study,Garet (1976)
obtained a good heterotic response over better parent for
100 pod welight, 100 kernel weight, pod and seed number per
plant and shelling percentage. Crosses involving Virginia

and Spanish type'as parents manifested the lest heterosis.

Heterosis over the superior parent for yield
components such as number of mature pods (20.056 per cent),
two seeded pod (20.8 per cent) and pod yield per plant

(37.02 per c¢ent) wersa obtained by Raju (1978).

High gca x low gca crosses produced greater
hetercsis than high x high or low x low crosses in studles
by Arunachalam et al. (1980), Prasad (1981) and Arunachalam

et al. (1982).

Muralidharan and Raman (1980) observed positive

heterosis for days to flowering, number of two seeded pods
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and pod-yield per plant in the hybrids produced by crogsing

bunch types with Arachlis monticola.

Sridharan and Marappan (1%80) reported positive
heterosis over better parent on all the hybrids studied for
number of mature pods and pod yield per plant. Heterosis
fanged from 23.33 to 87.50 per cent over mid-parent and from
6.22 to 38B.40 per cent over better parent for number of
mature pods and from 37.44 to 95.33 per cent over mid-parent
and from 4.20 to 70.30 per cent over better parent for pod
vield. For 100 pod weight and 100 kernel weight, heterosis

rangaed form 6.38 to 30.20 per c¢ent over mid-parent.

Gregory et al. (1980) in a diallel study found
heterosis in crosses betweon 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
vield 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.
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Wynne and Gregory (1%81) réviewed the phenomenon
of heterosis in groundnut and arrived at the following
COnclusions.. Heterosis is most often observed in crosses
between the sub specific groups. There is difference in
g€ene 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 . crogses
made between parents from different botanical varieties both
additive and non—additive genetic variances may be

gignificant.

Raju (1982) indicated that heterosis for economic
¥vield may be obtained in both intraspecific and intra-
subspecific «c¢rosgses, unlike mogt of the previous reports
where yield heterosis was thought to be prevalent in inter-

subgpecific crosses only.

Reddy (1982) observed that heterosis percentages
in cross;s between Spanish x Spanish and. Valencia x
Valencia were equally good and comparable to the best c¢ross
wvhich involved Spanish and Valencia parents for several

traits.
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Isleib and Uynne (1983) found that a gignificant

portion of the wvariability in heterotic effects wvere
attributable to differences among the parental groups, with
generally higher 1levels expresgssed in inter - subsapecific
cCrosses. 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
sead 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 epistagis.

Presence of an optimum level of genetic
divergence between parents to obtain heterosis was indicatad

in studies of Arunachalam et al . (1984).
2.7 Genotype x Environment interaction

Joshi et al. (1972) studied the stability of
bunch cultivars at seven environments in Gujarat. Cultivars
showed stability in all environments for vield, one of them
performed consistently well in both poor and good

environments,
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Singh et al. {1975) studied eight promising
spreading varietieg 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
gignificant. The differences in gtability were mainly due

to 1linear regression.

Sangha and Jaswal (1975) tegsted 12 groundnut
varietie; for two years at four locations. The performance
of 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 sgimilar and suggested that little would be galned by

testing the varieties for more than two years.

Significant genotype x environment interaction was
obtained for pod vield and 100 seed weight but not for
number of mature pods in an evaluation study conducted by

Sandhu and Khehra (1977b).
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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 yvield, percentage
of sound matured kernels, 100 kernel weight, axtra large

kernels and fancy sized pods.

Uilliams et al. (1978) opined that cultivars were

sengitive 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,
shelling percentage, 100 seed weight and oil content. The
magnitude of the 1linear component of the genotype X
environment interaction was high for pod yield, 100 seed

weight and o0il content.

Yadava and Kumar (1%978b) studied 17 genctypes
under four environments and found thaﬁ the linear and non-
linear portions of the genotype x environment interactions
were significant for 100 kernel weight, 0il content and
shelling "percentage. Genotype X environment intepractions

vere significant for these three traits. It was also found
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that the stability parameters for the different characters

were governed by appatrently indepandent genetic systems.

Significant genotype x environment interacflon
(linear) was obtéined for number of days to maturity and pod
yield in a study conducted by Yadava and Kumar (197%) with
13 wvarieties in four different vears, The non-linear
poertion of genotype x environment interaction was
gignificant only for the .numbep of days to maturity.
In a satudy with 17 cultivars grown 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 podas per plant, geed vield, shelling outturn and 100
seed weight. The variety x year interaction was
gsignificant 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, genofype X

envirenment interactions in groundnut appear to be similar
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to those in several other autogamous specias. The yield of
& groundnut cultivar in each individual expeaeriment if
unique, the environmental conditions differentiating the

tests cannot be grouped according to years or locations.
This i3 not surprising considering the indeterminate nature

of the groundnut plant.

Pod yleld and four ¥ield related characters were
studied in 12 spanish bunch Zenotypes under three
environmental by Kumar et al. (1984). G x E interactions
were gsignificant for all the traits. Non linear-components
had higher values for all the traits except pod vyield andg
days to maturity. For pod yield non-linear component of the
interaction wag significant whereas, for the four other

traits, linear components were significant.

Norden et al. (1986) found that fgenotype x
environment jinteractions were highly signifiéant for pod
vield, fancy pods Percentage, shelling percentage, 10b
kernel weight and S.M.K vield in a study with four multi
line populations along with theirp component lines over four
years in two locations. Large differences were not present
for the +traits between sib-lines. However differences were

found in stability estimates from regregsion coefficients



and deviation from regression of multilines compared to the

component lines.

Vindhiya Varman et al. (1989) worked out
phenotypic stability wastimates both under gtress and stress
free environments, for three congecutive years involving
s8even groundnut genotypes. The phenotypic respongiveness
and stability were estimated for productivity and kernel
q;ality characters. The genotype RSHY 1 exhibited high mean
pertformance for yield and quality characters indicating the
average unit responsiveness across the environments.
However, the stability wasg poor. JL 24 produced bold
kernels even under stress conditions. All other genotypes

exhibited similar pattern of stability and responsiveness.

In their study on genotype X environment
interaction, Veerabadran et al. (19%0) indicated that the
larger the interaction, the lesser were the chances of
progress under selection in a breeding programme. The
variety Co 1 was considered to possess gtability wunder
favourable environment and the genotype Dh-3-20 was found to

be specially suited for unfavourable environment.



2.8 Breeding for earliness

Earliness 1is an important objective in groundnut
breeding. Nigam et al. (1%980) indicated that groundnuts
which mature eérlier 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 ghort 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, regponsiveness 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.
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In order to identify early maturing genotypes it
is quite wessential to determine their time of optimum
maturity. Groundnut is unigque 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 atmogpheric
factors further complicate the maturity determination. For
determination of the time of optimum maturity, stagperad

system of harvesting was suggested, wherein the lines under

avaluation are harvested at pre-defined intervals from
. .

randomized and replicated field plots (Rac and Gibbons
1984). Thereafter, the components associated with crop
maturity are analysed and time of opt imum maturity

determined at that point of time when the various maturity

related characters attained their peak values.

Stuéies conducted by Rao and Gibbons (1984)
indicated that early maturity varieties wunless 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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Arunachalam 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
(1%84) . 8sugegested the traits viz., pod vield, sound mature
kKernel yield, 100 pod weight, 106 Kernel weight, shelfing
percentage and sound mature kernel percentage as important
ones for determination of physiological maturity in

groundnut,

Gupton and Emery (1970) estimated heritability of
maturity as measured by the percentage of light transmitted

through o0il expressed from kernel. This gave the o0il index.

Tai and Young (1977) registered high wvalues of
broad sense heritability for the level of free arginine
in groundnut cultivars. Thusg, 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
al., 1936 and Hassan, 19643. Holbrook et al. (1988) in a

gtudy with F, and Fe plants from reciprocal crosses
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involving early maturity c¢hico 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 heen launched, at the
Iqﬁernational crop Research Institute for Semi-Arid Tropics,
Hyderabad and at various AICGORPO groundnut centres for
incorporationlof earliness into present popular variefies.
Chico, Robut 33-1, 91176, TGE 1 and TGE 2 have been
identified a8 sources of earliness. Chico is vwvery aarly,
gmall poded and small kernelled spanish genotype from
Russia. TGE 1 considered to be as early as chico, but
superior in poq vield, shelling percentage and oil content,
possess foliaceous gstipules as a aenetic marker, (Mouli and

Kale, 1982).

Observatipns on the flowering pattern of groundnut
in relation to <¢rop 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 rata up to 65 to 7d
days after sowing after which they ceased to flower (Anon.,

1985).
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. Basu et al. (1986b) used Gangapuri, MH 2,

and Robut 33-1 as donor

chico

of earliness in crogsing programme
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 o{ 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 hybridization

The material comprised of six extra early types
(chico, ISKN 8827, ICGS 35-1, Dh(E) 20, Dh(E) 32 and IES
883) and three high productive types (TG 3, TMV 2 and JL 24)
selacted 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 ag detailed in table 2.



Table 1. SOURCE OF TYPES

S1l.No Type Original source
1. Chico Russia
2 IGG(FDRS) 43 ICRISAT
3 ICG 44-) do .
4. ICGS 35-1 do
5. ICGSE 21 do
6 ICGSE 52 do
7 ICGSE 121 do
8. ICGY 86010 do
9. ICGV 86011 do

10. ICGC 86012 do

11. ICGV 86013 do

12. IES 883 do

13. ISKN 8827 do

14. ISKN 8828 ' do

15. ISKN 8829 do

1¢. ISKN 8830 do

17. ISKN 8831 do

15, ISKN 8832 do

19. ISKN 8833 do

20. IS5KN 88314 do

21. ISKN 8835 do

22, ISKN 883¢ do

23. ISKN 8837 do

21, ISKN 8339 do

25, ISKN 8840 do

26. ISKN 8844 do

27. I5K0 8ap2 do

28 IS5K0 8803 do

29. IS5K0O 8804 do

igQ. ISKO 8805 do

31, ISKO 88046 do

32. ISK0O 8807 do

a3, ISKO 8808 do

34, ISKO 8809 do

35, ISKO 8810 do

36. ISKO 8811 do

37. ISKO 8812 do

38. ISKO 8813 do

39. ISKO 88114 do
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Table 1. Cont'd.

S1.No. Type Original source
40 . ISKO 8815 ICRISAT

q1. ISKO 8816 do

q42. ISKO 8821 do

43. ISKO 8823 do

44, ISKO 8824 do

45 .. ISKO 8825 do

46 . TG 3 BARC, Trombay
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 77 do

55. Dh(E) 20 Dharvad

56. Dh(E) 32 do

57. MC 3 Vellayani
58. MC 11 do

59. MC 18 do

60. MC 21 do

1. MC 22 do

62. MC 29 : do

63. MC 33 ) do



"igure 1.

Selected six

Lines
Chico

ISKN 8827
Dh (E) 20
Dh (E) 32
ICGS 35-1
1ES 883

lines and three testers.

Testers
(L) TG 3 (T1)
(L2) TMV 2 (T2)
(L3) JL 24 (T3)
(L4)
(L5)

(Lé)






Figure 2. Pods of selected sixX lines and three ftesters

Lines Testers
Chico (L1) 6 3 (T1)
ISKN 8827 (L2) ™V 2 (T2)
Dh (E) 20 (L3) JL 24 FTB)
Dh (E) 32 (L4)

ICGS 35-1 (LS)

1ES 883 (L&)



i
Afeeiafraiiie aef caia X

Y

-

1

- "
o

=

S T

L ...




Table 2. DETAILS OF SELECTED TYPES AND THEIR HYBRIDS

S1.No Types/Hybrj.ds Code No
1 Cluco i L1
2 . ISKN 8827 L2
3 . ICGS 35-1 L3 .
4. " DA(E) 20 : . L4 \
5. Dh(E) 32 L5
6 1ES 383 Lé iy
7 TG 3 ) T1 L
8 THV 2 T2 X
9. ¢ JL 24f T3 -
10. ' Chico} X TG 3 L1 X T1
11. Chluqfx TMV 2 L1 X T2
12. .+ Chico'X JL: 24 L1 X T3
13. ISKN\8827 K TG 34 L2 X T1
14. . 1SKN/8827-X TRV 2. , L2 X T2
15. ISKN 8827 X JL 24 . L2 XT3
16. 1CGS' 3571 X TG 3 .« © L3 X'T1
17. ICGS 35,1 X MV o2 . L3 X-T2
18, 1CGS (3551 X JL 24,\M +-L3 XT3
19. nh(E))zoaxxrc 3" . © L4 X°T1
20. . Dh(E)v20 X THV 2 .« L4 X 'T2
21. .Dh(E)#20" X JL 24 ”Ifj ! L4 X°T3
22. “Dh(E)".32 X TG 3 00 7 L5 ¥ T1
23. 1~ Dh(EY '32 X TMV 2.+ T L5 X' T2
24. Dh(E)'32. % JL 24 -~ ', L5 X T3
25. . 1ES 883~ TG 3 -/ - L6 X, Tl
26. . IES 885X v 2~ LA L6 & T2
27. (IES 883 X JL 24, B0 L6 X T3
'“““------"*'“""-33; ------- ;iﬁf-r-'i—:--"- ----------------
Ly .:_‘L';'. iy . "‘?‘\!' T :
v, v "‘l' . u, Do v
. v a2 ;! ;("'.t‘: .\ -
R Ju?.f',&' .
pehh o L
; "!.-‘t ’\.\ G:"I
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3.1.14 Study of Fs generation

The genetic material c¢onsisted of 'the 18 Fg
populations (families) der&ved from the hybrids listed in

table 2. K B

(
3

3.1.5, Genotype x enviroament interaction

The material for the study ‘consisted of the six
lines (Chico, ISKN38827;11CGS 35-1, Dh(E) 20, Dh(E) 32, and
IES 883) and tﬁrée testers (TG 3, TNV 2 and JL 24) selected

in the preliminary’ evaluation.

3.2. Methods

!
[3

3.2.1. Experimenéhl procedure

§

3.2.1.1. Preliminary Evaluation

The 63 types 'were evaluated in rice fallows
during summer 1989 (January to April) at the Rice Reseacch
Station, Kayamkulam. The experiment wasg laid out in a
8plit 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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replications. Each sub plot vomprised of a single théee
meter row with plants spaced at 20 cm. Staggered harvesting
of the main plots Gas done at three stages of maturity,
viz.,80, 5 and 110 days after sowing. Data on the
following traits were recorded taking all the 14 plants,

except the Dborder plants of & variety in each replication

as the gsample.

i) Number of immature pods per plant

ii) ‘Number of mature pods per plang

iiij Haulms yield per plant

iv) Pod yield pér plant

‘v) 100 pod weight

vi) Shélling percentage

vii) 100 Kernel weight

W V1iii) 0il content
3.2.1.1.1. Estimation of genetic parameters
Genetic parameteryg sgsuch as co-efficients of

variation, heritability and genatic advance as percentage of

maan were estimated for the eight characters recorded.
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3.2.1.1.2. . Maturity index

A maturity index was computed by taking into
consideration éix traits such as ratio of qumber of mature
to immature pods per plént (instead of the <characters as
such), pod yield per plant, 100 pod weight, shelling

pércentage, 100 kernel weight and oil content.

3.2.1.1.3., Maturity groups

Baged on the maturity index, the 63 types werae
classified into three groups namely, extra warly, early and
medium, In each of the three maturity groups, mean
performance of the constituent fypes for the eight traits
recorded were studied. :

3.2.1.1.4. Correlation

In each of the three maturity groups, phenctypic
and gsnotyﬁic coefficients of correlation were estimated
between the different vharacters which included, number of
lmmature pods per plant, number of mature pods per plant,
haulms yield per plant, pod yield per plant, 100 pod

weight, shelling percentage, 100 kernwl wealight, oil content



and 0il yield per plant. Oil yield per plant was calculated

- ag follows:

0il yield per plant (g.)} =

Pod yield per plant(g.) X shelling % ¥ oil content(%)

3.2.1.1.5. Direct and indirect effects

Direct and indirect effects on pod yield and oil
.¥ield per plant in each of the three maturity groups WwEre
worked out. The components of pod yield included, number of
immature_ pods per plant, number of mature pods per plant,
haulms yield per plant, 100 pod weight, shelliug pPoerconlage
and 100 kerne% weight. The components of o0il yield included,
number of immature pods per plant, number of mature pods per
plant, haulms yiéld per plant, pod yield per plant, .100 pod
weight, shelling percentage, 100 kernel weight and oil

content.

3.2.1.2. Choice of parents and hybridizatiocn

The nine selected types were crossed in the line x
tester model keeping the six extra early types as the lines

"(Ll to Lé6) and the three high productive bunch varieties as
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testers (Tl to T3). The lines were uged as the ovule
parents. They were grown at thelCollege of Agriculture,
Vellayani during Kharif 1989 (May to October) in basin pots
kept on raised platforms to facilitate easy accessgibility to
flowers. The crossing techniqpe suggested by Reddy et al.
(1970) wag followed. In order to avoid marking of each
crogsed flower, a particular cross combination was confined
to plants in a labelled pot. The flowers which were mnot
used for crossing however, wera removed daily. The sowing
of tﬁe lines for crossging was staggered to keep the
flowering phase protracted over a long period té facilitate
large number of crosses. At harvest, the mature pods wers

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 1%%0 at

the Rice Research Station, Kayamkulam. Each plot comprised
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3
of a 8ingle four meter row with plants spaced at 20 c¢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 werse recorded from five plants
aselected 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 immatupe pods per plant
v) number pf 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 Fz generation

The 18 Fez populations (families) were raigsed in
three randomized blocks at the College of Agriculture,
Vellayani during Kharif 1990. The plants were harvegted at

80 days after sowing. Ten high vyielding exXtra early
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recombinants with high mature to immature pod ratio weare
selected from aach family in avery replication.

Obgervations on the following characters were recorded on

these plants.

i) Number of imﬁature 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

1

utilising the data relating to the nine types selected as

parents from the preliminary evaluation in three

anviornments.

First environment(summer, 1989): The data obtalned
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
poa 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 data
obtained by the nine types in the combining ability

avaluation for the traits detalled above were considered.

Third environment(kharif, 1990): The nine types
were raised in a simple Randomizad Bloeck Design with
three replications at the Collage of Agriculture Vellayani.
Each plot consisted of three rows of 15 .plants seach at a

spacing of 30 x 10 cm.

The Bartletts test was used to judge the
homogenity 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 homogenity of error variances.
3.2.1.6. Details of characters atudied and estimationsa made

i) Days to first flowering : The number of days
from sowing to the appearance of the first flower on each

obgervational plant.

il) Days to last flowering : The number of days
from sowing to the ceasation of flowering on each

observaticnal plant.

-
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i1ii) Days to maturity : The number of days from
sowing to maturity of each observational plant. In arriving
at maturity, the appearance of plants, senescence of leavas,
nature of pods, shell characters, pod filling, kernal

characters and the inside colour of the shell were considsred

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 wvisibly mature pods per plant at harvest on each

observational plant.

vi) Haulms yield per plant : The fresh haulms
vield 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 i 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 200g.
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) 0il content : A random sample of kernels of
each type per replication was drawn and o0il content wvas
estimated by wusing the OXFORD 4000 NMR analyser at the

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

xii) Reaction to major pests : There was no

significant incidence of pesat attack.

xiii) Reaction to major diseases -: The plants were.
gcored for their reaction to the incidence of rust disease
at 80 days after sowing. Scoring for rust caused by

Puccinia arachidis wag done empleoying the 1 to .9 scale

suggested by Subramanyan et al. (1%80).
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Where, 1 = no infection.

50 to 100 per cent foliage destroyed

o
H

by rust.

1

3

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 rlant by the number of

immature pods.
3.2.2. Statistical analysis
3.2.271. Preliminary evaluation
The data collected were tabulated and susjected to

statistical analysis for estimation of the coefficients of

variation, heritability and genetic advance.



3.2.2.1.1. Coefficients of variation

The analysis of variance of the gplit plot experiment is

presented in table 3. The genotypic, phenotypic and

enviromental coefficients of variations were estimated as

follows.

o
Genotypic coefficient of variation, G.C.V. = Voo x 100
mean
" 1MSv - MS3e
where,Gg = —~=-==-———~-
r
z -
op
Phenotypic coeffcient of variation, P.C,V., = 2——-- x 100
‘ mean

2 2 2
where,O0p = g +0e

A

Ge =

]
=
17
L

S
\)6&
Enviornmental coefficient of variation, E.C.V, =V-—-~ x 100

3.2.2.1.2. Heritability

Heritability in the

broadsense (H®) expressed as

percentage was estimated as per the formula suggested by

Hanson et al. (1956).
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3.2.2.1.3. Genetic advance

Expected genetic advance under selection was estimated

according to Allard (1960) as;

Genetic advance due to selection T T
mean
where, K = selection differentiial.
Table 3. ANALYSIS OF VARIANCE (ANOVA)

sowrce ac me P
Replication r - 1 MS, Mns, /7 MS.1
Stage of harvest s -1 1S, MS, / MS.s
Error 1 (s-1) (r=1) MS.
Type (v-1) IS, s, / MS.=
Type x
8tage of harvest
Interaction (v=1) (s-1) NS, . MS.,. / MS,e
Error 2 s{(v-1) (r-1) MS. =
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3.2.2.1.4. Maturity index

Based on the critical difference (C.D.) 2a1ues
of the treatment combinations obtained from the above split
plot experiment, the 63 types were scored for the maturity
traits namely, ratioc of number of mature to immature pods
per plant, pod yield per plant, 100 pod waight, shelling
percentage, 100 Xkernel weight and oil content. The
different scores were 3,2, and 1. The scere 3 was given to
Fhoae types whose mean values at 80 daya harvest was
algnificantly 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
gcore 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 gsignificantly. The
acore of 1 was given to those types whose mean values at 110
days harvest wére gignificantly higher than that at 80 and
95 days harvest. For each type, the total score was
éalculated by édding the scores obta;ned for the s8ix

different traits.
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On the basis of the standard error (S.E). values
the 63 types were clasgified into three groups namely,
extra-early(>Mean + S.E.), early (Mean +/- S.E.) and

medium(<Mean ~ S.E.).

3.2.2.1.5. Correlations

In each of the above three maturity groups,
correlations Dbetween different traits were worked ocut both

at genotypic and phenotypic levels.

Table 4. Analysis of co-variance

Source of variation df @ e
Observed Expected

Between replications r -1 Mse,

Between types v - 1 MSP., LOViy t O,y

Error (r-1) (v-1) MSP, ey s

From the analysis of co-variance (Table 4), the
genotypic, phenotypic and environmental co-variances where

estimated as :



Msp, - Msp,
i) Genotypic co-variance, rgi. e e
r
Li) Environmental co-variance, fe;; = MSP,
iii) Phenotypic co-variance, 0Opis = 0813 t ey

These co-variance components were substituted in
the following formula to calculate the genotypic (rg) and

phenotypic(rp) correlation coefficients:

The genotypic correlation . coefficient . between

characters x, and x,,

¥e. . = e e s=====
J U1 X URs

genotypic variance of character x.

wherea, fh,

1

3 . .
of genotypic variance of character - -x;

Phenotypic correlation coefficient between

character x, and x,,

oo = pmmeeeiene
J rps X Dpy

A . .
where, rp. phenotypic variance of character xg

phenotypic variance of character x;j

o
ar
[

n
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The significance of correlation coefficients wers
tested by using the student’'s ‘t' test with 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
eptimated through path analysis technique in the three
maturity groups as suggested by Wright (1921) and elaborated

by Dewey and Lu (1959) using the model,
Y = alxl + a2x2 + a3x3 + - - = = = = + akxk
Where, Y and X are the standardized wvariables

correspending to yield and the 1 to K traits respectively.

The solutions to the gimultaneocus equations formed was given

as,
Re w Pi w « = Ra 1.u

where, Ri w « 1ls the intercorrelation matrix of

the k dependent variables X,. Py « w is the vector of

correlation between the dependent and independent variables

(X:). The residual factor (R) which measures the influence
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of those characters, if any net included in the causal

scheme and that of the environment was estimated as,
Rz = 1 - E¥ian rss By

wvhere, i3, i =1, ... k ig the correlation of

the dependent variable with the independent variable and

P, .1 1 ... k , the path coefficient which meausres the

direct effect of the independent variable on the dependent
variable. The indirect effect of the X, variables on Y
through x; was egtimated as r,3P,, r1s being the correlation

between X; 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 tegt of silgnificance of differences among the

types including parents and crosses was performed (Table 5).

Estimation of combining ability:

For westimating thé general and specific combining



ability effects,

was adopted._ In
and half sibs in
tester (Mi), line
the variance due

combining ability

Table 5. ANOVA f

Replication
Parents

Parents vs
crogses

Crosses

Lines
Testers
Line x Tester

Error

68

the method desceribed by Kempthorne (1957)
this method, the co-variance of full sibs
terms of mean squares due to lines (M),
x tester (Mi.) were obtained, from which
Lo wpeneral vombining abllity and specitiy

wers egstimated.

or line x tester 1including parents

dft MS
(o - 1)
(1 + t -1
1
(1t - 1)

(1 - J-J ﬂ:
(t - 1) M.
(1-13 (t-1) My
(r=-1) (lt -1) M.
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where, 1 = number of lines

number of testers

ot
H

number of replications

3
It

The significance of lines and testers are tested
against mean square due line x tester, while the
significance of 1line x tester is tested against mean square
for error (Singh and Chaudhary, 1977).

The genetic components were estimated asg:

My -Mie
Cov. H.S.(line) T oemmm——————— :
- ' rt
Me-Mie
Cov. H.S.(testers) . S mmm—
Tl
1 (1-1) My+(t-1) M,
Cov. H.S.(average) T mmmmemm—mme— | e
r(2lt-1-t) 1+t-2
(ITy-Ma) + (Me-Ma)+ (IMye-M.)
Cov. F.S. ) = e e +



o2 gca

e sca

WUhen, F=0, p2D

F=1, o%D

70

= Cov. H.S. (average)

= 4 p? sca

e sca

WUhere, F is the inbreeding coefficient.

Estimation of gca and sca effects:

The

ijken

x!Jk

wherae,

model used to estimate the gca and sca effects

observation was as follows,

=’J"'gnx + g2 + 15k

= population mean

= gca effects of i*" —--- line

= gca effects of j¥d --- tester
= sca effects of 1j*" combination

= ercor associatted with ijk'" observation

= number of lines

of



number of testers

[
11

number of replications

Loy
1

The individual effects were estimated as follows

X ...
i. Mean = e
1tr
Xi. X ..
2. .gca effects of lines g~ , =, Tmmm—— - e
tr 1t
X.]. X...
3. gca effects of testers gy = —=———---——- - mmmmm—e e
ir l1tr
q. gca effects in combinations
Xij Xi-. X.J. X .
84y = —m==me——- LT p—— Ly + ———
r tr lr ltr
1 ]
where, .
X . = total of all hybrid combinations.
X, .. = total of i*" line over *t'testers and
‘r’ replications.
X.3. = total of j'" tester over “1'lines and 'r°'

replications.

1

Xi; total of the hybrid between i*" line and



j*" tester over "r’' replications.

The standard error pertaining to gca effects of
lines and testers and sca effects in.different combinations

were calculated ag given below.

S.E. (g71) Lines

S.E. (g"°35) testars

S.E. (8 :13) in combinations

- i

Proportional <contribution of lines, testers and

line ¥ tester to total variance

55 (1) x 100
Contribution of lines = e it T

Contribution of testerg =  —————e—u_____
S5 ( crosses)

55 (1xt) = 100
Contribution of (lxt) = e e
88 (cCrosses)
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Where, 55 (1) = sum of squares due to lines
55 (t) = sum of squares due to testers
= sum of squares due to line x tester

SS  (1lxt)

3.2.2.2.2. Heterosis

Relative heterosis (di):

Relative heterocsis was estimated as,

where, Fl was the mean value of the hybrid and MP
was the mean mid - parental value. It was expressed ag

parcentage.

Heterobeltiosis (dii):

Heterobeltiosis was estimated as,

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.
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Standard heterosis (diii):

Standard hetercsis was estimated as,

FlL - SP
e X 100
SP
where, FI was the mean value of the
hybrid and SP wasg the mean value of the standard type,

expressed as percentage.

Significance for the three types of heterosis was

tested by using the C.D. values calculated as,

C.D. value for relative heterosis = tar(es |

C.D. value for heterobeltiocsis

and standard heterosis t arce

3.2.2.3. Genotype x Environment interaction

The data obtained from three seasons viz., summer 1989,
"sunmer 1920 and Kharvif 19920, were subjected to 'location-wise

analysis of variance followed by pooled analysis. Pooled
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1
analysis of variance was pertormed to investigate the cousistenucy
of "the typesg over envireonment. The split up of the degrees of
freedom fofr various sources of variation is gliven below {Singh &

Chaudhary, 1%977).

Table 6. POOLED ANOVA

Sourcé df 1.5, -
Typescy 1 mse
Environment (E) #—1 - MSe
G x E (t=1) (s-1) MSe « e
Pooled Error st(r-1) MSe 4
The mean sum of squares due tTo genotype X

environment interaction was tested againgt mean sum  of

asquares for pooled error. The arialysis for estimation of

gstability parameteris was proceeded when the variance due to

genotype x environment interaction was found significant.

The model of Eberhart and Russell (1l9%966) was used

f6r stability arialysis with "1’ types tested in s

environments. The stability of types under different

environments was computed as:-
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Y., = mtbaIs+8,, (i=1,2,...,t and Jj=1,2,...,5)

Where,
Y,; = Mean of i'" type in j'™ environment.
m = Mean of all the types over all the environments.
b, = The regression coefficient ot the i'" variety
on the environmental index which measures the
response of this type of varying environments.
1, = The environmental index which is defined as
the deviation of the mean of all the types at
a given location from the overall mean.
Eng ££ Y;_-l . EIJ = 0
i ij ‘ J
ZE —mm e m—- - e —m——— ’
t ts
and 8,, = Tha deviation frowm regression of ths ivn type at

jen location.
[ I
Stability Parameters:
The two parameters of stability were calculated

as;i-

a) The regression voettivcient which s the regrussion
of the performance of each type under different environments.

on the environmental means over ¢ll1 the types. The
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rearaession coefficient (by) for ecach type is computed as:

EY., 1,
.3

by = . —==—m==-
£ 12,
J

Regression coefficient was tested by applying the

‘t' test,
o1 N
t = ---
SE(b)
where,
MS due to pooied deviation from.
regression
SE(b) = ¥ cmmmm e e e
£ 1z,
J
b)

Mean square deviation (5%4) from linear regression,

82 (:1‘

= 2‘5214/ - (8=2./r)
. i (s5-2)

The significance of G2, is tested against pooled

error (S2,).

The analysis of variance for phenotypic stability

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

Source dE Ms F
" Tetar se-r
T lypes -1 s, MS, /NSs
Environment +
(Type x Environment) t(s-1)
Environment {(Linear) 1
Type x Environment
(Linear) t-1 MSe MSz /MSs
Pooled deaviation t(s-2) MSa
TTree 1 Tez=a T
” 2 s-2 = 1
" 3 -2 =1
" 4 -2 = ll
" . 5 s5-2 = 1
" 6 s-2 =1
” 7 s-2 = 1
" ] -2 = 1
” 4 s-2 = 1

Pocoled Error 2(t-1) {(vr-1) MSe



RESULTS




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 analysia of variances for the eight characters
studied in the 63 types in the split plot experiment are
presented in table 8. For all the eight characters studied,
sfgﬁlficant differences were exhibited by the types.
Moreover, type X stage of harvest interaction was also
gignificant for all the characters.

-

4.1.1. Genetic parameters

Coefficients of wvariation, heritability and
genetic advance were estimated for all the eight traits from
the analysis of variance. The estimates are presented in

table 9.



Table 8. ANDWA - Split plot exparisent.

Mm.S.5.

Mo. of No of Haurlms rod 100 poj  Shalling 100 0il
Source - df inature  nature yield yield wt. i wernel  content

pods per pods par  per pet wt. %

plant plant plant plant
Replications 2 31.%M 13.84 K. 67 0,94 518.25 0.23 2.34 1.81
Stage of _ _
harvest (A} 2 28854 &39.68%  3B357.20" 14T5.15" &0674.20%% 22102,81%* 3118.85%" 245.54
Error 1 4 2.55 4,63 v RS 7 57.13 0.84 066 0.06
Typ=2(B) &2 007" 43.67"0 10130 19,33 AF0.A7 0 255,490 1TFTR LaA4Te
(AXB) 124 25,49 2422 4TTLEFT T.Ettt 3REETt BLLAEM ERLTEe 0T
Ertor 2 372 Saddy 1255 118.97 3.01 183.1 0.43 0.34 0.10

¥ Significant ab 1% level

08



Table 9. COEFFICIENT OF VARIATION,-HERITABILITY AND GENETIC AbVANCE

Coefficient of
variation

Characters Mean . . Herita Genetic
bility Advance
Geno Pheno Environ (%) of mean

typic tipic mental (%)

No. of immature

pods per plant 7.72 30.35 30.82 43.25 49.24 43.91
No.of mature 15.75 ~ 11.72 22.88 25.71 20.79 10.98
pods/plant

Haulms yield /

plant (g.) 55.58g. 18.70 19.52 27.03 47 .85 26.65
Pod yield/

plant (g.) 11.55g. 11.65 ~19.00 15.02 37.55 14.72
100 pod weight(g) 69.25g. 11.16 21.06 17.86 28.08 12.19
Shelling i

percentage 55.93 9.54 9.61 1.17 98.51 19.51

100 kernel :
weight (g.) 31.6%g. 13.28 13.41 1.84 98.12 27.11

0il content (%) 46 .50% 1.84 1.96 0.68 B7.95 3.55

b2
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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. Thé highest P.C.V. was showed by number of
immature pods per plant (30.82), followed by number of
mature pods per plant (22.88), 1086 pod weight (21.06),
haulms yield per plant (19.52) and-pod yield per plant
(19.00). 0il content registered the lowest value (1.96)

for P.C.V.

The highest G.C.V. value was recorded by number of
immaturel 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., o0il content showed the
lowest value (1.84).

Environmental coefficient of wvariation (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 conyent 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 plant, 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 westimates in the broad sense wvere
either low, medium or high for the eight different traits.
Higpeat estimate (98.51) was recorded by shelling percentage
followed by 100 Kkernel weight (98.12) and o0il 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). 011 conteﬁt 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, o0il content had high



heritability with very 1low genetic advanca. Moderats
estimates of both heritability and genetic advance were
showed by number of immaturs podsa per plant and haulns yiald
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 pads per plant, pod vield per plant, 108 pod
weight, shelling percentage, 100 Kernel weight and oil
content in each type at the three different stages of
harvest wviz., 80, 95 and 110 aays 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 warwe.
clagsified into three groups namely, extraearly (?>Mean +

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

and medium ( < Mean-S.E. ie.,< 9.69).
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Teble 10. SOURE CHRT FIR MATRITY INDEX

o

Type Ratio of Pod 100 pod Shelling 100 Bil Maturity
No. Mo.of ma- yield weight percen— kernel content T Group
ture to per (C3? tage weicht (C4) o
inmatsire plant (C4) () t
pods . (C2) a
(cn 1
o 2 3 3 2 2 2 14 Extra early
02 3 2 2 1 1 1 10 Early
3 3 1 2 1 2 1 10 Early
04 3 3 2 2 2 2 14 EBxtra early
- 05 2 3 3 1 1 1 il Extra early
04 1 1 3 1 4 1 8 Madium
07 3 2 2 1 2 1 M Extra early
08 3 2 2 1 1 1 10 Early
09 1. 2 1 1 3 1 ? Medium
10 3 2 2 1 2 1 11 Extra early
1 3 2 2 1 2 1 11 Extra sarly
12 2 - 3 3. 1 1 3 13 . BEdra early
13 2 3 3 1 2 2 13 Extra early
14 .2 2 1 4 1 1 8 Mediun
13 3 2 2 ! 1 1 10 Early
16 3 1 2 4 1 1 9 Pediun
17 3 1 2 1 1 1 9 Madium
18 3 2 2 1 1 1 10 Early
19 2 1 2 1 2 1 ? Mediun
20 3 1 2 1 ! 1 9. fedium
21 3 2 2 1 1 1 10 Early
b/ 3 2 3 1 1 1 11 Extra early
23 3 2 2 1 2 1 " Exdra eerly
24 3 2 2 2 1 1 1. Edra early
P 3 1° 2 1 1 1 g Medium
26 1 1 2 1 2 2 ? tledinm
z 1 2 2 1 1 1 8 Medium
&8 1 1 1 4 1 1 & Madivm
29 3 2 .2 1 1 1 10 Early
20 3 3 2 1 1 1 11 Extra early
3 3 2 2 1 1 1 10 Early




Table 40. Cont'd. SCORE CHART FOR MATURITY IRDEX

Type Ratio of  Pad 100 pod Shelling 00 0 Hatarity
No, Ho.of ma- yield Meight percen-  kernel content T Graup

ture to - per (£ lage weight (C&) o

igmature  plant (4 {£5) t

pads- (G2} a
(%)) 1

r 3 [ 1 1 2 1 10 Early
kX 3 2 1 1 1 g fediu
34 2 2 2 i ¥ i g Hed ium
35 3 2 1 1 1 1 2 Hedium
34 3 2 2 1 1 1 10 Early
3 3 2 1 1. 1 1 9 Hedium
38 2 2 1 1 2 1 10 Early
Kol 3 2 2 1 i 1 10 Early
30 3 1 2 1 1 1 g Hedivm
41 3 i 2 1 1 i 9 Hadium
2 3" 2 3 1 1 1 1M Extra early
43 3 2 1 1 1 i .9 Hed tum
4% 3 2 1 1 2 1 10 Early
43 3 1 2 1 i 1 g Hed inm
445 3 1 3 1 1 2 1 Extra early
A7 2 2 g 1 i 1 9 Hedium
a8 3 1 3 1 1 1 10 Early
49 3 1 2 i i 1 9 Hediun
30 3 2 Z 1 - 1 1 Extra marly
51 i 2 2 1 1 i a Hed ium
32 1 2 3 1 1 2 10 Early
53 3 1 2 1 4 i ? Hedium
54 3 2 1 1 1 1 g Hedium
53 2 [ 3 2 1 3 13 Exlra early
5& 2 2 3 1 1 3 42 Exlra sarly
H 3 2 2 1 1 1 10 Early
38 1 2 2 1 1 1 8 fed tum
59 3 1 2 1 1 1 7 Hedium
50 3 1 2 1 1 1 g Hediug
&1 3 1 2 1 1 1 g Hadium
62 3 1 2 1 1 1 9 ttedive
o3 3 ( [ 1 1 1 2 Hedivm

-Hea'n = 9,87

5E =098

S ot



Table 1. MEAM VALUES AT DIFFERENT HARVEST STAGES FOR DIFFERENT TRALTS.

(a) RATIO OF NUMBER OF MATURE TO IMMATURE PODS/PLANT {C.)

Type R4 Az Ao Type A Re - fa Type &9 Re A5
No. No. ~ No.
1. 519 &01 &1 22, 204 272 3% $2.0.85 .73 2.3
2. 3.27 1.9 2.3 23. 2.3 1.80 3.09 #, 230 .59 2.8
3, 198 147 3.8 24, 149 162 3.13 5,151 2.2 3.3
4, 3.5 3. 412 5. 2.5 2.3B 3 %. .82 276 3.3
5. 2.22 418 4.28 26, 2.05 148 4.00 §7.2.12 499 3.8
b, 278 172 1.5 77, 202 208 44 48 L 265 3.0
7. 1.53 4.7 2.4 28. 2.21 142 42 49, 4.93 155 2.8
8. 0.97 0.85 2.3 29, 2.0 233 3.4 0. 2.50 2.85 3.14
9. .90 2% 5.9 3. 177 143 2 51, 1.87 1.28 4.49
10, 1.8 205, 3.19 3. 0.82 0.68 1.8 S2. 2,87 1.31 4TS
4
11, 1.77 213 2.5 2, 2.5 167 2% 3. 1.9 177 2.4
2,3.% 573 5.8 33, 230 .34 074 5, 3.01 2.5 3.2
3. 2.47 7 497 43 ¥, 0.25 24 2.1 55, 151 3.38 4.4
14, 0,21 243 2.4 /e L4700 139 S6. 278 4.60 4Bt
5. 2.29 2.6 275 3. 1.9 135 3.02 57. 148 4.08 2.1
16. 2. 178 0.53 37, 271 148 0.9 S8, 2.05 2.48 4.28
7. 252 145 2.59 38, 2.6% 1.52 3.08 59. 2,53 275 2.28
18. 2.33 124 2.83 3. 149 L1212 80. 2.85 2.6 1,38
19, 1,49 5.3 3.6 40. 3.3> 4.09 3.05 o 1,87 2.47 1.83
20. 1.68 2.03  1.47 M. 2.0 157 159 2. 216 134 1.9
21, 1.9 2.2 1.3 42. 3.00 1.88 2.3 £3. 2.56 1.03 1.42
FDIARY = {. B0 fis = Harvest at 80 D.A.S. §, = Harrast aof Ilo DA.5,



Table 11, Cunt'd.

{(b) POD YIELD / PLANT (Cg)

A4

Type &4 fAe Ay Type Az Ax Type A4 A -
No. No. Ha.
1. b.49 6,572 8.51 2. 9.10 10,98 12.89 43. 8.8 11.84 14.42
E._ 5.76 1148 12.43 23, 7.82  10.79 10.76 4, 47 11.14 1.9
3. .93  12.2 16.71 2%, 8.97 1073 12.88 45, 7.3 12.53 13.5
10.84  12.52 13.20 5. 8.82 10.38 14.02 44, .11. 17 14.81 itic
5. - 8.38 8.02 iO.Sé h2&, 8.44 B.67 13.52 47, B.42 .35 12.%
b 8,32 7,19 14,32 2. 743 13.45 J5.97 48, 1.18 9.5 4.4,
7. 100 9.7 11.74 28. 9.64 3.84 16.9% 49, 9.5¢ 8.9 14.9:
8. &85 11.59 14,32 9. 8.8 4.3 16.3% 50. 9.8 13.18 15.2(
9. 0.27 12.4% 13.44 30. 9.40 9.28 11.71 51, 10.89 14.%98 17.14:
10. 11,27 4.4 14.23 31, 8.4 1500 14.84 52, 12.10 16,07 16.74
1. 9.77 1M 2.3 32, 8.28 11.24 12.91 53. 8.28 11.08, 15.44
2. 10,30 11.08 12.31 33. 8.89 12.28 12.8% M. LY 18.81 14.0L
13. 12.30  13.09 14.38 34, .57 1K.405 13.58 55. 9.46 10.38 1.0
4. 7.8 10.02 i2.24 3H. 811 12,8 14.36 56, 8.47 10.461 2.5
15. 7.43  11.32 14.0% 36, 6,32 12,38 13.67 7. 9.1 1. 12.9=
6. 7.52  12.01 15.33 7. 7.3 W12 R4 58, 8.3%2 12,26 14.07
7. 6,74  12.04 153.8% 8. 8.28 13.49 15.66 59. 8.2% 12.73 15.9¢
8. 7.16 1;.07 15.72 3. 7.-67 9.40 i1.21 &0, _6.66.' 3.0 15.9C
19.. 7.8% 12.2¢ 16.14 | . 7.9 10.98 14.1% 81 1.% 12.43 15.3&
20. 7.713 1146 15.09 4. 8.93 ?.Sé 15.31 9,79 12.78 15.6¢
21, 8.28  10.88 12.32 2. .34 10.67 12.57 1.28 12.22 19,50

C.D. {AB) = 2.78



Table 11, Cont'd. (C) 100 POD KEIGHT (Cs!

Type h Type Type

Ne. fy © e Az NO. R Az  Aa No. B¢ 2 b
1. 32.96 36.56 47.55 22, 59.01 57.41 75.22 43, 43.63 51.68 100.40
2. 34.32 71.56 47.09 23, 45.48  43.15 97.44 44, 43.85 42,42 89,40
3. 3.49 T70.89 78.07 24, 49.3%9  70.19 63.92 45. 61,70 100.25 118.28
hooehae BB B0 B 45.08  54.75 68.44 36, 53.72 51,71 47.58
5. 53.33 72.59 75.46 26, 6263 8462 91.40 47. 34,24 S57.67 7856
6. 51.47 64.98 83.22 27, 37.9¢ 95.8% 107.33 48. 60,40 87.80 76.7%
7. 46.92 68.20 75.70 28, 43.56 77.93 105.32 49, 71,95 BLTS 97.43
8. 55.48 71.73 B9 29, 43.32 8.5 %M 50. 54,18 76.54 99.46
9. 50.00 72.76 97.42 0. 47.83 .93 7875 51. 46,11 100.58 101.62
0. 56,74 94.57 .00 31, 12.98 85.76 91.28 52. 36,76 6466 78,87
1. S8.47 79.08 83.17 .} 32 A2 e5.11 96.62 53. 55.33 95.84 106.54
2. 54.87 62.29 69.22 33. 42,18 TR.73 9445 54, 62.74 75.38 107.00
1. 56.05 74.30 75.27 34, 43.32 73.33 84.22 55. 73.51 &8.83 78.57
14, 4167 70.74 102.71 3. 43.58  63.86 115,19 S6. 52.98 64.26 68.34
5. 4h.22 79.59 93.34 36. 49.10 70.98 B80.56 57, 52,10 77.23  92.8f
16, 45.02 95.39 112.59 37. 4549 75.04 102.87 S8, 52,71 80.46 89.26
A7, 50.10 76.37 81.46 38. S52.66  6B.69 126.50 59. 50.20 B86.96  94.34
18. 42,33 45.28 83.28 39, S0.10 45.85 80,03 60, 42,98 47.76 B3.08
19.  59.55 87.69 94.0b 40, 45.93 £0.70 77.34 at. 34,15 8315 90,95
20, 49.%% 80.37 87.48 41, 51,18 60.60 42.49 42. 57.08 86.03 94.54
21. 57.13 83.30 &5.85 42, S6.44 45.78 65.85 63, 42.33 59.85 T75.11

CD (AB) = 19.80
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Table 11, Conl'd. ({d) SHELLING PERCENTAGE [C4)
Type A fie Az Typer A e Az Type A4 Az s
No. No. Na.
f. 55.37 3624 5710 2. B.43 2.5 624 43. 3573 4616 653
2. 48,23 90.57  89.6% 23. 535.63 59.96 49.08 4. /M 59.08 63.45
3. a8 497 E.a 24, 48.93 8359 &3 45, #41.50 59.6% &7.13
3. 3789 &9.93 0.9 25, 47.34 59.55 &8.10 4, 52.62 H426 1.1
5. 55.28 57.73 &1.%5 26, 43.14 56.2% . 37.09 47. 45.42 52.38  41.19
6. 53.28 40.53  88.32 27. 43,38 5.6 6173 48, 55.83 #0.16 674
7. 58.33 48551 70.41 28. 43.52 49.50 4029 49, 44,58 52.19  &9.10
8. 47.43 5730 7.4 7. 43,70 30.49 48353 50, 58.24 40.76  B0.04
9. 40.42 952,28 62.46 30. 42.48 34.24 6264 51, 40.57 33.65 75.43
0. 44.29 47,51 61.47 3. 25,00 5175 &2.2% 52. 43.12  41.47  4.53
1. 4136 47,80 66,39 32, 30.49 0.3 6327 53, 46.92 S2.12  80.1b
2. 58.63 &3.48 88.77 3. “30.85 48.37  59.51 4. 43.27 M9 80,9
13, 53.43 6,68 68.3% 34, 23,33 2.2 &5.0 53. 31,77 &2.01  &0.3%
14, 41,70 56.47 .97 35. 47,70 8343 71.04 S6. 39.92 6453 4.0
15. 4370 55.57 59.99 /.67 42,99 73.24 57. 43.44 55,42 HE.XD
16, 37.70 4647 &b.22 7. #H H3AE 0 RM 8. 43.62 3239 M.
7. 37.53 .90 57.86 8. 42.55 4§9.44  60.58 9. 33.97 58.47 8195
18, 48,59 34.56 ° 85.49 3. B.78 5156 4.4 80, 44.00 38.13 8.78
19, M.84 5473 85.37 40, 48.32 33.62 40,18 41, 55.87 38.23 &5
20. 43.99 S6.22  60.26 . 36 HB1% .33 47.82  55.3%  &6.04
2. 46.%% 53.37  6B.éb 42. 39.88 44.88 465.13 43.85 55.27 H.15

CD {AB) = 1.03




Table 11. Conl'd. (e}

160 KERNEL WEIGHT (Ca) -

Type Ay fiz fiz Type A fiz fiz Type R4 fAm fiz
Ho. No. Ne.
1. 21,50 26.30 23.00 22,  24.47 26.3% 41.97 43. 27.05 23.40 38.10
2. 24.41 25.80 32.¥7 23. 29.53 47.07 47,45 4. 39.43 49.83 2247
3. 21.73 29.03 27.13 24, 2647 25.40 34.83 45, 23.43 R.AW IR
4, 30.60 31.27 13.38 5. 2b.41 37 3113 3b. 20.12 24.80 34.80
5, 26.17 ?28.23 3%.43 2.  P9.33 30.01  30.10 47. 29.20 28.43 .12
b, 32,27 .42 .30 27, 31.10 34.40 36,50 48. 31,3 3167 33.38
7. 30,13 3.0 32.03 28, 3b.75 38.53 42,70 . 49, .03 R0 357
8, 2450 33.20 37.83 29, 32.70 31.33 43.35 50, 26,10 34.57 34.80
2. 3.0 3.35 33-.00 0. 2773 3133 3.4 $1. 20,13 28.09 34.27
0. 26.29 30.02 9.20 1. 20.50 34.03 4135 5. ¢8.50 3170 R.80
1. 2720 29.4 2}9.43 2. 29.51 30.19 23.00 53. 2460 20,70 43.10
12, 2630 27.15 29.43 33. 2b.i0 28.20 30.30 54, 3407 A44.70 48:37
13.  34.21 39,20 39.00 4. 20,00 30.10 32.38 55. 29.13  30.61 32.10
4. 31,20 36,30 38.28 . 350 39.47 43.82 6. 3185 323 R4
15, 25.20 35.00 3&.15 k. 2930 33,13 BT 57. 29.90 32.08 38.48
16, 26.97 35.23  39.17 37. 1833 25.40  30.31 ¥, A48 2747 X.B
7. 23.37 35.28 40.07 38. 233k 27.32 21.57 59. 23.47 30.10 32.10
8. 29.67 3.6 37.30 3. 28.18 33.40 .7 &0. 23.47 29.25 3410
19. 3140 3859 9.8 40. 27.83 ©28.13 32.37 41, 29.03 32.27 3HB.13
20. 21.37 24.40 36,77 1.  20.71 Z2.60 27.37 2. 2430 3942 3607
21. 28.147 33.37 42. 23;3? 28.37 3.9 &3, 22,40 Z27.31 3.3

4.13

CD (AB} = 0.74



Table 11. Cent'd.

{f) OIL CONTEMT {Cs?

o

[

Type A4 .' fe A Type Ay Re fa Type A A - fa
No. - No. Ro.
1. 47.17‘ 47.83 41.57 22. 43.36 46.00 4b4.88 43, 4479 4427 413
2. 45.47 447 483 73. 45.13 46.03 47.40 4. 44.85 A6.12 47.27
3. 45.52 4642 4.4 24, 44,39 46,13 47.03 5. 4#4.38 46.68 47.08
4, 47.75 47.83 48,02 44,72 4410 4695 46, 47.17 48,17 48.87
5. 45.28 4h.17  47.33 24, 45.60 46.23 44.97 47. 45.17 4b.23 47.8
b, 45.20 46,30 47.08 7. 45..38. 4603 48.20 48, 45.07 46.07 41.3%
$x17. 45.20 46.03 | 47.90 28. 45.08 4&.;2 48,17 39. 45.19 46.30 47.33
\‘IB 45.13 447 8.1 29, 45.25 46,37 48.28 50. 45.05 4b.42 48.42
. ),‘?. 45.77 46.80 48.33 30. 45.22 46.'12 8.7 1. 46,35 48,33 49.1
'I 10. 45.17 4,20 .43 31, 43.57 5.2 42.3B s2. 48.33 49.17 48.&7
1. 45.28 4.2 4L.T] ?. 5.17 %%.30 4.9 53. 45.20 46.13 47.82
2. .92 49.02 48.98 _ 1. 45.7 415 48.00 54. 46.48 47.07 48.27
3. 49.18 49.35 4.2 34, 45.25 46.05 47.98 55. 48.13 48.03 48.30
4. 44.72 4.5.76 47.43 B 45.07 46.17  48.03 56. 48.19 48.17 48.17
j 15, 4435 46.20 .17 36. 44,88 44.27 48.07 57, 45.40 46.12 47.12
'!1 16, 4410 4612 41.42 3}: 2,62 45.07 47.18 58. 44,52 46.03 47.32
J 17. 44.38 45.90 47.38 38 45.15 46,33 47.83 59. 45.25 4h.18 47.27
18. 45.58 6.3 47.é3 39 45.52 4b.28 47,20 &0, 44.55 49.13 47.37
\ 19. 43.03 44.08 47.5‘3 40 45.35 4618 47.22 61, 43.12 46.20 47.33
‘\ 20. 43.80 4b.02 47.07 4 45.95 46,23 ;17.32 &2. 43.07 .45.2_3 §7.33
}21. 44,22 46.33  47.00 2 W8 46.05 '47,.;'1?;:_. 3. 1 45.38 4747

BV TN
£ by et
.rts, Xl

!

4

- (D {AB) = 0.31
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There were 17, 16 and 30 types in the three aroups
reapectively. 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 group. 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. Mean performance of types -in the three maturity
groups

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).
Haulmgs yield per plant ranged from 26.90 (type No. 7) to
54.01 g. (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.1. 100 pod weight
ranged from 32.96 (type No.1l) to 72.51 g. (type No.55). The
range of shelling percentage was from 33.45 (type No.22) to
59.89 (fype No. 4). 100 kernel weight varied from 20.12
(type No.46) to 36.21 &. {(type No. '13). The range.of oil

content was from 43.30 (type No. 22) to 49.18 per cent



Table 12. HEAN VALUES FOR THE DIFFERENT TRAILTS IN THE EXTRA EARLY GROUP

al.  Type  Number of Ralio of Haulms Pads 100 pod  Shelling 100 il
bo. Ho. immature pads HNo. of matere yield/ yield/ weight percentage hernel contend
: ! plart to lemature plant plant (g) {g) weight (%)

pods/plant (g} ’ (g}
1. 01 3.50 23.07 34.28 b.45 32,9 55.37 24.50 7.17
2. 04 3.20 14.89 39.25 - 10.81 &d.46 59.8% 30.60  47.25
3. - 05. 7.3% 16.37 24.01 8.38 53.33 53.28 26,17  45.28
4 07, 7.3 1,15 39.25 7.00 46,92 56,35 30,13 45.20
b8 10 7.63 13.83 38.71 1.7 Ga.74 44.29 26,27 35.47
b. 1" 10.80 19.03 . 8.5 §.77 58.47 41.34 27.20 45.28
7. 12 3.40 . 16,11 43.51 T30 34,89 58.43 26,30 48.93
8. 13 3.27 13.06 32.52 12.30 56.05 55,43 36,21 49.18
9. 22 5.48 ‘ 1.02 30.84 7.10 57,04 33.45 21,17 43.30
10. 23 4.58 i3. 41 49.80 7.82 45.48 55.43 2953 1513
i1. 24 8.63 1£.83 41.56 5.%7 17.59 48.93 2h.42 34.35
12. 30 7.M 13.97 52,35 9.'40 47,83 42.48 27.73 45.22
13. 42 4.14 . 12.43 38,57 5.34 Sa.44 37.88 23,37 4478
14. 4 }3.75- 15.92 36,54 .17 53.72 52.42 20.12 47147
15. 50 5.11 12.77 36,30 3.82 54.18 58.24 26,10 45.05 .
16. 35 8.33 12.98 34.40 9.44 72,51 .77 29.13  48.13

17. g 5.29 14.72 43.53 8.47 22.78 59.52 .25 4819




(type No. 13).

In table 13, the mean values for the di{feregt
traits included in the early group are presented. The
number of immature pods per plant ranged from 6.20 (type No.
15) to 14.07 (type No. 52). The range of number of mature
pods per plant was from 9.48 (type No. 31) td 21.27 (type
No.52). Haulms yield per plant varied from 38.82 (type
Ne.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 we}ght was form 62.42 (type No. 14) 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 ?5.80 (type No. 2) to 49.63 g.
(type No.44). The range of o0il 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 {rom
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Table 14.  WEAN VALUES FOR THE DIFFERENT TRALTS IM THE MEDIUM GROUP
S, Type No.of No.of Hauims Pod 100 pad Shelling 100 0il
No. Ho, immalure  mature vield, yiald/ welght  percentage kernel  conlent
pods/plant pads/plant  plant plantiy) () weight A
tg} (3}

1. 04 4.27 Z1.20 52.05 13,52 £3.22 68.32 47.30 47.08
2, 09 3.67 16.97 79.40 13.14 77.42 o2 4o 33.06 48.33
3. 14 £.90 4,57 &3.76 12.24 106,71 68,57 38.28  47.43
4, 16 8.90 4.70 48,54 15.35 112.57 b6.22 39.47 4782
5. 17 7.40 19.67 73.38. 15.89 8144 57.86 40,07 47.38
b. 19 4.83 17.67 46,72 16.16 94.0a 83.37 37.48  41.53
7. 20 11.40 19.00 53.44 13.09 87.48. &0.24 3%.77 4.7
8. 25 6,40 26.70 61.50 14.02 48.44 68,10 3743 46,93
9, 24 3.4 15.07 Y 5. Y140 Ot 30010 A6
10. 27 2.47 11.50 bb, 12 15.97 107.33 61.73 36,50 48.03
1. 28 3.57 13.07 66,50 16.99 105.32 &60.21 42.70  48.20
12. Kk 14.53 10.77 101.03 12.89 24.43 59.51 30.30  48.00
13. 34 7.89 16.57 122.00 13.58 84.22 85,31 32.586  47.98
14. 35 2.20 t2.80 75.02 14.30 113.99 7.4 43.62 48,03
15. KTj 13.23 12.80 78.54 12.54 102.67 8.0 30.31  47.18
{6. 40 6.23 19.03 63.61 14.19 77.34 80.18 32,37 4122
1. 41 15.57 24.£3 89.49 15.31 42,69 60.33 27,37 47.32
18. 3 &.47 15.00 40,49 14.45 100.40 85.31 38,10 47,33
1. 45 4.17 13.73 £0.49 15.52 118.28 &71.13 732 47.08
20, 47 4.7 17,90 48.13 12.93 76,56 61,19 3312 47.85
21, 43 5.47 15.57 86,37 14.94 7.43 67,10 .57 4.3
2. M- 4,83 22.47 44.39 17.13 101.82 75,45 34.27 49,33
23. 53 7.20 17.73 77.09 15.44 106.5% 80.14 43.10  47.82
24, 54 5.63 18,43 65.30 14.08 107.00 80,33 38.37  48.27
25 58 4.20 17.99 73,39 14,67 89.28 &1.71 243 47.3¢2
2. .59 b.57 14.97 48.80 15.94 94.34 63.95 3210 4727
27, &0 17.93 24.47 110,60 15.90 83.08 68.78 %10 2.3
28. &1 13.40 22.20 &t 68 15.34 20.95 65,74 3H5.13 47,53
29, &2 8.23 15.93 87.59 15.64 74.54 b6.06 36,07 47.33
a0, 63 15.83 22.53 57.04 13.50 5.1 64.15 32.13 4147
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12.24 (type ﬁo. 14) to 17.15 g. (type No. 51). The range
of 100 pod weight was from 62.69 (type No. 41) to 118.28
2. (type No.45). Shelling percentage ranged from 57.86
(type No 17) to 80.%3 per cent (type No. 54). 100 kernel
weight varied from 27.37 (type No 41) to 48.37 g. (type No.
54). 0il content ranged from 46.47 (type ﬁa. 20) to 49.33

per cent (type No. 51).

4.1.14. Correlations

Phenotypic ‘and genotypic correlations wvere
estimated between nine characters including pod and oil
vields in the three maturity groups separately.

4.1.4.1. Extra early group

X The phenotypic and genotypic correlation
coafficients are presented in table 15. At the phenotypic
level, pod vyield per plant showed highly significant and
positive correlation with .oil vield per plant. With 140
pod weight and o0il content, its association was significant
and positive. Number of mature pods per plant showed
highly significant buf negative relationéhip with 100 pod

waeight. 100 pod weight recorded positive and 'significant



Table 15.
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PHENOTYPIC AND GENOTYPIC COEFFICIENTS OF CORRELATION IN THE EXTRA EARLY GROWP.

No. of No o Hetaliis
imature  matuw-e yield
pods per  pods per  par
plant plant pilant
XN VXE) X3}
No. of
inmature
pods par
plant
(XN

ueti 0.15

No of
makure
pods per
plant
423

0.08 013

He Lo
vield
per
plant
(X3

0.31 0. 4= -~

Pod
yield
petr
plant
(X&)

-0.10 .0 .10

100 pod
wtl
¥5)

0.14 -0 50"

Bhelling
“ ~0.33"
(X&)

0.2

100

Ketnal
wh. .30
O

~0.13 =0.06

0il
content
(X8}

~0.30% Q30" Q.01

Dil yield
per plant
(X?)

0.36™ 0.2

-0.37

P
vield
pas o
plant
(X5

G.G4

011

~0.07

0.3

011

0.

Oa40m=

100 pod  Shelling

wh.
(X5

0.1

-0,

0.33~

~0.11

Guee

.13

0.30"

160

4 Ketrizl
(X (%
(X7

(.05

0.7

~0.23

0.17

~0.10 Q.27

J
Q. b= ann

0.82°% 0.

A~
en

0.66" Q.51

Dil
content
(X6

0.0

0.2

0.13

Qur

0. g3n

filyvield
per plant
{xF)

0.04

9.21

Q.L0m

Quae ™

Q.75

k — Significant at 5% level
% — Significant at 1% level

Upper friangle - Phenotypic coefficient of correlation
Lower triangle - Genotypic coefficient of correlation
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asgociation with 100 kernel weight. Shelling percentage

showed highly significant and positive association with 100

Kernel weight, 0il content and oil yield per plant. 100
kernel weight showed highly significant and positive
relationship with oil content and oil ¥vield per plant. 0il

content recorded highly significant and positive association

with 0il yield per plant.

A

At the genotypic 1level, pod yieldl per plant

recorded highly significant and positive relationship with

0il 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 assocliation
Wwith oil yield per plant. With shelling barcentage and oil
content also the relationship was significant and negative.
But with haulms vield per plant, thé relationship was
gignificant and positive. Number of mature pods per plaqt
showed positive and highly significant relationship with
haulms yield per plant and with 0il content the association
was significant and positive. But with 100 kernel weight,
the relationship was gignificant and negative. Haulms
yield per ﬁlant recorded highly significant .ahd negative

association with 100 pod weight. 100 pod weight showed
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significant and positive relationship with 100 kKernel
weight. Shelling percentage recordéd highly significant and
positive association with 100 kernel waight, oil content
and 0oil yield per plant. 100 kernel weight showed
significant positive association with o0il yield per plant.
The relationship of o0il content with o0il yield per plant

was highly significant and positive,
4.1.4.2. Early group

At the phenotypic level (Table 16) pod yield per
plant recorded highly significant and positive association
with oil vield per plant. With oil content, the
relationship was positive and significant. Number of mature
pods per plant showed highly significant and pogitive
correlation with o0il content. Haulms vield per plant
recorded significant, but negative relationship with
shelling percentage. Shelling percentage showed significant
and positive relationship with oil content and oil vield
per plant. 0il content recorded gignificant and posgitive

correlation with oil yield per plant.

At the genctypic 1ev§1 » pod yield per plant

showed  highly significant and positive agsociation with
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Table 16. PHENOTYPIC AND GENOTYPIC COEFFICIENTS OF CORRELATION IN THE EARLY GROP
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No. of
imnabigre
pods per
plant
(X1}

No of
mature
pods per
plant
(2>

Haulns
vield

g

plant
(X33

Pod
yiald
peyr
plant
(X4)

100 pod
wt.
(X5)

Shielling
z.
(%6

100
Reinel
ut.
(X7)

0il
content
(XE)

0il vield
per plant
(X5

No. aoft
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pods per
plant
(X1)

~D.14

1.09%=

~0.34"

Q.74%

N oot
matiure
pods per
plant
{X23

0.02 -

0.31-

Q.o

A

~0.12

0.05

e Ly
yield
par
plznt
(3)

0.01

Q.07

0.7

.21

Pod
yield
pet
plant
(X4}

Q.18

—0.07

Q.75

100 pod
wh.
(X5)

-0.12

0.10

13
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%

(X&)

.12

o

~0.04

~0. 14

I\

Ketnel

wt .

IS
VA

0.045

&
&

-0.01

G2

0.4

il
ot et
& 3))

0.8

0. 45

~-0.07,

Qo™

-

037"

-0.11

0.8

i }-'l\';‘l.ll
per plant

™

0.9

0.0

Q.56

Q.03

0.03

0.44™

*
H¥

- Bignificant at 5% level
=~ Significant at 1% levwel
- Mot estimable

Upper triangle ~
Lower triangle -

Phenotypic coefficient of correlatson
Genolypic coetficient of corralation
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number of immature pods per blant, number of mature pods per
plant, haulms yield per plant and o0il yield per plant. UWith
oil conltent Lhe aggocialion was podilive and signiticant.
Number of immature pods per plant recorded  highly
significant and positive relationship with o0il content and

0il yield per plant but it showed significant and negative

association with 100 kernel weight. Number of mature pods
rer ' plant recorded highly significant and positive
aggsociation with o0il content and oil yield per plant, and

with haulms yield per plant the relationship was significant
and positiva. Haulms yield per plant showed significant and
positive relationship with o0il yield per plant but reéorded
highly significant and negative association with shelling
percentage. Shelling percentage in turn recorded highly
significant and positive correlation with o0il c¢ontent and
0il yield per plant. 0il content showed highly significant

‘and positive relationship with oil yield per plant.
4.1.4.3 Medium 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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My, of Mo of Haulss  Pod 100 pod  Shelling 100 0il 0il yield
lmatwre nsbure  yield yield wi. i kernel  content per plant
pods per pods per per petr (X5} (R4} wt. (X8} ey
plant plant plant plant ()
(X1} (X2 (L3 (x4}

Mo. of

immature :

pods per G4 QL3 G.0r1 06 G060 028 1d =002

plant

(X1}

o of

mature

pods per 0.25" .en -0.02 0.46% 080" 0.13 -0.10 g.02 Q4o
plant .
(X2}

Raulnrs

yield .

per .62 0,35 .- 0.03 =0.070 0,04 ~0.24" 0.11 0.G3
plant

(X3)

Fod

yield \

per 0,10 0.18 0.21% -0.01 G.10 0.1 0.33 0. G0
plant

(X4)

100 pod
wt. 0,22 =07 016 -0.12 cee DUMT 0 0.26 023 0.0
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Shelling )
£ 010 0.30"  -0.04 021" Qug2me . 0.é0m 0.35" G50
$43)

100
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wt. 031 0.1 ~0.37 0.01 Ou44m" Q.80 014 24"
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0il
content -0.15 (.04 O, 0.04 Qoad™* O™ 018 0. 24"
(XE)

0il yield
pet- plant 0.01 .30 .13 {0,807 G.23~ Q.G (.37~ Q35 “aa
{9

¥ - SBignificant at 5% level Uppet triangle - F’henotypic cosfficient of correlation
#% - Significant at 1% level Lowst triangle - BGenotypic 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 withl 100 pod weight the relationship was
negative and highly significant. Haulms yield per plant
recorded signifcant and negative asgsociation with 100 kernel
weight. The relationship of 100 pod weight with traits such
as shelling percentage, 100 kernel weight and o0il "content
were sgsignificant and positive. Shelling percentage recorded
highly significant and positive correlation with 100 kernel

weight, o0il content and oil vield per plant.

At the genotypic level, pod yield per plant showed
highly significant and positive correlation with oil vield
per plant and with traits such as haulms yield per plant and
shelling percentage the relationship was significant and
posiéivg. Number of immature pods pPer plant recorded
highly sgignificant and positi;e relationship with haulms
vYield 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 gignificant
and negative and with 100 pod weight it wasg 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 ana 0il yield per plant but with
100 ped weight, the trait showed highly signifcant and
negative relationship. Haulms yield per plént recorded
significant and negative association with o0il content but
with 100 Xkernel weight, the relationship was highly
significant and negative. 100 pod weight showed highly
significant and positive correlation  with shelling
percentage, 100 kernel weight, o0il content and oil yield per
plant. Shelling percentage recorded highly significant
relationship with 100 kernel weight, o0il content and oil
vield per plant. 100 kernel weight r;gistered highly
significant and positive association with oil vield per

rplant.
4.1.5, Direct and indirect effects

The direct and indirect effects of component
characters on pod yield in the threse maturity groups are
pregented in tables 18 to 20 and in figures 3 to 5. In the
extra early group, among the six different components of pod
vyield, 100 pod weight showed the ﬁighest 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 Indirect effects
Effects via.
No. of No of Haulms 100 pod Shelling 100
immature mature yield wt. % Kernel
pods per pods per per (X5) (X6) wt.
plant plant plant (X7)
(X1) (X2) (%3) :
No. of
immature
pods per ~-0.47 -0.04 -0.11 -0.06 0.1¢6 0.06
plant
(X1)
No of
mature .
pods per 0.12 0.01 0.05 -0.07 0.03 -0.03
plant
(X2)
Haulms
vield
per 0.51 0.1% 0.21 ~0.19 0.07 -0.03
plant
(X3)
100 pod
wt. 0.78 0.11 -0.47 -0.28 -0.08 0.23
(X5)
Shelllng
% -0.35 0.12 -0.08 -0.04 0.04 -0.16
(X6)
100
Kernel 0.15 -0.02 -0.05 -0.01 0.04 0.07
wt.
(X7)
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 Indirect effects
Effects via.
No. of No of Haulms Shelling 100
immature mature’ vield % Kernel
pods per pods pe per (X6) wt.
plant plant plant (X7)
(X1) (%2) (X3)
No. of
immature
pods per 0.30 ~0.20 0.25 -0.35 -0.44
plant
(X1)
No of
mature
pods per 0.52 -0.08 0.17 -0.06 0.03
plant
(X2)
Haulms
yield
per 0.40 0.12 0.19 -0.21 -0.12
plant
(X3)
Shelling .
% 0.45 -0.12 -0.05 ~-0.18 . 0.12
(X6) .
100
Kernel 0.33 -0.11 0.02 -0.07 0.09
wt .
(X7}

Residual = p.78
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DIRECT AND INDIRECT EFFECTS OF THE COMPONENT CHARACTERS

ON POD YIELD PER PLANT IN THE MEDIUM GROUP
Components Direct Indirect effects
Effects via.
No. of No of Haulms 100 pod Shelling 100
immature mature vield vt. % Kernel
pods per pods per per (%5) (X6) wt.
plant plant plant (X7)
(X1) (%2) (X3)
No. of
immature
pods per 0.01 . -0.01 -0.01 0.01 0.01 0.01
plant
(X1)
No of
mature
pods per 0.58 0.15 e 0.20 -0.50 D.15 -0.10
plant
(X2)
Haulms
vield . '
per 0.08 0.05 0.03 . -0.01 -0.01 -0.03
plant .
(X3)
100 pod
wt. 0.45 -0.10 -0.39 -0.07% - 0.19 0.20
(X5)
Shelling
% -0.14 0.01 -0.04 0.01 -0.06 -0.0%
(X6)
100
Kernel 0.03 -06.01 -0.01 -0.01 0.01 0.02
wt.
(X7)

Residual = 0.98
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per plant and shelling percentage were negative. Number
of mafure 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.
Itgs indirect effects via. number of immature and mature
pods per plant were positlve while via. shelling percenﬁage
and 1080 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 pogitive direct
affaect 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 effecté 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 o0il yield in the three maturity groups are
bresented in Tables 21 to 23 and in figures 6 to 8. In the
extra early group, the maximum positive direct effect on oil
vield wvag recordad by shelling.percentage. Its indirect
efffects 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 shelling
percentage. Its indirect effects via. haulms yeild per
rlant, 100 pod weight, 100 kernel weight and o0il 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 rPer plant, number
of mature pods per plant and 100 kernel weight showed

negative direct effects on oil Yield per plant while, haulms
vield per plant and 100 pod weight showed positive direct

effeacts.

In the early group, the maximum positive direct
effect on o0il 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 AND INDIRECT EFFECTS OF THE COMPONENT CHARCTERS ON OIL YIELD PER PLANT

IN THE EXTRA EARLY GROUP

Copa— Diract Indarect efferts
nents effacts Vid.

No. of Mo of Haulis  Pod 100 pod  Shelling 100 0il
imature  niebore yield yield wt. A Karnel  content
pods per  pods par per pet (X5 (Xe) - wt. (R
plant plant plant plant (X"

) (£33 (X3) (24)

No. of

inmatire

pods per -0.08 =G0 0.0 0.01 {301 0.02 0.07 0.0
plant

(X1}

No of
matire
pods per ~0.04 0.1 0.0 Gt -0.01 G.0r -0.01 0.0
plant
(£2)

Hailms

yiald

filz o 0.03 0. Wil Quel “Jard] (VNN Qudl Q01
plant

(X3

Fod

yisld

pey 0.41 ~0.04 ~0.19 0.+ - 0.33 -0.07 0.13
plant ' '

(X4)

&
rl k]
4]

100 podd
wt. 0.01 .01 ~).01 —0.01 0.0 0.0 0.01 0.0
(X5) !
Shelling . )
Z 0.42 0.21 Q.14 0.03 -0.07 -0.07 0.7 0.3
(X6)

100

Ketnel 0.0 0.1 0.(r .01 -0.01 ~0.01 ~0.01 T
wt.

7)

[il content
{X3) 0.19 ~0.04 0.04 —0.01 0.08 0.03 0.12 0.09

Residual= ¢.01



Table 22, DIRECT AND INDIRECT -EFFECTS OF THE COMPONENT CHARACTERS

ON OIL YIELD PER PLANT IN THE EARLY GRUUP

Drrect
effects

Conpor-
nenks

Indirect effects

via.

No. of
innature
pods. per
plant
(XN

0.03

No of
mature
pods pet
plant
(2

Hatlms
yield
per
plant
(%3)

-0.10

Pad
yield
per
plant
(X4)

0.52

thelling )
% 0.58
(Xé)

100
kernel
wt.
()

01l content

(X8) 0.04

No. of
Lt ur @

pods per’

plant
(X1}

-0.32

=0.02

(.90

~0.14

0.02

MO o

mat e
Hials pex
plant

(2}

-0.1

-0.03

0.53%

-0.07

-0

6.03

Pod
wield
pex
plant
{X4)

Haradors
viald
per
plant
X3

0.¢1 0,03

G.05

.03

0.&3 LA

~0.23 -0.07

~0.0 G.G2

Shelling

(ke }

~3.01

=g

0.04

~0.10

~0.0

0.02

10
Rerne
wh.

(X7}

-0.01

0.01

0.02

=0.07

0.15

0.0

Dnil
cont ent
LX)

0.01

0.3

V)

0.23

.01

Residual = 0.02
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Table 23.. DIRECT AND INDIRECT EFFECTS OF THE EU*FEI*E:NI' CHARACTERS ON OIL YIELD PER PLANT

IN THL FEDIUR GROUP

Compor- UiFect

ients =ffects

Indrect etfects

vid.

No. of
inaakbure
pods petr 0.0
plant
(X1)

o of
natu-e
pods per -G, 04
plant
(X2)

Hewilms

yield

par =001
plant

(X3)

Pad

yiald

pat 0.4
plant

(X4

100 podd
wt. -0.04
{25)

Shelling
% 0.49
(X6)

100

Kernel

wt. .02
7

0il Eonitent
(X8) 0.0%

Mo. of o of aalus  Fod 100G pod  Shelling 100 01l
imatire aabure.  yield yield ot . ol Karnel content
pods per  pods per  per par (X5 (X&) . wb. (XE)
plant plant plant plant (X7

(£1) (X2} (X33 (24)

e 001 001 0.0 0.0 0.0 0.0 0.0

0.0 . ~0.01 =G.01 0.03 Q. 0.0 Gt

6.1 G0 - 0.01 08 -0.01 ~0.01 0.6

0.04 Gu1t 0.13 T A 212 0.0 D04

0.01 Qa0 0.1 0.01 . -0.0e ~Lo2 ~0.02

=005 Ol -0.0G .14 0.7 - Y 0.2

0.02 0.1 0.02 ~0.01 =0u02 (.08 vee 001

~0.01 . G 0.2 0.01 G.04 (.04 g.02 .

Residual = Gt
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pPlant and o0il content were positive but via. shelling
percentage and 100 kernel weight were negative. Characters
namely, number of immature pods per plant, number of mature
pods per plant, shelling percentage and o0il content recorded
pogitive 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
ﬂegative direct effects on o0il yield per plant. The maximum
contribution was made by shelling percentage. Its indirecﬁ
effects via. number of mature pods per plant, pod yield ‘per
plant, 100 pod weight, 100 kernel weight and o©¢i1l content
were positive, where as via. number of immature pods per
plant and haulms yield per plaﬁt it was negative. Direct
effect of pod yield on oil yileld 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 ruat.

The reaction of the 63 types to the incidence of
rust is presented in table 24. The mean scoresg 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 Mean 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 4s, 1.4
4. 3.2 25. 3.2 16, 3.1
5. 2.4 26. 5.2 47, 2.6
6. 1.5 27, 8.3 18, 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.a 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 highest score was obtained by ISKO 8804 and THMV 2. Out

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

4.2. Combining 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. Thg types studied showed siénificant 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 vield 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 signi;icant
for characters such as number of immature pods per plant,
number of mature pods perplant; haulmg yields per plant, pod
yield per plant, 100 pod weight, shelling percentage, 100

kernel weight and o0il 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



T;ble 25. ANOVA OF COMBINING ABILITY (LINE X TESTER RMALVYSIS)

M.5.5

Days to Spread Days to  No. of  No of Haules  Pod {00 pod Shelling 100 0il
Boyrce df  first  of saturity iemature mature  yield  yield vl. L - HKernel conteni

flower~ flower- pods per pods per per per wi, %

ing ing plant plant plant plant
Replications 2 0.94 0.70 0.25 0.005 2,50 3183 0.48 ~ B19.00% T7.6t*  37.48% 0.5
Jresteents
{Types) 2b 1,35 9.44%  117.76%  1.83°  11.45%  471.45° 47,15%° 4260.77°* 17.69% B279.42* 3.5%°
Parenis 3 2.28** 3,50 {z2.46*" 1.55°  10.63%*  GAB.94** 44.03%* 1347.90% 107.42% 294.45° 1.40°°
Crosses 17 0.80* 0.82 B7.15%%  2.07°%  11.63%  331.29°% 49.54"" 1251.23** 131.42" 303.42*% 445
Parents Vs
Crosses i 1,78%  80.22%* 597.44%  0.46%*  f4.51%F 1434.,27°° 342 726.00% 14.43 51.76% 5.97*
Lines 5 2.45% 0.2 1gs06~ 2.9 11,50 944,64 99.51 317875 232.47 BP6.A7 5.04
Testers 2 0.24 0.30 5%.3h 3.47 1%.80 58.30 5.77 81,66 7678 2.7 0.6
Line -«
Tester 10 0.24 0.87 43,24 1,36%  9.95°>  79.22% 33.31°* S21.39 .82 98,36 .07
Error 52 0.31 0.68 .48 0.001 0.33 43,00 0.55 19.09 7.58

1.10 0.24

% Significant at 5% level

a7l
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heterosis the type TG 3 was selected as the standay ?,
bacauge of 1itsa pro;en high yielding ability and prevalance
in the region.

4.2.1.1. Days to first flowering

The mean rarformance of the lines, tegters and
hybrids ara 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
25.00 days. The values for lines, tegters = and hybrids

did not differ appreciably.

The combining ability effects of the lines,
testers and their combinations are prgaented in the table
27. All the linea except L1 showed positive gca effects
but none of them was significant. The gca effect of L1 was
gignificant, but negative. Th; gca effects of the testers
were not significant. The saca effects of none of the cross

combinations was significant. In several cagses the values

were negative.

The estimates of the three types of heterosis

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

Relative heterosisg (di) for the trait ranged from -2.68 *to



Table 26. MEAN PERFORMANCE OF LINES, TESTERS AND HYBRIDS

- DAYS TO FIRST FLOUERING

Testers TG 3 MV 2 JL 24
(T1) (T2). (T3)
Mean of
.Testers 24.67 25.00 25.00
Lines Heqn of Mean of hybrids
' lines
Chico
(L1) 23.00 23.67 23.67 23.67
ISKN 8827
(L2) 25.00 25.00 24,33 25.00
Dh(E)20
(L3) 23.00 25.00 25.00 25.00
Dh(E)32
(L4) : 25.00 24.33 25.00 - 25.00
ICGS 3561
(L5) 25.00 25.00 24.33 25.00
IES 883

(L6) 23.33 24.467 25.00 . 25,00




Table 27. COMBINING ABILITY EFFECTS OF LINES, TESTERS AND

COMBINATIONS - DAYS TO FIRST FLOWERING
Testers TG 3 ™V 2 JL 24
(T1) (T2) (T3)
gca of
Testers -0.04 -0.09 0.13
sca of
Lines linesg sca of combinations
Chico
(L1) -0.98* 0.04 0.09 -0.13
ISKN 8827
(L2) 0.13 0.26 -0.35 0.09
Dh(E) 20
(L3) D.35 0.04 0.09 -0.13
Dh(E) 32
(La) D.13 -0.41 g.31 g0.09
ICGS 35-1
{L5) 0.13 0.26 -0.35 0.09
IES 883
(L&) 0.214 -0.19 0.20 -0.02
C.D. LINE (5%) = D.53
C.D. TESTER (5%) = 0.37

I}
o

C.D. LINE X TESTER (5%) .91

* Significant at 5% level



Table 28. HETEROSIS % .- 'DAYS TO FIRST FLOWERING

Testers 16 3 (T1) ™ 2 (T2} JL 24 (T3)

Relative  Heleroch~ Standard Relative Heterot—  Slandard Relative . Heterob~ Standard
Lines heterosis  eltiosis  helerosis helerosis eltiosis  helerosis heterosis  elliosis  helerosis

{(di) (dii) {diii) {di} (dit} {diit) (di) (dii) {diii)

Chico
(L1) -G.69 2.91= -4.05* -1.38*" - Z.%4"" -4,05* ~1.35* 2.91**  -4.05*
ISKN 8827
AL2) 0.6b 1,34 1.34* -2.65% -2.68> -{.38* 0.00 0.00 o3
Dh{E) 20 .
{L3) 4,.85% 8,70 1.35* 4,17 g.70" 1.34% 4,17 8.70* 1.34%
Dh{E) I
(L) -2.03"* 1,38 -1,35" 0.00 0.00 1,34 0.00 0.00 1,34
1£6S 35-1 -
{L5) 0.65 134 1,34 -z, 58" -2.68" -1.38% 0.00 0,00 1,34+
IES 883
(L&) 2,79+ 5.74% 0.00 3.46% 7.96 1,35 3.4 7.16* 1.34*

## Significant al 14 level

€. di 5% = 0.90
C.D. dii (3 = 0.78
C.D. diii (5%} = 0.78

caT



Figure 9. HETEROSIS % - DAYS TO FIRST FLOWERING
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4.89 per cent. ISKN 8827 X TMV 2 (L2 x T2) and ICGS 35-1 x
MV 2 (L5 xT2) recorded the maximum negétive' significant
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 caﬁbinations ISKN 8827 X TMV 2 (L2 X T2) and
ICGS 35-1 X TMV 2 (L5 X T2) while the maximum positive
significant values by Dh(E) 20 x TG 3 (L3 x Tl1), Dh (E)

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

Standard heterosis ranged from -4.05 to 1.34 per
cent. The combinations namely chico x TG 3 (L1 x T1),
chiceo x TMV 2 ( L1 .x T2) and chico x JL 24 (L1 x T3)
recorded the maximum negative and .significant heterotic
value while eleven out of the eightesan pombinations

recorded the maximum positive and significant value.

4.2.1.2. Spread of flowering

In table 29, the mean performance of lines,
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testers and their hybrids are presented, The values
ranged from 45.00 to 48.00 days among lines, from 48.33 tb
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 1lines shoﬁbd gca effects which were not significant.
The gca effectsa of the testers were alao not slgnificant.

None of the cross ¢ombinations showed significant sca

effects.

In table 31 and figure 10, the estimates of the
three types of heterosis are pregsented. Heterosis over mid
- parental value (di) for the character rangead from 1.03 to
7.46 per cent. Dh(E) 32 x JL 24 (L4 x T3) recorded the
maximum heterotic value for the trait thle, IES 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 degsired trait. The (dii) values
ranged from 2.77 to 11.84 per cent. Dh(E) 20 x JL 24 (pq
x T3) recorded . the highest heterotic wvalue, while the

hybrids Dh(E) 20 x TG 3 (L3 x T1} and Dh(E) 20 x THMV 2 (L3
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Table 29. MEAN PERFORMANCE OF LINES, TESTERS AND HYBRIDS

— SPREAD OF FLOUERING

Testers TG 3 THV 2 JL 214

(T1) (T2) (T3)
Mean of
Testers 49.00 48.33 48 .67
Mean of
Lines Lines Mean of hybrids
Chico
(L1) 45,33 48.33 49.33 19.67
ISKN 8827
(L2) 47 .00 19 .67 49.33 49.67
Dh(E) 20
(L3} 48.00 49 .33 49.33 49.67
Dh(E) 32
(L4) 45.00 49 .67 49 .33 50.33
ICGS 35-1
(L5) 47.00 50.00 49 .33 49 .00
IES 883

(L&) 47.00 419.67 418.67 48.33
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Table 30. COMBINING ABILITY EFFECTS OF LINES, TESTERS

COMBINATIONS - SPREAD OF FLOWERING

Tasters TG 3 . THV 2 JL 214
' Tl T2 T3
gca of
Teatera 0.07 -0.15 0.07
Lines gca of sca 0of Combinations
lines
Chico
(L1} ~-0.26 ~-0.85 0.37 0.48
ISKN 8827
(L2) 0.19 0.04 -0.07 0.04
Dh (E) 20
(L3) 0.07 -0.19 0.04 0.15
Dh(E) 32 '
(L4) 0.41 ~-0.19 -0.30 0D.48
ICGS 35-1
(L5) 0.07 0.48 0.04 -0.52
IES 883
(Lé6) -0.48 . 0.70 -0.07 -0.63
C.D. LINES (5%) = 0.78
C.D. TESTERS (5%) = 0.5h5

]
[
W
(5,

C.D. LINE X TESTER (5%)

AND



Table 31. HETERDSIS X - SPREAD OF FLOMERING

Teslers TG 3 (T1) THY 2 (T2) JL 24 (T3
Retative Helerob~ tandard Relative  Hetersb- Standard Relalive  Heterob- Stamdard
heterpsis  eltiosis hetergsis beterosis eltiosis heterosis kelerosis  eltigsis  heterosis
T (di}) {diil (diii) {di} (dii} (diii) {di} (dii) (diiij
Chico .
(L1 2.47 b b2 -1.37* S 34 §.87°* 0.67 5.68% 9.57= 1.37°
I5KN 8827 _
(L2) 3.48° 5,68 1.37° 3.49 4,94 0,67 3.84= 5.68% 1.37*
Dhi{E) 20 .
(L3) 1.71¢ 2.77% B.b7ne 2,40 2.77% 0,470 2.7 3,48 1.37*
DhiE) 32 . : . .
(L4) 5. 68 10,33 1,37 5. 71" .62 0,670 7.46% 11,84 2.7
1CGS 35-1
(L5) §,17%- 5,38 2.04% ° 3.45 4,594 0,67 244 4.24% 0.00ns
IES 583
{L5) 3.48 .68 1.37* 2. 41 3.55 -0.67n 1.03re 2.83% -1.37*
fa e
DI
¥ Significant al 5% level ~J

H Significant at 11 level

L0, di 35U = 0.9
C.D. dii (%) = 0.78
€0, diii (5% = 0.78



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

Hetercsis 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 (L1 x T1 ) and IES 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
Fange 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 ability effects of
linasg, testers and their combinations are presented. The
lines namely chico (L1), ISKN 8827 (L2) and Dh(E) 32 (L4)
showed significant negative gca effecté while, Dh(E) 20
(L33, ICGS 35-1 (L5) and IES 883 (Lé6) showed gignificant
positive gca effects. Among the testers, TMV 2(T2Z)
recorded gignificant negative gca effect while TG 23 (T1)

recorded significant poaitive gca effect.
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Table 32. MEAN PERFORMANCE OF LINES, TESTERS AND HYBRIDS

- DAYS TO MATURITY

Tenters TG 3 TV 2 JL 24
(T1) (T2) (T3)
Mean of
Testers 95,17 94,33 . 99.17
Mean of
Lines Lines Mean of hybrids
Chico
(L1) « 77.33 82.83 85.00 82.67
ISKN 8827
(L2) 94.83 81.17 83.40 83.33
Dh(E) 20 .
(L3) 95.17 88.50 89.00 92.50
Dh(E) 32
(L4) . 95.00 93.67 82.680 82.83
1CGS 35-1
(L5) 92.17 9%.00 93.00 92.17
IES 883

(Lé6) 95.67 92.83 83.33 $2.67




Table 33. COMBINING ABILITY EFFECTS OF LINES, TESTERS AND

COMBINATIONS - DAYS TO MATURITY

Teasters TG 3 TV 2 JL 24
(T1) (T2) (T2)
gca of
Testers 1.87- -1.76" -0.11
gca of
Lines Lines sca of combinations
Chico
(L1) -4.30" -2.53" 3.26" -0.73
ISKN 8827
(L2) -5.17* -3.33- 2.53*~ 0.81
Dh(E) 20
(L3) 2.20" -3.37° 0.76 2.61"
Dh(E) 32
(L4) -1.47+ 5.47~ -2.07- - -3.39~
ICGS 3s-1
(L5) 6.92= 2.491~ 0.04 -2.45"~
IES 883
(L&) 1.81° 1.36" -4.52" 3.16*
C.D. LINE (5% ) o= 0,67
C.D. TESTER (53%) = 0.46

1l
-
[2Y
=3

C.D. LINE X TESTER (5%)

* 8Significant at 5% level



Table 34

. HETEROSIS % - DAYS TO BATURITY

Testers TG 2 (T4} ™V 2 {T12) JL 24 (13}

Relatlive  Helerob- Standard Relative Hetersb—  Slandard Relative  Heterob~- Standard
Line heterosis elliosis heterosis heterosis elliosis  heterosis heterpsis eltiosis  heterosis

{di} {dii) (diii} {di) {dii) (diii) (di) fdil) {diii}

Chico ;
(L) -3.97%" 7.1 -12.97* ~{,97™® g,92**  -10.4/* ~4,32% &.91 -13.13*
ISKN 8827 .
{L2} -14,54% 14,40 14,74 -11.82=  -f1.5%* -12.37*" -{4,09% -12,43* -2.4*
Dh{E) 20
(L3) -7.04* -7.01 -7.01** =5.07** ~5.65"* ~6.48%* -4.81* -2.81* -2.51** .
ThiE) 32
(L4} -1.49* -1.40** -1.58~ -{2.85%  -12.54~ 133" -14,b5% -{2.84*  -2.97*
1068 35-1 ‘
(L5) 5.69% 741 §.02+ -0.27 0.50 -2.28% ~3.66%  0.00 -3.15%
IES B83
(L&) -2.71¢ -2.46 -2.45" ~12.28%*  -11.66* 12,44 -§,88 _ -3.15" -Z.63"*

# Significanl at 1% level

C.D di
C.D dii

(5%)  1.15
{54 0.40

C.D diii (80 0.4

TE€T



Figure 11. HETEROSIS % - DAYS TO MATLATY
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Out of the eighteen cross combinations, seven
recorded significant negative sca effects. Among the

remaining eleven combinations, seven showed significant

positive sca 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 5.49. ICGS(E) 35-1
"x TG 3 (L5 x T1) showed the maximum hetarotic value while

Dh(E) 32 x JL 24 (L4 x T3) showed the minimum value. i}

Heterobeltiosis wag estimated by considering the
1

early maturing parent as the better parent, becausge

earlinessis the desired trait. The (dii) values ranged from
-14.40 - to 92.92. Chico x TMV 2 (L1 x T2) showed the

"highest heterotic value while ISKN 8827 X TG 3 (L2 x T1)

showed the lowest wvalue.

Standard heterosis (diii) ranged from -14.71 to
4.02. The combination ICGS 35-1 x TG 3 (L5 x Tl1l) showed
the maximum heterotic value while ISKN 8827 x TG 3 (L2 X

.T1l) showed the minimum value (Figure 12).
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1.2.1.4. 'Ndﬁbpr of immature pods per plant.

v
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Iqﬂtabla“%p the mean performancé of linea, testers
- S. ~ N '*f ’ '

and their ghbbrids are presented. Among lines, the mean
nunber of #&mature pods per plant ranged from 1.35 to 3.19,
whila amonﬁ- testers it ranged from 2.24. to 3.50. The range

wvas from M .46, to 4.15 among the hybrids. n
/ oo ;

[
. .
. [ i

' b

5 .
' Co! i
L v
> The combinin@“ability effects of lines, testers
)‘ ot . - S
and theéir combinations) are presented in table 36. Among
) . ¥ A

lines, Chico (L1), ISKN; 8827 (L2) and Dh(E) 32 (L4) showed
significant negative gca effects while Dh(E) 20 ILS), ICGS
35-1  (L8) aﬂh 1ES 883 , (L6) showed " significant positive

affecta. None of the testers recorded significant gca

effecta._c\put of the eighteen cross combinafions, .eilght

{

combinatioqé recorded significant negative sca effects and

geven comblpatlona recorded significant positlve effecta.

. H
vy ,

Tﬁe ‘estimates of the three types of heterosis
!..l':., .
e . :
are presented:in table 37 and figure 13.. Heterosis over
A o,

' ‘: ) " e, .i"
the mid-parental value ¢di’d. ranged from -=53.94 to 100.48.
. \ - N . 1 . .
4 ' ‘1'».‘,-"’- - ? 4

ICGS 35-1 X TG 3 (L5 x T1) recorded the highest heterotic
‘value whil&f bh(E) 32 x TMV 2 (L4 x T2) recorded the

r

lowest valqe.
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L

Tablet35. MEAN PERFORMANCE OF LINES,-TESTERS AND HYBRIDS

~ NUMBER OF IMMATURE PODS‘PER PLANT

A Testers G 3 - TMV 2 JL 24
: (T1) . (T2) (T3)
_'?ﬁ IHeén of
= 'Testers 2.64 3.50 2.24
- es .
o lean of
Lines - Lines Mean of hybrids
= .‘ .
Chico S . :
(L1) o, oyLl35 2.84 2.12 1.75
ISKN 8827~ N
(L2) a8 2,29 1.84 1.54 1.71
Dh(E) 20 -
(L3) 2.15 2.79 . 2.37 " 3.38
Dh(E) 32 . - .
(L) L 2.84 3.65 1.46 1.83
ICGS 35-1 -
(L5). - 1.50 4.15 °  3.21 2.73
IES 883

(L6 3.19 2.40 1.70 3.61




Table 36. COMBINING ® ABILITY EFFECTS OF LINES, TESTERS
COMBINATIONS - NUMBER OF IMMATURE PODS PER PLANT
Testers TG 3 TMV 2 JL 24
(T1) L(T2) (T3)
gca of
Testers 0D.44 -0.44 0.003
gca of
Lines Lines sca of Combimations
Chico
(L1) -0.27" 0.16 p.33* ~-0D.49"
ISKN 8827
(L2). ~-0.81" -0.30* 0.28+ 0.02
Dh-(E)-20
(L3) 0.35+ -D.50" -0.04 0.54-~
Dh-(E)~32 '
(L) -0.19" 0.90* -0.42* -0.48"
ICGS~-35-1 )
(L5) D.84" 0.35* 0.28" -0.63"
IES- .883
(Lé) 6.78* -0.61 -0.43" 1.04*
C.D. LINE (5%) = 0.11
C.D. TESTER (5%) = 0.80
C.D. LINE X TESTER (5%) = 0.20

* Significant at 5% lavel

AND



Table 37, HETERDSIS X - MUMBER OF IMMATURE PODS PER PLANT

Testers 163 (TD v 2 (T2) JL 24 (13}

‘Relalive  Heterob— Stlandard fielative  Heterob- Standard Relative  Heterob— Standard
Lines heteresis  elliesis hetleresis heterasiz  eltiosis heterosis  heterosis  eitiesis  heterosis

iy (dii) (diiid {di) {dii} {diii) (di) (dii) {diii)

Chice
(L 42.35=> 11037 7.58% -12.58% 37.04 -19.70*° ~2.51% 29,63 -33.74
ISk 8az7
(L) -23.353%°  -19.65%° -30.30"° -46.80% 32753 4.7t -24.50%* -Z3.66*  -35.23°
Dh{E} 20
(L3 16.49°% .77 5.68* -16. 1% 10.23*  -10.23** 33,59 57.21* 28,03
Dh{E) 32
(La) 3324 38.26%" 38,26 -33.94% 48,59 4470 -27.55"* -18.30*  -30.68*
IC65 351
{L5 100,48 176.67° 37.20% 28.40% 114,00 21,39 43.99%  82.00* 41
IES 883 _
{L& . -17.67% -9.09°* -9.09* ~49.18%- -4 71" ~33.60"° b1, 6% 34,74

32.97

# Significanl al 1% level

i di
.0 dii
C.0 diii

(5%
{54
{(5%)

0.06
0.04
0.04

8T



Figure 13. HETEROSIS % - NUMBER OF IMMATURE PODS PER PLANT
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Heterosis over the better parent was estimated by
keeping the parent with least number of jimmature 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 T1) and the lowest

value by Dh(E) 32 X TV 2 (L4 X T2).

Heterosis over the check type (diii) ranged from
- 44.70 to 57.20. The highegt value was showed by ICGS

35-1 X TG 3 (L5 X T1) and the lowest value by Dh(E) 32

x TMV 2 L4 X T2).
4.2.1.5. Number of mature pods per plant

In table 38, the mean performance of lines,
testers and their hybrids for the trait are presented. Tha
mean number of mature pods per plant ranged from 11.39 to
12.75 among 1ines.'from 8.52 to 15.71 among testers and
from 8.80 to 16.31 among hybrids. y

The combining ability effects of lines, testers
and thelr combinations for the tralt are presented in table
39. Among lines, Dh(E) 20 (L3), Dh(E)32 (L&) and ICGS 35-1

(L5) recorded significant positive gca effects whilae,



Table 38.
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MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS NUMBER OF MATURE PODS PER PLANT

Testers TG 3 THMV 2 JL 24
(T1) (T2) (T3)
Mean of
Testera 11.28 15.71 8.52
Mean of
Lines Lines Mean of hybrids
Chico
(L1) 11.48 12.74 12.55 11.54
JISKN 8827
(L2) 12.24 13.03 8.80 11.114
Dh(E) 20 ]
(L3) 11.27 15.49 10.53 16.31
Dh(E) 32
(L4} 12.75 13.07 11.99 15.80,
ICGS 35-1
{L5) 11.39 12.59 15.23 12.86
IES 883
(Lé) 12.69 12.95 10.84 13.95




Table 39, COMBINING ABILITY EFFECTS OF LINES,

TESTERS AND COMBINATIONS - NUMBER OF MATURE PODS PER

PLANT
Tasters TG 3 ™V 2 JL 24
lines (T1) (T2) (T3)
gca of .
Testers 0.446"* =1.20*" 0.74=~
gca of
Lines Lines gca of Combinations
Chico
(L1) -0.58* 0.009 1.47* -1.48*
ISKN 8827
(L2) -1.87* 1,58+ -0.%9= -0.59
Dh(E) 20
(L3) 1.26" 0.92 -2.38" 1.46*
Dh(E) 32
(L4) 0.76* -1.00" -0.43 1.44-
ICGS 35-1
(L5) 0.70" -1.43- 2.87" ~-1.44-
IES 883
(Lé6) -0.28 -0.08 -0.54 0.62
C.D. LINE (5%) . = 0.54
C.D. TESTER (51) = 0.38
C.D. LINE % TESTER (5%) = 0.94

* Significant at 5% level
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chico(L1l} Iand ISKN 8827 (L2) recorded gignificant negative
gca effects. Among testers, TG 3(Tl) and JL 24 (T3)
recorded significant positive gca effect and TMV 2 (T2),
significant negative effect. Out of the eighteen c¢ross
combinations, five recorded significant positive sca effects

while six recorded gsignificant negative effects.

The three types of heterogis estimated are
furnished 1in table 40 and ' figure 14. Relative hetarosis
(di) for the trait ranged from -37.03 +to 48.57. The

combination Dh{E)32 X JL 24 (La x T3) recorded the
highest heterotic value. while ISKN 8827 X TMV 2 (L2 x T2)

recorded the lowest wvalue.

Heterobeltiosis was egstimated by considering the
parent with greater number of mature pods as the better
parent. The dil values kor the trait ranged from -43.98 +to
40.97. The hybrid Dh(E) 20 x JL 24 (L3 x T3) recorded the
maximum heterotic value while the hybrid ISKN 8827 x TMV 2

(L2 x T2) the minimum valua.

Standard heterosis (diii) for the trait ranged
from -21.99 to 44.59. The highest value was recorded by
Dh(E) 20 x JL 24 (L3 x T3) and the lowest value by ISKN

8827 x TMV 2 (L2 x T2).



Table 43, HETEROSIS % -

NUMEER OF MATURE PODS PER PLANT

Testars

T6 3 {T1} ™V 2 (T2} JL 24 (T
Relative  Helerot~ Standard Relalive Helerob~ Standard Relative  Helerot- Standard
Lines heterosis  eltiosis heterasis heterasis  eltiosis heterasis heterasis eltiosis  helerosis
{di) {dii) (giii) {di) dii} (diif) {di) {dii) {diiil
Chico - -
{L1) 11.94°~ 10.98 12,94 =7.67%*  -20,11==. 11,26 15.40** (.52 2.30°
ISHN 8327
(L2) 10,80 .45 15.51 -37.03* -43.98%  -2{.99% 7.32* -3.99% -1.24°
Dh(E} 20 .
(L3 35.58% 33.88= 37.32% -22.80%  -32.97* b.65* £2.76 40,97 44,55+
DhiE) 32 '
(L §.78"* 2.5t  15.87° -13.74% 23,48 b.25* 48.57* 23.42* 40,07
ICGS 35-1
(L3} 11,07+ 10,54 11,41 12,40 -3.06~ 33,02~ 29.18% 12.94= 14,01
IES 883
{Ls) 8.05* 2.05 4,80 -23.66%  -31,00* 3.90 .54 9.93 23.67%

# Significant at 1% levsl

C.D di
C.D dgii
C.b diii

{3%) 0.94
{(3%) 0.02
(5%) 0.02

4

TP1



Figure 14. HETEROSIS % - NUMBER OF MATURE PODS PER
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4.2.1.6. Haulmeg yield per rplant

In table 41, the mean performance of 1lines,
testers, and their ﬁybrids for the trait are presented. The
mean values ranged from 28.52 to 71.76 g. among lines, from
49.10 to 66.63 g. among testers and from 21.19 to 61.60 g.

among - hybrids.

The combining ability effects of 1lines, testers
and their combinations are presented in table 42. ICGS
35-1 (L5) and IES B83 (Lé6) showed positive #ca effects and
chico (L1) showed gsignificant negative gca effgcts among
lines. ©None of the testers showed significant gca effects.

Among the cross combinations none recorded sgsignificant sca

effaects.

The three types of heterosig 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 wag regiastered b& ICGS

35-1 x_THV 2 (L5 x T2) and the lowest value by chico x

™V 2 (L1 x T2).
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Table 41. MEAN PERFORMANCE OF LINES, TESTERS AND
HYBRIDS - HAULMS YIELD PER PLANT
Teaters TG 3 THV 2 JL 214
(T1) (T2) (T3)
Mean of
Testers 66.63 60.53 49.10
Mean of
Linas Lines Mean of hybrids
Chico
(L1) 28.52 25.79 21.19 23.586
ISKN 8827
(L2) 45.22 38.36 40.94 41.73
Dh(E)} 20
(L3) 48.4°9 44 .00 39.87 40.72
Dh(E) 32
(L4) 37.71 34.82 39.27 31.02
ICGS 35-1
{L5) 34.59 41.83 61.60 43.53
IES 883
(L6) 71.76 52.70 50.81 h2.67
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Table 42. COMBINING ABILITY EFFECTS OF LINES,

TESTERS AND COMBINATIONS - HAULMS YIELD PER PLANT

Testers TG 3 ™MV 2 JL 24
(T1) (T2) (T3)
gea of
Teatersg -0.66 2.04 —1.3?
gca of
Lines Lines sca of Combinations
Chico
(L1) -16.73"* 2.914 -4.36 1.42
ISKN 8827
(L2) 0.10 -1.33 -1.44 2.7¢6
Dh(E) 20
(L3) 1.29 3.13 -3.70 0.56
Dh{(E) 32
(L4) -5.21 . 0.44 2.20 -2.64
ICGS 35-1
(L5) 8.74+ -6.49 10.58 ~-4.08
IES 883
(Lé) 11.81" 1.30 -3.28 1.98
C.D. LINE (5%) = 6.21
C.D. TESTER (5%) = 4.39

C.D. LINE X TESTER (5%) = 10.76

* Slgnificant at 5% level



Table 43. HETERGSIS X -

HWLHS YIELD PER PLANT

Teslarg TG 3 (T1) ™Y 2 (T2) JL 24 (13)

. Relalive Heterob- Standard Relative  Heterob~ Standard Relative Helerob- Slandard
Lines helerosis  elliosis heterosis heterosis  elliosis  heterosis heterosis  eltiesis  heterpsis

{di} {dii) (diii) (di) {dii} (diii} {di} (dit) tdifi}

Chico ‘
(L) ~453.79 6129 . -41.29% =52.44%*  -84.99°  -4E.23* -39.29% -52.02% -4d.a4v
15KN 8827
(L2} 31,410 SA2.43% 4243 -22.57%*  -32.36*  -38.54* -11,51*  -15.01*  -37.37*
DH{E)} 20
(L3) ~23.56%*  -33.94%  -33.94 -2h.Ba%  -34.93**  -40.16* -16.55% -17.07+*  -35.89*
Dhi(E) 32 )
(L&) -33.26%  -47.74% 47 74 -20.05*  -3S.10% -44.06 -728.53** -35.82%  -S3.44°
1668 35-1 .
(L5} -17.33%*  -37.2P**  -37.z0* .5z 1.77 -7.55% 4,63 -11.34 -35.47
1ES 383
(L&) -23.84%*  -2L.546%  -20.31e -23.18%  -29.1%  -23.74°" -12.84%  -26.80"*  -20.75°

3 Significant al 1% level

¢.D di
€.D dii
C.D diii

(5%} 10.75
(3% 9.33
(5%} 11.93



Figura 15. HETEROSIS % - HAULMS YIELD PER PLANT
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Heterobeltiosis was calculated by considering the
parent with higher haulms Yield per plant which is the
deaired trait as the better parent. Heterosis over the
better parental value (dii) ranged from -64.99 to 1.77. The
highest heterotic value was showed by ICGS 35-1 X TMV 2 (L5

X T2) and the lowest by chico x TMV 2 (L1 x T2).

Heterosis over the gtandard parent (diii) rang.d
from -68.23 to -7.55.The highest value wasg recorded by ICGS
35-1 x TMV 2 (L5 xT2) and the lowest value by chico x TMV

2 (L1 xT2).

4.2.1.7. Pod yield per plant

The mean performance of lines, testers and
their hybrids for the trait are presented ie table 44. The
maan valuea ranged from 6.31 to 19.00 &- among linesg, from
16.28 to 19%9.41 &- amoéng the testers and from 7.00 to 18.87

£. among hybrids.

In table 45, the combining ability effects of
lines testers and their combinations are presented. Among
lines, ISKN 8827 (L2) Dh(E) 20 (L3) Dh(E) 32 (L4} and 1IES
883(L6) recorded gsignificant positive gca effects and chico

(L1) recorded significant negative gca effects. Among
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"Table 44. MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - POD YIELD PER PLANT (g.)

Testers TG 3 TMV 2 JL 214
(T1) (T2) ] (T3)
Mean of
Testers 19.41 ° 16.62 16.28
Mean of
Lines Lines Mean of hybrids
Chico
(L1) 6.31 7.00 9.76 7.57
ISKN 8827
(L2) 15.30 18.27 11.29 16.00
Dh(E) 20
{L3) 19.00 9.62 18.76 17.08
Dh{(E) 32
(L4) 16.65 17.01 15.19 18.87
ICGS 35-1
(L5) 16.%8 13.37 16.95 11.02
IES B8B83

(L6) 14.86 18.86 18.31 14.123
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LINES,

Table 45. COMBINING ABILITY EFFECTS OF
TESTERS AND COMBINATIONS - POD YIELD PER PLANT
Testers TG 3 ™™V 2 JL 24
(T1) (T2) (T3)
gca of
Testers -—-0.37 0.65* -0.28
gca of
Linea Lines aca of Combinations
Chico
(L1) -6.30* -0.74 1.00 -0.26
ISKN 8827
(Lz) 0D.80* 3.45" -4.55* 1.09
Dh-(E)-20
(L3) 0.76" -5.16*" 2.96* 2.20"
Dh-~(E)-32
(L4) 2.63* D.34§ -2.48* 2.13"
ICGS-35-1
(LS) -0.461 -0.04 2.52- -2.48-"
TES- .883
(L6) 2.71* 2.14* 0.57 -2.69"
C.D. LINE (5%) = D0.71
C.D. TESTER (5%) = 0.50
(5%) = 1.22

C.D. LINE X TESTER

*

Significant at 5%

laevel
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testers, significant positive gca effect was recorded by
™V 2 (T2). 8ix cross combinations showed sgignificant
positive sca effaects and five showed significant negative

8ca effects.

The three types of heterosis eatimates 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 I[ES 883 x TMV 2 (L6 x T2) (Figure.17Jand the

lowest value by Dh(E) 20 xTG 3 (L3 x T1).

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
rangad from j63.94 to 10.17 . The highest wvalue was
recorded by IES-883 x TMV 2 (L6 x TZ) (Figure 17) and the

loweat value by hybrid, chico x TG 3 (L1 x T1).

Standard heterosis (diii) ranged from -63.94 to -
2.78 per cent. The hybrid Dh(E) 32 ¥ JL 24 (L4 x T3
(Figure 18) recorded the highest value while the hybrid,

chico x TG 3 (L1. = T1) recorded the lowest heterosis

value.



Table 46, HETERGSIS % - POD YIELD PER FLANT

Testers

10.10=*

-13.21%*

Q3 (T1) - ™V 2 (T2) JL 24 (T3)
Relative Helerok- Standard Relative Heterob- Standard Relalive  Heterob~ Standard
heterosis . eltiosis helerasis heterosis  eltiosis  heterssis heterosis  eltissis  heterosis
{di} {dii} (diii) (di) {dif) {diii) {(di) (dii) (diii)
Chirco
{L1) -45,57 -63.94% 43,94 -18.87%¢ <4128  -49.77ee ~32.98% -53.50%  -41.00
IGKN 8827
(LZ) 5.27* 5,87 5.87% -29.26%  -32.13*>  -41.83° 1.33%  -1,72**  -17.57
Dh{E} 20 )
(L3) -49.91%  -50.44%  -50.44% 5.33 -1.26* =3.35% -3.35%* -10.14**  -12.00"*
Dh(E) 32
{L3) “5.66%  -12.36% ~12.%%e -8.45%" 8. 771" 2174 14,41 13,33 -2.78%
" ICGS 35-1 .

{L5) —26.58%% - -31,11%* 34,11 0.89 -0.18 -12.47% ~33.73* -35.10"*  -43.23
IES 883 _ .
{Ls) ~2,83% -2,83* 16,33 10. 17 5,67 -9.25% -27.20%*

* Significant atl 5% level

¥ Significant at 17 level

G0, di
€.D. dii
C.D. diii

(5%)
(3%)
(5%}

1.23
1.05
1

CEeT



- Figure 16. HETEROSIS % - POD YIELD PER PLANT
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gure 17. Cross combination - IES 883 (L6) X THV 2 (T2)

ashowing the highaest values for relative heterosis

and heterobeltiosis - pod yield per plant.
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Figure 18. Cross combination - Dh (E) 32 (L4) X jL 24 (T3)
showing the highegst value for standard heterosis - pod

vield per plant



Figure 18,




4.2.1.8. 100 Pod Weight.
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hybrid, Dh(E) 20 x TNV 2 (L3 ‘TZQ recorded the highest

value, while chico x JL 24 (L1 x T3) recorded the lowest

value.



Table 47. MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - 100 POD WEIGHT (g.)

Tesaters TG 3 TMV 2 JL 214
(T1) (T2) (T3)
Mean of
Testers 99.19 86.98 111.13
Mean of .
Lines Lines Mean of hybrids
Chico .
(L1) 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
(L4) 99.06 89.90 56.43 89.54
ICGS 35-1
(L5) 93.53 69.08 79.28 68.82
IES 883

(Lé6) 62.87 98.17 99.27 100.07




Table 48,

TESTERS AND COMBINATIONS -

COMBINING ABILITY

EFFECTS OF

100 POD WEIGHT

P
&N
C2o

LINES,

Testers TG 3 ™MV 2 JL 24
(T1) (T2) (T3)
gca of
Taesters 1.16 -2.46 1.30
gca of
Lines Lines gca of Combinations
Chico
(L1) -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 2.34" -4.87
IES- .883
(L6) 20.82+* -2.15 2.55 ~-0.40
C.D. LINE (5%) = 4.14
C.D. TESTER (5%) = 2.93
C.D. LINE X TESTER (5%) = 7.17
* Significant at 5% level



Table 49. HETEROSIS % - 100 POD WEIGHT
Testars TG 3 (THi ™ 3 (T2) JL 24 (12)
Relative  Heterab- Standard Relative  Heterob~ Standard Relative  Helerob~ Standard
. hetergsis  eltiosis heterosis heterosis eltiosis  helargsis helerosis  eltiesis heterosis
(di? tdii) (diii) (di} {dii) (diii} {di) Wdii) tdiii)
Chico .
{L1) -40.7%* -36.93 0 -36.TI -15.32** -35.73"" 4344 -50.76% -83.40*  -51.294**
ISHN £827
{L2) =6.7% -3.67** -8.67° =3B 74> -36.59 -G048 -10.94" -17.35" -7.40*
Dh(E) 20
(L 2.30 -12.70%  -12.70" 33.24= 19.469°" 4.9 -1.47 19.77°* 10,14
Bh{E} 32 .
4 -9.31% -2.37% ~9.37** -37.34** -43.03** -43.1M -14.80%* -19.43* -9.73*
IC65 35-1 :
(L) -28.31*" 30.36%  -30.38° -12,46*  -15.24  -20.07 -32.75** -33.07**  -30.42*
iES 883
(L&) 21,15 -1.03 _-1.03 32.49% 4,13 0.08 15.028*°  -9.95* 0.89

% DSignificanl al 5% level

H Significant at % level

.0, di
C.D. dii
.0, diii

(38) 7.18
(32) &.21
(3% 4621



Figurea 19 HETEROSIS % - 100 POD WEIGHT
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Heterobeltiosia (dii) wvas calculated by
considering the parent with higher 100 pod weight as the
better parent. The dii values ranged from -65.40 to 19.49
percent. The higheast heterotic value was showsed by Dh(E)

20 * TMV 2 (L3 x T2) and the lowest wvalue by chieco x JL 24

(L1 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 (L1 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 valuea

ranged from 51.01 to 79.00.

The combining ability effects of lines, testers,
and their hybrids are presented in table 5{. chico (L1) and
ISKN 8827 (L2) showed significant positive gca effects
while Dh(E) 20 (L3) and IES 8823 (Lé6) showed significant

naegative gca effects. Amoqg testers THV 2 (T2) registered
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Table 50. MEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - SHELLING PERCENTAGE

Testeaers TG 3 TMV 2 JL 24
(T1) (T2) (T3)
Mean of
Testers 67 .85 65.93 74.59
Mean of
Lines Lines Mean of hybrids-
Chico
(L1) 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
Dh(E) 32 .
(L4) 64.54 62.60 75.84 73.03
ICGS 35-1
(L5) 74.67 67.37 67.22 62.19
IES 883

(L6) 65.65 61.92 67.79 61.35




Table b51.

COMBINING ABILITY EFFECTS

OF

LINES,

TESTERS AND COMBINATIONS - SHELLING PERCENTAGE

Testers TG 3 TMV 2 JL 24
(T1) (T2) (T3)
gca of
Tasters -2.15* 1.97* .18
gca of
Lines Lines sca of Combinations
Chico
(L1) 6.36" 6.87* -2.55 -4.32
, ISKN 8827
(L2) 4.11+ 2.85 -3.75 0.90
Dh(E) 20 /
(L3) -6.47* ~-8.29* 1.13 7.16"
Dh(E) 32
(L4) 2.57 -5.74" 3.38 2.36
ICGS 3h-1
(L&) -2.33 3.93 -0.34 -3.59
IES 883
(Lé6) -4.24* 0D.38 2.13 -2.51
'C.D. LINE (5%) = 2.61
C.D. TESTER (5%) = 1.84
C.D. LINE X TESTER (5%) = 4.52
* Significant at 5% level



gsignificant and positive gca effects while TG 3 (T1)
registered sgignificant and negative gca effact. Among the

eighteen c¢ross combinations, only two showed significant

pogitive saca effects and two, signficant negative sca
aeffectg.

The heterosis estimates for +the +trait ara
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 (L1 x T1) while the lowest value wasg racorded by

Dh (E) 20 x TG3 (L3 x T1).

Heterobeltiosis was estimated by considering the
rarent with the higher shelling percentage as the better
parent. Heterosis over the better parental value (dii)
ranged from -24.82 to 16.43 per cent.The hybrid chico x TG 3
3 (Lt x Tl) recorded the maximum value and the minimum

value was registered by Dh(E) 20 x TG 3 (L3 x T1).

i

Heterosia over the standard type (diii) ranged
from - 24.B2 to 16.43 per cent. The hybrid chico x TG 3 (L1
x T1) registered the highest value while the lowest

heterotic effect was showed by Dh (E) 20 x TG 3 (L3 x T1).



Table 52. HETERGSIS % - SHELLING PERCENTAGE

Tasters ‘ 763 (T

Y 2 (T2)

Cd0 24 {13

Relalive Heterob- Standard

Relative  Heterob Standard Relative  Heterob- Standard
heterosis  eltiosis helafosis heterosis eltipsis  heterosis heterosis eltiosis  heleresis
{di) (dii} (diii) {di} (dii) (diii) tdi) (dii} diii)
Chice
LN 23.22* 16.43* 16.43* 16.70" 11.79* 8.62% 3.1 ~5.97* 1.3
1SKN 3827
(L2) 4.3 1,43 7.21%* 2.20 -1.83 3.5% 0.0% -1.97 7.77%
Dh{E} 20 .
(L3 -18.95*  -24,32°%  -Z4.82** .10 '-2.09 -4,85% 1.70 7.78% 1.39
DhiE} 32 ;
(L4 -3.43* -7.74** -7.74% i6.26% - 15.03*° 11.76% 4,98« -2.09 7.63%
165 351
{L5} -5.46" -q.78** -0.71 -4,38 -9.95 =0.93 -14.67% 1671 -8.34"
IES 823
(L&Y =7.24% -3.74" -8.74% 3.04 2.82 -0.09 -12.51* -11.75*" -2,50%

+ Significant at 5% lavel
## Significant at 1% level
c.D. di  (5%) 4.52

.0, dii (5% 3.92
C.h. diii (30 3.%2

GET



Figure 20. HETEROSIS % - SHELLING PERCENTAGE
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4.2.1.10. 100 Kernel weight

In . table 53 the mean performance of lines,
testers and their hybrids for the trait are presented. The
maan values' ranaged trom 21. 96 to 46.13 g. ambng lines,

from 38.52 to 55.51 g. among testers and from 23.00 te

51.04 g. among hybrids.

In table 54, the combining ablility effects of
linesg, testers and their combinations are presented,
" Dh(E}20 (L3), Dh(E) 32 (L4) and IES 883 (L6) recorded
aianificant positive gca effects while chico (L1) and ISKN
8827 (L2) showed significant negative gca effects.Among
teaters,TMV 2 (TZ) and JL.24 (T3) registered significant and
positive gca effects while, TG 3 (T1) registered significant
negative effect. Among the eighteen cross combinations,
8ix ;egistered significant and positive sca effects while
six others combinations recorded aignificant and' negative

aca effgcts.

The three type of heterosis estimates are
presented in table 55 and figure 2Z1. Relatiﬁe hetaerosis
(di) for the trait ranged from -54.56 to 33.18 percent. The

highest heterotic value was showed by IES 883 x TMV 2 (L6 x



Table 53. HMEAN PERFORMANCE OF LINES, TESTERS AND

HYBRIDS - 100 KERNEL WEIGHT (g.)

Tegsters TG 3 MV 2 JL 24
(T1) (Tz2) (T3)
Mean of
Testers 48.51 38.52 55.581
Mean of
Lines Lines Mean of hybrids
Chico
(L1) 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 .43 415,36 41.92
Dh(E) 32
(L) 46.13 39.27 41.75 49.29
ICGS 35-1 )
(L5) 39.44 43.11 38.98 33.43
IES 883

(Lé6) 38.13 46 .51 51.04 50.21




Table 54.

COMBINING ABILITY

TESTERS AND COMBINATIONS

EFFECTS OF

LINES,

100 KERNEL UWUEIGHT

Testeaers TG 3 ™V 2 JL 24
(T1) (T2) (T3>
gca of
testaerg -1.16* 1.02-~ 0.16°
Lines geca of sca of combinations
lines
Chico
(L1) -16.77* q4.82" -0.15 ~4.67*
14427 .
(L2) -3.76* ~-9.70" 3.22* 6.46*
Dh(E) 20 .
(L3) 6.00" 3.68* -0.57 ~3.11"
Dh(E) 32
(L4) 4.57~ -3.00" -2.71* 5.72*
ICGS 35-1
(L5) -0.39 5.76" -0.55 -5.21"
IES 883
(L6) 10.36" ~-1.58 0.76 0.82
C.D. LINE (5%) = 0.99
C.D. TESTER (5%) = 0.70
= 1.72

C.D. LINE X TESTER (5%)

* Significant at 5% level



Table 55. HETEROSIS ¥ - 100 KERNEL WEIGHT

Testers TG 3 (T1) ™V 2 (T2) JL 24 (T])
helative Helerob- Standard Relative Heterob~ Standard Relative  Heterob- Siandard
heterosis  elliosis heterosis heterosis  eltiosis  heterosis helerpsis  eltiosis _ heierosis
{di) dii) {diii} (di) {dii) (diii) {diy (din) diii)
thicu
L) -26.84 -46.87%  -4b.87%* -23.94** 40,29 e it -54.54% -£8.725%  -p3.74%
ISKN 8827 . .
(L2} —44,34%  -45.04% 49, 394 1.60° 1.57¢ -18.87%* ~14.48" -24,80*  -14.03%
Dh(E) 20 ' .
(L3) 9.2z -2.29* -2.29* 18.08"= 17.74% -h.55% -10.64"" -24.48**  -13.64
Dh{E) 32 .
{L{) 17,047 -19.10%  -19. {0 -1.36 -9.49%  -43,99°- -3.01* -11.21 1.93*
ICG5 35-1
{5 =2.00% L -1519 -1, 15 0.00 ~1.47 -19.70 -29.58% -39.78*  -31,13**
IES 883 .
- (L&} 7,34 -4, 1g* -4, {8 33,18 32.50* 5.15%* 7.24**  -9.55 3.44%

% Significant at 5% level

" # Significant at 1% level

C.D. i
C.D. dii
€.D. diii

(3% 1.73
(3%) 1.49
{54 1.49

€9t



Figure 21. HETEROSIS % - 100 KERNEL WEIGHT
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T2) and the lowest value by chico x JL 24 (L1 x T3).

| Heterobelltiosis for the trait was estimated by
congidering the parent with higher 100 kernel waight as the
better parent. The dii value ranged from -68.2%9 to 32.50
percent. The maximum heterotic value was registered by IES

883 x TMV 2(L6 x T2) and the lowest value by chico x JL 24

(L1 x T3).

Standard heterosis (diii) for the trait ranged
from - 63.74 to 5.15 percent. The hybrid, IES 883 x THV
2(Lé x T2) registered the highest value while, the lowest

heterotic value was recorded by chico x JL 24 (L1 =x T3)._
4.2.1.11. 01l content.

The mean perfomance of lines, testera 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

perceant.

The combining ability effects of 1lines, testers
and their combinations are presented in table 57. Among

lines, chlco(Ll) and ICGS 35-1 (L5) recorded significant and
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Table 56. MEAN PERFORMANCE OF LINES, TESTERS AND
HYBRIDS - OIL CONTENT (%)
Testers TG 3 ™V 2 JL 24
(T1) (T2) (T3)
Mean of
Testers 47.43 49.13 48.35
Mean of
Linas lines Mean of hybrids
Chico i '
(L1) 47 .44 49.59 49.51 49 .50
ISKN 8827
(L2) 48.97 50.07 47 .79 48.51
Dh(E) 20
(L3) 48.07 48.12 49 .04 49.93
Dh(E) 32
(L4) 48 .21 45.33 18.62 48.73
ICGS 35-1
(L5) 48.21 419 .91 49.96 49.08
IES 883
(Lé) 49 .33 50.77 48.01 48.23
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Table b57. COMBINING ABILITY EFFECTS OF LINES,

TESTERS AND COMBINATIONS - OIL CONTENT

‘Testers TG 3 TMV 2 JL 24
{(T1) (T2) (T3)
gca of
Testers 0.04 -0.10 0.07
gea of .
Lines lines sca of combinations
Chico
(L1) D.61%* 0.02 0.08 -0.10
14427
(L2) -0.14 1.24° -0.89" -0.34
Dh(E) 20
(L3) 0.09 -0.95" 0.11 0.83~
Dh(E) 32 .
(L4) -1.37* =-2.27" 1.17* 1.10"
ICGS 36-1
(L5) 0.72** 0D.22 0.42 -0.464
1ES 883
(L6) 0.08 1.73* -0.89%9* -0.84"
Cc.D. LINE (5%) = 0.47
c.D. TESTER (5%) = 0.33
C.D. LINE X TESTER (5%) = 0.81

* Significant at 5% level



167

positive’ gca effects while Dh{(E}) 32 (LQ)- recorded
sigﬂificant naegative gca effeact. None of the-testers showed
gignificant gca effects. Five cFoss‘combinations recorded
significant and positive sca effects while, five other

combinations registeread significant negative sca affects.

The estimates of the three types of heterosis are
presented in table 58 and figure 22. Relative heterogis for
0oil content ranged from -5.24 to 4.94 percent: The hybrid,
IES 883 % TG 3 (L6 x Tl1l) recorded the highest hetrot;c value

uhile.the loweat value was recorded by Dh(E) 32 x TG 3 (L4 x

T1).

Heterobeltiosis was estimated by keeping the
parent' with higher o0il content as the better parent. The
(dii) values ranged from -6.03 ts 4.53 per cent. The hybrid
¢chico x TG 3 (L1 x T1) raaistered the highest value while

the lowest heterotic value was recorded by Dh(E) 32 x TG 3

(L4 x T1)

Standard heterosis ranged for the trait from —4.43
to 7.04 per cent. The hybrid IES 883 x TG 3 (L6 x T1)
recorded the maximum heterotic value while the minimum value

was recorded by Dh(E) 32 x TG 3 (L4 x T1).



Table 58. HETERDSIS % - DIL CONTENT

Testers TG 3 (T4} MY 2 (12) JL 24 (T3

Relative  Hetlergb~ Standard Relalive  Helerob~- Stamdard Relalive  Helerot~ Standard

helerosis  eltiosis heterosis heterosis eltiosis heterosis  heterosis elliosis  helerosis

(di} (dii} (diii} (di’ (dii} (diii) (di) (dii} (diii}

Chico
L1 4.54 4,53 4,55 2.534% 6.77 4,35 3.35*  2.38- 4,35
ISKN 8827 .
{L2) 3.88 2.25" 3.57%* -2.57* -2.73% 0.75* -0.31 -0.94% 2.28°*
DheE) 20
(L3} 0.77 .10 - 1.45* G.91* 0,18 3.39* 3.57*  3.27 5.27%*
Dh(E) 32
(L4} -5.24 -6,03* -4,43" ~0. 13 -{.04* 2.3 0.50° 0.79* 2.4
1C6S 351 ] .
{Ls) 4,37 3.53 - 5.z23** 2,65 1,67 5.33* .68 1.5 3.48°"
IES BRI
(L&} - 4,94 2.592% 7,04 -2, 48 -2. 63" {.22** -1.25% -2.73* 1.65**

# Significantl at 5% level

¥ Significant at 1% level

€. di
C.D. dii
€.D. dili

{3%) 0.80
(9 0.70
{5%) 0.70

891



Figure 22. HETEROSIS % - OIL CONTENT
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4.2.2. Variance Ratio and Genetic component of Variance

The -magnitudes of gca and sca varianceg and tha
variance ratios (gca/sca) for all the 11 characters were
computed and the data are praesented in table 59. The

genetic components of variances werse also egstimated and ‘are

presented in table 60.

The variance ratio for days to first flowering was
0.11. When inbreeding coefficient (F) was =zero, dominance
genetic variance for the trait (0.09) was greater than
additive genetic variance (0.07), when F=1, additive

component (0.03) was greater than the dominance component

(0.02).

The variance ratio for spread of flowering was
]
1.00. Dominance genetic variance (F.0=0.26; F.1= 0.07) was

greater than the additive components (F.0=0.01; F.1=0.01).

The variance ratio for days to maturity was
0.05. Dominance genetic component (F.0 = 57.03; F.1=14.26)

wasg 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

gca sca Ratio

S1.No. Character ) Variance Variance (gca variance/
aca variancae)

1. Days to firat

flowering ' 0.02 0.16 D.11
2. Spread of .

flowering 0.01 0.01 1.000
3. Days to

nmaturity 1.32 29.28 0.05
q. No. of immature

" poda per plant 0.02 0D.a2 D.03

5. No.of mature -

pods per plant 0.05 4.41 0.01
6. Haulmg yield

per plant 7.56 920.79 0.08
7. Pod yield

per plant 0.49 14.24 0.03
8. 100 pod weight 21.88 370.07 0.06
?. Shelling

percentage 1.19 A39.466 0.03
10. 100 kernel

waeight 6.15 92.56 0.07

11. 0il content 6.02 1.02 g.02
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Table 60. GENETIC COMPONENTS OF VARIANCE

A D
S1.No. Character e T e e e e e e e e e — e S
F.O F.1 F.O F.1
1. Days to first 0.07 0.03 0.09 0.02
flowvering
2. Spread of
flowering 0.01 0.01 : 0.26 0.07
c 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
h. No.of mature B
pods per plant 0.20 c.10 12.83 3.21
6. Haulms yield
per plant 30.23 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. Shelling
percentage 4.75 2.37 112.33 28.08
10. 100 kernel .
weight 24,62 12.31 129.71 32.43
11. 011 content 0.07 0.04 é6.44 1.61
A - Additive component
D - Dominance component

F - "Inbreeding coefficient
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Number of immature 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 genatic  varliance

(F.0=0.09; F.1= 0.04).

The variance ratio for_pumber 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.(Q=

0.20; F.1=0.10).
Haulms yield per plant recorded a varlance ratio
of 0.08. Dominance component (F.0 = 48.30; F.1=12.07) wag

greater than the additive component (F.0=30.23; F.1= 15.12).

The variance ratio for pod vyield per plant was

0.03. Dominance genetic variance (F.0=43.67; F.1=10.92)
was greater than addiyive genetic variance (F.0=1.95; F.1=
0.97).

100 pod weight recorded variance ratio of 0.06.
_Dominance genetic domponent (F.0=669.73; F.1=167.43) was

greater than the additive component (F.0=87.53; F.1=43.76)

The wvariance ratio for shelling percentage was

0.03. Dominance component of variance (F.0=112.33;
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F.1=28.08) wag greater than the additive counterpart

(F.0=4.75; F.1= 2.37).

The variance ratio for 100 kernel weight was 0.07.
Dominance genetic component F.(0=129.71; F.1=32.43) wag

greater than the additive component (F.0=24.62; F.1= 12.31).

0il «content recorded variance ratio of 0.02.

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).

1.2.3. Propotional contribution of lines, testers and line

X teaster to total variance.

The contribution of lines, testers and line x
tester to the total variance are presented in table 61. and
figure 23. . 0f the total variance for days to first
flowering, the contribution of lines was 78.85 percent, of

teateras, 3.55 percent and of line x tester, 17.60 perceant.

In +the case of spread of flowering, of the total
variance, the contribution of lines was 33.00 perceant, of

teaters, 4.26 percent and of line x tester, 62.74 percent.



Table 61.

PROFORTIONAL

CONTRIBUTION OF

LINES,

TESTERS AND LINE X TESTER TO TOTAL VARIANCE

Lines Testers Line x Tester
51 .No. Character (percent) (percent) (percent)

1. Days to first

flowering 78.85 3.55 17.60
2. Spread of . .

flowering 33.00 4.26 62.714
3. Daya to

maturity 62.79 8.01 29.20
4. No. of immature

pods per plant 411.460 19.75 38.65
5. No.of mature

pods per plant 29.79 20.00 50.22
6. Haulms yield

per plant 83.86 2.07 14.10
7. Pod vyield

per plant 59.08 1.37 39.55
a. 100 pod weight 74.72 .77 24.51
9. Shelling

percentage 52.03 6.87 41.10
10. 100 kernel

weight 80.10 0.84 19.10
11. 0il content 33.03 0.42 66.55




Figure 23.
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Figure 23. PROPORTONAL CONTRIBUTION OF
LINES, TESTERS AND LINE X TESTER TO
TOTAL VARIANCE
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With regard to days to maturity, lines contributed
62.79 per cent, testers, 8.01 percent and line x tester,

29.20 per cent to the total variance.

Of the total variance for number of immature pods
per plant, the contribution of lines was 41.60 per cent, of

tegster, 19.75 per cent and of 1line x tester, 38.65 por

cent.

In the case of number of mature Pods per plant,
the lines contributed 29.79 percent, testers, 20.00 percent

and line x tester 50.22 per cent to the total variance.

Of the total variance-: for haulms yield per plant,
+the contribution of lines wag 83.86 per cent, of testers,

2.07 per cent and of line x tesgter, 14.10 per cent.

Uith regard to pod yield per plant, the lines
contributed 59.08 percent, testers, 1.37 percent and line X

teater, 39.55 percent to the total variance.

Out of +the total variance for 100 pod weight, the
proportional contribution of lines was 74.72 per cent, of

testers was 0.77 percent and of line x teater was 24.51
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percent.

In the case of shalling percentage, of the total

variance, the lines contributed 52.03 percent, testers, 6.87

percent, and line x tester, 41.10 percent.
Of tha total variance for 100 kernel waligpht, the
proportional contribution of lines was 80.10 percent, of

testers, 0.84 per cent and of line x tester, 19.10 perceaent.

With raespeaect to the oil content, lines
contributed 33.03 percent, testers, 0.42Z2 percent and line x

tegter, 66.55 per cent to the total variance.

4.3. Selection in Fg 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 ﬁlant, rarnel yield
per plant and shelling percentage of the Fy selections in
tha 18 Fe families are presented in table 62. In the case
of number of immature pods per plant, the lowest range (0 -
6) wag recorded by the family, L4 x Tl and the highest
range (0-1%) by L3 x T1. The lowest mean value for the

above trait (2.70) was registered by the family L2 x T2 and
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Table &2, RANGE AND MEAN VALUES OF Fr SELECTIONS

F. Fa Moo inmature pods/plant  No of salure pods / plant Pod yield/plant (g.} Kernel yield / plant (g.) Shelling percentage
- Range Hean + 5.E. Range fean # 5.E Range Mean + .E. Range fiean + GS.E. Range Mean + S.E,
X T 312 5,02 +0.48 13-32 B2+ 4,22 7.88-24.65 12,34 + 1,10 6.33-14.07 786+ .02 36.79-65.70 2.9 * 1.56
L2 T2 015 547 10.58 0.0 640 2180 802690 1526+ 120 MGG S5+ 103 ME-ELTY  6L93 5 1.55
LEXTs 1% 0530 £0.58 41188 B0 £ 120 B.2625.05 1424 100 SO S.3R+ 007 S6ABENEE b6 + 447
L2 ¥ T 011 580 0.7 C 0-B 20 42 10392636 1678+ L2 LRI 1200+ 118 SBS0TE0 TRA1 4 1,38
L2 T2 0 27 2058 0B R 2 L 10.67-25.77  17.21 1 148 TBA156 0.0+ 147 S6.60-60.01  58.69 + 0.9
L2 ¥ 13 0-9 3.57 20,40 12-30 2253 141 12,70-23.35 1940+ 22 7.28-17.18 2.bb + 059 LT 652 x4
BT 6 418 30,65 1028 B33+ 12 14.2829.37  19.69 £ 00 859176 12T+ 122 ST.0B-b6.0F  £5.36 + 1.5
13 X T2 010 B85 +0.43 000 B2 £ 130 9802849 B+ LR 631559 2,151 103 60.073.85 B & 1.5
L3 XT3 012 4E3 £0.548 1035 B3 £ 148 G219 0.7+ L2 6831806 GRS+ 103 BAES.0F  ERTR + 1,43
AT 06 250 1030 1085 1093 5 447 S.9ARB.03 1367 £ 151 G311 10.04 £ 105 BBSETEE 7345 & 144
L4 X 72 011 423 $0.50 40-B 1680 £ 108 10342322 M.18% 1.02  B.08-Bude &5+ 103 AO.BE-BOOC  TB.E6 + 1.4
L4 XT3 013 870 $055 M2 B3 2138 0.5585.21 12T # W57 T3 1482+ 104 AR3TRE e + 1,58
B IO 30 04 W AN A3 RS AT R%NM 0B LA GRS 891 4 1
L r 12 -8 360 #1045 1129 .90 0.8 10.2526. 04 15,55 118 T.00-20.03 BT 4 0P SEEE-TALOS  GhE + 1.5
517 8 a3 P04 1027 142 #4120 10.09-B6.54  13.03 £ 1,24 4.82-19.53 %96+ 103 SB.A0-TBTE  Thuaeh & 0.9
Le X T1 -9 300 0.3 10-30  BS1 2N Q97-ERT2 17.01 1 13 TAT-1B8B L6+ 099 S4LB0-69.01  e5.61 £ 1,61
L6 X"T2 0-7 333 0.2 1288 .85 £ 132 11.63-25.48  16.94 % 128 BA0-18.78  10.43+ 153 SE90-80.51 4157 + 1.48
L6 % 13 08 327 1042 10-8 W04 ¢ T 0.44-30.08 1896+ .25 7.50-E0.32 1290+ A3 GLEBTS.ED  4B.OA + 152

LiT
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the highest by L1 x T1 (6.02). For number of mature pods
per plant, the highest range was recorded by the family Lb
x T3 (10~33) and the lowest by L5 x T1 (14-29). With

regard to mean values for the trait, the highest value was

regilaterad by L1 x T2 (26.40) and the lowest by LS x T3

(14.22). The highegat range in the caae of pod yield per
plant was recerded by the family L3 x T3 (?.14 - 29.19
2.) and the lowest by L2 = T3 (12.70 - 23.35 g.). The

higheast mean pod yield per plant was also registered by the
family, L3 x T3 (20.17g.) and the lowest was by L1 x T1
(12.34 g.). In the case of kernel yield per plant the
highest range was showed by the family L1 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
(8.7%g.). The highest range for shelling percentage was
registered by the family L1 x T2 (46.65 - 67.79) and
loweat by L& 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 L1 x T2 (6l1.93

percent).
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4.4, Genotype x Envi¥onment interaction

The pooled analysias of variance for the different

traiteg such as number of immatﬁre pods per plant, number of
mature pods per plant, pod yield per plant, 100 pod weight,
lahelling percentage and 100 kernel walght under three
different environments are presented in table 63. In the

cage of o0lil content, the location wise analysis revealed
that er?or variance wasg heterogeneous and interaction was
absent and hence pooling of datd was not possible. The
~8tudy revealed that differences ameng the types were highly
gignificant 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 gsignificant for all the traits.
The error variances were heterogeneous for all the traits
except, 100 kernel weight. Hence, the G X E interaction

wag analysed only for 100 Kernel weight.

The analysis of wvariance for stability for 100
kernel weight revealed that differences among the types (G)
were highly significant (Tabls 64). The mean squares due to
the environment (E), G X E , E+ (G X E), E (linear) and

G x E (linear) were highly gignificant. The 1linear

—-



Table 63, POOLED ANOVA FOR DIFFERENT TRAITS

M.5.5
Source df e L R it L LT
No.of immature No.of mature pod yield/ 100 pod Shelling 100 kernel
pods/plant pods/plant plant (g.) weight(g.) (%) weight (g.)

Types (G) 8 4.51=" 30,.36"* 32.30*" 1011.48"* 52.3%° 133.41="
Environments (E) 2 58.43°" B7.07** 53.60*" 2949 56" 528.56** 408.54=+
G XE 16 3.49-" 13.54=- 9.42%" 121.63%* 21.59=" 37.22""
Pooled Error 48 1.70 2.25 1.38 36.95 2.44 2.45

** Significant at 1% level.

cet
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Table 64. ANOVA OF PHENOTYPIC STABILITY FOR

100 KERNEL WEIGHT

Source df M.S5.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 1% level.
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Table 65. PHENOTYPIC STABILITY PARAMETERS FOR 100 KERNEL WEIGHT

100 kernel weight (g)

Sl. ‘Typeg = ———-- - m e e e

No. Mean Regression Deviation from
(X) coefficient regresgion

(b) (5" 744)

1. Chiceo 21.70 0.03 -0.79

2. ISKN 8827 37.88 0.22 -2.63

3. Dh(E) 20 38.59 1.00 40.64

1. Dh(E) 32 36.17 1.32 41.17

5. ICGS 35-1 36.97 0.73 0.23

6. IES 883 35.43 1.16 9.27"

7. TG 3 10.24 2.580 9.16

B. THV 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. (b) = 0.40 o ~ Significantly deviating

from 1.00
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component of G‘X E interaction was praponderant. The
pargmeters of phenotypic stability for 100 kernel weight
are presented in table 65. Uith regard to the mean 100
kernel weight, JL 24 recorded the highest value followed by
TG 3 , Dh(E) 20, ISKN 88;7 and ICGS 35-1. The lowest mean
was value ghown by chico. With respect to tha regression
coefficient, Dh(E} 20 recorded unity while, IES 883 and
ICGS 35-1 ghowad valuaes comparatively near to unity. In
the case of deviation from regression_(ggﬂ,), the lowest
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 hag opened
up new possibilities for groundnut production in the
gaouthern 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 based
cropping system with the rice - ricé - groundnut sequence in
vetlands 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 c¢rop
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 devalopment of axtra garly



185
groundnut types ‘suitable as a summer crbp in the ribe
fallows. The results of studies conducted on variability,
heritability, genetic advance, correlations, path analysis,

coimbining ability and stability are discussged.
5.1. Variability, Heritability and Genetic Advance

A. preliminary evaluation of 63 bunch ﬁ&pes of
groundnut was carried out for estimation of variability for
maturity and related traits such as number of immature pods
per plant, Aﬁmber of mature pods per plant, haulmsuy{eid per
plant, pod yield per plant, 100 pod weight, shelling
percentage, 100 Kernel weight and o0il content. Phenotypic
coefficient of wvariatien (P.C.V.) as a measure of the total
variability was hfghest for number of iImmature 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 agsess and
compare the range of genetic ;ariability for quantitative
traits. The G.C.V. was highest for number of immature pods
per plant, followed by haulms yield per plant and 10& Kernel
Wweight. This indicated that number of immature pods per
plant had the maximum éeqetic variability in the types
studied. | Similar reports were made by Kushwaha and Tawar

(1973), Kuriakose (1981) and Pushkaran(1983). 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 wvariability
contributed by the environment is measured by the
environmental coefficient of varlation (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. wvalues which were higher than the reapective G.C.V,

values indicating the profound influence of environment on

these traits.

Burton (1952) had suggested that G.C.V. together
Qith heritabjility would be a better estimate of heritable
variation for exercising saelection. The highest
heritability estimate was recorded by shelling percentage
followed by 100 kernel weight and oil content. Studies of
Bernard (1960) and Kuriakose (1981) also indicated high
heritability estimate for shelling percentage. The loweat
egtimate for heritability was for number of mature pods per
plant. Thisg is in consensus with the reports of Majumdar et
al. (1967), Dixit et al. (1971) and Pushkaran (1983).
Johnson et al. (1955) opined that heritability in the
broadsenae .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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was the highest for number of immature pods per rlant
followed by 100 kernel weight and haulms vield per plant.
The 1lowest value was recbrded by o0il content. Kuriakose
(1981) and Pushkaran (1983) also reported low genetic
advance for o0il content. High heritability along with
moderate genetic advance was recorded by shelling
percentage and 100 kernel weight which indicated that thesgse
two traits were under the control of additive genes and
would respond favourably to selection. High heritability but
low genetic advance waa recorded for oil content which
indicated the non-additive genetic control for this trait.
Similar findings were reported by Kuriakose (1981) and
Pushkaran(1983). The traits such as number of mature pods
per plant, pod yield per plant and 100 pod weight showed low
egtimates for both heritability and genetic advance
indicating the profound influence of environmental factors

over these tralits. This is further confirmed by the high

E.C.V. values for these characters.
5.2, HMaturity index.

In order to identify early maturing genotypes it
la quite eassential to determine their time of optimum
maturity. Groundnut is unique compared to other cCrops, 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, staggered
harvesting was suggested, wherein the types 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 defarminad at that point of
. time when the various maturity related characters attained
thelir 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) suggested that the traits such as pod yield, sound
mature kKernel yield, 100 pod waeight, 100 kernel weight,
shelling percentage and sound mature kKernel 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 welght, ahelling percentage, 100 Kernel weight and o0il

content was envisaged to give a more reliable estimate of
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maturity. HMoreover, such an index would help in grouping 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
a0, 25 and 110 days after sowing were taken into
consglderation. The types included in the extra early group
obtained wvalues for maturity related traitg which did not
show significant difference at the three harvest stages.
Theﬁe types therefore can be harvested at 80 days after
sowing without any economic loss. The types in the aarly
group obtained values for ﬁaturity related traits which
attalned peak stage at 95 days after sowing and thereafter
did not show significant change. Thus these types c¢an 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 éowing to the harvest at 110 days
after asowing. These types can thus be harvested at 110 days

after sowing. An earlier harvest would result in econcomic

~

logs 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 genotypic levels weare
esgtimated in e;ch of the three maturity groups. This was
followed by path analysis on pod vield 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, shelling
percentage and 100 kernel weight, Path analysis was done

for oil yield also including oil content in addition to the

pod yield components.
5.3.1. The extra searly group

Both at the phenotybic and genotypic lavels, pod
Yield per plant showed significant and pogitive correlation
with traits such as 100 pod weight, oil content and oil
vield per plant. The significant and positive asgociation
of pod yield with 100 pod welght were reported by Nalr
(1978), Radhika (1984) and Deshmukh et al.(1986). Layrisse
et al. (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 haulms yield per plant the relationship was

significant and negative. Pushkaran(1983) requted similar
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association between 100 pod weight and 100 kernel weight.
Number of immature pods per plant showed gignificant and
positive correlation with haulms yield per plant but with
traits such as shelling percentage, cil content and oil
yield per plant, the relatiohship was gignificant and
negative. Number of mature pods per plant showed
gignificant 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 gignificant and positive
correlation with 100 kernel weight, oil content and o©il
yvield per piant. Kushwaha and Tawar(1973) however, reported
gignificant negative correlation between shelling percentage
and 100 kernel weight. 100 kernel weight showed sgignificant
and positive association with oil yield per plant. The
relationship of o¢il content with oil yield per plant was

gignificant and positive.

Among the six different comppnents of pod yield,
100 pod weight exhibited the highest direct ef fect. Its
indirect effect via. number of immature pods per plant and
100 kernel! weight were low, but positive. Its indirect
affects via. number of mature pods per plant, haulms yield
per plant and shelling percentag; wvere negative. Deshmukh

et- al. (1986) also reported high pogitive direct effect of
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100 pod weight on pod yield. In the case of 0il yield per
plant, the maximum positive direct effect was 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 o0il 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 sghowed significant Lnd
positive correlation with number og immature pods per plant,
number of mature pods per plant, haulms yield per plant, oil
content and o¢il yisld per plant, Sianiéicant pogitive
correlation of number of mature pods per plant to pod vyield
wvas reported by Dorair;j (196é) in both spreading and bunch

varieties and by Nair(1978). Chandra mohan et al.(1967)

reported significant and positive correlation of pod yield

with haulms vield. Layrisse et al.(1980) and
Pushkaran(1983) recorded gignificant and pos;tive

agsociation between pod yield and oil content.,

Number of immature pods per plant showed

algniflcant and pogitive correlation with oil content and
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0il yield per plant but with 100 kernel weight, the
relationship was significant and negative. Number of mature
pods per plant showed gignificant 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 o0il yield per plant, but with
shelling percentage, the correlation was significant and
negative. Shelling percentge recorded significant and

pogitive correlation with oil content and. oil yisld perc
plant. 0il content showed significant and positive

aggociation with e¢il yield per plant.

The maximum positive direct effect on pod vyield
was showed by haulms yield per plant. Ita indirect eaffects
via. number of immature and mature pods per plan% were
pogitive while via. shelling percentage and 100 kernel
weight the indirect effects were negative. With regard to
0il 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 poda per plant,
haulms yield per plant and oil content werse positive but
via. shelling percentage and 100 kernel weight the indirect

effects were negative.
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5.3.3. The medium group

Pod vield  per plant showed significant and
positive association with haulmsg yield per plant, shelling
perceantage and oil yviald per plant. Chandra @ohan at
al.(1967) and Nair (1978) recorded significant anq positive
correlation of pod yield with haulma 'yield. Raman ot
al.(1%970), Dholaria et al.(1%272), Khangura and Sandhu(1972)
and Kumar and Yadav (1981l) 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 plint and number
.of mature pods per plant. Kuqhwaha and Tagar(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
gignificant positive correlation with haulms yield per
plaqt, shelling percentge and o0il yield per plant but with
100 pod weight, the relationship was significant and
negative. Significant and posgitive association between
number of mature pods per plant and shelling percentage wag

also reported by Kushwaha and Tawar(1973).
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Haulms yield per plant recorded significant and
negative relatioﬁship with 100 kernel weight and cil
content. But Pushkaran(1983) reported significant and
positive cofrelation between haulms yield and 100 kernel
waight. 100 pod weight showed significant and positive
reiationship with traits guch as shelling percantagae, 100
ke;nel weight, o0il content and‘ oil vield per plant.
Houéver, Kushwaha and Tawar(1973) observed significant _and
negapive relationship between 100 pod weight and shelling
percentage. They alsco reported negative correlation of 100
pod weight with o0il content. Significant positive
correlation of 100 pod weight with 100 kernel weight was
alaso reported by Pushkaran(1983). Shelling percentage
showed sgignificant and positive association with 100 kernel
woight, 0il «content and oil yield ﬁer plant. However,
Kushwaha and Tawéf (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.

Thp 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 ped weight and 109 kernel weight were negative. That
"number of mature pods per plant had high direct effect on
ped yield was neporteq by Badwal and Singh(1973), Sandhu and
Khehra (1977a), Raju(1978) and Deshmukh et al.(1986). The

maximum direct effect on o0il yield per plant was recorded by
shelling percentagaea. lts indirect effects via. numﬂer of
mature pods per plant, pod yield per plant, 100 prod weight,
100 kernel weight and oil contant were poslive, whila via.

number of immature pods per plant and haulms yield per plant

were negative.

5.3.4. Maturity groups - A comparitive agsessment

A critical assessment of the more important
componenta of pod yield and 01l yield in the threae maturity

groups is attempted as fcllows:

In the extra early group, number of mature pods per
plant shoyed significant but, negative association with pod.
yielq. 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

poal_.ve direct effect of the trait. In the medium group,



197

the association betwen the traits was positive but not
significant. However, the direct effect of the trait on pod
¥ield was positive and high. Hence, number of mature pods
per plant could be used as an important selaction criteria

for pod yield in the early and medium 2rOUps.

100 pod weight, another major component of pod

vield showed significant positive correlation with pod

vield in the extra early group. This was furthear supported
by the high positive direct effect of the trait. In the
early group, correlation between 100 pod weight and pod

vield was not estimable presumably due to the lack of
variation for the trait among the types included in this
aroup. In the medium group, the associat;on between these
characters though not significant, was negative. But the

direct gffact of the trait on pod yield was high and

positive. Thus, 100 péd weight could be used as a selection
criteria for pod vyield in the extra early and medium
groups.

Another component of pod vield, shelling

percentage showed negative but non significant relationghip
with pod yield. The direct effect of the trait on bod yiald

was also . .negative. In the early group, the correlation
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between the traits was negative but not significant . But,
the .direct effect of shelling percentage on pod yield wasg
high and positive. This could be attributed to the positive
indirect affect via. 100 kernel weight. Iln the medium
group, the trait showed signifiéant and positive association
with pod yield. But its direct effect though low was
negative. This might\be due to the lou-but negative indirect
affects via. traits such as number cof malurwe pods per plant,
100 pod weight- and 100 kernel weight. Thus shelling
percentage could be useéd 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. Op the contrary in
the early group, the relationship between the traits Qas
negative but not significant. However, the direct effect of
the trait on pod yield was moderate and pogitive. In the
medium group the trait showed positive but non significant
correlation with pod yield. Moreover, the direct eftect of
the trait though low was pogitive. Thus 100 kernel weight
could be reckoned as a selection criteria for pod yield

irreapective of the maturity groups.
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With regard to the different components of oil

vield in the extra early group, number of mature pods per

plant ahowed negative but non significant correlation with

0il yield. Moreover the direct effect of the trait on oil
yield was negative and very low. In the early group, the
tréit showed significant and positive correlutlon wilh oil

vield. The direct effect of the trait on oil yield was also
positive but low. In the medium group' the trait showad
glgnificant positive correlation with oil yield but its
direct effect was low and negative. Thus while exarcising
selection for o0il yield in the early group the importance of
number of mature pods per plant might be stressed.

Pod yield per plant gshowed significant positive
correlation with 0il yield in aLll the three maturity
aroups. The direct effect of the trait on oil vyield was
also high in all the three Eroups. Thus irrespective of the
maturity groups, pod vyield could be considered as a

dependable component for improving o0il yield.

100 pod weight showed significant positive
correlation with 0il yield in thae extra early group. But
its direct effect though positive was low. In the early
group, the correlation between 100 pod weight and oil vield
could not be worked out because the ‘co—variapcg was not

estimable. In the medium group, the trait showad
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gignificant and positive agsociation with o0il yield. But
its direct effect on oil yield was negative and low . Thus
In the extra early group, the importance of 100 pod weight

aggumes significance in selection for oil yield.

Shelling percentage recorded significant positive
relationship with o0il yield in all the three groups. Its
direct effect on oil yield was also positive and high in the
three groups. Thus irregpective of the maturity garoups,
shelling percentage could be considered as an important

component for exercising selection for oil yield.

100 Eernel waeight showed significant and positive
correlation with o0il yield iﬁ the extra early group. Its.
direct effect‘on 0il yield was however low and negative. In
the early group, the association of the trait with oil yield
wag posgsitive but not significant. However, its direct
effect on o0il yield was low but, negative. In the medium
group, the relationship between the tr;its was significant
and posftive. The direct effect of 100 kernel weight on oil
¥ield however was negative but, low. Thus 100 kernel weight
might not be a reliable component tor i@pvoving oil yield in
any of the three groups.

0il content recorded gignificant positive
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correlation with oil yield in all the three maturity groups.
The direct effect of the trait on oii vield however was low,
but positive 1n all the three groups. Hence o0il content
agaumeg importance in exercising gselection for o0il 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
&ield. However, the negative assgociation of number of
mature pods per plant with pod yield and its low but
positive direct &effect on pod yield indic;te 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 neéative association of number of mature pods per plant
with . pod yield 1is contrary to the results reported by
several - workers includiﬂg. Dorairaj (1962);: Kushwaha and
Tawar (1973); Lakshmaiah (1983) and Deshmukh et al. (19868).
The change in the nature of association might be due to the
fact that in the extra early types larger number of mature
pods per plant was compansated by a higher pod wveight. Uith
regard to oil yield in the above group, pod yield per plant

and shelling percentage could be reckoned ay reliable

traits, In addition to, the importance of traits such ag

THRISSUR
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100 pod weight and oi}] content might be Stressed.

Iin the early group, emphasis muast be given to
traits such ag number of mature pods per plant, shelling

Percentage and 100 kernel weight for improving pad yield.

Pod yield and shelling Percentage would be tha roliable
i oil yield

traits for effecting improvement/}hrough selection, Besides,

the role of number of matura pods per plant and oil content

might not be ignored.

In the medium 8roup improvement in pod yield could
be made m?re effective by relying on traits such as_ number
of mature pods per plant, 100 pod weight and 100 kernel
walght during selection. Uith regard to 0il yield, straas on
traits such ag Pod yield and shelling percentage could be
effective infbringing about improvement through selection.
In addition to, the role of 0il content might not be

minimized.
5.4, Combining ability. .

The breeding method to be adopted for improvement
of a crop depends primarily on the nature of gene action
involved inp the expression of Qquantitative traits of

€conomic importance. Combining ability studies reveal




nature of gene action and lead to identification of types
with high general combining ability effeocts, agd cross
combinationg 'with high specifie combining abiljity ef facts.
This in turn helps in choosing the types to be included in
recombination or population breeding programmes . The
concapt of'combining ability was firgt proposed by Sprague
and Tatum. (1942) and they attributed genéral combining
ability to additive effect of genes and épecific combining

ability to dominance deviation and epistatic interaction.

Among the different methods'developed to estimate

the general and specific combining abilities, diallel
analysis and line X tester analysis are in ¢ommon usage. A
diallel c¢ross involves g set of c¢rosses pProduced by

invo;ving ‘n' lines or inbreds %n all possible combinations
and the analysig of such crosses jg known as diallel
analysig. The concept of diallael Cross was firagt described
by Yates (1947 . The theory and analysis of diallel <e¢rogs

was developed by Jinks and Hayman (19533. The line x tesgterp

analysis was pProposed by Kempthorne (1957). Here, 1
inbreds are crossed to each of "t testerg and thus “lxt

full-gib Progenies are produced. The appropriate method to

be chosen is based on whether the breeder jig 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 advantagg of using the line
X tester method is that it helps in understanding the
interaction between the lines (extra early types) and
teaters (high productive types) excluding the interaction
among lines and among testers which is not required.
Moreover, the method helps in reducing the number of crosges
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,

With the objective of combining earliness and high
vield, six types showing high maturity scores in the extra
early group (chico, ISKN 8827, Dh(E) 20, Dh (E) 32, ICGSs
35-1 and IES 883) were selected and used as ovule parents.
Three types with high productivity in the three groups (TG
3, ™V Z and JL 24) were used as male parents.
Combining ability was estimated for traits such as days to
firat 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




content. The general combining ability of the parents and
their specific combining ability in cross combinations were
estimated and the nature of gene action inveolved 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 firet 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 ségnificant 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 sca 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 et al (1979). However,

Manoharan et al. (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 et al. (1987).

5.5, Evaluation of Parents

In a recombin#tion breeding programme for crop
improvement, choice of parents assumes great importance. In
the evaluation of parents, their general combining ability
affects for the different traits were considered first. In
the case of days to maturity, lines chiceo, ISKN 8827 and
Dh(E)32 recorded significant gca effects indicating their
good combining ability for earliness. Moreover the line
chico exhibited significant naegative gca effect for days to
first flowering revealing its good combining ability for
early flowering. Basu et al. (1986b) in a line x tester
study aiso found chico to be the best combiner for days to
50 percent flowering and for days to maturity, the most
important attributes governing earliness. WUith respect to
the spread of flowering, none of the lines ahowed
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.
With regard to number of mature pods per plant, bh (E)Z20,

Dh(E)32 and ICGS 35-1 recorded significant poaitive gca
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effects indicating their good combining ability for the
trait. For haulms yield per plant, ICGS 35-1 and IES 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
registerqg.significant positive gca effects revealing their
better combining ability for the trait. Dh(E) 20 and 1IES
883 recorded significant positive gca effects for 100 pod
weighg indicating their high combining ability value for the
character. In the case of shelling pe}centage, chico and
ISKN 8827 revealed to be good combiners due to their
significant positive gca effects. With respect to 100 kernel
weight, Dh(E)20, Dh(E)32 and IES 883 registered gignificant
positive gca effects indicating their good combining ability
for the character. In the case of oil content, <c¢hico and

ICGS 35-1 were found to be good combiners dqe to their

significant posgitive gca for the character.

Among testera, TMV 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 ashowed asigniflcant rositive gca effect for days to
maturity revealing its good combinihg ability for wearly

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
ghowed significant gca effects . But in the case of shelling
percentage and 100 kernal weight the tester, TMV 2 recorded
gignificant positive gca effects revealing its high

combining ability for both the traits.

The mean performance of the parents wused in a
recomblnation breeding programme a]l]sS0 asgsumes importance.
Among the lines, chico showed the highest mean performance
with regard teo traits such as days to first flowering , days
to maturity and number of immature pods per plant. The 1line
Dh(E) 32 recorded the best performance with respect to
traits such as gpread of flowering , number of mature pods
per plant, 100 pod weight and 100 kernel waight. Dh(E)20
showed the highest mean performance for pod yield per plant
and ICGS 35-1 was the best for sgelling percentage. The
line IES 883 recorded highesat performance with regard to

haulms yield per plant and o0il content.

Among testers, TG 3 recorded the highest mean
performance for days to flrst flowering, haulms yield per
plant, pod yield per plant and shelling percentage. The

teater TNV 2 registered the best performances for traits



24. Thus with regard to mean performance, among linesa, chicoe
wa8a the best for earliness and among testers, TG 3 provad

to be the best for productivity.

In order to identify the stable ones from among
the par;nts used, genotype x environment interaction was
estimated. As the error varianrces were heterogenous for - all
trgits except 100 kernel weight, the G x E interaction was
analysed following the Eberhart and Russell (1%66) model fpr.
100 kernel weight. Though both the linear and non-linear
components of the &enotype X environmant interaction were
significant, the linear portion was preponderant. This is in
accordance with the findings of Yadava and Kumar (1978a).
Ihe line, ICGS 35-1 wag found to posseas stability for the
tralt a8 it registered the regression coefficient close to
unity and the variance due to deviation from regression not
gignificantly different from zero. This line also racorded
a 1ow gcore in the reaction to the incidence of rust

disease.
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5.6. Evaluation of Cross Combination

The nature of the specific combining ability (sca)
effects in the different cross combinations and their mean
parforﬁance were used for evaluation. In the case of days
to first flowering, none of the cross combinations produced
significant seca effects. However , the crogs combinations,
chico x TG 3, chico x TMV 2 and chico x JL 24 recorded early
flowering. For @gpread of flowering, as in the above case
none of the cross combination showed significant sca
effects. But, the cross combinations, chico-x TG 3 and IES
883 x JL 24 registered the least spread of flowering. In the
case of days to maturity, IES 883 x TMV 2 recorded the
higheat significant negative sca effect. However, the cross
combination ISKN 8827 x TG 3 registered the least number of
days to mature. With regard to number of immature pods per
plant, IES 883 x TG 3 recorded the highest significant
negative aca effect whlle the crogs comblnation Dh(E) 32 x
TMV 2 showed the least number of immature pods per plant. In
the case of number of mature pods per plant, the crosgs
. combination ICGS 35-1 x TMV 2 showed the highesat asignificant
positive gca effects. However, Dh(E) 20 x JL 24 recorded the
highest number of mature pods per plant. With regard to
haulma yleld per plant, none of the cross .combinations

recorded significant sca effects. thle , ICGS 35-1 x TMV 2



parents, Dh(E) 32 with highly significant positive gca
effect and a comparatively higher positive significaqt sca
effects. Such superior cross combinations involving high
performing and low performing parents and exhibiting high
sca effects are expected to segregate for desirable
tranggressive segregants, ag 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 charactear under
congideration (Singh et al., 199%0). This supports the
importance of both additive and non-additive gene effects in
controlling earliness and productivity. However, Basu et
al . (1987) reported preponderance of additive gene action for
days to maturity and pod yield. In the case of traits such
ag 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 sca effect. This indicated the
importance of both additive and non-additive genic systemns
in the control of these traits as in the case of days teo
maturity and pod yield per plant. The predominance of sca
variance over gca for these traits indicated the
predominance of non-additive over additive genes in the

control of the traits. Reddy (1982) Iin his- study also

Indicated the preponderance of non-additive gene action for
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showed the highest mean value for the trait. For pod yield
per plant, ISKN 8827 x TG 3 registered the highest
significant positive sca effects. However, the highest
vield was showed by Dh(E) 32 x JL 24 . In the case of 100
pod weight, Dh(E) 20 x THMV 2 showed the highest significant
positive s8ca effect. The highest mean performance for
shelling percentage was recorded by the cross combination,
chico x TG 3 . This combination also registered th. highest
significant pogitive s8ca offact. The cross combination IES
883 x TNV 2 registered the highest mean 100 kernel waight.
However, thé combination ISKN 8827 x JL 24 recorded the
highest significant positive sca effect. With regard to oil

content, IES 883 x TG 3 showed the highest mean perfomancs

and the highest sca effect.

With regard to days to maturity, the most
important attribute governing earliness, the best perfomance
wag 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
gca effect produced in the combination. In the case of pod
vield per plant also, the combination Dh(E) 32 x JL-24 which

gave the highest mean pod yield per plant had one of the




213

parents, Dh(E) 32 with highly significant positive gca.
effect and a comparatively higher poasitive significant sca
effecta, Such superior‘croas combinations Involving high
performing and low performing parents and exhibiting high
aca effaects are expactéd to segraegate for desirable
tranagreasive segregants, a8 the degirable 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 et al., 1990). Thies saupports the
importance of both additive and nop—additive gene effects in
controlling earliness and productivity. However, Basu st
al.(1987) reported preponderance of additive gene action for
days to maturity and pod yield. In the case of traits auch
as number of immature pods per plant, number of mature pods
per plant, 100 pod weight and shelling percentage, the beat
cross combinations were resulted by a high x 1low combiner
combination with a high sca effect. This iIndicated the
importance of both additive and non-additive genic systems
in the control of these traits as in the case of days to
maturity and pod yield per plant. The predominance of sca
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 gene actlior for
the above characters except 100 pod vaight. With regard to
haulmg yield per plant and 100 kernel weight the best cross
combination did not reveal desirable significant sca aeffects
but one of the parents involved was a good general combinep
for tﬁe trait indicatinag the rola of additi%e genaes in the
control of both the traits. The preponderance of additivse
genetic variance for 100 kernel weight was reported by Reddy
(1982) and Basu et al. (1987). But the predominance of sca
variance over gca variance for the traits revealed the
importance of non—~additive genes over additive genes in the
control of the traits. For o©0il content, the cross
combination with highest sca of fact 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
gpread éf 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 warse highly selected for vield and

maturity related traits (Nanda et al., 1983).
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SUMMARY

Groundnut is the most important annual cilseed
crop in this country. Till the sixties, the crop was grown
only during the khérif season. Since then, its cultivation
has been extended to the rabi and summer seasons also. This
extengsion of the Crop to non-traditional areas has opened up
new possgibilities for groundnut production in the southern
and central partg of the country. In Kerala, the rice based
cropping gsystem with the rice~rice-groundnut sequence in wet
lands offer new vistasg in the production of groundnut., The
ma jor constraint in extending the crop to the summer rice
fallows is the lack of an extra early variety maturing in 80

to %0 days with synchronized pod maturity and moderate vield

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 ags a4 summer crop in the ricae

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. Kayamkulam for estimation of variability for

maturity and related traits such a8 number of mature pods
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per plant, haulms yield per plant, pod yleld per plant, 100
pod weight, shelling percentage, 100 kernel waight and oil
content. Phenotyplic 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 welght and
lowest for oil centent., Genotypic Coefficient of
variation(G.C.V.) wasg hlghest for number of immature pods
per plant followed by'haulms ¥ield per plant and 100 kernel
waeight. 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 o0il content which
indicated very 1low geﬁetic variability for the trait.
Number of immature pods per plant, ped yield per plant and
100 pod weight showed environmental cogfficient of variation
(E.C.V.) values which were higher than the respective G.C.V.
values indicating the profound influence oé environment on

thegse traits.

The highest heritability estimate was recorded by
shelling percentage followed by 100 kernel weight and oil
content. The lowest estimate fop 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 ¥ield per plant. The lowest
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value was recorded by o0il 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 1low
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 1low 'estimates for both heritability and
genetic advance indicating the profound influence of

environmental factors over these traits.

Groundnut ig wunique compared to other crops in
that it has indeterminate growth habit. Pod maturation, a
cumulative and subterranean process makes determination of
time of optimum maturlty difficult. A maturity index based
on maturity related characters such as ratio of number of
mature to immature pods per plant, pod yvield per plant, 100
pod weight, shelling percentage, 100 kernel weight and olil
content was envigsaged to give a more reliable estimate of
maturity. Baged on the scoreas obtained, the 63 types were
classified into three groups viz., extra early, early and
medium compriging 17, 16 and 30 ty¥ypres reapectively. 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 groups. 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 itﬁ low but positive direct effect on pod
vyield 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 vield 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 o0il content might be

stressed.

In the early group, emphasis must be given to
traits such as number of mature pods per plant, shelling
percentage and 100 kernel weight for improving Pmd yvield.
Pod yield and shelling percentage would be the reliable

i oil_yl'e.lcl

traits for effecting improvemant A 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 vyield
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
gselection. In addition to, the role of o0il content might

net be minimized.

Uith the objective of combining earliness and high
vield, éix types showing high maturity scores in the extra
early group were selected and used asgs ovule parents. Three
types with high productivity were used as male parents.
The asix lines, three testers and their eighteen hybrids were
raised in rice fallows during summer 1990. Combining ability
was egtimated following the line x tester method. The
variance due to the types was gignificant for days to firat
flowering, spread of flowering, dgys to maturity, number of
immature pods per plant, number of mature pods per plant,
pod yleld per_plant, 100 pod weight, shelling percentage,
100 kernel weight and oil content. The data werse 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, poh vield 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 wearae
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 Kkernel
weight and oil comtent which indicated thatl both additive
and non-additive gene, actions might be involved in their
inheritance. The predominance of sca 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 besgt 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 wused, genotype x environment interaction was
estimated under thres environments., As the error variances
were heterogenous for all traits except 100 kernel weight,
the analysis was done only for 100 kernel weight. The 1line

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 governing earliness. In the case of pod
¥ield, the cross combination Dh(E) 32 x JL 24 was the best.
The best cross combinations were from a high x low combiner
combination and a high sca 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 axhibiting high sca effects
are expected to segregate for desirable tranggressive
segregants, as the desirable additive gene action of the
high performing parent and the complementary aepistatic
effects of the cross are coupled in +the direction to
maximize the expression of th?- character under
consideration. This indicated the importance of both
additive and non-additive genic asystems Iin the contéol of
these traits. With regard to haulms vield per plant and 100
kernel weight, the best c;oss combinations did not revéal
significant sca 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 c¢ontent, the cross
combination with the highest sca effect and mean performance
wag 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 Fz populations

for further testing and gelection.
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ABSTRACT

A praliminary evaluation of 63 bunch type of
groundnut revealed that the genotypic' cqefficient of
variation was highest for number of immaturg pods per plant
which Indicated the maximum genetic variability for the
trait and 1lowest for o0il c¢ontent 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 fn their control.

A maturity index was formulated and on its basis
the 63 +types were clageified in to three groupa namely,
extra early, early and medium. In the extra early group,
100 pod weight and 100 kernel welght were important
components for pod yield. In the early group, number of
mature pods per plant, shelling percentage and 100 kernel
weight were important éomponents for pod yield. In the
medium group, number'of‘mature poda per plant, shelling
percentage and 100 kernsel ueight were important components
for pod yield. For o0il yield in all the three groups, pod

vield and shelling percentage were the important components.



Line x Tester analysis with six extra early types
a8 lines and three high produc%ive types as testers
indicated predominance of sca variance over gca variance
indicating preponderance of non-additive gene action over
additive for the fraits studied. Chico was the best general
combiner for eé.rlinesa and TMV 2 was the best general
combiner for pod yield. High vylelding extra sarly
recombinants were selected at 80 days after sowing from the

18 Fr populations for further testing and selection.
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