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SUMMARY

Studies reviewed and reported herein showed that
single plant selection can be used to improve simple
characters such as plant height pods per plant and pod
clusters/plant. For the complex characters such as
seed yield and protein content phenotypic recurrent
selection was more effective. Tall, indeterminate plant
types performed best under non-stress water conditions
where secondary growth was not affected. The short
cultivars, however performed well during both seasons
since they escaped the pest population build up at the

Under water stress conditions highend of the seasons.
population levels (upto 110,000 plants/ha.) with more
square arrangements were suitable for tall and short
plant types but under non-stress conditions low popula-

suitable for the tall cultivar due to the extra growth.

yield components.

tions (40,000 plants/ha.) with wide spacings were more

Both population and spacing had little or no effect on
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Up to 37% natural cross-pollination was recorded

Generally the results observed in F^ regarding the

nature of gene action were in agreement with those of

dominance for variousbut various degrees of

Thegenerations.

gene action controlling most of the characters was

High heterosis with low in­simple and additive.

breeding depression was observed for most of the crosses

but no reciprdcal differences were noted for any

character. General combining ability variances were

inhigher than specific combining ability variances

generations indicating the importance of

The combining ability of someadditive gene action.

lines was high indicating that hybrid and composite

varieties can be developed.

Phenotypic correlations indicated that plant widih.

and height, days to maturity, pods and pod clusters/

plant, seeds/pod and seed size

A path-coefficient analysis,components of this crop.

showed that pods and pod clusters/plant, seeds/however,

I

and F^

F2

F1

in the crop and was mostly carried out by insects.

were the main yield

characters were observed in F^ and F^
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pod and seed size were the main yield components hG'.'f •
High heritability

estimates (h ) were observed for plant height and

estimates for protein content and seed yield.

maximum direct effects on yield.

widLki^ pods/plant, seeds/pod and seed size and low



INTRODUCTION

Pigeon pea (Cajanus cajan (L) Millsp.) has been
grown in Africa for over 4,000 years, where it is found
wild (Purseglove, 1968). It originated in tropical

Africa and then spread to Malagasy, Egypt, Syria and
India during pre-historic times (Purseglove, 1968).

India is the secondary centre of diversity where over

hundred cultivars have been identified (Oza, 1972).one
Variety flavus D.C.Two botanical varieties are known.

has members which are early maturing, shorter plants
with yellow flowers and usually green pods; and variety

These botanical groupspurple flowers and red pods.
may not maintain such distinct boundaries owing to cross­
pollination which freely goes on within this genus.
Most of the pigeon peas grown in East Africa are of the

The genotypes in the Makererebicolour D.C. type.
collection came from India, Latin America, Tropical

i

bicolour D.C. which has perennial cultivars with red or

which are the major world producing areas (Swaminathan
Africa, parts of South East Asia and the Caribbeans,
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and Jain, 1973). These genotypes are mainly of the

flavus D«C. type (Rachie and Jurster, 1971)*

This crop grows under a wide spectrum of elimatic

and adaphic zones, with best adaptability tending to­
wards drier climates (Purseglove, 1968). This is the

situation in Uganda with the leading growing areas

being Lango, Acholi, Madi, Teso and West Nile districts,.

which have dry climates (Jameson, 1970). The grain

yield of the crop
estimated at 1120 kg/ha (Dunbar, 19^9) compared to
that of 5,000 kg/ha reported in India (Anon, 1967).
The difference in these yields ie mainly due to the
fact that farmers in Uganda are using low yielding

By using higher yielding varieties, Khanvarieties.
and Rachie (1972) and Onim (1974) reported improved
yield estimates ranging from 889 to 1228 kg/ha and
1969 to 4229 kg/ha, respectively, at Kabanyolo
University Farm.

Khan (1973) and Onim (1974) each started
synthesis of composites at Kabanyolo. These composites

on peasant farms in Uganda was
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need improvement with respect to height, maturity and

protein content before they can be released to farmers.

Secondly most of the genotypes, in the composites and

the Makerero germplasm, have indeterminate growth, so

that several harvestings

Thiswhich is uncovenient and expensive.each season,

is so because mechanical harvesting is rendered im­

possible due to the non-uniform ripending of pods on

borne on each plant.

According to the census of Agriculture of 19^3/6^,

most of this was just broadcasted (Anon, 1965). This

method of planting, though good for peasant production,

is unsuitable when commercial production is required;

because a lot of seed is used and mechanical weeding,

(20,000 plants/ha)Currently

is being used at Kabanyolo, but no attempt has been

made to work out the most suitable distances or

population levels required for the different plant

each plant and the uneven levels at which the pods are

are necessary at the end of

spraying and harvesting can not bo carried out.
2 cma spacing of 100 x 50

53,000 hactarcs of pigeon peas were grown in Uganda, but



types grown.

seif-pollinated crop but

21 in three successive seasons in plots sprayed re-

Therefore,gularly with insecticide at Kabanyolo.

purity of varieties cannot be expected under Kabanyolo

The implication of these observations inconditions.

the improvement of the crop can not be over emphasized.

The protein content in the seed varies from

18-28% and is of excellent quality (Oland and

1970 and Rachie and Wurster, 1971)-Starbursvik,

form an important complement

to cassava and sweet potatoes which are protein

deficient and that are major constituents of the diet

of the people in areas where the peas

Kenya is exporting green pigeonconsumed in Uganda.

pea seed to the export market estimated at an annual

value of Ksh 3,000,000 (Rachie and Wurster, 1971), and

it is as well developing

pigeon pea seed (Onin, personal communication).

There fore, any excess production of pigeon pea seed in

Uganda can be exported to Kenya. In order to get

a canning industry for green

are grown and

Pigeon pea is normally a

Khan (1973) reported outcross percentages of 8, 22 and

Pigeon peas, therefore,
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port market, high yielding varieties need to be used.

Such varieties can be achieved by improving our

current low yielding varieties using proper breeding

procedures.

yield itself and the heritability estimates of these

the use of these two studies toSo far,components.

determine breeding methods has not been attempted.

In view of the importance of this crop and the

very low average yields in Uganda, an improvement pro­

initiated at Makerere in 1968. As part ofgramme was

this continuing programme, the present study was under­

taken with the following objectives:-

(1) To select superior genotypes in the Kabanyolo

composites to suit environmental conditions

in the different growing areas.

(2) To determine the optimal populations and siCMXtial

arrangements for the different plant types.

(3) To evaluate the amount of natural cross-pollina­

tion and its value in the production of the crop.

These breeding methods can be determined

after a study of theAindividual components of yield on

enough seed for both internal consumption and the ex-
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W To determine the suitability of producing hybrid
varieties and study the inheritance of some
quantitative characters.

(5) To determine the relationships among some
agronomic and yield characters and determine

their heritability estimates.

i
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LITERATURE REVIEW

Single Plant Selection
Due to the high amount of cross pollination which

goes on in this crop, pigeon pea populations are
normally highly variable and single plant selection

effective method of improvement (Mehta

1931 and Veeraswami and Rathnaswami, 1973)*and Dave,
Akinola and Whiteman (1972) found wide variations in
plant height, number of primary branches, days to
flowering, grain yield, 100-seed weight, seeds per pod
and percent protein within 95 pigeon pea introductions

Pathnaswamy et al, (1973)from 11 different countries.
also found the same wide character variation in a pigeon

Likewise Khan (1973)pea population grown in India.
and Onim (197^) reported wide character variations in
the Makerere composites and within the varieties of the
world collection of a pigeon pea germplasm at Makerere
University.

Several workers have made effective single plant
selections from different pigeon pea populations for

can be a very
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plant height and early maturity, Singh (1973) and Onim

(1974) for plant height, early maturity and high yield

and Derieux (1969) and Khan (1973) for a high pod number.

Phenotypic Recurrent Selection

Allard (i960) suggested that if phenotypic re­

current selection was used to improve a character that

was governed by a few genes, the genetic variability

would be lost after few cycles of selection.a

Following this, Eberhart (1967) modified the method

and outlined it for maize improvement and Dogget and

Eberhart (1968) outlined techniques to apply the

Khan (1973) aodified the method andmethod to sorghum.

outlined it to apply to pigeon peas. .

POPULATION AND SPACING

A number of studies have been carried out on

pigeon peas to determine the optimal population

densities and Spntial arrangements for optimum yields.

While using a dwarf pigeon pea variety, Mukherjee

(i960) reported that the closest spacing of 2x2 feet

various characters; Anon (19^7) and Derieux (1969) for
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consistently gave the highest yields per acre while the

4 feet gave the highest yields

Several workers, including Derieux (1969),per plant.

Veeraswamy et al. (1972) and Abrams ahd Julia (1973)

By using wider

gaittial arrangements, 90 x 45 being the closest,

(1962) and Saurez and Herrera (1971)Riollnno et al.

to the above that spacingreported results contrary

Veeraswamy et al.had no effect on yield in pigeon peas.

(1972), however, reported that the very wide spacing of

120 x 30 cm gave lower yields than broadcasting.

The effect of population and spacing on yield

components and other agronor.iic characters have been

reported by various workers. Plant height, days to

flowering, percent protein, seeds per pod and seed

size were reported not to be affected by population or

spacing in this crop (Prensekar -and Subramanian 1961;

1973). Pods

increasing population density. Population and spacing

requirements of many legumes have been carried out.

lowest spacing of 4 x

have since reported similar results.
2 cm

and branches per plant were, however, decreased with

Abrams and Julia, 1973 and MaMjhi et al.
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Adams (1967) using field beans and Griton and Eaatin

(1968) using peas reported that these crops were able
to compe^atc among yield components at given population

fSpHtial arrangements, indicating that when oneand
component decreased then there was another that in­
creased with changes in population or - Spatial arrange-

Leakey and Rubaihayo (1972) reported similarments.
results for soyabeans but showed that pods per plant
decreased consistently with increasing population
densities.

Environmental Interaction
The different behaviour of genotypes when grown-

in different environmental conditions indicates the
reaction of particular genotypes to change in the
different environments. A number of studies have been
carried out to study the genotype by environmental
interaction in pigeon peas. Significant differences
have been reported among the yields of different
varieties when grown during different years but not
when grown at different locations (Abrams et al.,
1968 and Laxman Singh et al., 197^)• This indicated

Genotype x
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that these varieties were not affected by the different
soil fertility levels but by changes in the plimates

In fact delays in sowing thisof the different years.

not only of grain- yiel-d but also total biological yield.

(Ganguli and Srivastrava, 19&9; Dahiya et al., 197^5
Similar results have been reportedand Onim, 197^+).

for peas (Kurnik et al., 1970) and beans (Singh and

Molhotha, 1970).

HYBRIDIZATION
Natural cross-pollination in pigeon peas

Pigeon peas is one of the few grain legumes which
are capable of an appreciable amount of potential out-

Re-ports from India indicate percent naturalcrossing.
crossing ranging between 0.0 - ^+8.O?5 (Howard et al.

Deshmukh and Rekhi, 1961;
It was observed that

most of the cross-pollination was carried out by bees
and other large insects (Bateman, 19^+7; and Khan,

1973). Therefore the amount of these insects in a
sprayed or unsprayed crop affects the level of natural

1919; Mehta and Dave, 1931.
and Veeraswamy et al., 1973)*

crop at the beginning of the season resulted in a loss
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crossing in any one given crop, hence the range that

Similar ranges have been repor-

West Indies (nriyanayagam, 1976) and at the University

Farm, Kabanyolo (Khan, 1973)* The percent natural

crossing of a crop is not only affected by bees and

other large insects but also by flower thrips and the

basis on which it was calculated,

In pigeon peas,and Ariyanagayam, 1976).

pollination is encouraged because pollen is shed

before a flower opens (Krauss, 1927; and Purseglove,

1968) but by then the stigma is receptive (Prasad et al.,

1977). This suggests that for cross-pollination to

take place then there must be differential growth rates

of poplen from different sources or that some in­

hibiting physiological or morphological factor pre­

vents selfing before

F^ seed or F^ plants 

and the distance between plants (Miranda Colin, 1971

was observed in India.

a day

a flower opens.

ted in Hawaii (Krauss, 1927; and Abrams, 1967),
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DIALLEL cross

Nature of gene action

Smoothness, apparent normality or unimodality of

of quantitative inheritance because a character con­

trolled by one gene pair would give a smooth con-

distribution if 50% of the F variance was2

In pigeon peas seed size

dominance deviation in

generations (Sharma et al. , 1972) but

dominance for plant height,variable degrees of

branches and pods per plant, days to 50% flowering and

and F generations

dominance andbeing partial or complete

1973;
certainFor

becannot
In pigeon peas, grain

yield

grain yield, were reported for F 

(Sharma et al., 1973) •

characters

Ovecdoniinance for percent protein (Veeraswamy et al. , 

Sharma et al •_, 1973).

F^ and F^

srna11"

tinuous F^

non genetic (Burton, 1951).

the F
2

quite
rcent protein have been reported to be and Por

has been reported to have no

2
The deviation of these

distribution should not be used as an evidence

ascertained especially if the segregation is 

(Burton, 1951)•

characters, the nature of gene action
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pnder the control of non additive gene action (Sharma

additive component being mainly due to epistasis

(Mather and Jinks, 1971). On the other hand the nature
of gene action controlling plant height, branches and

Veeraswamy et al., 1973).
ported for cowpeas (Rowlands, 196^; Krarup and Davis,
1970 and Kalaidzhieva and Kalinov, 1975) and Phascolus
species (Dickson, 1967 and Albuquerque et al., 197^).

Combining Ability
Sharma et al., (1973) have reported significant

(P<O.O1) general combining ability (G.C.a) variances
for plant height and spread, days to flowering,maturity

Significant specific combining abilityand seed size.
(S.C.A) variances were reported for all the characters
recorded above save plant spread and seed yield per
plant. G.C.A variances were however higher than
S.C.A. variances indicating that the genetic control

Theyof these characters was predominantly additive.

pods per plant, seeds per pod and seed size was re­

Similar results were re­
ported to be mainly additive (Sharma et al., 1972, and

et al., 1973 and Veeraswamy et al., 1973), the non-
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further reported that in some specific crosses which

exhibited considerable heterosis there was an indica­
tion of the presence of some non-additive gene action.

linkage or epistasis (Jinks and Hayman, 1953)* There­

in pigeon peas characters with high S.C.A.fore,
variances need complex methods of selection to im­

prove them,
action that govern the characters in question.

(1973) further observed that the estimatesSharma et al.
effects of the individual parental lines in-of G.C.A.
good agreement between the ranking of the

lines for such effects and the ranking based on
Significant general and specificparental performance.

combining ability effects for plant height, seeds per
pod, pods per plant and seed yield per plant have been
reported in cowpeas (Singh et al., 1972 and
Kandipuri et al., 1973) indicating the importance of
both additive and non-additive gene action in this crop.
The best specific combining lines have been observed to
be the results of crosses between parent with
low general combining ability (Khanna and Chaudhary,
1974).

a high x

dicated a

so as to tnter for the non-additive gene

The non-additive effect comprising of .clbminance,
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Heterosis and Inbreeding depression

Heterosis has beenpressions of the same phenomenon.
Thestudied in many self and cross-pollinated crops.

presence of heterosis for a character indicates some
degree of genetic diversity between parents for that
character (Sprague, 1966), therefore, higher levels of
heterosis are expected with increased genetic diversity

Moll et al. (1965)» however, cautionedbetween parents.
that extreme genetic diversity could result in reduced

heterosis.

parents (Solomon et al., 1957), but the best yielding
hybrid gave lower yields than that of the higher parent,
suggesting that the parents used were not highly
genetically diversified (Sprague, 1966). High heterotic
effects have also been reported in pigeon peas for
plant height and grain yield (Sharma et al., 1975 and
Veeraswamy et al., 1975a), suggesting that composite
varieties could be developed (Khan, 1975)• Increases

In pigeon peas F hybrids have been reported
to yield up to 24.5% more than their corresponding mid­

Heterosis and Inbreeding depression are ex-
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of 1? to 20% of hybrid seed yield over parents have been
reported in soyabeans (Veatch, 1930; Brim and Cockerham,

1961 and Weber et al*, 1970)* Hybrid vigour for yield

and its components has also been reported in phaseolus
species (Adams and Duarte, 1961 and Ranamujam et al»,
197^+); cowpeas (Kheradnam et al. , 1975) and tomatoes
(Khanna and Chaudhary, 197^). Negative, though non­

significant heterosis has, however, been reported for
protein content, pod weight and seeds per pod in cow-

After a generation of selfing the mean values of
may approach the values of the mid-parent indicating

Paroda and

Joshi (1970) considered it advantageous to exploit high
specific combining ability effects if inbreeding de-

and F was

From the available literature inbreeding depression
has not been reported in pigeon peas, but Krarup and
Davis (1970) and Kherdnam et al. (1975) reported the

2 
either superior or equal to the best parental variety*
pression effects from F^ were such that F^

F2
the presence of inbreeding depression.

peas (Kalaidzhieva and Kalinov, 1975)*
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presence of inbreeding depression for all the characters
that exhibited heterosis in cowpeas.

Reciprocal Effects
Reciprocal effects in pigeon peas have been

(1976) who reported that thestudied by Dahiya et al.

number and weip;ht of pods in peas were similar to those
of the female parent when the later had a higher value
for these characters.
reported no reciprocal differences in protein content,
pods per plant and other agronomic characters in cowpeas.

RELATIONSHIPS AMONG SOME CHARACTERS

Correlations of some characters:
Several workers have reported on the interrela­

tionships of the major agronomic and yield characters
Characters that have been reported toof pigeon peas.

be positively and significantly correlated with grain
high seed number per pod,yield are early maturity,

pods per plant and number of primary branches (Munoz

protein content in F hybrids showed maternal effects.

Kalaidzhieva and Kalinov (1975) reported that the

Kheradnam et al. (1975), however,
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1971 and Rubaihayo and Onim, 1975)5 seedand Abrams,
size and plant height (Sharma et al., 1971)• Negative

and significantly correlated characters with grain are
days to flowering (Veeraswamy et al,, 1975b) and days

and Onim, 1975) while plant
height was reported to be negative but non-signific-

1972, Rubaihayo and Onim, 1975)» ^e
Munoz and Abrams (1971) and Veeraswamy et al.

(1975b) reported higher genotypic correlations for
various characters than their corresponding phenotypic

Singhor environmental correlations in pigeon peas.
and Molhotha (1970), Srivastava et al. (1975) and
Gowda and Pandya (1975) reported similar results for

Seedmungbeans, tablepeas and gram, respectively.
size has been reported to be negatively and signific-

peds per plantantly correlated with seeds per pod and

Such negative correlations arise primarily from de-
These developingvelopmentally induced relationships.

■

to maturity (Rubaihayo

antly correlated with grain yield (Khan and Rachie, 
e Table l)»

(dharma et al., 1971 and Rubainayo and Onim, 1975)*
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structures of the plant body compete for a common

nutrient supply and if one structure is more favoured

than the other for any

may arise between them (Adams, 19&7 and Adams and

Graffi-us, 1971). Similar negative correlations were

reported by Anand (l962)in soyabeans, Singh and Singh

and Athwal and Sandhu and Gowda and

Pandya (1973) in gram.

Path coefficients of some characters

Singh and Molhotha (1973) carried out a path co­

efficient analysis and regressions studies and concluded

that pod clusters per plant was the main yield component

Veeraswamy et al. (1973) basing hisin pigeon peas.

conclusions on phenotypic and genotypic correlations

had, however, reported that in addition to pod clusters

per plant, branch number, and pods per plant appeared

to contribute most to grain yield in pigeon peas.

Abrams (19&7); Singh and Molhotha (1970) and

Duarte and Adams (1972) reported that seed size, seeds

per pod and pods per plant were the most important yield

components in phaseolus sp. and that seed size showed

(196?) in peas

reason, a negative correlation



high negative indirect effects via seeds per pod and

Singh and Singh (1972) reported thatpods per plant.

the main
They concluded that inseeds per pod and seed size.

order to improve the yield of the crop it was best to
select for a combination of all these characters rather

Bhatt (1973) alsothan selecting for yield itself.
made a similar conclusion after carrying out a path­
coefficient analysis for yield and its components in

Srivastava et al. (1975) reported that inwheat.

■fcaJoldpea pods per plant, seeds per pod and pod
length which had significant genotypic correlations
with yield showed maximum direct effects on yield.
They further reported that seeds per pod and pod length
have indirect effects on yield as well. They also
concluded that these three characters can be used to

Phadnis et al. (1970)select higher yielding genotypes.
and Gowda and Pandya (1975), however, reported that
only two characters, 100 seed weight and pods per plant
showed high direct effects on grain yield in 8ra® and
that they influence yield negatively via each

i

1
22

yield components in peas were branch number,



&

had to be attained in selection programmes.

Heritability of some characters

A number of workers have reported on the heritabi-

High herit-lity of some characters in pigeon peas.

(Munoz and Abrams, 1971) and days to

Rubaihayo and Onim, 1975), suggesting that these

characters could be improved by simple methods of

selection (Sprague et al., 1959)• High heritability

estimates have also been reported for seed size and

pod and pods per plant (Heremath and Talawar, 1973) and

percent protein (Laxman Singh et al., 197**) in pigeon

Low heritability estimates have, however, beenpeas .

reported for grain yield in pigeon peas (Rubaihayo and

Krarup and Davis (1970) reported high heritability

ability estimates have been reported for plant height 
h2 = 0.36 to 0.7**,

2 flowering, h

branch number (Govinda Raju et al., 1972), seeds per

estimates for seed size, branch number and pods per

other, therefore an optimal combination between them

Onim, 1975).

0.70 to 0.90 (Khan and Rachie, 1972 and
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plant and low estimates for days to flowering, seeds
Similar results wereper pod and grain yield in peas.

reported for beans (Sarafi et al., 1973).
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MATERIALS AND METHODS

Unless otherwise stated all the experimental
work in this study was carried out at the University

The plant material used came fromFarm, Kabanyolo.
the pigeon pea world collection of more than 5,000

entries (Rachie and V/urster, 197'1) • In all the ex­

periments the seed was dressed with Fernasan-D and
The experimental fieldsD.D.T. dust, during storage.

received a pre-plant dressing with single supper
rate of 50 kg/ha. The experiments were

kept weed free and sprayed weekly from athesis to late
pod filling with Rogor-E (40% W/V dimethoate and D.D.T.
(25% M.D.) at concentrations of 1:600 and 1:100,res­
pectively, of active ingredient to water.

Experiment 1(a)
SELECTION

Single Plant Selection
During the first rains season of 197^ (March to

September), eight Makerere composites were planted in
In addition 4-mnter single rows ofseparate plots.

1

phosphate at a
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14OO entries from the world collection of pigeon peas

The entries planted had maturity periodswere planted.

A spacing of 75 cm between rows andof up to 152 days.

The guard rows comprised25 cm within rows was used.

f the local selection CIVEI (-Khan and Rachie, 1972).o

After 50% flower bud production, single determinate

plants were selected from both the composite popula­

tions and the world collection.

early maturity, high flower number, good plant vigour,

resistance to leaf spots, especially that caused by

Mycovellosiella cajjani and the amount of flower in­

festation by Frankniella dampfi. All the selected

gauze bags fine enough to prevent entry of bees and

other large insects, after removing any open flowers

Cross-pollination by small insects wasand young pods.

prevented by spraying with Rogor-E and D.D.T. twice a

At maturity the following characters were re­week.

corded: branching height,

primary branch number, effective pod bearing length,

pod clusters per plant, pod number per plant, seeds per

I

plant height and width,^ ,

Selection was based on

single plants were selfed by covering the plants with
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Theaborted per plant and dry grain yield per plant.
number of days to maturity were determined when 50% of

The data were used to determinethe pods were ripe.

Phenotypic correlations coefficients among thecorded.

2b, respectively (Falconer, i960).

Experiment 1(b)
During the second rains season of 197^ seed from

the selected plants of the first rains season was
planted out in progeny rows 4 meters long. The parents

A spacing of 100 cm
Atbetween rows and 50 cm between plants,was used.

flowering stage selection between the parental lines
and within the progenies was made resulting in only
15^ out of 770 lines being retained (?00 from the
world collection and 70 from the composites). From

the 15^ linos "ive plants were selected per line and

I

termined by the varience/covarience method and the
2 formula h

were also grown as a control.

characters and their heritability estimates were de­

means and standard deviations of the characters re­

pod, seed size; the number of pods and flowers that
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selfed as in Experiment 1(a). The selected plants had

flower colour,the same recordings of plant height,

leaf shape, plant habit and plant vigour as the

/it maturity theparental lines

the plants in Experiment 1(a)same characters measured on

Like-the 5 selected plants per row.were measured on

wise the data recorded was used to determine means and

their standard deviations, phenotypic correlations

among the characters and heritability estimates for the

characters using methods similar to tfiose in 1(a)*

Experiment II.

Phenotypic Recurrent Selection

A phenotypic recurrent selection experiment was

started in the first rains of 197^ in each

composites and the second cycle population was grown

during the second rains The method

suggested by Khan (1973) modified by omissionwas

of the stage for carrying out yield tests in replicated

trials in the second cycle of selection. In this case,

composite were directly grown in a polycross nursery.

of the 8

of Experiment 1(a).

season of 1976.

therefore, 20% of the 100 lines selected from each
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Five replications were used for the yield tests and 6

In order to encouragefor the recombination phase.

insecticidal sprayings were made on these populations.

From each population 10 plants were randomly selected

Plant height,and the following characters recorded:

days to 50% flowering, pods per plant, seeds per pod,

seed size, percent protein and dry grain yield per

Means were determined for the differentplant.

for all the eight composites and thecharacters and

percentage change for each character after each cycle

of selection for all the composites was determined.

In the case of Composite I the percent protein and

grain yield per plant in the selected sample of 100

plants and the 20 plants selected

Percent protein in the seed was determined bycorded.

Phenotypic correlations among thean auto-analyser.

characters were also determined using the method

.suggested by Faclconer (i960). Heritability estimates

wherebrxy
= the coefficient of parentage (Smith and Kinman,r*y 

1965).

as parents were re-

p were determined using the formula h =

maximum outcrossing during the recombination phase, no
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Experiment III
POPULATION AliD SPACING

A population and spacing experiment was conducted

A split plot design was used with varieties in the main

The experiment had•100 x 25
4m.four replications with At

harvesting the outer rows were discarded. Ten plants
were randomly selected from parts with good stands, of
each plot, and scored for plant height, number of days
to 50% flowering and pod yield. Crude protein content

The
data were analysed and Duncans Multiple range test

plots and planting the row spacings arranged at ratios
40 and 50 x 50 cm2); 1:2 (60 x 30,of 1:1 (30 x 30, 40 x

40 and 100 x 50 am2) and 1:4 (60 x 15, 80 x 20 and80 x

used to separate the means.

during the 1975 and 1976 first and second rains seasons.

aplot size of 4m x

of the seed was determined by an auto—analyser.

cni ),in the sub plots.
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HYBRIDIZATION

Experiment IV.
Natural Cross-pollination

Two experiments were set up to determine the
Twenty­level of natural outcrossing in pigeon peas.

determinate plants with pure yellow flowers wereone
selected from the randomly mating population of
Composite I grown dur.t ng the 197^ first rains season.

During the second rains season the plants were grown in
A spacing ofrow.

The percentage of naturalwas used.
crossing in each progeny row was determined from the

number of off-type plants in each row with respect to
The percent naturalplant habit and flower colour.

crossing for the 21 progeny rows was determined using
the method suggested by Kadam et al. (19^5)- The
second experiment was conducted during the first rains
of 1975» using the crossing design suggested by
Kadam et al. (19^5)* A randomised complete block

was used.

2 mplot size of 10 x 10
2 50 cm ,Three different spacings of 100 x

design with 4 replicates and a

progeny rows of 50 plants per
2 100 x 50 cm
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Maximum out­wore used.
crossing between the pure yellow-flowered plants and
those with red veined flowers was encouraged by
carrying out insecticidal sprayings on only those plants

at harvest the purethat were covered with gauze bags.
yellow-flowed plants were harvested from each plot and

During the 1975 second rainsthreshed individually.

flowering the number cf off-type plants, with respect
Per­row was recorded.

cent natural crossing between strains at each spacing
level was then calculated.

Experiment V

Diallel cross
During the 1975 first rains season a complete

made using eight lines that were in-
The lines were selected forbred for 2 generations.

wide differences in yield, yield components and other
agronomic characters (Table 2)«

All possibleseed .

2 and 50 x 25 cm

diallel cross was

250 x 50 cm

season these plants were grown in progeny rows and at

Half of the F^ seed

to flower colour, per progeny

was grown in greenhouse to get F^
F^'s (including reciprocals), F^’s and parents were
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and a plot size of 4 in a spacing of 100 cm be­

tween rows and 50 cm within rows. At maturity plant

height and widtk., primary branch number, pod clusters i
and pod number per plant, seeds per pod and seed size

Days to flowering were recorded when 50% of the plot

Percent protein of the seed was determinedhad bloomed.

by an auto-analysc-r.

Each of the above characters was subjected to the

following steps in

(1) Analysis of variance

Half diallel analysis of variance(2)
Regression of Wr (covariance)(3)
Correlation of Yr (mean parental value) against(4)

measure of dominance).a

The
and Mather and Jinks(1954), Hayman

calculated as:Heterosis of the characters was(1971).

i

Wr + Vr (as

in a randomized complete block design with 4 replicates
2

analyses were based on the techniques of Jinks
(qq^Aa and b)

on Vr (variance and

x 4m

were recorded on five randomly selected plants per plot.

a series of analysis:

grown in the field during the 1976 first rains season,
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100 and inbreeding depression as:x
fv'P

refer to thex 100 where F^

first and second filial generations of the diallel and

The heterosis valuesMP = mid parent.
calculated from the analysis of variancebasis of L.S.D.

and inbreeding depression values were

tested using L.S.D. calculated from the analysis of

variance including all entries (Parents,

parental and hybrid lines was determined using Method
Model 1 of Griffing (1956)• The combining ability
effects were tested by the F-test as follows:

General combining ability effects = F (P-1), M = Mg/Me
Specific combining ability effects

Ms/Me
Where F = •F’ value

P = number of parental lines

of F^ and parents,

FP(P-3)/2, M

and F^
F1

F1 - MP

F2

F1

were tested on

and F2).
The combining ability (general and specific) of the
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RESULTS AND DISCUSSIONS

SELECTION

Single Plant Selection

The results of the analysis of varience for

different characters after two cycles of single plant

Significantselection are presented in Table 3,

found for yield, pods per

plant and seeds per pod, indicating that these lines

had different potentials for yield and some of its

Significant differences (P<0.05)components. were

found for all the characters measured on the crop, in­

dicating that the parent population was different from

the progeny population when grown during the same

season.

imposed on the parent population during the first cycle

to yield the progenies of the second cycle of selection.

The interaction between the lines and cycles was signi­

ficant (PzLO.Ol) mainly due to differences in the

growing conditions of the two crops, hence making the

Experiment I.

This was so because of the selection pressure

differences (Pz_0.01) were
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varieties to behave differently during each cycle of

There were very high rains up to the endselection.

maturing stucjehad very little rain and none at the pod

Similar views were forwarded byof the crop.

Dahiya et al. (1972*).

The results of single plant selections made during

the first and second r-ains seasons of 197^ are pre­

sented in Table 4. Each value presented was the

combined average of 15^ plants for the parent popula­

tetion and 770 plants for the progeny population.

data revealed some variation in the relative performance

for various characters and between parental and progeny

Variations were mainly observed in grainpopulations.

yield and plant height. The variation in the progeny

not compar­

able in extent to that of their corresponding parents,

indicating that the parents were not inbred. Signifi­

cant reduction in yield (P<_O.Od) between the two

parental populations was mainly due to differences in

of the first rains season while the second rains season

population for most of the characters was
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the amount of rains received during the two seasons when
During the first rains seasonthe crops were grown.

(Experiment 1 ) there was
The rains that came late in the seasonthe season.

for vegetative build up of the plants
(Dahiya et al. 197*0. With the second offshot of

This resulted ingrowth, more flowering occurred.
Similar

results were obtained by Adams (19&7) who attributed
the abortions to these components competing for the
limited supply of available carbohydrates.

Plant height
from 65.5 to 62.8

Onim (197*0 and Singh et al. (1976)59.0 to 58 days.
were also able to significantly change these characters

Significant (PZ.0.01) in­using single plant selection.
creases in mean number of pods per plant, seeds per pod
and seed yield per plant were obtained indicating res­
ponse of these characters to single plant selection.

The response of these characters to singleenvironment.

p-4 I *

a lot of rains throughout

cm and days to 50% flowering from

were used more

Khan (1975) had obtained similar results in the same

was significantly (P4IO.O5) decreased

flowers, flower buds and young pods aborting.
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plant selection suggests that part of the variation
that existed in the parent population was genetic.

land races simple methods of selection can be used to

improve most characters in pigeon peas.
Observations were made on the amount of flower

and pod abortion that took place during the first and

sented in Table 5»
Eight weeks after 50% flowering the percent

abortion was at the maximum 50% for the first and 5»5%
for the second rains season; but the percent increase
in the number of pods and flowers aborted had began to
fall, indicating that maximum abortion occurs 7 weeks
after 50% flowering. On examination of the aborted

flower buds and young pods, two pestsflowers,
Frankniella dampfi and Heliothis armigera were found
in all the flowers and flower buds and the young pods,
respectively. Maximum build up of the populations of
the two pests occurs 6 to 7 weeks after 50% flowering
(Walcott, 1948). Since this corresponded with the

The results indicate that in unselected populations or

second rains seasons of 1974 and the results are pre-
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maximum percent increase in abortion then it was suspected
that the two pests contributed a lot to the abortion of

Similar viewsthese reproductive parts of the crop.
II.forwarded by Cruz (1975). The attack bywere

higher on determinate plants where pods
few clusters than where the pods werewere borne

scattered on the plant.

Correlations among some characters
Results of the phenotypic correlations among major

agronomic and yield characters measured on the parent

Plant height and wid-tVv , days topresented in Table 6.
50% flowering, and number of primary branches were not
significantly correlated with grain yield in both
populations. Similar results were reported by other

Joshi, 1973). The relationship between grain yield

significant for the population grown during the second
and positive for the population grownrains season,

armigera was

populations of 197^ first and second rains seasons are

with plant height and widikv, were negative though non-

on a

workers (Sharma et al. 1971; Singh et al., 1972; and
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There was a waterduring the first rains season.
the tall and

wide cultivars planted during this season suffered
from the water stress thus giving lower yields than
their shorter counterparts (Dahiya et al., 197*0•

found for days to flowering and maturity with grain
Similar results were reported by Singh et al.yield.

(1972) and Rubaihayo and Onim (1975)* The relationship
indicates that late flowering and maturing cultivars

This is so because
such genotypes flower at peak pest population build up,
especially flower thrips and ar^igera

(Cruz, 1975) while the early genotypes flower before
the peak pest populations and at the same time, they
miss the drought effects at the end of the season.

forwarded by Khan and Rachie (1972).
Positive and significant (pzlO.01) correlations
found for grain yield with pods per plant, podwere

clusters per plant seeds per pod and seed size. Since
these are some of the components of yield in this crop
(Singh and Molhotha, 1975) such a relationship was

„ield less than the early ones.
J

Similar views were

Negative though non-significant correlations were

stress during the second rains season so
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The results indicate that increasing any ofexpected.
Since thethe above components will increase yield.

interrelationships among the components were found to

be negative then the compesatory nature of those com­

ponents for each other (Adams, 19^7) should be taken in

consideration in selection programmes. re­

sults were reported by Sharma et al.
ported the relationship between grain yield with seed

Plant height was positive and significantly
(P<0.05) correlated with plant widikh and days to 50%
flowering in the parent population grown during the

This indicated that the tall
plants were wider and flowered later than the short

The relationship between plant height and podplants.

indicating that the tall cultivars had more pod
clusters. But since the tall cultivars mature when
unfavourable weather conditions have set in (Khan and

197^+) then the flower
buds that are formed on the clusters late in the

SMill ar

clusters/plant was positive and significant (P<CO.O1);

197^ first rains season.

(1971) who re-

Rachie, 1972 and Dahiya et al.,

size to be positive, r = 0.29, but non-significant.
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season aborted due to lack of available carbohydrates

to fill the pods (Adams, 19^7). For the population

grown durinc the second rains season, plant height

negative and significantly (PZ0.05) correlatedwas

This indicated that tall plantswith seeds per pod.

less seeds per pod due to stress conditions at the

Similar views were reported byend of the season.

Sharma et al. (1971) who reported that tall plants

had less and smaller seeds per pod.

Days to flowerinng showed a positive and signi­

ficant (P<10.05) relationship with branch number in

the first population. In the second population the

relationship was also positive and significant

(PC 0.01) indicating that the higher the number of

genotype had the later it tended

to flower (liunoz and Abrams, 1971).

Heritability of some characters

Heritability estimates were determined in the

selection, and are presented in Table 7.

primary branches a

narrow sense, for the two seasons of single plant
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II .ritability estimates of some charactersTable 7.
for the single plant selection experiment

off-Character

0.27Grain yield1
0.76**2 Plant height
0.4J*Plant width3

4 Days to flowering
0.26No.5 of branches

6 Pods per plant
0.66Seeds per pod7

8 100 seed weight
Pod clusters per plant9

0.2^+10 Percent protein

, “Significant at 5% and 1% probability

levels, respectively.

0.67**

0.69**

0.70**
0.71**

2"h " for parent Vs 
spring generations
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were observed

for grain yield, primary branch number and percent

protein, indicating that those characters can only be

improved after several cycles of selection,

pointed out by Eberhart et al. (1967) and Eberhart

(1970). 0.01) heritability estimatesSignificant (P

were observed for plant height days to 50/ flowering,

pods per plant, seeds per pod, seed size and pod

Similar results have been re­clusters per plant.

ported by other workers (Khan and Rachie, 1972; and

Rubaihayo and Onim, 1975), indicating that these

characters can be improved after a’few cycles of

selection.

Results centrally to the ones reported here

have been reported by Munoz ana Abrams (1971) who

reported very high heritability estimates for grain

These workers used heritabi-yield in pigeon peas.

fore, expected to be higher than those reported in

Munoz and Abrams (1971) and Hiremath andthis study.

k

2Low heritability estimates (h )

lity in the broad sense (H) their results

as was

are, there-
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Talawar (1975) also reported high heritability

estimates for grain yield and percent protein in

pigeon peas.

character in-y net only be influenced by the

experimental procedure used, but also by the seasonal

and genetic differences of the material used

(Falconer, i960; and Smith and Kinman , 19&5)• This

accounts for the differences in results between those

reported by the above workers and those reported in

this study.

Since the aim of this experiment was to select

high yielding lines with favourable agronomic

characters only

This was attributed to the high pod and flower

Eight of theabortion that took p^ace in most lines.

2)selected lines were used in

and the high yielding lines will be tested in yield

trials before final release to farmers.

Heritability estimates of the same

a diallei cross (Table

a few lines were found interesting.
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Experiment II

Phenotypic Recurrent Selection:

The analysis of varience (Table 8) of the

composites after two cycles of phenotypic recurrent

selection revealed that there were significant

(P 0.01) differences between composites for most of

All the characters were significantlythe characters.

different (P 0.01) for the two cycles indicating that

phenotypic recurrent selection was able to change the

expression of those characters after each cycle of

selection.

Results of the mean yield, pods pei' plant, seeds

per pod, seed size and percent protein plus the percent

increase of eacli character after each cycle of selec­

tion are presented in Tables 9 and 10. The mean yield

data (Table 9) revealed some variation in the relative

performance for various characters and among composites.

Variation was mainly observed in grain yield and pods

per plant indicating that these two characters were

probably governed by many genes.



55

O

kO

O
rj

LTX

koo <xj

w

ok
KX

CT\

O

KO

c
r'X

COX)

o
co

KO

CQ

II

'O

1

Q

c
c

c
o

c 
0

d.

T> 
o 
CL

KO

ltx
OK

co 
kO

OK
(\j

O'*

O' 
m

o 
o

KO

ok
co
OK

KO 
oj

KO 
ok

c
LTX

*0 
£ 
0

C to

a
0 
O

□ 
o

o 
o
o□

o 
X 
u

L-t 
o
a> o 
p 
0 o 

CQ

O

W 
0 
O 

CU

c
Q
O
C.
0

cl

T?

o

O
X2

o c.
CL

(0
O
CL
E
O
o

KO

co
KO

KOm

w 
o
o
>> 
o

o
o m
C\J

x
w 
o

co
CXI

p 
o 
c< 
c< 

rq

o 
0J 
CL 
w 
o 
p

« to

co 
o 
c. 
E 
o 
o

Q 
O

o >> 
o

CO

co c
CL
E 
O 
o

w
d
Q

co
CK

o 
>
Q

co
o

Xi

TJ o 
<D 

CQ

U

CL >>
C

a

o
L g 
o

o 
0
p 
c 
u 
o

to c
p
0
5
c

-p 
G 
0

CL

CXj 

o

w
Oo

CQ

"S
0)

CQ

'JD

0

£ >

u:
Q

w o 
c.
0 
p cr 

CO

0 
0 
0
X

o

CO

OK

TJ
a

Lf\

O
CQ >

G
O
G
Q

TJ

O x:

c

>>
d
a

c 
o 
p 
p 
P 
u 
0 
G

o
L-(
0

c
5

0

0

a
o
-p
Cj

c<
0>



54

Table 9.

Seed sizeCompor.: t e

I

II

8.7

4.1III

IV
1.1

V
0.2

12.1

VI

VII

VIII

■

Selection 

cycl e

9.0

9.1

6.1 + 0.9
6.4 + 0.7

6.7 + 0.6

24.3 x 11.4
30.6 + 11.a

57.7 ♦ 10.5

Train

yield

6.4

1.5

25.3 x 10.1

30.3 x 11.q
35.4 ± 10.7
30.8 x '0.9
36.4 + 10.9

40.9 X 1’.°

9.6

6.2

171 x 11.0
190 x 11.6
204 x 10.4

232 X 8-5
246 x 6.6
268 x 6.9

9.1
8.2

12.5 X 0.9
12.6 x 0.8
12.8 x 0.8

P1
1

2

P1 
1

2

P1
1

2

7.1 x °.9
7.3 x °.5
7.5 x O’?

P1 
1

2

P1
1 

2

3.3 x 0.7
3.7 x 0.3
4.3 + 0.6

3.1 x 0-6
3.7 x °>6
4.5 x °.5

11.8 x 0.5
11.9 x °-6
12.1 x °.6

8.8 x 0.9
9.4 + 0.4
9.8 x 0.8

6.7 x °*5
6.8 x 0.4
6.9 x 0.1
7.6 x 0.4
7.7 + 0.4
7.9 x 0.6

21.2 x 0.4
22.0 x 0.4
24.1 + 0.1

20.6 x 0.1
21.6 x °-2
23.7 X o-1

28.0 x 12.9
33.9 x 12.7
38.4 ♦ 11.6

50.8 x 12.6
52.8 x 11.8
56.2 x 11.0

6.9
6.1

3.5 x °-5
3.9 x o-1
4.7 x 0-2

3.4 + 0.8
3.8 x 0.5
4.6 + 0.4

2.9 x °"3
3.5 X 0.3
4.3 x 0.2

12.6 x

12.7 x °*3
12.8 x 0.1

20.4 x 2.5
21.9 X 2.1
23.1 X 2.2

19.6 x 1-6
20.8 x 2.1
22.8 x I.4*

20.2 x 1.9
21.3 x 2.3
23.3 X 1’6

Seeds/ 

pod

51.1 2. 10«5
53.4 1
55.8 x

51.9 X 10.1

54.7 x
57.7 x

Means and atandard deviations of yield and yield components of the selected^original population 

and after one and two cycles of phenotypic recurrent selection.

P1 
1

2

P1
1

2

P1 
1

2

P , 1 and 2 = Original population, after one and two cycles of phenotypic recurrent select ic...

Percent
protein

Pods/ 
plant

199 + 10.4
211 ♦
223 *

3.0 ♦ 0.1
3.4 ♦ 0.2
4.2 +

3.9 X °-8
X 0.4

4.4 x 0.3
2.6 x 0.9
2.8 x 0.8
3.1 x °-8

31.6 x
37.9 x 12.0
45.1 x 10.9

245 x 16.6
248 x
251 X
230 x H-8
239 x i°>9 
251 X
178 x 15.1
192 x 15.6
200 x 16.9
190 ♦ 10.3
200 x
212 X
168 x 16.6
180 x 16.6
190 X 12.1

20.0 x 0.9
21.1 x 1.6
22.9 X 1.2
19.1 x 2.3
20.3 X 1«6
22.6 x

19.5 X 1’7
20.6 x 1-2
22.7 x °"9



Table 10.

Percent increase in

Composite

I

II

III

IV

V

VI

VII

VIII

I

Percent increase in mean yield, pods per plant, seeds/pod, 
seed size and percent protein in composites I to VIII 
after one and two cycles of phenotypic recurrent selection.

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

Pods/ 
plant

20.7
22.8

19.321.6

12.1
16.2

13.317.6

Seeds/ 
pod

100-seed 
weight

1.32.6

7.5
5.7

Grain 
yield

25.9
23.2

Selection 
cycle

3.9 
5.0
7.94.2

1.2
1.2

11.4
20.5
11.8
21.0

1.5
1.5

0.5
9.7

5.1
7.3
7.7
10.7

% 
protein

11.1
7.4
6.0
8.9

5.5
8.5
5.7
11.3
5.4
9.4

7.1
5.5
6.0
5.7

7.3
5.5
6.1
9.6
5-6
10.2

10.5
6.0

19.919.0
20.4
13.3
4.0
6.4

4.9
4.7
6.8
4.2
2.8
2.7
0.8
1.6

5.4
6.2
4.5
4.5

19.8
16.8
18.2
12.4

0.8
0.8
0.8
1.7

1 and 2 — "1st and 2nd cycle of phenotypic recurrent selection.
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the relative efficiency of this type of selection in

improving yield and other agronomic characters of

pigeon peas

Secondlycomposites were found to be interesting.

selection was aimed at improving the yield and

agronomic characters of the Makerere composites.

After the first cycle of selection composite I

gave the highest yield of 5^.7c/plant but the highest

percent increase in yield observed in composite Vwas

of 25.9 percent. Composite V was the second lowest

yielder after the first cycle of selection.

suits indicate that phenotypic recurrent selection was

effective in improving the yield of the lowmore

yielding than the high yielding composites. Generally

this type of selection was able to increase the yields

of the composites by 4 to 25.9 percent. The increases

in yield of the composites were mainly attributed to

increases in pods/plant and seeds per pod of each

compared to single plant selection all the

The re-

Since the aim of the experiment was to compare

composite, indicating that these two are very important



57

components of yield. Several workers have reported
results similar to these while using phenotypic re­
current selection to improve yield, (Sprague ct al.,

1952; Jinks et al., 195^ and Moll and Robinson, 1966).

Mean yield per plant increased after each cycle

of selection but the percent increase in yield of all

the second cycle of selection. This indicates some
loss in genetic variability of most of the composites
after one cycle of phenotypic recurrent selection. The
radom mating phase after intercrossing was omitted
during the second cycle of phenotypic recurrent selec­
tion resulting in six instead of the seven recommended
seasons being used to complete two cycles of phenotypic
recurrent selection (Khan, 1975)* Omission of this

genes thus
resulting in the lower percent increases in yield of the
composites after the first cycle of selection
pointed out by Allard (i960).

phase probably resulted in fixation of some

as was

the composites, except I, II and VIII, was lower after
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After two cycles of selection the protein content

increased by 5-5 to 10.2%, indicating
that phenotypic recurrent selection can be used to im-

Theprove the nutritive value of pigeon pea seeds.

range of protein content of the seed of the three

50.3 to 22.0% and 22.6populations was,

The range in pro-and the second cycle, respectively.

tein content of th . seed that has been reported in

pigeon peas varies from 17.0 to 40.0 percent (Rachie

and Burster, 1971, Laxman Singh et al., 1973 and Luse,

1975). These ranges in protein content also indicate

some loss in genetic variability after the first cycle

of selection. Therefore, by using phenotypic recurrent

selection, random mating population is necessary toa
conserve genetic variability in pigeon peas. Similar

(1952) forviews were forwarded by Sprague et al. corn

Plant height and days to flowering of the

composites were significantly (P 0.01) changed

and Khan (1973) for pigeon peas.

of the seed was

(Table 8) after the two cycles of phenotypic recurrent

to 2zl-.1% for the original population, the first cycle

19.1 to 21.2%,
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selection indicating that phenotypic recurrent selection

Correlations among some characters
Phenotypic correlation coefficients of yield with

its components and other agronomic characters for the
phenotypic recurrent selection cycles of Composite I

calculated and are presented in Table( were
Plant height was positive though non-significantly

correlated with grain yield in the original population.
populations, however, the relationship

The negative re-was negative though non-signifleant.

lationships were found for populations grown during the
second rains seasons indicating that during these
seasons the plants experienced water stress conditions
which made tall genotypes to yield less than their

This was due to a lack of availablemaximum capacities.
carbohydrates to fill the late formed pods of the tall

plants (Adam, 1967)• Similar results were reported by
several workers for the tall versus the short genotypes

Onim, 1975).

only)

was able to produce early and even maturing composites.

In the C^ and C_>

(Joshi, 1973, Veeraswamy et al., 1973b and Rubaihayo and
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Character

0.-16 -.21-.09Plant height

-.30*.30*Plant wideth -.33*
-.18Days to 50% flower -.11-.21

-.24 -.30*-.31*Days to maturity

.26.27No. of branches .20

.64**Pods per plant

.24.38*Pod clusters/plant .25
.76**.81**Seeds per pod .70

.61** .78**100-seed weight .31*

Significant at 5% and 1% levels, respectively.

= 40 plants for all the populations.n

cycle
1975 SR

cycles
1976 SR

C1
After one

<co>
Original 
population 
1974 FR

C2
After two

.56**

Phenotypic correlations of yield with some 
pigeon pea characters for three different 
populations of Composite I.

.66**

Table
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The relationship between grain yield with number

pod and seed size for all the populations were similar

to those that were found in the single plant selection

experiments.

pected.

relationship between grain yield with days to maturity

negative and significant (P < 0.05) • This indicatedwas

that during the second rains season where

(as was theis experienced at the end of the season case

late maturing plants are at a dis-

Khan and Rachie (1972) got similar resultsadvantage.

to the ones reported in this study while using the

Makerere germplasm at Kabanyolo; University Farm.

The heritability of some characters

Heritability estimates were determined in the

and are presented in Table 12.

The heritability estimates that were observed for

grain yield, branch number, pods and pod clusters/

plant, percent protein, seeds per pod and seed size

in 1975 and 1976)then

a water stress

Similar explanations are therefore ex­

narrow sense for the three populations of Composite I

In the two populations, and C^,

of branches, pods and pod clusters per plant, seeds per

however, the
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I
Table 12.

|
Vs CCharacter

.28 .21Grain yield

.40*.48*Plant height

.40.40Plant wideth

Days to flowering .31 .33
.21Branch number .20

.47*.49*Pods per plant

.56** .61**Pod clusters/plant

.56Seeds per pod

100-seed weight • 55
Percent protein .20 .12

Significant at 5% and 1% levels, respectively.

Heritability estimates of some characters 
after two cycles of phenotypic recurrent 
selection in Composite I.

.60**

h2h2

Vs Co c2 ..
(75SR - 76 SR)

C1
(74fr - 75SR)

.60'*
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similar to those reported in the single plantwere

selection experiment and similar explanations were

offered.

how-Non-significant heritability estimates were,

ever,

while in the single plant selection experiment the h

0.01).estimate was highly significant (P The same

in that thedifferences were observed for plant height;

level of significant for the single plant selection

experiment (P

typic recurrent selection experiments (P<-0.05). The

periments was due to differences in the methods of

calculating the heritability values. In the single

2b was used. Smith and

Kinman (1965) pointed out that Falconer's parent-off­

spring regression equation may omy be correctly used

for estimating heritabilities in an almost completely

outbreeding bisexual, diploid population (where out-

breeding is greater than 95%)• The highest level of

a

i

■

plant selection experiment Falconer's parent-offspring
2 regression equation of h

found for days to flowering in these population
2

0.01 ) was higher than that of the pheno­

differences in the results of the two selection ex-
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outbreeding reported on pigeon peas was 48% (Mehta and

Dave, 1931).

parent-offspring regression equation may not give

correct heritability estimates for pigeon peas which

As Smith and Kinman (19&5)do not fully outbreed.

pointed out, in a case where parents also inbreed, the

of twice the regression coefficient (b) will resultuse

in an over-estimation of heritability. This seems to

be the explanation f?r the differences in the results of

the single plant selection and the phenotypic recurrent

selection experiment wnere Smith and Kinman’s method of

estimating heritability was used.

Experiment III.

POPULATION AND SPARTIAL ARRANGEMENTS

The data of air dry seed yield per plot in two

successive seasons of 1975 where subjected to analysis

of variance and the results

The results for 1975 and 1976 were similar so to avoid

repetition only those of 1975 will be discussed.

are presented in Table ^3,

It, therefore, seems that Falconer's
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Table 1>

Source Second rainsd. f. First rains

M.S M.SF F

7
3
1
3

3.24*299.05 3.72

247.36 2.68*

1.60 2.49*

8 245.26 238.802.05* 1.99
4o 169.89 1.42* 189.60 1.58*

1.45171.601.51*
120.00

Significant at 5% and 1% levels, respectively.

Main plots
Blocks

95
5

791.36
24.22

1693.35
89.69

160.21

170.56
119.64

92.30
78.20
191.42

245.49
61.22
104.10
298.80

52.12
107.58
227.74

460.35
32.88

992.36
0.65 
19.04*Varieties

Error (a)
Subplots 
Populations
Varieties X 

population
Error (b)

5
85

863
8

40
767

0.27 
18.88*

* ♦ *

Sub-subp-j ots
Spacings
Varieties X 

spacings
Population X 

spacings
Varieties X 

population X 
spacings

Error (c)

4.01 * *

Analysis of varience for the seed yields 
of the different population and spacing 
arrangements (First and second rains 
seasons of 1975).
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0.05) differences be­

tween the yields of the two varieties. Since these

from the selected lines of Experiment I

then the results indicate that selection was effective.

0.05) for the first rainsThere were significant, (P

and (P 0.01) for the second rains

between the yields of the different populations. The
population by variety interaction was also significant

at the same levels as the population factor for both

seasons; indicating the presence of variety by popula­

tion interaction. This suggests that the varieties

behaved differently at different population levels.

There were plenty of rains throughout the growth of the

The rains causedcrop during the first rains season.

compesatory growth in height and wideth of the plants

at low population levels (Adams, 196?)« The com­

pesatory growth increased yicld/plant due to increased

number of branches/plant. Thus, the variety by popula-

less noticeable during this season

compared to the second rains season which experienced a

water stress towards the end.

tion interaction was

There were significant (P

varieties came

Several workers have re­

season, differences
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ported similar results under similar environments

Veeraswamy et al., 1972). The different spartial

arrangements were also non-significantly different

during the first rains season for the same reason.
significant (P 0.05) differences for the

interactions between population and spartial arrangements
and variety x spacings suggesting that the populations
and varieties behav„1 differently at different spartial

The second order interaction was signi-arrangements.

0.05) suggesting that the two varieties be-ficant (P

haved differently at given population levels and
spartial arrangements.

The mean yields for each population at the diff
different spartial arrangements are presented in
Table 1}. The differences among the means were separ­
ated out using Duncan's Multiple range test. Low
rectangularity (1:1) significantly (P 0.05) out-
yielded medium (1:2) and high (1:4) rectangularity for
the same population in all the three populations used
in each variety. Similar views wore forwarded by

There were

(Sen et al., 1970; Singh et al., 1971 and



68

al. (1973) while usingRubaihayo (1969) and Manjhi et

There were,soyabean and pigeon peas, respectively.

at the 1:2 and 1:4 spartial arrangements. Contrary

s
soyabean populations that the

Inrnent yielded higher than the square arrangements.

this study the more rectangular arrangements had very

wide spaces between plants, which reduced the yield per

plot especially during the second rains season where

But Soyabeansextra growth in wideth did not take place.

being prostrate, the rectangular arrangement provided

room for extra widening of plants thus increasing the

yields/plot.

The results of Table 14 showed that the two

varieties behaved differently at each spartial arrange-

UC 1266 (tall) gave maximumment for the two seasons.

40 during the first rains season and

during the second rains season. But the

different from the JO x JO cm' Maximumarrangement.

2 cmyields at 40 x
2 at JO x JO cm

yields at both the spacings were not significantly
2

more rectangular arrangc-

views were forwarded by Leakey and Rubaihayo (1972) in

however, no significant differences between the yields
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Table

Seed

110,000

40x62,000

40,000

Population 
plants/ha

55,000 

51,000 

20,000

Summary yield data for the two spartial arrangements of the 
same populations during the 1975 first and second rains 
seasons.

Spartial 
arrangement

2937a
1389c
24s6ab
1365c
1206c
1196c
1100c

2568ab 
l804bc

2426ab
1748c
2696ab
2073c
2955a
2201bc
1571cd
1337d
965d

2306a
12O5bc
2254a 
HOObc

3342a
2238bc
2974a
2231bc
2778ab
2052c
1211d
997d
684d

2231a
1007bc
932c
884c
581c

yield kg/ha

Conversion gm/plot x 1.794 kg/ha
Tested by Duncans Multiple Range Test
Means followed by a similar letter are not significantly different 

(P 0*05).

2, cm_) 
cm ')

2 a
cm")
2vcm )p40 cm)
2x

1:4 (100 x 25
1:2 (60 x 30
1:2 (80 x
1:2 (100 x 50 cnf)

1:1 (30 x 30 cmf) 
1:4 (60 x 15 cni )
1:1 (40
1:4 (80 x 20
1:1 (50 x 50 cm^l

- L / _

UC 1266 (tall) UC 4099 (Dwarf) 
1st rains 2nd rains 1st rains 2nd rains

2
2
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tall variety

during the second rains season where water stress

The second rains yieldsconditions were experienced.

0.05) higher thanof UC 4099

those of the first rains mainly because the crop

matured before the drought effect set in (Onim, 197^)

less pest population build up

during this season (V/alcott, 19^8 and Cruz, 1975)» The

very high rains of the first season also hampered pod

setting by providing favourable conditions for pest

multiplication epscial F. dampfi and H. armigera which

Similar resultscaused high levels of pod abortion.

reported by Datta and Arati Deb (1970) for thewere

negative effect of high rains on pod setting in

pigeon peas. The spartial arrangement that may be

used to plant any given variety should take into •

consideration the height of the variety and the growing

Similar views have been forwarded by Abramsseason.

and Julia (1973).

a wider spacing was required especially

for both seasons suggesting that for a

and because there was a

were significantly (P

yields for UC 4099 (dwarf) were, however> realised at
2 30 x 30 cm
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The results (Table 1J) also indicated that

doubling the populations from 20,000 to *+0,000;

31,000 to 62,000 and 55,000 to 110,000 plants per

than doubled the mean yields at the 1:1hactare more

arrangement and increased the yields by more than a

half at the 1:*+ arrangement. This gain in yield was

due to increased yield per unit area at the higher j

population levels, though the yield per plant had

Maximum yields for UC 1266 were realiseddecreased.

1:1 arrangement and at

*+0,000 plants/ha with the same arrangement during the

first and second rains seasons, respectively. The
short variety, UC *+099 realised maximum yields at

110,000 plants/ha and 1:1 arrangement for both seasons.

The short variety, UC *+099 yielded less/plant than

UC 1266, but plant competition for the tall variety

lower population level than that of the

short variety. more Magnified during the

second season where the water stress brought the

favourable population level for UC 1266 down to *+0,000

plants/ha compared with 110,000 plants/ha for UC *+099.

at 62,000 plants/ha with a

This was

set in at a
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While using a short pigeon pea variety and starting

with very low population levels, Manjhi et al.

with corresponding increases in plant density. An

analysis of variance for the different yield components

carried out for the

presented in

Table Significant (P 0.01) differences were ob­

served for plant height, days to 50% flowering, pods/

in-plant and number of branches between the two seasons,

affected by changesdicating that these characters were

Significant (P 0.05) differencesin the environment.

also observed for percent protein and seeds perwere

Seed size was,pod. however, not affected by changes

in the environment provided by the two seasons.

Significant (P

per plant and branch number with changes in the plant

populations, spartial arrangements and the interaction

between populations and spacings. This indicated that

these characters are affected by changes in both popula-

The interaction between seasonstion and row spacing.

and some agronomic characters was

(1973) also reported increases in yield per unit area

two seasons of 1975 and the results are

0.05) differences were found for pods
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Table 15.

Mean Squares forSource d.f

NOBR% PROT NOSE SWTNOPOPH DF

67.9* 16.18 52.8* 15.4 6.2 36.153.0

3.820.8 26.04o 39.9* 12.0 30.2*11.2

Significant at 5^ and 1% levels, respectively -* 1

3.1
^.5

34.5*
26.3

40
767

28.1*
23.7

40.8
90.1
71.5

28.4
15.6

480.1
18.7

350.7
68.3

60.3
30.1

233-4
48.5*

37.1*
21.5

611.2
40.8

28.9*
20.4

5
85

863
8

7
3
1
3

95
5

63.4
36.3

520.1
48.3

70.8
33.9
144.6
'46.4*

86.9
46.4

612.3
42.1

9.3
10.1

176.330.1
18.1
5.3

13.8
10.4

10.4
9.6

112.1
19.8

9.8
11.3

4.8
33.4
16.9

9.1
6.2

158.7
7.3

139.6
41.4
129.6**
31.2
98.3
78.6-

.Main plots 
Blocks 
Seasons 
Error (a) 
Sub plots 
Populations 
Seasons x

Population 
Error (b) 
Sub-sub plots 
Spacings 
Seasons x

Spacings 
Population x

Spacings 
Population x

Seasons x
Spacings 

Error (c)

295.939.6
133.1** 49.6*
35.1
86.6
75.1*

536.3
71.3
146.4’*112.1*

9.3
52.4
29.1

518.9
88.5
127.5**
36.1
111.3
90.3

Analysis of variance for some agronomic and yield 
component characters combined for two seasons data 
of UC 1266 (First and Second rains seasons of 1975)-

PH, DF, % PROT, NOPO, NOSE, SWT and NOBR = plant height, days to 
flowering, percent protein, pods per plant, Seeds/ 
pod, seed size and branches/plant; respectively.-
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0.05) for plantand spacings was significant (P

height and days to flowering, indicating that these

characters behaved differently at different spacings

The second order interactionand for the two seasons.

0.05) for all the characters save,significant (Pwas

percent protein seeds/pod and seed size, indicating

changes in the expression of these characters at

different population and spartial arrangements and for

each season. For different environments, different

populations and row wideths are to be used to get

optimal character expressions.

clusters/plant, pods/plant and percent protein for two

arrangements and are presented in Table 16. Branch

number, pod clusters/plant and pods/plant of different

row spacings of the same population showed significant

(P 0.05) differences indicating that in order to get

optimal expression of these characters, there must be

careful synchrony between the population level used and

the row spacing combination. At high population levels 1

Means wore computed for branches/plant, pod

seasons at different population levels and spartial



75

Table 16.

CLNO NOPONOBRNOPONOBR CLNO

2

40x
29010.922.2100 x 50 12.5

% PROTNOBR CLNO

1.51.1

1.91.9

LSD 5%

LSD 1%

Population Spacing 
code

17.5
16.1
17.8
16.9
18.0
16.9
18.2
18.5
18.7

NOPO

165
287

21.9
21.8
21.5
21.6
21.1
21.8

21.9
22.0

Second rains 1975

7$ PHOT

200
216
241
263
284
289

183
187

241
252
280
290
314
298
306
559
411

8.0
7.2
8.1
8.0
9.8
8.5
9-4
8.6

14.6
15.5
14.0
15.8
16.1
15.0
15.9
16.3
16.3

1 .0
2.8

First rains 1975
% PROT

20.5
20.7

20.6
20.3
20.7
20.3

11.3
10.1
10.4

11.8
20.5
21,6

21.8

9.8
8.6
9.6
8.5

2
2 cm
2 cm^ 

cm
2
2

Mean performance of some characters at different 
population and spacing arrangements for UC 1266.

P5

P4
P5
P6

P2

P1

50 x 50 cm'
100 x 25 cm'
60 x 30 cm 

p
80 x 40 cm

2 cm

NOBR, CLNO, NOPO and % PROT = Branch number, pod clusters/plant, pods/ 
plant and percent protein.

30 x 30 cm
60 x 15

40 x 40
80 x 20
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arrangement gave higher pod yields thana more square
Several workers have ra­the rectangular arrangement,.

ported similar results (Prensckaf and Subramanian,

1961 and Hammerton, 1971)• This type of arrangement

gave higher seed yields/plant than the rectangular

thus making it more favourable for use inarrangement,

Nangju (1975) reported similar resultspigeon peas.

while working on pigeon peas in Nigeria.

The protein content of the seed decreased signi­

ficantly (P

this character by changes in population or row spacing.

fluenced by seasonal changes but not by changes in

Manji et al. (197?) for­

warded similar views for the effect of population and

row spacing on the protein content of pigeon pea seeds.

about due to changes in seed yield

imposed by the three factors.

diluting effect on seed protein content so that factors

0.05) dr;ring the second rains season.

High seed yields had a

The results indicated that protein content was in-

These changes came

There was, however, no significant effect imposed on

population or row spacing.
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which increased seed yield, reduced seed protein per­

centages in the seed (Johnson and Raymond, 196^).

Genotype Environmental Interaction

Due to lack of reliable data genotype by location

interaction was not calculated, but the genotype by

interaction was observed during the course ofseason

Significantgrowth of the experiments in this study.

(P found between the seed

of the two seasons of the single plant selection ex-
■

periment (Table 4). These differences were attributed

to genotype by environmental interaction. Genotype by

season interaction was also noted by the differences

between the yields of the same population densities and

same row spacings, grown during different seasons.

Genotype by environmental interaction was also observed !
by the differences in seed yield, pods per plant, plant

height, days to flowering and percent protein at

different population levels and spartial arrangements

These results indicated
|

that this crop is greatly affected by changes in the

y ieldsO.Ol) differences ere

of the same season (Table 15).



78

environment both at population and plant level (Ganguli

and Srivastrava, 1969)* Several workers have reported
the effect of changes in the environment on the yield,on

yield components and other agronomic characters of
pigeon peas(Abrams et al., 1968; and Laxman Singh et al.,

197^).

HYBRIDISATION

Experiment IV.
Natural Cross-pollination

Percent natural crossing was determined in 21 pro­
geny rows spaced at 100 x 50 cm and the data are pre­
sented in Table 17. When percent natural crossing was
determined in respect to plant habit one of the rows
showed no segregation. In 21 progeny rows natural
crossing varied from 0.0 to 37.5 percent. When percent
natural crossing was determined in respect to flower
colour, the progeny rows showed natural out-crossing
varying between 2.1 to 30.^ percent. The results
indicated that percent natural crossing varied with the
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Table 1?. Percent natural crossing in 21 progeny rows in 
respect to plant habit and flower colour.

Progeny 
rov;

12
13
14
15
16
17
18
19
20
21

1
2
3
4
56
7
8
9

10
11

10.1
15.2
19.0
25.5
22.8
28.3
50.4
23.4
28.0
10.1

9.3
7.8
14.7
17.3
18.1
2.9
2.1

28.9
16.6
14.3
21.6

12.5
16.6
14.3
13.8
16.6
21.1
33-5
12.5
37.3
9.4

6.6
6.1
25.0
14.3
15.1

• 0.0
3.7

28.5
11.7
22.4
16.7

% natural crossing 
Plant habit Flower colour

Progeny 
rov;

% natural crossing 
Plant habit Flower colour
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basis by which it was determined, plant habit or flower

Similar views were forwarded by Miranda Colincolour.
(1971) who observed that percent natural crossing in
French beans varied with the basis on which it was
calculated, Several workers have
reported on the percent natural crossing in pigeon peas
and have found ranges similar to the ones reported in

and Khan, 1973).
The results of the percent natural crossing among

plant types grown in adjacent rows at each spacing
arrangement are presented in Table 18. The percent -
natural crossing from 5.9 to 8.9 with a mean of 7*5
percent, 15.7 to 19.5 with a mean of 18.1 percent

50 x 100 cm , 50 x 50 cm' and 50 x 25 cm' spartial
The results showed thatarrangements, respectively.

highest amounts of natural crossing took place in the
closely spaced plants and low amounts in the widely

This suggested that percentspaced progenies.
natural crossing is inversely proportional to

F seeds or plants.

and 31.6 to 38.7 with a mean of 35.2 percent for the
2 .. __2 __J ™ __2

this study (Mehta and Dave, 193'1; Kadam et al. , 19^5
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Table -]g.

Total

50 x 100

194 2553 7.5Total 2359

I40 x 50

1849 18.11520Total 327

50 x 25

1180 630 1810Total 35.2

Percent natural crossing in progenies of open pollinated 
plants.

273
566
405
278

157
182
130
161

33
75
50
36

562
863
667
461

natural 
crossing

3^.5
31.6
36.0
38.7

18.5
15.7
18.6
19.5

1
2
3
4

1
2
3
4

1 
□
3 
4

Plants with 
yellow 
flowers

299
394
232
255

529
788
617
425

Red-veined 
flowered 
plants 
(segregants)

62
105
92
68

335
671
497
346

456
576
362
416

5.9
8.9
7.5
7.8

Replicate
No

Spacing 
between 
rows (cm)
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Similar views have beenthe distance between rows.

forwarded by Miranda Colin (1971) for French beans,

Drozd (1971) and Putntsev (1971) for peas and

Ariyanayagam (1976) for pigeon peas. i
No natural hybrids were found in the progenies of

plants covered with gauze bags and consintantly sprayed

This indicated that coverage ofwith insecticides.

plants with gauze bags combined with insecticidal sprays,

The results also supported thevarieties or stocks.

hypothesis that the most important pollen vectors, in

and Khan, 197?)•pigeon peas,

But in C. ca.jan the stigma becomes receptive 68 hours

before anthers dehisce and remains receptive 20 hours

after a flower opens (Prasd et al., 1977)* Anthers

dehisce 2*+ hours before

1968). So in order for cross-pollination to take place

differential growth rate of pollen from different

i sources must take place

or morphological factor prevents selfing before a flower

opens (Krauss, 1927 and Purseglovo, 1968). Minute

I

or some inhibiting physiological

was an efficient way of maintaining the purity of

a flower opens (Purseglove,

are insects (Abrams, 1967
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opens thus affecting cross-pollination at an early stage

In cases where fertilisation doesn't(Abrams, 196?)-

other large insects effect cross-pollination (Bateman,

19^7 and Khan, 1973).

DIALLEL GROGS ANALYSISExperiment V:

The Nature of Gene Action

hybrids for ten different characters was worked out

The parents exhibitedand is presented in Table 19-

large variations for plant height, pods/plant

pod, seed size, percent protein and seed yield/plant.

x 2,

were among the best in seed yield for both F^ and F2
generations - The same crosses had generally high pod

numbers/plant and seed size and intermediate number of

Analysis of varience

(not shown) carried out on the data in Table >i9 showed

significant (P 0.01) differences among parents,

for each character, thus fulfilling the

seeds/

Fq's
and F^'s

F2

x 8The crosses 1

The mean pe t ."ormance o f the parents their F^ and

2x3, 2x4, 2x7, 2x8 and 7

insects such as F. dampfi also enter a flower before it

seeds/pod and pod clusters/plant.

take place by the time a flower opens, then bees and
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F? generations of a diallei crons.Table >7. and

% PROT CLNO GYNOSE 100-SWTVariety NOBR DF NOPOPH PW

1 x 2

1 x J

1 x 4

1 x 5

1 x 6

1 x 7

1 x 8

2 x 3

2x4

2x5

2x6

2x7

2x8

3x4

3x5

3x6

3x7

3 x 8

4x5

4x6

4x7

4x8

5 x 6

5x7

5x8

6x7

7x8

BMtor.

2 

3
4

5
6

7
8

67.5
68.5

61.8

63.0

67.0

20.1

23.4

21.3
20.3
18.4

94.6

119.5
106.0
106.0

90.9

126.6 

116.O

90.3 
78.0 

119.7
106.7 
114.7 
100.9
100.9
95.7 

110.0 
100.3

117.9
110.6
120.4

104.9 
108.9 

100.7

34.5
56.6
55.9
45.4
44.8

46.5
48.9
33-4
51.4
37.4
47.6

11.0
13.0
11.0
13.3
12.7
18.9
16.5
14.9
12.9
15.7 
14.0

10.6
14.0
12.5
12.8
10.8

13.6
10.3
10.3
12.3
12.9
17.2
14.9
16.1
i4.9
12.6

18.2
16.7
13.2
11.2
15.0
12.7
17.5
15.8
13.1
11.9
14.2
11.8
17.9
15.9
18.9
16.5

15.5
13.0

124.0
181.5
165.9
229.8
203.2

4.0
5.6
4.9
3.5
2.7

4.4
3.6
3.6
2.7
5.8
5.3
4.0
3.2
4.1
3.3
7.3
6.8
6.4
5.9
7.7
7.2
8.3
7.7

3.3
5.9
4.4

20.8
18.6
19.8
18.5
21.7
20.2
21.0
19.5
19.7
17.5
21.4
21.0
22.3
20.6
23.1
20.9
23.0
21.7

15.2
17.6
17.3
15.8
15.5

5.3
5.4
5.9
4.5
3.3 
6.0
5.5
6.8
6.0
6.7
6.1
4.2
3.3
3.7
3.0
5.1
4.5
4.9

15.4
15.0
16.6
16.3
16.2
16.O
15.8

17.0
16.2
16.O
5.7
16.3
16.O

17.5
17.0
16.6

64.3
53.4
55.0
48.6

11.0
8.6
12.9
11.4
13.O
11.7
17.3
15.4
14.9
13.0
16.5
14.1
11.5
10.0
12.0
10.3
18.2
16.1
13.0

21.7 
20.0 
23.6 
20.0
19.7
21.2
19.1 
23.0 
21.9
19.4
22.7
20.5

21.7 
19.0 
21.0
19.6
22.1
21.6 
20.0 
18.0
23.3
22.1
21.2
20.1
18.3
20.0
18.7
21.5 
21.0 
19.7
19.8
17.8
20.9
18.6
23.9
21.1 
23.0 
20.0
24.2
23.5 
22.0

F, 
FZ 

F! 
Fa 
Fi 
F,

Fn 
Fa F! 
FZ 
F1
F2 

F1 
F2 

F! 
F2 
F1 
F2 
y
F2 
F1 
F? 
F1 
F2
F1 
F2 
F1 
F2 
F1
F2 
F1 
F2 
F1 

F2 
F1
F2 
F1 
*2

70.0
67.9
67.5
69.6
61.2
73.0
63.6
69.2
67.9
61.4
67.4
63.5
68.9
61.9

256.3 
230.0 

194.8
169.4 

200.2

174.5
235.4
209.8
161.9
146.8
18O.5

154.6

179.4

153.1
201.8

175.3 
269.0 

259.5

3.9

3.5

5.9
4.7
7.6

5.7
5.0

4.3
3.6

3.4

2.7

3.5
2.8

4.2
3.4
4.6

3.7

5.7

4.9

6.0

7.2 

12.0 

11.0 

10.9
9.0

9.7
8.5

12.3

10.5
9.0

7.7

10.5
9.0

14.6

10.3

104.1

100.1

79.8
47.8

47.5
41.6

40.9
49.8 

48.0 

39.9

39.5
47.5
46.6
43.5 
43.0 

66.9

66.0

46.5

45.9

50.9

50.3 
48.0 
47.0
48.6

47.9
40.8

39.7
69.7 
69.0 

43.8

42.9 
37.0 
36.4

46.6

45.7 
35.0

9.4
9.8

8.5
10.0

8.7

12.7

11.9

10.7
10.0

11.7
10.8

9.9
9.0
9.0

8.5
12.2

12.3
12.5
10.5

10.5
8.9

10.2
8.6

9.3
8.0
9.8

10.5
9.4

9.8

9.7
10.4

8.9

9.0

13.8
12.6

12.3
10.1

9.0
11.6

10.9

10.1

8.9
10.4

8.7
12.4

10.6

9.2

49.0 

48.5 

42.9 
42.0

61.9

60.3 
43.1 
42.4 

37.0
36.0 

66.1 

64.9 
47.0

45.9 

59.1 
57.9 
46.2
44.8

57.4 

50.8 
61.7 

53.9 
60.5 

50.2
61.O 

53.0 
62.9 

52.7 

59.3 
48.7
62.2 

50.6 
66.1 

55.0 
67.3 
%.1

63.1

64.5

67.2
69.3

67.9
63.8
60.4
61.9
64.4

65.6

60.0

73.9
66.5

70.2
66.0
65.0
65.3

58.1

65.9
70.1

64.0
63.1

66.2

69.2

68.5

67.4

67.4

67.9

68.7
62.0

65.9
68.1
62.4

62.1
66.0

68.0

61.5
68.9

62.3
62.1

66.1

68.2

61.9
64.6

16.9

16.3

16.O

15.8

16.O

16.7

15.O

18.3
16.5
16.2

16.6
16.4

16.O

15.8

16.7
16.4

16.8
16.8
16.1

15.9
18.0

17.8

18.2

17.9
16.0

15.7
16.2
i6o0

14.0

16,5
16.O

17.5

15.9
15.6
16.O

15.7
16.3
16.1

15.6

58.8

67.5

54.0

53.3
60.5
60.1

52.7
63.7

72.7
61.8

58.7

51.3
58.9

61.2

53.8

60.0
52.4

57.9
49.9
64.2

54.9

67.1

56.1

68.2

57.0

66.5
46.0
65.0

79.1
68.0

.68.0

59.7
54.0

46,5
60.4

46.5

56.2
49.7

53.4

100.6

120.9
110.9
114.2

104.0

115.7

104.2

114.6

112 0
96^2

85.7

116.9

100.9
126.0

115.1
114.6

101.3
112.7

100.5

92.3
89.2
98.0

85.2

118.0
107.0
106.1

F1 

F2 
F1 
*2 
F1 

r2 
71 

r2

T1 
T2 
F1 
F2 

F1 

T2 

F1
T2 
F1 

F2

171.7
260.5

199.8

258.8 

209.0 
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• ’.0.6
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requirements for carrying out

The block or block x variety interaction were not

the VJr (covarience) and Vr (varience)significant so

values were calculated for the blocks combined (Jinks

1953 and Steel and Torrie, i960).and Hayman,

Plant height

Correlations of the standardised deviations of

the two values Yr against (V/r + Vr) for the F^

was worked out and are presented ingeneration,

The positive values of Yr suggested highFigure 1a.

expression and negative values low expression of any

one given character.

for plant height was not significant,

suggesting that there was only a little tendence for

tallness to be associated with dorminant genes and

shortness with recessiveness (Jinks, 1954 and Hayman,

regression for plant height in F^

was worked out from the data in Table 1? and is shown

Figure 1b. The slope of the regression line,

b = 0.31 +, 0.07 was significantly (P 0.05) different

from 0 and significantly (P

1954b). The Wr/Vr

The Yr, (Wr

a diallel cross analysis.

O.O5) different from a

r = - 0.46,
+ Vr) relationship
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This behaviour indicated non-allelic inter­slope of 1.
of the diallel for plantaction amongest the crosses

height expression (Mather and Jinks, 1971)• Parents
6, 7, 8 and 1 in increasingcorresponding to array 2,

order possessed an excess of dorminant over recessive
genes for plant height and parents 5, 3 and 4 in in­
creasing order hnd an excess of recessive over dorminant

Parents of the recessive arrays were generallygenes.

short as compared to parents of the dorminant arrays.

The presence of parent 7, however, which was short
among the dorminant group indicated that in some
instances plant height may be under a different genetic
control from that indicated by the results.

Correlations of the standardised deviations of Yr
against (Wr + Vr) indicated only a little tendency for
tallness to be associated with dorminancy while, the
regression method showed that tallness was associated
with dorminancy. The method of study, therefore,
affected the conclusions drawn for the association of
tallness with dorminant genes.
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generation

(P 0.01) different from
different from 1, indicating that plant height was

Theunder the control of an additive gene action.
distribution of the parental arrays along the re­
gression line indicated only a slight tendency for

tallness to be associated with dominance and shortness
with recessiveness (Hayman, 195^ (b) and Sharma et al.

1973).

Plant wideth
Correlations of the standardised deviations, Yr

with (Wr (Figure 2a) of
(P
number of dorminant genes were wider than those with

Thean excess of recessive over dorminant genes.
(Figure 2b and 2c, res­

and
0.01)were

different from zero but not significantly different
This relationship indicated that plant widethfrom 1.

+ Vr) for F
0.05) indicated that plants with the highest

The Wr/Vr regression for the F^
Figure 1c) of slope b = 1.5 + 0.2J was significantly

and F^

b = 0.98 + 0.^2 for F2

zero and not significantly

r = - 0.^8

1.10 + 0.21 for F 
significantly (P

Wr/Vr regression for F^ 
pectively) of slopes, b =
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Thewas under the control of an additive gene action.

intercepts, of the regression lines of
which were significantlyand a =

(P
minance amongest the crosses for plant wideth expression

(Veeraswamy et al., 1973). Unlike the results of the

tribution of the parental arrays along the regression

lines indicated or?y
Contrally resultswith dorminance.to be associated

have been reported in snap beans that plant wideth was
under the control of non-allelic gene interactions
(Dickson, 196?)

Number of primary branches
Correlations of the standardised deviations of Yr

-0.38 for the F^ generation
not significant, indicating only a

little tendency for dorminancy to be associated with a
high branch number and recessiveness with a low branch

Similar views have been reported by othernumber.

a = 0.99 + 0.23

with .Wr + Vr) of r

a slight tendency for wide plants

in F^ and a = 1.20 + 0.10 in F^
0.01) different from zero indicated partial dor-

(Figure Ja) was

correlations of the standardised deviations, the dis-
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workers while- using different legumes (Zafar and

Abdallah, 1971; Veeraswamy et al. , 1973 and Singh and

Singh, 197^).

and F genera-

respectively, were significantlyb = 0.33 + 0.01,
0.05) different from zero and(P 0.01) and (P
0.01) and (P 0.05) different fromsignificantly (P
This behaviour indicated non-allelic1, respectively.

interaction amongest the crosses of the diallel for
branch number expression (Mather and Jinks, 1971)* In

Table 17). But the presence of parent 6 in the re­
cessive group and parent 3 in the dorminant group
which had a high and low branch number, respectively,
suggested that in some instances branch number was
under the control of a different genetic system, so
that high branch number was controlled by recessive
genes and low branch number by dorminant genes

=

The Wr/Vr

the F generation parents with an excess of dorminant 
genes had generally a high branch number (Figure 3b and

regression lines for F^ x^
tions (Figure 3b and 3c) of slopes b = 0.28 + 0.02 and
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The intercepts of the regression lines1975).

branch number over low branch number.

Days to 50% flowering

0.01), Figure 4a,(P
was due to an accumulation of dorminant genes and late

Similarflowering was associated with recessive genes.

views have been forwarded by other workers for the
control of flowering time in pigeon peas (Sharma et al. ,

1975 and Veeraswamy et al., 1973)* The regression of

zero

0.05) different from 1 (Figure 4b).and significantly (P
This indicated non-allelic interaction among the parents
for days to flowering expression (Mather and Jinks,
1971). The scatter of the parental arrays along the
regression line also indicated interaction among the
arrays for days to flowering expression (Halloran, 1975)*

i

I

I

(Hallman,
on the Y-axis indicated partial dorminance for high

Wr an Vr in F^ gave a line of slope b = O.65 + 0.13 
which was significantly (P 0.01) different from

^ndicated that early flowering
Correlation of Yr with (Wr + Vr) in F^ of r = -0.84
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6 showed transgressive segregation for earliness in F^,
indicating that there is more than one genetic system

gave a line of
0.01)

different from zero but not significantly different

*>c). This indicated additive gene

action for the control of days to 50% flowering. The
distribution of the parental arrays along the regression
line indicated an association of earliness with dor-

Similar re­finance and lateness with recessiveness.
suits have been reported on other legumes (Snoad and
Arthur 1973b and Singh and Singh, 197^)* Contrally
results have been reported by Dickson (19&7) for

by recessive genes.

-- —I

I

from 1 (Figure

controlling the days to flowering in pigeon peas.

The regression of Wr on Vr in F^ 
slope 0.89 i 0.19 which was significantly (P

The hybrid resulting from a cross between arrays 5 and

Arthur (1973a) for peas, that earliness was controlled
snap beans and Watts et al. (1970) and Snoad and
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Number of pods/plant
The correlation of Yr with (V/r + Vr) in F^ of

0.01), Figure 5a indicated that high pod
governed by an accumulation of re­

cessive alleles and low pod number by an accumulation
Similar results have been reportedof dorminant genes.

(Singh and Singh, 1972).

The Wr/Vr regression lines for F^ genera-

significantly (P 0.01) different

from zero and not significantly different from unity
(Figure 5b and 5c). This indicated additive gene action

Dickson (1967)for pod number control in pigeon peas.
and Veeraswamy et al. (1975) reported similar results
for the control of pod number in snap beans and pigeon

however,peas, respectively.
reported that the character was controlled by a non­
additive gene action in P. vulgaris. The distribution
of the parental arrays along the regression lines, like

high pod number with recessiveness and low pod number

r = 0.92 (P
number/plant was

and F2

tions of slopes b = 0.28 + 0.17 and b = 1.16 + 0.02,

respectively, were

for P. aureus

the correlation, method, indicated an association of

Albuquerque et al. (1975),
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The intercepts of the regression lines

- 0.11 + 0.19 and a = 0.70 + O.JIon the Wr axes of a
which were significantly (P
indicated overdorminance and partial dominance for

Number of seeds/pod
Correlation of Yr with (V/r

not significant, indicating only
recessiveness to be associated with a high seed number/

The regression of V/r on Vr gave lines of slopespod.
res­

pectively; which were significantly (P
from zero but not significantly different from unity.

additive gene action with partial
dominance since the intercepts were significantly

= 0.J4 + 0.21 and a(P
Similar

results have been reported for the nature of gone
action controlling seeds/pod in peas (Krarup and Davis,
1970 and Snoad and Arthur, 1973a). Hybrid 6

transgressive segregation.

with dominance.

and , respectively.

a slight tendency for

0.01) different from zero

x 8 showed

F1

This indicated an

+ Vr) of r = 0.31 was

b = 0.89 + 0.39 and b = 1.15 + 0.19 for Fq and F ,
0.01) different

a = 0.60 + 0.3^ for F^ and F^, respectively.

0.01) different from zero at a
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Weight of 100-seeds

= 0.67

0.05), Figure 6a indicated that the genes controll­er

The Wr/Vr regression linestrolling large seed size.
6b and 6c) of slopes

0.01) different from zero but notsignificantly (P
This indicated additivesignificantly different from 1.

gene action with partial dorminance for seed size
Seed size has also been reported to becontrol.

simply inherited in lima beans (Allard, 1956) P. aureus
(Singh and Singh, 1972) and pigeon peas (Sharma et al.,

I1972). The distribution of the arrays along the re­
gression lines also indicated that small seed size
was dorminant over large seed size.

>» ...

j

i

I

(Figure

Correlation of Ir with (V/r + Vr) of r

for Fq
b = 0.66 +

ing small seed size were dorminant over the genes con-

and F^
0.18 and b = O.98 + 0.08, respectively, were



100

21

RECESSIVE LOW
RECESSIVE HIGH

El 5
1

•3
1 851

r =0 67 * I
■ 8

7
2 6

• 3

■4.2
.5 -1

• 7A DORMINANT LOW DORMINANT HIGH
.1

/
•6 -2 -1 1 2

■

65421a
<

1 7. level•'significant at

Fli ntor seed size

61 38,

A
'1•2

4
•4

•1
.6,5 31

21 n

1

654210

tor seed size in Fj

IM

i 5i

J

y
b -
b

3 
Vr

Fig ec
Wrjvr regression

3
Vr

0 
Yr 

Significant at 5 7. level

' / 
iy

iI

I

■

- 0 
5

%,/?Z

z

F i g 6 a
Correlation of Yr with (Wr ♦ Vr) tor seed size 

in F|

/
/

/
/

/
/ /

I /
I /
I /
I /
I /

Fig 6b
Wr|Vr regression

^Z

y = 0 6 6 X 
b = C 
b n

= 0 98x * 0 75
0 98 - 0 08 * *

s di ft t rom 1
i 

s

<1

- - -TO 4 0
0 6 6 0 1 8 * *

s di f f from 1



101

Pod clusters/plant

The correlation of Yr with (V/r + Vr) of r = -0.75

(P

plant was governed by dorminant genes.

cept a

This indicatedfrom a slope of 1 with zero intercept.

action with dorminance for the control of

pod clusters/plant.

= 0.76 + 0.06regression line of b

&-*t significantly different from unity butwas

0.01) different fromsignificantly (P Thiszero.

indicated an additive gene action with partial dormin-

Pod clusters/plant have been reported to beance.

under the control of an additive gene action in

(Singh and Singh, 1972) and C. cajan

(Veeraswamy et al., 1973).

Percent protein

Correlation of Yr with (Wr +

generation the Wr/VrFor the F^

= 0.87 + 0.66 and a

gression line for F^ of slope b = 1.02 + 0.49 and inter-

O.13 + 0.24 was not significantly different

r = - 0.91 (P

additive gene

Vr) for F^ , of

0.01), Figure 7a, indicated that high

Ph. aureus

0.05) in F indicated that high cluster number/

The Wr/Vr re-
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protein content in the seed was controlled by dorminant

(Figure 7b) of slopegenes.
■■

0.01) differentb

from zero but not significantly different from linity,

The intercept onindicating an additive gene action.
-0.52 + 0.17 indicated over-
(Figure 7c) the Wr/Vr regressiondorminance.

line of slope b
This in­different from unity with zero intercept.

dicated an additive gene action with dorminance.
Similarly, Singh (1973) reported the protein content of

grain to be controlled by both additive and non­gram
the non-additive component consistingadditive factors,

The distribution of theof dorminance and epistasis.
arrays along the regression lines also indicated that
high protein content was controlled by dorminant genes.

Seed yield/plant

Correlation of Yr with (Wr + Vr) of
(Figure 8a) was not significant, indicating only a
slight tenency for high grain yield to be associated

■

5

I

I

The Wr/Vr regression for F^

the Wr axis of a =

O.98 + 0.1^ was significantly (P

r - -0.31

In F2
0.49 + 0.23 was not significantly
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The Wr/Vr regression lines forwith dorminant genes.
(Figure 8b and 8c) of b = 0.91 + 0.01 and

0.65 + 0.12, respectively, were significantly

0.01) different from zero with unit slope.(P This

indicated non-allelic interaction among the crosses of
the diallei for grain yield expression (Mather and

Jinks, 1971). Views similar to these have been forwarded

et al.' (197*0 for Ph. vulgaris andAbuquerby
Kalaidzhieva and Kalinov (1975) for peas. The inter­
cepts of the regression lines on the Wr sixes indicated
near complete dorminance for F. and overdorminance for1

The best yielding hybrid (2generation.
cross between a low x high yieldingwas

parent, indicating that interaction of genes had strong
Chung (1975), however, reportedand favourable effects.

that grain yield in dry beans was controlled by additive
genetic systems.

for F., x 7)

b =

a result of a

and F^F1
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Inbreeding depression and Reciprical effectsHeterosis,

significant reciprical effects for all the characters
studied. This indicated that for any given character,
special care may not be taken as to whether the pollen
or mother parent was superior in character expression

Similar results have been re-to their counterparts.
ported in cow peas for protein content, pods/plant and
other agronomic characters (Furedi, 1970 and
Kherdnam et al., 1975)* Kalaidzhieva and Kalinov
(1975) a-nd Dahiya et al. (1976), however reported the
presence of maternal effects for number and weight of

pectively.
0.01) for all theHeterosis was significant (P

characters studied (Table 20) • This indicated expression
of joint action of favourable combinations of genes at
different loci, for all the characters (Hayman, 1957).

The crosses

Analysis of varience (Table 20) showed non­

Heterosis for grain yield in F^ ranged from 0.1% to 
24.0% more than the mid-parent (Table 20).
1 x 2, 2x3, 2 x 4, 2x7, 2x8, 4x7 and 7x8

pods in peas and protein content in pigeon peas, res-
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yielded

The crosses 2x3, 2 x 4 and 2x7 ex-mid-parents.

O»O5) heterosis in ,hibiting significant (P

This demonstrated partial dorminance which was still

generation (Nasr and Khayrallah,

1976) .
indicated that seed yield was controlled byever,

dorminance to overdo?'minance. These results indicate

that there was more than one genetic system con­

trolling the degree of dorminance for seed yield in

this crop.

Heterosis for

That for pods/plantless than the mid-parent value.

ranged from 1.8% to 35% more than the mid-parental

value. Heterosis for seed size and percent protein

ranged from 0.2% to 6.9% and 0.^% to 13»3%. The

significant (P 0.05) heterotic effects observed in

significantly higher than their respective

The F^ heterosis for plant height ranged from 

0.6% to 25.3% more than the mid-parent.

yielded 8.2%, 9.8% and 11.6, respectively, in the

evident in the F^

Graphical analysis of this character had, how-

generation, more than their respective mid-parents.

days to 50% flowering ranged from 0.9% more to 1^.0



109

Graphical analysis had however indicated that pods/

plant, seed size and percent protein were controlled

by additive gene action.

that pods/plant, seed size and percent protein are

controlled by both additive and non-additive gene

Epistatic effects revealed by graphicalactions.

analysis to control plant height, branch number, days

to flowering and grain yield, was responsible for the

high heterosis observed for these characters

(Comstock and Robinson, 1952). High heterosis for seed

yield, days to flowering, plant height and percent pro­

tein in pigeon peas has been reported by other workers

Inbreeding depression was found significant at the

5% level for plant height, plant wideth and cluster

number and at the 1/6 level for the other characters

(Table 20), indicating that for all the characters

there was some loss in the joint action of favourable

n

i

gene action for the control of these characters.

some crosses for these characters indicated non-additive

The results, thus, suggest

(Solomon et al., 1957 and Sharma et al. , 1975)•
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gene combinations at different loci in moving from one

For pods/plant,generation to another (Hayman, 1957)•

seed size and percent protein the crosses with the

highest heterosis showed highest inbreeding depression,

This indicated these characters were

1975). Graphical analysis of these characters had
In the rest of the charactersshown similar results.

was

gene action for the control of these characters.

Combining Ability

Combining ability analysis of varience (Table 22)
J 1showed significant (P 0.01) general combining ability

variencies for all the characters in both generations,

indicating the importance of additive gene action for

the control of these characters. Specific combining

0.01) forability variencies

number of branches, pods/plant, percent protein and
grain yield in both generations, indicating the presence

were significant (P

indicating that the heterosis gained in F^ was lost in 
(Table 21).F2 

controlled by additive gene effects (Kherdnam et al.,

the heterosis gained in F^ was not lost in F^J in­
dicating (like the graphical analysis) non-additive
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of both additive and non-additive gene

control of these characters. The g.c.a variencies for

S • 0 • ci •

variencies, indicating that additive gene action was

non-additive effects. Graphical

analysis had shown these characters to be controlled by

The combining abilityonly non-additive gene action.

results are in agreement with the work reported by
(1973) and Nandipuri et al. (1973) forSharma et al.

the control of branches,percent protein and seed yield

Non-signi-in pigeon peas and cowpeas, respectively.

flowering, seeds/pod, seed size and pod clusters/plant

indicated absence of non-additive gene action for

the control of these characters.

General combining ability effects (Table 23) de­

generations

for all the ten characters.positive g.c.a. Parents 2
and 8 were high combiners for yield and pods/plant while
the other lines were average to low general combiners

effects f. r the

in p£

pre-do rminant over the

termined from the analysis of and F2

showed that none of the parents showed consistently

these characters, however, were greater than

ficant s.c.a. variencies for plant wideth, days to 50$-'
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effects for yield wereG.c.a.for increased yield.

influenced by g.c.a. effects of yield components es­

pecially, branches/plant, pods/plant, seeds/pod and seed

for lines having high g.c.a. effects for yield hadsize,

average to high g.c.a. effects for these components.

0.05) differences were noted for theSignificant (P

g.c.a. estimates of each parental line for each

character, indicating wide genetic divergence between

Parents 1 and J were high combiners

for seed size but average general combiners for yield,

indicating that big seeded plant types have a tendency

to yield less than the small seeded types. This was

from the data in Table mainly due tonot the case

compesation of seed size with other components of yield

of nutrients (Adams, 196?).

Generally there was good agreement between the g. c. a.

for yield of the parents and their performance based on
parental means (Table 1(J and 22). Other workers have

presented similar views (Sharma et al. , 1975) for the
agreement between the g.c.a. effects for yield of a

the parental lines.

for a limited source
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parent and its mean yield performance.
Specific combining ability effects (Tab}.e 24)

8revealed that hybrids 2x4, 2 x 7j 4

were superior in grain yield.

suits of crosses that involved parents with high x low

Hybrids 2x6, 2x7 and 7x8 gavecharacter.

superior combinations for yield and most of its com-

The parents involved inponents in both generations.

these crosses had wide genetic divergence for these

characters. The consistent superior performance of

indicated that dorminant

gene action was not pre-dorminant though present

(Griffing, 1956). This was also evident from the low

values of inbreeding depression, though graphical

analysis had shown dorminance to be present for only
pods/plant and seed yield and partial dorminance for

the other yield components. Hybrid vigour shown by the

IB

x 8 and•7 x

These hybrids were re-

these crosses in and F^

Generally, for all the components

parents with high x low g.c.a. for that particular

g.c.a. for yield.

of yield hybrids which showed high s.c.a. involved

crosses was largely due to concentration of favourable
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Tnble 2k. Estimates of specific combining ability effects for yield and some of its compor.ertr

Yield/Plnn*Cluster/PlantPods/Plant Seeds/Pod Seed size

F1F2F1F1F1

0.74'

0.00

-1.74

2.5'0.72”-0.90" -0.J1’
3. ■ '2.75 -0.29 0.550.21 -0.77”

2

21.01"

8.17’-0.120.72” 0.21

-0.04

0.00

0.520.01

1.12

1.59 0.57’ 0.21-0.20

-0.21 -0.09 0.00

0.12

2.51 3.i*30.03 11.39”

1.4?

-1.04
12.30" 3.13 27.76"0.23 -2.33 -0.59

* x 7
4x8

5x7
6 x 8
7 x 8

4 x 5
4x6

-0.34
-0.45°

-0.22

1.69
1.44

0.27
0.87
0.56

3.47

2.33
4.51
8.20”

6.59*

5.57’

0.41* 

-0.64"

0.07

0.32

0.33
0.01

0.00
0.42’

0.11
0. 14

0.33
0.74"

0.08

0.31
0.45

-O.18
-0.24

0.51’
0.67”
0.52’

0.13
0.00

6.72’

17.64”
10.94“

15.33”
11.41"

14.38” 

1.3^ 
1.86 
0.08

2.38
6.42"

11.12’
42.33”

1.02
24.86"

11.85’

1.82 
12.34’

1.19
6.32’

30.CO"

-8.16’

-2 • 46

1.

5.0i

5 x 6 

5x?
5 x 8

3 x 4

3 x 5
3x6

3x7
3 x 8

9.31"
-5.82’
11.21“

-0.77”

0.25
0.21

-0.61"

0.33
0.02

0.22
O.41«

8.41«

1.87
-10.42“
21.04"

3.64

1.33
2.47
0.54

-2.21

-6.67’
-4.56

-9.97’
10.12"
11.34”

11.98”

0.09
-4.42

-14.89”
-3.04

3.96

-8.17’
3.41

41.47"

0.25
-0.61”

0.44*
0.25

-0.61”

-4.56

-2.31
0.21

1

-3.33
-3.98

1.34
-2.88

3.61 
-0.34 
-0.61

-0.23
-0.04

O.31
0.04
0.56’

-0.32

20.00“
2.60
3.41

-0.59

-0.67
-0.09

1.34
0.22

-2.42

-3.74
0.43

-1.30
31.40”

1.67

-3.05
-5.71’
8.08“

6.57’
10.83“

-12.63“

-3.91
8.60“

1.58
-2.86

-0.02
0.61“

-0.24

-0.33
-0.05
1.04’

-0.19
-0.52’
0.34

0.09

-0.45’
-0.21

0.67”
0.81"

0.72”

-0.90

0.63
-0.97
6.63-
8.08“

-1.47

0.35
-2.42

14.61“

-0.94

-6.37’

-3.93
-2.30
4.94
1.88

4.47

3.80
-0.04

0.09
-0.23
0.62”

0.55’
-0.56’
-0.34

-0.13
-0.01
0.84”
0.67”

5.47
-2.44

-10.90’
-2.30
-6.59’
-9.41’

-2.38

-3.42

-0.39
1.05

-1.39
2.67

-0.03
0.35
1.98"

-0.34
-0.02
-0.08

-0.67”

-0.30

0.33
0.02
0.64“
0.24

-6.42-
-0.58

-9.57’
-4.99

-3.42
-1.64

8.61’
-0.54

0.59
-1.50

-4.55

0.37 
-0.56 

-2.89
3.67 
3.84

0.C9
-0.41

10.11" 

6.52’ 
3.67

•Significant at 5% level
* n ii -yc, it

X 3 
3 x 4 
2x5 
3 x 6 

3 x 7 
3x8

x 7
1 x 8

0.93” -0.51’
0.57’
0.28

0.34

0.35
O.41«

• X 2 
5 X 3 

’ x 4 

■’ x 5 

1 x 6 
1

F2 F2F1 F2 F2



genes by the parents (Singh and Singh, 197^)*

Path coefficient Analysis

population of the diallei cross

for the supposed components of yield and are presented

But both thecorresponding genotypic correlations.
phenotypic and genotypic correlations were close to
each other in each instance. This may have been due to
the large number of plants (50) used to take the ob­
servations per plot which tended to reduce the error
(environmental) varience to minor proportions. Had the

phenotypic and genotypic correlations would have been

Due to resemblance of the two types of correlations,
reference will be made only to genotypic correlations
to avoid repetition.

only plant height that showed a negative
Plant height and sejjds per podcorrelation with yield.

in

Both phenotypic and genotypic correlations were

in Table 25 .
The phenotypic correlations were lower than the

calculated for the F^

It was

117

idential, as was pointed out by Dewey and Lu (1959)*

environmental varience been reduced to zero, the
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Seeds per pod and seed size were negati-correlated.

vely correlated with branch number, cluster number, and

Seeds per pod was also negativelypods per plant.

What was of interest incorrelated with seed size.

that plant size (height) and seed size

(100 seed weight) were positively and significantly

correlated r = 0.62 (P<1O.O1). This was due to the

fact that large plants had greater leaf surface -which

photosynthesized great quantities of carbohydrates

This combinedthat were directed to seed formation.

with the fact that larger plants produced fewer seeds

per pod, gave large plants an advantage over small

plants with respect to seed size. Similar results were
reported by Rathnaswamy et al. (1973) that the seeds

of parennials were larger and heavier than those of

annuals.

Many of the characters are negatively or positively

correlated due to mutual association with other

Results ofcharacters. a path coefficient analysis tc

this oase was

were also negatively and significantly (PZ.0.01)
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separate out the direct and indirect causes of associa-

26 and the diagram shown intion are presented in Table

Figure 9«

Yield Vs Plant height

The correlation between yield and plant height was

negative and non-significant r = -0.28. The direct

effect of plant height on yield is high and negative

(-0.44). The indirect effect of plant height on seed/

pod was high and negative (-0.55) and the indirect in­

fluencies of plant height on yield through branch

number (0.25) and seed size (0.25) were both tjigh and

The net effect in the system of opposing in­positive.

fluencies was that two large negative effects counter­

balanced four positive ones making the overall correla­

tion between plant height and grain yield low and

The results indicated that plant height wasnegative.

not an important yield component.

Yield Vs number of primary branches

The total correlation between yield and branch

number was high and positive r = 0.48 (P-^-0.05). This
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resulted from the high positive, indirect influencies

of branch number on grain yield via cluster number and
pods per plant of 0.46 and 0.42, respectively. But the

direct influence of branch number on grain yield was low

(0.22) due to the high negative indirect influence of
branch number to grain yield via seed/pod and seed size.
This because highly branching plants matured latewas
in the
(Cruz, 1975). The results show that branch number was
not an important yield component.

was high and positive The direct
effect of clusters per plant on yield was very high
(0.79) and positive. Clusters per plant also regis­
tered moderately high indirect and positive effects on
yield via branch number (0.46) and pods per plant
(O.38). The negative, indirect influencies of clusters
per plant were registered through seed size and seeds/
pod. The results indicated that pod clusters/plant were
important yield components. Similar views were for-

1

r = O.58 (P<O.O1).

season when pest populations had built up

Yield Vs clusters per plant

The total correlation of cluster number with yield
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warded by Singh and Mplhotha (1973)*

Yield Vs Pods per plant

The correlation between pods per plant and grain

0.70 (P4.0.01). The

direct effect of pods per plant on yield was also high

and positive (1.02). indirect influence ofA positive,

pods per plant on yield was registered via branch
Negative, indirect influencies of pods/plantnumber.

on yield were registered via seeds per pod and seed

The high and positive direct influence of pods/size.
plant on yield indicated that this was an important

Veeraswamy et al. (1973b) had alsoyield component.
indicated that pods/plant was an important yield com­

ponent.

Yield Vs Seeds per pod
The correlation between seeds per pod and yield

was high and positive The direct
effect of seeds per pod on yield was also high 0.94,
The negative indirect effects of seeds per pod on grain
yield were low and unimportant. The Ret effect was

I

I

II

a;

r.

i

yield was high and positive r

r = 0.59 (P«CO.O1).
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Centrally views have been forwarded by Singh and

Ported that

important yield components.

Yield Vs 100 seed weight (seed size)

The correlation between yield with seed size was

high and positive The direct effect

of seed size on grain yield was very high (1.41). The

indirect effects of seed size on yield via branch

number, clusters per plant, pods per plant and seeds per

pod were negative, but unimportant. Seed size was there­

fore, an important yield component. The residuals were

negative and unimportant indicating that there was no

need to include more yield components like plant wideth

in the path-coefficient analysis.

.3

r = 0.77 (P4.0.01).

an important yield component.

only pod clusters/plant and pods/plant were

Molhotha (1975) and Veeraswamy et al. (1973) who re-

that seeds/pod was
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of this
plant selection in this

if
carried out for

complex characters like yield and percent protein; re­

current selection is effective (Townly-Smith andmore

Hurd, 1972; Khan, 1973; and Rubaihayo and Onim, 1975).

current selection was found to be very effective for

the improvement of yield and percent protein. High

yielding varieties like UC 5^18, UC 1266 and UC 2568

have been identified.

that the tall indeterminateThe study has shown

water conditions

is not
the end of the season whereat

affected.
Under con­

ditions of plenty

tall plantsbetter for

stress then

RECOMMENDnTIOliS 

study have shown

plant height, 

In the case of

that single 

crop can be effective 

simple characters like 

days to flowering and seed size.

Short, determinate plant types 

rainy season.

with'narrow, core square

Therefore in polishing up the existing composites re­

cultivars perform best under non-stress

secondary growth

GENERAL DISCUSSION, CONCLUSIONS aND
The results

be grown suitably during any
of water, low populations with wide 

but under water

, however, can

spacings are

high populations
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arrangements are best for even the tall plant types.

effect on yield components

Julia, 1973).

Up to 37% natural crossing has been observed to
Higher per­take place in the crop in this study.

centages (^82) have been reported elsewhere (Mehta and

Dave 1931). Therefore, any hybridization programmes
should take into account ways of maintaining the purity

A high character variation hasof parental linos.
also been observed in this crop so that hybridization

the use of mutagens (Akinola and Whiteman, 1972;

The high insect population at flowering makes it
difficult to maintain pure line varieties.

Generally the results observed in regarding
the nature of gene action were in agreement with those

Various degrees of dorminance for variousin- F .

have little or no

Both population and spartial arrangements were found to

Pathnaswamy et al., 1973 and Singh et al., 1973a).

in the crop, for the time being does not necessitate

(Singh et al. , 19715 Hammerton, 1971; and Abrams and
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results should be more reliablegenerations.

since in segregating generations the genic inter­

actions also attribute towards dorminance thus causing

this factor to be inflated (Singh and Singh, 1972 and

Singh, 197*+)- actionBut regarding the nature of gene

the results of this study indicate that it would be

appropriate to study an additional generationmore

simple and additive (Sharma et al., 1973).

This study has shown that hybrid vigor exists in

this crop. It is, therefore, possible to produce

hybrid varieties if simpler means of artificial

crossing are devised. The high heterosis and low in-

breeding depression for yield indicates that composite

and pods per plant.

nature of gene action controlling the characters

like F2

But Fq

The gene action controlling most of the characters was

varieties can be developed (Sharma et al., 1973)*

to confirm the findings of an F diallel set.

Generally g.c.a. variencies were

The g.c.a. of parents 2 and 3 were high for yield

characters were, however, observed in F^ and F2

higher than s.c.a. variencies which confirmed that the
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In fact combiningstudied was principally .additive.

ability analysis served better in detecting the nature

pods per plant, than graphical analysis.

Significant (P<0.05) and positive phenotypic

correlations were found for grain yield with plant

seed size andwideth, pods per plant, seeds per pod,

The relationship betweennumber of primary branches.

plant height and grain yield was negative though non-

These findings tentatively suggested thatsignificant.

these characters were the primary components of yield

in this crop. A path coefficient analysis, however,

showed that clusters per plant, pods per plant, seeds

per pod and seed size were the main yield components

having maximum direct effects on yield (Singh and

1973b).Molhotha, 1973 and Veeraswamy et al., There­

fore selection for a combination of these characters

would be effective in increasing yield in this crop.

High heritability estimates were observed for

plant height and wideth, days to flowering, pods per

I

action (Singh, 197*0 of some characters likeof gene
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plant, seeds per pod, seed size and pod clusters per

plant.

by simple methods of selection (Fbernart, 1970) • But

in the case of characters such as plant wideth, days

to flowring and clusters per plant, which are ^nder

the control of dorminant genes then the breeder should

aim at concentration of the favourable dorminant genes

by following recurrent or biparental progeny selection

procedures (Singh, 197^).

From the observations made during the experimental

itgrowth of the plant populations used in this study,

appears that there is an urgent need to look into the

damage and control of the two pests H. armigera and

It was observed that the twoF. dampfi, on this crop.

pests do most damage during, the first than the second

H. armigera was observed torains seasons of the year.

incur most damage on plant types where the pods are

few clusters than when the pods are scatteredborne on a

on the plant.

«
t

1

These characters could, therefore, be improved
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