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Summary

A series of half-diallel crosses involving early, medium and late maturity desi and kabuli type chickpea (Cicer
arietinum L.) genotypes with stable resistance to Helicoverpa pod borer, along with the parents, were evaluated at
two locations in India to understand the inheritance of pod borer resistance and grain yield. Inheritance of resistance
to pod borer and grain yield was different in desi and kabuli types. In desi type chickpea, the additive component of
genetic variance was important in early maturity and dominance component was predominant in medium maturity
group, while in the late maturity group, additive as well as dominance components were equally important in the
inheritance of pod borer resistance. Both dominant and recessive genes conferring pod borer resistance seemed
equally frequent in the desi type parental lines of medium maturity group. However, dominant genes were in overall
excess in the parents of early and late maturity groups. In the kabuli medium maturity group, parents appeared to be
genetically similar, possibly due to dispersion of genes conferring pod borer resistance and susceptibility, while their
F;s were significantly different for pod borer damage. The association of genes conferring pod borer resistance and
susceptibility in the parents could be attributed to the similarity of parents as well as their F;s for pod borer damage
in kabuli early and late maturity groups. Grain yield was predominantly under the control of dominant gene action
irrespective of the maturity groups in desi chickpea. In all the maturity groups, dominant and recessive genes were
in equal frequency among the desi parental lines. Dominant genes, which tend to increase or decrease grain yield
are more or less present in equal frequency in parents of the early maturity group, while in medium and late maturity
groups, they were comparatively in unequal frequency in desi type. Unlike in desi chickpea, differential patterns
of genetic components were observed in kabuli chickpea. While the dominant genetic component was important in
early and late maturity group, additive gene action was involved in the inheritance of grain yield in medium duration
group in kabuli chickpea. The dominant and recessive genes controlling grain yield are asymmetrically distributed
in early and medium maturity groups in kabuli chickpea. The implications of the inheritance pattern of pod borer
resistance and grain yield are discussed in the context of strategies to enhance pod borer resistance and grain yield
in desi and kabuli chickpea cultivars.

Introduction the total world area (62%) and production (75%). There

are two types of chickpea: desi and kabuli. Although
Chickpea (Cicer arietinum L.) is the third most impor- desi types are small seeded (and have colored seed
tant grain legume in the world grown in an area of about coat) and are traditionally grown in warmer climates
10 million ha with a production of 7.8 million tons in South Asia and East Africa, kabuli types are large-

(FAO, 2003). India contributes a large proportion to seeded (usually with beige or cream colored seeds)
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suited to the more temperate climates of West Asia.
In India, both types of chickpeas are grown in diverse
agro-ecological niches normally in the postrainy win-
ter season, exploiting residual moisture. The current
productivity level of chickpea in India is 872kgha~!,
which is far lower than its potential (up to 4 tha=!)
realized at research stations, demonstration plots, and
farmer managed on-farm trials. Of the several biotic
stresses, Helicoverpa pod borer damage is one of the
major causes for low productivity of chickpea.

Gram pod borer, Helicoverpa armigera (Hiibner),
is the most important pest on chickpea, which causes
substantial yield losses estimated at over $328 mil-
lion in the semi-arid tropics (ICRISAT, 1992). The
resource-poor farmers in developing countries are un-
able to use chemical pesticides (which are also as-
sociated with huge environmental costs) to manage
pod borer. Host plant resistance (HPR) can play a ma-
jor role in Helicoverpa management. Development of
crop cultivars with resistance to pod borer is the most
cost-effective and eco-friendly option and holds great
promise for Helicoverpa management, particularly un-
der subsistence farming conditions in the developing
countries (Sharma et al., 1999). Availability of stable
resistance sources is a prerequisite for HPR breeding.
The ICRISAT genebank at Patancheru, India, holds a
world collection of more than 17,000 accessions of
chickpea. Screening of more than 14,000 germplasm
accessions and breeding lines at ICRISAT, Patancheru
and the All India Coordinated Pulses Improvement
Project (AICPIP) centers, have resulted in the iden-
tification of several genotypes with low to moderate
levels of resistance to Helicoverpa pod borer, and their
use in breeding programs. Some of these have also
been found to be resistant in different agro-climatic
zones under natural infestation conditions at test loca-
tions. Germplasm accessions of wild relatives of chick-
pea (Cicer bijugum, C. judaicum, and C. pinnatifidum)
with high-level resistance to pod borer have also been
identified (Sharma et al., 2003).

An understanding of the inheritance of resistance is
essential for systematic and efficient genetic enhance-
ment of pod borer resistance. The limited information
available in the literature indicated the importance of
additive (Singh et al., 1991) and both additive and dom-
inance (Salimath et al., 2003) genetic variance in desi
types, while dominance genetic variance was important
in the inheritance of pod borer resistance in kabuli type
chickpea (Singh et al., 1991). All these studies, besides
involving genotypes with variable maturity durations,

are from various groups of scientists across different
locations, using different resistant genotypes. Further,
the results and conclusions drawn from these studies
are inconsistent and tend to contradict each other. Com-
prehensive studies on genetics of resistance to Helicov-
erpa in different maturity groups in both desi and kabuli
chickpeas are limited. Maturity duration of cultivars is
one of the important criteria for their farm level adop-
tion to fit into varied cropping patterns and environmen-
tal conditions in chickpea production areas. We there-
fore, analyzed earlier datasets from studies conducted
at ICRISAT during early 1980s on several half-diallel
crosses of different maturity groups (made to study ge-
netic control of pod borer resistance) in both desi and
kabuli chickpeas to draw meaningful conclusions on
the nature of genetic control of pod borer resistance in
chickpea. Although the datasets are old, we felt that
the joint consideration of the results from studies on a
larger set of half-diallel crosses would provide a mean-
ingful interpretation of the inheritance of resistance to
pod borer in chickpea.

The objectives of this study were to estimate and
interpret the components of genetic variance for Heli-
coverpa resistance and grain yield under unprotected
conditions using a series of half-diallel crosses involv-
ing resistant and susceptible desi and kabuli chick-
pea genotypes of early, medium and late maturity
groups.

Material and methods

Nine different half-diallel crosses were made involving
varying number of desi and kabuli chickpea genotypes
(with different levels of pod borer resistance) during
1980 to 1984. The F;’s along with their parents were
evaluated during the succeeding year of F; synthesis
i.e. from 1981 to 1985 by using a randomized compete
block design (RCBD) with three replications. Each en-
try was raised as a single row plot of 4 m length with a
spacing of 60 cm between the rows and 20 cm within a
row. All the recommended agronomic practices, except
pest control measures, were followed to raise a good
and healthy crop. The details of the number of parents,
their maturity group and the location of evaluation are
presented in Table 1. Observations were recorded on
five randomly selected plants in each plot for Helicov-
erpa pod borer damage (%) and grain yield (g plant™").
Pod borer damage was estimated as percentage of pods
damaged under natural infestation conditions.
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Biometric and genetic analyses

Each set of diallel crosses was analyzed separately fol-
lowing analysis of variance (ANOVA) of RCBD model
to test the significance of differences among the par-
ents and their F;’s for pod borer damage and grain
yield. The assumptions of ANOVA were satisfied for
these two traits in all the diallel sets. The test of homo-
geneity of error variances (Bartlett, 1937) in different
diallel set trials was carried out to examine the statis-
tical validity to compare the results of diallel set trials,
which were conducted in different years. Genetic anal-
yses were conducted according to the diallel model of
Hayman (1954a, 1954b) and its modification for half-
diallel by Jones (1965). The adequacy of additive—
dominance genetic model was tested using the con-
sistency of differences between Wr and Vr across the
parental arrays.

Under an additive-dominance genetic model, the
components of genetic variance (D: additive; H; and
H,: dominance; and F: average covariance of addi-
tive and dominance effects over all the parental arrays)
were estimated following Hayman (1954b). The aver-
age degree of dominance was estimated as (H,/D)"/>.
The relative distribution of increasing (positive) and
decreasing (negative) genes among common parents
of arrays was assessed using the ratio H,/(4H;). De-
viation of this ratio from its expected value of 0.25,
within the limits of sampling variance, was taken as
evidence of lack of symmetrical distribution of increas-
ing and decreasing genes. The relative distribution of
dominant and recessive genes among the parents as a
whole was inferred from F statistic as well as from
the ratio [(4DH,)"? + F1/[4DH))"?> — F]. While
the significance of F statistic in positive direction in-
dicates an overall excess of dominant genes, signif-
icance in the negative direction indicates an overall
excess of recessive genes among the parents. On the
other hand, non-significance of F statistic was indica-
tive of symmetric distribution of dominant and reces-
sive genes. Within the limits of sampling variance, the
ratio [(4D Hy)'/>+F]/[(4D H,)!/?>— F] should be equal
to unity if the dominant and recessive genes are sym-
metrically distributed among the parents. The narrow-
sense and broad-sense heritabilities were estimated fol-
lowing Hayman (1954b).

The significant negative or positive correlation be-
tween the parental order of dominance (Wr 4+ Vr) and
the mean of the common parent of the array (Yr) (after
standardization to zero mean and unit variance) was
used to infer whether the genes which confer resis-

tance to pod borer damage or enhance yielding ability
are predominantly dominant or recessive, respectively
among the common parent of the arrays. Further, when-
ever correlation coefficient between (Wr + Vr) and Yr
was significant, standardized values of Wr + Vr were
plotted against corresponding standardized values of
Yr to identify the parental array, which possess pre-
dominantly either dominant or recessive genes with
increasing or decreasing effects for the traits.

Results and discussion

Hayman’s (1954a, 1954b) approach of diallel analysis
was chosen for the present study for resolving the ge-
netic architecture of Helicoverpa pod borer resistance
and grain yield in chickpea because it provides more
genetical information than any other biometrical ge-
netic method available to date (Christie & Shattuck,
1992), within the framework of assumptions of diallel
analysis.

Before discussing and interpreting the results on
the estimates of genetic components of variation and
derived genetic ratios, it is necessary to examine the
fulfillment of assumptions of diallel analysis. Since
chickpea is a self-pollinated diploid species and par-
ents used in the present study are homozygous lines,
two of the six assumptions, i.e., requirement of diploid
segregation and homozygous parents are met. The as-
sumption of no epistasis is also met as indicated from
consistency of (Wr — Vr) over the parental arrays in all
the diallel sets (P > 0.05) considered for genetic anal-
ysis. Non-significance of the variance due to the item
‘by’, barring a few exceptions (Table 2) indicated the
fulfillment of independence of gene distribution among
the parents (Morley Jones, 1965; Mather & Jinks, 1982;
Roy, 2000) in all the diallel sets. The assumptions of
multiple alleles are not considered seriously and there
has been little discussion of the results from a failure
of this assumption (Christie & Shattuck, 1992). Fur-
ther, multiple allelism of genes in parents does not in-
validate the estimate of average degree of dominance
(Al-Rawi & Kohel, 1969). In the present study, dif-
ferences between the reciprocal crosses are ignored
because, the general requirements of any analysis of
variance of diallel set of crosses are that it provides
appropriate tests of significance of principal genetic
components, namely additive and dominance compo-
nents, irrespective of whether there are reciprocal dif-
ferences (Mather & Jinks, 1982). Therefore, only half
diallel cross sets are analyzed. Thus, by and large, the
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Table 3. Estimates of pod borer damage (%), range and mean among desi and kabuli chickpea

parents and their F;’s in different diallel trials

Parents Fi’s
Trial no. Size of the diallel crosses ~ Range Mean  Range Mean +SE
Desi
Trial 1 6 x 6 Early maturity 8.6-32.0 19.7 11.0-26.8 17.2 2.80

Trial2 5 x 5 Early maturity
Trial 3 6 x 6 Early maturity
Trial4 6 x 6 Medium maturity
Trial 5 6 x 6 Medium maturity
Trial 6 6 x 6 Late maturity
Kabuli

Trial 7 5 x 5 Early maturity
Trial 8 4 x 4 Medium maturity
Trial 9 4 x 4 Late maturity

11.0-28.9 184
11.5-34.1  20.8
6.4-247 124
4.7-20.7 9.8
13.1-37.0  20.0

10.3-19.0 142
9.0-140 123
5.5-6.8 6.0 3.4-8.6 54 1.71

6.1-27.1 155 3.12
12.1-27.0 182 2.79
33-192 113 2.79
5.0-17.9 9.0 2.77
8.8-17.2 11.6 3.27

5.0-199 124 3.10
8.5-17.8 12.1 2.60

assumptions of diallel analysis have been met and the
interpretation of the results on genetic components was
made based on their qualitative rather than quantitative
assessment. Further, homogeneity of error variances as
indicated from non-significance of Bartlett’s test pro-
vided sufficient statistical validity to compare the re-
sults, which were obtained in different years. Although
the diallel crosses and their parents were evaluated in
different years, the more or less similar pod borer dam-
age under natural infestation in all the desi and kab-
uli chickpea diallel trials, irrespective of their matu-
rity groups, provided further support to compare the
results (Table 3). In general, the mean pod borer dam-
age was lower in F; ‘s than their parents in both desi
and kabuli chickpeas. However, variability in pod borer
damage between the F; ‘s was higher than their parents
(Table 3).

Pod borer resistance
Desi type chickpea

Although only additive and dominance genetic vari-
ances were predominant in all the three early and one of
the two medium maturity diallel trials, respectively, ad-
ditive as well as dominance components of genetic vari-
ances were equally important in the inheritance of pod
borer resistance in late maturity group in desi chickpea
(Table 4). Such differential nature of gene action gov-
erning pod borer resistance in different maturity groups
has been earlier reported by Gowda et al. (1983), Singh
et al. (1991), and ICRISAT (1981, 1982, 1983, 1984,

1985). Recently, Salimath et al. (2003) reported the in-
volvement of both additive and non-additive gene ac-
tion in the inheritance of pod borer resistance, although
their results were maturity non-specific. The predom-
inance of dominance genetic variation in one of the
medium maturity diallel trial appeared to be the result
of lower pod borer damage in many of the F;’s, com-
pared to their parents as reflected from the mean pod
borer damage (Table 4). Both dominant and recessive
genes seemed to be equally frequent in the parental
lines of medium maturity group as indicated by non-
significant F statistic.

However, dominant genes are in overall excess in
the parents of early and late maturity groups as implied
from significant positive estimates of F statistic. This is
adequately supported from Wr — Vr graphs, wherein
most of the parental array points were nearer to the
origin (graphs not presented). The significance of the
variance due to the item ‘b;’ (Table 2) provided the
evidence that these genes exhibited directional dom-
inance. The unequal distribution of dominant and re-
cessive genes is also adequately supported by the ra-
tio [(4DH,)"> + F/(4DH,)"/?> — F], which deviates
from unity. Further, the genes which tend to reduce
pod borer damage i.e., confer resistance are dominant
in medium and late maturity groups as suggested from
positive and significant correlation between parental
order of dominance (Wr + Vr) of each array and the
mean of the common parent of the array (Yr). On the
other hand, non-significant correlation between (Wr +
Vr) and (Yr) implied that equal number of dominant
genes contained in the parents of early maturity group
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Figure 1. Standardised deviation graph of (Wr 4 Vr) versus Yr for pod borer damage and grain yield in Desi chickpea.

tend to confer resistance and susceptibility to pod borer
damage that is also represented by the derived genetic
ratio H,/4H; which is nearly equal to 0.25. However,
parents of medium and late maturity groups had un-
equal frequency of dominant genes that confer resis-
tance and susceptibility to pod borer damage (H,/4H,
deviated from 0.25). For instance, while four of the six
parents involved in late duration group had an excess of
dominant genes, three of the six parents in the medium
maturity group had an excess of dominant genes con-
ferring pod borer resistance (Figure 1).

Kabuli type chickpea

Although parents appeared to be genetically similar,
in the kabuli medium maturity group, F;s significantly
differed for pod borer damage (Table 4). The disper-
sion of genes conferring resistance and susceptibility
to pod borer in the parents could have resulted in non-

significant differences for pod borer damage. From the
results it could be observed that only dominance ge-
netic variation played a major role in the inheritance of
pod borer resistance, unlike in the desi medium matu-
rity group, wherein, either only additive (in one diallel
set) or both additive as well as dominance genetic vari-
ation (in other diallel set) were important. The non-
significance of additive genetic variation is obvious,
as the parents did not differ significantly. However,
the observed dominance genetic variation is surpris-
ing because, the parents of medium maturity kabuli
type chickpea possess an excess of recessive genes as
could be inferred from the Wr — Vr graph (Figure 2),
wherein all the parental array points are away from
the origin and the gene action is not only the property
of genes per se, but also their frequencies (Falconer,
1989). It follows therefore, that a few of the dominant
genes present in the parents have larger effects and con-
tributed to a greater extent towards the variation in pod
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Figure 2. Wr — Vr graph for pod borer damage (%) in Kabuli-medium maturity (Trial 8).

borer damage. The unequal frequency of dominant and
recessive genes in the parents is also adequately sup-
ported by the ratio [4DH,)"/? + F/(4DH;): — F],
which deviated from unity. Even among these few dom-
inant genes, equal numbers of them have decreasing
and increasing effects on pod borer damage as evident
from non-significant correlation between (Wr + Vr)
and (Yr) suggesting that only a fraction of dominant
genes present in the parents confer resistance to pod
borer. Therefore, attempts to develop pod borer resis-
tant lines from the derivatives of the crosses among
these parents may not be fruitful.

In early and late maturity groups of kabuli type
chickpea, both parents and their F;s were genetically
similar for pod borer damage. Contrary to medium ma-
turity group, association of genes conferring pod borer
resistance and susceptibility in the parents could be the
reason for the similarity of parents as well as their F;s. It

may not be appropriate therefore, to discuss the results
on the estimates of components of genotypic variation
for pod borer damage in early and late maturity groups
of kabuli chickpea. Nevertheless, critical examination
of pattern of parental array points in Wr — Vr graphs
(Figures 3 and 4), offers significant implications.
The parents ICC 12495 in the early maturity group
(Figure 3) and ICC 12492 (Figure 4) in the late maturity
group (near the origin) and ICC 7510 in early maturity
group and ICC 12494 in late maturity group (away from
the origin) have occupied extreme positions in the Wr
— Vr graph, implying that while ICC 12495 and ICC
12492 possess an excess of dominant genes, ICC 7510
and ICC 12494 possess an excess of recessive genes
for pod borer damage. The positions of these parental
array points also suggests that a few recessive genes in
ICC 12495 and ICC 12492 and a few dominant genes in
ICC 7510 and ICC 12494 confer pod borer resistance. It
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Figure 3. Wr — Vr graph for pod borer

damage (%) in Kabuli-early maturity (Trial 7).
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follows therefore, that these parents are extreme as far
as pod borer resistance is concerned. When these par-
ents are crossed, the frequency of genes conferring re-
sistance to pod borer is increased in the progeny. Hence,
chances of recovering lines with enhanced levels of pod
borer resistance from the segregating generations de-
rived from the crosses involving these diverse parents
are higher. The chances of realizing productive F;s are
higher and the frequency of superior inbred progenies
is also higher from such F;s, when diverse parents are
crossed. Hence, it is worthwhile to involve these par-
ents in crossing programs to derive higher frequency of
lines with enhanced pod borer resistance in early and
late maturity kabuli chickpea.

It is important to note that the differential gene ac-
tion observed in different maturity groups of desi and
kabuli chickpeas in the present study is not due to dif-
ferences in the extent of pod borer damage in different
maturity groups, but due to different genetic architec-
ture of the pod borer resistance in the parents. This is
because pod borer damage in both desi and kabuli di-
allel crosses and their parents was by and large similar
and hence, comparable irrespective of their maturity
groups (Table 3), contrary to normal expectation that
late maturity groups experience higher pod borer dam-
age than medium and early maturing counterparts in
that order.

Implications for breeding for pod borer resistance

Predominance of fixable i.e., additive genetic variance
coupled with comparatively higher narrow sense her-

itability with equal frequency of genes exhibiting in-
creasing and decreasing effects on pod borer resistance
suggested the effectiveness of pedigree selection in en-
hancing the pod borer resistance levels in two of the
three early-maturity diallel trials (Trial 1 & Trial 2) in
desi chickpea.

In contrast, as the genes, which confer resistance
to pod borer damage, are dominant in medium matu-
rity desi chickpeas, selection during early segregating
generations may not be effective and hence selection
should be deferred till Fs5 (in kabuli type, parents may
not contribute significantly to pod borer resistance in
crosses involving them as they possessed fewer genes
for resistance). Salimath et al. (2003) also suggested
delaying selection for pod borer resistance till Fs in
such situations. Alternatively, selection should be pre-
ceded by intermating in F, for one or two cycles to
break the conserved linkage blocks, which are consid-
ered to be one of the reasons for non-additive gene
action (Salimath et al., 2003).

Equal importance of additive and dominant genetic
variance coupled with an excess of dominant genes
conferring pod borer resistance in a majority of the
parents of late maturity group indicated the usefulness
of pedigree selection in advanced segregating genera-
tions derived either from a cross between a pod borer
resistant donor parent and an agronomically superior
parent (to exploit additive genetic variation) or from
a population developed through recurrent selection (to
exploit both additive and dominance genetic variance)
for upgrading pod borer resistance and simultaneously
maintaining higher grain yielding ability. Recurrent se-
lection in the population developed by random mating



of the pod borer resistant parents in high yielding back-
ground used in diallel matings would facilitate accu-
mulation of favorable gene combinations in homozy-
gous and heterozygous state. The pure lines developed
from such populations would be expected to exhibit
enhanced levels of pod borer resistance. Effectiveness
of pedigree selection for pod borer resistance has also
been reported by Sharma et al. (2003) and Dua et al.
(2001). However, an optimistic caution is necessary
while using pedigree selection for pod borer resistance,
considering the existence of tight linkage between sus-
ceptibility to Fusarium wilt (F. oxysporum f.sp. ciceri)
and resistance to pod borer in chickpea. Biparental
matings in early segregating generations of a multi-
ple cross involving a few Helicoverpa and Fusarium
wilt resistant genotypes in high yielding background
would provide increased opportunity for recombina-
tion, which facilitates disruption of tight linkage be-
tween gene(s) for these two resistant traits. The utility
of biparental mating in breaking the unfavourable asso-
ciations between traits has been reported in bread wheat
(Yunus & Paroda, 1983; Nanda et al., 1990), safflower
(Parameshwarappa et al., 1997) and chickpea (Kampli
et al., 2002a, 2002b).

Several researchers (Singh et al., 1990; Lateef,
1990; Lateef and Sachan, 1990; van Rheenen, 1991;
Chaturvedi et al., 1998; Sharma et al., 2003) were able
to identify breeding lines that have dual resistance to
pod borer and Fusarium wilt. However, the levels of
resistance in germplasm accessions are low (Dua et al.,
2001; Sharma et al., 2003) and the genes conferring the
resistance to pod borer and Fusarium wilt are different
in different resistance sources (Dua et al., 2001) and
presumably these sources have lower stability (Dua et
al., 2003). Perhaps improving the population derived
from multiple crosses between dual resistant parents
through S; recurrent selection before embarking on
pedigree selection would be a better strategy to increase
the frequency of genotypes possessing dual resistance.
Focused efforts were made at ICRISAT to pyramid the
resistance genes to increase the level of resistance in
breeding lines. Eight resistant lines were involved in
a multiple crossing scheme (four single crosses and
two double crosses leading to one eight way cross).
Screening F, to F5 generations led to the identification
of promising line such as ICCV 95992 (< 1% pod dam-
age compared to 7% pod damage in resistant check,
ICC 12475) (Dua et al., 2001; Sharma et al., 2003).
The identification of several breeding lines viz., ICCL
87316,ICCL 87317 and ICCV 95992 possessing stable
resistance to Helicoverpa and high grain yield poten-
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tial and germplasm lines ICC 12478, ICC 12479, and
ICC 14876, having stable resistance to Helicoverpa
and moderate yield potential (Sree Latha et al., 2003),
could be used in enhancement of pod borer resistance
in elite agronomic background.

Grain yield
Desi type chickpea

Irrespective of the maturity group, only dominance
components of genetic variance appeared to be in-
volved in the inheritance of grain yield and obviously,
narrow sense heritability was very low in all the six
diallel sets (Table 5). These findings are in conformity
with those of Bhatt and Singh (1980), Ugale (1980),
Katiyar and Solanki (1983), Singh and Sidhu (1983),
Kunadia et al. (1986), Shinde (1988), Mian and Bahl
(1989), and Deshmukh and Patil (1995). However, the
reports of Gowda (1975), Asawa and Tiwari (1976),
Sandhu et al. (1977), Gowda and Bahl (1978) contra-
dict present findings, which indicated the involvement
of additive genetic variance. Singh et al. (1992), Singh
etal. (1993), Annigeri et al. (1996), Sarode (1997) and
Girase (1999) reported the importance of additive as
well as non-additive genetic variance. Very few of these
studies have focussed on revealing gene action in the
inheritance of grain yield in delineated maturity groups
such as in the present study.

In all the maturity groups, dominant and recessive
genes occur in equal frequency among the parental lines
(non-significant ‘F” statistic), which is adequately rep-
resented by near-unit value of the ratio [(4DH;)"/? +
F/(4DH,)"> — F]. Also, the dominance displayed by
the genes present in the parents is mono-directional
as implied from the significance of ‘b;’, (Table 2) in
all the maturity groups. Dominant genes which tend
to increase or decrease grain yield occur more or less
in equal frequency in parents of early maturity group
(H»/4H, ratio is nearly 0.25); while those present in
parents of medium and late maturity groups are com-
paratively in unequal frequency (H,/4H, deviated from
0.25). The significant negative correlation of parental
order dominance of each array (Wr + Vr) with the
mean of the common parent of the array (Yr) sug-
gested that the genes, which tend to increase the grain
yield are dominant in parents of late maturity group.
For example, three of the six parents in late matu-
rity group had genes, which enhance grain-yielding
ability irrespective of whether they were dominant or
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recessive (Figure 1). Contrastingly, the dominant genes
present in the parents of early and medium maturity
groups showed a tendency to either decrease or increase
grain yield in equal frequency as implied from non-
significant correlation between (Wr 4 Vr) and (Yr).

Kabuli type chickpea

Unlike in desi chickpeas, differential patterns of ge-
netic components were observed in kabuli chickpeas.
For example, while only dominance genetic compo-
nent was important in early and late maturity groups,
only additive gene action was involved in the in-
heritance of grain yield in medium maturity group
(Table 5). The dominant and recessive genes control-
ling grain yield are asymmetrically distributed in early
and medium maturity groups as indicated from large
deviation of the ratio [(4D H,)/>+ F /(4D H;)'/?> — F]
from unity. The asymmetrical distribution of dominant
and recessive genes was adequately supported by Wr
— Vr graphs (not presented). For example, in the early
maturity group, out of five parents, one had an excess
of recessive genes while another had an excess of dom-
inant genes for grain yield. The remaining three parents
had a more or less equal number of dominant and re-
cessive genes. It appeared that all those genes that dis-
played dominance had a major effect on the expression
of grain yield and hence contributed to significance
of dominance genetic variation in the early maturity
group. In the medium maturity group, out of four par-
ents, two had an excess of dominant genes and the other
two had an excess of recessive genes. It appeared that
most of these acted in additive fashion with larger ef-
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fects on grain yield, contributing significantly towards
additive genetic variation in medium maturity group.
The non-significant correlation between (Wr + Vr) and
(Yr) indicated that while half of the dominant genes
present in the parents tend to decrease grain yield, the
other half tend to increase grain yield in both the matu-
rity groups. It is interesting to note that all those genes
which either enhance or decrease grain yield seems to
be asymmetrically distributed in the parental lines irre-
spective of whether they are dominant or recessive as
suggested from the ratio H,/4H,, which deviated from
0.25 in both the maturity groups. These suggest that
genes that enhance grain yield are dispersed among
the parents.

In the late maturity group, the observed variation in
grain yield did not have any genetic basis as neither par-
ents nor their F; s were significantly different (Table 5).
However, from Wr — Vr graph (Figure 5) it is clear
that the parents ICC 4856 and ICCL 78183 (with an
excess of dominant genes) and ICC 12492 and ICC
12494 (with an excess of recessive genes) appeared to
be genetically diverse for the expression of grain yield.
Crosses among these extreme parents could probably
produce superior segregants with enhanced grain yield.

Implications for breeding for higher productivity

It is clear from present as well as past findings that
grain yield is predominantly under the control of
non-additive gene action irrespective of the maturity
groups in desi type and in early maturity kabuli type
chickpea. Probably due to this predominance of non-
fixable genetic variation coupled with low heritability,
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Figure 5. Wr — Vr graph for grain yield in Kabuli-late maturity (Trial 9).
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it has not been possible to achieve a breakthrough in
productivity of chickpea. Also, it has been argued that
the lack of sufficient variability (due to its strictly in-
breeding behavior) is one of the reasons for the failure
of enhancing the chickpea productivity to a desired
level (Kampli et al., 2002a). The use of conventional
breeding methods such as pedigree, single seed descent
and bulk methods are associated with the weakness of
causing rapid homozygosity and low genetic variabil-
ity especially in the presence of linkage blocks and
inverse relationships among the desirable traits (Clegg
et al., 1972). To circumvent these problems, a suitable
procedure needs to be adopted, which exploits both
additive and non-additive gene effects besides disrupt-
ing undesirable associations and uncovering concealed
variability. Perhaps one or two cycles of recurrent se-
lection in a population derived from a multiple cross,
which not only exploits both additive and non-additive
gene effects and pyramid desirable traits from different
sources, but also disrupt undesirable linkages to a cer-
tain extent; followed by pedigree or single seed descent
or bulk-pedigree methods would have better prospects
to improve grain yield. Biparental mating of segregants
in recurrent selected population would further augment
in disrupting the undesirable linkages in addition to re-
leasing a considerable spectrum of variability (Girase
et al., 2002; Kampli et al., 2002a, 2002b).

The impact of biparental mating (in an F, popula-
tion) in enhancing genetic variability, heritability and
expected genetic advance for grain yield besides sub-
stantially improving the correlation of grain yield with
components traits such as plant height, number of sec-
ondary branches, pods per plant and 100 seed weight
has been reported by Kampli et al. (2002a, 2002b)
in chickpea. Such increased correlation between grain
yield and its component traits would be valuable in in-
direct selection for grain yield, as it is more efficient
than direct selection for grain yield per se. Effective-
ness of indirect selection for grain yield via pod num-
ber and seed weight has been earlier reported by Bisen
et al. (1985), Salimath and Bahl (1985) and Kumar
and Bahl (1992) in chickpea. It should be relatively
easy to enhance productivity of medium duration kab-
uli type chickpea, as only additive genetic variation is
important.
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