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ABSTRACT

Name of the author : E. SREE LATHA
Title of the thesis : “Stability, Inheritance and Mechanisms
of Resistance to Helicoverpa armigera (Hub.)
in Chickpea (Cicer arietinum Linn.)”
Faculty : Agriculture
Major field of study : Entomology

Major advisor : Dr. T. B. GOUR
University : Acharya N.G. Ranga Agricultural University
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Key words: Helicoverpa armigera, Chickpea, Resistance.

The present investigation “Stability, Inheritance and Mechanisms of

Resistance to Helicoverpa armigera (Hub.) in Chickpea (Cicer arietinum Linn.)”
was taken under laboratory, glasshousc and field conditions at ICRISAT, International

Crops Research Institute for the Semi-Arid Tropics, Patancheru during 2000-2002,

Advanced breeding lines (10) from earlier breeding program at ICRISAT and
germplasm accessions (28) of chickpea were evaluated for stability of resistance to A.
armigera under natural infestation. Stability of resistance to /4. armigera was measured
by regression analysis of the data for pod damage and grain yield. Amongst the
breeding lines, resistant check ICC 12475 suffered 5% pod damage and showed a stable
reaction to H. armigera damage followed by ICCV 96752, ICCL 87316, and ICCL
87317 (7 to 9% pod damage). ICCV 95992 was moderately susceptible (10% damagc)
but was highly stable. ICCL 87220 also showed high stability across seasons while
ICCL 87211, ICCV 93122 and ICCL 86102 were unstable in their reaction to H.

armigera.



Amongst the germplasm lines, least damage was recorded in resistant check ICC
12475 followed by ICC 12478, ICC 12479 and ICC 14876 and all were stable in their
reaction to H. armigera. ICC 12495 and ICC 12488 were unstable in their reaction to
pod borer damage. ICC 1918 and ICC 4958 were susceptible to H. armigera damage.
ICC 12490 showed high stability across scasons.

Four diallel trials (45 Fys + 10 parents of 10 x 10 desi and 28 F)s + 8 parents of
8 x 8 kabuli chickpea) and (45 Fy s + 10 parents of 10 x 10 desi and 28 F s + 8 parents
of 8 x 8 kabuli chickpea) were conducted to know the gene action for H. armigera
resistance. For pod borzr resistance GCA (general combining ability) variance was
significant in desi chickpea and additive genetic effects (c*A) were greater than non-
additive effects (6°D) indicating the importance of additive gene action. But on the
other hand preponderance of SCA (specific combining ability) for pod borer resistance
in the kabuli chickpea indicates that non-additive geretic variation may be important in

some sources of resistance.

The importance of GCA in predicting the performance of crosses has been
revealed by the general predictability ratio (GPR). GPR was near to unity for pod borer
resistance in desi and comparatively less in kabuli chickpea suggesting the importance
of GCA in predicting the performance of single cross progenies in desi chickpea. Rank
correlation indicated sclection of Fys on the basis of their performance was equally
effective as on the basis of their SCA values but for Fas there were differences. High
rank correlations for parents (GCA vs. per se performance) indicated effective selection

was possible for parents based on their performance.

Mechanisms of resistance (Antibiosis, Antixenosis for oviposition and
tolerance) to H. armigera in ten desi and eight kabuli chickpea genotypes were studied
under laboratory, glass house and field conditions. Reduced larval and pupal weights,

and prolonged larval and pupal periods on leaves, pods, artificial diet impregnated with



Iyophilized leaves and pods of resistant genotypes (ICC 12475, ICC 12476, ICC 12477,
ICC 12478, ICC 12479, ICC 14876, ICC 12490, ICC 12491 and ICC 12495) compared
to susceptible genotypes (ICC 12426, ICC 3137, ICC 4973 and ICC 4962) indicated

that antibiosis is one of the components of resistance to H. armigera in chickpea.

Greater feeding in washed leaves compared to unwashed leaves in ICC 12475,
ICC 12478, ICC 12479, ICC 14876, ICC 12495 and ICC 12494 suggested that water-
soluble compounds in the leaf exudates (malic and oxalic acid) were primarily
responsible for the resistance of the genotypes to H. armigera. Amounts of leaf
exudates in susceptible genotypes (ICC 12426, ICC 3137, ICC 12968, 1CC 4962 and
ICC 4918 ) were quite low.

Oviposition studies under no choice, dual choice and multi choice laboratory
and multichoice field conditions revealed that desi types (ICC 12475, ICC 12476, ICC
12477, ICC 12478, ICC 12479, ICC 12490 and ICC 14876) were not preferred for
oviposition compared to kabuli type genotypes (ICC 12491, ICC 12493, ICC 12494,
ICC 12495, ICC 12968, ICC 4973 and ICC 4962).

The loss in yield due to H. armigera damage in 18 chickpea genotypes under
protected and unprotected field conditions indicated presence of tolerance mechanism in
chickpea genotypes. Reduction in grain yield was lowest in resistant check ICC 12475,
ICC 4918, ICC 12490, ICC 12493 and ICC 12476 indicating tolerance to pod borer
damage in these genotypes. The resistant lines can be used in further breeding programs
and the mechanisms responsible for the resistance can be exploited to develop resistant

varieties.
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CHAPTER-I
INTRODUCTION

Chickpea, Cicer arietinum Linn. is the third most important food legume grown in
11 m ha with 9 million ton production (FAQ, 2002). It is grown in over 45 countries in all
continents of the world. It is a source of high quality protein for the people in developing

countries.

The genus Cicer originated in South-Eastern Turkey and spread to other parts of
world. It is adapted to relatively cooler climates. The largest area of adaptation is in the
Indian sub-continent. Two main types are recognized, viz., Desi type with small and
brown seed accounts for nearly 90% and kabuli type with bold and cream-colored seed is

grown in around 10% area.

Chickpea potential seed yicld of about 5 t ha™ has been reported. But the realized
seed yield of 850 kg ha™' is a result of lack of widely adapted cultivars and susceptibility
to several biotic and abiotic stresses. The crop is highly self-pollinated and basic studies
on the crop are limited. Though the Genetics of the crop is not well understood, efforts to
investigate variability through molecular markers and to develop a genome map have

recently been initiated.

Pod borer, Helicoverpa armigera (Hub.) (Noctuidac: Lepidoptera) is most
important factor limiting chickpea production worldwide. The pod damage due to this
pest is reported to be as high as 85% (Sithanantham er al,, 1984). Development of
improved cultivars with resistance to H. armigera is a cost effective and environmentally
benign technology to reduce yield losses (Dua et al., 2002). Stability of resistance is onc
of the desirable traits of a genotype to be used as a donor parent for incorporating
resistance. Although number of sources of resistance (less susceptibility) to H. armigera

have been reported, stability of resistance across locations and/or seasons is not known.

Chickpea breeding work was initiated at ICRISAT in 1974 and major emphasis

was to attempt crosses among germplasm lines received from diverse regions. Constraints



to productivity and sources of resistance were identified. Increased use of sources of
resistance was made to generate segregating populations and advanced breeding lines.
Although number of improved varieties of chickpea has been evolved, the yield of these
varieiies is not stable over environments due to pests and diseases. Although resistance to
important pest, H. armigera is available in some of the released varieties and cultivars,
the level of resistance varies across seasons and years. The information on genotypes X

environment interaction and stability of pod borer resistance in chickpea is limited.

The breeding approach to H. armigera resistance in chickpea is an integrated one
involving both antixenosis / antibiosis and avoidance. Given that malate mediated
resistance is most likely to be quantitatively inherited and the best prospect for increasing
resistance using antixenosis and antibiosis mechanisms of resistance. Large genetic
variation for the phenological traits has been reported and the breeder can make use of it
to avoid the damage caused by the H. armigera in chickpea. Therefore, the brecding goal
should be to identify, characterize and utilize genetic mechanism that confers durable

resistance to H. armigera (Dua et al., 2002).

Insecticide application for pod borer is uneconomical under substance farming
and is largely beyond the means of rcsource poor farmers. Therefore, host plant
resistance (HPR) assumes a pivot role in controlling H. armigera damage either alone or
in combination with other methods of control. It has been documented that for cach $1

invested in plant resistance farmers have realized a sum of $300 return (Robinson, 1996).

Keeping these in view the present investigation on “Stability, Inheritance and
Mechanisms of Resistance to Helicoverpa armigera (Hub.) in Chickpea (Cicer arietinum

Linn.)” was carried out with the following objectives.

To know the stability of resistance to H. armigera in chickpea genotypes.

2. To find out the gene action for H. armigera resistance in desi and kabuli
chickpea.

3. To study the mechanisms of resistance to H. armigera in chickpea genotypes.






CHAPTER-II
REVIEW OF LITERATURE

Chickpea, Cicer arietinum Linn. is an important pulse crop in India and it
accounts for 47.3% of total pulse production. Pod borer, Helicoverpa armigera (Hub.) is
a key pest and the most important limiting factor in the successful cultivation of chickpea
(Lateef, 1985 and Reed et al., 1987). The monetary loss due to H. armigera damage was
estimated up to 2030 million rupees annually in chickpea (Lal ef al., 1985). Controlling
this pest has proved to be very difficult, particularly in the last decade as insecticide
resistance has increased (Armes et al., 1993).

Surveys conducted by ICRISAT entomologists in India during 1977-82 have
shown pod damage up to 84.4% with an over all of 7% in different states, and under
different farming systems (Bhatnagar, 1980; Bhatnagar and Davies, 1978 and Bhatnagar
et al.,, 1982). Less than 20% of chickpea farmers use insecticide on their crops (Reed ef
al., 1980). The avoidable loss, expressed as a percentage of the yicld of the protected
crop, was calculated to be from 9 to 60% (Sithanantham et al., 1984).

The significance of these losses led to the initiation of an intensive pest
resistance-screening program in 1976 at ICRISAT (Rced and Pawar, 1982 and Latecf,
1985). About 12,000 chickpea accessions were screened for H. armigera resistance at
ICRISAT. ICC 506 showed 6% borer damage compared to 20% in high yielding check,
ICC 4918 under unsprayed conditions (Gowda ef al., 1983).

Several lines were shown to have good levels of resistance/tolerance to H.
armigera and were incorporated in breeding programs to enhance the levels of borer
resistance and high yielding capacity in the progenies. Since 1980, the resistant/tolerant

selections and breeding lines have been assessed for their performance along with the



borer tolerant selections identified by AICPIP-Entomologists in different agroecological
zones in India. ICC 506 and ICCV 7 were consistently found resistant to H. armigera

across agroecological zones (Lateef and Sachan, 1990).

Insecticide application for pod borer is uneconomical under subsistence farming
and is largely beyond the means of resource poor farmers. Therefore, host plant
resistance (HPR) assumes a pivot role in controlling H. armigera damage either alone or
in combination with other methods of control. HPR is an important component of
integrated pest management (IPM) and is well suited to the semi-arid tropics. It has been
documented that for each $1 invested in plant resistance farmers have realized a $300
return (Robinson, 1996).

2.1 STABILITY OF RESISTANCE

Pod borer, H. armigera is one of the important factors limiting chickpca
production worldwide. The pod damage due to this pest can be as high as 85%.
Development of improved cultivars with resistance to H. armigera is a cost effective and
environmentally benign technology to reduce yield losses (Dua et al., 2002). Stability of
resistance is one of the desirable traits of a genotype to be used as a donor parent for
incorporating resistance. Although, number of sources of resistance: (less susceptibility)
to H. armigera have been reported, stability of resistance across locations and/or seasons
is not known. Information on genotype x environment (G x E) interaction for H.
armigera resistance is limited. Therefore, the present studies were planned to collcct the
information about stability of resistance to H. armigera in chickpea in known sources of

resistance available in breeding program and genetic resource collection at ICRISAT.

Several approaches have been made to extract parameters of genotypic stability
from genotype x environmental interactions. Finlay and Wilkinson (1963) utilized a
regression technique proposed by Yates and Cochran (1938) to measure “stability
indexes” of barley varieties. They considered linear regression as a measure of stability

(i.e., a genotype is more stable with a slope is more than one). Eberhart and Russell



(1966) defined a stable genotype is one having a slope equal to one and a deviation from
regression equal to zero. This approach has been extensively used by plant breeders
(Reich and Atkins 1970; Kofoid ef al,, 1978; and Virk es al., 1985). Scientists Brecse
(1969), Samuel et al., (1978), and Pethani and Kapoor (1985) emphasized that the linear
regression should be regarded as a measure of the response of a particular genotype,
whereas the deviation around the regression line should be considered as a measure of

stability, genotypes with the lowest deviations being the most stable and vice versa.

Eberhart and Russell (1966) reported that the deviation from regression, a second
stability parameter, appears very important, as the genotype x environment (lincar) sum
of squares was not a very large portion of the genotype x environment interaction. Eagles
et al., (1977); Fatunla and Frey (1974) and Gonzalcz-Rosquel (1976) have found that
only 5 to 20% of the genotype x environment sum of squares for random lines were
attributable to differential regression values. Witcombe (1988) indicated the invalidity of
mean squares for deviation from regression as a measure of stability in certain
circumstances such as the deviations from regression caused by differences in disease

resistance.

The importance of yicld testing of crop genotypes over a range of environments
has been recognized by plant breeders (Comstock and Moll, 1963). A cultivar must not
only yield well in its area of initial selection, but ideally it also must maintain a high yield

level in many environments within its intended area of production.

Singh ef al., (1988) studied phenological traits in chickpea and analyzed them for
stability following Eberhart and Russell (1966) and indicated the importance of

phenological traits for production stability in chickpea.

Vasudevarao and Nigam (1989) used Eberhant and Russell (1966) analysis of
variance for stability of yield and indicated significant genotype x environmental

interactions in groundnut. The regression of varietal means on environmental indices



indicated that the lines with regression coefficients, non-significantly different from unity

were stable in performance across the locations.

Gupta and Ndoye (1990) studied stability of yield in pearl millet and suggested
that the variety with high deviation from regression as an unstable variety because its

performance over environments cannot be predicted.

Sharma and Lopez (1991) studied stability of resistance in sorghum to Calocoris
angustatis (Heriptera: Miridae) and concluded that the environmental conditions play an

important role in determining the interaction between the insects and the host plant.

Baisakh and Naik (1991) studied phenotypic stability of seed yield and maturity
in chickpea and observed significant differences due to genotype x environment (G x E)
interaction. Linear and nonlinear components in G x E interaction in maturity and non-

linear component in yicld stability were predominant.

Singh and Singh (1995) reported positive and significant correlation between the
mean of the genotypes and responsiveness to different environments for number of pods
per plant, 100-grain weight and single plant yield in chickpea and indicated that the
genotypes with high mean were in general, better responsive to favorable environments.
There was lack of general association between stability of yield and its components,

which calls for cautious selection of genotypes bascd on yield alone.

Singh and Sing (1991), Singﬁ et al. (1994) and Singh et al. (1995) studied

stability of yield and its components in chickpea and selected genotypes with high mean,

unit regression slope and a non-significant deviation from regression as the measure for
selecting promising genotypes for stability of yield. But in case of pod borer resistance,
genotypes with lowest damage, ORS (Overall resistance scorc) and PDS (Pod damage
score), unit regression slope and non-significant deviation from regression were stable

and resistant to H. armigera.




2.2 INHERITANCE OF RESISTANCE

The concept of combining ability was proposed by Sprague and Tatum (1942) and
noted that combining ability can be studied by making all possible éingle Crosses among a
set of inbred lines. It is not possible to study the type of gene action of individual genes in
quantitative traits. Diallel analysis is one of the most important biometrical techniques
available to the plant breeders for evaluating and characterizing genctic variability

existing in a crop species.

The diallel cross has proved to be of considerable value to plant brecders in
making decisions concerning the type of breeding system to use and in selecting breeding
materi?ls that show the greatest promise for success. It has also been used successfully
by quantitative genetists attempting to gain a better understanding of the nature of genc
actions involved in determining quantitative traits, which are of at most importance in
agriculture. Spraque and Tatun (1942) defined "general combining ability" (GCA) as the
average performance of the lines in hybrid combinations and "specific combining ability"

(SCA) as the derivation of certain crosses from the average performance of the lines.

Total genetic potential is partitioned into general and specific combining effects,
while the general combining ability was attributed to additive effect of genes, specific
combining ability was attributed to the dominance derivation and epistatic interaction.
The theory and analysis of diallel crosses was given by Hayman (1954a and 54b),
Griffing (1956), Kempthorne (1957), and Gardner and Eberhart (1966). Diallels have
been used primarily to estimate genetic variances when parents are either random
individuals or linkage equilibrium, and to estimate general and specific combining ability

effects from crosses of fixed lines.

Griffing (1956) while emphasizing the statistical concept of general and specific

combining ability, reported that general combining ability involved both additive and



additive x additive interaction effects. This was also supported by Sokol and Baker
(1977) who reported that the general combining ability includes the effects of additive as
well as epistatic gene action. But the inheritance studies using diallel analysis do not

promote the estimates of different non- allelic gene actions operating in the inheritance.

The genetic interpretation of data from diallel experiments is valid only with
certain assumptions: (i) diploid segregation, (ii) homozygous parents, (iii) gene
frequencies equal to one-half at all segregating loci, (iv) genes independently distributed

between the parents and (v) no non-allelic interaction.

The various methods proposed for the analysis of diallel cross data vary in the
assumption made for interpretation. It has been argued (Gilbert 1958; Kempthorne,
1976; and Mayo, 1980) that the assumptions, which must be satisfied for the partitioning
of genetic components are too stringent and that a genetically uni-formation but relatively

assumption-less analysis such as that of Griffing (1956), is thercfore, to be preferred.

2.2.1 STATISTICAL PROCEDURE FOR GRIFFING (1956) MODEL

In this approach, using a suitable statistical model the component variances due to
general and specific combining ability are estimated. Griffing (1956) has given four
methods of diallel depending on the material involved in the analysis. Among which
method 2 involves parents and Fis only and described the methods of analysis for
combining ability considering Eberhart's model I (fixed effect) and model II (random
effect). In the method 2 and model I two steps are involved in the analysis of data. The
first step consists of analysis of data for testing the null hypothesis that there are no
genotypic differences among the Fs and parents. To test the null hypothesis 'F' test is
used. The degrees of freedom for GCA was P-1 and for SCA P (P-1)/2, where as P
stands for number of parents. Only when the significant differences among these are

established, there is need for second step in analysis, i.e., the combining ability analysis.



In this study, the assumption was nonreciprocal differences do not exist and total number

of entries analyzed with 'n' lines where n (n+1)/2.

2.2.2 GARDNER AND EBERHART (1966) METHOD

It is advantageous over other methods because:

1. The model assumes arbitary gene frequencies at all loci between parents and is
equally applicable to a fixed set of both homozygous varietics as well as those
mating at random,

2. Heterosis effects are further sub-divided to provide additional information about
the varieties involved and

3. The variety effects, as presented by Gardner and Eberhart depend only on additive
and additive x additive gene action regardless of gene frequencies or corrclated

gene distribution.

When parents are homozygous lines and only the diallel cross is considered
Gardner and Eberhart (1966) model is similar to Hayman’s (1954a and b) model, but in
addition the problem of fixed set of parents was also discussed. So, with a fixed set of
homozygous lines as parents, this model is useful in planning the experiments and in
analyzing and interpreting the results. Since the genc frequencies of the varieties are
arbitrary, this model applies equally well to fixed sets of homozygous varieties. Because
Fi seed is usually very limited with self-pollinating crops, the heterosis expected from
single cross hybrids of self-pollinated varieties can probably be better estimated from the

variety and F, means using this model than from actual comparisons of F and parents.

The statistical model for the case where only the varieties and their diallel crosses
are included in the experiment this method was similar to Hayman (1954a) and Griffing

(1956) except that heterosis is not subdivided in Griffing's analysis. Hayman does
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subdivide the heterosis, but he is considering random homozygous lines from same base
population about which he wants to draw the calculations. But Gardner and Eberhart

(1966) had given clear genetic interpretation for the heterosis.

Griffings (1956) analysis (method 2, model I) is designed for the case of fixed set
of parents and their diallel cross lines analysis of variance is the one as Gardner and
Eberhart (1966) except that he does not subdivide heterosis, which he calls specific
combining ability. Plant breeders and geneticists dealing with open pollinated varietics
as well as those dealing with homozygous lines and self fertilizing species have made use
of the model proposed by Gardner and Eberhart (1966) and this has been extended to

include additive x additive epistasis and to permit multiple alleles at all loci,

Singh et al. (1992) analyzed 28 diallel trials in chickpea over eight years and two
locations to estimate genctic variances and draw the conclusions. Days to flowering, plant
height and seed size were found to be predominantly under additive inheritance and were
highly predictable. Both additive and non- additive genetic components werc important
for seed yield, pods per plant and seeds per pod. Although both general combining
ability and specific combining ability varied significantly with generation, components of
GCA mean square were invariably much larger than GCA x generation interaction
components, indicating either F, or the F, generation can be used to estimate the GCA

components effectively.

Breeding for reduced susceptibility to H. armigera in to improved agronomic
background of desi and kabuli chickpea genotypes is carried out in close cooperation
between breeders and entomologists at ICRISAT. New sources of resistance identified
by entomologists and incorporated in breeding program and F,-Fs generation of crosses

were screened against pod borer under un-sprayed field conditions.

ICRISAT (1981) conducted 6 x 6 desi and 4 x 4 kabuli diallels and indicated
additive genetic variance for pod borer resistance. ICRISAT (1982) conducted 6 x 6
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diallel with desi short duration cultivars and 6 x 6 diallel with desi medium long duration
cultivars and reported additive genetic variance for pod borer resistance. ICRISAT
(1983) in 6 x 6 desi and S x S kabuli diallels reported the preponderance of SCA for boret
damage in medium duration desi group conflicts with other data and indicates the non-
additive genetic variation may be important in some sources of resistance. ICRISAT,
(1984) conducted two desi trials and reported that GCA variances were significant for
most of the characteristics suggesting the importance of additive genetic variance. There
was preponderance of SCA variance for days to maturity, borer damage and sced yield
indicating the importance of non-additive genetic variance for these characters in kabuli
chickpea. In desi trials there scemed to be a good agreement between parental means and
GCA effects for almost all the characters, but this was not true for the kabuli trial.
ICRISAT, (1985) reported that for pod borer damage, the SCA component was in higher

magnitude indicating non-additive gene action for borer resistance in chickpea.

Parents ICC 506, ICC 10619 and ICCL 84205 with low borer damage were found
useful in the breeding programs for H. armigera resistance (Singh et al, 1991).
Progenies of plants selected as low borer were less susceptible compared to high borer
damage lines and corrclation between pod borer damage in F, and F; progenies was
positive (ICRISAT, 1981). Pedigree selection for low borer damage under pesticide free
condition was found effective in identifying borer resistant lines. Gowda et al. (1995)
developed ICCV 7 from a cross between H 208 and BEG 482 and registered it is resistant
to gram pod borer. Some of the released varicties like Vishal and Vijay showed higher

resistance to borer damage (Deshmukh et al., 1996a and 1996b).

Dhaliwal and Gill (1973), Gupta and Ramanujam (1974), Gowda and Bahl
(1978), Singh and Mehra (1980), Malhotra et al. (1983), ICRISAT (1981, 82, 83, 84 and

85) demonstrated additive genetic effects (2o GCA?) were greater than non- additive

effects (6 SCA?) for days to flowering and 100-seed mass.
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Lal (1972), Gupta and Ramanujan (1974), Asawa and Tewari (1976), Sikka
(1978), Gowda and Bahl (1978), Singh and Mehra (1980), Singh‘ et al., (1982), Malhotra
et al. (1983) and Singh and Paroda (1989) reportcd the importance of both GCA and SCA
effects for days to maturity, pods per plant, seed per pod and seed yield and discussed the
importance of non-additive genetic effects. But exploitation of non-additive genetic
effects in the form of using F) hybrids in chickpea is not feasible because of the problems

of crossing.

Chaturvedi et al. (1997) summarized research finding on H. armigera resistance
in chickpea and tabulated data on sources and inheritance of resistance bascd on results
from trials during 1936-94 in which he mentioned ICC 506 and ICCV 7 as good - sources

for H. armigera resistance.

Malhotra and Singh (1997) reported both additive and non-additive genetic effects
were important with the preponderance of additive gene action for seed size. Partial
dominance of small over large seed size suggesting that seed size is governed by
recessive gene, Singh and Gupta (1997) reported the importance of both additive as well
as non-additive components of variance for pods perplant, seeds per pod and 100-seed
weight. Shivkumar et al. (2001) reported the predominance of additive component for
flowering and seed weight and non-additive component was predominant for pods per

plant, seeds per plant, seeds per pod and seed yield.

The components of variation of I'; can be estimated by the method of Gardner and
Eberhart (1966). The expected statistics for F» generation are of the same form as those of
Fis except that combining ability variance is halved by onc generation of inbreeding
Haymen, 1954b; Mather and Jinks, 1971 and Gardner and Eberhart 1966).

General combining ability (GCA) and specific combining ability (SCA) varics

significantlv with generation. components of GCA mean squares were invariably much
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larger than GCA x generation interaction components indicating that either the F and F,
generation can be used to estimate the GCA components effectively. Combined diallel
analysis of Fs over locations revealed the importance of combining ability x location

interactions (Singh et al., 1992).

2.3 MECHANISMS OF RESISTANCE

Plant resistance to pests is an economically and ecologically preferred alternative
to other pest management strategies, particularly synthetic pesticides. Host plant
resistance is simple, convenient, cheap and usually works well in combination with other
forms of pest management, although it can have severe implications for the efficacy of
some alternative pest management strategies such as bio-pesticides. In some cases,
serious incompatibility does occur between natural plant resistance and other pest
management approaches, so there is a great need to understand fully the mechanisms
involved in resistance to ensure that antagonistic effects can be avoided (Stevenson ef al.,
2002).

During the course of evolution, plants acquire several defense mechanisms
against insect pests to reduce the damage. The major mechanisms are antixcnosis (non-
preference), antibiosis, tolerance and escape potential (Painter, 1951). To date more
antibiosis, than antixenosis or tolerance has been reported in legume crops (Clement ef
al., 1994).

Many morphological characteristics or non-preference tactics have been used to
breed for resistance to H. armigera to reduce pest abundance and damage. Multiple types
of resistance (tolerance, antixenosis and escape) are rcported in chickpea (Clement et al.,
1992). Several morphological and phenological traits such as shape of the pod, pod wall
thickness, foliar colour and crop duration seems to influence the H. armigera infestation
in chickpea (Ujagir and Khare 1987 and 1988).
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ZyNTlBIOSIS

Chickpea varieties differ in their susceptibility to H. armigera due to d'ifferences
in antibiosis mechanism (Singh and Sharma 1970). Work on antibiosis to H. armigera in
chickpea has been reported by Dubey et al. (1981), Jayaraj (1982), Srivastava and
Srivastava (1989 and 1990), Cowgill and Latecf (1996), Sison et al., (1996); Yoshida et
al. (1995) and Yoshida (1997). The present investigation is a further contribution on

antibiosis to pod borer in chickpea.

The acid exudates (pH 1-3) with high concentration of malic acid secreted from
the glandular hairs on leaves, stems and pods is responsible for H. armigera resistance in
chickpea (Sahasrabudha, 1914). Lateef (1985) suggested the amount of acid cxudates on
leaves as an useful criteria for distinguishing relatively resistant genotypes from
susceptible ones. Rembold (1981) confirmed it and recommended it as a marker to

identify resistance in chickpea.

Chickpea exudates contain malate and oxalates as the main components and there
were characteristic differences in amounts, depending on the variety, diurnal cycles and
growth stage. Varieties with highest amount of malic acid had the highest resistance to H.
armigera (Rembold et al., 1989). Low amount of acidity in thc leaf cxudates of genotype
ICC 14665 was associated with susceptibility to H. armigera (Srivastava and Srivastava
1989; Bhagawat ef al., 1995). However resistance expressed by PDE — 3-3, PDE 7-3 and
PDE 7-3 and ICC 506 was attributed to factors other than the acidity while that of PDE 7-
2 appeared due to high acidity (Patnaik and Senapati, 1995).

Yoshida et al, (1995) reported that genotypes resistant to H. armigera
accumulated more oxalic acid on the leaves than the susceptible genotypes. Oxalic acid
showed significant growth inhibition of H. armigera larvae when included in semi-
artificial diet. The effective accumulation of oxalic acid is considered to be one of the

mechanisms of H. armigera resistance in chickpea.
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Tripati and Sharma (1985) studied different food plants to H. armigera and found
that chickpea was the most preferred food plant. Srivastava and Srivastava (1989)
reported that the low amount of acidity in the extracting genotypes was found to be
associated with susceptibility to H. armigera, and there is a positive corrclation between
the number of eggs laid and number of larvae present on susceptible genotypes 1CC
3137, K 850 and ICC 1043.

Srivastava and Srivastava (1989) studicd the relative preference of H. armigera
larvae reared on different chickpea genotypes and reported that antibiosis also has a role
in H armigera resistance in some genotypes. The high acidity was found to be
associated with the resistance against H. armigera. Srivastava and Srivastava (1990)
reported large genotypic variation in larval survival, larval weight, pupal weight, egg
viability, adult longevity and HOW’s growth index among genotypes. Larval weight
contributed maximum to the variation, followed by larval period, pupal weight and pupal

period.

A high percentage of crude filter, non reducing sugars and low percentage of
starch have been found to be related with low incidence of H. armigera in cultivar GL
645 while a high percentage of ccllulose, hemicelluloses and lignin in the pod wall inhibit
the pod damage. In less susceptible genotypes (Desi 3108, Gl 1002 and LCG 3508) the
chemical components such as malic acid, sugar, crude fiber, ccllulose and lignin in the
plant parts are responsible for their resistance (Chabra ef al, 1990). Patnaik (1996)
reported the adverse effects on growth and development of H. armigera was apparent
from low growth index values in the resistant cultivar, ICC 506. Significant variation in
the content of trypsin inhibitors and the I1. armigera gut protinase inhibitor among
chickpea genotypes provided biochemical basis for adoption of H. armigera to the
. protein inhibitors of Cicer species (Patankar et al., 1999).



Cowgill and Lateef (1996) screened five short-medium duration desi and five
medium- long duration kabuli chickpea genotypes in the laboratory for antibiosis to H.
armigera. Larvae were reared either on chickpea leaves or on pods containing green
seeds. Significant variation among the desi genotypes was found for pupal weight and
larval survival. Pupae resulting from larvae reared on either pods or leaves of ICCV 7
weighed substantially less than those reared on the susceptible controls, ICC 4918 and
ICC 3137. Pupae of larvae reared on leaves of ICC 506 weighed substantially less than
those reared on ICC 3137. There was no variation in the measured parameters for larvae
reared on the kabuli chickpea genotypes. In general, pupae of larvae reared on chickpea

pods were heavier and developed more quickly than those reared on chickpea leaves.

2.3.2 ANTIXENOSIS FOR OVIPOSITION

Oviposition in H. armigera usually starts somc hours after dusk initially
alternating with feeding, later becoming the predominant activity until soon afier
midnight (Pearson and Darling, 1958). Moths are highly sclective in their choice of host
plant in a suitable condition of development (Hardwick, 1965).

On chickpea the eggs are laid mostly on leaves on underside when the plants are
still very small. In contrast to other hosts, oviposition on chickpea declines from the onset

of flowering (King, 1994).

The physiological state of an insect is a product of ﬁumerous interacting
variations like age, feeding status and egg load etc. Egg load is one of several factors that
may affect host selection behavior (Singer 1982; Fitt, 1986; Blaney and Simmonds, 1990
and Courtney and Kobota, 1990). Females with higher egg load may be less
discriminating and more accepting of low ranking host plant (Minkenberg et al., 1992
and Prokopy et al., 1994). Mustapha et al. (1998) reported that female moths were less

discriminating against cowpea (a low ranked host) relative to maize (a high ranked host)



17

when egg load increased. Sison ef al. (1993) conducted studies on the ovipositional
preference of H. armigera among short duration pigeon pea genotypes and reported that
flower colour influences the choice for oviposition. Sison e al. (1996) reported

ntixenosis as one of the mechanisms of resistance to H. armigera in chickpea.

Srivastava and Srivastava (1989) reported oviposition non-preference as the causc
if observed differences in pod damage among eight chickpea genotypes. They found
lirect relation ship between the number of eggs laid and larval abundance. This clearly
hows that ovipositional non-preference was mainly responsible for resistance expressed
yy the host genotypes, rather than larval preference and antibiosis. These results agree
vith results of Lateef (1985).

Cowgill and Lateef (1996) screened seven genotypes in the field for ovipositional
on-preference to H. armigera. Fewer eggs were recorded on ICC 506, than the

wusceptibility controls. These observations were confirmed by the laboratory studies.

3.3 TOLERANCE

Tolerance provides plants the ability to produce satisfactory yield in the presence
f a pest population that would otherwise result in significant damage in the susceptible
lants. Tolerant cultivars do not suppress pest populations, and thus do not exert a
election pressure on the pest population. Effects of tolerance are cumulative as a result
f interacting plant growth responses; such as plant vigour, inter and intra plant growth
ompensation, mechanical strength and organism, and nutrient and growth regulation and
iartitions. Plants with tolerance mechanism of resistance have a great value in pest
nanagement; as such plants prevent the evolution of new insect biotypes capable of
eeding on resistant cultivars. The antixenotic or antibiotic mechanisms of resistance can

ie delayed or minimized by using tolerance as a polygenic resistance (Tingey, 1981).
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Singh et al., (1985) estimated the grain yield loss due to H. armigera using
chemical protection method. The mean reduction in the pest population in the protected
crop over the unprotected one ranged from 61.1 to 81.1%. The avoidable loss in grain
yield by applying single spray of endosulfan was 60 to 87.5%. The economic input level
was estimated at 1.5% pod damage.

Yelshetty et al., (1996) compared the percentage pod damage at maturity of each
trial with that of the control and converted to pest susceptibility rating (PSR) on a scale of
1 to 9) as suggested by Lateef and Reed (1983). The lower PSR values indicated the
lower level of pod borer attack on genotypes and better tolerance to pod borer.






CHAPTER-III
MATERIALS AND METHODS

The laboratory, glasshouse and field studies were conducted at International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, India, during
2000-2002, to evaluate the “Stability, Inheritance and Mechanisms of Resistance to
Helicoverpa armigera (Hub.) in Chickpea (Cicer arietinum Linn)”, The latitude and
longitude are 17°27°N and 78°28’E respectively and altitude is 545 m above mean sea level.
Materials utilized in conducting the experiments and various methods employed during the

course of investigation are given in this chapter.

3.1 STABILITY OF RESISTANCE TO H. armigera IN CHICKPEA

The material for the study of stability of resistance to /. armigera included 28
chickpea germplasm lines and 10 H. armigera resistant lines derived from earlier breeding
program at ICRISAT.

3.1.1 LAYOUT OF THE EXPERIMENT

The 28 H. armigera resistant chickpea lines and 10 breeding lines were sown on 18"

October, 2000. Second planting of breeding lines was done on 9™ November, 2000. The
genotypes were grouped in to 18 (including four new entries ICC 12494, ICC 3137, ICC
4973 and ICC 4962) H. armigera resistant germplasm lines and 24 breeding lines and were
sown on 1% November, 2001 and 22" November, 2001. ICC 12475 and ICC 4918 were used

as resistant and susceptible checks respectively in each of the trails.

Each of the trials was conducted in randomized block design with three replications.
Plot size was four rows of 2 m long i.e.2.4 x 2 m planted at 30 x 10 cm row-to-row and
plant-to-plant spacing (Plates 1,2,3 and 4). Totally 18 germplasm and 24 breeding lines were
screened. Among these 10 lines were tested for 4 seasons, 28 lines for 3 seasons and four for
two seasons. The lines tested for four seasons and three seasons were analyzed separately for

their stability of resistance.




Table 1:. Characteristics of the chickpea genotypes evaluated for stability of resistance
to H. armigera, at ICRISAT, patancheru, 2000-02.

Daysto Daysto Seeds 100 seed

Genotype Pedigree 50% flow. maturity _per pod - Wt. (g)

Germplasm lines

ICC 12475 BEG 78, ICC 506 554 1044 1.21 16.07
ICC 4918 1CC 4918 (Annigeri) 509 1070 1.19 1993
ICC 12476 ICC 6663 HR (NEC-764) 67.1 1147 1.19 1577
ICC 12477 ICC 10460 HR (RPSP-194) 542 1104 117 12.87
ICC 12478 ICC 10667 HR (62-10-3) 581 1149 1.09 1504
ICC 12479 ICC 10619 HR (G 130) 595 1094 1.1 14.79
ICC 12490 ICC 4935 HR (C-235) 700 116.9 140 1147
ICC 3137 P-3659-2 64.3  119.2 110 2525
ICC 12491 1CC 10870 HR (JM-2575) 625 1178 117 18.66
ICC 12492 ICC 5264 HR (GL-645) 636 1228 128 1649
ICC 12493 ICC 5264 HR (GL-645) 709 121.1 128 1657
1CC 12494 P-52-P1-359038 683 119.2 122 18.56
ICC 12495 ICC 7559 HR (P-9626) 724 1214 117 2333
ICC 12496 ICC 2696 HR (P-2774-1) 589 1147 136 19.67
ICC 14876 ICCV 7/H-208 x BEG-482 596 104.8 1.08  14.07
ICC 4962 ICC 4962 695 1142 1.18 1846
ICC 4973 ICC 4973 71.8 1108 1.34 1855
ICC 12480 ICC 1381 HR (P-1234-1) 62.5 110.0 112 17.1
ICC 12481 " ICC 9526 HR (P-52) 623 1153 1.27  14.09
ICC 10817 2-61-1 SLS 1132 1.05  23.59
Breeding lines

ICCC 4 ICC 11525 (H-208 x T-3) 733 1108 1.18  13.94
ICC 12426 ICC 12426 (P 481 x (JG-62 x P-1630) (ICCL 546 1020 1.36  19.23
ICC 12968 ?2%71‘,‘-)8200| (OCCX-752770-13P-2P-BP-BP-BP)  34.1 94.0 110 2395

(K-850 x GW-5/7) x P-458) x L-550 x Guamuchil

Contd.....



Contd....... Table 1
Daysto Daysto Seeds 100 seed

Genotype Pedigree 50% flow. maturity _perpod  Wt. (g)
ICC 12482 (K-850 x Chafa) HR 59.5 103.8 1.16  16.57
ICC 12483 (H-208 x BEG-482) HR 633 1043 107 15.66
ICC 12484 (K-850 x N-59) HR 648 1060 1.06  18.04
1CC 12485 (H-208 x N-59) HR 60.0 107.3 1.07 1537
2C 12486 (GW-5/7 x H-223) HR 706 1123 1.36 1524
CC 12487 (H-208 x N-59) HR 728 1122 130 1457
CC 12488 (H-208 x RS-11) HR 766 1133 137 11.09
ZC 12489 (H-208 x RS-11) HR 73.1 1147 1.37 1166
CCL 86102 ICCX-790197-23PLB-11PLB-BPLB-(ICCC 4) H- 535 99.0 1.18  16.54

208 x T-3 x ICC 506-EB-EB)

CCL 86111 ICCX-800757-6PLB-1PWR-1PLB-EB (BDNG-3 x 65.6 104.5 101 21.06
ICC 6663-EBH)

CCL 87211 ICCX-810844-BP-18P-1P-BP [(ICC 4918 x JG-74) 49.8 103.5 129 2033
xICC 4918] x ICC 4918

CCL 87220 ICCX-800034-BP-BP-13P-1P-BP (ICCL 78004 x 555 102.7 1.05  16.05

BDN-9-3)

CCL 87314 ICCX-800584-32P-1P-3PLB-3PUY-BP (JG-74 x 61.8 103.7 1.07  18.09
ICC 506-EB)

CCL 87315 ICCX-800584-32P-1P-4PLB-1PLB-BP (JG-74 x 61.1  103.5 1.06  17.73
ICC 506-EB)

CCL 87316 ICCX-800584-32P-1P-3PLB-SPLB-BP  (JG-74 x 658 105.5 1.06  18.60
ICC 506-EB)

cCL 87317 ICCX-800584-1P-2P-1PUY-BPLB (JG-74 x ICC 640 107.7 115 1694
506-EB)

CCV 93122 ICCX-8500123-BP-7P-3P-BP-B (ICC 4918 x ICC 60.8 107.0 L1 1928

S06EB) x ICC 4918 x ICC 12237

CCV 95992 ICCX-860031-BP-BP-47P-BP  (ICCX-850044 x 54.5 103.5 1.09  20.83
ICCX-860027) (Avarodhi x ILC-151) x (ICCC-42 x
ICC 1069)

cCV 96752 1CCX-890109-BP-19PLB-2P-BP [ICC 506-9EB x 62.0 108.0 113 16.10
(H-208 x RS-11)] x [H-208 x BEG-482) x ICCL
86111

CC 15996 - 62.6 105.8 144 1730



Platel: Evaluation of stability of resistance to H. armigera (Hub.) in chickpea
germplam lines, (2001-02 first planting), ICRISAT, Patancheru.

Plate 2 : Evaluation of stability of resistance to H. armigera (Hub.) in chickpea
germplam lines, (2001-02 second planting), I[CRISAT, Patancheru.




Plate 3 : Evaluation of stability of resistance to H. armigera (Hub.) in chickpea
breeding lines, (2001-02 first planting), ICRISAT, Patancheru.

Plate 4 : Evaluation of stability of resistance to H. armigera (Hub.) in chickpea
breeding lines, (2001-02, second planting), ICRISAT, Patancheru.
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3.1.2 COLLECTION OF DATA ON DIFFERENT CHARACTERS

3.1.2.1 Plant count two weeks after emergence

The total plants present in 1.5 m in two middle rows were counted leaving 0.25 m
both the ends.
3.1.2.2 Tagging of the plants

Ten random plants (five in each row) in middle two rows were tagged for
observations.
3.1.2.3 Egg and larval counts

Number of eggs and larvae were counted during vegetative, flowering and pod
formation stage of the crop on 10 tagged plants.
3.1.2.4 Days to initiation of flowering/poding

Days to initiation of flowering and days to initiation of poding were recorded for 10-
tagged plants.
3.1.2.5 Days to 50 % flowerin

Number of days from planting to 50% of the plants producing their first flowers in
the plot was recorded as days to 50% flowering.
3.1.2.6 Days to maturity

Number of days from planting to 75 % maturity of the plot was recorded as days to
maturity.

3.1.2.7 Insect damage scores

a) Overall resistance score (ORS)

Overall resistance score (to H. armigera) damage during the flowcring stage of
genotypes was recorded. The plants were visually rated for leaf feeding on 1 to 9 damage
scale: 1 =< 10%, 2 =11 to 20%, 3 = 21 to 30%, 4 = 31 to 40%, 5 = 41 to 50%, 6 = 51 to
60%, 7 =61 to 70%, 8 = 71 to 80% and 9 = > 80% lcaf arca damaged.

b) Pod damage score (PDS)

Pod damage scores were recorded on 1 to 9 scale before harvesting when the crop
reached the maturity stage. 1 = No pods damaged, 2 = <01%, 3 = 01 to 05%, 4= 05 to
10%, 5 =10 to 15%, 6 = 15 to 20%, 7 = 20 to 25% 8 =25 to 40%, 9= >40% pods damaged.
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3.1.2.8 Plant stand at harvest

The total number of plants present in 1.5 m in middle two rows were counted at the
time of harvest.
3.1.2.9 Pod borer damage (%)

H. armigera damage to chickpea during poding stage was quantified by expressing
the number of pods bored as a percentage of the total pods.
3.1.2.10 Pods per plant.

Total number of pods in a plant were counted.
3.1.2.11 Seeds per plant

Total number of seeds in a plant were counted.

3.1.2,12 Seeds per pod = Number of seeds per plant
Number ot" ;;ods pc; plam
3.1.2.13 Yield per plant

"Ten tagged plants were harvested individually and average yield was taken as yield
per plant in each plot.
3.1.2.14 Yield per plot

Seed yield in a plot after threshing was weighed, to this yield of the ten sampled
plants of same plot was added to get the net yicld per plot. Yield kg ha'! was calculated
based on net plot yield.
3.1.2.15 100 seed weight

100 seeds weight was calculated based on seed number and seed weight.

3.1.2 STATISTICAL ANALYSIS

All the parameters were analyzed using one-way ANOVA in randomized block
design. For the 10 breeding lines stability analysis was done for four seasons and for the 28

germplasm lines for three seasons using Eberhart and Russell (1966) method and stability

statistics were analyzed.




26

32 INHERITANCE OF RESISTANCE TO H.armegera IN
CHICKPEA '

Four diallel trials (45 Fis + 10 parents of 10 x 10 desi types and 28 Fs + 8 parents of
8 x 8 kabuli types) and (45 F s + 10 parents of 10 x 10 desi types and 28 F, s + 8 parents of
8 x 8 kabuli types) were conducted in insecticide-free conditions in the post rainy season
2001-02 at ICRISAT, Patancheru, in a randomized block design with three replications
(Plates 5,6,7 and 8).

The crosses were made among the parents (less susceptible and highly susceptible
lines) during 2000-01 season in field and in glasshouse. Healthy buds, that were going to
open on the same day were hand emasculated in the morning (0830 to 1000 hrs) and evening
(1500 to 1630 hrs). Buds emasculated in morning were pollinated in the evening, and buds
emasculated in evening were pollinated next day morning. Different coloured threads were
used to differentiate the crosses (Plate 9). After maturity, the pods resulting from crossing
were harvested and seed was collected and used as Fy seed. The seed harvested from F was

used as Fs.

For F; s the plot size was one row of 2 m long and 30 cm apart (Plates 5 and 7) .
Days to 50% flowering, days to maturity and yield were recorded for plots. Seed yield per
plant, number of pods per plant, number of seeds per plant, 100 seed weight, seeds per pod

and pods damaged by H. armigera, were recorded on five random plants per plot.

For Fs the plot size was 4 rows of 2 m long and 30 ¢m apart (Plates 6 and 8). Days
to 50% flowering, days to maturity and yield were recorded for plots. Seed yield per plant,
total number of pods per plant, total number of seeds per plant, 100 seed weight, seeds per '
pod and pods damaged by H. armigera were recorded on 30 random plants per plot.

Plot means were used for combining ability analysis, according to Griffings (1956)

method 2, model I and Gardner and Eberahart (1966).



Plate 5 : Desi chickpea 10 x 10 diallel (45 Fis + 10 parents) for H.armigera (Hub.)
resistance, ICRISAT, Patancheru, 2001-02.

Plate 6 : Kabuli chickpea 8 x 8 diallel (28 F;s + 8 parents) for H. armigera (Hub.)
resistance, ICRISAT, Patancheru, 2001-02.




Plate 7 : Desi chickpea 10 x 10 diallel (45 F, s + 10 parents) for H, armigera (Hub.)
resistance, ICRISAT, Patancheru. 2001-02.
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Plate 8 : Kabuli chickpea 8 x 8 diallel (28 F,s+ 8 parents) for H. armigera (Hub.)
resistance, ICRISAT, Patancheru, 2001-02.




29

Plate 9 : Crosses among the chickpea parents, ICRISAT, Patancheru, 2000-01.
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33 MECHANISMS OF RESISTANCE TO H. armigera IN
CHICKPEA

3.3.1 INSECT CULTURE

Larvae and adults of H. armigera used in feeding tests and oviposition experiments
in the laboratory were obtained from a laboratory culture maintaincd at ICRISAT,
Patancheru, India. The culture was established from, and regularly supplemented with field-
collected larvae. Larvae were reared on a chickpea based diet (Armes et al., 1993) at 27°C.
Adults were kept at 25°C in a cage and mappyliners were provided as a subslr;ne for
oviposition. The moths have provided 10% honey solution on absorbent cotton for

oviposition.
3.3.2 ANTIBIOSIS
3.3.2.1 Survival and development of H. armigera on chickpea Leaves

Neonate H. armigera were fed on chickpea leaves of 18 test genotypes (ICC 12475,
ICC 12476, ICC 12477, ICC 12478, ICC 12479, ICC 12490, ICC 14876, ICC 4918, ICC
12426, ICC 3137, ICC 12491, ICC 12492, ICC 12493, ICC 12494, ICC 12495, ICC 12968,
ICC 4973 and ICC 4962) grown in the ficld during the 2000-01 and 2001-02 postrainy
seasons at ICRISAT, Patancheru, India. Larvac were held individually in plastic jars (11 cm
diameter and 13 cm height) at 25°C and fed on fresh leaves. Larval weights were recorded
10" and 20 day of release. Data were also recorded on larval duration, number of larvae
pupated, pupal weight, pupal period, adult cmergence and fecundity. The food was changed
everyday. The experiment was conducted in a completely randomized design with 18

genotypes as treatments. There were five replications and each replication had 10 larvae.
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3.3.2.2 Survival and development of H. armigera on Pods

Neonate larvae were fed with tender chickpca leaves and flowers for seven days and
later on with tender pods of 18 test genotypes as described above. There were five
replications in CRD and each replication had 10 larvae under observation. Observations

were recorded as described above.
3.3.2.3 Artificial diet for H armigera

To raise the H armigera culture in the laboratory; 75 g of chickpea flour, 12 g yeast,
1.175 g L-ascorbic acid, 1.25 g methyl ~4-hydroxylbenzoate, 0.75 g sorbic acid and 2.875 g
aureomycin were weighed in a elcctronic balance and were taken in a hand held mixer, 1 ml
of formaldehyde, 2.5 ml of vitamin stock solution and 112.5 ml of water were added to it
and mixed thoroughly. Meanwhile, 4.375 g of agar-agar was boiled with 200 ml of water
and added to the diet and mixed thoroughly to get even consistency. The diet was then

poured into small plastic cups and allowed to cool in a laminar flow cabinet.
3.3.2.4 Impregnation of H. armigera artificial diet with lyophilized leaves and pods

To study the antibiosis component of resistance, freeze dried powder of lcaves and
pods of chickpea was impregnated in the artificial diet of H. armigera. Chickpea branches
with tender, green leaves and tender green pods with developing seeds were collected from
pesticide-free plots. The leaves and pods were frozen at —20°C and lyophilized. The dried
leaves and pods were powdered in a blender to get fine powder (<80 um) (Plate 10).

To know the amount of lyophilized leaf or pod powder to be used in antibiosis
studies, involving artificial diet different concentrations of resistant (ICC 12475) and
susceptible (ICC 4918) checks were incorporated into the artificial diet (10, 15, 20, 25 and
30 g of lyophilized powder + 65, 60, 55, 50 and 45 g of chickpea flour, respectively). Thirty

neonate larvae were reared individually at 27°C under photoperiod of 12:12 (L:D)h.



Plate 10 : Growth and development of H. armigera (Hub.) in artificial diet
impregnated with lyophilized chickpea leaves, ICRISAT, Patancheru,
2000-02.

Plate 11 : Glandular hairs secreting acids (oxalic and malic acid) in chickpea.
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Maximum differences between the susceptible and resistant genotypes in larval survival and
larval weight was observed whenj() Mgwof lyophilized leaf or pod powder was incorporated
into the artificial diet along with 55 g ,°f chickpea flour. This concentration was used to test

18 genotypes to assess the level of antibiosis towards survival and development of H.

armigera.

Data was recorded on larval weight, larval duration, number of larvae pupated, pupal
weight, pupal period and adult emergence. Data on percent pupation and percent adult
emergence were converted to respective angular values, and subjccted to analysis of

variance.

3.3.3 RELATIVE SUSCEPTIBILITY OF CHICKPEA GENOTYPES TO
H. armigera UNDER NO-CHOICE CAGED CONDITIONS

Chickpea plants were grown in the greenhouse in plastic pots (30 cm diameter, 30
cm deep). The pots were filled with red soil, black soil and farmyard manure (2 : 1 : 1). In
each pot, 15 seeds were sown at 7 cm depth. The plants were watered as and when needed.
Ten seedlings with similar growth were retained in each pot 10 days after seedling
emergence. The greenhouse was cooled by desert coolers to maintain the temperature at 28

* 5°C, and relative humidity of 76 £ 5 %.

Eighteen genotypes (ICC 12475 (resistant check), ICC 12476, ICC 12477, I1CC
12478, ICC 12479, ICC 12490, ICC 14876, ICC 4918 (susceptible check), ICC 12426, ICC
3137, ICC12491, ICC 12492, ICC 12493, ICC 12494, ICC 12495, ICC 12968, ICC 4973
and ICC 4962) were screened in this experiment. There were three replications in

randomized complete block design.

Five plants in each pot were infested 15 days after seedling emergence. Plants were
covered with a plastic jar cage (11 cm diameter, and 26 cm height) with two wirc mesh
screened windows (4 cm diameter) on the sides. The top of the plastic jar cage was covered
with the lid fitted with the wire mesh scrcen. Twenty neonate larvae were counted in the

laboratory, placed in 25 ml plastic cups, and taken to the greenhouse for infestation. The
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Plate 12 : Relative susceptibility of 18 chickpea genotypes to H armigera under
no-choice caged conditions in glasshouse, ICRISAT, Patancheru, 2001-02.

Plate 13 : Susceptibility of chickpea genotypes to H armigera under no-choice caged
conditions in glasshouse, ICRISAT, Patancheru, 2001-02.
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larvae were released inside the cage on the plants, and the lower end (up to 2 cm) of the cage
was pushed into the soil. Five plants outside the cage in the same pot served as a un-infested
control (Plate 13). The cages were removed after the completion of the experiment, and
observations were recorded (Plate 14). The experiment was again'repeated during flowering

stage (40 days after sowing) of the plants to test their susceptibility.

The first infestation was done 15 days after sowing as mentioned above and the
second infestation was done during the flowering stage (40 days aftcr sowing) on the

infested plants.

Observations were recorded six days after infestation. The plants were visually rated
for leaf feeding on a 1 to 9 damage scale. (1 =< 10%, 2 = 11 to 20%, 3 = 21 to 30 %, 4 = 31
t0 40%, 5 = 41 to 50%, 6 = 51 to 60%, 7 = 61 to 70%, 8 = 71 to 80% and 9 = > 80% lcaf
area damaged). The plants grown till maturity and data on number of plants survived, and

seed yield (g) on infested and un-infested plants was recorded.

3.3.4 RELATIVE PREFERENCE OF H. armigera LARVAE TOWARDS WASHED
AND UNWASHED CHICKPEA LEAVES

The chickpea genotypes were grown in the glasshouse as mentioned above to test the
feeding preferance by the H. armigera larvae. Plastic cups of 9.5 cm diameter were used in
this experiment had a filter paper and moistened with water attached to the lid to keep the
chickpea leaves in a tugid condition. Agar-agar (3.5 %) was boiled and poured into cups to a
depth of 2.5 cm and allowed to gelate. The solidified agar-agar was used as the substratum
for inserting the chickpea branches (5 cm long with 2 fully expanded leaves). A washed
(with tap water for 1 minute) and unwashed branch of cach genotype was inserted into the
agar-agar medium at the opposite ends. Carc was taken to see that the branches did not touch

the inner walls of the cup. Ten neonate H. armigera larvae were released on the agar-agar at

the center of each cup (Plate 11).

The experiment was conducted in a completely randomized design with 10

replications and 18 genotypes as treatments. Observations pertinent to leaf feeding score on



Plate 14 : Relative preference of H. armigera neonate larvae towards washed and
unwashed chickpea leaves inserted in agar-agar, ICRISAT, Patancher,
2001-02.
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0 to 9 scale (0 = no damage, 1 = < 10% leaf area damaged and 9 = > 80% leaf area
damaged), number of larvae survived and number of larvae present on cach twig were

recorded three days after initiating the experiment,

The same experiment was repeated separatcly with washed and unwashed leaves
(no-choice conditions) with ten replicaticns. Data were recorded on the number of larvae

survived, and the weight gained by the larvae three days after release.

3.3.4.1 Statistical Analysis

Data was subjected to factorial analysis to know the significance differences between
washed and unwashed leaves, and the genotypes tested. Students *t” test was used to know
the significance of the differences between the treatments (washed and unwashed) for each

genotype.

3.3.5 ANTIXENOSIS FOR OVIPOSITION

' The oviposition preference of H. armigera moths towards different genotypes of
chickpea was studied under no choice, dual-choice and multi-choice conditions in the

laboratory at 25+2°C temperature and 65 to 90% RH.

For oviposition tests, fresh flowering branches (20 cm) brought from the field, were
placed in a conical flask (150 ml) filled with water and plugged with cotton wool. Three
branches from a genotype (one straight and the other two in opposite directions) were placed

in each conical flask.

For no-choice tests, a conical flask with chickpea branches of a genotype was placed
at the center of cage. For dual choice tests, two flasks one with branch of a test genotype and
the other with branches from a susceptible check (ICC 4918) were placed in a wooden cage
30 x 30 x 30 cm. Three sides of the cage were fitted with a glass, while the one covered with

muslin cloth for aeration and facilitate release of moths inside the cage. A cup containing



}ate 15 : Relative oviposition preference of H. armigera moths towards
18 chickpea genotypes under laboratory conditions, ICRISAT,
Patancheru, 2001-02
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cotton wool soaked with sucrose solution (10%) was placed in the center of each cage as a

feed for adults. The chickpea plant branches offered anoviposition site were replaced every

alternate day.

Five pairs of moths were released inside each cage. The eggs laid on chickpea
branches were counted, removed gently with the help of camel hairbrush, and placed in a

petri dish. The oviposition studies were conducted till the females continued to lay cggs.

Nonpreference for ovirposition under multi-choice conditions was studied by
keeping all the 18 test genotypes (ICC 12475 (resistant check), ICC 12476, ICC 12477, 1CC
12478, ICC 12479, ICC 12490, ICC 14876, ICC 4918 (susceptible check), ICC 12426, ICC
3137, ICC 12491, ICC 12492, ICC 12493, ICC 12494, ICC 12495, ICC 12968, ICC 4973
and ICC 4962) inside a wooden cage (80 x 70 x 60 cm). Conical flasks containing chickpea
branches were arranged inside the wooden cage in completely randomized block design.
Thirty pairs of adults were released inside the cage. Moths were provided with sucrose
solution in a cotton swab. Throughout the experiment, the moths were allowed to oviposit
on the test genotypes for three consecutive nights. To avoid predation by the ants, tangle
foot ® glue was applied to all the four legs of the wooden table. Experiment was replicated

three times (Plare 15).

Relative ovipositional preference =

No of eggs laid on standard variety x No. of eggs laid on test variety

x 100

No of eggs laid on test variety + No. of eggs laid on standard variety

Number of eggs laid were transformed to square root values (V0.5 + x), and the data were
subjected to- ANOVA under no-choice and multi-choice conditions.Two tailed student “t”
test was performed on the mean number of cggs laid on the test genotypes to test the null

hypothesis under dual-choice conditions.



3.3.6 TOLERANCE

To study the tolerance component of resistance in chickpea to pod borer, H.
armigera, field experiment was conducted at ICRISAT, Patancheru, 2001-02. The loss in
yield of 18 chickpea genotypes (ICC 12475, ICC 12476, ICC 12477, ICC 12478, ICC
12479, ICC 12490, ICC 14876, ICC 4918, ICC 12426, ICC 3137,iCC12491, ICC 12492,
ICC 12493, ICC 12494, ICC 12495, ICC 12968, ICC 4973 and ICC 4962) was studied by
comparing the grain yield under protected and unprotected crops. The two treatments with
respect to larval population and various components of yield were compared by using split
plot analysis (P = 0.05). Trial was conducted with three replications, plot size was four rows
of 2 m long (2.4 x 2 m) planted at 30 x 10 cm row-to-row and plant-to-plant spacing (Plate
1)

The egg and larval counts were taken during vegetative stage and continued at
weekly intervals until harvest of the crop. Data were recorded for pod damage (%), yield per
plant, 100 seed weight, and seeds per pod on ten tagged plants in the middle two rows. Seed
yield per plot was recorded after harvest. Avoidable loss due to H. armigera damage was

calculated (Taneja and Nawanze, 1989),

To provide protection from H. armigera damage insecticide application was under
taken as and when needed. Egg and larval counts were recorded on 10-tagged plants in the
middle two rows 1 day before, and 1 and 3 days after spraying in the protected plots, the

following spray schedule was under taken.



Protected crop Unprotected crop

Plate 16 H. armigera (Hub,) damage under protected and unprotected conditions
in chickpea, ICRISAT, Patancheru, 2001-02.




Table 2 Spray schedule in protected plots for H. armigera
tolerance studies, ICRISAT, Patancheru, 2001-02,

Date of Sowing of the crop: 1/11/2001,

Dateofspray  Chemical Quantityof ~ Water used
chemica/plot Iplot
20112001 Acephate:Sandovit 100 mg:100ml 401
05122001 Acephate: Sandovit 100 mg:100ml 401
20122002 Acephate: Sandovit 100 mg:100ml 401

31N122000  Acephate 150 mg 601
16/01/2002  Acephate 150 mg 601
06/02/2002  Acephate 150 mg 601

Sandovit was used as adjuvant to facilitate niform application.

Acephate 75 SP was applied @ 0.5 kg (0.37 kg a.i) in 200 1/ ha during vegetative stage.
Acephate 75 SP was applied (@ 0.75 kg (0.55 kg a.i) in 300 | / ha during flowering and
poding stage.
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CHAPTER-1V
RESULTS

The laboratory, glasshouse and field studies were conducted at Intcrnational Crdps
Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, India, during 2000-
2002, to evaluate the “Stability, Inheritance and Mechanisms of Resistance to
Helicoverpa armigera (Hub.) in Chickpea (Cicer arietinum Linn)”. The data collected

and results obtained during the study are presented in this chapter.

4.1 STABILITY OF RESISTANCE TO H. armigera IN CHICKPEA

4.1.2 ANALYSIS OF VARIANCE

Stability of resistance to H. armigera (Hub.) in chickpea (28 germplasm lines and 10
breeding lines) was evaluated under field conditions at ICRISAT, Patancheru during 2000-

02. The results on stability of resistance and yield are presented.

The mean values of genotypes for different characters namely days to 50%
flowering, days to maturity, seed per pod, pods per plant, 100-seed weight, yield per plant,
yield kg ha™', number of eggs and larvae present during vegetative, flowering and poding
stage, pod borer damage percentage, overall resistance score (ORS) and pod damage scorc
(PDS), the analysis of variance values 'F' probability, mean, standard error of deviation
(SED), least significant difference (LSD) and coefficient of variation (CV%) were given
(Tables 3.1,3.2,4.1,4.2,4.3,4.4,5.1,5.2,5.3,5.4,6.1,6.2, 6.3 and 6.4).

During 2000 season the germplasm lines were significantly different for all the
characters under study, except for number of larvae and yield per plant. Among the
breeding lines, there was no significant difference among the genotype for days to 50%

flowering, days to maturity, sced per pod, total number of eggs and larvae, damage
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percentage and yield kg ha'. Genotypes were significantly different with respect to ORS in
both the plantings, while with respcci to PDS were significant only during second planting.

Seed yield per plant was significantly different in both the plantings.

During 2001 season among the germplasm lines the genotypes were significantly
different for all the characters studied except ORS in the first planting. During second
planting the genotypes were significantly different at 0.1% probability for all the characters
studied and yield plant” and yield kg ha" were significant at 5% and 10% probability
respectively. Among the breeding lines, the genotypes were significantly different for all
the characters except yield plant™ during first planting and total number of cggs and larvae

during second planting.
4.1.3 DAYS TO 50 % FLOWERING AND DAYS TO MATURITY

The number of days to 50% flowering was less in second planting compared to first
planting because of increased temperatures during late sowings i.e. in the months of

December and January.

Early maturing chickpea genotypes : ICC 12968, ICC 4918, ICC 4958, ICC 10817, ICCL
86102 and ICC 12426.

Medium duration : ICC 12475, ICC 12477, ICC 12478, ICC 12479, ICC 14876 ICC
12480, ICC 12481, ICC 12482, ICC 12483, ICC 12484, ICC 12485, ICC 12491, ICC 12496,
ICC 15996, ICCL 86111, ICCL 87211, ICCL 87220, ICCL ICCV 93122 87314, ICCL
87315, ICCL 87316, ICCL 87317, ICCV 95992 and ICCV 96752.

Medium-long duration : CCC 4, ICC 12476, ICC 3137, ICC 4962, ICC 4973, ICC 12486,
ICC 12487, ICC 12488, ICC 12489, ICC 12490, ICC 12492, ICC 12493, ICC 12494 and
ICC 12495.



Table 3.1: Mean performance (morphological and yield traits) of selected H. armigera resistant
chickpea germplasm lines 2000-01 rabi (first planting), ICRISAT, Patancheru.

Daysto Daysto Seeds Yield  100-seed Pods Yicld

Genotype 50% flow. maturity  Pod'  plant’(g) Wt(g)  plant’ ke ha
ICCC4 73 17 1.2 14.2 14.81 103.4 2171

ICC 4958 55 110 0.9 112 34.47 45.5 2002

ICC 10817 48 111 1.0 12.1 25.78 64.5 2174

ICC 12426 58 113 1.3 16.0 20.52 76.4 2382

ICC 12476 71 117 12 12.3 17.96 86.1 1700

ICC 12477 56 113 1.2 15.9 14.16 133.8 2111

ICC 12478 57 116 1.0 14.4 16.18 98.4 2133

ICC 12479 63 114 1.1 13.9 1597 100.1 2123

1CC 12480 66 112 1.1 13.1 18.93 813 2595

1CC 12481 63 119 1.3 14.0 14.19 98.3 1795

1CC 12482 61 112 1.1 13.8 17.9 86.0 2229

ICC 12483 66 113 1.0 12.2 16.97 95.4 2054

ICC 12484 67 116 1.0 15.8 19.76 101.9 2194
ICC 12485 60 117 1.0 13.8 16.67 102.5 1943

ICC 12486 65 121 1.3 13.3 15.96 82.1 2044
ICC 12487 71 119 1.3 13.8 15.43 88.1 2217
ICC 12488 75 120 1.4 15.1 11.21 108.7 1732
ICC 12489 70 124 1.3 12.3 12.62 86.8 1999
ICC 12490 74 121 1.4 12,7 11.32 87.2 1652
ICC 12491 62 119 1.1 1.7 20.09 67.9 1529
1CC12492 58 125 1.3 12.1 16.26 65.7 1548

1CC 12493 75 124 1.3 11.9 14.10 75.6 1597

ICC 12495 78 125 1.1 12.7 24,22 58.6 1484

ICC 12496 58 115 1.4 12.6 20.98 65.0 1626

ICC 12968 34 108 1.1 12.3 26.87 529 1803

ICC 14876 64 113 1.1 13.9 14,78 102.7 2089

1CC 15996 63 114 1.4 15.1 18.16 74.9 2534

Controls

ICCL 86111

(MR) 70 113 1.0 14.3 23.56 80.6 2625

ICC 4918 (S) 52 114 1.2 17.3 22.52 88.7 2255

ICC 12475 (R) 63 115 1.3 16.1 17.54 91.8 2385

Mean 63 116 1.2 13.7 18.33 85.0 2024

F (Prob.at 5%) <,001 <,001 <001 0.201 <001 <,001 <001

SED 4.6 2.5 0.10 1.95 1.95 12.4 230.4
LSD 9.2 49 0.20 3.90 3.90 24.8 461.3

CV% 8.8 2.6 8.1 17.5 13.5 179 13.9

MR - Moderately resistant; R-Resistant check, S-Susceptible check



Table 3.2 : Mean performance (Helicoverpa pod damage scores) of selected H. armigera resistant chickpea
germplasm lines 2000-01 rabi (first planting), ICRISAT, Patancheru.

. . Damage score
Eggs plant”'(y x +0.5) Larvae plant'(y X +0.5) | (09 scale) | Pod damage (%)

Veg. Flow. Pod. Total | Veg. Flow. Pod. Total Angular
Genotype stage stage stage egps | stage stape stage larvac| ORS PDS |Actual transformed
ICCC4 071 071 071 212 ] 126 184 197 507 | 27 57 |26.08 30.67
ICC 4958 127 071 071 269 | 1.03 183 232 S8} 55 42 {3162 33.64

ICC 10817 071 071 071 212 | 125 155 190 471 | 48 25 |21.56 2746
1CC 12426 1.14 071 071 255 | 121 161 256 538 | 50 43 [23.06 28.69
1CC 12476 073 07! 071 214 [ 120 177 192 48923 45 {1518 2199
ICC 12477 071 071 071 212 | 127 166 188 481 | 42 30 |2325 2842
ICC 12478 071 071 071 212 | 1.00 182 232 51522 47 {1066 1856
ICC 12479 075 071 071 217 ) LII 168 207 486 |22 3.8 {1543 23.08
ICC 12480 073 071 071 214 [ 135 18 238 555|120 33 (2099 27.23
ICC 12481 073 071 071 2.14 131 170 186 4.86 | 3.2 5.0 [2448 29.46
ICC 12482 071 071 071 212 ( 135 172 226 53223 4.0 |2234 2805
ICC 12483 080 071 071 222 | 133 176 2.02 510 | 33 27 2078 27.10
ICC 12484 071 071 071 212 | 122 157 194 473 | 33 33 (2468 29.62
ICC 12485 073 071 071 214 | 1.00 1.61 217 478 | 38 47 (2219 2792
ICC 12486 071 071 071 212 | 125 179 210 51432 50 |1616 2328
ICC 12487 075 071 071 217 | L16 190 214 520 25 43 |1618 2337
ICC 12488 073 071 071 215 ] 1.02 164 221 488 | 58 47 [980 1741
ICC 12489 071 071 071 212 { 118 178 185 481 | 47 4.7 (1697 2422
ICC 12490 075 071 071 2.17 131 177 1.89 497 | 28 4.7 |13.96 20.76
ICC 12491 094 071 071 235 | 127 161 232 520 | 58 43 [2155 26.85
1CC 12492 087 071 071 228 | 120 1.8 2.02 508 (48 57 [12.78 2047
ICC 12493 086 071 071 227 ( 122 194 193 509! 48 57 {1325 2120
1CC 12495 099 071 071 240 1.34 204 226 564 | 67 63 [10.89 18.64
1CC 12496 082 071 071 224 | 131 172 191 494 | 55 52 |2459 29.68
1CC 12968 076 071 071 217 | 120 165 239 523 | 52 3.5 2101 2728
ICC 14876 071 071 071 212 | LIS L7t 220 5061 3.0 3.0 ({1619 23.65
ICC 15996 073 071 071 215 | LI0 149 203 462 | 33 57 {2211 2798
Controls

ICCL 86111
(MR) 071 071 071 202 | 124 186 219 529123 43 |17.06 24,05
ICC4918(S) 1.1 071 071 257 | 1.20 150 235 504 | 50 43 {2714 3140
ICCI2475(R) 071 071 071 212 | 089 147 198 434 |20 32 1435 2219

Mean 0.80 071 071 221 | 120 172 211 503 |38 43 [1921 2548
F(Probat5%) <001 NS NS <001 | 008 073 062 047 [<00] <001{<001 <00
SED 0.090 0.092 | 0.132 0.216 0291 0391082 104 [472]1 3491
LSD 0.180 0.184 | 0270 0432 0582 0772 1.64 1.98 |9.463  6.982
CV% 13.7 50 | 136 154 169 94 (262 2741301l 16.8

MR - Moderately Resistant; R-Resistant check; S-Susceptible check; NS - Not significant; ORS - Overall
resistance score; PDS - Pod damage score.



Table 4.1: Mean performance (morphological and yield traits) of selected H. armigera resistant

chickpea breeding lines 2000-01 rabi (first planting), Patancheru.

Daysto50% Daysto  Seed  Yield  100-seed  Pods  Yield
Genotype flow. matrity pod’  plant’e) We.(9) plant’ kg ha'
ICCL 86102 56 13 13 18.36 199 96.4 2565
ICCL 87211 54 114 12 2041 4. 1016 2340
ICCL 87220 59 114 10 1717 147 %3 2132
ICCL 87314 60 11 1.0 19.73 178 1074 2232
ICCL 87315 58 112 10 18.7 16.1 99.5 2108
ICCL 87316 64 14 1.0 192 179 99.6 2361
ICCL 87317 59. 114 1.1 18.82 15.7 84.9 278
ICCV 93122 6l 116 1l 2027 143 884 1975
ICCV 95992 58 14 1l 2225 204 9.8 2766
ICCV 96752 65 17 1l 1730 175 1000 2425
Controls
ICC4918(S) 53 13 12 1781 139 793 2180
ICC 12475 (R) 53 115 1l 1633 2.5 .o 22607
Mean 584 1142 LIl 18.86 17.71 1029 2303
F (Prob.at %) 0.15 023 005 <001 0.09 0.67 0.22
SED 48 19 009 0.98 3.08 14.55 250
LSD 99 39 020 2.4 6.40 30.18 519
CV% 10.0 20 104 6.4 213 184 13.0

R-Resistant check, S-Susceptible check



Table 4.2: Mean performance (Helicoverpa pod damage scores) of selected H, armigera resistant chickpea breeding lines
2000-01 rabi (frst planting), ICRISAT, Patancheru.

. Pod damage
Eggsplan’ (X +0.5) | Lanaeplnt'({ X+ 05)  |score(09)scale|  Pod damage (%)
Veg.  Flow. Pod. Total | Veg Flow. Pod Totl Angular
Genotpe  * stage  slage lage egos | shge stage stage larvae | ORS  PDS | Actual transfomed
[CCLEI02 071 070 070 206 | LI0 163 137 44730 35 | 1087 1900
[CCL&mI 088 070 071 216 [ LI0 165 1M 48|53 35| 9 102
[CCL&T0 024 07 07 220 107 L7 160 41033 35| 9% 144
ICCLETI 01 071 0T 229 [ 105 190 L% 446 | 40 35 | W31 2203
ICCLTIS 0% 071 070 206 | 105 18 155 439 (40 20 | 1069 1905
ICCLE™IE 070 070 0T 202 | 105 185 147 47| 47 32| %19 1699
ICCLEMIT 088 070 01 238|100 18 132 442 (38 30| 6 160
CCVe3I2 102 070 070 202 [ L3 159 193 437 | 63 47 | 1581 D336
ICCvosr 08 070 070 229} 125 185 159 4l4 | 47 23| 88T 1706
ICCveers2 0% 070 07 2830120 19 136 465|271 32| SW 1%
Controls
[CC4918(8) 074 070 070 220 [ L0 1M 166 466 | 45 53 | 1538 28
ICCIAT5(R) 04 070 070 238 | L2 154 152 43521 20|52 BB
Mean 08 07 01 220 | LI0 135 157 440 | 40 33| 1025 1800
FProbats%) 0481 NS NS 08910822 042 0432 009 | <00l 0181} 030 032
SED 0.16 0 (014 03 026 03|06 LI| 465 43l
LSD 033 0471028 026 082 07|12 23|98 8%
CV% 39 41152 89 192 106|169 410] 85 23

§ - Susoeptible check, R - Resistant check; NS - Notsignificant; ORS - Overal resistant score; PDS - Pod damage score.




Table 4.3: Mean performance (morphological and yield traits) of selected H. armigera
resistant chickpea breeding lines 2000-01 rabi (second planting), ICRISAT,

Patancheru.

100-seed Seeds Yield Pods Yield
Genotype W@  pod'  plant'(e  plant’ kg ha'
ICCL 86102 15.44 1.058 14.52 89.33 2189
ICCL 87211 17.94 1.331 2599 115.77 1613
ICCL 87220 15.51 1.397 1271 19.67 1926
ICCL 87314 1745 1.081 13.44 78.57 2132
ICCL87315 16.12 1.041 13.6 84.43 2130
ICCL 87316 17.29 1.045 13.26 76.7 21
ICCL 87317 17.23 1.081 13.89 81.53 2324
ICCV 93122 18.96 1155 1.9 60.13 2220
ICCV 95992 20.01 1154 16.11 8547 1893
ICCV 96752 16.07 117 1136 65.87 1875
Controls
ICC 4918 (S) 18.38 1.158 16.73 101.2 2099
ICC 12475 (R) 147 1073 12,11 712 2044
Mean 17.09 1.04] 14.63 83.0 2056
F(Prob.at 5%) 0.003 0.298 0.001 0.019 0.351
SED 1116 0.1413 2247 1241 256.3
LSD 231 0.2931 4.661 2575 5315
CV% 1.2 152 18.8 18.3 15.3

R-Resistant check, S-Susceptible check



Table4.4: Mean performance (Helicoverpa pod damage scores) of selected H. armigera resistant chickpea breeding
lines 2000-01 rabi (second planting), ICRISAT, Patancheru.

. Pod damage scores

Egasplant'({ X +03) | Larvaeplant'(7x#05) |  (09Scale) | Pod damage (%)

Veg. Flow. Total | Veg Flow. Total Angular
Genotypes  Stage stage egas | sage stage larvae | ORS  PDS | Actual transfomed
ICCL86I02 071 07 141 [ LI2 14 256 | 33 18 | 380 19.19
Lo om om 14 L9 127 236 | 60 37 | 59 23
ICCL&T20 070 070 141 | 102 160 262 | 40 27 | 18 0.5
ICCL8TI4 070 071 41 | L1314 24 | 43 28 | 854 238
ICCL8TIS 075 071 146 | 124 146 269 | 40 20 | 647 2.54
ICCL&TIe 071 075 146 | LI 18 294 | 50 21 | 39 19.82
ICCL83IT 071 070 141 | 108 142 249 | 47 18 | 52 26
ICCVO3IL 071 013 14 120 160 219 | 63 43 | 0 28
ICCV95992 071 075 146 | LIL 182 263 | 60 33 | S0l 2105
ICCV9r2 071 07 141 | Ll 134 248 | 37 32 | 4O 19.14
Controls
ICCH18(5) 071 073 144 | LM 149 263 | 53 40 | 899 MM
ICCIMI5®) 070 070 140 | 112 12 234 | 28 18 | 336 17
Mean 072 012 140 | 112 147250 | 46 29 | 306 2.2
F(Probats%) 048 066 074 | 051 041 040 | <001 <001 | 031 0228
SED 0022 0054 0052 | 0082 025 0236 | 0m 062 | 242 143
LSD 004 0068 0074 0170 0450 0471 | 144 125 | S04 500
(V% 30 47 28 |87 183 105 ) 178 42| 26 139

R-Resistant check, S-Susceptible check; ORS - Overallresistant scores; PDS - Pod damage score



Table 5.1: Mean performance (morphological and yield traits) of selected H. armigera
resistant chickpea germplasm lines 2001-02 rabi (first planting), ICRISAT,

Patancheru,

Daysto  Daysto  Seeds Yield  100-sced  Pods Yield
Genotype 50%flow. maturity  pod’  plant'(g) Wt.(g)  plant’ kg ha'
ICC3137 713 123.3 Il 6.5 267 - 357 901
1CC 4958 417 115.0 1.1 13.9 346 484 1468
ICC 4962 82.7 128.3 1.3 9.9 18.8 46.6 1040
ICC 4973 5.7 120.0 1.3 154 19.0 79.0 1573
ICC 10817 49.3 1133 1.1 10.6 217 53.6 1541
ICC 12476 5.7 118.3 1.4 10.3 13.4 66.4 1701
ICC 12477 527 113.3 1.2 10.8 11.9 86.3 1821
ICC 12478 56.3 114.3 1.l 1.4 15.0 80.1 1732
ICC 12479 56.3 1133 12 10.7 15.0 69.7 1823
ICC 12480 63.7 116.3 12 11.2 15.3 70.1 1668
ICC 12481 69.7 120.0 14 10.8 14.1 06.2 2030
ICC 12490 7.7 116.7 1.5 10.0 120 67.1 1561
ICC 12491 65.7 1183 12 92 17.5 553 1322
ICC 12492 787 126.7 11 92 16.6 584 1405
ICC 12493 76.7 128.3 13 9.5 153 584 1558
ICC 12494 7.1 120.0 1.3 10.6 210 50.7 1395
ICC 12495 5.7 1217 12 10.3 23.0 46.7 13712
1CC 12496 58.0 115.0 1.5 1.1 19.6 512 1348
Controls
ICC4918(S) 46.3 117 12 109 21.1 62.5 1550
ICCI2475(R) 513 110 12 129 159 76.8 2145
Mean 65.4 118.3 1.2 10.8 18.4 61.8 1548
F (Prob.at 5%)  <.001 <001 <001 <001 <.001 <001 <001
SED 5.12 401 0.056 1.62 1.74 8.61 169.5
LSD 10.25 8.02 0.12 333 340 1741 3432
CV% 9.5 4.1 4.3 18.6 5.1 17.1 13.4

R-Resistant check, S-Susceptible check



Table 5.2 : Mean performance (Helicoverpa pod damage scores) of selected H. armigera resistant chickpea germplasm lines
2001-02 rabii (first planting), ICRISAT, Patancheru.

. . Damage scores
Eggs plant"(y X +0.5) Larvae plant'({ X +0.5) (09)scale | Pod damage (%)

Veg. Flow. Pod  Total | Veg. Flow. Pod Total Angular
Genotype  stape  stage  stage ess | Stase stage  stage lavae | ORS  PDS [Actual transformed

ICC3137 134132 08 348 132 139 159 430 |13 713 (33 36l
ICC 4958 107 131 01 302 P12 147 133 402 | 52 41 |4 BY
ICC 4962 121 L4 081 316 | 139 168 159 466 | 63 73 [1589 2328
ICC4973 123 098 085 306 | 125 138 128 390 | 58 63 | 1668 241l
ICC 10817 081 092 077 249 | L6 137 090 343 | 32 45 |I5l6 229
ICC 12476 095 07 0m 2420095 13 L3 342 | 35 41 | 1364 2146
ICC 1477 075 070 07 217 [ 098 108 102 208 | 33 30 | 1188 2002
ICC 12478 075 09 098 260 | 120 133 LIS 30 ] 30 33 113 04
ICC 12479 077 074 07 2281095 117 099 31| 28 33 |18 2005
ICC 12480 08 088 071 245 | 104 LIS 119 342 | 38 33 | M8 233
ICC 12481 L7100 075 283 p 103 L1712 3320 37 40 |18 154
ICC 1249 12 102 095 298 | 109 Ll6 135 360 | 52 S0 [T A2
ICC 12491 089 102 080 27 LM 1M 1B 36 | S0 52 |24 RS
ICC 12492 LIO 107 084 300 | 126 105 128 359 | 35 50 [I1Sh 2291
ICC 12493 LS 129 106 349 | LIS 116 Ll6 348 | 33 60 | 1487 143
ICC 12494 133116 0% 320 | L3 140 120 33| ST 713|193 2598
ICC 12495 LIS 130 075 324 | 114 141 LI 366 | 48 73 | 1784 UR
ICC 12496 097 108 100 305 | 105 ISI 13 387 | 58 55 |41 R0
Controls
ICC4918(¢5) 132 122 085 340 | 140 140 121 402 | 53 53 |28 B
ICCI415(R) 097 092 07 259 |09 0% L1l 304 | 22 20 | 851 1647

Mean L4 104 081 289 | 1M 109 121 365 | 53 S0 1805 M7
Flprob.at$%) <001 <001 008  <00I'| 0.08 <001 006 <001 | 0.02 <001 | <00l <00l
SED 0173 0167 0016 0309|0155 0168 0185 0311 | S22 081 | 3191 247
LSD 0350 0332 0231 0691 | 0309 0331 0310 0635 | 1063 162 | 6475 500
(V% 06 192 172 129 [ 139 156 182 105 | 1202 190 | 217 123

R-Resistant check, S-Susceptible check



Table 5.3: Mean performance (morphological and yield traits) of selected H. armigera

resistant chickpea germplasm lines 2001-02 rabi (second planting), ICRISAT,

Patancheru.
Days to

50% Daysto  Seeds Yield 100-seed Pods Yield
Genotype flow. maturity pod'  plant'(g) Wt (g)  plant'  kgha'
ICC 3137 57 115 1.1 9.48 23.81 '49.73 1350
1CC 4958 56 100 1.02 11.50 30.49 43.717 1555
I1CC 4962 68 101 141 11.36 18.10 51.33 1558
ICC 4973 59 116 1.20 12.06 18.13 68.93 1954
ICC 10817 50 105 1.03 8.73 21.08 48.10 1288
ICC 12476 62 113 1.21 9.55 13.74 67.87 1613
ICC 12477 55 95 1.16 12.20 11.28 101.83 1723
ICC 12478 53 98 1.06 9.46 12.77 74.17 1384
ICC 12479 53 101 110 10.32 12.25 80.70 1551
ICC 12480 54 108 1.27 10.45 15.21 64.27 1848
ICC 12481 59 115 1.32 10.92 13.86 69.17 1985
ICC 12490 60 113 1.37 10.48 11.23 78.57 1734
1CC 12491 56 106 1.25 10.95 16.95 66.03 1332
ICC 12492 59 118 1.17 9.82 16.85 56.67 1542
ICC 12493 58 113 1.31 13.45 22.77 60.87 1791
ICC 12494 60 113 1.32 10.87 16.14 66.40 1582
ICC 12495 55 121 1.10 11.90 21.86 55.33 1601
ICC 12496 53 103 1.30 10.73 17.16 60.33 1515
Controls
ICC 4918(S) 52 98 1.16 13.10 19.10 72.87 1779
ICC 12475(R) 52 101 1.18 9.65 13.59 64.30 1592
Mean 56 108 1.20 10.85 17.32 65.10 1614
F(Prob.at 5%) <001  <.001 <001 0.47 <001 <.001 0.07
SED 26 6.2 0.046 17.63 2.64 7.20 208.5
LSD 5.3 12.6 0.091 3.56 5.35 14.57 422.2
CV% 5.7 7.1 43 19.9 18.7 13.5 15.8

R-Resistant check, S-Susceptible check



Table 5.4: Mean performance (Helocoverpa pod damage scores) of selected H. armigera resistant chickpea germplasm lines
2001-02 rabi (second planting), ICRISAT, Patancheru.

. . Damage scores
Eggs plant'(y X +0.5) Larvat plant™(y X +0.5) (09scale)  Pod damage (%)

Veg. Flow. Pod  Total | Veg Flow. Pod  Total Angular
Genotype slage  slage stage egps |stage stage stage lavae | ORS  PDS | Actual transformed
1CC3137 133140 071 500 | 177 178 146 343 | 500 767 | 3008 33
1CC 4958 120 L4 079 399 | 162 133 104 312 | 467 35 | M4 20
ICC 4962 126 131 077 49 | 166 174 156 335 | 533 600 | 1156 198
ICC4973 100 L1307 400 [ 144 133 124 284 | 400 600 | 1826 2509
ICC10817 107 097 071 365 | 141 132 092 274 |53 500 | IS 288
ICCI4%6 079 094 071 364 | 137 136 091 244 | 333 333 | 1253 2069
ICC 12477 085 09 084 332 |14 112 09 259 |267 333 | 736 15.43
ICC12478 087 081 071 315 | 124 103 088 238 | 300 200 | 645 1446
ICC 12479 073 100 077 307 [ W17 109 091 251 | 333 28 | SB3 129
ICCI480 105 097 071 401 | 141 134 126 273 | 433 400 | 1661 287
ICC 12481 094 102 071 410 | 146 146 118 267 | 333 567 | 1354 2139
ICCI2490 083 087 075 373 [ 122 149 102 243 | 350 467 | 1251 206
ICC 12491 Ll 105 07 3710 | 141 134 095 292 | 533 550 | 2021 266l
ICCI2492 125 097 073 381 [ 130 146 106 295 | 400 533 | 1134 1947
ICC 12493 149 LIS 070 390 {131 144 LIS 335 | 367 38 | 167 1937
ICC12494 106 LI4 077 425 | 143 148 134 296 | 567 767 | 2206 2795
1CC 12495 132 102 070 412 {130 164 118 305 | 500 600 | 843 16.65
ICCI4% 120 093 073 378 | 128 129 121 28 | 700 567 | 174 247
Controls _
ICC4918(8) 121 130 071 378 | 141 133 105 322 |53 530 | 1126 4
ICCI475(R) 079 079 070 252 | 096 08 073 229 | 167 233 | 680 1414
Mean 007 104 073 380 | 137 136 110 280 | 428 469 | 1396 216
F(Probats%) 000 010 064 000 | 005 <001 <001 000 |<001 <00 f <001 <00l
SED 081 0186 0061 035 0191 0J66 0149 0284 | 0771 0701 | 3652 3ISI
LSD 0359 0370 0.19 705 [ 0382 0331 0292 0569 | 1512 1432 | 7345 6375
CV% 00 215 94 138 [ 168 148 160 120 |22 185 | R0 18l

R-Resistant check, S-Susceptible check, ORS - Overall resistant score; PDS - Pod damage score.



Table 6.1: Mean performance (morphological and yield traits) of selected H. armigera resistant chickpea

germplasm lines 2001-02 rabi (first planting), ICRISAT, Patancheru.

Daysto 50% Daysto  Secds Yicld 100-secd Pods Yield
Genotype flow.  maturity pod' plant'(e) Wt( plant’ kg ha
IcCC4 14 105 16 1381 13.06 - 115.57 1683
ICC 12426 51 o 46 1518 1% T I8
ICC 12482 58 96 19 13.81 15.25 87.17 2283
ICC 12483 61 95 0 15.88 14.35 110.43 1865
ICC 12484 63 95 12 13.25 16.32 90.20 2044
ICC 12485 60 97 Al 1247 14.07 97.13 1651
1CC 12486 76 104 43 10.00 14.52 58.70 1808
ICC 12487 15 105 33 15.17 13.71 103.10 1761
ICC 12488 78 106 KY) 10,30 10.96 83.67 1490
ICC 12489 76 105 43 10.64 10.71 82.10 1637
ICC 12968 34 80 09 9.65 21.04 51.60 1167
ICC 14876 55 96 0 11.53 13.36 88.50 1729
1ICC 15996 62 97 46 14.96 10.43 8283 2348
ICCL 86102 50 85 03 1275 14.72 89.53 1964
ICCL 87211 46 93 34 13.27 20.26 68.37 1725
ICCL 87220 52 91 08 14.19 14.92 102.27 2121
ICCL 87314 63 96 A5 1539 16.46 96.07 2264
ICCL 87315 04 94 Al 13.73 16.77 86.80 2115
ICCL 87316 67 97 A2 13.92 18.01 8397 2156
ICCL 87317 69 101 21 1.7 15.0 7443 2094
ICCV93122 60 98 A4 12,52 18.30 1827 1423
ICCV 95992 51 93 Al 14.18 19.42 78.23 2313
ICCV 96752 59 99 A5 12,69 14.90 8497 1527
Controls
ICCL 86111 (MR) 61 96 03 2071 18.57 89.99 2187
ICC4918 (S) 50 90 19 12,13 17.16 79.07 1662
ICC 12475 (R) 51 91 .09 1331 15.93 83.20 2070
Mean 60 9 1.20 1335 15.85 85.0 1981
F(Prob.at 5%) <001 <001 <0.001 0.74 <001 0.04 <001
SED 32 49 0042 3.608 0.702 15.56 205.4
LSD 6.5 9.5 0.084 7235 1.415 3125 4125
CV% 6.1 56 42 330 54 22.3 134

MR - Moderately resistant, R-Resistant check, S-Susceptible check



Table 6.2: Mean performance (Helicoverpa pod damage scores) of selected H. armigera resistant chickpea breeding lines
2001-02 rabi (first planting), ICRISAT, Patancheru,

P

. . Damage scores
Eggs plant™( X +0.5) Larvae plant”(y X +0.5) (09 scale) | Pod damage (%
Veg. Flow. Pod. Total| Veg  Flow.  Pod.  Total

Genotype stage stage  stage epgs | stage  stage  stape larvae | ORS  PDS |Actal AT*
jccc4 091 100 093 293 156 160 125 441 | 51 73 [ 1827 2509
ICC12426 LIS 123 085 328 137 165 102 419 | 40 56 | 2016 2663
ICC12482 089 093 071 33| 124 163 098 402 { 33 36 1281 209
ICC 12483 119 105 071 2250 136 099 09 319 | 25 35 [1400 2087
cC1484 LI 099 071 256 118 128 L12 350 | 33 45 | 1158 2456
ccl48s 096 106 071 280 139 135 093 368 | 46 5.0 [ 1666 24.09
cc12486 116 130 071 269 159 158 (04 388 | 48 48 | 1757 247
CC 12487 104 117071 283 136 147 104 3791 36 S8 | 1977 2616
ICC12488  LIT 120 071 33| 134 142 1260 405 ) 40 63 [ 1853 2526
CC 12489 126 118 071 3050 126 135 L2 375 | 46 63 | 1428 2218
ICC12068 104 122 071 32| 141 156 097 -4IT| 70 S5 | 1766 246
ICC14876 094 097 071 307| 140 138 079 376 | 33 43 | 1072 18M
ICC15996 091 1.09 073 34| 136 208 085 446 | 46 56 | 2437 2947
ICCL86102 107 124 071 265{ 130 127 079 345 | 26 21 | 649 1451
ICCL86IL 101 Ll6e 071 2900 125 137 109 359 | 46 40 (1971 2621
(CCL87211 105 091 098 3190 159 LIl LO3 320 56 76 | 1999 3316
ICCL87220 112 089 071 304 138 150 096 384 | 36 43 | 1313 2122
(CCL87314 096 108 071 280 129 150 084 412 | 25 30 | 1470 2258
ICCL87315 1,09 089 071 249 139 132 082 366 | 30 31 |1566. 2327
ICCL87316  1.02 LI13 073 28| 124 109 100 322 | 25 33 | 1184 196l
ICCL87317 LIl 126 071 249 148 121 100 342 23 31 | 1348 23
ICCV93122 094 129 071 298| 162 134 101 357 | 57 68 |2368 289
ICCV95992 097 107 071 322 164 120 100 367 | 33 33 | 1445 2229
ICCV96752  1l6 112 075 328| 144 170 103 433 | 28 43 | 1185 2000
ICC4918(S) 125 129 071 285| 155 169 099 433 | S0 53 |23.09 2863
ICC12475(R) 096 077 071 299} 125 132 095 379 | 15 250 | 824 16,65
Mean 105 110 074 229 139 142 099 381 | 387 468 | 1649 2350
F(Probat5%) 044 003 001 005| 014 <001 019 0002 | <001 <001 | <001 <00!
SED 005 015 008 030 06 017 016 030 | 076 084 | 378 292
LSD 029 030 017 061 031 035 031 060 | 153 169|759 586
CV% 170 165 137 127 136 150 136 96 | 242 220 | 281 152

R-Resistant check, S-Susceptible check; ORS - Overall resistant scores; PDS - Pod damage score, AT*-Angular transformed.



Table 6.3 : Mean performance (morphological and yield traits) of selected H. armigera resistant
chickpea breeding lines 2001-02 rabi (second planting), ICRISAT, Pataancheru.

Daysto  Daysto Secds  100-sced  Yield Pods Yield
Genotype  50%flow. maturity  pod”  Wt.(g) plant'(g) Plant'  kgha'
ICCC4 57 108. 1.129 1297 11.33 87 1914
ICC 12426 56 108 1.396 16.35 1298 60 1869
ICC 12482 53 101 1.183 18.69 12.83 83 1888
ICC 12483 55 101 1.042 14,40 111 82 1805
ICC 12484 55 108 1.049 14.74 12.87 84 2134
ICC 12485 57 108 1.093 13.13 11.46 86 1749
ICC 12486 62 i1 1.327 17.11 9.49 58 1820
ICC 12487 59 106 1.356 13.86 11.67 (i 1831
ICC 12488 64 116 1.320 14.46 8.98 71 1714
ICC 12489 64 11 1412 12,35 9.49 70 1416
ICC 12968 34 107 1,089 10.62 8.77 44 1392
ICC 14876 54 96 1.064 10.64 11.06 87 1862
ICC 15996 55 101 1.532 23.10 13.91 06 2342
ICCL 86102 54 98 1.133 12.45 13.22 86 2105
ICCL 87211 54 100 1421 14.54 1241 61 1735
ICCL 87220 56 95 1.190 18.12 13.42 87 2054
ICCL 87314 60 105 1.059 1747 11.74 2 2158
ICCL 87315 58 98 1.088 14.63 13.17 86 2207
ICCL87316 58 103 1.135 17.69 15.69 88 2399
ICCL 87317 57 101 1.189 16.62 12.82 75 2195
ICCV 93122 56 108 1.146 17.07 10.84 62 1681
ICCV 95992 53 98 1.092 15.97 12.27 068 2191
ICCV 96752 62 1135 1.125 18.13 11.85 15 1567
Controls
ICCL 86111 (MR) 53 98 0.998 16.51 10.05 63 1813
ICC 4918 (S) 52 98 1.210 18.09 13.09 79 2031
ICC 12475 (R) 54 96 1.150 15.24 11.97 75 2168
Mean 56.1 104,1 1.189 15.57 11.89 74.8 1927
F(Prob.at 5%) <,001 <001 <,001 <001 <,001 <001 <001
SED 1.91 2.84 0.039 0.657 1.26 72 181.2
LSD 3.85 5.1 0.079 1.313 2.53 14.5 363.9
CV% 4.2 3.3 4.1 52 13 1.8 115

MR - Moderately resistant, R-Resistant check, S-Susceptible check



Table 6.4 ; Mean performance (Helcoverpa pod damage scores) of selected H. armigera resistant chickpea breeding lines
2001-02 rabi (second planting), ICRISAT, Patancheru.

- - Damage scores
Eggs plant”( X +0.5) Larvae plant”(f X +0.5) (09Scale) | Pod damage (%)
Veg. Flow. Pod  Total | Veg. Flow.  Pod  Total Angular
Genotype slage stage stage eges | stage  stage stage larvae | ORS  PDS | Actual transformed
10CC4 L6 107 073 29 | 139 LT LIl 407 | 55 66 | 1269 2001

ICC 12426 097 087 071 254 | 120 109 LIl 340 | S0 45 | 1708 2408
1CC 12482 137 112 071 320 | 15T 147 109 414 | 43 36 | 116l 1960
1CC 12483 LI7 093 01 281 | 138 L1301 351 36 26 | 381 1113
1CC 12484 110 089 071 269 | 127 139 103 368 | 30 46 | 1488 2256
1CC 12485 091 075 07 237 | 147 129 102 3 | 43 46 | L2 1997
1CC 12486 080 08 07 23 | 139 126 109 375 | 43 43 | 1529 2288
1CC 12487 083 081 071 235 | 137 121 095 359 | 43 51| 657 147
1CC 12488 097 092 08 213 | 129 137 091 357 | 40 56 | 1140 17
ICC 12489 102077 070 25 | LI9 L8 100 338 | 38 43 | 1021 1897
1CC 12968 105 084 075 265 | 121 103 097 32 50 5P {1902 2591
1CC 14876 106 099 071 276 | 131 LIS 093 339 | 26 26 | 539 1338
ICC15996 104 089 071 263 | 145 140 LI 395 26 40 | 1478 2260
1CCL 86102 127087 0m 28 | 151 158 120 429 | 21 13 | 639 1482
ICCL 8711 L3 0% o0m 27 | 129 12 106 357 | 36 40 | 1610 2353
ICCL 87220 089 091 071 251 128 127 108 363 20 30 | 1079 1889
ICCL 87314 094 089 01 254 | 131 145 113 389 | 21 23 | 170 1994
ICCL 87315 116 087 071 21 | 134 125 104 363 | 21 26 | 1133 1962
ICCL 87316 134 08 070 287 | 129 134 101 364 | 30 26 | 839 1663
ICCL 87317 104 105 075 285 | 143 1% L5 3% | 21 18| 998 11
ICCV 93122 118 104 071 295 | 133 133 104 370 | 48 S0 | 1520 22M
ICCV 93992 109 087 07 267 | 134 127 16 37| 40 23| 9m 11%
ICCV 96752 090 115 075 28 | 138 129 095 362 | 33 36| 638 1460
Controls
ICCL8611I(MR) 107 100 070 278 { 140 140 100 379 | 33 33| 16 197
1CC4918 (S) 104 100 081 28 | 147 125 L1 383 | 45 40 | 130 21
1CC 12475 (R) 116 102 071 289 | 1S4 134 104 391 1320 | 405 1108

Mean 106 093 07 270 | 136 130 105 37 | 351 367 [ 1L16 1899
F(Prob.at 5%) 08 075 069 034 | 077 02 087 038 | <001 <001 | <001  <00]
SED 024 017 005 029 | 016 046 013 033 | 070 062 | 301 280
LSD 048 034 010 039 | 033 03 027 067 | 140 12| 605 S50
CV% 7 N1 88 132 | 147 053 154 10 | 44 209 | 3 18.0

MR - Moderately resistant, R-Resistant check, S-Susceptible check; ORS - Overall resistant score; PDS - Pod damage score
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4.1.4 POD BORER RESISTANCE CHARACTERS

4.1.4.1 Eggs and larvae

During 2000 season germplasm lines were significantly different for egg number
during vegetative stage and lowest number of cggs were recorded on ICCC 4, ICC 10817,
ICC 12477, ICC 12478, ICC 12482, ICC 12484, ICC 12486, ICC 12489 and ICC 14876
along with resistant check ICC 12475. The breeding lines did not significantly differ for

number of eggs and larvae.

During 2001 season among germplasm lines lowest number of eggs and larvae were
recorded on ICC 12477, ICC 12479, ICC 12476, ICC 12480 and ICC 10817 which were on
par with resistant check ICC 12475. Among the breeding lines lowest cgg and larval counts
were recorded on ICC 12483, ICC 12484, ICCL 87315 and ICCL 87317 along with resistant
check ICC 12475.

4.1.4.2 Over all resitance (ORS) and pod damage (PDS) scores

During 2000 season, among the germplasm lincs lowest ORS was recorded in
resistant check ICC 12475 followed by ICC 12478, ICC 12479 and ICC 12490. Lowest
PDS was recorded in ICCL 10817 followed by ICC 12483, ICC 12477, ICC 14876 and ICC
12475, Among the breeding lines lowest ORS was recorded in ICC 12475 followed by
ICCV 96752, ICCL 87220 during first planting. During second planting ICCL 86102 and
ICCV 96752 recorded lowest ORS and PDS along with ICC 12475. Mean ORS was greater
than mean PDS. During 2001 season among the germplasm lines ICCL 12477, ICC 12478,
ICC 12479 and ICC 12480 werc on par with resistant check ICC 12475. Among the
breeding lines ICCL 86102, ICCL 87314 and ICCL 87317 recorded less ORS and PDS
along with resistant check ICC 12475.
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4.1.4.3 Pod borer damage (%)

During 2000 season among germplasm lines low pod borer damage was recorded in
ICC 12488 (9.8%), ICC 12478 (10.7%), ICC 12495 (10.9%), ICC 12492 (12.8%), ICC
12493 (13.3%) and ICC 12490 (14.0%) which were on par with resistant check ICC 12475
(14.4). Among the breeding lines ICCV 96752 (5.3%) and resistant check ICC 12475 (5.3%)

recorded least damage.

During 2001 season first planting, among the germplasm lines least pod borer
damage was recorded in the resistant check ICC 12475 (8.5%) followed by ICC 12479
(11.8%), ICC 12477 (11.9%) and ICC 12478 (12.2%). In the second planting lcast damage
was in ICC 12479 (5.1%), followed by ICC 12478 (6.4%), ICC 12475 (6.8%) and ICC
12476 (7.4%) which were on par with each other. Among the breeding lines the damage
percentages of ICCL 86102 (6.9%), ICCL 87316 (11.8%) and ICCV 96752 (11.8%) werc on
par with résistant check ICC 12475 (8.2%) during first planting, and ICC 12483 (3.8%), ICC
14876 (5.4%) and ICCV 96752 (6.4%) were on par with ICC 12475 (4.1%) during second
planting,

4.1.5 YIELD AND ITS COMPONENTS
4.1.5.1 100-seed weight

Among all the genotypes ICC 4958, ICC 10817, ICC 12495, ICC 12968, ICCL
86111, ICCV 95992, ICC 3137, ICC 12494, ICC 12493 and ICCL 87211 were bold seeded
(33 t0 17 /100 seed).

3.1.5.2 Seeds per pod
ICC 12488, ICC 12490, ICC 12496, ICC 15996, ICC 12476, ICC 12481, ICC 4962,

ICC 12426, ICCL 87211, ICC 12486 and ICC 12489 recorded >1.4 seeds/pod, while the

trial mean was 1.2 seeds/pod.
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4.1.5.3 Yield per plant

Highest yield plant" was recorded in ICC 4918, ICC 12475, ICC 12426, ICC 12484
and ICC 15996 during 2000 season and were on par with each other. Among breeding lines
ICCL 87211, ICC 12475, ICCV 95992 and ICC 4918 recorded high yields.

During 2001 season ICC 4973, ICC 4958 and resistant check 1CC 12475 recorded
high yields and were on par with each other in the first planting and in second planting ICC
12493, ICC 4918, ICC 12477 and ICC 4973 recorded high yields. Highest yied during both
the plantings was recorded in ICC 4973. Among breeding lines ICCL 86111, ICC 12483,
ICC 12426 and ICC 12487 recorded highest yields plant” and were on par with each other
in first planting, and during second planting ICCL 87316, ICC 15996, ICCL 87315 and
ICCL 87220 out yielded resistant check ICC 12475 and were on par with cach other.

4.1.5.4 Yield kg ha'

During 2000 scason ICCL 86111, ICC 12480 and ICC 15996 out yielded resistant
check ICC 12475 but were statistically not different. Among the breeding lines the
genotypes were not significantly different from each other. Many genotypes recorded higher

yields than resistant check ICC 12475, but were not statistically different,

During 2001 season among germplasm lines ICC 12475, ICC 12481 and ICC 12479
recorded significantly high yields in first planting and in second planting ICC 12481 and
ICC 4973 recorded high yields. ICC 12481 and ICC 4973 recorded high yields. Many
breeding lines out yielded resistant check ICC 12475. ICC 15996, ICCV 95992, ICCL
87315 and ICCL 87316 recorded significantly high yiclds during both the plantings, but
were on par with resistant check ICC 12475,
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4.1.6 STABILITY PARAMETERS

Stability statistics for yield components and pod borer resistance were analyzed and
results were presented in Tables 7.1, 7.2, 7.3 and 7.4 for germplasm lines and 8.1, 8.2, 8.3

and 8.4 for breeding lines.
4.1.6.1 Seeds per pod and 100 seed weight

The G x E interaction was not significant for seeds per pod and 100-sced weight.
Seeds per pod were more in ICC 4918, ICCL 87211 and ICCL 87220. In ICCL 87211 “b”
was significantly greater than 1. Among the breeding line 100-seed weight varied from 15.3
gm (ICCL 87317) to 19.3 gm (ICCL 86102). Among the germplasm lines 100 seed weight
varied from 11 (ICC 12488 and ICC 12489) to3 33g (ICC 14958).

4.1.6.2 Seed Yyield per plant

Seed yield plant” was significantly different due to genotype (G), environment (E)
and genotype x environment (G x E) interaction among breeding lines, but was not
significant in germplasm lines. Among the breeding lines stable and high plant yield was

recorded in ICCV 95992 with slope “b” equal to 1 and residual mean squares “5i*

equal to
zero indicating that it was highly stable in its performance. ICCL 87211 recorded highest
yield, but was not stable (with high "8i2” value and 'b significantly greater than 1) indicating

its adaptation to high yielding environments.

Among the 28 accessions tested for three scasons, highest yields were recorded in
ICC 15996, ICCL 86111 and ICC 12426. ICC 15996 and ICC 12426 were stable with unit
slope and low '8i%’, but ICCL 86111 with high '6i" was unstable.



Table 7. 1: Mean pod borer damage (%) and estimates of stability parameters for 28 chickpea

germplasm lines tested for three seasons (2000-02), ICRISAT, Patancheru.

Pod borer damage (%) Pod borer damage (Angular transformed)
Genotype Mean bi  SEbi &’ tvalue) | Mean bi SEbi i t(value)
1CCC 4 19.0 L1715 05949 10 1202 25.6 1533 05166 5 1.03
1CC 4958 232 2255 04927 7 2547 28.5 1902 03992 3 226
1CC 10817 173 0.729 0.6860 13 -0.395 | 245 0.640 06391 8 -0.56
[CC 12426 20.1 0.787 0.1767 I -1.203 | 26.6 0.685 0.1633 0 -1.92
ICC 12476 13.8 0340 01169 0 -5650 | 21.8 0340 01244 0 53
ICC 12477 142 1958 1.0243 29 0.935 21.6 1965 09573 17 1.0l
ICC 12478 9.8  0.690 04234 5 -0.132 18.1 0872 04675 4 027
ICC 12479 10.8 1.408 0.0931 4.380 18.8 1.690  0.0698 0 988
1CC 12480 174 0421 07708 16 -0.751 246 0350 07196 10 09
ICC 12481 189 1426 0.3845 4 1107 256 1279 03415 2 082
ICC 12482 156 1254 09721 26 0261 23.0 1156 09256 16 0.17
ICC 12483 129 2288 02819 2 4570 20.1 2651 0.1811 I 9.12
ICC 12484 190 1204 06450 11 0317 25.8 1.0s1 05737 6 0.09
ICC 12485 16.7 1437 0.35%9 1.228 239 1363 0325 2 L2
ICC 12486 163 0.182 0.2517 -3.251 23.8 0.180 0.23 1 357
ICC 12487 142 1.569 09654 26 0.589 21.7 1761 09147 16  0.83
ICC 12488 133 0082 12517 43 073 | 212 0.091 12545 29 -0.72
ICC 12489 13.8 0912 01106 0 -0.797 | 21.7 0937 01157 0 -0.54
1CC 12490 131 0.188 0.0560 0 -14.508 | 21.0 0.192 0.0621 0 81.00
1CC 12491 214 0223 0.1864 1 -4.169 27.6 0.195 0.1519 0 -13.02
1CC 12492 13.1 0303 0.4251 5 -1.639 | 212 0332 04219 3 530
1CC 12493 13.3 0296 0.3146 3 2238 | 213 0.319 03098 2 -1.58
ICC 12495 124 0623 1.1603 37 -0325 | 204 0.726 1.1592 25 220
ICC 12496 236 1.167 0.8881 22 0.188 29.0 1010 06912 9 -0.24
ICC 12968 193 0159 04243 5 -1.981 26.0 0.126 03798 3 0.1
ICC 14876 108 1414 03543 3 1168 18.8 1.658 03501 2 -230
ICC 15996 204 1179 0.6639 12 027 26.7 1.075 05407 5  1.88
Controls
ICCL 86111
(MR) 162 09 06369 11 -0.157 | 236 0.906  0.5692 0.14
ICC4918(S) 248 1.577 0.8455 20 0.683 29.7 1343 0.6435 0.53
ICCI12475(R) 989 1315 04731 6 0.667 16.9 1.673  0.5097 1.32

MR - Moderately resistant; R-Resistant check; S-Susceptible check; bi-Slope of the regression linc;

SEbi-Standard error of *bi’; 8i*residual mean squares.



Table 7.2 : Mean pod borer damage scores and estimates of stability parameters for 28 chickpea germplasm
lines tested for three seasons (2000-02), ICRISAT, Patancheru,

Overall resistance score (0-9 scale) Pod damage scorc (0-9 scale)

Genotype Mean  bi  SEbi O ((value) | Mean bi SEbi & t(value)
ccc 4 4 223 214 3 4.80 7 161 187 | 0.32
1CC 4958 5005 0% 0 -1.66 4 160 064 O 0.92
ICC 10817 4 28 12 l -0.53 4 043 38 3 0.15
ICC 12426 S -133 056 0 -0.76 5202 0T 0 1.44
1CC 12476 3L 087 0 14.50 4 162 139 0 045
ICC 12477 3005 162 I 2.04 304038 042 0 333
1CC 12478 o0 0 o0 8.90 3008 382 3 -0.04
ICC 12479 3046 125 I 1.26 3032 14 0 047
ICC 12480 3 152 230 2 297 4 077 083 0 213
1CC 12481 30058 004 0 0.42 4 002 204 1 -0.55
1CC 12482 3060 220 2 120 4 017 054 0 -2.16
1CC 12483 I om0 -0.58 o138 03t 0 1.22
ICC 12484 3001 042 0 -1.29 4 040 210 I -0.29
ICC 12485 4 089 035 0 1.88 5055 012 0 -3.61
ICC 12486 4 173 090 0 3.76 5 049 089 0 -0.57
ICC 12487 4 087 1.93 | 1.4 S 152 160 | 033
ICC 12488 IS O /N W [ I 4.57 6 16l 187 1 0.32
1CC 12489 4 028 106 0 -0.80 5314 021 0 10.36
1ICC 12490 4 2.74 0.04 0 1.03 S 055 012 0 -3.61
1CC 12491 5 08 035 0 397 5004 177 | -0.55
1CC 12492 4 141 060 0 -3.93 5072 067 0 -2.58
ICC 12493 4 -152 0% 0 -$.73 5266 216 1 0.77
ICC 12495 6 <177 148 I 5173 7 204 004 0 2529
1CC 12496 6 150 37 0.07 5 003 075 0 137
ICC 12968 6 238 08 0 0.44 5139 283 2 0.14
ICC 14876 3053 054 0 -0.35 3259 008 0 19.04 -
ICC 15996 4 19 131 I 0.13 S 192 208 | 0.44
Controls

ICCL86I1I(MR) 3 263 046 0 1.48 4 06 137 0 -0.29
ICC4918(S) 5031 031 0 kXKi 5031 183 I -0.38
ICCI475R) 2 041 068 0 -4.28 2 254 420 4 0.37

MR - Moderately resistant; R-Resistant check; S-Susceptible check; bi-Slope of the regression line; SEbi-
Standard error of bi; &i*-residual mean squares.



Table 7.3: Mean yield and estimates of stability parameters for 28 chickpea germplasm lines tested for
three Seasons (2000-02), ICRISAT, Patancheru.

Yield Yield .

Genotype kgha!  bi  SEbi 8 t(value) | gplant’  bi  SEbi &’ t(value)
iccc4 1923 1268 0603 22003 044 | 117 5363 2551 | L7l
ICC 4958 1675 1640 070 1759 335 | 133 2181 1163 0 102
ICC 10817 1668 2484 0849 43636 175 | 103 2877 0807 0 232
ICCI2426 2026 1778 0034 L 269 | 17 271 2651 | 066
ICC 12476 1671 0130 0259 4078 335 | 123 7784 22938 | 296
Icc 12477 1885 LILL 0336 6839 033 | 114 337 30 2 075
ICC 12478 1750 1859 1092 72073 079 | 124 049 3865 3 039
ICC 12479 1832 1408 0852 43867 048 | 120 3912 9679 20 030
ICC12480 2037 2802 0381 8806 472 | 1Ll 7029 1678 1 478
ICC 12481 1937 0711 0094 544 1803 | 121 0336 0293 0 226
ICCI482 2133 0420 LIS 81044 050 | 129 7532 0806 0 8.0
ICC 12483 1908 0718 0207 2610 -136 | 126 1783 0364 0 2
ICCI2484 2124 0361 0241 3520 265 | 148 5537 1357 0 334
ICC 12485 1781 0820 0242 3546 074 | 123 3486 0287 0 864
1CC 12486 1891 0765 0.002 0 8601 | 114 1893 0242 0 368
1CC 12487 1936 1407 0.3 1069 306 | 142 5053 2197 1 18
ICC 12488 1645 0463 0622 23419 086 | 100 1031 0231 0 0.3
10C 12489 1684 1537 0711 30582 075 | 93 1296 029 0 100
1CC 12490 1649 0039 0496 14885 194 | 127 0428 1697 | 034
ICC 12491 1394 0672 0.004 L8312 | 125 04T 7097 11 007
10C 12492 1498 0266 0381 8798 192 | 116 176 038 0 218
10C 12493 1649 0224 0682 28104 180 | 145 2515 2629 | 0S8
ICC 12495 1486 0024 0658 26190 -148 | 122 6415 3766 3 -197
ICC 12496 1496 0669 0448 12146 074 | 108 72723 3007 2 281
ICC 12968 1454 1768 0.561 19069 137 | 149 0838 0722 0 254
ICC 14876 1893 0992 033 6767 002 | 140 16962 5233 6 343
ICC15996 2408 0626 0047 138 782 | 100 01230 1290 0 -0.68
Controls

ICCL 86111

(MR) 208 2020 1175 83522 087 | 135 12530 2939 2 AT
ICC4918(8) 1861 1991 0562 19113 176 | 108 10840 1079 0 008
ICCITS(R) 2208 0896 0238 3438 044 | 143 81750 28992 2 247

MR-Moderately resistant; R-Resistant check; S-Susceptible check; bi-Slope of the regression line;
SEbi-Standard error of *bi’, 8i’-residual mean squares.




Table 7.4 : Mean 100- seed weight and seeds pod” and estimates of stability parameters for 28 chickpea germplasm

lines tested for three seasons (2000-02), ICRISAT, Patancheru,

100 -seed weight Seeds Pod”

Mcan :
Genotype @ b SEbi 82 t(value)| Mean bi SEbi 5 t(valuc)
1ccc4 14 0826 0105 0 66| 12 0B L3 0 09
1CC 4958 33 LISS 1.483 7 0.10 1.0 2.574 1.034 0 1.52
1CC 10817 232040 0.8 0 1280 1.0 1.896 0.901 0 0.99
ICC 12426 19 0958 0473 009 14 3.703 1.804 0 1.50
ICC 12476 15 1978 0469 | 2.08 13 359 0.659 0 393
ICC 1241 121219 0.035 0 622 12 0.692 0.249 0 -1.23
ICC12478 15 1198 0.706 2 0.28 Il 1.474 0.323 0 147
ICC 12479 14 1264 0886 2030 1.1 2,631 0.084 0 1942
ICC 12480 16 1.681 0243 0 2.80 12 1214 3,085 0 0.07
ICC 12481 14 0109 0087 0 -1022 1.3 2.500 0.170 0 8.79
ICC 12482 16 1361 0.025 0 13.97 1.2 0.867 0.750 0 0.18
ICC 12483 15 1558 0229 0 243 11 1.271 0,491 0 0.55
ICC 12484 18 1337 0550 | 0.61 12 2.249 0.096 0 13.01
ICC 12485 1S 1249 0.128 0 1.94 11 1.278 0.797 0 0.35
ICC12486 15 0675  0.091 0 -3.55 1.4 2.985 0.232 0 8.56
ICC 12487 14 1188 0349 0 054 1.3 0.907 1.58§ 0 -0.06
ICC 12488 I 0215 001 0 11 14 0.205 1412 0 -0.56
ICC 12489 110893 0124 0 086 14 2.157 1.500 0 0.77
ICC 12490 12008 0336 0 323 14 0.961 1.812 0 -0.02
ICC 12491 18 1346 0.006 0 5013 12 1,478 3.015 0 0.16
ICC 12492 17 40226 0071 0 17241 12 -3.44| 2274 0 -1.95
ICC 12493 17 2765 2554 20 147 1.2 -1.082 0.040 0 -50.91
ICC 12495 23 0891 0.319 0 034 1.1 2401 0.545 0 2.57
ICC 12496 19 1359 0743 2 0.48 14 2,755 1.9300 0 0.91
ICC 12968 <24 2052 1.190 4 0.88 1.1 0.619 0.593 0 273
ICC 14876 14 0918 0213 0 -0.39 Il 0.640 0.302 0 -1.19
1CC 15996 17 0766  0.164 0 -143 1.5 0.021 2.2207 0 044
Controls
ICCL86I1I(MR) 20 2412 0230 0 613 | 0.797 0.143 0 -141
ICC4918(S) 21 1241 0.601 | 04 1.2 -0.593 1,758 0 091
ICC 12475 (R) 16 1188 0419 | 0.45 1.2 4,782 2.922 0 -1.98

MR - Moderately resistant; R-Resistant check; S-Susceptible check; bi-Slope of the regression line; SEbi-
Standard error of bi, 8i’-residual mean squares.



Table 8.1: Mean pod borer damage (%) and estimates ofstabilty parameers for 10chickpea breeding lnes tested
for four seasons (2000-02), ICRISAT, Patancheru.

Pod borer damage (') Pod borer damage (Angular ransformed)
Goype  Mem b SEW O t(ele)| Mem b SEN S (e
ICCLRI 71 028 049 12 W4T | 15 04 030 1309
ICCLETI 152 25% 0666 A 2305 | 2 25 05 Mo 200
ICCLET0 102 057 0066 0 651 | 190 038 0067 0 -6
ICCLETI 124 063 0264 3 148 | 05 0 O0BI8 2 -IM
[CCL8TIS 1L 0% 0055 0 -LI7 | 192 0% 0052 0 LIS
ICCL&nI6 84 0M6 012 1 -7 | 165 092 06 | -0
ICCLEBIT 90 0864 075 1 % | 172 09 0195 2
VORI 161 1685 0286 4 2971 B2 As0 0% 1 L1
ICCVose® 95 0% o0m 0 0| 7o o 0 04
ICCVOTS2 69 0801 026 2 4% | W9 4 6 33
Controls
ICC4I8(8) 155 1445 006 1 308 | n8 1p 0Bk L1
ICCTSR) 52 05 0134 1 37 | g oge 0060 2 -l

RResisantcheck; $-Susceptible check;bi-Slope ofthe regession line: SEbi-Standard emorof i’

SF-Residal mean squaes,




Table §.2: Mean pod borerdamage seoresand etimates ofstabilty parameters for 10 chickpea breeding ine eted for
four seasons (2000-02), ICRISAT, Patancheru

Overal reistane soore (049 seale) Pod damage seore (09 scal)

Gotpe M b SB  t(vhe)| Mem W SB B Ty
CLSOI 2 0518 LM 1 43 069 0 0 I
601771 T OV A 1 T 111 O O A
027 I N . 1S S T T ' N € I R A
CLEBI 3 037 031 0 9] 3 144 s 0 14
ICLEmIS 2 0% 0303 0 L7 3 L om0 048
CLEme 5 08 01 0 % 4 g s 0 0%
CCLEBIT 2088 048 0 06| 3 1% 0 0 2
Ve 5 M9 om0 12| 6 09 0 0 048
VoS 3 039 08B 0 m| o5 1 oMy 0 0
Vo2 4 05 048 0 a5 3 0l 04 0 LS
Contrls

I 5 L0 09 0 0l s 0sm 0 0 LI
IC45R) 2 06 0M% 0 o) 2 e 09 0 00

R- Resstat e, - Susceprble ceck bi-Slop fhe eression e b Sandrd eorof Y, - Resiuel e suares,
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Table 8.4 Mean 100-sed weightand seed pod* andesimate o stably parameters for 10 chikpea breeing

Lines tested for four seasons (000-02), ICRISAT, Patancher,

100-seed weight (0 Seeds pod-1
Genotype M b B O tahe)| Mem b SES OF t(e)
ICCLE6IY 193 1288 050 1 0568 | LI 458 2% 0 %
ICCLeI 179 024 0% 2 AT 12 M 036 0 SR
ICCLET0 10 1407 1354 4 0300 | 12 306 459 0 045
ICCLene 16 159 1008 2 07| LI 1§ 13 0 038
ICCLEBIS 187 268 LIS 3 1407 L 103 om0 00X
ICCLI6 169 2355 1ong 2 139 LI 29 o8 0 1M
ICCLTIT 153 0222 06408 1 L2401 L1 14 1606 0 019
VeI 159 0549 10507 2 4| L1 ams %6 0 186
ICCVos%92 186 0359 097 1 W5 10 034 06 0 I
ICCVers2 165 0415 0738 1 078 11 04 048 0 Tl
ICC49I8¢) 181 076 L1723 D090 12 036 o 0 -0
ICCIUTSR) 170 08 02611 0 D47 | 11 036 1050 0 S

R - Resisantcheck; S - usceptbl check;bi-Slope ofthe regession ine, Seb - Standard error of b,

B esidul mean suares
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4.1.6.3 Yield kg ha”

The G x E interaction was not significant among breeding lines, but was significant
in germplasm lines. Among the breeding lines high yields were recorded in ICCV 95992,
ICCL 87316, ICCL 87317, ICCL 86102, ICCL 87314 and ICCL 87315, InICC 86107 'b' is
statistically >1. High '8i? value was recorded for ICCV 93122 and'SE of b; >b. Among the
germplasm lines high yields were recorded in ICC 15996, ICC 12475, ICCL 86111
(breeding line included in 3 seasons stability analysis) ICC 12484, ICC 12482, ICC 12480
and ICC 12426. Except for ICC 12426 the 'b' values were not significant in others.

4.1.6.4 Overall resistance (ORS) and pod damage scores (PDS)

The G x E interaction was not significant for ORS but was significant (at 10%
probability) with respect to PDS. Among the breeding lincs least ORS was recorded in
resista‘nt check ICC 12475. Among the germplasm lines lowest ORS was recorded for ICC
12475 followed by ICC 12476, ICC 12477, ICC 12478, ICC 12479, ICC 12480, ICC 12481,
ICC 12482, ICC 12483, ICC 12484 and ICC 14876. For ICC 12476, 'v' valuc is
significantly greater than 1 indicating its resistance was unstable over seasons and at higher
levels of infestation it may support more larvae. In ICC 12495 (ORS 4) 'b' is statistically <1
indicating that it was stable in its resistance, and that it will not support more larvae under

high infestation situations.

Among the breeding lines lowest PDS scores were recorded for resistant check ICC
12475, ICCL 86102, ICCL 87315 and ICCL 87317. The slopes were statistically equal to 1
and “8i% values were 0 indicating high stability. Among the germplasm lines lowest PDS
was recorded in resistant check ICC 12475 followed by ICC 12477, ICC 12478, ICC 12479
and ICC 14876. In ICC 14876 and ICC 12495 'b' valuc was significantly greater than | and

'8i% values were high.
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4.1.6.5 Pod borer damage (%)

G x E interaction was not significant in breeding lines, but significant (at 5%
probability) in germplasm lines. ICCL 93122 and ICCL 82711 were highly susccptible
(along with susceptible check ICC 4918) while the remaining ones were less susceptible.
Among the germplasm lines ICC 12478, ICC 12478, ICC 12479 and ICC 14876 recorded
low damage percentage along with resistant check ICC 12475, and 'b' is unit and residual

mean squares were less. In ICC 12490 b value was <! and '8i* = 0.

4.2 INHERITANCE OF RESISTANCE TO H. armigera IN
CHICKPEA

Inheritance of resistance to H. armigera in chickpca was studied under ficld

conditions at ICRISAT, 2001-02 and the results are presented.

Analysis of variance

The mean values of 10 parents and 45 F)s in desi type and 28 Fis and 8 parents in
kabuli type for different characters, namely days to flowering, days to maturity, 100-seed
weight, pod borer damage percentage, seeds per pod, number of pods per plant, number of
seeds per plant, per plant yield, and yield kg ha” were presented in Tables 9.1 and 9.2
respectively. It is evident from the tables that the, variation due to treatments were

significant for all the characters studied except for days to maturity in desi type trial.

The mean values for different characters of 10 parents and their 45 Fys in desi trial
and 8 parents and their 28 Fs were presented in Tables 9.3 and 9.4 respectively. 1t is
evident from these tables the variation duc to treatments was significant for all the characters

studied,



Table 9.1: Characteristics of entries in F, desi chickpea 10 x 10 diallel for H. armigera resistance, ICRISAT, Patancheru, 2001-02.

Pod borer damage (%)

Daysto  Daysto 100-seed Seeds Pods  Yield  VYield Yield Angular
Parents S0%flow. mawrity we.(@) pod’ plant’ plant’(@) plot'(®) kgha' Acual  transfomned
ICC 1475(R) 55 06 1611 LI W IS 2 154 975 1790
ICC 12476 n 16 1382 120 68 1006 236 144 1Y 15.04
ICC1M4m 65 05 1246 122 13 1797 1800 1200 104l 18.10
ICC 12478 63 08 1392 109 65 904 50 1634 865 1495
ICC 12479 53 02 B0 13 9 1309 489 1659 643 13.16
1CC 12490 09 06 1248 143 76 119 M6 NSl 947 17.50
ICC 14876 61 109 1405 107 97 BOL 1716 144 109 18.24
ICC4918(5) 4 9 1848 129 6 114 356 15 204 2549
ICC 12426(S) 61 00 m3 138 49 958 1618 1078 139 20.66
ICC3137(5) 76 M 6514 106 4 78 1214 809 2269 8.13
F, crosses
ICC12475x1CC 12476 67 10 1876 LI8 108 1704 2409 1606 1235 19.83
ICC1475xICC 14T 57 07 4% 12 107 1642 2476 1784 BT 2096
[CC 12475x1CC 12478 56 104 1604 109 120 188 2821 1881 108 17.78
ICC12475x1CC 12479 61 09 133 L3 12 1080 1888 129 Tl 1449
ICC12475xICC124%0 67 M 1566 126 9% 1596 2824 1885 1395 20.54
ICC 12475x1CC 14876 61 09 1570 L1200 1584 252 145 12719 19.85
ICC12475xICC4918 55 07 1930 1200 N5 56 24 1882 1264 251
ICC12475xICC 12426 59 021675 133 138 220 246 1497 1103 1881
ICC12475xICC3137 68 1925 12 104 2135 uis 161 1453 29
ICC1476xICC 12417 75 4120 120 1 1590 me0 1587 8N 15.33
ICC12476x1CC 12478 75 m o nn 13 @ a3 ;e 89 16.05
ICC12476x1CC 124719 7 109 1449 121 ng 18y ms 1365 982 1
ICC12476xICC 12490 78 4 128 135 19 01 1086 74100 18.39
ICC12476x1CC 14876 19 5 B2 130 17 1866 M6l 94 889 16.64
ICC1476x1CC4918 75 07 18719 4 04 181 18T 988 17.74
ICC12476x1CC 12426 76 13 1466 145 91 1652 1928 185 1439 U2
ICCI476xICC3137 78 1603 130 134 w7 no2 4 14 1893
ICC12477x1CC 12478 63 05 1376 L4 132 1739 2971 1981 1668 n9n
ICC14T7XICC 1479 66 10 1266 116 146 1809 I8 1152 1409 2082




Conti.....table 9.1

Daysto Pod borer damage (%
50% Daysto 100-sced Seeds Pods  VYield  Yield  Yield Angular
Fs flow. mawrty Wil pod' Plant' plan’(g) plo'(®) kgha' Actual transforned

ICCIdmxICCI4% 73 112 1309 131 104 1512 2457 1638 1604 BN
ICCI477xICC14876 62 110 1318 LIl 112 1458 2187 148 1076 1368
ICC 12477XICC 4918 6 10 1664 120 141 2209 231 148 1897 Ll
ICC14mxICCI2426 59 107 1631 124 &7 1557 222 1481 1454 2198
ICC1dmxICC3137 1 112 165 123 95 1581 1817 1211 1691 B67
ICC 12478xICC 12479 6! 1 M8 LI % 1365 20013 B 705 1501
ICCIMIxICCI2490 75 115 st 138 91 M43 2435 163 9. 1613
ICCI2478xICC 14876 62 107 1505 LI3 106 1576 2546 1697 1503 23
ICC12478xICC4918 63 108 1681 122 123 2246 194 1330 11N 19.06
ICC12478xICC12426 59 108 52 124 126 34 27 155 135 AM
ICCI478xICC3137 64 112 1915 LIL 9% 015 2308 1539 1284 2022
ICCIATxICCI4% 712 1 713 N3 1945 193 921 16.19
ICCI479xICC14876 55 106 1393 LIL 97 1361 2369 1580 1139 18.59
ICC 12479x1CC4918 51 9 15 L7 9 1606 2403 1602 1599 202
ICC1479xICC12426 54 94 48 L6 10 05 286 481 1233 2001
ICCIAM9XICC3I3T 71 14 1721 L4 69 11gl 521 1581 1305 206
ICCI490xICC14876 71 109 1292 147 96 168 1890 1261 731 14,65
ICC12490x1CC4918 69 11l 1691 128 7T 1346 1665 110 1568 2241
ICCI490xICCI2426 71 107 1762 146 73 1551 2085 13%0 482 2L
[CC1490xICC3I57 M4 18 1703 135 103 2036 2172 148 1409 2185
ICC 14876xICC4918 59 1l 1635 136 78 152 2344 1563 1029 18.15
ICC14876xICC 12426 59 109 1548 105 110 1641 1803 1202 1092 18.12
ICC14876xICC3137 60 107 1505 108 80 1170 246 1431 1069 18.49
ICC4918x1CC 12426 53 92 1992 127 93 1850 33 149 240 2708
1CC4918x1CC3137 6L 1o am® 12 6 8 191 1314 2398 2898
ICCI2426xICC3137 60 117 2010 131 65 1392 267 IS11 2086 254

Parents mean 6 07 10 12 75 e 1m0 1318 1285 19
F (prob. At %) <01 001 <001 <00l <00l <00l 0003 0003 <001 <00l
F, Crosses mean 6 109 158 12 105 167 270 W4T 1268 . 268
Fiprob at %) 0002 020 <001 <00l <00l 0002 0002 0002 <00l <00l
SED 622 38 05 007 1785 33 MN M 306 264
LSD 2311 15 04 B4 66 6195 4B 5% 5

CV(%) Inr 55 58 209 3 97 197 M2 158



Table 9.2 : Characteristics of entries in F, kabuli chickpea 8 x 8 diallel for H. armigera resistance, ICRISAT, Patancheru, 200102,

Daysto  Daysto 100-Seed Seeds Pods  Yield  Yield  VYield Angular
Parents SO6flow. maturity We.(g) pod’ P’ planr'e) plot') keba'  Actual  transformed
ICC 12491 6 105 1797 L4 65 156 1498 998 1284 2055
1CC 12492 68 121765 L0 4 125 1m§ 12 W0l 18.23
ICC 12493 £ N8 1387 18 56 8 1653 102 1380  2M
1CC 12494 n 20 1689 129 68 19 lel4 1076 1904 %82
1CC 12495 0 120 234 100 60 &2 138 U BB BN
1CC 12968 35 8 s B a0n 28 352 1847 %539
ICC4973 f 12058 116 6 12n  2w63 1776 1634 137
ICC 4962 88 30 1947 140 ¥ 831 9%.3 642 1495 058
Fis

ICCIA9IXICCIN92 69 15 1749 117 9% 1656 2143 149 1569 2150
ICCR49IxICCI495 73 108 1623 126 70 1206 2074 138 1790 2501
ICCI491xICCI2494 77 121 1828 126 56 1048 1534 1023 1838 2530
ICCI49IxICCI495 71 120 1849 120 711 3% Ims 0s0 o 133 2114
ICCI491xICCI2968 51 8 2157 LIl 8 1727 246 1498 195 2008
ICCROIxICCH 0 17 1949 125 m s 1910 123 1807 M9
ICCI491xICC4962 %6 120 1987 132 4 s 1502 1000 1652 2388
ICCI492xICCI2493 80 125 1559 129 60 1223 1696 1131 1146 19.2
ICCIM4RxICCIH4 79 14 1760 127 11 1440 136 957 1026 18.64
ICCI492xICCI495 78 13 1947 128 55 qul6 2015 138 1728 2446
ICCI49xICCI2068 57 8 1826 125 76 1550 1477 985 996 1837
ICCI492x1CC4973 80 119 1887 125 4 1533 198 866 104 1863
ICC12492x1CC4%62 8 4 188 13 0 52 184 1 1551 2
Contd.

—_—




Conti..table 9.2

. Pod bore damage (%)
Daysto  Daysto 100-Seed  Seeds Pods  Yield  Yield  Yield Angular
Fis Seflow. manriy We.(g) pod P’ plan') plo'lg) kghe'  Actal  mansfomned

ICCI493xICCI494 & 121 1630 132 13 145 190 793 886 1126
ICCI493xICCI495 80 125 1864 121 66 M43 2056 13 803 16.25
ICC12493xICCI2968 53 14 1707 1B 15 W7 234 1489 1278 2086
ICC 12493 x 1CC 4973 8 16 156 135 69 1281 1813 149 1535 nm
ICC 12493 x ICC 4962 § 18 Ise4 155 6 1008 12 83 1509 206
ICC12495xICC 12494 80 109 1990 124 64 1446 1595 1063 9R 18.24
ICC12968xICC 12494 51 %0 1944 L1974 1435 2018 1345 1598 B4
ICC4973 xICC 12494 0 12 1950 L9 % 1507 1789 192 14 285
1CC 4962 x ICC 12494 0 15 2155 14 60 1510 1806 1204 1641 588
ICCI2495xICC12968 68 108 2000 116 120 251 185 851 9N 1759
ICC 12495 x ICC 4973 o6 224 LB 8 134 199 1333 1587 1346
ICC12495x1CC4962 719 126 2273 14 64 1536 241 1494 1503 280
ICC 12968 x ICC 4973 % 02 198 L35 N 1989 132%6 1342 040
ICCI2968xICC4962 54 14 209 137 66 155 2022 1415 1800 25.10
1CC4973 x1CC 4962 R 16 215 10 60 1281 160 1066 1932 2391

Parents .
Mean N4 12 18400 LIS 558 10260 155 1094 14870 2430

F (prob at 5%) <WI <00r <00l <001 <00l <ol <001 <001 00180 0014
Fls

Mean I 9065 124 0 49 m 191 42 2169
F (prob at %) <0 <00F <001 <001 <001 <00l <001 <001 0152 0.151
SED 395 666 105 006 109 23 306 2038 338 283
LSD 19 BR 209 013 A8 45 600 4065 67 564

CV(%) 68 712 68 62 W0 11 6 A6 M 158




Table 9.3: Characteristies of entires in F, desi 10 x 10 diallel for H. armigera resistance, ICRISAT, Patancheru, 2001-02,

Pod borer damage (%)

Deysto Daysto  100seed ~ Seeds  Pods  Yield  Yield Angular
Parens ofow. mawiy We@  Pod'  pln’  plan’l)  plo’Q) Actual  transformed
ICC 12475 ) ] 1sn L0 8 30 845 6% BBy
ICC 1247 i 116 13.08 1 244 6558 1065 112
ICC14m il 105 1180 L7 05 133 8070 14 M4
ICC 12478 53 105 1476 g 9 346 891 9% 1115
ICC 1479 5 9% 13.69 o BB 94l 18 MM
ICC 12490 76 10 1261 40 1346 781 1084 1809
1CC 14876 5 109 1434 L3 106 1545 M4 M4 168l
1CC 4918 4 8 18.98 e m 76 688 230 2680
ICC 12426 5 101 18.33 1456 1450 68 1541 2186
ICC3137 n 115 un 106 34 87 069 841 3184
F;S
ICC1475x1CC 1476 62 10 1433 1 1360 8099 944 1626
ICC1475xICC 14T 59 106 1420 e 10m 1smo 78S 9% 1693
ICC1475x1CC 1478 61 107 1501 /2 1 S ] N 1 B 1 LR K ¥
ICC 12475 x1CC 12479 6l 10 1395 e 9 439 %02 8T 154
ICC1475xICC 12490 67 105 1394 130 112 18.36 B8R 15.51
ICC 1475xICC 14876 64 108 1473 LS o 1458 916§ 790 1485
[CC145xICCH18 59 102 1768 26 100 1907 644 1278 200
ICC12475x1CC 12426 61 105 16.33 L6 106 1816 863 919 1705
CC 1475x1CC3137 €2 10 19.35 mn 1470 6687 1534 2201
ICC 12476 xICC 12477 76 14 1340 4@ 4 WL 8 158
ICC12476x1CC 12478 78 115 1185 4 9 1339 8524 18 18
ICC14%xICCIUY M 115 1344 19 1397 68 1141 1839
ICC14%6x1CC 1490 78 14 131 I 38 8685 1097 1829
ICC 12476 xICC 14876 77 12 1390 1% u 1425 8600 1247 2036
ICC1476x1CC4918 70 107 141 19 37 M6 1495 U8
ICC1476x1CC12426 T2 12 16.3 1% 8 1504 7097 1305 2006
ICC12476x1CC3137 ™8 17 1344  n 43 7670 1194 1816

Contd.



Conti...table 9.3

Pod borer damage
Daysto  Daysto  100-seed  Seeds  Pods  Yield Yield Angular
Fs Woflow. manty Wi pod' - plan’ plan'l)) plor’(Q)  Actal trnsfomed

ICCIATxICCI478 70 108 1274 LI4 105 1402 m9 890 1624
ICC1A4T xICC 12479 68 106 19l Lie 1l 13.66 $413 90l 15.88
ICCIM4MxICCI4%0 70 107 1183 133 MW Ism 085 103 1881
ICCI4MxICC1487%6 ™ 10 1220 LI 15.86 7669 991 16.89
ICC [2477xICC 4918 65 107 1433 L9 40 209 6714 1363 2059
ICC1ATIXICC12426 60 102 1483 12612 1940 6395 1406 2105
ICC147x1CC3131 67 108 1593 119 9% 15.12 6644 1419 22
ICCL4BxICCI4Y 13 i 1405 L2 14 1665 w56 109 1424
ICC1478xICCI4%0 76 113 1288 14 9 15.06 4 1040 117
ICC 12478 xICC 14876 69 10 1375 L4130 1828 6758 79 1502
ICC12478xICC4918 57 101 16.69 L6 114 1904 M6 132 UR
ICC 12478 xICC 12426 6l 104 1642 125107 1898 654 1340 2050
ICC12478xICC3137 66 104 1792 112 9% 1579 4 14l U
ICC1479xICCI14%0 7 110 1259 139 95 14.58 69 966 16.66
ICCI2479xICC 14876 65 109 13.56 L3 14 1638 B8 688 13.50
ICC 12479xICC4918 66 108 16.93 L9 1w a3 44 1515 2085
ICC1479xICC 1246 61 104 15.58 15 108 183 N 1462 2188
ICC12479xICC 3137 n 113 1835 Le 102 18 679 1678 2339
ICC12490xICC 14876 72 07 . 1386 L3l 101 1592 6127 1200 194
ICC12490xICC4918 66 108 1391 13 1w  an 5823 1466 28I
ICC12490xICC12426 66 109 1381 146 9% 1730 6761 1695 847
ICC1490xICC3137 T3 118 18.52 128 80 15.20 7363 1690 235
ICCl4876xICCH18  TI 111 13.62 LII m 1523 6909 988 17.05
ICC 14876 xICC12426 61 103 1423 L4109 1605 6577 936 16.25
ICC14876xICC3157 Tl 116 18.18 107 89 1431 6684 1565 2208
ICC4918xICC 12426 60 106 18.60 L34 1 208 6459 1715 U9
ICC4918xICC3137 69 106 24 119 9 197 6125 1890 4R
ICC12426x1CC3137 67 109 0.8 128 7 16.21 4T BN 2841

Mean 662 109 15.150 1200 988 1570 453 12340 19200
F(prob at $%) <001 <001 <001 <0r <por <0l 0004 <001 <00l
SED 418 565 205 004 9l 1600 9250 234 221
LSD §29 112 410 0068 180 3701 18341 4391 4301

CV(%) -1 33 133 35 113 125 152 20 140




Table 9.4 : Characteristics of entries in F, kabuli 8 x 8 diallel for H. armigera resistance, ICRISAT, Patancheru, 2001-02.

Pod borer damage (%
Daysto Daysto  100-seed ~ Sced Pods  Yield  Yield Angular

Parents S%flow. maturty Wi  Pod' Plant' plant'(g) plot’"E) Actual transformed

ICC 12491 50 9% 186 LI6 746 133 6564 172 M4
ICC 12492 81 113 173 L9 6 130 781 13 196
ICC 12493 % 145 826 J 668 90 174
ICC 12494 18 6.7 . 7. 6 619 160 236
ICC 12495 no 03 . 64.1 2 40 82 166
ICC 12968 84 . a8 96 419 N2 US
1CC 4973 1 . . 1533180

ICC 4962 ' 12 ) 540 134

Fis

[CC 12491 x1CC 12492 . . 9 640 144

ICC 12491 x1CC 12493 . 8 M 1S

ICC 12491 xICC 12494 . , 9 S8l 130

ICC 12491 x1CC 12495 . . 7 6054 106

ICC 12491 xICC 12968 . . ) 3699

ICC 12491 xICC 4973 . . 54 514 158

ICC 12491 xICC 4962 . 3 , S5 ss46 154

ICC 12492 xICC 12493 . . _ W67

ICC 12492 x1CC 12494 ) . 608 65

ICC 12492 X ICC 12493 . 5943
ICC12492xICC12968 & : . . 6 68l

ICC 12492x ICC 4973 . . . 0 3




Conti.....table 9.4

Pod borer damage (%
Daysto Daysto  100seed ~ Seeds Pods  Yield  Yield Angular
Fys 50%flow. maturity Wt.(g)  Pod Y Plapt” plant"(g) plot" (&) Actual transformed

ICCl1492xICC4%2 & 1M 90 132 M9 1T %S5 123 N8
ICC1493xICCI1494 82 12 160 133 %7 165 652 126 A8
ICCI493xICCI495 75 118 187 L3 89 182 690 103 W7
ICC12493x1CC 12968 39 %0 19 118 %4 181 7099 13§ 27
ICC12493x1CC4973 81 116 168 17913 174 642 19 M
ICC1493xICC4%2 & 118 16.7 140 75 14 sl 138 8
ICC12495x1CC 12494 &2 114 205 125 849 189 695 WS 198
ICC12968xICC 12494 46 109 201 116 666 124 6663 242 294
ICCoOmxICCI494 13 11 199 L9 692 134 62 173 U6
ICC4962xICC 12494 84 1% N4 13 603 M4 5m9 142 2l
ICC12495x1CC 12968 37 9 56 L3 765 169 7505 154 Bl
ICCI2495x1CC4973 80 118 210 12 %1 04 5257 80 164
[CCI2495x1CC4962 85 6 13 128 145 310 6368 90 174
ICC12968xICC4973 38 89 22 L1088 163 758 188 256
ICCI2968xICC4%2 43 9 04 12 %5 91 ™3 111 W
ICC4973 xICC 4962 0 1 n9 10 m36 62 9 1S5 198

Mean 09 T3 197 1240 8410 1700 66800 1335 2L.19
F(prob at 5%) <001 <00F <001 <001 <001 <001 <001 <001 <001
SED 48 M43 0 00 1002 8 WAL LTS
LSD 96 780 150 007 2000 434 14608 430 350

CV(%) 85 8l 134 3 W6 156 134197 10l
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4.2.1 PERFORMANCE OF PARENTS AND CROSSES
4.2.1.1 Days to 50% flowering

In desi type trial, among the parents involved in the study, ICC 4918 (49) was the
carly flowering variety, while ICC 12479 (53), ICC 12475 (55), ICC 12426 (61) and ICC
14876 and ICC 12477 (65) were medium duration varieties. 1CC 12490, 1CC 3137 (76),
ICC 12476 (77) were medium-long duration varieties. For the crosses it ranged from 51
days (ICC 12479 x ICC 4918) to 79 days (ICC 12476 x ICC 14876).

In kabuli type trial ICC 12968 was extra-short duration variety (35 days to 50%
flowering). The crosses with ICC 12968 were early flowering. The Fas with ICC 12968,
ICC 4918, ICC 12475 and ICC 12479 were early flowering.

4.2, I.Z'Days to maturity

ICC 4918 (94), ICC 12426 (101), ICC 12479 (102) were the earlicst of all desi type
parents with respect to number of days required for maturity. The overall mean of the

parents for days to maturity was 106 days and it was 109 days for the F; crosses.

ICC 12479 x ICC 4918, ICC 4918 x ICC 12476 and ICC 12479 x ICC 12426 were
early maturing crosses. In kabuli type trial, ICC 12968 was early maturing and the Fys of

crosses with ICC 12968 were also early maturing.
4.2.1.3 100-seed weight

Among desi type parents ICC 3137 was bold seeded type with 23.74 g /100 seed.
ICC 4918 (18.48g) and ICC 12426 (17.13g) were also bold seeded. Among the F, crosses,
ICC 4918 x ICC 3137 (21.78g), ICC 12426 x ICC 3137 (21.1g), ICC 4918 x ICC 12426
(19.92g) recorded significantly high seed mass. Among Fas the highest and lowest values
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were exhibited by Annegiri x ICC 3137 (22.44 g) and ICC 12477 x ICC 12490 (11.83 g),

respectively.

Among kabuli type parents ICC 12495 (23.42 g), ICC 4973 (20.58 g) and ICC 4962
(19.47 g) were bold seeded and the crosses ICC 12495 x ICC 4973, ICC 12495 x ICC 4962,
and ICC 4973 x ICC 4962 recorded significantly high secd mass.

4.2.1.4 Number of pods per plant

Significantly highest number of pods per plant was recorded in ICC 12477, but its
100-seed weight was lowest among all the parents. Even then it’s per plant yield was
significantly high. Among Fs ICC 12477 x ICC 12478, ICC 12475 x ICC 12478 and ICC
12475 x ICC 4918 recorded highest number of pods per plant. In desi F; trial ICC 14876
and ICC 12477 had highest number 106 and 105 pods per plant respectively. The lowest
number of pods 34 per plant was recorded in ICC 3137. Fas of ICC 12477 x ICC 4918 (140)
and ICC 12426 x ICC 3137 (77) recorded highest and lowest number of pods per plant

respectively.

Among kabuli type parents ICC 12492 and ICC 12494 had highest, while ICC 12968
and ICC 4962 had lowest number of pods per plant. The Fis ICC 12495 x ICC 12968, 1CC
12491 x ICC 12492 and ICC 12491 x ICC 12968 had significantly high number of pods. In
kabuli F; trial the range of pods per plant was narrow compared to desi trial and it was from
45 (ICC 4962) to 82 (ICC 12493) pods per plant. Among the Fas ICC 12492 x ICC 12494
(163) and ICC 12492 x ICC 12493 (131) recorded highest number of pods plant'.

4.2.1.5 Seeds per pod

The range of number of seeds per pod in desi type parents was from 1.07 (ICC
14876) to 1.43 (ICC 12490). The F;s of ICC 12490 x ICC 14876, ICC 12490 x ICC 12426,
and ICC 12476 x ICC 12426 were with highest seeds per pod. In desi F; trial the range of
number of seeds per pod was from 1.06 (ICC 3137) to 1.45 (ICC 12426). In Fys the
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variation was from 1.07 (ICC 14876 x ICC 3137 and ICC 12475 x ICC 12478) to 1.46 91CC
12490 x ICC 12426). The mean seed pot”! ratio was 1.22.

The range in kabuli type parents was from 1.00 (ICC 12495) to 1.4 (ICC 4962).
Most of the F; crosses with ICC 4962 recorded high seeds per pod. In kabuli F, trial the
range of seeds per pod was narrow in parents 1.39 (ICC 4962) to 1.12 (ICC 12968). In
crosses there was slight variation ranging from 1.40 (ICC 12493 x ICC 4962) to 1.1 (ICC
12968 x ICC 4973). The average number of secds per pod was 1.24.

4.2.1.6 Seed yield per plant

Significantly high yield (17.97 g plant™") was recorded for ICC 12477 among desi
type parents, and among the Fis ICC 12475 x ICC 4918, ICC 12475 x ICC 12478 and ICC
12477 x ICC 12478 recorded high yield plant”. In desi F; trial among the parents ICC

14876 '(15.45 g) recorded highest yield plam" followed by ICC 12426 (14.52 g). Among
the F2s many crosses recorded higher yields than ICC 14876. The Fas of ICC 12490 x ICC

4918 (22.77 g), ICC 12479 x ICC 4918 (21.33 g), ICC 12477 x ICC 4918 (20.96 g), ICC
4918 x ICC 12426(20.69 g) and ICC 12475 x ICC 4918(19.07 g) recorded high yield plant™.

Among kabuli parents in [ trail, ICC 12492 and ICC 12495 recorded high yield per
plant and ICC 12968 lowest yield per plant. In kabuli F trial among the parents ICC 4973
(14.18) recorded highest yield plant™ and ICC 12968 (9.6 g) was the lowest. The Fys with
less plant stand ICC 12492 x ICC 12494 and ICC 12492 x 1CC 12493 recorded high yield
plant™,

4.2.1.7 Plot yield
ICC 12479 and ICC 12478 among desi type parents and Fis of ICC 12479 x 1CC

12478, ICC 12479 x ICC 12490, ICC 12475 x ICC 4918 and ICC 12475 x ICC 12478
recorded highest yields per plot. In F; trial highest yield was recorded in ICC 12479 (914 g)
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followed by ICC 12478 (889 g). Among F, s high yields were recorded in ICC 12477 x ICC
12478 (980 g), ICC 12475 x ICC 12479 (930 g) and ICC 12475 x ICC 14876 (917 g).

Among kabuli parents ICC 4973 and ICC 12495 were high yielding and among the
Fis ICC 12491 x ICC 12968, ICC 12495 x ICC 4962, ICC 12493 x ICC 12968 and ICC
12491 x ICC 12497 recorded significantly high yields. In Kabuli Fy trial among the parents
ICC 4973 (753 g) and ICC 12492 (718 g) recorded the highest yield and the Fas of ICC
4973 x ICC 4962 (786 g), ICC 12968 x ICC 4973 (774 g) and ICC 12495 x ICC 12968 (750
g) recorded high yields.

4.2.1.8 Pod border damage

Among desi type parents ICC 12479 (6.43%), ICC 12476 (7.89%) and ICC 12478
(9.47%) were with less damage than the resistant check ICC 12475 (9.75%), but statistically
on par with each other. Among the Fis ICC 12478 x ICC 12479 (7.05%), ICC 12475 x ICC
12479 (7.11%), ICC 12490 x ICC 14876 (7.30%) and ICC 12476 x ICC 12478 (8.19%)
recorded lowest damage which indicates the crosses between less susceptible parents were
also less susceptible. In desi F; trial among the parents lowest damage was recorded in ICC
12475 (6.98%) followed by ICC 12477 (7.24%) and ICC 12479 (7.85%). The susceptible
parents ICC 12426 (15.40%), ICC 4918 (21.30%) and ICC 3137 (28.50%) recorded highest

damage.

Among the F,s with ICC 12475 as parent, except ICC 12475 x ICC 4918 and ICC
12475 x ICC 3137 the remaining Fs recorded less than 10% damage. The Fas of ICC 12476
x ICC 12477 (8.90%), ICC 12477 x ICC 12478 (8.9%), ICC 12477 x ICC 12479 (9.01%)
and ICC 72477 x ICC 14876 (9.91%) recorded lowest damage. Among the Fas the crosses
with ICC 12479, ICC 12490 and ICC 14876 were less susceptible. The Fzs of ICC 12479 x
ICC 12490 (9.68%) and ICC 12479 x ICC 14876 (6.68%) were less susceptible. F,s with
ICC 14876 i.e. ICC 14876 x ICC 12426 (9.36%) and ICC 14876 x ICC 4918 (9.88%) were
less susceptible. Among all the F,s ICC 12479 x ICC 14876 (6.681) was least susceptible to

H. armigera.



85

Among the kabuli parents ICC 12492 (10.11%), ICC 12491 (12.84%), and ICC
12495 (13.28%) were less susceptible, and the F; crosses ICC 12493 x ICC 12495, ICC
12493 x ICC 12494, ICC 12495 x ICC 12968, and ICC 12495 x ICC 12494 recorded
significantly less damage percentage. In F, kabuli trial among the parents ICC 12495
(8.2%) and ICC 12493 (9.0%) were less susceptible. Fis of ICC 12492 x ICC 12493 (6.7),
ICC 12492 x ICC 12494 (6.5%), ICC 12495 x ICC 4973 (8.0) and ICC 12495 x ICC 4962

(9%) were less susceptible.
4.2.2 ANALYSIS OF VARIANCE FOR COMBINING ABILITY

ANOVA was conducted for method -2 of Griffing (1956) and Gardner and Eberhart
(1966). In 10 x 10 F, desi diallel general combining ability (GCA) variances were highly
significant (1% level) for all characters under study, except days to maturity. For this
character variance for entries was significant only at 5% level of significance. The specific
combining ability (SCA) variances were highly significant for total number of pods per
plant, yield per plant and yield kg per ha™' at 1% level and for pod borer damage percentage,

variance for entries was significant only at 5% level of significance (Tables 10.1 and 11.1).

In 8 x 8 F, kabuli chickpea diallel gencral combining ability, variances were highly
significant for all the characters studied. For specific combining ability, the variances were
highly significant at 1% level for all characters except for pod borer damage percentage and

days to maturity (Tables 14.1 and 15.1).

For Fas ANOVA was conducted for method 2 of Griffings (1956) and the values
were presented for F, desi and F, kabuli (Tables 12.1 and 16.1). In the both the F; trials
general combining ability (GCA) variances were highly significant for all characters. In desi
chickpea specific combining ability (SCA) variances were significant for all the characters
except days to maturity, pod borer damage (%) and plot yield. In kabuli chickpca SCA

variances for days to maturity and damage (%) were not significant.



Table 10.1: Estimates of GCA and SCA mean squares and variances from F, desi chickpea 10 x 10 diallel, Giffing (1956).

Daysto . Pod borer damage (%)
50% Daysto 100-seed Seeds  Pods Yiel  Yield Angular
df  flow. matwrity We(®) pod'  plar’  plant’(g) kgha' Actual  transformed

Mean squares
GCA 9 181.650** 30.382* 32.685%* 0.047** 203092** 1487  143457** 63288*  45815%

SCA 45 22736 9401 0972*  0.0050% 667.388** 21.661*  53173.3** 7.100* 5.044*
Error 108 19.292 12093 0280 0003 159745 5007 61146 451 3494
Variances

o'y 353 1S 2710% 0004 BOJEH 0T TIRS 4GB 3suw
o's 4260 062F 0002*  SITGMN 1S9t JMSBET 250F 1SS
oA 2066 308 SA00 0008 ISP IS 19557 9% 708
oD 4 260 060 0002 SI6M 1S9 s 251 1SS
Predicabilty

Ratio 0941 0866 0985 0%49 08 055, 083 06 094

Table 10.2: Estimates of combining ability effects of parents in F, desi chickpea 10 x 10 diallel, Giffing (1956).

Pod borer damage (%)
Daysto50% Daysto  100-seed Yield Anguular
Parents flow, maturity ~ Wt.(9) Pods plant” ~ Seeds pod' Kgha'  Actal transformed

ICCI415(R) 35 -1589  0.569% 4.709 0.044%+  201909** 0933 4701
ICC 12476 1567+ 2856* 1359 1292% 004 1337 2.566% . 2267
1CC 1477 0483 0006 1477 15942 002 41406 0931 0936
1CC12478 0.239 0189 0631 43 Q051 35484 -4 -3¢
ICC 12479 3290 -6 0875 0.042 06% 100207+ -2.06% 1988
ICC 12490 4504 0383 -ldTI® 3341 0.131% 23489 084 0.694
ICC 14876 -1.933 002 -1 0713 Q051 81522 -L7ed 0437
ICC4918(5)  4ome -1783  1997™ -6.88¢ 004 24461 3368 27m8m
ICCI426(5) -2433% 0728 1427™ Q5% 0063 2001 1828 1623
ICC3137(5)  2844* 2328+ 3051 78500 0003 16071kt 3676 3.052%

SE+ 1203 0952 0.4 3461 004 44256 0586 0512

Significant at 5% probability; ** Significant at 1% probability; R - Resistant check: S - Susceptible check.



Table 10.3: Estimates of SCA effects of Fs in desi chickpea 10x 10 diallel, Giffing (1956).

Days to Pod borer damage (%)
50%  Daysto 100-seed Pods  Seeds Yield Yield . Angular
Fs flow. matrity W(g) plant’ pod’' plant’(@) kgha' Actal transformed

ICC12475xICC 12476 -71.831* 382 0731 10201 -0.046 -2.709 105.831 3155 2845
ICC12475xICC 12477 0.747 3679 0015  -13957 0054 -1951 43692 1021 0901
ICC12475xICC 12478 6025  -3.848 0295 11199 0039 0841 -6919 0519 0231
ICC 12475 X ICC 12479 3308 3013 0281 17477 0011 2975 -196.011 2426 2428
ICC 12475x ICC 12490 6141 4624 0743 5407 0050 -1.622 118642 3036 2366
ICC12475xICC 14876 -1.664 4348 0540  -2768 -0.009 -0.668 -30.147 2799  23%
ICC 12475 x1CC 4918 T8¢ 2790 0924 1732 0009 5.226* 325492 2487 1811
ICC12475xICC 12426 -8.164*  -4265 -1.063* 41.871** 0081 8843 257808 -2.561  -2.048
ICC 12475x1CC 3137 2205 4346 0089 17032 0075 4782 246544 0905 055
ICC12476xICC 12477 2221 0902 1.233** -26.768* -0.038 -2801 269.533 -2.786  -2.570
ICC 12476 x 1CC 12478 3069 0.626 -1.050* 24388* 0063 2966 -380.841 -0.461 0327
ICC 12476 x ICC 12479 2169 1432 0907* 4599 0001 1.027 193921 1917 1943
ICC 12476 x ICC 12490 1003 LI79  0.169  84.449* 0045 12253** -145210 0942  1.069
ICC12476xI1CC 14876 8.531* 2874 0288 4955 0.098* 1818 -165.030 0332  0.139
ICC 12476 x ICC 4918 5005 2987 0688 7720 0002 1658 40.033 -3810* 2941
ICC 12476 x ICC 12426 5697 164 -1224%* 12740 0103* 2182 113883 2436 2245
ICC 12476 x 1CC 3137 3086 2902 -1477* 921% 0076 7804* 31914 2388 -1942
ICC 12477x1CC 12478 1253 0235 0057 11766 0012 0431 202.085 4.3532* 3875
ICC 12477x1CC 12479 3586 209 0802 3031% 0009 2215 257450 2690 2381
ICC12477xICC124%0  -1.581 0295 032 8373 0028 -1428 150678 3265 2825
ICC12477xICC 14876  -1386 0735 0069  -3268 -0.042 -0.897 12084 1102 -0.861
ICC 12477x ICC 4918 1086 2874 0301 32232* 0035 4.68* 144761 1981  1.498
ICC147xICC 12426 4221 -1515 0541 20362 -0.025 -1763 17741 0907 0718
ICC 12477 xICC 3137 5160 0429 -0892* 3468 0056 0266 45153 0402  -0.321
ICC12478x1CC 12479 0025 3235 0582 14868 -001 -1841 -293401 -1942  -1.908

Contd.




Conti....table 10.3

Fs Dzz:/:o Days 0 100-seed Pod§| See(?'s Yield.l Yield'I Mﬂ%

oy, Marty (9 plant” Pod” plant’(g) kgha'  Acpal trans?onned

ICCIM4T8xICC 12490 4041 3179 -L19§** 10218 0069 -1.921 71933 0957  -1.42
ICC12478xICC 14876 -1331 1207 1.089* 2421 0009 0664 222841 5566**  4903**
ICC 12478 x1CC 4918 2475 0346 0371 25320 0016 5434+ 77017 3483+ 2553
ICC12478xICC 12426 0503 0957  0913* 30393** -0.004 6.491** 306010 0481 0369
ICC12478xICC3137 3442 0098 0921* 7621 0051 2004 257203 2054  -12%8
ICC1479xICC 12490 -5525  -1626 -0.764 -21.807* 0033 -3.696 216361 -0415 0409
ICCI1479xICC 14876  -4331  -1265 0217 2501 -0011 -0402 42713 2691 2446
ICC1479xICC4918 4525 6793 0565 0868 -0.024 0.119 82017 2163 220
ICCI4M9xICC12426 1836  3.052  L10S* 19071 -0.066 4.702* 136233 0043 0392
ICC 12479ICC 3137 -L109 3904 0788 -13.068 0005 -2462 30605 1095 0437
ICC12490xICC 14876 3503 -0.654 -0201 0016 0.J68* 2128 69200 2784  -275]
ICC 12490 x1CC 4918 3915 3485 0568 13351 -0.001* 3052 271280 0460 0491
ICCIM490xICC 12426 4005  -2237 1851% .14545 0041 -1.038 -59372 0941 0878
ICC12490xICC3137 5609 1041 -0368  24216* 0.026 S5.621%* 321397 -1431 083
ICC 14876 xICC 4918 4503 SS13 0245 -lA179 0.163** 0427 168189 -4.006* 3345
ICC14876xICC12426  -1471 0790  -0.535 19493 0.I9.2“ 0939 -127.090 -1.836 1953
ICC14876xICC3137 5747 4265 -2591** -1479 0068 -1965 147175 3914  .3078*
ICC4918 xICC 12426 2669 -LT37 0683 9327 0039 LI01 101211 3508 2.520%
ICC4918x1ICC3137 2609 0541 0917 -14779 0002 2777 104351 4244*  2907*
ICCI2426xICC3137 2914 3485 0810 2841 0063 -1604 210060 2671 197
SE OF (1)) 3621 2811 0437 10436 0042 1973 1334317 1761 1544
SE OF S(1J)-S(.K)}* 5947 4709 0716 17013 0069 3235 218807 2891 253
SEOF S(IJ)SKL)+ 5670 4489 0683 16317 0066 3084 208625 2762 2413

Significant at 5% probability: ** Significant at 1% probability
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4.2.3 GENERAL AND SPECIFIC COMBINING ABILITY EFFECTS AND
GENETIC CONSTANTS

The estimates of GCA and SCA effects along with other genetic constants were
presented ( Tables 10.2, 10.3, 11.2 and 11.3 for desi F;s and 14.2, 14.3, 15.2 and 15.3 for
kabuli Fis). The estimates of GCA and SCA effects, along with other genetic constants for
Fas of desi 10 x 10 diallel (Tables 12.2, 12.3, 13.1 and 13.2) and kabuli 8 x 8 diallcls (Tables
16.2, 16.3, 17.1 and 17.2) were presented. Parameters were computed based on method 2 of
Griffings (1956) and Eberhart and Gardner (1966).

4.2.3.1 Days to 50% flowering

The GCA effects were significant for ICC 12475, ICC 12476, ICC 12479 and 1CC
4918 at 1% level and for ICC 12426 and ICC 3137 at 5% level in desi F, diallel. Among
these iines, ICC 12475, ICC 12479, ICC 4918 and ICC 12426 showed significant ncgative
GCA effects (Table 10.2). The SCA effects werc significant in four of the 45 crosses. Two
crosses showed significant negative SCA effects and two crosses showed significant positive
SCA effects (Table 10.3). From Gardner and Eberhart analysis, it was shown that average
heterosis was not significant for days to 50% flowering. The varietal effects were
significant for ICC 4918 and ICC 3137. The heterosis due to varietics was significant for
ICC 4918. Eight parents recorded significant GCA value and one cross ICC 12475 x ICC
12476 showed significant SCA value (Tables 11.2 and 11.3).

In F, trial ICC 12476 and ICC 3137 showed significant positive GCA effects and
ICC 12475, ICC 4918 and ICC 12426 showed significant negative GCA effects (Table
12.2). Among the F»s eight showed significant positive SCA etfects and one negative SCA
effect (Table 12.3). According to Gardner and Eberhart analysis the average heterosis was
significant and positive. The varietal cffccts were significant for ICC 12475, ICC 12476,
ICC 12490, ICC 4918 and ICC 3137. The heterosis effects, due to varieties was significant
for ICC 3137. Significant negative GCA effects were recorded in ICC 12475, [CC 4918 and
ICC 12426 (Table 13.1).
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Tablel1.2: Estimates of combining ability effects of parents in F, desi chickpea 10 x10 diallel, Gardner and

Eberhart (1966).
R 0,
Des 23{2 O Daysto  100seed Mo Sl Yied Vil P—ME‘E%“@%@—
Parents maturity  wt. lant d lant's ke ha' nguiar
flow. ty @ pl po plant’g kg Actual ransfomed
Wy G340 1076 1559 7550 1197 11610 L84l 11971 1974
be 610 1006 026 055 1233 17670 WBI 12851 2048
H 1705 1974 0523 2008% 0038 6072 2092* 0884  0.94
SEfh 1701 1347 0230 485 000 095 65 088 0M

Varietal effect (v;)
ICC12475 3001 2967 0523 224 0092 0049 2080 2218 -1570
ICC12476 17233 6.701 767 144 0002 -1439 92 4078 -3.9%
ICC 1477 1901 2967 3033 5736* 0019 6364 1169 -1.561  -0.958
ICC12478  0.567 0300 -lee7H  -1084 0002 2562 1197 3318 -2.863
ICC1419 2761 0.033 -1.895* 1549 0062 1484 467.3** S541*  -542m
ICC 12490  5.567 1967 300 036 0233 0584 44 2491 1814
ICC14876 2767 1367 -1.540% 276 0130 1414 22 -l618  -104]
ICC4918  -16.767** -3967  2.893*  -1351  0.088 0062 538 8176** 6813
ICC12426 2433 0.033 1.540¢ 26.11* 0078 2016 2859 1992 2192
ICC3137 12567 4033 B.1s3*¢  3484% 0033 3709 -603.6** 10.716** 8.658*
SEofvit 4616 3655 0623 1328 0054 2511 1698 2248 1.965
Average heterosis contributed by variety (h;)
ICC12475 269  -0.140 0410 00030 1927 1305 0234 0l
ICC1476 5261 0659  -0.634 2208 00521 3299 -1843 0703 --0.360
ICC12477 622 1970 0119 -1698* 00393 3728 27 2281 1887
ICCI2478 0696 0451 0.262 1298 00009 L7158 0251 0174
ICC14719 2474 2251 0.09 -1027 00577 2433 <1779 0.726  0.965
ICCI14%0 2415 1.822 0.111 469 0018 093 17055 0283
ICC14876 0733 0881  -0.606 545 00193 2916 B8 -1233  -1222
ICC4918 5748 0266 0734 016 00271 0641 32 0959 0838
ICC12426 -1622 0992  0876* 520 00349 1850 16L1 LI 0702
ICC3137 4585 0414 -1569** 056 00455 0578 1881 2242 -1.702
SEofht 2827 2238 0.381 813 00330 1537 1040 1377 1203

Contd...
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Tablel1.3: Estimates of SCA effects of F,s in desi chickpea 10x10 diallel, Gardner and Eberhart (1966).

Daysto Pod borer damage (%)

50%  Daysto 100-seed Pods  Sceds  Yield  Yield Angolar
DesiFis fow,  matwriy Wi plant’ * pod’  pln'lp) Kghe'  Actal transfomned
ICCI475xICC 12476  -8785% 3341 0S8 2504 00665  -5.02v 667 276
CCIATSXICCINT 0230 2863 I8 -IT01 0068 26M ¢ 358 031 028
[CC1A475xICC 12478 5489 4285 00762 056 00464 -I.I73/ 07 0236 0002
ICC1AT5XICC 12479 4289 3252 04579 1265 0019 1998 g 2369 287 2889
ICCI415xICC 12490 5901 3844 05619 -1163 00648 2975 //.33.0 268 20%
ICIMSXICCIAT -L1I9 4450 05384 631 @B 155 919 2488 248
ICC12475x1CC4918 6401 2401 05877 978 -00097 3481 - 295 2466 1801
ICCLA4T5xICC 12426 -7396* 4341 -14346* 33.18** 0084 67947 1323 3057  -2403
ICCI475xICC3137 3735 3919 0001 978 0054 308 /A 143 0564 0325
ICCI46xICC 12477 3693 0215 13112% -33.52% 0473 -3.798/ 287 3341 023
ICC1476xICC1478 1715 0933 -L0O77 10.04 00474  0609. -3859* 0509 0452
ICCI476xICCI4M 1159 1063 0916 38 00087 0287 BI 1B 18
ICC1476xICC12490  -1231 0531 00886 7462 00689 10557 121 084 (917
ICC12476xICC 14876 7.085 2901 03479 218  0.0739 0,6I8"/ 0T 0655 0363
[CC1476xICC4918 1937 3248 0769 323 00102 0431 % S.555 8l
I0C14T6XICCI6 4404 1678 L3351 2504 089 451 61 2174 1988
ICCI476xXICC3I37 2604 2604  -10262 2837 0.045 5.73]*‘/ $54 1812 1598
ICC1I4TTxICCI2478 1270 075 00884 731 00093 0168 1566 3738 3188
ICC1A4TIXICC 12479 4048 1807  0.9059 3167 00218 2.649»/ 2599 LT 1695
CIATXICCI0 2341 1611 0241 841 08 367 104 2400 2000
ICCIATTXICC 14876 -1359  0.104  0.1404 061  -0.0434 -0.341\./ 143 154 -1199
ICCIATNICCA918 0507 1956 00364 3107 00226 4348* . 91 1488 1084
ICCI4TIXICCI2426 3970 2119 02408 2087 00133 2398 95 1916 1537
ICIMTIXICCIRT 6159 0526 0603 455 015 A%V 0 A5m 059

Contd,



Cont......table 11.3

. 0,
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L

ICCIMBxICCIAT9 0456 3326 04419 2000 007 2764 ?300]" 2341 236
ICCI4MBxICCI20 3401 2252 -13dle* -1174 0053 520 04 34 -1SB
ICCIMMxICC 14876 1285 0956 L1249 241 00027 0139 //I95.2 SSIee 4993m
ICC12478xICC4918 0901 0193 06692 1667 00164 5742 1o 34t 2559
ICC14T8xICCI2426 077 0733 0576 2039 00016  4d4%6*~ 2146t 0020 0022
[CCI4MxICC3I5T 2433 0674 1L1475* 095 00881 03" #9077 -6
ICC149xICCI24%0 5822 -1878 08657 -2352* 003l -3.959/207.8 A0 089
ICC1479xICC 14876 -3.841 0841 02941 -152 00128 0.I69/ T w5 13
ICCI4M9xICC4918 5656 6636 03067 371 0047 O571% BI 2060 2099
ICCI4MxICCI246 2548 3604 08112 1489 00 3744 819 051 197
ICCIAMCCII3T 0344 3804 03199 -1591 00082 3102 M5 081 4M
ICC12490xICCI4876 2771 -1248 00261 041 OI518 1985 397 2m 2680
ICC1490xICC4918 1622 2604 03066 -1759 -0.I049* 418 3250 0406 0497
ICCI490xICCI426 3493 2804  15543** 012 00389 -23m 127 0369 046l
[CCI40xICC3I37 5378 022 01054 2008 00038 460 214 LI D648
[CC14g76xICC4918 2957 5307 03271 -IS72 QST 0963 1383 3619t 3001
ICC14876xICC 1426 -1193 0901 06525 1661 ~ .19ad% 0101 1965  -1966  -1.995
ICCHBBRICCIIT 470 4507 2047 290 0805 248 M0 S 2508
ICCHIXICCI46 1326 1915 02301 262 0095 067 13 30 23
[CCOI8xICC3I3T 3211 0011 10256 005 00093 186" 248  dafar 337w
[CAGxICC3I3T 1674 3210 08834 -l445 0052 3315 03 275 2046

SEofSij 31 33970 057098 10341 004989 20340 88 16l 1D
* Significant at %; ** Significantat 1%
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In kabuli F; diallel, all the parents showed significant GCA effects, except 1CC
12492, Of these, ICC 12968 and ICC 12491 showed negetive and the remaining had positive
effects. Among 28 crosses ICC 12495 x ICC 12968, ICC 12492 x ICC 4973 and ICC 12492
x ICC 12494 showed significant positive SCA cffect while ICC 12492 x ICC 1296§ and
ICC 12495 x ICC 4973 showed significant negative effccts (Tables 14.2 and 14.3). From
Gardner and Eberhart analysis the average heterosis was not significant. The varietal effects
were significant for all varieties except ICC 12492. The heterosis due to varietics was not
significant. Except 1CC 12492 all the parents recorded significant GCA values and two

crosses showed significant SCA values (Tables 15.2 and 15.3).

In kabuli F; trial all parents showed significant GCA effects. 1CC 12491 and ICC
12968 showed significant negative GCA effects and the remaining six parents showed
significant positive GCA effects. Among the Fzs four showed significant positive SCA
effects and four negative effects (Tables 16.2 and 16.3). According to a Gardner and
Eberhart analysis average heterosis effect was not significant. Varietal effects were
significant for ICC 12491, ICC 12968 and ICC 4962. Heterosis effect due to varieties was
significant for ICC 12491 and ICC 12968. Except ICC 12491 and ICC 12494 all the
varieties showed significant GCA effects of which, GCA effect for ICC 12968 was negative.
ICC 12495 x ICC 12968 and ICC 12492 x ICC 12495 showed significant negative SCA
effects (Tables 17.1 and 17.2).

4.2.3.2 Days to maturity

In desi F, trial two parents (ICC 12476 and ICC 3137) showed significant positive
GCA values (Table 10.2). Among the 45 crosses ICC 12479 x ICC 4918 showed
significantly negative SCA effect (Table 10.3). According to Gardner and Eberhart analysis
ICC 12479, ICC 12475 and ICC 4918 were with significantly negative GCA effects. The
cross ICC 12479 x ICC 4918 was with significantly negative SCA effect (Tables 11.2 and
11.3). In desi F; trial the parents ICC 12476, ICC 12490, ICC 4918, ICC 12426 and ICC
3137 showed significant positive GCA effects while ICC 12475 showed signiﬁcam.ncgative
GCA effect. The F, of ICC 14876 x ICC 4918 showed significant positive SCA effect.



Table 12.1: Estimates of GCA and SCA mean squares and variances from F, desi chickpea 10 x 10 diallel, Griffing (1956).

Daysto . Pod borer damage (%)

0%  Daysto  100seed Seeds  Pods  Yield Yield Angular
Meansquares  df flow.  Matunity Wi(g) pod" plant'l plant"(g) plot'(g) Aot transformed
GCA 9 264.948%* 108.788%* 39.934%* (.044**  910.531** 1579%+  1987541% 93353 TI4I8%
SCA 45 28299 12462 L162** 0003*  148.607%+ 5247+ 5396003 3762 3143
Emor 108 8737 1045 0133 0001 41484 128 4280671 2685 2409
Variance
o’g 9 21350% 195 3317 0.004¢ 2421 1209%*  1299.562¢*  7.556*t  SISIv
o’ 45 19562 2012 L020%* 0.003**  107.123* 3966 1115432 1017 074
oA 42700 1639 6634 0008 144842 2418 2599024 IS12 11502
oD 19562 2012 1029 0003 107123 3966 115432 1017 074

Predictabilityratio ~ 0.983 0954 099% 098 0977 0961 0902 0985 0983

Table]2.2: Estimates of combining ability effects of parents in F, desi chickpea 10 x 10 diallel, Griffing (1956).

Days to Pod damage (%)
0% Daysto  100-seed  Seeds Pods  Yield  Vield Actual Angular
Parents flow, Maturity Wi(@  Pod’ Pl plant’(g) plot') el nsformed

ICC1475 6™ 2667 0202 Q042514 01 A6TSI 2643% 259
ICC12476  7811*  SI*  -L50s** 0056 94m 2055 22549 0809 0717
iccidm 0053 Q833 197 0027 11802 0026 17038 8201591
ICCId478 0828 0389 0648 004 4TI 004 46.181%  -L779% 1577
ICC1479 0467 1083 094 0029 ST 0036 6846+ -LTIEM -Lg9
ICCI490 5256 1944 -L193** 0dIg* 0621 0187 922 0274001
ICC14876 0283 1389 0994+ 0.055** 7599 0083 476 20138 L84
ICC4918  -4911** 4389 164 0 4649% 2047+ -6408%  348m 2907
ICC12426  -4680*  -2718% 1482 0074 3913138 40663+ 2312 2019
1CC3137 4208 3604%  3R99* 0.048% 172 1252 50641 ST 4761

SE+ 0.809 0885 0l 0.007 1764 031 . 17918 0449 0425
Significant at 5% probability, ** Significant at 1% probability.




Table 12.3: Estimates of SCA effects of Fys in desi chickpea 10 x 10 diallel, Griffing (1956).

Daysto . Pod borer damage (%)

% Daysto 100seed  Pos  Seeds  Veld  Yied Angular
P fow.  Maity Wi plt’  pd’  pl'e) po’®  Acual transomed
CC1475xICC14% 527+ 0687 0299 3088 006 0069 4% 0551 0388
ICCI475xICC14T7 0492 1258 0.642* 03004 032 6N 1889 1S
ICCI45xICCI478 2702 248 0126 2004 066 320 01T 012 00
ICC1A475xICCI2479 2008 5059 -0e4* 2751 0015 1234 101307 0809 0362
ICCI475xICCI490 1952 2187 0403 165824 0007 258+ -80S 100 109
ICC1475xICC 14876 3924 1035 01% 985 002 092 19 0345 00U
ICCr47sxICC4918 4119 0813 01 00 0081% 1435 9364 006 0301
ICC1475xICC12426  589%6* 2869  -0688*  14.008* -0091% 1231 495 225 168
ICC1475xICC3137  -1354 139  -0.084 0359 004* 0364 T2 0% 0636
ICC12476x1CC 1477 2313 148 1349 0 Q5% 0694 687 805 1027
ICCI4MxICCI478  4841F 2369 1327 1081 U 0322 383 L5179
ICC1476xICC12479 3813 3063 0529 L2500 0282 M9l 1819 1604
ICCI4%6xICCI2490 1576 1298 LI 283 QI 009 10987 %9 8
ICCI476xICC 14870 5063 20706  LOG9** 3388 0057 0644 96849 3081+
ICCI476xICC4918 0924 -1298 -13% S0 0003 012 682 0216 047
ICC12476x1CC 12426 2.369 44 082" 0%7 oM 003 182 A2 053
[CCI476xICC3137 0215 0819 4288% S04 oo 097 76 SIS0
[CCI4T7XICCI4T8 4952 1313 0033 10068 0013 615 1730061 0009
ICCIAMXICCI9 194 0341 03535 46000001 -1968* 42104 0227 036
ICCI4mxICCI4%0 1131 200 0336 1677 004 006 44689 - 078 09K
[CCI4MXICC 14876  S.n4* 1535 .68 S0 003 047 966 1553 13
ICCIATCCA8 3369 4313 06M*  24585% 0003 33M4**  -08M 0036 0063
ICC14TIXICCI2426 184 2631 004 15325k 0006 241 B4 1D 1B
ICCAMTXICC33T 3004 3004 -13%% a1 o 0T 41 200 -
ICCI1478x1CC12479  8.119** 4565 0282 481 061 0849 192 T8 -8
ICCI1478xICC 12490 5396* 3535 609 395 004+ 0885 -10845 0015 00N
ICCI4xICC 14876 3700 078 0066 19058 0.0 2001 -111003* 0462 0955

Contd.



Conti.....123

ng

Daysto
50%
flow,

Daysto
Maturity

100-seed
W.(¢)

Pods

plant”

Seeds
pd’

Yild Vi
plnt'(g) plt'lg)

Pod borer damage (')
Angular

Actual  transformed

[CC 12478 x1CC 4918
[CC 12478 x1CC 12426
[CC 12478 x1CC3137
[CC 12479 x1CC 12490
ICC 12479 ICC 14876
[CC 12479 x1CC 4918
[CC 12479 x1CC 12426
[CC 12479ICC 3137
ICC 12490 x 1CC 14876
ICC 12490 x1CC4918
ICC 12490 x1CC 12426
1CC 12490 x1CC 3157
ICC 14876 x1CC 4918
ICC 14876 x ICC 12426
ICC 14876 x ICC 3137
ICC4918 x1CC 12426
ICC4918x1CC3137
ICC 12426 x1CC3137

SEOF§(L)+
SEOF S(L))-5(1K) £
SEOF S{LIMS(K.L) £

3104
0341
324
0035
0.659
520t
002
1.3%
0285
0854
0409
299
9,785+
A7
0313
3758
3.508
0952

24
4002
3816

2465
107
1215
1.563
0.785
5.563
0381
248
457
2869
1391
4785
6424
3854
334
494
1548
.59

2669
43m
417

037
0259
.601
0.636
0.138
0.876*
031
0.033
0.714*
0.131
0.187
0.481
2354
1591
0.08
0.146

1563+
L

0.301
04%
047

YL
179
7965
194
288
15.242%8
1426
5721
5264
073w
1519
119
1189
6.55
0.154
AV
6.507
0.59%

58
17
8315

0013
0.005
0.004
0.085*
0.005
0.004
0016
0015
0.023
0.008
0.047¢
0013
00512
(.09
0.043*
0.0424
0015
0.038

002
0033
0032

128 21167
1877 15404
12m 13438
1368 46.00
0705 -39.658
355 16328
1038 -29.802
331 -l1346
0094 -58.604
4311% 89481
0057 19378
034 50797
2453 1441
094 418
019 21545
1363 528
3093+ -18.121
0405 6067

5404
88.588
B4.466

0934
1532
1461

451
(M)
2008
061
1781
1404
1703
0441
207
0553
2%
091
3473
3157
0.2%
005
2305
3.304*

00%
0.559
1026
089
216
14
205
1122
2.0%
0297
2164
.59
24
3.2
0.036
0051
-2.063
230

135 -
2219
2113

1282
2102
2004

Significant at % probability, ** Significant at 1% probbilty.
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According to Gardner and Eberhart analysis ICC 12475, ICC 4918 and ICC 12426 recorded
significant negative GCA effects and the Fys of ICC 12478 x ICC 3137 recorded significant
negative SCA effect.

In kabuli Fdiallel ICC 12968 and ICC 12491showed significant negative GCA
effects. Among the Fis ICC 12495 x ICC 12494, ICC 12492 x ICC 12968, ICC 12491 x
ICC 12968 and ICC 12968 x ICC 12494 were with significant negative SCA effects. In
kabuli Fy trial ICC 12492, ICC 12495 and ICC 4962 showed significant positive GCA
cffects and ICC 12968 showed significant negative GCA effect. The F; of ICC 12968 x ICC

12494 showed significant positive SCA effect according to both the methods of analysis.
4.2.3.3 100-seed weight

In F, desi diallel seeds of ICC 3137 were bold (23.74 g per 100 seed). ICC 12474
and ICC 12490 showed the lowest hundred seed weight (12.5 g). The GCA cffects were
significant at 1% level for all the parents. Six parents showed negative GCA effects and
four parents positive GCA effects (Table 10.2). Fifteen crosses recorded significant SCA
eftects, of which eight showed significant and positive SCA effects and for others SCA
effects were negative, (Table 10.3). According to Gardner and Eberhart, except ICC 12475
all the varieties showed significant varietal effects of which ICC 3137, ICC 12426 and ICC
4918 showed both positive varictal effects and GCA effects. The heterotic effect
attributable to ICC 3137 was significantly negative and it was significantly positive in ICC
12426 (Table 11.2). Seven crosses showed significant SCA effects of which four werc

positive and the remaining three were negative (Table 11.3).

In desi F; trial all the parents showed significant GCA effects, with four being
positive and six negative. Among the Fs eight showed significant positive SCA effects and
nine showed significant negative SCA effects (Tables 12.2 and 12.3). According to Garnder
and Eberheart analysis average heterosis effect was significant and negative. ICC 3137, ICC
4918, ICC 12426 and ICC 14876 recorded significant positive varietal effects. Heterosis

due to ICC 3137 was significant and negative. GCA effects were significant for all the



Tablel3.1 : Estimates of combining ability effects of parents in F desi chickpea 10 x10 diallel, Gardner and Eberhart (1966).

Pod borer damage (")
Daysto30% Daysto  100-seed  Pods  Seeds Yield  Plot Angular
Parents flow.  mawiy W@ pht'  pd’ '@ ved® Al transformed
Py 90 049 1581 846 1202 B My 126 192
ne 61.11 086 1512 1022 1 163 8 124 1909
H 44 3657 SBIF 1876* 00D 39 414 05193 0363
SEofh 1790 1957 021 3% 0015 0685 39618 092 0940

Varietal effect (v.)

ICC 12475 L3427 0039 25 dost 091 95 Smr 5B
ICC 12476 744 4 2me 200 0w 066 -1346 204 -19%8
ICC 147 14 0067 4002 2068 0053 008 M S5 475
ICCI478 ) 0067 1042 84l Q8% 0351 10986 3007 -2.048
ICC 12479 493 4. 21541088 008 0028 13485 491 44l
ICC 12490 17k RN '7ALC VX H A1 1 NN NS X /A B 1
ICC 14876 49 4007 -l469r 242 0076 23 318 561 A3
ICC4918 627156 3T -0 0003 Q34 1043 8536t 405
ICC 12426 18 3953 258 -85St 01 148 2L 2646 260
ICC3137 NI 006 some e g 43864 39 15703 1245

SEofvt 4851 5312 0398 1058 0040 1859 107500 269 25%
Average heterosis  contributed by variety (h)
[CC 12475 QU0 0m o 02951 Sm8 00N A5 GLS 031 0449
[CC 12476 L0605 0 129 0 2% 13 0B 058
[cC 141 089 L6 00399 125 001 0307 421255 104
[CCI478 329 0563 01697 0583 0.0 Q.81 167368 0470
[CC 12479 2661 29% 0281 0346 0017 003 4077095 0486
Contd.




Conti...table 13.]

Pod borer damage (%
DaystoS0% Daysto  100-eed  Pods  Seeds Yiell  Plot Angular
Patens Fov.  mawiy W e’ pd' play Yed© Aol tansfomed

1CC 12490 437 36 05T 298 00l 005 -42 0915 0
ICC 14876 3667 D859 64 4816 005 168 W8 4 AR
ICC4918 49 4S8 001 M 009 295 N8 A3 L0
ICC 12426 I8 GLOBL 090 M6 ot 089 60 139 LSl
ICC3157 G185 LT 7199 0032 1255 1926 2813 194

SEofh; + 291 3% 037 648 0025 L9 65834 169 1562
General combining ability (g)
ICC 12475 AT44F 84026 76 00 02169 ded6t 2561 dger
ICC 12476 (] 3T ') DA T A v A 110 A /AL 1 A A 1 31
ICC 1477 Q189 LI 861 1M 0 25 1809 L30T L300
ICCI478 Q004 053 D69 4B 0038 0054 43260 -LETIM Ll4ne
[CC 1479 02 3 D86 S0 005t 0066 2065 -l499M -LS20M
ICC 12490 4163 L8t 105 136 00 0095 -RTT D06 0169
ICC 14876 12 LI -LOBI™ 6395 -0061* 05009 L4 22d6* 205"
1CC4918 o S7A VA VAL A 11 TN 1 N A 1A/
ICC 12426 SR MY AN ALY 1/ 1 YA A T ALK VA
ICC3137 P A A VAT AT 7 AL A 1 VI

SEofg 060 0755 00K 1305 o006 024 15200 0385 032
Significant at % probabilty, ** Significant at 1% probabilty.




Table 13.2 : Estimates of SCA effects of Fysin desi chickpea 10x10 diallel, Gardner and Eberhart (1966).

Days to Pod borer damage (')

% Daysto 100seed Pods  Seeds  Vied  Veld Angular
Desi s fov.  mawiy Wi pan'  pd' P’ pofly)  Actal tansiomed
[CC1415xXICCI2A6 G481 0974 0378 25150031 02 4% 048 0156
[CCI415xICCIHTT 178 1063 06643 3501 00 005 7686 1581 1532
ICCIATSXICCI4T8 030 2137 02006 018l Q078 04 6945 024 0093
ICCI415xXICCIAN 167 4381 0871 4814 0004 -1663 11932+ 058 0219
[CCIATSXICCIA% 1537 253 05051 1078+ 0005 214 9.5 1418 1387
ICCI475xICC14876 1500 0767 0314 0761 0031 0942 13335 0465 0478
ICCIATSXICCA918 1537 0807 05229 6346 0012* 0257 8286 034 0648
ICCIA475xICC 12426 485* 2656 01284 10472 0081* 058 509 2553 206
[CC 1475 xICC3I37 <1315 1359 0136 208 007 0388 6015 0821 101
ICC124%6xICC1477 1296 1304 16916 17 Q2% 0764 478 -LI0T -1378
ICC1476xICCI12478 278 2044 -L12L 1806 0.164% 0284 2060 194 1767
[CCI1476xICC 12479 1907 1859 062%7  -1.628 004 0264 8828 1392 1343
ICCI4%6xICCIU0 o2 16 L 2 Q18005 928 0505 0450
ICC1476xICC 14876 0907 2326 13079* 271 11 A A Y /0 Y AV | A 1
ICC12476xICC4918 1389 29 -Lig66* 778 0007 2759 504 066l 04l
ICCI476xICC 12426 1426 123 09021 1408 Q060 0184 996 L1 0886
ICC12476x1CC3I5T 0093 0§ 39468 3%l 00 (1308 3400 416" 4678%
[CCI4TTxICCI2478 2815 1081 Q1708 1397 0019 2005 18073* 0034 0134
[CCIATXICCIHT 0056 A7 0496 B 0005 246 B 020 046
CC1ATTICCIA0 1352 2282 059 1311 003 054 486 0335 041
ICCI4TXICCI4BT6 2944 1318 001 267 0038 061 0 142 101
ICCI4THICCA918 0981 2804 050 [T465%* 0006 207 474 0118 0061
ICCIMMXICCIA6 287 2733 00084 9805 0010 1755 6159 0684 0807
ICCI4TXICCIT 281 303 -8 1491 004 05 3599 -1386 092
ICC14BxICCIAY 5005 3304 037 13§ Q05 032 215 L8 1940
1CC 12478 xICC 12490 413 3% 0595 678 006 (14 36 0 08

Contd,




Cont...table 13,2

Daysto Pod borer damage (%
W Daysto 100seed Pos  Seeds  Yied  Yield Angular
DesiFy fov. iy we(g) pln’ ol pllly)  potQ) Al tansfomed

ICCIATXICCIE 040 0482 030M 16705% Q016 248 -l421* 0leb 62
ICCRABxICCHIE 6537 4122 0490 -1 005 QM M 008 0458
ICCIAmBxICCIA 172 <136 03341 2405 0005 131 568 0388 0415
ICCIABxICCIIT 4056 1280 0342 398 00 04 18 -LE 4
ICCI4MxICCT20 10 036 Q97 -losise oomr 94 U 108 LB
ICCImxICCIge  3ms 04 026 0799 QM8 0551 8 -8B LIS
ICCIAM9xICCANE 196 306 Q90 833 0000 224 301 163 1508
(CCIAMxICCI06 1906 <151 D381 2314 M8 026 3% 129 18
ICCIATCC3NST 041 1526 027 11906 0001 245 S 1438
ICC1490xICC 14876 -10M4 4881 074 476 000 0B SIM 2043 213
ICCI4%0x1CCA018 231 1210 0086 4T 000 298 e 034 028
ICCI4%0x1CCI46 0556 1341 0086 S9m  00s4 478 M 2086 LT
ICCI490xICC3I3T 189 4700* 06401 4346 01 3% 667 03 D2
ICC14BT6xICCAE  6259%  4B4l* -LISOT** 4406 052% 535" 2118 2897 276
(CCUBToXICCIN6 2906 405 -14m* 2386 009 297 0 S8
(CClabrexICC3I7 0395 531 035 2890 009 357 D91 0809 067
ICCOInICCINe 144 5306 01603 646 00 00 BN 008 005
ICC49I8xICC3I3T 2444 29 1847 781 o000 1S9 281 LIS L3060
[CCI420xICC3IT 1259 0104 1344+ 6285* 0042 699 BLIB 3T+ 259

SEt 8 2 056 30 7/ S A T N B R B

Significant at o probabilty, ** Significant t 1% probbility
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varieties and positive for ICC 3137, [CC 12426, ICC 4918 and ICC 12475. The SCA effects
were significantly positive for ICC 12476 x 1CC 12477 and ICC 12426 x ICC 3137 (Tables
13.1 and 13.2).

In kabuli F; diallel the GCA effects were significant for five parents. ICC 12495,
ICC 12968 and ICC 4962 showed significant positive GCA effects where as ICC 12493 and
ICC 12492 showed significant negative SCA cffects. Six crosses showed significant SCA
effects, of which four were positive and other two were negative (Tables 14.2 and14.3).
According to Gardner and Eberhart the average heterosis was positive but not significant.
ICC 12495 and ICC 12968 were with significant positive varietal effects. ICC 12495, ICC
4973 and ICC 4962 were good general combiners with positive GCA effects. ICC 12491 x
ICC 12968 and ICC 4962 x ICC 12495 were with significant positive SCA effccts (Tables
15.2 and 15.3).

In kabuli F trial ICC 12492, ICC 12495 and ICC 4962 showed significant positive
GCA effects and ICC 12491, ICC 12494 and ICC 12968 showed significant negative SCA
cffects. Among the Fis, 13 showed significant positive SCA effects and ninc showed
significant negative SCA effects (Tables 16.2 and 16.3). According to Gardner and Eberhart
analysis three varieties ICC 12495, ICC 12968 and ICC 4962 showed significantly positive
varietal effects and along with these ICC 4973 also recorded significant positive GCA
effect. Six Fas showed significant positive SCA effects and five were negative (Tables 17.1
and 17.2).

4.2.3.4 Number of pods per plant

In desi F; diallel ICC 12477 and ICC 12476 recorded significantly positive GCA
effects and ICC 3137, ICC 12426 and ICC 4918 significantly negative GCA effects (Table
10.2). Eleven crosses recorded significant SCA effect, of which nine showed significant
positive SCA effects and the two were negative SCA effects (Table 10.3). Average heterosis
was positive and significant. Varietal effect was significant and positive for ICC 12477. The
parents ICC 12476, ICC 12477, ICC 12478 and ICC 12475 recorded significantly positive



Table14.1: Estimates of GCA and SCA mean squares and variances from F, kabuli chickpea 8 x 8 diallel, Giffing (1956).

Days to Pod borer damage (%)
50%  Daysto 100-seed Seeds Pods  VYield Yield Angular
df fow mawiy W@ pod' g’ p'l) gk Anal rlomed
Mean squares
GCA T TBA593** 597.949%* 19.868** 0.026%* 14.892%* 373.158** 112569.5** 12.804**  18.005**
SCA 28 201500% 33618 1.224*  0.004** 1022 197006** 6520697** 6.02**  83I2*
Error 07802 22177 0549 0002 2561 5987 A4 3994 S
Variances
g TI679* STSTIFE1932% 0.002** 1233**  31328**  9179.818* 0881 1209
o’s 1307% 11441 0.676**  0.002** 766*  137.032%*  44435.64%¢ 2028+ 2601
oA 155358 115154 3864 0004 2466 62656 1833964 1762 2458
oD 13707 11441 0676 0002 766 37132 4443564 2028 2601
Predictability
Ratio 0986 0973 0970 0929 0745 0791 0.775 0810 0812
Table 14.2: Estimates of combining ability effects of parents in F, kabuli chickpea 8 x 8 diallel, Giffing (1956)
Pod borer damage (%)
Daysto50%Daysto  100-seed Seeds  Pods Yield Yield Angular
Genotype flow.  manrty Wi( pod'  plnr’  pln’e) kgha' Acwal  transformed
1CC 12491 QM2 2205 0205 0051 34800 0076 366 07T 0637
ICC 12492 0508 2085 0883 0013 5.5800* 0492 2250 L8
1CC 12493 4792 3250* 2681 0054%*  -LMTL 1209 6569 -l047T  -0.960
ICC 12494 3858% 1985 0382 0031* 06471 0138 61548 0419 0348
ICC 12495 52004 5050 1902 -0.059** 19131 1231+ 58794 0650 0539
ICC 12968 05424177834 0943 0031 73670%  1919**  205.988** 0986  -0.709
ICC4973(8)  3.525* 0451 0295  0361** -1767**  -1683**  -130.688** 1570+ 1314
ICC4962(5)  6.525**  7251* 1068  0.085* 9875 0803  -36232* 1811* 154
SE+ 0.826 1393 0219 0013 2280 0473 265 007 0591

* Significant at 5%

probability, ** Significant at 1% probability; S - Susceptible.



Tablel4.3: Estimates of SCA effects of Fs in kabuli chickpea 8 x 8 diallel, (Griffing 1956)

: DustohDasto Wbl Pobs S Vild Ve roerdmae(d
# Fow. maiy Wi P’ Pd' gy Kgh' gy O
transformed
COIXICCIMR 0648 1683 028 1STP 008 2 25026 0618 062
CROIXICCIMG A6 654 028 LGP A D06 1526 9 34
CCIMIXICCIMM 3048 B0%* 00 460 002 29 0046 295 2455
CCIMIXICCIMS 2848 436 206 3% 0061 00 9985 1009 0816
CCIMIXICCI6E 2681 408 200%  SS4 08 251 06K 200 -l6B
CCIMIXICCHT 182 S26 05 WM oot I W 10 Ligd
CCIOIXICCHR 0615 206 0% 426 005 06 n69 0268 0l
CCIMXICCIMG 378 610 0265 2% 000 041 1950 026 005
CCIMRXICCINg 4361 6396 000 ASB 002 03 BT 46 198
OCIMRXICCINGS 1281 29% A7 A9 QIIt 3% 1048 et 4Tel
CIMRXICCINE  -3552% -ALIT™ % 4306 0055 0305 SeEET 30 -1
CCIMAICCHT  SSEF 3596 067 964 00 UL R4 358 2906
OCIMRXICCHR 3705 16 29 6 002 2B U068 4% 14
CIMBXICCIMN 141 231 061 65T 0009 2181 S0 4708 399
CIMBXICCIMS 1685 380 050 %1 00 0% BTB 4 AlIIe
CIMBXICCINE 2882 49% 001 208 006 069 106m 061 067
CIMBxXICCHT 081 S0 82 10817 008t 2317 25 08l 0S8
CIMBXICCHR 1919 6037 L6 006 00 LI ama 0 038
CIMSXICCING 0419 109" OSM ST 006 3B I 4l 4
CIB68XICCING 429 T4 0005 088 A0 LM 06 231 19
CCOTXICCIN 156 39T 066 IS6M D05 3 MBF 2 -6
CCORNICCIUA  -1985 056 198 2460 006 2 MM/ 00 0l
0CIMOSXICCIN0EE  IL6B% 1863 AT5 BT 001 I S 330 0
CIMSXICCHOT S A3 LIS 03T om0l W4 0% 08
CI0OSXICCHR 4085 016 081 ST 409 LS8 Msd6lr 039 005
CIB8XICCHT 1615 646 0255 % 0051 230 1559 135 -109
CIS8XICCAR 3385 0% 005 140 o 108 BEBI0 298 241
CATXICCAR 0S4 494 LEM* 105 0% 10 BIS 10 1266
S OFS(L )+ M3 35 0% 6I 0% L0 IS L4 15
SEOF(LIMLK)E 3747 6318 0% 10381 006 247 I%360 326 268
SEOFQUMKLLE 355 597 09) O 00 204 IR0 M3 25

Significantat % probabily, ** Significant a 1% probabilty
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GCA effect (Table 11.2). ICC 12476 x ICC 12490, ICC 12475 x ICC 12426, ICC 12477 x
ICC 12479, ICC 12476 x ICC 3137, ICC 12477 x ICC 4918 were with significant positive
SCA effects according both the methods of analysis for increased pod number. But there
were slight differences between the results obtained by two methods of analysis (Table
11.3).

In Fy desi trial ICC 12477, ICC 12478, ICC 12479, ICC 14876 and ICC 4918
showed significant positive GCA effects and ICC 12476, ICC 12426 and ICC 3137 showed
significant negative GCA effects. Among the Fas, eight crosses showed significant positive
SCA effects and none of the crosses showed significant negative SCA effects according to
Griffings analysis (Tables 12.2 and 12.3). According to Gardner and Eberhart analysis
average heterosis effect was positive and significant. Varietal effects were positively
significant for ICC 12477 and ICC 14876. ICC 4918 showed significant positive GCA
effect. Except IC 12490 and ICC 12426 all the varietics showed significant GCA effects,
Nine 1525 showed significant positive SCA effects and eight were negative (Tables 13.1 and
13.2).

In kabuli F diallel ICC 12968 and ICC 12492 showed significant positive GCA
effects where as ICC 4973 and ICC 4962 with significant negative GCA effects. [CC 12968
was the best general combiner followed by ICC 12492 (Table 14.2). Five crosses recorded
significant SCA effects (Table 14.3). According to Gardner and Eberhart the average
heterosis was significant and positive. The varietal cffect was positively significant with
respect to ICC 12492 and heterotic effect was significant with respect to ICC 4973, ICC
12968, ICC 12492 and ICC 12491 showed significant positive GCA effects (Table 15.2).

In F; kabuli trial ICC 12492 and ICC 12493 showed significant positive GCA effects
while ICC 12968 and ICC 4962 showed significant negative GCA effects. In Fjs eight were
with significant positive SCA effects and thrcc were with negative SCA effects (Tables 16.2
and 16.3). According to Gardner and Ebcrhart analysis average heterosis was positive and
significant. GCA effects were significantly positive for ICC 12492 and ICC 12493. Four

Fas showed significant positive SCA effects and three were negative (Tables 17.1 and 17.2).
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Tablel5.2: Estimates of combining ability effects of parents in F, kabuli chickpea 8 x 8 diallel, Gardner and Eberhart (1966).

chiites Do Dbt s Seds  Yed vy —owedme0d
abuli Parents 50% nawiy W@ P’ pod’ pan'lg) Kt Angular
flow. . g Actual ransformed
pv 1.4 112201 18401 5583 1189 1026 1034 1487 04
ue 7176 113500 19031 7023 1257 1429 1191 14 2169
Vi 0.720 1.280 0614 1441%  00677*  403%  1576* 08665  -0.7409
SEofh+ 1275 2149 0338 352 0020 030 65783 L9l 0912
Varietal effect (v.)
ICCI491 4% -1.208 0435 904 00458 130 353 2026 -1.880
IcC1M492 337 0542 0755 18170 00858 2207 182 475 4209
ICC12493  1096* 5458 4535% 037 0.0875 -15% 68l 0966 059
ICC124%4  59* 7438 A7 1210 0.1075* 1531 426 41m 3.385
ICC12495  896* 8.125 5015% 43 Q1925+ 2057 1382 1471 1.269
ICCI2968  -36.38**  -31.542% 2180 604 -0.0292 2441 W19 1586 1068
ICC4973 596 0.125 D81 3103 00525 6246 HBLTH* 36t 2954
ICC4962  1696% 18.125% 1069 -19.03*  02108% 1955 30 00u 0.147
SEofvit 2975 5015 078 8241 0048 1704 153493 2545 2128
Average heterosis contributed by variety (i)
ICC12491 2542 1.887 D065 1487 001107 1038 U7 2558 2254
ICC12492 1685 3.363 L7 S0 004 093 -1023 0689 0.684
ICC1493 0982 0.744 0589 2092 001464 06507 392 0806 0943
ICC12494 1256 -24% 0677 1705 00325 08964 1269 2385 1921
1ICC12495  Ll6 1411 0865 0344 005179 02179 147 1979 1676
ICC 12968  -3.363 2875 0202 6208 002393 09979 2356t 0275 <0291
ICC4H73 0494 0.554 10151 11065+ 001345 2059 874 039 0234
ICC462 2192 2589 07617 0515 0.02821 02484 1568 2527 2087
SEofhit 192 30 0509 5319 0031 1.1 99079 1643 1374
General combining ability (g;)
ICC1491  -1979% 1717+ 0282¢ 3034 003399 0387 5TO4F 1545 (314
ICC12492  -0.003* 3002 -L099* 4077 000018 0211 4322 -1688%  .1421
ICC12493 4497 3473 2857 2004 005839**  -1413** 521 -1.289% 1242
ICC12494  4.235% 1235 Q119 167 002 0031 -105.63* 029 029
1CC1495 5,640 ST 162 LSIL 0044d6* 1296 5438 -12ddm 1041
ICC12068  -21551%*  -18.6d6*  0.879**  9.220%  .003851*  2208*  1353**  .1.068* . -0.784
ICC4H73 3413 (616 0.599* 4447 00397+ -L06S** 5348 14T 1244
ICC4962  5.687**  6473*  1206*  -10.028** 0.0772% 0728 39.09 2569 216l
SEofgt 0530 0894 (.141 1468 0008 0304 248 0453 0319

* Significant at 5% probability; ** Significant at 1% probability



Table 15.3: Estimates of SCA effects of Fys in kabuli chickpea 8 x 8 diallel, Gardner and Eberhart (1966).

Daysto Pod borer damage (%)
0%  Daysto  100seed Seeds  Pods Yield  Yield Angular
Kabuli Fs flow.  mawiy Wi opd’ g’ plaly Kb Al vansiomed

CCn4IxiCCI4% 781 019% 0051 0827 183 2440 M5 Q16 0089
ICCIATXICCI2403 1280 151 0339 0013 -LO6I 0435 1306 36ue 34w
ICCI491xICC1244 2649 7994 0285 001§ 5027+ 3201 1198 33t 25
[CCIATXICCI05 157 3089 189" 00315 4008 1682 1529 %1 8K
ICCI491xICC1298 2768 7792 1947* 00710 0906 [N Y VA /X A ]
ICC1RAXICCA9M 2923 4281 OIS0 0064 8315 yAV/A Y V) 0723
ICC1491xICC4962 0550 208 0069 00232 8837 -4 N8 159 -12M
ICC1492xICCIA03 3411 4613 0519 00251 3231 0861 -1 0434 0.191
ICC1492xICC 1494 3339 5851 0034 00046 -1904 004 85 -IT9 1406
ICCI492xICCI05 0268 1280 0395 00677  -0785% 4637 1806 62Is*  S2m
[CC12492xICC 12968 -13.208* 11601 0542 00351 7937 29 2985 -8 1123
(CC12492xICC49%3 4768 2137 0340 0006 4606 1891 90 44 886
IC1492x1CC4%2 3887 1281 0359 0002 592 144 1182 0686 0773
ICC1493x1CC 12494 1073 2410 0505 00165 6311 149874 St 966
ICCIU93xICCI405 1899 2899 084 00008 4371 0198 199 4 Sl6re
ICC1493x1CC 1298 1708 5351 0120 00532 233 031 1681 LI 1194
ICCI493xICC4973 0268 1244 -LO78 00110 4954 099 1163 1le4 1098
I0C1493x1CC4%62 0946 5768 1822 004§ 2465 -L9T 9T 0U%6 0547
ICC1495xICC 12494 1304 -l0863* 0386 00063 657 09567 2643t LIsg
ICC1968xICC 12494 378 6077 0282 00529 3589 2031 M5 M 20
ICC4mxICCIM4 0863 367 0049t Q0451 1142 19 1602 059 0858
ICC4962xICC 12494 . -1685 1804 409" 00646 1735 161 1513 0138 0.256
ICC12495x1CC12968  12.049% 8018 0350 00139 3899t 8% Sl 2400 228
IC1495xICC4973  -5875* 344 0975 00106 6061 1097 106 1642 1.564
IC1495x1CC4962 3756 0232 0762 049 2454 0502 2478 0291 4012
ICI9e8xICC4973 2315 6875 0634 0080 -l6Met 4200 55 498 0749
ICI1068xICC492 1899 2351 0211 0077 3499 26 (274 2501 2026
1CC 4973 x1CC 4962 W 45 1 e 4m 034 32 1M 0874
SEof Sij + 268 451 073 0030 7446 13401081 1300 L0
§ Significantat % probabliy, ** Signifcantat % probebilt
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4.2.3.5 Seeds per pod

In all the trials both GCA and SCA variances were significant. In desi F, trial the
GCA effects were significantly greater than zero for ICC 12490, ICC 12426, ICC 12475 and
ICC 12476. SCA effects were significant and positive for [CC 12490 x ICC 14876 and ICC
14876 x ICC 4918. Average heterosis was positive but not significant. The Varietal effects
were significant for ICC 12490 and ICC 12426 (Tables 10.2, 10.3, 11.2 and 11.3).

In F; desi trial among the parents ICC 12476, ICC 12490 and ICC 12426 showed
significant positive GCA effects.Among Fys, 11 showed significant positive SCA effects and
eight showed significant negative SCA cffects. According to Gardner and Eberhart analysis
average heterosis effect was positive and significant. The varietal ¢ffects were significant
for seven varieties. The heterotic effects attributable to varieties were negatively significant
for ICC 12477 and ICC 12426. Al the parents showed significant GCA effects except ICC
4918. Five Fys showed significant positive SCA effects and five showed significant
negative SCA effects (Tables 12.2, 12.3, 13.1 and 13.2).

In kabuli F, diallel for ICC 4962, ICC 12493 and ICC 12494 the GCA effects were
significantly greater than zero. According to Griffing analysis four parents showed
significant positive GCA effects and four parents showed significant negative GCA effects
(Tables 14.2, 14.3, 15.2 and 15.3). Among the Fys, 15 showed significant positive SCA
effects and 11 showed significant negative SCA effects. According to Gardner and Eberhart
analysis varietal effects were significant for four varieties. The GCA effects were
significant for all the varieties except ICC 12491 and ICC 12492. Among the Fss, 11
showed significant positive SCA effects and eight showed significant negative SCA effect
(Tables 16.2, 16.3, 17.1 and 17.2).



112

4.2.3.6 Seed yield per plant

In Fy desi type ICC 12476 and ICC 12475 recorded significantly positive GCA
effects. ICC 14876 and ICC 3137 showed significantly negative GCA effects (Table 10.2).
Ten crosses showed significant positive SCA values In F, desi trial ICC 4918 and ICC
12426 showed significant positive GCA effect and ICC 3137 showed significant negative
GCA effect. Among Fzs nine were with significant positive SCA effects and threc were
with significant negative SCA effects. According to Gardner and Eberhart analysis average

heterosis effect was significant and positive. Varietal effect was significant for ICC 3137.

In kabuli dialle] Four parents recorded significant GCA effects of which ICC 12968
and ICC 12495 rccorded positive GCA effects and ICC 4973 and 1CC 12493 recorded
negative GCA effects (Table 14.2). Seven crosses recorded significant SCA effects, of
which five recorded significant positive SCA effects and two recorded significant negative
SCA effects.

In F, kabuli diallel ICC 12492 and ICC 12495 showed significant positive GCA
effects and ICC 12968 showed significant negative GCA effects. Among Fss, six showed
significant positive SCA effects and one was with significant negative SCA effect.
According to Gardner and Eberhart analysis average heterosis effect was significant and
positive. GCA effects were significantly positive for ICC 12492, ICC 12495 and ICC 4962.
Four Fps showed significant positive SCA cffects and five were with negative effects.
(Table 17.2).

4.2.3.7 Plot yield

In F; desi diallel among the parents ICC 12475 was the best general combincr
followed by ICC 12479. The GCA effects for ICC 12477, ICC 12478 and 1CC 12490 were
positive but not significant. The GCA effect of ICC 3137 was significant but negative. ICC
12475 x ICC 4918, ICC 12476 x ICC 12477 and ICC 12490 x ICC 3137 recorded
significantly positive SCA effects. ICC 12475 x ICC 4918 and ICC 12490 x ICC 3137



Tablel6.1: GCA and SCA mean squares and variances from F, kabuli chickpea 8 x 8 diallel, Griffing (1956).

Daysto Pod borer damage (%

0%  Daysto  100sed Pods  -Seeds Vield  Vield Angular
Memsquares  df fow.  mawiy W pln’  pod’  plan’®) Por') Al trnsformed
GCA T 199701 SETSIM 23S 360161 002 19889%  9MIINEH 662 45961%
SCA 2B 46197 BBBIL0619%  SISAT6M 0001 24993 119712 442 6105

Residual 01662 287 0303 s0a6s 0000 2368 28LM6 154 2312

Variances

o T 108804 SAITOM 232 JL9T Q002 1752 T0AISOM Sal4 4365
o' B M55 3089 0316* 475311 0001 22625% 9296379 2958 37193
oA 257608 108358 464 638 0004 3504 1408318 6228 873
“D 455 308 0316 475311 0001 22625 9296379 298 3793

Predictabilityrao 0982 0975 0987 038 0976 0614 0818 0935 083

Table 16.2; Estimates of combining ability effects of parents in F; kabuli chickpea § v 8 diallel (Giffing 1956)

Daysto Pod borer damage (%)

5%  Daysto  100-seed Pods Seeds  Yield  Yield Angular
Parents flow, maity We@ ' opo’  plat’Q) plot'®) Al mansfommed
1CC 12491 34 LS8 -16Av 3700 053 lledt 90T 1386% 125%™
ICC 12492 4425 3408 1298 076*  -1360  1258¢  43.63% -1 9d6% -1.692%
[CC 12493 4358% 2708 0.104 6993 2523 0.104%  -11389*  -2.046%  -1706*
1CC 12494 6002%*  3675% Q483 0351 0686* 048 6244r LI 0896*
ICC 12495 3058k 4508+ 2207 212 1826%  2207%%  26000% 2873 2476
ICC 12968 Q7275% 115250 -1958% 1329% 1STIMF .1 958%  -l6.M67** 34T 236%™

ICC493(5) 3058 0325 0009 1082 0531 0d09** 3203 0849 0767
1CC4962(5) TS ST08 053IM 6402 LITO™ 0831t -188%6* 0037 OIS

SE4 13 0163 2005 0008 0455 15318 045 0.365

Significant at $% probability; ** Sgnificant at 1% probability.




Table 16.3: Estimates of SCA effects of F; s in 8 x 8 Kabuli chickpea diallel, Griffing (1956).

Days to Pod borer damage (%
0% Daysto 100seed Pods  Seeds  Yield Yield Angolar
Fys flo.  Mawiy wt(@  plan’ po’  pllg)  gplat’ Actial  transformed

ICCI9xICC 1492 0389 1315 -L7o9% 9738 00me L9 2834 1618 1532
ICCL9XICCI9 1789 1052 1292% 4042 0949 1.9 41 A6l 0013
ICCLMIXICC 149 6722 2752 -1067* 1521 Q198 -L0g7 443 288 26
ICCI2OIXICC 1495  9856** 5919 0%46* 7519 0997  0.94¢ 39439 <1258 -1.089
ICCI2491xICC 12968  -1244 Q715 2.888%  16422% 0352 2.888¢ 91.33* Q0m 0098
ICCIMIXICCAY  5422¢ 7085 0059 049 008 0059 1836 0013 006
ICCI491xICCA962  6756* 4719 -1398* 6173 0303  -1395 A090 0602 0478
ICC1492xICCI2493 3689 6485 6233 30363* 0682 623" 44000  -26%6*  -2841°
ICC14xICC1494 2622 4519 14108" 69341  Q743% 14108 25262 6065 .79
ICC12492xICC12495 5911 1315 1541% 5737 0515 1541 H1.41 1M 157
ICC12492xICCI2968 -3344 3948 0714 3071 -LI33* 074 14128 2512 -1.846
ICCI4RxICCA973 1678 4185 -3203*  -IS0I8* 053+ 320 25982 33e6 241
ICCI42xICC4962 0322 3I82 -3003*  -15522% -0doar 5003 9306 0831 0816
ICCIAGxICCI44 200 2219 0128 004 0088 028 26910212 0432
ICC12493xICC 12495 35011 0948 -1.289%*  -10276* 0.083*  -1.289 4332 1345 1679
ICC12495xICC 12968  -8278** 6915 287 12706 0768 287 69.64 0941 641
ICC12495xICC4973 4056 1885 037 1286 -04d8* 0371 419 0214 0.0%4
ICCI2495xICC4962 0056 2815 -2316*  -T.041  -1.203* 2316 1338 2432 2.144*
ICCI495xICCI2A 2412 6248 0036 0985  0.26* 0.3 48136 0115 0.192
ICC12968xICC 12494 3011 ILIIg™ -2256** 984 0971  -2256 087 WAV A
ICC4MxICCI494  -6011* 3748 -3.028%*  -I3483* 0768+ 3008 9367 2003 1715
ICC4962xICC 12494 065 1582 -2695** 17007 163 2695 9775 068 0097
ICC12495xICC 12968  -9.878** 6715 0529 2363 0878 0509 0. . 141 1.538
ICCI2495xICC4973 2789 2085 Ll6s** 4006 0668 1165 100.18% 3284 3047
ICC12495xICC4962 1789 3385 1L0B**  ddnde* 0244*  11.088"  311756*  -1.538 -1.457
ICC12068xICC4975  -1311% 4881 131* 134 0053 131 .2t L7 0829
ICCI2968xICC4962  -6978%* 1248 346" 16201 0336+ 346" 9.575* 0809 0534
ICC4M3xICC4962 644 -ST81  BT3I™  3T04* 0906t BT3¢ 0497+ 2 2308

SEOF §(I,))+ 2094 40010 044 5381 0 1214 08 119 0974

SEOFS()S(K)+ 458 6804 079 9502 0035 2065 69478 204 1.656

SEOFSIIMSIKL): 432 6415 0697 8959 0033 1 65.504 1923 1.562
Significant at % probability, ** Significant at 1% probabilty.
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proved to be good specific combiners for per plant yield and yiclding ha™'. Average heterosis
was significant and positive. The varietal effect was significantly positive for ICC 12479
and negative for ICC 3137. Heterosis due to varieties was not significant. 1CC 12475, ICC
12479 and ICC 12478 recorded significant positive GCA effects according to Gardner and
Eberhart (Tables 10.2,10.3, 11.2 and 11.3).

In F desi trial ICC 12475, ICC 12478, ICC 12479 showed significant positive GCA
effects and ICC 4918, ICC 12426 and ICC 3137 showed significant negative GCA cffects.
Among Fs three were with significant positive SCA effects and one was with significant
ncgative SCA effect (Tables 12.2 and 12.3). According to Gardner and Ebcrhart analysis
ICC 12475, ICC 12476 and ICC 12478 showed significant positive GCA effects and ICC
12426 and ICC 3137 showed significant negative GCA effects. Three Fs showed
significant positive SCA effects and one with negative effect (Tables 13.1 and 13.2).

I.n F, kabuli diallel three parents showed significant GCA values of which ICC
12968 was the best general combiner, followed by ICC 4973 and ICC 4962 recorded
significant negative GCA effects. Eight crosscs showed significant SCA effects (Tables 14.2
and 14.3). According to Gardner and Eberhart the average heterosis was significant and
positive. Varietal effects were significantly positive for ICC 12968 and negative for ICC
4973 and ICC 4962. Heterosis due to varieties was positively significant for I[CC 4973 and
negatively significant for ICC 12968. Significantly positive GCA effects were recorded for
ICC 12968, ICC 12491 and ICC 12495. Two crosses recorded significant positive SCA
effects (Tables 15.2 and 15.3).

In F; kabuli trial ICC 12492 and ICC 4973 showed significant positive GCA effects
and ICC 12491 and ICC 12968 showed significant negative GCA effect. Among Fas cight
were with significant positive SCA cffects and three were with significant negative SCA
effects (Tables 16.2 and 16.3). Vareital effect was significantly negative for ICC 12968 and
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heterosis effect due to ICC 12968 was significantly positive. ICC 12492 showed
significantly positive GCA effect and ICC 12491 showed significantly negative GCA effect.
Among the Fas ICC 12492 x ICC 12494 and ICC 12495 x ICC 4962 showed significant
positive SCA effects (Tables 17.1 and 17.2).

4.2.3.8 Pod borer damage

In Fy desi diallel, ICC 12476, ICC 4918, ICC 12426 and ICC 3137 recorded
significantly positive GCA effects. ICC 12479, ICC 12478 and ICC 14876 showed
significant negative GCA effects (Table 10.2). ICC 14876 x ICC 4918, ICC 12476 x ICC
4918, ICC 12478 x ICC 4918 and ICC 14876 x ICC 3137 recorded significantly negative
SCA effects while ICC 12478 x ICC 14876, ICC 12477 x ICC 12478, ICC 4918 x ICC
12426 and ICC 4918 x ICC 3137 showed significantly positive SCA effects (Table 10.3).
According to Gardner and Eberhart analysis average heterosis effect was positive but not
signiﬁcé.nt. Varietal effect was negatively significant for ICC 12479. GCA effects for all
the genotypes were significant and for resistant parents (ICC 12475, ICC 12476, ICC 12478,
ICC 12479, ICC 12490 and ICC 14876) the GCA effects were negative (Table 11.3),

indicating that transfer of resistance to other lines will be effective.

In F; desi trial the susceptible genotypes ICC 4918, ICC 12426 and ICC 3137 were
with significant positive GCA effects and the resistant genotypes ICC 12475, ICC 12477,
ICC 12478, ICC 12479 and ICC 14876 showed significant negative GCA effects (Table
12.2). The Fys of ICC 12476 x ICC 14876 and ICC 12426 x 1CC 3137 showed significant
positive SCA effects and ICC 12476 x ICC 3137, ICC 14876 x ICC 4918 and ICC 14876 x
ICC 12426 showed significant negative SCA cffects (Table 12.3). According to Gardner
and Eberhart analysis the varietal effects were significantly positive for ICC 12475, ICC
4918 and ICC 3137 and negatively significant for ICC 12477. GCA effects were similar to
Griffings’ analysis. ICC 12476 x ICC 3137 and ICC 14876 x ICC 12426 showed significant
negative SCA effects (Table 13.2).



Table 17.1: Estimates of combining ability effects of parents in F, kabuli chickpea 8 x 8 diallel, Eberharts and Gardner (1966).

Pod borer damage (%)
Days 1050% Daysto  100-seed  Pods Seeds  Yield  Yield Angular
Desiparents  flow.  maurty wt.(g) plnt’  pod’  plnt’() plant’(®  Actal transformed
By 10.67 101 1906  66.06 130 1297 6303 B34 UX;
pe 69.63 126 1933 8922 1241 1821 6185 1333 AN
H 036 2494 0276 2305 0010 5238 4819 0087 0106
SE of h 2371 35 038 4918 0018 1069 3595 1056 0857
Varietal effect (v;)
1CC 12491 2033 .23 043 850 0067 032 212 380 309
ICC 12492 10 288 -L7* 648 0042 005 8178 212 18
ICC 12493 8 688 452 1649 0040 077 4651 439 34
ICC 12494 8.67 320 A3 0s 0117 062 243 263 23
1CC 12495 8.33 1288 378 -198 0087 219 470 S5 4T3
1CC 12968 3533 2646 2.69* -1825 Q013 336 20843 382 32
IcCH3(S) 7 088 080 257 0004 LIS 123.02 156 147
ICC4962(S) 1367 1188  1.82* 2085 0.155%  -175  -11628 004 017
SEof v+ 5532 8217 0892 11476 0042 2493 83901 2465 200
Heterosis due to varieties (h)
1CC 12491 11794 558 045 -1137 001 251 8876 03 046
1CC 12492 0820 282 010 93 0056 176 037 126 121
1CC 12493 0512 104 038 1D 0033 -040 4949 021 031
1CC 12494 2512 29% 0.7 -5.53 0055 -l 08 021 039
1CC 12495 0298 276 009 445 005 11 6.08 036 016
1CC 12968 13726 604 032 25 004 040 12578 203 1.76
ICCHT3() 081  -109 0.9 338 0059 098 4212 010 005
IcC4962(5) 1274 035 038 5.7 0014 201 56.06 008 010
SE of by + 357 5304 0576 7407 0027 1609 54158 159 19
General combining ability effects (g;)
ICC 12491 1012 049 067 LI 001 241 J5T0% LITH 109
1CC 12492 41794 428 L1SB 155t 001 179% 4352 233 206%
1CC 12493 4512+ 240 264% GG 005 002 26U 198 161
1CC 12494 6.845  456* 047% 200 0.02* 082 -840 104 078
1CC 12495 3869* 368 180 345 L0 281 N9 2988 25w
ICC 12968 31393 -19.37% 167 656% 008 208 2157 414 336%
ICC4973(S)  2869** 065 059 210 004 040 1939 088+ - 0.78*
ICC4962(S) ~ 8.107**  Se6l1** 129% 468 006*  LI3* 208 006 0.8
SEofgi+ -~ 0986 1464 0159 2045 0007 0444 14949 0439 0356

§ - Susceptible check, * Significant at 5% probability, ** Significant at 1% probability.



Table 17.2: Estimates of SCA effects of Fis in kabuli chickpea 8x8 diallel, Gardner and Eberhart (1966).

Daysto Pod borer damage (%)
0%  Daysto  100seed Pods  Seeds Yield Yield Angular
Fs fow.  marty w@ par’  pft  p'()) g’ Acwl ranfomed

ICCI491xICCT1492 249 439 036 427 00047 270 1231 24206
ICCI491xICC 12493 -149 086 1.14* 285 0336* 102 160 o 008
ICCI491xICC12494 285 036 034 760 00090 -L12 2632 258 -9
ICCI491xICCI2495 682 452 -090% 43 00015 004 2534 09 088
ICC1491xICC 12968 025 -1I0 037 1392 004 242 6931 A 04
ICC 12491 xICC4973 249 519 001 -LIS  0028* M4 49381 020 009
ICCI491xICC4962 325 259 034 96 00159 2 46.09 082 0.4l
ICCI492xICC 12493 401 540 042 2296 00005  466* $825 20 L%
ICCI492xI1CC 1494 235 203 A81*6306* 00238 1276t MdIp S5 S)m
ICCIM92xICC 1495 -535* 189 069+ 354 00268 67 -13.67 225 200
ICC1492xICC 1298 125 351 -10§* -1178  00388* 229 5246 28 19
CC 12492x1CC4973 101 3.1 063* 2194 -00081* 460 BI1 KN
ICC12492xICC4%2 042 185 Q01 B9 00007 WS40 12044 12 L7
ICCI2493xICCI2494 135 109 025 292 00089* 08 -20.68 025 048
ICCI2495xICCT12495 335 036 016 -1622 00369 285 4121 191 1.66
ICCI493xICC129%8 408 532 07 133 0.0368* 195 36.03 165 1M
ICCI493xICC49T3 432 197 045 231 00199 038 1258 435 018
ICCI493xICC4962 025 296 17 1347 00374%  .3.96* -§6.06 23 205
ICC12495xICC12494 199 686 013 580 0121 .130 3882 009 038
ICC12968xICCI2494 058 1152 059  -1410 00192 29 2542 ST 406™
ICCHTXICCIH08 635 486 043 -1S95  00298% 356 2529 207 1.8
[CC4962x1CC 12494 025 021 [WEAA /AR 1 || B A VA 95.15 019 001
ICC12495xICC 12968 -544* 460 075 961 00N 209 030 09 108
ICCl495xICC4973 330 269 076 -144 00390 022 -10008* 309 299
ICC12495x1CC4962 173 376 009 3654 00009 88 2840 -4 -4
ICC 12968 xICC4973 2717 321 35 825 0161* 0.5 5431 044 031
ICC1968xICC49%62 300 0.4 006 836 00007 181 3131 0.14 0.0
ICC4973x1CC4962 081 591 067  3LI6* 00663 726" 9008 28 2H4

SEof§; + 23 3l U 1037 00039 175 50 149 136
Sigificant a 5% probability; ** Significant at 1% probabilty.
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In kabuli F, diallel three parents showed significant GCA effects of which ICC
12492 showed significant negative GCA effect and ICC 4973 and ICC 4962 recorded
significant positive GCA effects. Five crosses recorded significant SCA effects (14.2 and
14.3). According to Gardner and Eberhart analysis average heterosis was negative but not
significant. Varietal effects and heterosis due to varieties was not significant for any of the
varieties. ICC 12492, ICC 12493, ICC 12495 and ICC 12968 showed significantly negative
GCA effects (Tables 15.2 and 15.3).

In F kabuli trial ICC 12491, ICC 12494 and ICC 12968 showed significant positive
GCA effects and 1CC 12492 and ICC 12495 showed significant negative GCA effects.
Among the F»s ICC 12491 x ICC 12494, ICC 12492 x ICC 12493, ICC 12495 x I1CC 4973
and ICC 4973 x ICC 4962 were with significant negative SCA effects (Tables 16.2 and
16.3). According to Gardner and Eberhart analysis analysis varietal effect was significantly
negative for ICC 12495. All the varicties showed significant GCA effects except ICC 4962.
The effects were significantly negative for ICC 12495 and ICC 12493 and positive for ICC
12968, ICC 12494, ICC 12496 and ICC 4973. Among the F;s ICC 12492 x ICC 12494 and
ICC 12495 x ICC 4973 recorded significant negative SCA effects (Tables 17.1 and 17.2).

4.3 MECHANISMS OF RESISTANCE TO H. armigera IN
CHICKPEA

4.3.1 ANTIBIOSIS
4.3.1.1 Larval and pupal weights

The mean larval weight of the 10-day old larvae reared on leaves different genotypes
differed significantly. The highest larval weight was recorded on ICC 4962 (339.0 mg),
followed by those reared on ICC 4973 (319.0 mg), ICC 12968 (302.0 mg), ICC 3137(298.0
mg), ICC 12426 (259.0 mg) and ICC 4918 (221.0 mg). The lowest weight of the larvae was
recorded on resistant check, ICC 12475 (145.0 mg), followed by ICC 12479(159.0 mg), and
ICC 12490 (169.0 mg) (Table 18.1).



[8.1: Growth and development of H.armigera on leaves of eighteen chickpea genotypes, ICRISAT, Patancheru, 2000-02,

Unitlarval Larval ~ Pupal  Pupal  Larval Survivl Adult
Wel0®  period perod Wi _(%)10"day  Pupation (%) emergence (%
Genotype ~ Day(mg) (days) (days) (mg)  Actal AT* Actual AT*  Actual AT*
ICCI4t6 18 29 B2 et e (5 s Uy st @)
Iccidm 1™ 0™ e s 6 (55 S ) s (50)

locid’ 191 B0 Lt ket 6™ () @* () % ()
IcC1dm9 1s9®  »afouset e 5 eF ) 6% ()

01490 169%™ ;4" 133t e () % ) 6% ()
(O 9 T N GO ' A 1 ' N () Nl (1) N el (1)
ICCI426 259  192% 109 30 8% (68) &' (68) &' (69)
Ic3r o8® 186 N2 ' s (69 8¢ () % (69)
cid9r 0™ 200t 13 8 ™ 6 6™ () &% ()
0C1492 a2 96 45t st w59 % ) % (%)
CCI493  201™ 193%™ 135 a3 w6 0t 5 6™ (56)
10012494 198% 193%™ 156 Ak 60) W (58 6™ (56)
[C1495 8™ 22 ag* %5t ™ 60) 0 5 WM (©)
I0C12968  302%  196% 125 260 g% 6 wE @ # 6
iocam 39t et 2t sk (69 &% (68) 8 (89)
cC4962 3% 183 0 060 %t () & 68 & (68
Controls

Iccrds®) 8 B0t et ous s @) 4 @) 4 W
ICHI8(S) 21 189 12 299 8¢ (69) s* (68) s (68)

Mean Ly 07 W5 05 4 (60) 61 (56) 67  (56)
F(Prob. AtS%) <0.001 0015 0012 <0001 0.113 0078 0015 0009 002 0015

SED 0l LIT 0926 190 885 55 103 64 103 64
LSD 610 25 18 33 176 109 204 127 204 10
CV% 129 95 183 98 159 98 26 140 26 140

Means followed by same letters do not differ significantly, Number of larvae=50 neonate larvae, AT* =Angular transformed values;
R - Resistant, check: S - Susceptible check . '



18.2: Growth and development of H.armigera on pods of eighteen chickpea genotypes, ICRISAT, Patancheru, 200-02.

Unitlaval  Laval ~ Pupal  Pupal  |Larval Sunvival Adut

Wit period period  Weo (%)(10%day) | Pupaion (%) | emergene (%)
Genotype Gy(mg)  (days) () (m0)  Achal AT* Actal AT* |Actul AT*
ICCI47%6 1906 218 12> Mdled M (H kb () 6 (54)
ccidm o™ w3 B e % 6) o ) & %)
oo 194 6t 0 W U 1) 0t )
IcCIdm 1609 29 WX B N () B @8 8 @8

(

ICCIM%0 113 B onte o st w5 M (%) #
ICC148%6 1512 uS nr M U () o B 0
cids 019 14 05t s oo 8 (0) 8
ICC3137 e s w0y w2 ow o 8 () 8 ()
cCid9r 1™ 92 130t st @) e 6 6t (56)
Iccide 0t g mst s @) o) W (%)
C49 s 1ot 04 e @) Moy M (%)
IcCios 1o o om0 @) 1t @) 1 @)
Iccid9s 18 et 0 w™ o®o@) 0t ) 0t @)
oo S S NN A | K1 ol N/ R O (/) N A (/)
lccaom B4 sl 0 s o9 o) & oy 8 M)
Icca9er X B 0w w oo 8 ) 8 ()

Controls
ICCIMTS(R) 1568 23 B W 6 (6 @) @)

lcCoi8(s) 269 198 net om0 om & ) 8 ()

Mean 450 94 BY 8 81 5 N 8BS MBS
F(Pro.at %) <001 <001 <001 <001 0.106 0.078 0025 0008 0023 0.006
SED .58 1021 0639 14 (LI 82 15 86 16 87
LSD 65.39 20600 1256 242 N1 165 BS 176 BI 176
CV% 96 98 M) 15 01 51 296 N2 B N4

Means followed by same letters do not differ significantly Number of larvae=50 neonate larvae; AT*<Angular transformed values,
R - Resistance check; S - Susceptible check
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The larvae fed on the pods of ICC 14876 (151.0 mg), ICC 12475 (157.0 mg), ICC
12479 (161.0 mg) and ICC 12490 (215.0 mg)) weighed significantly lower than those that
fed on ICC 3137 (333.0 mg), ICC 4962(333.0 mg), and ICC 4973 (332.0 mg) (Table 18.2).

Larvae reared on diet impregnated with lyophilized leaf powder of ICC 12475 (181.4
mg), ICC 12479 (185.5 mg) and ICC 14876 (191.9 mg) weighed significantly lower than the
larvae reared on ICC 4962 (344.6 mg), ICC 4973 (375.0 mg), ICC 3137 (357.0 mg), ICC
12426 (316.0 mg) and ICC 4918 (291.0 mg) (Table 18.5). Larvac fed on dict with
lyophilized pod powder of ICC 12475 (275.3 mg), ICC 12495 (278.9 mg), ICC 12476
(293.6 mg), ICC 12494 (298.7 mg) and ICC 12479 (298.8 mg) weighed significantly lower
than those fed on ICC 4973 (298.8 mg), ICC 3137(298.7 mg), ICC 12426 (445.0 mg), ICC
4918 (404.6 mg), and ICC 4962 (401.2 mg). Larvae in the control dict (without lyophilized
leaf powder) weighed significantly higher (451.2 mg) than thosc reared on dicts with

lyophilized leaf powder (Table 18.5).

Mean pupal weight of onc-day old pupac on different genotypes differed
significantly. When the larvae were reared on lcaves, highest pupal weight was recorded on
ICC 3137(321.0 mg) and ICC 4973 (312.0 mg), and lowest on ICC 12475 (215.0 mg), ICC
12490 (215.0 mg) and ICC 12477 (215.0 mg) (Table 18.1). Pupal weights were highest on
ICC 4962 (226.0 mg) and ICC 3137 (331.0 mg) than on ICC 12475 (226.0 mg), ICC 12477
(226.0 mg), and ICC 12479 (236.0 mg) when larvae were reared on pods ( Table 18.2).

The pupae that were formed from larvae reared on artificial dict with lyophilized leaf
powder of genotypes ICC 12477 (219.2 mg), ICC 12478 (237.3 mg), ICC 12476 (243.6
mg), ICC 12491 (233.3 mg), ICC 12493 (265.0 mg) and ICC 12494 (256.8 mg), and the
resistant check, ICC 12475 (260.1 mg) weighed significantly less than the other genotypes
tested. Pupal weight of larvae reared on ICC 4973 (344.2 mg) was on par with thosc reared

on standard diet (380.7 mg) (Table 18.5).



Table 18,3 Growth of H. armigera on arfifcial diet impregnated with dlfferent concentrationsof yophilized chickpea leaf powder,
ICRISAT, Patancheru, 2000-02.

Larval survival Adult

Leaf  Upnitlarval Lavl ~ Pupal  Pupel (%)(Iﬂ“‘day) P (1) | ener ()

Powder W 10%ay perind  period W
Genotype (8 (mg)  (days) (a9) (M) Al AT* Al AT* Jowdl AT

ool 10 e 6 0 e W o 8o 8 )
(0 T F N | B Y N N ) I O T ol

(0T X S o T 1 G 7 s N A )
(0 S S B [ (N 7 N T
(0T AN | 1 N I 1) N S 1
e 0 omes wE oo om0 wto® 1 )
cos 15wt oug o gt oomet oW @ oW @)

el 0 s® wb e we & wm) & ) & )
(KO AT Y L N S ) N o1 | N A )
o2 30 A SNV SN AN R S A ()
Swirdde W W w0 oS owt o 9o wm

Mea M WD OUB MW ) MO & ()
Fpmbash) Ml QN0 0B QN QM QB G0 QM Qml
SED B0 08 04 B0 6 5 4w 4
15D WLE 08w Wy %3 ST 9 6
oW 0113158 N5 WS 0 81 60 89 68

Meansfollowed b seme letersdo ot iffer ignficanty; Number of arvae=30 nenate lavae; AT*<Angular ransformed vahes



Table 18, 4: Growth of H. armigera on artificial diet impregnated with different concentrations of lyophilized
chickpea pod powder, ICRISAT, Patancheru, 200002, *

Genotype

Pod  Unitlarval Larval
powder  Wt. 10° period  period

Pupal

day(mQ)  (days) (days)

Pupal
Wt

(mg)

Larval survival
(%) (10" dy)

Pupation (%)

Adult emergence
()

Actual

Actual AT*

ICC4918
ICC4918
ICC4918
ICC4918
ICC4918
ICC 12475
ICC 12475
ICC 12475
ICC 12475
ICC 12475
Standard diet

Mean

59 6 2
e 6 N4
Bsa et 10
W e e
neEo9e Ny
AT o K )
w59t s
R ) K | Wi
169.8" 130°
1236 126™
s e

0
0§
1511

0611 1853 1187

N
3189
266"
M
298"
#8*
2841
218
203
256"
320"

27620

9
e
§
m
0
gt
s
g7
£
5t
100"

879

0" m
B (66)
G (59)
6 ()

(1)

§9.89

F (Prob. at 5%)
SED
LSD
CV%

<0.001
4151
§3.10
368

<0001
0.69
125
139

0.059
0.60
12
168

<0.001
56.23
10120
19.2

<0.001 <0.001
369 3l
1179 622
144 10l

<0.001 <0.001
569 426
121 852

165 123

<0.001
6.12
132
182

am
436
in
1S

Means followed by same letters do not differ significantly; Number of larvae=30 neonate larvae;
AT*=Angular transformed values.
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Weights of pupae from lyophilized pod powder of ICC 12479 (241.8 mg), ICC
12478 (242.1 mg), ICC 12475 (253.3 mg) and ICC 12476 (263.6 mg) werc significantly
lower than the inscct reared on ICC 12426 (312.0 mg), ICC 3137 ( 320.1 mg), ICC 4973
(314.0 mg), ICC 4918 (332.4 mg), and the standard dict (330.3 mg) (Table 18.6).

4.3.1.2 Post embryonic development larval and pupal periods

Differences in duration of larval and pupal development of insects reared on lcaves,
pods, and lyophilized leaf and pod powder of different genotypes were significant. When
larvae were reared on leaves the larval period was longest on ICC 12475, ICC 12478, ICC
12479, ICC 12490 and ICC 14876 (23 days). Larval period was shorter on ICC 3137 (18.6
days), ICC 4918 (18.9 days), ICC 12494 (19.2 days), ICC 12426 (19.2 days), 1CC 12493
(19.3 days), ICC 12492 (19.6 days) and ICC 12491 (20.1 days). Significantly longer larval
period was recorded on ICC 12475 and ICC 12479 (15.6 days). Mcan larval and pupal
periods (19.4 and 13.2 days respectively) were shorter on pods than on leaves (21.0 and 14.5

days respectively).

Larvae reared on diets using lyophilized leaf powder of ICC 12478 (22.6 days), ICC
12479 (22.9 days), ICC 12490 (23.5 days) and ICC 12475 (23.3 days) had significantly
longer larval periods than in diets having lcaf powder of ICC 3137 (16.9 days), ICC 4973
(16.1 days) and ICC 4962 (16.1 days) and the standard diet (15.5 days) (Table 18.5).

When the larvae were reared on diets having lyophilized pod powder, significantly
shorter larval periods were recorded on ICC 12476 (16.6 days) and ICC 4962 (16.4 days),
which were on par with the standard diet (16.8 days). Significantly longer larval period was
recorded in diets having ICC 14876 (19.2 days) pod powder. Longest pupal period was
recorded in diets having pod powder of ICC 12475 (13.1 days), and shortest in diets with
pod powder of ICC 4973 (9.9 days), which was on par with the standard diet (9.9 days)
(Table 18.6).



Table 18.5: Growth and development of H.armigera on artificial diet impregnated with 20g of lyophilized leaf
powder, of eighteen chickpea genotypes, ICRISAT, Patancheru, 2000-02.

Unitlarval ~ Larval ~ Pupal ~ Unit Larval survival Adult

We10%ay period  period  Pupal Wt [(6)(10"day) |Pupation (%) | emergence (%)
Genotype (8) (days)  {days)  (9) Acal AT*  |Actual AT*  |Actual AT
I0C12476 1938 218%™ 2436 7™ 6) ST @) S (49)
ICCI4T7 1969 203 ML 292 M%) &% (%) 6% ()
IcCI418  200% 260 o™ 23 e 6 6™ (55 6™ (55)
cCIMl 185 29 10t 2599 ™ 6y 1 ¢ ™ ()
ICC12490  1959* 235 90! p 5 T [ R (| W 5™ (@9)
IcCls6 1918 00 nstom2* Bt o5e) 60° 60 (1)
ICCI426 31657 1g4% 94 3304% g3+ B (66)
ICC3137 3575 169% 109 3089% 5) 93 W M
iCCId91 2004 192t o8 33 T 70 0 (57)
IcC12492  2516¢ 173 o™ 2683 80 (63)
ICC12495  2399%  189%  j04™ 500" i ™ (59)
ICC12494  2598% 187 3™ 2568° 73 ™
ICC12495 1956 199 107 353%™ (9) 63 6% (
ICC12968  2410% 185%™ 300t g% 73 ™ (
Iccdoms  3570% el o 342f oM g3 B (86)

I0C4962 30468 161t 102 359 93 g3 )
Checks .
ICCI475(R) 1814°  B3* 0t w00 P 5" )

ICC4918(S) 2015%  188% 100%™ 70% 9o g5+ &4 (66)
Stndarddiet 512" 1550 99 37" 100t 100° (%0)
Mean 6301 19401 106 28412 86 651 T8 5. 59.5
F(Prob) <001 <001 <001 <001 0102 0060 0012
SED A5 0% 108 2020 88 61 92
LSD 2% L 213 408 174 12 185

CV% 155 - 98 143 105 186 130 248

Means followed by same letters do not differ significantly; Number of larvae=30 neonate larvae;
AT*= Angular transformed values, R-Resistant check, S-susceptible check.




Table 18.6: Growth and development of H.armigera on artificial diet impregnated with 20g of Iyophilized pod
powder of eighteen chickpea genotypes, ICRISAT, Patancheru, 2000-02,

Unit larval ~ Larval Pupal Larval survival (%) Adut
Welo®day period  period  Pupal Wt 10" day Pupation (%) | emergence (%)
Genotpe ~ (mg)  (days)  (days) (9  |Acual AT*  Actal AT*  Actual AT*

ICC14%6 2936 166 5 w6 8B @) 6 (%5 6 (59)
IC147T 614%™ a2 s o6 0 () 0t ()
OO P JE 0 N 13 oS D Kol ST SO (13 N (N ) D | B ()1
IC1479  2988° 175 ;2% gt st 6) M ) 0 )
I0C1490 328"  192% 0% s st @) T 6) ™™ (@)
1C1486  0L1* 8 A oslc 8 66 &% (66 BE (66)
ICCI4%  ds0* 174 03% g0 ok o9 8 9 s ()
lcC3i37  4g0d" g0 j0sf 300 9 ) % (1) % ()
ICC1491 52580 1ot e g0 @) ™ @) ™ (6)
1001492 50120 196 103 289 g 6 8 @) 9 ()
1CC12493  3012% 182  ngx 209t et @) Y 59 T (59)
I0C1494 2987 2™ ok B @ ™ @) ™ ()
ICCI495 279" 182%F gt oamat s o) 0t 5 W0t )
IcC12968 43987 188™ 100t w79 W™ @ &* 66 &* (5)
iccam 4127 o 9y 340% o g ) o (©)

)
ICC4962 4012 164 00 s 9 ) s 69 W 69)
Checks
CCIlsR) 253 18O™ B 3 0 ) 60 6) 51 @)

IC4918(5) dMe* 1736 l06® 4t 9 9 ¢ @) (69
Sandarddiet  S504¢  1684* 99T 30 o m) 9 9 0 ™)
Mean 429 14 16 02918 88 M 65 T 6

=

F(Prob.at$%) <001 <001 <001 <00l 0010 0007 0003 <001 0005 <001

SED 3158 102 0.64 1141 355 389 639 441 639 44
LSD 654 206 1.26 24 1010 707 28 8% 129 903
V% 94 98 8.5 11.5 81 1261 15 815 129 102

Means followed by same letters do not differ significantly; R-Resistant check: S-Susceptible check;
Number of larvae=90 neonate larvae, AT*=Angular transformed values.
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When data from all the four experiments were compared, mean larval and pupal
periods were longest (21.1 days and 14.5 days respectively) when the larvae rcared on
Jeaves, while shortest larval period was recorded on diet having on lyophilized pod powder

(17.4 days). Shortest pupal period was recorded on diet with lyophilized leaf powder (10.6

days).
4.3.1.3 Larval and pupal survival

When the larvae were reared on lyophilized leaf powder, percent pupation and
percent adult emergence differed significantly. Percent adult emergence was almost same as
percent pupation. Average larval survival was higher on diets with lyophilized pod powder
than on diets having lyophilized lcaf powder. Lowest survival was recorded when the larvae

were reared on leaves.

Signiﬁcaﬁtly lower survival was recorded on resistant check ICC 12475. Larval survival was
lower when the insects were reared on leaves of ICC 12476 (56%), ICC 12477 (63%), ICC
12478 (67%), ICC 12490 (57%), ICC 14876 (60%), ICC 12495 (63%) and ICC 12475
(50%). There were no significant differences in larval of pupal survival when the larval
reared on pods of ICC 12476 (67%), ICC 12477 (70%), ICC 12478 (70%), ICC 12478
(70%) , ICC 12495 (70%), and ICC 12475 (60%).

Larval survival was lower when the insects were reared on dicts with lyophilized leaf
powder of ICC 12476 (56%), ICC 12477 (58%), ICC 12478 (62%), ICC 12479 (62%), 1ICC
14876 (60%), ICC 12490 (62%), ICC 12491 (66%), and ICC 12475 (48%). When the larvac
were reared on diets with lyophilized pod powder, ICC 12476 (67%), ICC 12477 (70%),
ICC 12478 (70%) and ICC 12494 (77%) and ICC 12495 (70%), were on par with the
tesistant check ICC 12475 (60%).

Fecundity and egg viability of insect reared on different genotypes did not differ

significantly.



129

4.3.2 RELATIVE SUSCEPTIBILITY OF THE CHICKPEA GENOTYPES TO H.
armigera UNDER NO-CHOICE CAGED CONDITION

Significantly lower leaf feeding was recorded on ICC 12478 (1.5), ICC 12479 (2.3),
ICC 14876 (3.0) and ICC 12968 (3.2) which were on par with the resistant check, ICC
12475 (1.0) during the vegetative stage. In the same experiment,” when the larvac were
released during the flowering stage which were also infested at the vegetative stage, the
genotypes ICC 12478 (0.8) and ICC 12479 (1.8) were on par with resistant check, ICC
12475 (1.0) (Table 19.1).

When the larvae were released during vegetative stage significantly lower leaf
damage was recorded in ICC 12479 (2.3), ICC 14876 (3.0), ICC 12491 (2.8) and check ICC
12475 (1.5) than on ICC 37 (4.5). In another experiment the genotypes were infested only at
the vegetative stage and ICC 12476 (3.0) and ICC 12479 (2.3) were on par with resistant
check fCC 12475 (2.2). During flowering time ICC 12476 (2.5), ICC 12479 (1.8) and ICC
14876 (2.6) were on par with resistant check ICC 12475 (1.6). Mecan damage rating during
flowering stage (3.86) was lcss than that recorded at the vegetative stage (4.1) (Table 19.3).

During the vegetative stage statistically same number of larvac survived in all the
genotypes except on ICC 12476 (85%), ICC 4973(85%), ICC 4962 (85%), ICC 12490
(75%) and ICC 4918 (90%). When the larvae were released on the same plants during the
flowering stage, significantly lower number of larvac survived on ICC 12476 (50%), ICC
12477 (55%), ICC 12490 (55%), ICC 12491 (40%), ICC 12492 (45%), ICC 12493 (335%),
ICC 12494 (50%), ICC 12495 (45%) and 1CC 12475 (50%). than on ICC 14876 (60%), ICC
12426 (71%), ICC 3137 (75%), ICC 12478 (63%), ICC 12479 (71%), ICC 124968 (60%),
ICC 1473 (65%), ICC 4962 (71%), and susceptible check ICC 4918 (76%) (Table 19.1).

When the larvac were released at the vegetative and flowering stages scparately,
significantly lower number of larvae survived on ICC 12476, ICC 12477, ICC 12478, ICC
12479, 1CC 14876, ICC 12491, ICC 12495, and ICC 12475 (Table 19.2). '



Table 19. I: Relative susceptibility of eighteen chickpea genotypes to H.armigera
(vegetative + flowering stage) under no-choice caged conditions, ICRISAT,

Patancheru, 2000-02.
Vegetalive stage Flowering stage
Damage  Larval Unit Larval [Damage  Larval Unit Larval
Genotype rating (0-9) survival (%) Wt (mg) [rating (0-9) survival (%) Wt (mg)
ICC 12475  3.6™ g3t los™ s 50" 367.1
IcC12477 48" 67" ggaie  [383%  ssede 3337
1CC12478 1.5%® 80! 787" 0.8* 63°% 4123
ICC12479  2.3* 58 641° 1.8 71% 379.7
ICC 12490  3.8°% 73% 665" 3.0°" 55l 372.7
ICC 14876 3.0 g 907 6™ 604 399.0
ICC 12426 4.5 90* 192% 5.1 71% 572.9
ICC 3137 5.6' 720 192%  l6.0f 75¢ 742.3
ICC 12491 2.6" 60" 141 5" 38 682.3
ICC 12492 5.5 7870 7 43 45" 355.3
ICC 12493 5.3 g2 142 |4.8" 35" 401.7
ICC 12494 56 78 0% 4.5 507 623.7
ICC 12495 5.0¢ 750l 138¢ 3.8% 45" 4133
ICC 12968  3.1%d g7l g e 60" 644.7
ICC 4973 5.0° 85¢ 22k 4.5 65%* 984.7
ICC 4962 5.6 93¢ 229¢ 5.6 71% 191.3
Checks
ICC 12475 (R) 1.0° 770 802 1.0 50 284.2
ICC4918(S) 4.0 88° 172% 48 76¢ 44222
Mean 4.02 77 131.2 3.53 75 501.0
F (prob. at 5%) <.001 0.036 <.001 <001 0.002 0.114
SED + 1.07 11.52 26.22 0.88 10.3 27.25
LSD + 2.18 23.656 54.10 178 209 54.89
CV% 32.7 18.4 249 30.6 219 61.6

Number of larvae released =20, Replications =3; R-Resistant check, S-Susceptible check
Damage rating 0-9 scale (0= no damage, | = < 10% leaf area damaged, 2 = 11 10 20%, 3 = 21 to
30%, 4 = 31 t0 40%, 5 =41 t0 50%, 6 = 51 t0 60%, 7 =61 t0 70%, 8 = 71 10 80% and 9 = > 80%
leaf area damaged).
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4.3.2.1 Larval weight: g larva’

Significantly lower larval weights were recorded when the larvae were reared on
ICC 12476, ICC 12477, ICC 12478, ICC 12479, ICC 12490, ICC 14876, ICC 12492, and
ICC 12475,than on ICC 12426, ICC3137, ICC 12491, ICC 12493, ICC 12494, ICC 12495,
ICC 4973, ICC 4962 and ICC 4918 during vegetative stage and during the flowering stage,
no significant differences were observed between the genotypes tested. Mean larval weight
during the flowering stage (50.0 mg) was less than that during the vegetative stage (131.0
mg) (Table 19.1).

When the larvae werc released during vegetative stage; significantly lower larval
weights were recorded in ICC 12475 (resistant check), ICC 12476, ICC 12477, ICC 12478,
ICC 12479, ICC 12490, ICC 14876, and ICC12491 than on ICC 12426, ICC 3137, ICC
12492, ICC 12493, ICC 12494, ICC 12495, ICC 12968, ICC 4973, ICC 4962 and ICC 4918.
During the flowering stage 1CC 12492, ICC 12493, ICC 12495 and ICC 12968 were also on
par with the resistant check, ICC 12475 (Table 19.2).

4.3.2.2 Survival of the plants and grain yield

When the plants were infested with /Larmigera during vegetative and flowering
stages; significantly more number of plants survived in ICC 12479, ICC 12490, ICC 14876
as compared to ICC 12475, grain yield was also higher on ICC 12479, ICC 12490, ICC
14876 than on ICC 12475.

Significantly less number of plants survived in ICC 12477, 1ICC 12478, 1CC 12426,
ICC 3137, ICC 12491, ICC 12494, ICC 12495, ICC 12968, ICC 4973, ICC 4962, and 1CC
4918 when the plants were infested at the vegetative stage. There were, no significant
differences in grain yield in damaged and undamaged plants. Significantly less grain yicld
was recorded under infested conditions in ICC 12476, ICC 12477, ICC 12478, ICC 12426,
ICC 12495, and ICC 4918 (Table 19.3).



Table 19.2: Relative recovery of eighteen chickpea genotypes from H.armigera damage (vegetative +
flowering stage) under no-choice caged condition, ICRISAT, Patancheru, 2000-02,

Plants recovered Total yield () Yield plant” (2)
Genotype  Damaged Undamaged Mean [Damaged Undamaged Mean . [Damaged Undamaged Mean
ccidte M40 317 A%t sl 193 1.84
iccldm 23 467 350 payt g™ 583|167 176 1.36

cclatg 236 46 350 [og®  7.40% 404 |11 158 0.9
cCl479  367b 5.0 430 823 48 49 (LI5S 096 LI

IcCl90 400 500 450 W3t 680 471 108 136 1.06
ICC 14876 400 467 433 pest 7.90¢ 415 091 169 1.00
ccpag 266 43 300 DAIE 890" 555 1126 2.0 177

cc3iy 2000 500 350 9 590 407 1135 LI8 095
cCido) 23 500 367 Pt 7.80¢ 28 091 156 0.69
I0C 12492 233%b 467 350 [190° 480 303 082 103 081

IcCla93 2006 433 37 0t s 355 085127 1.5
I0C 1494 2000 433 3T )60 40" 381 080 106 098
IcC1d05 2676 467 307 pa* 69 ST 148 1.26
cClao6s 2670 433 300 00" 220 381 P48 05) 0.95
icc493 233 500 37 R30% 680 485 113 136 L1
IcCdo 233 433 283 plo* 48t 33 (IS8 L 0.86
Checks 400 500 450 @12 790 529|103 158 117
ICC 12475 (R)
Cagig(s) 2000 500 350 pey 90 S fss 184 133
Mean 239 467 281 656 14l 116

F (prob. F (prob. at E (prob. ‘

as%) SED+ 0505 %)  SED+ 0389 @S%) SED+ 0412
Geno <00l LSD+ 1002 [<001  LSD+ 0760 (<001 LSD+  0.205
Treat <00l CV% 197 001 CV% 198 [<001  CV% 187
Geno,Treat  0.003 0.098 0.087

20 neonate larvae released on § plants; replications-5; R- Resistant check, S - Susceptible check



Table 19.3:  Relative susceptibility of eighteen chickpea genotypes to H.armigera under no-choice caged
condition in glass house, ICRISAT, Patancheru, 2000-02.

Damage rating (0-9 scale) Larval survival (%) Weight of the larvae (mg)
Flow. Flow. Flow.
Genotype Vegetative stage stage  [Vegetativestage stage  [Vegetative stage stage

ICC 12476 LT 00 250%™ ps o gse s josgo™ 7550t 38
ICC 1477 CA it YL W VA 3 el I el | Vol B 11
1CCI478 P 3500 00 et 0t 6™ [Bige®  s400™  3so™
ICC 12479 330 230 et ™ ot e 0t ste0t st
[CC 12490 AT 3 3000 s s 0% (sso® 0™t 05
ICC 14876 SO0 3t 26 st s 0™ (20X 148 11g
ICC 12426 500 age so0t ot %t g% fimedd 1P 14
1cC3137 56 sg® o ser B %' % o 1e®  Imy
1CC 12491 08 rE 5 s et s’ 1037 1026
ICC 12492 6% a3 400k P Y 0 [lesx seso™  8gs.0™!
10C 12493 SATE s sy ok g% e [13s 104k goso
ICC 12494 KA N X N (I B | A [ R SN L Wil T %
1CC 12495 N R S Y 7 ke 0w ol (N GO T Gl € i
1CC 12968 400 467 a1 et s ot o2 1sa2® 1000
ICC4973 R B L N 1 CHN S [ ) [ N T K AB O X
1CC 4962 650" 650 e st & st et 960 10T
Checks
ICCIMIS(R) ST 27 16T ™ 60t 50t 6170t S0t S0t
(cca9i8(s) @3 4so* 400t ot 8t 0 [1690%  1339% 134

Mean 4.04 417 3% B3 576 0.13 0.2 0.1
F (prob. at $%) <001 <001 <001 <001 <001 <001 [<001 <001 0016
SED+ 0.74 047 063 15 388 598 ool 2000 312
LSD+ 150 09 128 1S3 1189 1201 [40.12 4025 6001
CV% 224 42 2 5 94 13 183 18.5 338

R- Resistant check; S - Susceptible check
Damage rating (-9 scale (0= no damage, | = < 10% leaf area damaged, 2 = 1110 20%, 3 =21 t0 30%, 4 = 31 to 40%, 5 =41 10
50%, 6=3511060%,7=611t070%,8=71 10 80% and 9 = > 80% leaf area damaged).



Table 19.4: Relative recovery of eighteen chickpea genotypes from H.armigera damage (vegetative stage)
under no-choice condition in glass house , ICRISAT, Patancheru, 2000-02.

Number of plants recovered Total yield () Yield per pizm}l '
Un- Un- Un-
(Genotype Damaged damaged Mean  {Damaged damaged mcan  [Damaged damaged  mean
ICC 12476 D67 400 333 W20 73 579 (158 184 1.74
ICC 12477 0670 500" 383 484 682™ 583 (181 136 1.52
ICC12478 0330 5000 367 B3t 495t 404 134 099 110
ICC 12479 400% 500" 450 W3 ssstT 496 109 LI 110
ICC 12490 5000 500" 500 I3 520 471 083 106 0.94
ICC 14876 433 467 450 [ea™ 460" 415 084 100 092
ICC 12426 L00* 43" 267 pa™ o er ssS pa3 1T 20
IcC3137 D67 5000 383 P 4k 407 127 095 1.06
ICC 12491 33 S000 417 P2t 34 283 066 069 0.68
ICC 12492 333 467 400 P27 380% 303 joes 08I 0.76
ICC 12493 Lot 261 217 o™ 43 355 18 1SS 1.64
ICC 12494 067 433" 250 Ps0™ 43 38 525 098 1.5
ICC 12495 1338 5000 307 [Os™ 630%™ s17 0 P03 126 1.63
ICC 12968 LT 433 300 P60™ 413 387 P16 095 129
I0C4973 6T SO0 383 W3 SSM 485 155 LI 127
ICC 4962 67 467 367 POr™ 400 353 LIS 086 096
Checks
ICCI475(R)  [4.33° 500 467 @73 ssa™ 529 (109 LI LI3
ICC4918(S) 200 5000 350 Po2™ 6e6™ sS4 181 133 147
Mean 269 465 362 529 14 116
Geno <001 <001 <001
Treat <001 <001 <001
Geno. Treat 0.004 0.341 0213
SED+ 0.707 0903 0.220
LSD+ 1410 1.801 0439
CV% 26 243 25

20 neonate larvac rcleased on 5 plants; replications 5; R- Resistant check, S - Susceptible check
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4.3.3 RELATIVE FEEDING PREFERENCES AND DEVELOPMENT OF
H. armigera LARVAE TOWARDS WASHED AND UNWASHED
CHICKPEA LEAVES

When the neonate H.armigera larvae were given a choice between washed and
unwashed leaves of chickpea inserted in agar-agar significantly greater leaf l‘ccding was
recorded on washed leaves of ICC 12478, ICC 12479, ICC 14876, ICC 12494, ICC 12495
and check ICC 12475 compared to unwashed leaves of the same genotype. Mcan damage

rating on washed leaves were 4.33 as compared to 3.35 on-unwashed leaves (Tablc 20.1).

Significantly more number of larvac were recorded on washed leaves than on
unwashed leaves of ICC 12476, ICC 12477, ICC 12478, ICC 12479, ICC 12490, ICC
14876, ICC 12492, ICC 12493, ICC 12494, ICC 12495, ICC 4973, and ICC 12475.
Numbers of larvae present on washed and unwashed leaves after three days were
signi'ﬁcantly different except on ICC 12426, ICC 3137, ICC 12968, ICC 4962 and ICC
4918. There were more (4.22) larvac on washed leaves compared to the unwashed leaves

(3.33) (Table 20.1).

There was no significant variation in larval weights when the larvae were reared on
washed and unwashed leaves scparately for three days. But the lcaf feeding rating and
number of larvae survived were significantly different for the genotypes tested. Leaf feeding
of ICC 12477 on washed leaves was 4.8 compared to unwashed Icaves 3.4. Mean damage
rating on unwashed leaves 3.01 compared to 4.03 on washed leaves, but the differences were
not significant. Significantly less damage was recorded on unwashed lcaves of ICC 12476,
ICC 12477, 1CC 12478, ICC 12491, ICC 12492, 1CC 12493 and ICC 12494, which werc on
par with the resistant check, ICC 12475. Damage ratings on un-washed twigs of all the
genotypes were on par with resistant check, ICC 12475 (except ICC 14876, ICC 12426, ICC
3137, ICC 12495, ICC 12968, ICC 4973, ICC 4962, and ICC 4918.) No significant variation
was observed between washed and unwashed leaves in larval survival, except on ICC 3137.
Numbers of larvae survived after three days were significantly lower in washed leaves of

ICC 3137 compared to unwashed leaves (Table 20.2).



Table 20.1: Relative feeding preference of H armigera larvae towards washed and
unwashed leaves of eighteen chickpea genotypes, ICRISAT, Patancheru,

2000-02,
Damagg rating (0-9) scale Relative larval preference (%)

Genotypes Unwashed ~ Washed  t(value) | Unwashed = Washed  t(valuc)
ICC 12476 28 EN AN 26° 38° 2,55
1CC 12477 3.6 4.1 .76 32 47" -5.23
1CC12478 2.6° 3 287 Yk 38 2.82
ICC 12479 29" 4 28 29" 4580 495
ICC 12490 3.0 400 .17 30 39" 238
ICC 14876 28 42 30 29" 40" 3.16
ICC 12426 4.7 57 -0 45t 45t 0
ICC 3137 48" 5.8 -1.02 3¢ 38" .95
ICC 12491 30° Al -LI4 34 38" L1
1CC 12492 32 35" -47 I 41 3.82
1CC 12493 3.5 46"  -L16 37 43" 435
1CC 12494 29 3 26 34! 3 349
ICC 12495 3.2 458 2L 33 39° -1.86
ICC 12968 35 38 -l 30* 35" N
ICC 4973 39" 49 Ll 45" 5309
ICC 4962 40' 500 -L16 40" 46’ 84
Checks 2.6° 43 391 2 38" -3.98
ICC 12475 (R)
ICC 4918 (S) 3 44 -1.87 35 41 -1.86
Mean 3.35 4.33 3333 412

Means followed by same letters do not differ significantly; Number of larvac =100;
Damage rating 0-9 scale (0= no damage, | =< 10%, 2 = 11 t0 20%, 3 = 21 to 30%,
4=311040%, 5=41to 50%, 6 = 51 to 60%, 7= 61 t0 70%, 8 = 71 1o 80% and

9 => 80% leaf area damaged).



Table 20.2 Relative feeding preference and development of H armigera larvae on washed and
unwashed leaves of eighteen chickpea genotypes, ICRISAT, Patancheru, 2000-02.

Genotypes

Damage rating (0-9 scale)

Larvae survival (%)

Unit larval weight (mg)

Unwashed Washed Mean

Unwashed Washed ~ Mean

Un- Washed Mean
washed

ICC 12476
ICC 12477

ICC 12478

1CC 12479
ICC 12490
ICC 14876
ICC 12426
ICC 3137
ICC 12491
1CC 12492
ICC 12493
1CC 1249
ICC 12495
ICC 12968
ICC 4973
ICC 4962
Checks
ICC 12475 (R)
ICC 4918 (S)
Mean

A36™  AdTa 37
A6 A4d4™ 53
A4™ A44™ 43
A3 A44™ 44
ASOY  A40® 45
A6 ASTH 60
Ase  BS3 10
A86  B6I° 74
A4 A8 36
A3 ALY 37
A3 A40® 40
AL A4T® 44
Ade?  ASI™ 49
A49*  B62 56
AGOT  ASHE 57
A0" A6E 69

A3 A3T 35
A68  BsO 59
AS013  A4836 493

Ad0ab A S 47
A4S ASsMER 5
Ad0®  ASE 46
Ad6™  ASO™* 48
Add™  ASEEE 50
AG0Y  A6l® 6l
ARM AT 7
A8®  Best %6
Ad®  Ade™ 45
A AN
A3 A M4
Ad4O®  ASO® 45
Asa®  AGDET 57
ASS™® A6 62
AT A6 65
A" AT 76

A6 A3g 37
A6 A 68° 63
AS269  ASSOT 5433

6.8 99 84
8.8 123 10.6

13 9.7 8.5
4.1 54 48
9.6 134 1.5
9.0 12.1 10.6
119 92 10.6
133 12.1 12,7
12 9.2 82
44 59 52

1.2 98 8.5
52 6.5 59
1.6 9.1 84

8.1 1.4 46
10.3 128 11.6
10.5 13.2 1.9

43 53 48
115 10.1 108
8.2 9.2 8.7

Treat

Ent
Treat*Ent
CV%

F(prob.at SED LSD
5%)

0.066 0.121 0243
<001 0427  0.845
<001 0601 1200

193

F (prob. at SED LSD
5%)

0066 1771 3.50
<001 5313 10.50
0018 7514 14.85

219

F(prob. SED  LSD
at 5%)
0399  0.0016 0.003

0.048  0.0050 0.009
0.054 00071 0.014
25.1

Number of larvae=100; Means followed by same capital letters within the row do not differ significantly;
Means followed by same lower case subscript within the column do not differ significantly, S - Susceptible
check: R - Resistant check; Damage rating 0-9 scale (0= no damage, | = < 10% leaf area damaged, 2= I to
20%, 3 =21 t0 30%, 4 = 31 to 40%, § = 41 t0 50%, 6 = 51 t0 60%, 7 =61 t0 70%, 8 = 71 t0 80% and 9 - >
80% leaf area damaged).



138

4.3.4 ANTIXENOSIS FOR OVIPOSITION

Under no choice conditions, lowest number of eggs were laid on resistant check, ICC
12475 (543), followed by ICC 12476 (793), ICC 12477 (818), and ICC 12479 (867) under
no choice conditions. Highest number of eggs were recorded on ICC 4973 (1569), which
were approximately three times greater than the eggs laid on resistant check, ICC 12475.
Under multi-choice conditions, lowest number of cggs were laid on resistant check, 1CC
12475 (423), followed by ICC 12476 (632), ICC 12477 (828), ICC 12426 (854) and ICC
12479 (878). Highest number of eggs were recorded on ICC 4962 (1686). Under dual-choice
conditions significantly lower number of eggs were laid on ICC 12475 and ICC 12476
compared to the susceptible check, ICC 4918 (Table 21.1).

ICC 12475, ICC 12476, ICC 12477, ICC 12478, ICC 12479, ICC 12490 and ICC
14876 \;verc not preferred for oviposition compared to ICC 4918 (susceptible check) under
no-choice, dual-choice and multi-choice conditions. ICC 12491 was less preferred under
no-choice and multi-choice conditions and ICC 12492 under dual-choice conditions. 1CC
12426, ICC 3137, ICC 12493, ICC 12494, ICC 12495, ICC 12968, ICC 4973 and 1CC 4962
were preferred for oviposition as compared to the susceptible check ICC 4918 (Tables 21.1
and 21.2).

More number of eggs were recorded on ICC 12426, ICC 3137, ICC 12491, ICC
12493, ICC 12494, ICC 12495, ICC 12968, ICC 4973 and ICC 4962 as compared to the
susceptible check 1CC 4918, under dual-choice condition but the differences were not
significant (Table 21.2).

Under field conditions there were no significant differences in the number of eggs
laid per plant among the tested genotypes (Tables 22.3 and 22.4). The correlation between
eggs laid and larval incidence was positive (r = 0.122) but not significant because of loss of

larvae due to predation by birds and mortality duc to different factors (Table 22.5).



Table 21.1: Qviposition preference of H.armigera among chickpea genotypes in single choice and
multi choice cage tests under laboratory conditions, ICRISAT, Patancheru, 2000-02.

Single choice Multi choice

MeanNo. _ MeanNo.
Genotype  ofeggs v X *+054SE(3rep) ROP*| ofepss y X +0.54SE (3rep) ROP*
ICC 12476 1935 (23475 £09584) -21.5 | 632 (22.9470.865)  -25.0
ICC 14T 8180  (23.789:1.2505) 200 | 828 (25.210£0.274)  -120
ICCI2478 992.0  (25.5551.8489) -106 | 939 (26.053+0.015)  -5.7
ICCI12479 8670  (24.318+1.4495) 172 | 878 (25.086£0.328) 9.1
ICC 12490 9210 (24348420329) -143 | 692 (23.753£1.087) <207
ICC 14876 9165  (25.579£04593) 145 | 899 (25.942:0347) 19
ICC 12426 14125 (31.997204062) 7.0 §54 (28.108£3.220)  -104
ICC3137 1369.5  (31.184£1.0020) 5.5 1189 (34.439£1692) 6.l
ICC-12491 11430 (28443£1.2217) 36 909 (30.133£0.657) 7.3
ICC12492 14385  (31.049£1.8438) 79 1390 (33.903£0.037) 138
ICC12493  1363.0  (31.044£0.8455) 5.2 1496  (33.709£1.223) 174
ICC12494 14045  (31.146£1.3805) 6.7 1256 (32.290£0.637) 838
ICC12495 13925  (30.27011.6352) 6.3 1378 (31.84720.557) 134
ICCI2968  1290.5  (29.943£0.9434) 2.5 1176 (29.854£0410) 5.5
ICC4973 1569.5  (33.631:06615) 122 | 1572 (35.086+0434) 198
ICC 4962 14715 (32.962£0,0075) 9.2 1686  (35.906L1.940)  23.1
Checks
ICC12475(R) 543.5  (20.137£0.0124)  -386 | 423 (18.680£0.867)  -42.7
(CC4918(S) 12215 (29.9890.3751) 0.0 1053 (29.58640.599) 0.0

R-Resistant check, S-Susceptible check.
ROP*- Relative oviposition preference with respect to ICC 4918



Table 21.2 : Relative oviposition preference of H.armigera towards

chickpea genotypes under dual choice caged conditions,
ICRISAT,Patancheru, 200-02.

No. of eggs
Genotype Test genotype 1CC 4918  t(value) ROP*
ICC 12476 103.0 174.3 1.81* -25.7
ICC 12477 82.5 129.8 1.18 223
ICC 12478 49.0 119.5 1.57 -41.8
ICC 12479 75.2 137.6 1.19 -29.3
ICC 12490 84.9 107.0 0.63 1.5
ICC 14876 81.0 148.4 1.44 -29.3
ICC 12426 154.3 124.2 -0.82 10.8
ICC3137 142.8 102.5 -1.00 16.4
ICC 12491 144.8 111.6 -0.86 12.9
ICC 12492 114.2 1273 0.37 -5.4
1ICC 12493 127.7 105.1 <0.79 9.7
ICC 12494 126.4 104.8 -0.73 9.3
ICC 12495 119.7 116.7 -0.10 1.3
ICC 12968 134.3 109.3 -0.71 10.3
ICC 4973 183.8 163.5 -0.54 5.8
ICC 4962 148.2 134,7 -0.44 4.8
ICC 12475 (R) 74.5 175.2 2.82* -40.3

* Significant at 5% probability, R- Resistant check;
Replications = 3; ROP * Relaive oviposition preference
with respect to ICC 4918.
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4.3.5 TOLERANCE
Tolerance to H. armigera damage in chickpea genotypes under protected and

unprotected field conditions was studied and results were presented.
4.3.5.1 100-seed weight

Mean 100 seed weight was significantly high (17.18 g) under unprotected conditions
compared to protected conditions (15.24 g). In ICC 3137, ICC 12491, ICC 12494, ICC
12495, ICC 12968, ICC 4973 and ICC 4962 (because of compensation) significantly high

100 seed weight was recorded under unprotected conditions (Table 22.1).

4.3.5.2 Seeds per pod

Significantly high number of seeds per pod werc recorded under unprotected
conditions in ICC 12426, ICC 3137, ICC 12493, ICC 12494, ICC 12495 and ICC 4918
whereas significantly high number of seeds per pod under protected conditions were
reco;ded in ICC 4962. Mean number of sceds per pod were high under unprotected

conditions (1.23) compared to protected conditions (1.18) but not significant (Table 22.1).

4.3.5.3 Yield per plant

In ICC 12476, ICC 12479, ICC 12490, ICC 12426, ICC 3137, ICC 12491, ICC
12492, ICC 12495, ICC 4973, ICC 4962 and 1CC 4918 significantly high yield per plant
was recorded under protected conditions. Mean yield per plant under protected conditions
(15.56 g) was greater as compared to yield per plant under unprotected conditions (10.87 g)
(Table 22.1).

4.3.5.4 Yield loss (%)

Tolerance index was recorded based on yield loss (%). ICC 12475 (3.3 %) was the
most tolerant genotype followed by ICC 4918 (4.4%), ICC 12490 (18.1%), ICC 12493
(19.7%), and ICC 12476 (26.1%). Highest yield reduction was recorded in ICC 3137
(59.5%) and ICC 4962 (53.4%), which were highly susceptible to H. armigera damage.
Mean loss in yield was 26.7 % under unprotected conditions and 2.8 % under protected
conditions (22.2).



Table 22.1: Yield components of eightcen chickpea genotypes under protected and unprotected
conditions to H. armigara, ICRISAT, Patancheru, 2001-2002,

100 seed weight (g) Seeds pod’ Yield plant” (g)
Unpro- Unpro- Unpro-

Genotype Protected tected Mean [Protected tected Mean  [Protected tected  Mean
ICC 12476 61T 1263 1202 | 1354 1343 1340 | 1672 1018 1372
ICC 12477 [1.78* 1221 1199 | 1.072" 1.149" 1111 13.96" 12.08" 13.06
ICC12478 13.74* 1457 1415 | 1.040" 1.156" 1.098 16.72° 1292  14.87
ICC 12479 12.84" 1381 1332 1.126° LII5* 1120 17.04* 101" 14.03
ICC 12490 10.80° 1201 114 | 1459" 151" 1485 17.98" 9.50°  14.33
ICC 14876 14.35% 14.64* 1450 | 1202 132" 1261 18.78" 10.85° 1495
ICC 12426 17.35* 18.38" 17.86 | 1.202' 1.405" 1.304 1576 1225 1432
ICC 3137 2094° 2643° 2368 | 1.078" 1.099" 1.088 1304 745°  1LIS
1CC 12491 16.32" 188" 17.56 | 1a.098" 1253 [.175 1508 9.40° 1245
ICC 12492 1437 1598 1518 | 1.198" 1273 1.235 1597 1L13* 1361
ICG 12493 12.83* 1420 13.501 | 1189 1.228" 1208 1292 10.18* 11.64
ICC 12494 1430 16.72° 1551 | 1.206" 1339" 1273 13.00° 10.69" 1225
ICC 12495 2081° 2277° 21,79 | 1.063* 1.085° 1.074 17.82* 9.62°  13.99
ICC 12968 1508 2045° 1776 | 1031 1118 1.074 544 984" 765
1cC 4973 1678 19.17° 1798 | 1182 1209 1.195 20.16* 1341 17.06
1CC 4962 1721'  21.86° 19.54 | 1.440" 1270° 1355 18.06° 10.10" 14.36
Checks
ICC 12475 (R)| 1538 157" 1554 | 1128" 1.135° 1131 149" 1428  14.63
ICC4918(S) | 17.84" 18.85" 1834 [ 1.109" 1210° 1.155 16.73" 11.74" 1448
Mean 1524 1718 1621 | 118 123 121 1556 1087 1348

F(5%) LSD F(5%) LSD F(5%) LSD
Treat 0.033  1.5508 0.035  0.0471 0.001 0777
Genotype <001 L1112 <001 0.0672 <001 2906
Treat.Geno <001 17126 <001 0.0946 0.001 4.009
CV% 6.0 43 18.7

R-Resistant check, S-Susceptible check.



Table 22.2: Loss n yield due to H armigera damage in eighteen chickpea genotypes under protected and unprotected conditions,

ICRISAT, Patancheru, 2001-02.

Yild kg ha- Pod borer damage (%) Lossn grain
Expected Actal Angular vangformed ~ weight (%) Avoid-

Acualin - in Unpro- Prote- Unpro- Prote-  Unpro- Unpro- - able s
Genotype protected protected tected ~ Mean  cted tected  Mean cted tected Mean Protected tected (%)
ccoum 16t I 26 197 | 08 IS 83 51 B3 167 ] 04 ks | 289
ccems pnt s e W | 08 WM 75 |44 02 1S oS ns |
ccom  ust 2 et o | LP o 61 {61 M2 161 | 2% 2046 | 18
Icc0 o B0 st | 28 0t 99 |94 U3 A6 | 4lSE Hw | 39
lccugle 6t 2 16T 196 | 140 IS 8s 66 B3 182|130 M4 | D4
(O3 ST R 3 O T T W O IV N T
3 e 0 18 | B BP B |2 %5 %0 | 145 e | 09
ccos % s e oM 2P Ml g [ on 33 ME | 269 8m | a2
cc 5t s Nt B | 0T IS g0 |48 29 162 | 062 N2 | 19
CCI95 196 199 M1 1 | 1 N6 64 |62 198 160 | 1406 B | M9
cce om0t Bl 1 s | 6% B8 U5 |09 12 1S |6l 6% | 4l
C19s BB B8 S ome | 30t e o1r loo w5 00 | oan|oss
CI96 89 8 100 9 | 08 M2 13 |35 M0 W3 | 046 saT | -l6l
cam M 2%l M | 290 19 94 |97 m4 a4 | 2se el | M4
coe 180 %9 2 %0 | 3P 0% 14 |00 261 B0 |29 % | 5
Checks
CIMIS(R) 256 65 D% 44 | 04 948 49 35 1B N4 | 0ds 3B |
CoIBs) 2% 2R 2 B0 | 26" N8 g {97 M B2 |86 40 | 260
Mean WE D0 1M 90 | 28 16 02 |85 M5 W7 | a6 %Te| 24

F(Prob. F(Prob at F(Prob.

as%) LS b 18D 25%) 18D
Treat 005 457 <33 <00l 20
Geno <r 484 <38 <00l 20
Treat Geno <01 628 <0 54 <001 33
VY% 194 319 197

R - Resistant check; $ - susceptible check.



Table 22.3: Population of H. armigera on different genotypes of chickpea under protected and unprotected conditions, ICRISAT,
Patancheru,2001-2002.

Eggsplant'({ X +0.5) under protected conditions

Eggsplant'(y ' + 0.5) under unprotected conditions

Vg Flow. Flow Pod  Pod Veg. Flow. Flow  Pod.  Pod

Genotype sage stage stage stage  stage Mean | stage stage stage st sage  Mem
[CC 12476 LM 092 08 08 07 089 |18 16 16l (g8 1T 1SS
[CC (477 LIE 077 074 0% 01 087|089 188 16 14 1M 136
[CC 12478 L3082 082 088 079 088|146 164 149 145 167 1M
ICC 12479 140 080 077 0% 07 089 [ L4 156 1S 146 1% 14l
[CC 12490 12108 0% 08 oM 0L 151 1S L6 1B 1Y
[CC 14876 095 07 070 075 0m 0moyom 1S 10 085 08 100
[CC 12426 09 07 07 0% om o 0M M 1B L8 1% 128 L
CC3137 093 075 070 088 076 081|082 13 126 0% LM LU
ICC 12491 097 0% 0% 075 o7 0% |0M 168 1M 1M 100 LY
1CC 12492 085 079 075 082 0m omyom o oaf2 13 1% L4 L
[CC 1243 0% O0M 070 0M 0m 0m 06 1% L4 18 18 1D
ICC 12494 R O BV O S O 1T I/ R 1 R v R W/ A W
ICC 12495 108 0 075 08 om0 |15 L& L7 w13 13l
[CC 12968 O Y 5 VR I N I R A K S K
1CC49n3 09 081 091 080 07 086|115 14 131 19 14 1M
ICC4962 W3 079 078 079 07 0% o9 18 1% 1 1N 12
Checks

ICCL4ts@®) 099 07 07 081 07 0 0M 15T 1B 16 09 1R
(CCoI8(5) 0% 0% 0M 086 070 081|085 145 1A L8 1719
Mean LM 0 0% 08 070 082|100 14 19 19 17 1B
Foobas% NS NS NS NS NS - NS NS N§ N§ NS NS

N§

ReResistant check, S-Susceptible chck.




Table 22.4 Population of H. armigera on eighteen chickpea genotypes under protected and unprotected conditions,

ICRISAT, Patancheru, 2001-02,

Larvae plant”({" X + 0.5) under protected conditions

Larvae plant({  + 0.5) under unproteced conditions

Veg Flow. Flow- Pod.  Pod Veg. Flow. Flow Pod  Pod

Genotype siage stage stage  stage  stage  Mean | stage stage stage  stage  stage  Memn
[CC 12476 L4 082 076 0m 109 091 L4 11§ 120 082 128 L1
ICCldTm 119 078 075 071 078 084] 092 LIl 088 085 08 09
ICCd’ 124 077 01 070 088 087 L6 LI7 118 084 1d6 116
ICC 12479 LIS 079 075 073 081 085 109 125 107 07 L4 106
ICC 1249 120 078 08 070 08 087 101 123 125 01 103 106
ICC 14876 19 07 07 o7 072 079 082 013 0B 0m 07 075
ICC1426 099 071 072 07 084  189) 094 086 092 078 100 090
[CC3137 105 072 075 07 120 159 090 088 075 015 092 084
[CC 12491 LIS 0 om om 078 081} 082 081 01 013 019 0N
ICC 12492 L0 0 om 079 082) 081 093 L2 07 01 047
ICC 12493 15073 072 01 08 0801 0% 089 09 075 106 09
ICC 12494 L0074 07 0m 084 082 095 0m 08 01 102 08
ICC 12495 127070 073 07 084 0861 097 080 090 078 103 0%
ICC 12968 L6 073 07 015 0% 086 0% 085 092 0% 101 0%
ICC4973 LIS 073 01 07 085 08| 095 085 09 019 LIS 093
1CC4962 19 07 075 07 081 085) 084 12 07 07 091 08
Controls

ICCI45®R) 139 076 074 0M 074  087) 081 086 097 076 079 0
ICC4918(¢S) 10 072 07 071 072 079) 085 L1208 086 095 086
Mean LIS 074 04 072 08 084 095 0% 095 077 10 092
F (Prob.) NS NS N§ NS N§ NS/ NS NS NS NS NS NS

R- Resistantcheck; S - Susceptible check.



Table 22.5 Correlations between pod borer damage and yield in
chickpea genotypes, ICRISAT, Patancheru, 2001-02.

Yield and damage parameters Correlation value
ORS and PDS 0.533*
ORS and damage % 0.211
PDS and damage % 0.732*
ORS and yield kg ha 0.220
PDS and yield kg ha 0412
Damage % and yield -0.201
Eggs and Larvae 0.112
Eggs and damage% 0.104
Eges and yield kg ha” 0.122
Larvae and Damage % 0.198
Larvae and yield kg ha' 0,160

* Significantly different at 5% probability.
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CHAPTER-V
DISCUSSION

The results obtained in the investigation of “Stability, Inheritance and
Mechanisms of Resistance to Helicoverpa armigera (Hub.) in Chickpea (Cicer arietinum

Linn)” are discussed in this chapter with the probable reasons available in the literature.

5.1 STABILITY

5.1.1 GERMPLASM LINES

During 2000 season pod borer damage was significantly low in ICC 12488 (9.8 %)
compared to resistant check ICC 12475 (14.4%). ICC 12478 (10.7%), 1CC12495 (10.9%),
ICC 12492 (12.8%), ICC 12493 (13.3%) and ICC 12490 (132.4%) were less susceptible to
H. armigera and were on par with resistant check. The highest damage percentage (31.6%)
was recorded in ICC 4958, which was more than susceptible check ICC 4918 (27.14). High
damages were recorded in ICCC 4, ICC 12484, ICC 12496, ICC 12481 and ICC 12426.
Pod damage scores were slightly higher than the damage scores at vegetative stage,

indicating preference of H. armigera larvae to chickpea pods than the leaves.

In 2001 during the first and second plantings least damage (8.5% and 6.8%) was
recorded in resistant check ICC 12475. ICC 12479 (11.8 and 5.1%), ICC 12477 (12.0) and
7.4%) and ICC 12478 (12.2 and 6.4% damage respectively in first and second plantings)
were on par with resistant check. Significantly high damage was recorded in ICC 3137 (37.3
and 30.1%) when compared to the susceptible check ICC 4918 (29.9% and 17.3%) during

first and second plantings.

During 2000 significantly high yield was recorded in ICCL 86111 (2625 kg ha™)
followed by ICC 12480 (2595 kg ha™) and ICC 15996 (2534 kg ha™") compared to resistant
check ICC 12475 (2385 Kg ha™). In some of the lines exhibiting low borer incidence, yiclds
were also low. The susceptible lines such as ICC 12426, ICC 4918 and ICCC 4 also
recorded high yields. ICC 12478 and ICC 12479 had low borer damage with high yields.
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During 2001 first planting highest yields were recorded in check ICC 12475 followed by
ICC 12480. During the first planting average damage percentage of all the genotypes was

high but the yields were more during second planting,
5.1.2 BREEDING LINES

During 2000, yield kg ha™ and pod borer damage percentage were not significant in
both the plantings (at 5% probability). During the first planting highest damage was
recorded in ICCV 93122 (15.9%) and ICC 4918 (15.4%) and lowest in ICC 12475 (5.3%)
and ICCV 96752 (5.3%). During the second planting lowest and highest damages were
recorded in resistant (ICC 12475) and susceptible (ICC 4918) checks respectively. In most

of the breeding lines the yields were higher than the resistant checks.

During 2001 high damage percentage was recorded during first planting and yields
were not much different between two plantings. ICC 12426, ICC 15996 and ICCV 93122
were susceptible during both the seasons. ICC 12483 recorded least borer damage (3.8%)
and was comparable to the resistant check 1CC 12475 (4.1%) during sccond planting, ICCL
86102 and ICCV 96752 were less susceptible during both the seasons, During first scason
pod damage scores (PDS) were more than the overall resistant scores (ORS). In ICC 15996
both the damage and yields were high in both the seasons indicating its tolerance to H.
armigera. ICCL 87315, ICCL 87316, ICCL 87317 and ICCV 95992 showed less susceptible

reaction and high yields during both the seasons.

Days to 50% flowering and days to maturity were less during second planting due to
high temperatures. Number of eggs and larvae, pod borer damage, ORS and PDS were less
during second planting, because the seasonal activity of H. armigera is highest during
November and December but declines during January and February (Parikaya, 1992). For

this reason, second planting appears to escape larval incidence.
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Correlation studies indicated that there were positive correlations between ORS and
PDS, PDS and pod borer damage percentage. The cotrelations were negetive for damage

and yield in both germplasm and breeding lines.

Table 22.6: Correlations between pod borer damage parameters

and yield in chickpea.

Correlations Breeding lines  Germplasm lines
ORS and PDS 0.426 * 0.231

ORS and damage %  0.182 0.173

PDS and damage % 0.672 * 0.375

ORS and yield -0.36 -0.16

PDS and yield -0.215 -0.28

Damage % and yield  -0.235 -0.122

5.1.3 STABILITY OF YIELD AND ITS COMPONENTS IN CHICKPEA

5.1.3.1 Seed per pod and 100-sced weight

Singh and Choudhary (1980) reported that soybean varieties with bold seed were
most suited for growing in favourable environment. Tomer ef al. (1973) concluded that large
sceded chickpea cultivars were unstable and were only suitable for high yielding
environments. In present studies ICCL 86102 with highest 100-seed weight (19.3 g) was
unstable in its yield and adapted to high yielding seasons and was unstable with respect to
pod borer resistance. Bold seeded genotypes ICC 4958(33 g/100-seed), ICC 12968(24
8/100-seed), ICC 10817(23 g/100-seed), ICC 12495 (23 g/100-seed) and susceptible check

ICC 4918 (21g/100-seed) were susceptible and unstable in their resistance to /. armigera..

In ICCL 87211 for seed per pod ‘b’ was significantly greater than 1, indicating that
double seeded-ness will increase in this genotype under favourable conditions and was
unstable in its resistane, In ICCL 87220 and susceptible check ICC 4918, sced per pod ratio

was high (1.2 seeds pod) and were susceptible and not stable in their resistane to H.
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armigera. Among germplasm lines ICC 15996(1.5), ICC 12426 (1.4), ICC 12486 (1.4), ICC
12488 (1.4), ICC 12489 (1.4), ICC 12490 (1.4) and ICC 12495 (1.4) had high seeds per pod
ratio. ICC 15996 and ICC 12426 were high yielding and susceptible to H. armigera. ICC
12486, ICC 12488, ICC 12489, ICC 12490 and ICC 12495 were moderate yiclding. Among
these ICC 12486, ICC 12489, ICC 12490 and ICC 12495 were stable in their resistance. '

5.1.3.2 Per Plant Yield

ICCV 95992 was high yielding and stable in per plant yicld and pod borer resistance.
ICCL 87211 recorded highest yield but it was not stable in yield and resistance to pod borer.
The highest per plant yield in ICCL 87211 may be because of low plant stand. ICCIL. 86111
was not stable in yield and adaptable to high yielding environment. The results were in
accordance with Singh and Singh (1991), and Singh ef al. (1995a). ICC 12968(14.9 g), ICC
12484(14.8 g) and ICC 12493 (14.5 g) recorded high yields along with resistant check ICC

12475 (14.3 g) and were moderately resistant to H. armigera damage.
5.1.3.3 Yield kg ha

The genotype x environment interaction was significant at 10% level for yield kg ha’
' Singh and Singh (1991), and Baisakh and Nayak (1991) also reported significant
differences for genotypes, environment and genotype x environment interaction for yield in

chickpea.

Among the breeding lines highest mean yield kg ha! were recorded in ICCV 95992
(2291 kg ha™), ICCL 87316 (2284 kg ha™'), ICCL 87317 (2223 kg ha™"), ICCL 86102 (2206
kg ha' ), ICCL 87314 (2197 kg ha" ) and ICCL 87315 (2155 kg ha). Yiclds of thesc
genotypes were also more than resistant check ICC 12475(2137 kg ha™). Except ICCL
86102 all others were stable in their yields. In ICCL 86102 'b' value is significantly greater
than 1 indicating its adaptability to high yielding environments (Eberhart and Russell, 1966).
ICCV 95992, ICCL 87316 and ICCL 87317 were moderately resistant and stable in their
resistancc to H. armigera damage. ICCL 87314 and ICCL 87315 were susceptile to
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Helicoverpa. ICCL 86102 was not stable in resistance, Singh ef al. (1988) reported that none
of the chickpea genotypes were adapted for low yiclding environments. ICCL 93122 was

low yielding, unstable in its yield and highly susceptible as well.

Among the germplasm lines highest and stable yield was recorded in ICC 15996
followed by resistant check ICC 12475. Though ICC 15996 was high yielding but was
susceptible to H. armigera damage. Yields were high and stable in ICC 12484, ICC 12482
and 1CC 12480 and were moderatcly resistant and unstable. ICC 12426 was adapted to high
yielding environments and susceptible. Modcrate and stable yields were recorded in ICC
12479, 1CC 12478 and ICC 12477. ICC 12479 and ICC 12478 were stable in resistance to

Helicoverpa. ICC 12477 was modcratcly resistant and unstable.
5.1.4 STABILITY OF RESISTANCE TO H. armigera

5.1.4.1 Pod borer damage (%)

Among the breeding lines the G x E interaction for pod borer damage was not
significant indicating the stability of resistance to different planting scasons. These
genotypes were selected from ICRISAT's breeding program over 5-6 years of screening and
in the present investigations these proved to be stable. Among germplasm lines the G x E
interaction was significant at P < 0.05 indicating that resistance in some lines varies with

seasonal fluctuations.

Among the breeding lines least damages were recorded in ICCV 96752 (7%) ICCL
87316 (8%), ICCL 87317 (9%) and ICCV 95992 (10%) (compared to 5% in ICC 12475)
which were stable with unit 'b' and minimum '8i®" values. The resistant check ICC 12475
also had unit slope. ICCL 87316 and ICCL 87317 were less susceptible while ICCV 95992
showed moderate susceptible reaction (10% damage) and were highly stable with unit slope.
In ICCL 86102 (7% damage) '8i% = 12 but 't' value was not significant, showing slight
unstability in its reaction to pod borer resistance. ICCL 87220 (10% damage) had 8i*=0 but
'b' was significantly <1 indicating its susceptibility for high infestation conditions. In ICCL



152

87211 and ICCV 93122 °b' values were more than 1 indicating these may be more

susceptible under favorable climatic conditions to H. armigera.

Among the germplasm lines least damage was recorded in resistant check ICC 12475
(9%) followed by ICC 12478 (10%), ICC 12479 (11%), ICC 14876 (11%), ICC 12495
(12%). All were stable in their resistance. ICC 12490 showed 'b' value significantly <1 and

may be suitable for high infestation condition (Sharma and Lopez, 1991).
5.1.4.2 ORS and PDS

In ICC 12476 “b” value was significantly greater than 1 for ORS indicating its
resistance may be unstable over seasons and susceptible at higher infestation conditions. In
ICC 12495 “b” was significantly less indicating its suitability for high infestation conditions
(Sharma and Lopez, 1991). In ICC 14876 'b' was < 1 for PDS and its 8*=0 which indicates

its resistance is highly stable.

5.2 INHERITANCE OF RESISTANCE TO H. armigera IN
CHICKPEA

5.2.1 ANALYSIS OF VARIANCE

Among the desi pérents performance of ICC 12479 was better than resistant check
ICC 12475 with respect to per plant yield, plot yield and reduced pod damage. ICC 12478,
ICC 12476 were less susceptible and high yielding. ICC 4918 was susceptible but high
yielding. Among the crosses, ICC 12479 x ICC 12490, ICC 12476 x ICC 12479, ICC
12475 x ICC 12478, ICC 12478 x ICC 12490 and ICC 12475 x ICC 12479 were high

yielding and less susceptible.

Among the kabuli parents ICC 4973 was high yielding but susceptible. ICC 12492,
ICC 12495 and ICC 12491 were moderate in yield and less susceptible. The crosses ICC
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12491 x ICC 12968, ICC 12493 x ICC 12495 and ICC 12491 x ICC 12492 and ICC 12495 x
ICC 12968 and ICC 12492 x ICC 12968 were high yiclding and less susceptible.

5.2.2 GENETIC INTERPRETATION OF DIFFERENT CHARACTERS

Ever since Fisher (1918) partitioned the heritable variations into additive, dominance
and epistatic components there have been consistent efforts to devise biometrical methods to
estimate and use them in breeding programme. Diallcl crossing is one of the most important
mating designs, permitting the separation of total genetic variance into additive and

dominance components (assuming the absence of cpistasis).

Diallel analysis has many advantages compared 1o other methods. It has been
extensively used in almost all the sexually propagating crops to derive the information on
the combining ability of parents and crosses and the nature of gene action. By this method,
an overall genetic evaluation is possible, which is useful in identifying promising parents
and crosses. Being unaffected by segregation and linkage it requires relatively few
individuals to estimate certain important genetic parameters within a short period (Griffing,
1950). Further, more genetic information can be obtained with one generation involving Fs

and their parents than several generations by using other methods (Joshi ef al., 1961).

The genetic interpretation of diallel statistics is dependent upon the fulfillment of
certain assumptions about the parent material. The assumption of no epistasis, no multiple
alleles and uncorrelated gene distributions are difficult to evaluate independent of each
other. There are conflicting reports of the assumption regarding independent distribution of
genes will result in biased estimate of gencral and specific combining ability components of
variance (Baker, 1978).

One of the main advantages of diallel analysis is in determining the genetic nature of
important quantitative characters. The results obtained in the present study on combining
ability and gene action are discussed below to draw conclusions regarding the nature of

inheritance of different characters.



Table 23: Rank correlation between combining ability (Grifing, 1956) and per se performance of parents and crosses in
10x 10 desi and 8 x 8 kabuli chickpea diallls.

GCA and per se performance of parents SCA and per se performance of crosses

SNo- Character Fdsi  Fdsi  Flabl Fkabui Fdesi  Fodesi  Kabulif,  Fkabul

DaytoS00o flowering 096%  093* 086" 0% 03 02 025 0w
Daystomaturity ~ 0.3%  094% 088 09 04t 0S¢ 04 06™
00seedweight ~ 094* 098 0%+ 012 04* 0D 04 01

Total pods per plant ~ 0.65* 089% 06T 035 081 0S4 060 08
Seedsperpod  069* 082 066 066* 05 Q4 0 (T

Plot yield 0.65* 034 035 045 e 0 QMM O8IM
Pod damage (%)~ 0.71* 0.68* 052 045 0e 0me 0%t OKM
Damage AT* L L Y A 1 0 081 05

l
2
}
4
)
6 Yieldperplant 067 08* 0 45 0 0 Ome DY
1
$
9
'

Significant at 5% probability, ** Significant at 1% probabilty; AT* Angular transfomed
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Total variance in a population consists of additive, dominance, epistasis,
environmental variances and their interactions. Additive variance (c?A) is defined as the
variance of breeding value that arises from the additive as well as dominance gene action.
The dominance (o’D) variance is the variance due to dominance deviation and cpistatic
variance arises due to non-allelic interaction of genes. The computations of 6?A and oD
will apply in the absence of epistasis. The GCA variance includes additive variance and
additive x additive interaction variance. The general predictability ratio indicates the
relative importance of GCA and SCA values in determining progeny performance. This ratio

was calculated based on the paper of Baker (1978).
5.2.2.1 Days to 50% Sflowering

In desi trial the range of parents for days to 50% flowering was 47 to 77 days with a
mean value of 65 days. The range was 51 to 78 days with a mecan ol 63 days in F; crosses.
Only GCA variance was significant for days to 50% flowcring indicating the importance of
additive gene effects for this triat. Further, 6?A was comparatively more than 6D and this
also emphasizes additive gene action for the expression and inheritance of flowering gene.
The results were in accordance with results obtained in 28 diallel trials conducted at
ICRISAT indicating that days to 50% flowering was predominantly under additive
inheritance and highly predictable (Singh ef al., 1992). In F;s significant GCA variances
indicate additive gene action. According to Griffing analysis, ICC 4918, ICC 12475, ICC
12479 and ICC 12426 were good general combiners, where as for Gardner and Eberhart
method along with these genotypes ICC 14876 was also good general combiner. ICC 12475
x ICC 12426 and ICC 12475 x ICC 12476 were good specific combiners.

In F, kabuli dialle! both GCA and SCA variances were significant emphasizing the
importance of additive, additive x additive interactions and also non-additive effects. GCA
variance was greater than SCA variance indicates the importance of additive gene action for
inheritance of flowering. In Fps significant GCA variance indicates the importance of

additive gene action. ICC 12968 was the best gencral combiner for days to 50% flowering
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and the crosses ICC 12492 x ICC 12968 and ICC 12495 x ICC 4973 were good specific

combiners.

In Fas ICC 12475 and ICC 4918 in desi trial and ICC 12968 and ICC 12491 among
the kabuli parents were best general combiners for early flowering. Fas of ICC 12475 x ICC
12476 in desi and the Fys with ICC 12968 i.e. ICC 12495 x ICC 12968, ICC 12493 x ICC
12968, ICC 12968 x ICC 4973 and ICC 12968 x ICC 4962 and ICC 12492 x ICC 12495
were showing significant effect for specific combining ability. ICRISAT (1981 and 1982)
reported good general combining ability of ICC 4918 and 1CC 12968 for early flowering.

The value of general predictability ratio 0.94 (desi Fys) 0.98 (kabuili F;s) and 0.95
(desi Fas) and 0.98 (kabuli Fys) was very close to unity indicating that in the prediction of
performance of single cross progenies, GCA is important. Rank correlation in Fy and F,
diallel (Tables 16 and 17 respectively) indicated the ranking based on per se performance of
parents and respective GCA value was same, and the selection of parents based on their per
se performance was equally effective as on the basis of their GCA values. However, the
ranking of crosses was different than per se performance especially in kabuli crosses
emphasizing the importance of SCA for sclection of crosses. For Fis also the rank

correlation was not as strong as in the case of parents and GCA values.
5.2.2.2 Days to maturity

Significant GCA variance and non-significant SCA variance in both F, and F; desi
trials indicated the importance of additive genc action for maturity. In F; desi chickpea trial
the average heterosis was not significant and the vareital effects were also not significant.
ICC 12479, ICC 4918, ICC 12475 and ICC 12426 were good general combiners for early
maturity. The significant and negative 'g;' values represent early maturity taken as desirablc
trait. The F, cross ICC 12479 x ICC 4918 was showing significant specific combining
ability for early maturity. Good general combining ability of ICC 4918 for early flowering
and maturity was reported in several studies (ICRISAT, 1981 and 1983 ) and ICC 12475 for
early maturity (ICRISAT 1984 and 1985).
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The average heterosis for days to maturity was not significant in kabuli trial and ICC
12968 was good general combiner for early maturity followed by ICC 12491, ICC 12492 x
ICC 12968 and ICC 12495 x ICC 12494 were good specific combiners for early maturity.
The extent of variation in parents for days to maturity was from 104 to 116 days and in
crosses from 105 to 117 days and was not significant. Only GCA variance was significant
for days to maturity in both Fis and F5s indicating the importance of additive gene action.
SCA variance was not significant. Among the, 28 diallel trials conducted at ICRISAT, in
most of the trials GCA components were significant for days to maturity (Singh er al.,
1992).

High predictability ratio in kabuli trial 0.97 in both F)s and Fs followed by desi
(0.86 in Fis and 0.94 in F»s) were close to unity indicated the importance of GCA in
predicting the performance of single cross progenies (ICRISAT, 1981; 82, 83, 84 and 85).
Rank cc;rrelation indicating the ranking based on per se performance of parents and crosses
and respective GCA and SCA values was same (only in F) kabuli SCA rank performance
was significant at 5% level) indicating that the selection of parents on the basis of their
performance was equally effective as based on their GCA values. Similarly, for single
crosses also the per se performance indicated their worth fairly well. However, the rank

correlation was not as strong as in case of parents and GCA values.
5.2.2.3 100-seed weight

Among desi parents sced weight ranged from 12.46 to 23.74 g, and in crosses the
range was from 12.51 to 21.78g. Among kabuli parents it ranged from 13.87 to 23.42 g, and
in crosses from 15.59 to 22.73g. In both desi and kabuli F, and F; trials both GCA and SCA
variances were found to be statistically significant. The magnitude of GCA variance was
very high compared to SCA variance. The estimate of o’A was predominant over ¢’D
indicating more importance of additive gene action in governing the character, compared to
non-additive gene action. Earlier reports supporting these results were made by Gupta and
Ramanujan, 1974, Asawa and Tewari, 1976, Gowda and Bahl, 1978, Singh and Mehra, 1980
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and ICRISAT 1981, 82, 83, 84 and 85, Tewari and Pande, 1987 and Shivkumar et al., 2001.
Malhotra and Singh, 1997 reported that both additive and non-additive gene effects were
important, with the preponderance of additive gene action for seed size and partial

dominance of small over large seed size suggests that it is governed by recessive gene.

High predictability ratios in both the trials indicated the importance of GCA in
predicting the performance of single cross progenies. Rank correlation was highly
significant for rankings based on per se performance of parents and GCA value in desi and
per se performance of crosses and SCA values in kabuli chickpea. It indicates that selection .
of parents on the basis of their per se performance in desi and selection of crosses on basis
of their per se performance in kabuli chickpea were equally cffective as on the basis of their
respective GCA and SCA values. But in desi crosses and kabuli parents it was not so strong.
General predictability ratios were close to unity, indicated the importance of GCA in the
prediction of performance of Fs. There was similarity between the ranking of desi parents
baséd on GCA and per se performance (r; = 0.98). On the other hand, the ranks of kabuli
parents based on per se performance and GCA effects differed to a large extent (r; = -0.119).

For the crosses, the ranking based on per se performance was not significant.

Since both dditive and additive x additive gene action contributes to this component,
so seed mass can be used effectively as an indirect selection criterion for improving sed
yield in chickpea (Singh and Paroda, 1986). The bold seeded parents ICC 3137, ICC 12426
and ICC 4918 in desi trial and ICC 12968, ICC 12495 and ICC 4962 were good general

combiners for increased seed mass.
5.2.2.4 Total number of pods per plant

Desi Parents differed considerably for number of pods per plant. It ranged from 41
to 133. Fs of like ICC 12476 x 12490, ICC 12476 x ICC 12478 and ICC 12477 x ICC
12479 showed very high number of pods because of low plant stand. Fis of ICC 12475 x
ICC 12426, ICC 12476 x ICC 3137 and ICC 12477 x ICC 4918 were good specific
combiners for increased pod number per plant. Among desi parents ICC 12478, ICC 14876,
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ICC 12479, ICC 12478 and ICC 4918 were the best general combiners with significant
positive GCA effects. Among the Fss eight were with significant positive SCA effects of
which ICC 12477 x ICC 4918 and ICC 12490 x ICC 4918 were best specific combiners.

Very high GCA and SCA mean squares were manifested for number of pods per
plant. The general predictability ratio (0.86) indicated that bc;th GCA and SCA were
important in determining the performance of single cross progenies. o°D was higher than
oA implying the role of dominant gene action in the expression and inheritance of this
character. In F; desi trial both GCA and SCA variances were significant but 025 was higher
than o’g and average heterosis significantly positive indicates more importance of dominant
gene action governing the effect. Earlicr reports indicating the importance of both GCA and
SCA variances for number of pods per plant have been made by ICRISAT (1982, 83, 84,
and 85), Malhotra et al., (1983), Singh and Paroda, (1989) and Singh e/ al., (1991).

In kabuli trial both GCA and SCA variances were significantly greater than zero.
o’D was greater than 6’A implying the role of dominant gene action in the expression and
inheritance of this character. Significantly positive average heterosis also confirms the
dominant gene action according to Gardner and Eberhart analysis. Dominant gene action
for pod number was reported by ICRISAT (1981). ICC 12492, ICC 12493 and ICC 12968
were good general combiners for increased pod yield. Fs of ICC 12495 x ICC 12968, ICC
4973 x ICC 12494, ICC 12491 x ICC 12492 and ICC 12491 x ICC 4973 were good specific
combiners for increased pod yield but in first two crosses the increased pod number was
because of low plant stand. Fps of ICC 12492 x ICC 12495 and ICC 4973 x ICC 4962 were

good specific combiners for increased pod yield.

There was difference in the ranking of parents based on per se performance and
GCA effects. But ranking of Fys crosses based on their mean and SCA effects was almost
same. The general predictability ratio (0.92) indicated that the GCA was important in
determining the performance of Fps in desi chickpea and in kabuli (0.58) indicates the
importance of both GCA and SCA in determining the performance of Fis. There was

similarity between the ranking of desi parents in F, trial based on GCA and per se
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performance (r; = 0.89) and SCA and mean performance in kabuli Fs (r; = 0.87) showed
effectiveness of selections based on performances of parents in desi and Fs in kabuli

chickpea. For desi Fys and kabuli parents there were no strong correlations.
5.2.2.5 Seeds per pod

For number of seeds per pod relatively narrow range was exhibited and the GCA and
SCA variances were relatively small but significant. The predictability ratios 0.94 in desi
and 0.92 in kabuli chickpea pointed out that in the performance of single cross progenics
GCA variances were important. Among the 28 diallel trials conducted by ICRISAT the
highest variation in the estimates of components of GCA and SCA mean squares were
recorded for plant height and seeds per pod. The results, which indicate the importance of
both GCA and SCA effects for seeds per pod, are in accordance with Singh ef al. (1982),
Malhotra er al. (1983) and Singh and Paroda, (1984) who concluded both additive and non-
additive genetic effects were important for this character and predominance of non- additive

component was reported by Shivkumar (2001).

ICC 12490 and ICC 12426 among desi and ICC 4962, ICC 12493 and ICC 12494
among kabuli parents were good general combiners for increased seeds per pod. ICC 12490
x ICC 14876 and ICC 14876 x ICC 4918 among desi and ICC 12492 x ICC 12495, ICC
12493 x ICC 4973, ICC 12968 x ICC 4962 and ICC 12491 x ICC 4973 among kabuli
crosses were good specific combiners. Rank correlation between GCA effects vs. parental

means and SCA effects vs. mean performance of crosses differed to large extent.
5.2.2.6 Seed yield per plant

The combining ability variances were significant for both GCA and SCA in both the
F, trials. The predictability ratios 0.58 in desi and 0.75 in kabuli trials showed that GCA
alone is not sufficient for inferences regarding the performance of single cross progenics. Of
the two genetic parameters 6°D was relatively more than 6°A in both desi and kabuli, which

emphasized that non-additive gene action was involved in the inheritance and expression of
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yield per plant. Average heterosis was significant and positive and indicated the importance
of dominant gene action. In both the F; trials both GCA and SCA variances were significant
indicating the importance of additive and non-additive genetic effects. Predominance o® D
(22.62) over o* A (3.5) in kabuli chickpea indicates importance of non-additive gene action.
But in desi chickpea o? D (3.9) is slightly greater than o® A (2.4). Significantly positive
average heterosis in both desi and kabuli Fs indicates that the average dominance was

predominant contributing factor to heterosis (h;;).

ICC 12476 and ICC 12475 were good general combiners and 10 crosses recorded
significant SCA effects. Among the kabuli parents ICC 12495 and ICC 12968 were good
general combiners for yicld. Among desi parents, in F» trial ICC 4918 and ICC 12426 were
best general combiners and in kabuli chickpea ICC 12495 and ICC 12492 were good general
combiners. Among desi, F2s of ICC 12490 x ICC 4918, ICC 12479 x ICC 4918, ICC 12477
x ICC 4918 and ICC 3137 x ICC 4918 were with highly significant positive GCA effects
and were éood specific combiners. Among kabuli chickpea, Fys of ICC 12492 x ICC 12494
and ICC 12495 x ICC 4962 were good specific combiners.

High value of rank correlation for F, crosses (SCA vs per se performance) and
relatively less for parents (GCA vs per se performance) indicated that effective selection
was possible for crosses and it was difficult for parents based on their per se performance.
The importance of both additive and non-additive gene effects for seed yield was reported

by Singh et al. (1991) and predominance of non-additive component by Shivkumar (2001).

In F; predictability ratio (0.96) was near to unity in desi, indicates the importance of
GCA variance in the performance of Fps and in kabuli (0.61) indicates both GCA and SCA
variances were important for the performance of F,s. Rank correlations indicate the ranks of
parents based on per se performance and GCA effects differed to a large extent. But for the
Fs, the ranking based on per se performance more or less coincided with that based on SCA

effects.



5.2.2.7 Plot yield

In both desi and kabuli F trials GCA and SCA variances were significantly greater
than zero and average heterosis was positive and significant for yield. The 6°D was
relatively more than 6’A emphasizing the predominance of non-additive gene action in the
inheritance and expression of yield. The results were in accordance with Gupta and
Ramanujan (1974), Gowda and Bahl (1978) and Yadavendra and Kumar (1987) and Shiv
kumar ef al. (2001) who reported that non-additive genetic effects is of major importance for
seed yield but in desi Fs GCA variances were significant indicating the importance of
additive gene action while in kabuli trial both GCA and SCA variances were significant
which indicates both additive and non additive gene actions were important in governing
this character. Predominance of 6” D over 6> A in kabuli chickpea emphasizes the

importance of non-additive gene action.

Among desi chickpea parents ICC 12475 and ICC 12479 were good general
combiners for increased yield. Good general combining ability for yield and reduced pod
damage of ICC 12475 was reported by ICRISAT (1982). Predictability ratios, 0.84 in F,
desi and 0.77 and 0.62 in kabuli F, and Fs respectively indicates both GCA and SCA were
important for this character. In F desi predictability ratio (0.90) close to unity indicates the
importance of GCA for this character. The F;s of ICC 12475 x ICC 4918 and ICC 12490 x
ICC 3137 were good specific combiners for high yield. The Fys of ICC 12477 x ICC 12478,
ICC 12475 x ICC 14876 and ICC 12476 x ICC 12490 were good specific combiners for
high yield.

Among the kabuli parents ICC 12968 (Griffings analysis) and ICC 12968, ICC
12491 and ICC 12495 (Gardner and Eberhart analysis) were good general combiners for
yield. F;s of ICC 12495 x ICC 4962 and ICC 12491 x ICC 12492 were good specific
combiners according to Gardner and Eberhart analysis and along with these ICC 12492 x
ICC 12968, ICC 12493 x ICC 4973, ICC 4973 x ICC 12494 and ICC 12495 x ICC 12968
were good specific combiners according to Griffing analysis. In F; trial ICC 12492 and ICC
4973 were good general combiners and the Fys of ICC 12495 x ICC 4962 and ICC 12492 x
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ICC 12494 were good specific combiners for high yield. The rank correlations indicated that
effective selection was possible for F) and F, crosses based on their per se performance.
The results, which indicate the importance of both GCA and SCA effects for days to
maturity, pods per plant, seeds per pod, and seed yield were in close agreement with those
reported by Lal (1972), Singh and Mchra (1980), Singh et al., (1982), Malhotra et al.,
(1983) and Singh and Paroda (1989). Importance of non-additive genetic effects for these
characters was reported by Gowda and Bahl (1978) and Yadavendra and Kumar (1987).

5.2.2.8 Pod borer damage (%)

In desi chickpea the damage percentage in parents ranged from 6.43 % (ICC 12479)
t0 22.69 % (ICC 3137), and in F;s the range was from 7.05% (ICC 12478 x ICC 12479) to
23.98% (ICC 4918 x ICC 3137). Both GCA and SCA variances were statistically
significant. Magnitude of GCA variance was comparatively greater than SCA variance
indicating more importance of additive gene action in governing the pod borer resistance. In
Fps only GCA variance was significant indicating additive gene action in governing their

character.

The resistant parents ICC 12479, ICC 14876 and 1CC 12478 proved to be the best
general combiners with significantly negative GCA effects and low pod borer damage.
According to Gardner and Eberhart along with the above parents the resistant check ICC
12475 was also good general combiner. The results were in accordance with ICRISAT,
(1983). Among the crosses with the resistant parent ICC 12475 the cross ICC 12475 x ICC
12479 (7.11%) showed least damage and its SCA effect was negative but not significant.
ICC 14876 x ICC 4918, ICC 14876 x ICC 3137, ICC 12478 x ICC 4918 and ICC 12476 x
ICC 4918 were good specific combiner with respect to reduced pod borer damage. F|s of
ICC 12478 x ICC 12479 (7.05%) and ICC 12475 x ICC 12479 (7.11%%) showed least pod
borer damage and their SCA effects were negetive but not significant. In F, desi trial, ICC
12475, ICC 14876, ICC 12477, ICC 12478 and ICC 12479 were best general combiners for
reduced pod borer damage and F2s of ICC 12476 x ICC 3137, ICC 14876 x ICC 4918 and
ICC 14876 x ICC 12426 were good specific combiners for reduced susceptibility.
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In F kabuli diallel the pod damage of parents ranged from 10.1% to 18.5% and in
crosses from 8.03% to 19.3%. GCA variance was statistically significant but SCA variance
was not significant in both F, and F; trials. The magnitudes of GCA variances were almost
equal to SCA variances in both Fs and Fys. This indicates the importance of both additive
and non-additive gene action in kabuli chickpea for pod borer damage. The results were in
accordance with ICRISAT (1984) and Singh and Paroda (1989), who discussed the
importance of non-additive genetic effects for pod borer resistance in kabuli chickpea.
Negative average heterosis was desirable with respect to reduced H. armigera damage. ICC
12492 was good general combiner for reduced damage according to Griffings analysis and
the varietal effects due to ICC 12492 were significant according to Gardner Eberhart
analysis. ICC 12492, ICC 12493, ICC 12495 and ICC 12968 were good general combiners
according to Gardner and Eberhart and heterotic effect due to none of the varieties was

significant,

The F;s of ICC 12493 x ICC 12494, ICC 12493 x ICC 12495 and ICC 12495 x ICC
12494 were good specific combiners according to both the methods of analysis and ICC
12492 x ICC 4973 according to Gardner and Eberhart analysis. The Fjs of ICC 12495 x
ICC 4973, ICC 12491 x ICC 12494, ICC 12492 x ICC 12493 and ICC 4973 x ICC 4962

were best specific combiners for reduced pod borer damage.

The predictability ratio was near to unity in Fs and Fas of desi chickpea and it was
comparatively less in Fis and F3s of kabuli chickpea indicating the importance of GCA in
predicting the performance of single cross progenies in desi chickpea. Rank correlation
indicated the ranking based on per se performance of crosses and respective SCA values
was same which infers that the selection of crosses on the basis of their performance was
equally effective as on the basis of their SCA values. But it was not so effective in case of
GCA values and per se performance of parents but when the damage percentages were
transformed to their respective angular values, for parents also the per se performance

indicated its worth in selecting parents based on their per se performance.
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In F3s high value of rank correlation (r; = 0.95 in desi and 1.0 in kabuli) for GCA vs.
per se performanc indicated that the effective selection was possible for parents based on
their performance. But for Fys there was difference in the ranking based on per se
performance and SCA effects.

In diallel analysis GCA is a function of additive genetic effects but may partially
include some dominance effects where parents are included in the analysis to estimate the
variance (Singh and Paroda, 1984). Additive genetic effects (2 gca®) were greather than
non additive effects (2Z sca?) for days to 50% flowering, days to maturity, 100-seed weight,
damage percentage in desi diallel and days to flowering, days to maturity and 100-seed
weight in case of kabuli diallel. Earlier reports support these results Dhaliwal and Gill,
(1973); Gupta and Ramanujam 1974; Asawa and Tewari 1976; Gowda and Bahl 1978;
Singh and Mehra 1980; Malhotra ef al., 1983; ICRISAT, 1981, 82, 83, 84 and 85; Gowda er
al., 1983; Singh et al., 1992). Thus days to flowering, 100-seed weight can be improved by
a simplé selection scheme such as the pedigree method, since both additive and additive x
additive genetic effects are predominant for these characters and are easily fixable in the
carly generations. Seed mass, which is highly heritable and important yield component can

be used effectively as an indirect selection criterion for improving seed yield.

The results which indicate the importance of both GCA and SCA effects in the study
were pods per plant, seed yield per plant, and yield kg ha™! were in close agreement with Lal
(1972); Gupta and Ramanujam, 1974; Asawa and Tewari 1976; Sikka, 1978; Gowda and
Bahl, 1978; Singh and Mehra, 1980; Singh ef al., 1982; Malhotra ef al., 1983; Yadavender
and Kumar, 1987; Singh and Paroda, 1989 and Shivkumar 2001). Non-additive genetic

effects to be as major importance for these characters.

The parents used in the present investigation constitute a selected set of desi and
kabuli chickpea varieties. Hence, the information regarding the genetic behavior of these
parents, Fis and Fas can be made use of in breeding program. The genetic information and
combining ability of the parents to be used in crossing program where significant correlation

is established between the per se performance and GCA effects, choice of parents based on
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per se performance is advisable. Such correlation was present in the present study for all the
characters; except for yield plant’ in desi parents. Among kabuli parents significant
correlation was established for pod borer damage percentage, days to 50% flowering and
days to maturity. Similarly, the choice of F,s based on per se performance can be made for
days to maturity, pods plant™, seeds pod™', seeds plant™, yield plant™, yield plot™ in desi and
days to 50% flowering, days to maturity, pods plant”, seeds pod™', seeds plant™, yield plant
!, yield plot” and pod borer damage percentage in kabuli Fzs. F3 s were effected with wilt

and reliable data was not available.

52 MECHANISMS OF RESISTANCE TO H. armigera IN

CHICKPEA
5.3.1 ANTIBIOSIS TO H. armigera IN CHICKPEA

The current study has shown significant variation in growth and survival of H.
armigera reared on chickpea leaves and pods. This is similar to the observations of Sison
and Shanower (1993) showed that H. armigera larvae reared on leaves and flowers of
pigeonpea had lower larval weights and longer development times than those reared on
pods. Differences in nutrient availability of different plant parts may affect the growth and
survival of H. armigera on chickpea. However, differences in the amount of acidic cxudates
consumed by first-instar to third-instar may also be important. Larger larvae consume the
whole pod and seeds. In comparison, the larvae that were reared on leaves ingested plant
material with surface exudates throughout their development and thus exhibited low survival

and slower rates of growth and development (Dias et al., 1983).

The mean larval weights, pupal weights and larval survival were high when the
larvae were reared on lyophilized leaf and pod powder compared to those reared on leaves
and pods. This may be because of more nutrients available in the artificial diet. When the
larvae were reared on lyophilized pod powder the larval survival and weight grain were high
suggesting that chickpea pods were more nutritious than leaves. Reduced larval and pupal
weights, and prolonged larval and pupal periods (ICC 12475, ICC 12476, ICC 12477, ICC
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12478, ICC 12479, ICC 14876, ICC 12490, ICC 12491 and ICC 12495) compared to
susceptible genotypes (ICC 12426, ICC 3137, ICC 4973 and ICC 4962) indicated that

antibiosis is one of the component of resistance to H. armigera in chickpea.

Larval period was longer in resistant genotypes compared to susceptible ones, and
the standard diet. These results suggested that a growth inhibitor o.r antifeadent substance or
both existed in the resistant genotypes. The larval survival, larval weight, pupal weights,
pupation and adult emergence were consistently lower in the resistant genotypes than the
susceptible ones, and the standard diet (Yoshida and Shanower, 2000). Slower larval
growth, which results in prolonged development may increase the probability of predation,
parasitism, and infection by pathogens, results in reduced population of the pest on the crop
(Shanower, 1990).

5.2.2 RELATIVE SUSCEPTIBILITY OF CHICKPEA GENOTYPES TO
H.armigera UNDER NO-CHOICE CAGED CONDITION

Glasshouse screening under no-choice caged conditions is simple, rapid and is not
influenced by the external factors and therefore, provides a reliable means of evaluating
insect damage on the test genotypes. In this technique, all the test genotypes were exposed to
uniform insect pressure, and the cages prevented emigration of the larvae from the plants

being evaluated.

The genotypes ICC 12479, ICC 12477, ICC 12476, ICC 12478, ICC 12490, ICC
14876, ICC 12491 and ICC 12495 wefe found to be resistant, and their levels of resistance
were comparable to the resistant check, ICC 12475. Reduced damage rating, low larval
survival and larval growth in these genotypes indicated that antibiosis is one of the
components of resistance. In some of the genotypes, the plants recovered from the leaf
feeding and survived. In susceptible genotypes (ICC 12426, ICC 3137, ICC 4973, ICC 4962

and ICC 4918) some plants failed to recover trcruse of licivy damage.
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Leaf damage, larval survival and weight gain by the larvae during flowering stage
was lower compared to that at the vegetative stage. This may be due to increase in acidity in
leaves with age (Koundal and Sinha 1981). As amount of acid exudates on leaves is
responsible for resistance in chickpea (Lateef 1985, Rembold ef al. 1990, Patnaik and

Senapati, 1995) the resistance levels also increased during the flowering stage

52.3 RELATIVE PREFERENCE OF H. armigera LARVAE TOWARDS
WASHED AND UN-WASHED CHICKPEA LEAVES

Significantly greater feeding was recorded on washed leaves compared to unwashed
leaves in ICC 12475, ICC 12478, ICC 12479, ICC 14876, ICC 12495 and ICC 12494. This
suggested that water-soluble compounds in the leaf exudates (malic and oxalic acid) were
primarily responcible for the resistance of the genotypes to H. armigera. Leaf exudate plays
an important role in H. armigera resistance in chickpca (Rembold, 1981; Rembold and
Winter, 1982; Srivastava and Srivastava, 1989; Rembold ef al., 1989 and 1990; Rembold
and Weigner, 1990 and Yoshida, 1997).

Presence of significantly more number of larvae on washed leaves of ICC 12475,
ICC 12476, ICC 12477, ICC 12478, ICC 12479, ICC 12490, ICC 14876, ICC 12492, ICC
12493, ICC 12495 and ICC 4973 indicated that the larvae preferred washed leaves than
unwashed leaves. Non-significant difference between washed and unwashed leaves of ICC
12426, ICC 3137, ICC 12968, ICC 4962 and ICC 4918 suggested that the amounts of leaf
exudates in these genotypes were quite low. Latecf (1985) suggested amount of acid
exudates on leaves could be used as criteria for distinguishing chickpea genotypes for
resistance to H. armigera. Rembold et al., (1990) confirmed it, and recommended it as a
marker for resistance in chickpea. Low amount of acidity in the leaf extracts of genotypes
was associated with susceptibility to H. armigera (Srivastava and Srivastava, 1989, Bhagwat
et al., 1995, and Yoshida, 1997). When the larvae were reared on washed and unwashed
leaves separately, mean damage rating was high on unwashed leaves compared to the

washed leaves.
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5.3.4 ANTIXENOSIS FOR H. armigera OVIPOSITION IN CHICKPEA

ICC 12426, ICC 3137, ICC 12491, ICC 12493, ICC 12494, ICC 12495, ICC 12968,
ICC 4973 and ICC 4962 were preferred for oviposition by H armigera moths as compared
to ICC 4918. Ovipositional non-preference was not evident in long duration genotypes of
chickpea (ICC 3137, ICC 12495, ICC 4973 and ICC 4962). Cowgill and Lateef (1996)
reported non-significant oviposition in long duration chickpea gehotypes. ICC 12475, ICC
12476, ICC 12477, 1CC 12478, ICC 12479, ICC 12490 and ICC 14876 were not preferred
for oviposition as compared to ICC 4918. Cowgill and Lateef (1996) reported that

ovipositional nonpreference is a component of resistance in ICC 12475.

Kabuli type genotypes (ICC 12491, ICC 12493, ICC 12494, 1CC 12495, ICC 12968,
ICC 4973 and ICC 4962) were preferred for oviposition compared to desi types (ICC 12475,
ICC 12476, ICC 12477, ICC 12478, ICC 12479, ICC 12490 and ICC 14876). Among desi
type IQC 3137 and ICC 12426 were most preferred for oviposition.

There was no relation ship between the number of eggs laid and larval abundance (rg
= 0.122), number of eggs and pod damage (%) (ry = 0.104). These results were similar to
that of Lateef (1985) and Srivastava and Srivastava (1989). These results suggested that a
large proportion of the larvae is lost due to biotic and abiotic factors under field conditions
and hence, it becomes difficult to obtain reliable data on genotypic resistance /susceptibility
under field condition. Therefore, it is important to develop reliable techniques to screen for

resistance to H. armigera under laboratory and/or field conditions.

5.3.5 TOLERANCE TO H. armigera DAMAGE IN CHICKPEA

The larvae of H. armigera appeared on chickpea 15 days after sowing when the crop
was at vegetative stage. When the crop reached pod formation stage, larvae damaged pods
by feeding on the developing grains. There was a significant and positive correlation
between the larval population and pod damage (rg = 0.198). The damage with respect to
yield parameters was significantly lower in unprotected crop as compared to the crop

protected with chemical insecticides.



170

Significantly high grain yield was recorded in ICC 12478, ICC 12490, ICC 12426,
ICC 3137, ICC 12491, ICC 12493, ICC 12494, ICC 12495, ICC 4973 and ICC 4962 under
protected conditions. High yield was recorded under unprotected conditions in ICC 12477
and ICC 12968 but the differences were not significant.

Pod damage in unprotected crop was 20.9 % compared to 2.9 % pod damage in the
protected crop. Significantly high pod damage was rccorded in all the genotypes under
unprotected conditions. High pod damage was recorded in ICC 3137 in both protected and
unprotected conditions. The pod damage in ICC 3137, which is medium-duration genotypes
was extremely high. ICC 3137 started poding earlier than the other medium-duration
genotypes and retained green leaves and pod formation as latc as the other latc duration
genotypes. Longer poding period resulted in prolonged exposure to H. armigera. The length
of poding period may therefore to be one of the factors associated with resistance to H.
armigera. Genotypes with shorter poding period are preferred and have low pod damage,

especially in the medium -duration genotypes (Yoshida, 1997).

Under protected conditions except ICC 12494 and ICC 3137 all the genotypes were
on par with the resistant check ICC 12475 for pod borer damage. Under unprotected
conditions ICC 12479 (12.3%) and ICC 12493 (11.6%) werc on par with the resistant check,
ICC 12475.

This study indicated presence of tolerance mechanism in chickpea to H. armigera
damage. Reduction in grain yield was lowest in ICC 12475 followed by ICC 4918, ICC
12490, ICC 12493 and ICC 12476 indicating tolerance to pod borer damage. CC 12477 and

ICC 12968 were highly tolerant as there was an increase in yield under infected conditions.

The chickpea genotypes identified as stable in resistance to /. armigera damage can
be used in further breeding programs to develop resistant varieties. Diallel analysis revecaled
the gene action for H. armigera resistance and appropriate breeding method can be selected
to develop resistant varieties. The mechanisms of resistance to H. armigera in less

susceptible chickpea genotypes can be exploited to develop resistant varieties.
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SUMMARY

The present investigation “Stability, Inheritance and Mechanisms of Resistance
to Helicoverpa armigera (Hub.) in Chickpea (Cicer arietinum Linn)” was conducted at

ICRISAT, Patancheru during 2000-02. The results arc summarized as follows.

1. The G x E interaction for pod borer resistance was not significant for breeding lines
indicating their stability of resistance across seasons. Resistant check ICC 12475

suffered least (5.2%) pod damage and was stable in resistance.

2. Among the breeding lines evaluated, ICCL 87316, ICCL 87317 and ICCV 959962
showed stable resistance to H. armigera, same have high grain yield potential. ICCL
87220, ICCL 87315 and ICCL 87314 were moderately susceptible to [, armigera.
ICCV 96752 was less susceptible but low yielding.

3. The G x E interaction for pod borer resistance ‘was significant for the germplasm
accessions, Among the 28-germplasm accessions tested, the resistant check ICC
12475 was less resistant to H. armigera damage and had high yield potential. ICC
12478, ICC 12479, ICC 12440 and ICC 14876 showed stable resistance, and had

moderate yield potential.

4. In desi and kabuli chickpea for days to 50% flowering, days to maturity, 100-seed
weight and seeds per pod there is preponderance of GCA over SCA variances
suggesting the importance of additive genctic variance. For number of pods per
plant and seed yield preponderance of SCA over GCA variance suggests the

importance of non-additive genetic variance.

5. For pod borer damage GCA variance was significant in desi chickpea and additive
variance is greater than dominance variance indicating the importance of additive
gene action. But on the other hand in kabuli chickpea both GCA and SCA variances

were important for all the characters. The preponderance of SCA for pod borer
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damage in the kabuli chickpea indicates that non-additive genetic variation may be

important in some sources of resistance.

. The genetic variability due to additive gene effects in case of pod borer damage can
be exploited through the adoption of conventional methods such as pedigree method

of selection.

. Reduced larval and pupal weights, and prolonged larval and pupal periods on
resistant genotypes (ICC 12475, ICC 12476, ICC 12477, ICC 12478, ICC 12479,
ICC 14876, ICC 12490, ICC 12491 and ICC 12495) compared to susceptible
genotypes (ICC 12426, ICC 3137, ICC 4973 and ICC 4962) indicated that antibiosis
is one of the components of resistance to H. armigera in chickpea. These results
suggested that a growth inhibitor or antifcadent substance or both cxisted in the

resistant genotypes.

. Under no choice caged glasshouse conditions the genotypes ICC 12479, ICC 12477,
ICC 12476, ICC 12478, ICC 12490, ICC 14876, ICC 12491 and ICC 12495 were
found to be resistant, and their levels of resistance were comparable to the resistant
check, ICC 12475. Reduced damage rating, low larval survival and larval growth in
these genotypes indicated that antibiosis is one of the components of resistance in

chickpea.

. Greater feeding in washed leaves compared to unwashed leaves in ICC 12475, ICC
12478, ICC 12479, ICC 14876, ICC 12495 and ICC 12494 suggested that water-
soluble compounds in the leaf exudates (malic and oxalic acid) were primarily
responcible for the resistance of the genotypes to H. armigera. Non-significant
difference between washed and unwashed leaves of ICC 12426, ICC 3137, ICC
12968, ICC 4962 and ICC 4918 suggested that the amounts of leaf exudates in these

genotypes were quite low.
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10.1CC 12475, 1CC 12476, ICC 12477, 1CC 12478, ICC 12479, ICC 12490 and ICC
14876 were not preferred for oviposition as compared to ICC 4918. Ovipositional
non-preference was not evident in long duration genotypes of chickpea (ICC 3137,
ICC 12495, ICC 4973 and ICC 4962).

11, Kabuli type genotypes (ICC 12491, ICC 12493, ICC 12494, 1CC 12495, 1CC 12968,
ICC 4973 and ICC 4962) were preferred for oviposition compared to desi types (ICC
12475, 1CC 12476, ICC 12477, 1CC 12478, 1CC 12479, 1CC 12490 and ICC 14876).
Among desi type ICC 3137 and ICC 12426 were most preferred for oviposition.

12. Studies on yield loss under protected and unprotected conditions revealed
toleranceas one of the mechanisms of resistance to H. armigera in chickpea.
Reduction in grain yield was lowest in ICC 12475 followed by ICC 4918, ICC
112491, 1CC 12493 and ICC 12476 indicating tolerance to pod borer damage. With
chemical insecticide protection in chickpea 2.9% (ICC 12475) to 59.5% (ICC 3137)

yield loss can be avoided.

The lines showing high and stable resistance to H. armigera can be used in chickpea
improvement programs. The resistance mechanisms involved in these genotypes can be

exploited to develop varieties resistant to /. armigera in chickpea.
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