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Abstract
The resultant 24 crosses along with 10 parents were evaluated in artificial epiphytotic stress environment to study inheritance
of characters governed by either additive or nonadditive gene action. The results revealed that magnitude of SCA variance
was higher than GCA variance for majority of the traits showed that predominance of non-additive gene action in inheritance
of these traits, which suggested that exploitation of these traits for improvement of yield through heterosis breeding. Area
under disease progress curve (AUDPC) exhibited high GCA variance which is specified that additive gene actions is primarily
responsible for inheritance of resistance to spot blotch. Among the parents 3 resistant testers viz., Chiriya 3, Yangmai#6 and
PBW 343 showed good GCA effect. 3 cross combinations viz., (Sonalika × MONS, HUW 234 × NING 8201 and HD 2329 ×
Yangmai#6) were found good cross combiners for yield. The cross, HUW 234 × Chiriya 3 manifested good cross combiner for
spot blotch disease resistance.
Key words: general combining ability (GCA), specific combing ability (SCA), area under disease progress curve (AUDPC).

Introduction
Wheat is an important staple food crops of the world,

occupied 17% of crop acreage over worldwide, feeding
about 40% of the world population and providing 20% of
total food calories and protein in human nutrition (Gupta
et al., 2008). Due to drastic changes in climatic conditions
such as biotic and abiotic stresses directly effect on yield.
One of the major biotic stress that effect on wheat
production is spot blotch disease caused by Bipolaris
sorokiniana (Sacc.) Shoemaker. Particularly in the
Eastern Gangetic Plains (EGP) of South Asia, which
include India, Nepal and Bangladesh (Joshi et al., 2007a).
Manipulation of heterosis is an important strategy for
increasing the yield potential of wheat (Rauf et al., 2012).
It is necessary to identify superior parents with disease
tolerance in terms of reduced yield production. Combining
ability analysis is a potent tool to identify the parents and
sorting out promising crosses as per desired characters.
It also elucidates the nature of gene action involved in
the inheritance of the characters.

According to Jain and Sastry, (2012) heterosis and
combining studies in wheat gives idea about different
types of gene action which can be utilized further for
improvement in production of Hybrid wheat is an
alternative approach to increase the productivity and most
important step in the hybrid breeding program is the
detection of suitable parents with high general (GCA)
and specific combining ability (SCA) for grain yield and
then the exploitation of heterosis. Understanding the gene
action of the spot blotch disease is of prime importance.
Accordingly, a good knowledge of gene action involved
in the inheritance of quantitative characters of economic
importance is required in order to frame an efficient
breeding plan leading to rapid improvement. Thus, the
present study aims to assess the relative magnitude of
GCA and SCA for the yield and yield contributing traits
and disease resistance to select the best combiner for
successful wheat hybridization.

Materials and Methods
The experiment material consist of 4 susceptible lines

and 6 resistant testers were crossed in line tester mating*Author for correspondence : E-mail: rashmirachu1045@gmail.com



design to produce 24 F1 hybrid crosses during rabi 2018-
2019. Artificial epiphytotic conditions were created to
evaluate F1s along with their parents identify superior
parents and heterotic F1s during rabi 2019-2020 at
agricultural farm, Banaras Hindu University, Varanasi.
All package of practices was followed and data was
collected on yield and its associated traits and as well as
disease scoring of spot blotch. The data was recorded
on plot basis for days to 50% heading (DF) and days to
maturity (DM) and Five randomly selected competitive
plants for 11 traits grain filling duration (GFD), plant height
(PH), number of tillers per plant (NTPP), peduncle length
(PED L.), spike length (SP) awn length (AL), biological
yield per plant (BYPP), seed yield per plant (SYPP),
harvest index (HI), 1000 seed weight (1000 SW), area
under disease progress curve (AUDPC). Collected data
on above 13 traits was subjected to combining ability
analysis using INDOSTAT version 9.2.
Creation of epiphytotic environment and disease
assessment

The most aggressive isolate of Bipolaris
sorokiniana (strain HD_3069) was multiplied on
sorghum grains and spore suspension of 10-4 spores/ml
of water was adjusted and sprayed on crop at different
growth stages during evening hours and plot was irrigated
immediately to provide humidity which is favorable
environment forreckless sporulation. Disease scoring was
recorded at three different growth stages viz., GS63
(beginning of anthesis to half completion), GS69 (anthesis
complete) and GS77 (late milking) of Zadok's scale
(Zadoks et al., 1974) using double digit scoring method
of Saari and Prescott, (1975). The area under disease
progress curve (AUDPC), was calculated based on
disease severity suggested by (Roelfs et al., 1992). The
formula for estimation of AUDPC was mentioned below:
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Where
Yi = disease level at time ti

t (i + 1) - ti = Time (days) between two disease scores
n = Number of dates on which spot blotch was

recorded

Results and Discussion
The obtained 24 F1 crosses along with parents were

evaluated under artificial epiphytotic environment and
recorded data were subjected to line tester analysis can
be used for identification of superior parents and cross
combinations. Th findings of ANOVA of combining ability
and components of variance presented in (Table 1). Mean
squares of line effect showed significant differences for
days to 50% heading, plant height, peduncle length, awn
length and AUDPC. Variation due to tester effect for
majority of traits showed significant differences except
for grain filling duration, spike length and harvest index.
Line tester interaction effect revealed that significant
differences were found for all the traits except grain filling
duration, spike length, biological yield per plant and 1000
seed weight.

Sprague and Tatum, (1942) proposed the concept of
general combining ability (GCA) and specific combining
ability (SCA) to measure gene effects. The presence of
non-additive genetic variance is the primary justification
for initiating the hybrid- breeding programme Cockerham,
(1961). Magnitude of components of variance showed
that SCA variance for majority of the traits showed highly
significant differencesexcept for days to 50% flowering,
plant height, biological yield per plant and area under
disease progress curve. SCA variance was higher for

Table 1: Analysis of variance for combining ability for different characters in wheat. 
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most of traits than GCA variance. These findings showed
similarity with results of Kamaluddin et al., 2007;
Murugan and Kannan, 2017; Patel et al., 2018. Therefore,
this indicates importance of non-additive gene action in
inheritance of these traits, which suggested that
exploitation of these traits for improvement of yield
through heterosis breeding. The ratio of 2GCA /2

sca
being less than unity was found for days to maturity, grain
filling duration, number tillers per plant, peduncle length,
spike length, awn length, seed yield per plant, harvest
index, 1000 seed weight, suggested that all these traits
are predominantly under dominance gene action and their
superior performance cannot be fixed by using simple
selection. These results were in similar manner for most
of the traits governed by non-additive gene action were
reported by Kumar et al., 2011; Patel et al., 2018. The
ratio of more than unity were observed for days to 50%
flowering. Plant height, biological yield per plant and area
under disease progressive curve. The results were similar
with findings of Patel et al., 2018; Kumar, 2012, for days
to 50% flowering. GCA variance is higher than SCA
variance for AUDPC which indicated that the additive
gene actions were primarily responsible for inheritance
of resistance to spot blotch in these crosses. The results
were similar to the findings of Sharma et al., 2004; Khan
et al., 2010; Tembo et al., 2017.

The estimates of general combining ability (GCA)
effects of lines and testers and specific combining ability
(SCA) effects of crosses for all the characters are
presented in table 2 and 3. The GCA and SCA effect of
the parents and hybrids in negative direction were
considered desirable, as the earliness is preferred over
the late varieties. Among the lines, HUW 234 (-1.38)
and testers i.e., Chiriya 3(-4.08) and NING 8201 (-2)
exhibited significant and negative GCA effect in desirable
direction for days 50% flowering and as well as days to

maturity were considered to be good general combiners.
For plant height, female parent such as, HUW 510
(-4.34) and testers were, Chiriya 3(-4.08) and A.N. 8226
(-2.22) showed reduced height in significant and desirable
direction. Good general combiner for number of tillers
per plant among female lines, Sonalika (075) and of testers
were, Yangmai#6 (1.20), MONS (1.42) exhibited
significant and positive direction. GCA effects for
peduncle length with positive and significant values among
lines are, HUW 234 AND (0.53) HUW 510 (1.44) and
testers of Chiriya3 (1.01), Y6 (2.08). For spike length,
HD 2329 (0.67) female line and NING 8201 (1.18), PBW
343 (0.67) testers were showed GCA effects in significant
and desirable direction. For biological yield for plant, seed
yield per plant and for harvest index, none of the female
lines showed significant results due epiphytotic stress
condition of spot blotch disease.

Among testers, NING 8201 (1.61% 1.58), PBW 343
(2.53 & 1.76), MONS (1.58% 1.59) exhibited positive
and significant results for biological yield per plant & seed
yield per plant, respectively. For 1000 seed weight, HUW
234 female line (1.45) and testers, PBW 343 (2.06),
MONS (3.04) were showed significant and positive GCA
effect in desirable direction acts as good general
combiners. The lines such as Sonalika and HD2329 were
showed positive and significant GCA effect for AUDPC
and among testers, Chiriya 3 (-26.65), Yangmai#6 (-88.22)
and PBW 343 (-44.35) exhibited negative and significant
GCA effect in desirable direction.

None of the parents showed good GCA effect for all
the traits in desirable direction. But among susceptible
lines, HUW 234 manifested results of GCA effects in
desirable direction for majority of the traits but not in
significant direction compare other female lines, which
indicates that this parent can be considered to some extent
for source of genes for improvement of yield and other

Table 2: Estimates of general combining ability (GCA) effects of the parents for various characters in Wheat.

Parents DF DM GFD PH TILL PED SL AL BYPP SYPP HI 1000SW AUDPC
Lines

sonalika 1.21** 0.29 -0.92 0.59 0.75** -1.18** -0.11 -0.43** -0.27 0.26 1.11 -0.52 833.72**
HUW 234 -1.38** -0.88* 0.50 1.35 0.01 0.53* -0.09 -0.37* 0.36 0.60 1.60 1.45*  -35.828
HD 2329 0.04 0.63 0.58 2.40* -0.21 -0.78** 0.67** 0.23 0.89 -0.08 -1.41 -0.95 109.28**
HUW 510 0.13 -0.04 -0.17 -4.34** -0.54* 1.44** -0.46* 0.57** -0.98 -0.77* -1.30 0.02 10.26

Testers
Chiriya 3 -4.08** -3.38** 0.71 -5.37** -1.74** 1.01** -0.57* 0.25 -0.25 -0.34 -0.78 -1.39 -26.65*

A. N.8226 0.17 1.00* 0.83 -2.22* -1.32** -2.56** -0.66** 0.07 -3.59** -2.79** -4.33** -3.68** -10.442
Yangmai#6 -0.21 0.75 0.96 1.54 1.20** 2.08** -0.73** 0.07 -1.38* 0.20 2.86* -0.24 -88.22**
NING 8201 -0.46 -2.00** -1.54* 5.09 0.60 0.10 1.18** -0.51* 1.61* 1.58 -0.39 0.21 31.15

PBW343 1.54** 1.13** -0.42 -1.60 -0.16 -1.01** 0.67** -0.34 2.53** 1.76** 2.14 2.06* -44.325**
MONS 3.04** 2.50** -0.54 2.55* 1.42** 0.38 0.11 0.46* 1.58** 1.59 0.49 3.04** -20.165

*, ** Significant at 5 percent and 1 per cent levels, respectively



traits except for AUDPC. Among the testers, Yangmai#6,
NING 8201, PBW 343, MONS showed good GCA effects
for most of traits. This indicates those resistant testers
with broad genetic base can be further used to test
agronomically superior but susceptible parents for their
combining ability. The susceptible female lines showed
high GCA effect of AUDPC in positive direction and low
GCA effect of yield per plant in negative direction shows
that their yield was affected.

Good SCA effects are the index for selection of
superior hybrid crosses in form of exploitation of heterosis.
The results of SCA effects were presented in table 3.
The findings revealed that none of the crosses manifested
negative and significant results of SCA effects for days
to 50% heading. However, 10 crosses showed negative
SCA effect for days to 50% heading. Four crosses,
(Sonalika × Chiriya 3, HUW 234 × Chiriya 3, HD2329 ×
PBW 343 and HUW 510 × NING 8201) were exhibited
significant SCA effects in negative direction which was
considered to be good specific combiner for early maturity.
Grain filling duration is an important trait when wheat is
grown under stress conditions like spot blotch and terminal
heat stress, both were coinciding because of late sowing.
For grain filling duration and for plant height cross, HUW
510 × NING 8201 and Sonalika × Chiriya 3, respectively
were showed significant SCA effects in negative direction
which was considered to be good specific combiner. SCA
effects of four crosses such as, (Sonalika × NING 8201,
HUW 234 × A.N. 8226, HD2329 × Yangmai#6 and HD
2329 × PBW 343) exploited good specific combiners in
significantly positive direction. Three crosses, (Sonalika
× A.N. 8226, HD 2329 × NING 8201 and HD 2329 ×

PBW 343), were showed significant and positive SCA
effects for peduncle length. For spike length only one
hybrid showed significant and positive SCA effects i.e.,
HD 2329 × A.N. 8226. None of crosses showed good
SCA effects for biological yield per plant, except one
cross HD 2329 × A.N. 8226 showed results in desirable
direction. For seed yield per plant, three crosses i.e.,
(Sonalika × MONS, HUW 234 × NING 8201 and HD
2329 × Yangmai#6) were exhibited significant SCA
effects in positive direction which was considered to be
good specific combiner. One hybrid showed positive and
significant SCA effect for harvest index i.e., (HD 2329
× Yangmai#6) and only single cross showed significant
SCA effect for 1000 seed weight (HUW 234 ×
Yangmai#6) in desirable direction. The SCA effect of
(HUW 234 × Chiriya 3) manifested significant result for
AUDPC in negative direction considered to good cross
for less disease progress.

Among the 24 crosses none of the hybrids showed
good SCA effect for all traits. Three cross combinations
exhibited significant and positive SCA effects i.e.,
(Sonalika × MONS, HUW 234 × NING 8201 and HD
2329 × Yangmai#6) were the best specific cross
combinations for number of seed yield per plant. Those
three one cross, HD 2329 × Yangmai#6 also showed
high SCA effects for its contributing traits viz. number of
tillers per plant and harvest index. biological yield and
harvest index. For AUDPC none of the crosses exhibited
significant and desirable results. However, one cross,
HUW 234 ×Chiriya 3 manifested significant SCA effect
for AUDPC and days to maturity in desirable direction
can be considered as good specific combiner can be

Table 3: Estimates of specific combining ability (SCA) effects of crosses for various characters in wheat.
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exploited through heterosis breeding.
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