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In a diallel cross (excluding reciprocals) involving ten wheat (Z#iticum
aestivum L.) parents, 45 F| and 45 F, genotypes were evaluated for
combining ability in relation to grain yield and associated traits.
The analysis of variance revealed significant differences for both
general combining ability (GCA) and specific combining ability
(SCA). The magnitude of SCA variance exceeded that of GCA,
suggesting that non-additive gene action played a predominant role
in the inheritance of most traits across both generations. Among
the parents, UAS 3011 (F-1.409 and F,-2.154), MACS 6222 (F,-2.380
and F,-0.944) and GW 513 F-1.722 and F,-1.415) emerged as strong
general combiners for grain yield and its key contributing attributes,
making them valuable candidates for hybridization programs aimed
at developing superior segregants. Notably, the crosses WR 544 x
DBW 187, UAS 3011 x DBW 187, CG 1029 x HI 1544, and MACS
6222 x GW 513 consistently showed favorable SCA effects for grain
yield per plant in both generations. The crosses involving good
general combiners and showing high SCA effects may be utilized
for further breeding purposes and bi-parental mating and diallel
selective mating would be useful to exploit both type of gene action
(additive and non-additive).
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1. Introduction

Wheat is one of the most important cereal crops globally, The demand for wheat is increasing with the increase in

occupying a leading position in terms of acreage, population. In order to meet out the growing demand of

production, and adaptability to diverse agro-climatic
conditions (Sharma and Sharma, 2025). In India, wheat
is the second most vital cereal after rice, and the country
holds the position of the world’s second-largest producer,
following China. Wheat serves as a staple food for over
a billion people in India and is also a dietary mainstay in

more than 40 other countries (Anonymous, 2025).
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wheat grains, wheat production and productivity must be
enhanced (Nagar ez al., 2018). Consequently, the central
aim of most wheat breeding programs is to develop
varieties with enhanced yield potential. Yield, however,
is a complex trait influenced by multiple contributing
factors such as genetic makeup, sowing time, and
environmental stresses. Grafius (1959) even questioned
whether specific genes for yield exist, emphasizing the

importance of focusing on yield components. Therefore,




improving wheat productivity requires a component
breeding approach. Although numerous studies have
evaluated combining ability and gene action in wheat
using F, populations, limited attention has been given to
the comparative assessment of these genetic parameters
across both F, and F, generations. The transition from F,
to F, involves segregation and recombination, which may
alter the relative importance of additive and non-additive
gene effects. However, systematic studies addressing the
consistency and shifts in combining ability across these
generations are scarce. For this, plant breeders must select
appropriate breeding strategies, which depend largely
on combining ability, the type and magnitude of gene
action, and the overall inheritance pattern of yield and its
associated traits. Diallel mating design is widely used in
plant breeding research to obtain information on genetic
effects for a fixed set of parental lines or estimates of
general combining ability, specific combining ability. The
general combining ability (GCA) gives information about
additive and additive x additive gene action, whereas
specific combining ability (SCA) provides information
about the non-allelic interaction and dominance gene
action. In addition, diallel analysis gives an opportunity
to the plant breeders for choosing the most efficient
selection method by allowing them to estimate several
genetic parameters by Singh and Chaudhary (1979).
Diallel analysis provides a unique opportunity to test a
number of lines in all possible combinations. Keeping
the above facts under consideration, the present study
was undertaken to identify the best general and specific
combiners based on their general and specific combining
ability for grain yield and its component traits in bread
wheat (Nagar ez al., 2018).

2. Materials and methods

Ten genotypes of wheat (Triticum aestivum L. Em. Thell)
namely WR 544 (P ), HD 2967 (P,), UAS 3011 (P,), CG
1029 (P,), HI 1544 (P,), MACS 6222 (P), GW 451 (P),
DBW 187 (P,), GW 513 (P)) and GW 533 (P, ) as basic
material which had been taken on the basis of their
differences in origin, adaptability and morphological
characters. All these parents have genetic variability for
yield level as well as for various good yield components.
In the present investigation, all possible crosses among
the selected parents were made in one direction only, i.e.

direct crosses. Here, each parent was used either as male
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or as female in the mating. The number of single crosses
attempted was equal to [n (n-1)/2], where n is the number
of parents used. Half diallel design was used in the present
study because reciprocal differences are not significant in
wheat crops (Kumar ez al., 2017). A total of 45 crosses were
made in half-diallel mating design during Rabi 2020-21
and their F, generation was made during Rabi2021-22 and
final evaluation trial comprised of ten parents along with
F’s, F,’s and one standard check (MACS 6478) was carried
out during Rabi 2022-23 and progenies were evaluated
using Randomized Block in 3 replications at Wheat
Research Station, Junagadh Agricultural University,
Junagadh. The experimental material was sown in each
replication, parents and F,s were sown in single row while
F,s were sown in two rows. The length of each row was
3.0m with inter and intra-row distance of 20 and 10cm
respectively. Recommended doses of fertilizers @ 120 kg
N + 60 kg P,O; + 60 kg K,O per hectare were applied
in the experimental area along with four irrigations at
all critical stages. Various observations were recorded
on five competitive plants selected randomly from each
single row plot of each parents and F’s as wells as 20
competitive plants of F,’s were selected in each replication.
The observations were recorded on sixteen characters viz.,
days to heading, days to maturity, grain filling period, plant
height, number of tillers per plant, length of main spike,
number of spikelets per spike, number of grains per spike,
100 grain weight, grain yield per plant, biological yield
per plant, harvest index, chlorophyll content-15 DAA,
chlorophyll content-21 DAA, Canopy Temperature
Depression at 15 Days After Anthesis (CTD-15 DAA) and
CTD-21 DAA. Canopy Temperature Depression (CTD)
reading was taking with the help of Infra-red thermometer
and chlorophyll content was recorded with the help of
SPAD-502 meter during sunny, clear, and calm days
between 12:00 p.m. and 3:00 p.m. Mean values over
selected plants were used for statistical analysis. The mean
values of different parents, F s and F,s for all characters
were subjected for analysis of variance and the estimates
of variance for general combining ability and specific
combining ability and their effects were computed by
Method 2 (Model I) as suggested by Griffing (1956b). The
analysis was done using the WINDOSTAT 7.5 statistical
package. The general mathematical model for analysis as
given by Griffing (1956a).
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Xijk =y + gi + gj + Sij + eijk/b
Where,

Xijk = an observation of the phenotype of a cross between
ith and jth parents in kth block

p = General mean
gi = General combining ability (GCA) effect of jth parent

sij = Specific combining ability (SCA) effect for cross
between ith and jth parent such that si = sj
eijk = Environmental effects associated with ijkth

observation

b = Number of blocks

Table 1:  List of Parents used for study and their
key features

Sr. No. Name of Parents Key Feature
1 WR 544 Earliness
2 HD 2967 Grain yield, Tillers
3 UAS 3011 Grain yield, Tillers
4 CG 1029 Grain yield, Earliness
5 HI 1544 Grain yield, Grain

appearance

6 MACS 6222 Grain yield, Tillers,

spike length

7 GW 451 Grain yield, Tillers,
Dwarfness, Earliness

8 DBW 187 Grain yield, Tillers,
spike length

9 GW 513 Grain yield, Tillers,
spike length

10 GW 533 Grain yield

3. Results and discussion
3.1. Combining ability analysis

The analysis of variance for combining ability in F and F,
generations (Table 2) revealed that both general combining
ability (GCA) and specific combining ability (SCA) mean
squares were highly significant for all the traits studied.
This indicates the involvement of both additive and non-
additive gene actions in governing the expression of these
traits across generations. The simultaneous significance
of GCA and SCA suggests that selection as well as
hybridization-based approaches may be effective for
genetic improvement. Significant GCA and SCA effects

for traits such as days to maturity, plant height, number
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of tillers per plant, number of grains per spike, 100-grain
weight, grain yield per plant, biological yield per plant,
and harvest index have also been reported by Nagar et
al. (2018). The present findings are in agreement with
earlier reports by Choudhary et al. (2018), El-Gammaal
and Yahya (2018), Kumar ez al. (2019), Ali et al. (2020),
Meghawal et al. (2021), Babar et al. (2022), Dragov (2022)
and Darwish et al. (2024), who also documented the
concurrent role of additive and non-additive gene effects in

the inheritance of yield and its component traits in wheat.

The ratio of GCA to SCA variance was less than unity for
most of the traits studied, indicating the predominance of
non-additive gene action in their inheritance. However,
exceptions were observed for days to heading and number
of spikelets per spike in both F, and F, generations, where
relatively higher GCA/SCA ratios suggested a greater
role of additive gene effects. The overall predominance
of non-additive gene action for the majority of traits
implies that selection based on specific combining ability
(SCA) effects would be more effective for identifying
superior cross combinations and achieving substantial
genetic improvement in wheat. These findings are in
accordance with earlier reports by Choudhary et al.
(2018), El-Gammaal and Yahya (2018), Ali ez al. (2020)
and Meghawal et al. (2021), who also documented the
predominance of non-additive gene action for grain yield

and its component traits in wheat.
3.2. General combining ability effects

The parents were categorized as good, average, and
poor combiners for various traits based on the estimates
of general combining ability effects for the F, and F,
populations, as outlined in Table 3 and 4. It was evident
from the Table 3 and 4 that one of parent UAS 3011
which was good general combiner for grain yield per
plant in both the generations, was also good general
combiner for some of yield contributing characters like
grain filling period, number of tillers per plant, length of
the main spike, number of spikelets per spike, number
of grains per spike and biological yield per plant in both
the generations and harvest index in F, generation as well
as chlorophyll content-15 DAA, chlorophyll content-21
DAA, and CTD-21 DAA in F, generation. The second
good general combiner MACS 6222 was also a good
general combiner for days to maturity, grain filling period,

number of spikelets per spike, 100 grain weight and
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chlorophyll content-15 DAA in both the generations and
biological yield per plant, chlorophyll content-21 DAA
and CTD-15 DAA in F, generation and number of grains
per spike in F, generation. Likewise, GW 513 was found to
be good general combiner for grain yield per plant in both
generations, also found to be good general combiner for
days to maturity, grain filling period, length of the main
spike, biological yield per plant in both the generations
and days to heading, number of spikelets per spike, harvest
index and CTD-21 DAA in F, generation and number of
tillers per plant in F, generation. Similar finding of good
GCA effects for different traits were reported by Desale
and Mehta (2013), EL-Hosary and Nour El Deen (2015),
Kutlu and Sirel (2019) and Darwish ¢t al. (2024) in wheat.

Better performance of hybrids involving average X poor
general combiners indicated dominance X dominance
(epistasis) type of gene action. Such cross could be utilized
in the production of high yielding homozygous lines.
Crosses which were involved at least one good general
combiner, indicating additive X dominance type of gene
interaction, which could produce desirable transgressive
segregants in subsequent generations (Vora ¢t al., 2025).

Top of Form
High GCA effects are mostly due to additive gene effects

and/or additive x additive interaction effects (Griffing,
1956). In view of this, breeders may utilize the good
general combiners in specific breeding programme for
improvement in grain yield. It is therefore recommended
that the breeder should breed for superior combining
ability for the component traits with an ultimate objective
to improve the overall GCA for grain yield in bread
wheat. In order to synthesize a dynamic population
with most of the favorable genes accumulated, it will be
pertinent to make use of these parents, which are good
general combiner for several traits in multiple crossing
programmes. In contrast to the conventional breeding
methods which are relying mainly on additive or additive
x additive types of gene action, population improvement
appears to be a promise alternative. In general, the crosses
involving parents with good x good GCA effects indicated
additive x additive type of interaction; good x average or
good x poor GCA effects showed additive x dominance
type of gene action, while in rest of the cases (i.e. average
x average, average x poor and poor x poor) of GCA effect

revealed dominance x dominance type of gene interaction.

Selection of Superior Combiners in Bread Wheat

It was further observed that crosses involving both poor
combiners also resulted in high SCA effects for some of the
traits. This may be because of the role of high magnitude of
non-additive gene action. These crosses could be utilized
through intermating in the segregating generations,
followed by simultaneous selection for desirable plant
type for grain yield per plant and its component traits.
These findings are in agreement with the earlier findings of
Choudhary et al. (2018), Dedaniya et al. (2019), Bajaniya ez
al. (2019), Shah ¢t al. (2020) and Vora et al. (2025) in wheat.

The study revealed that parents with good general
combining ability also displayed high per se performance
across nearly all the traits studied. High general combining
ability effects mostly contribute additive gene effects or
additive x additive interaction effects (Griffing, 1956a and
1956b) and represent fixable portion of genetic variation.
Accordingly, GW 513, UAS 3011 and MACS 6222 offer
the best possibilities of exploitation for the development
of improved pure lines with enhanced grain yielding
ability. It is suggested that population involving these lines
in a multiple crossing programme may be developed for
isolating desirable recombinants. Further, the varieties
or lines showing good general combining ability for
particular components may be utilized in component
breeding programme for improving a specific trait of
interest.

3.3. Specific combining ability effects

The specific combining ability (SCA) effects play a
crucial role in identifying superior cross combinations for
developing promising hybrids. Crosses exhibiting high
SCA effects, especially when involving parents with high
general combining ability (GCA) effects, can lead to the
emergence of desirable segregants in future generations.
However, it is important to note that while SCA effects
are estimates, per se, performance represents realized
values. Therefore, both SCA effects and per seperformance
should be carefully considered when selecting the best

cross combinations.

In the present study, among the 45 crosses, top ten
crosses were selected based on significant and desirable
SCA effects for higher grain yield and also for other yield
component in both F, and F, generations (Table 5 and 6).
With respect to days to heading, out of five crosses, one
crosses viz, WR 544 X GW 533 in F| generation displayed
the high per se performance and significant SCA effects
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(Table 5), while in F, generation, WR 544 X HD 2967,
reported high per se performance and significant SCA
effects in F, generation. Similar results have also been
reported by Afridi et al. (2017), Bhardwaj et al. (2017) and
Dawwam et al. (2022) in wheat.

With regard to days to maturity, one cross viz, WR 544
X CG 1029 in F, generation reported high per se with
significant SCA effects. In F, generation, none of the
crosses exhibited high per se performance with significant
SCA effects. This result is in confirmation with the results
of Bhardwaj et al. (2017) and Dawwam et al. (2022) in

wheat.

Forgrainfillingperiod, three crosses viz, HD 2967 X DBW 187,
HD 2967 X UAS 3011 and HI 1544 X MACS 6222 in
F, generation reported high per se with significant SCA
effects. However, three cross combinations viz, UAS 3011
X DBW 187, HD 2967 X UAS 3011 and HD 2967 X DBW
187, reported high per se performance and significant SCA
effects in F, generation. This result is in confirmation with
the results of Bhardwaj ez al. (2017), Dedaniya et al. (2019),
Bajaniya et al. (2019) and Meghawal ez al. (2021) in wheat.

Considering plant height, three crosses, namely (Table
5), GW 451 X DBW 187, CG 1029 X DBW 187 and HI
1544 X MACS 6222 exhibited high per se performance
and significant SCA effects in F, generation. However, four
cross combinations viz, UAS 3011 X DBW 187, CG 1029
X MACS 6222, UAS 3011 X GW 451 and WR 544 X
HI 1544, reported high per se performance and significant
SCA effects in F, generation. The results are akin to the
results of El-Gammaal and Yahya (2018) in wheat.

In case of number of tillers per plant (Table 5), all the
five crosses were common which reported high per se
performance with significant SCA effects in F, iz, UAS
3011 X DBW 187, HD 2967 X GW 533, HD 2967 X HI
1544, UAS 3011X MACS 6222 and MACS 6222 X GW
513, whereas in F,, four cross combinations iz, UAS
3011 X DBW 187, HI 1544 X MACS 6222, UAS 3011
X GW 451 and HD 2967 X GW 513 showed high per se
performance with significant SCA effects. This finding is
in confirmation with the findings of Verma et al. (2016),
Nagar et al. (2018) and Shah ¢t al. (2020) in wheat.

In case of length of main spike, four crosses were common,
which reported high per se performance with significant
SCA effects in F, viz, UAS 3011 X GW 513, HD 2967 X
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DBW 187, HD 2967 X HI 1544 and UAS 3011 X MACS
6222, whereas two crosses were common viz, HD 2967
X DBW 187 and DBW 187 X GW 513, which showed
high per se performance with significant SCA effects in F,
generation. This finding is in accordance with the findings
of Verma et al. (2016), Afridi ¢t al. (2017), Nagar ¢t al. (2018)
and Shah et al. (2020) in wheat.

Among top five crosses studied for number of spikelets per
spike, three crosses viz, HD 2967 X DBW 187, UAS 3011
X DBW 187 and HD 2967 X HI 1544 revealed high per
se performance with significant SCA effects (Table 5) in F,
generation and HD 2967 X UAS 3011, WR 544 X DBW
187 and HD 2967 X MACS 6222 crosses in F, generation,
reported high per se performance with significant SCA
effects. For number of grains per spike, four crosses viz.,
HD 2967 X DBW 187, HD 2967 X UAS 3011, UAS 3011
X GW 513 and UAS 3011 X DBW 187 in F, generation
and three crosses viz, UAS 3011 X MACS 6222, DBW
187 X GW 513 and WR 544 X DBW 187 in F, generation
exhibited high per se performance with significant SCA
effects. Similar results were reported by Afridi et al. (2018),
Kumar ez al. (2019) and Nageshwar et al. (2021) in wheat.

For 100 grain weight, two crosses HI 1544 X GW 451 and
WR 544 X GW 513 in F, generation, and four crosses
viz, CG 1029 X DBW 187, MACS 6222 X GW 451, GW
513 X GW 533 and WR 544 X HI 1544 in F, generation
exhibited high per se performance with significant SCA
effects. Similar results were reported by Ali ez al. (2020)
and Darwish et al. (2024) in wheat.

In case of grain yield per plant (Table 6), four crosses
viz, MACS 6222 X GW 513, UAS 3011 X DBW 187,
MACS 6222 X GW 451 and HD 2967 X HI 1544 in F,
generation and four crosses viz, UAS 3011 X DBW 187,
HI 1544 X MACS 6222, HD 2967 X GW 513 and WR
544 X DBW 187 in F, generation exhibited high per se
performance with significant SCA effects. These above
crosses are most desirable to increase grain yield, which
could be utilized in further plant breeding programme.
El-Gammaal, and Yahya (2018), Kutlu and Sirel (2019), Ali
et al. (2020), Shah et al. (2020), Dawwam et al. (2022) and
Darwish et al. (2024) in wheat reported similar findings
for grain yield per plant.

In case of biological yield per plant, four crosses were
common which reported high per se performance with

significant SCA effects in F, viz, UAS 3011 X DBW 187,
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HD 2967 X MACS 6222, WR 544 X GW 451 and HD
2967 X CG 1029, whereas three crosses were common
viz, UAS 3011 X DBW 187, HI 1544 X MACS 6222 and
HI 1544 X GW 451 which showed high per se performance
with significant SCA effects in F, generation. This finding
is in confirmation with the findings of El-Gammaal, and
Yahya (2018), Bajaniya ¢t al. (2019) and Shah ez al. (2020)

in wheat.

With respect to harvest index, four crosses viz, UAS 3011X
MACS 6222, HD 2967 X HI 1544, MACS 6222 X GW
513 and HI 1544 X DBW 187 in F, generation reported
high per se with significant SCA effects. In F, generation,
crosses viz, HD 2967 X GW 451 and WR 544 X UAS
3011 exhibited high per se performance with significant
SCA effects. This result is in confirmation with the results
of El-Gammaal, and Yahya (2018), Bajaniya ez al. (2019)
and Shah ¢t al. (2020) in wheat.

In case of chlorophyll content-15 DAA (Table 6), four
crosses viz, MACS 6222 X GW 451, MACS 6222 X GW
533, GW 451 X DBW 187 and MACS 6222 X GW 513
in F, generation and four crosses viz, HD 2967 X UAS
3011, WR 544 X GW 451, CG 1029 X MACS 6222 and
UAS 3011 X DBW 187 in F, generation exhibited high
per se performance with significant SCA effects. Desale
and Mehta (2013), Kutlu and Sirel (2019) and Kumar ez al.
(2019) in wheat reported similar findings for chlorophyll
content-15 DAA.

For chlorophyll content-21 DAA, three crosses UAS
3011X MACS 6222, WR 544 X HD 2967 and HD 2967 X
GW 533 in F| generation and three crosses viz,, HI 1544 X
GW 451, UAS 3011 X MACS 6222 and CG 1029 X MACS
6222 in F, generation exhibited high per se performance
with significant SCA effects. Similar results were reported
by Desale and Mehta (2013), Kutlu and Sirel (2019) and
Kumar et al. (2019) in wheat.

In case of CTD-15 DAA, two crosses were observed with
high per se performance and significant SCA effects in F,
generation viz, MACS 6222 X GW 451 and MACS 6222
X DBW 187, whereas in F, generation, four crosses viz
DBW 187 X GW 513, WR 544 X GW 451, HI 1544 X
MACS 6222 and WR 544 X MACS 6222 reflected high
per seperformance with significant SCA effects. Kutlu and
Sirel (2019), Kumar et al. (2019) and Khan et al. (2020) in
wheat observed similar results for CTD-15 DAA.

Selection of Superior Combiners in Bread Wheat

Among the top five crosses studied for CTD-21 DAA
(Table 6), three crosses, WR 544 X GW 513, HD 2967 X
MACS 6222 and CG 1029 X GW 513 showed high per se
performance with significant SCA effects in F| generations,
whereas in F, generation, crosses viz, UAS 3011X HI
1544, DBW 187 X GW 513, HD 2967 X GW 513 and
MACS 6222 X GW 533 showed high per se performance
with significant SCA effects. Similar with findings were
reported by Kutlu and Sirel (2019), Kumar ez al. (2019)
and Khan ez al. (2020) in wheat.

The findings of the present study indicated that the best
combinations mostly involved high x low and low x
low general combiners for the studied characters. In few
best cross combinations, high X high general combiners
were involved. Similar type of results was also reported
by Kumar et al. (2016) in wheat. Thus, it is evident that
good specific combiners are not always obtained between
high general combiners but may be obtained between low
x low or high X low general combiners. This might be
probably due to the presence of dominant and epistatic

gene interactions.

From the present study, following broad inferences could
be drawn (i) none of the crosses was consistently superior
for all the traits (ii) the crosses displaying significant SCA
effects did not always involve parents with high GCA
effects, suggesting that the inter-allelic interactions were
also important for the traits (iii) crosses having significant
SCA effects for grain yield may or may not have high
SCA effects for all the yield attributing characters (iv) best
performing parents were mostly good general combiners
for majority of the characters (v) crosses exhibiting high
SCA in both the generations showing low inbreeding
depression and may be exploited for development of
high yielding stable lines in wheat. The present study
demonstrates that both additive (fixable) and non-additive
(non fixable) components of genetic variance were
involved in governing the inheritance of grain yield and
component traits in the present set of breeding material.
Therefore, bi-parental mating and diallel selective mating
would be useful to exploit both type of gene action

(additive and non-additive).
Conclusion

Based on the study of combining ability in wheat using
10 x 10 half-diallel mating design, it was concluded
that among the parents, UAS 3011, MACS 6222 and
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GW 513 registered high GCA effects and good per se

performance for grain yield and some desirable traits in
both generations. These three parents can be used in the
hybridization programme to isolate superior segregants.
Out of forty-five crosses, twelve crosses and ten crosses
had significant and positive SCA effects in F, and F,
generations, respectively. The significant and positive
SCA effects were observed in the crosses WR 544 X
DBW 187, UAS 3011 X DBW 187, CG 1029 X HI 1544
and MACS 6222 X GW 513 in both the generations for
grain yield per plant.
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