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Abstract

The experiment using half-diallel mating design was conducted at
wheat research station, Junagadh Agricultural University, Junagadh.
Eight lines along with 28 hybrids and one standard check (GW
547) were evaluated in randomized blocked design in Rabi, 2024-
25 season to study the extent and magnitude of heterotic effects of
hybrids over better parent and standard check. Also it revealed the
importance of both additive as well as non-additive genetic variances
for control of various traits through combining ability analysis.
The analysis of variance revealed highly significant differences
among the genotypes for all the characters studied, indicating that
experimental materials had sufficient genetic variability for all
traits. The cross DBW 187 x HD 3377 (48.58 %) depicted the highest
desirable heterosis over better parent followed by CG 1036 x UP
2968 (44.92 %) and CG 1036 x MP 1358 (38.17 %). The cross GW
547 x UP 2968 (35.20 %) recorded the highest significant heterosis
towards positive direction over standard check, followed by CG 1036
x UP 2968 (34.92 %) and AKAW 5104 x GW 547 (34.78 %). The ratio
of additive gene action to non-additive gene action (¢’gca/ ¢®sca)
indicated the predominance of non-additive gene effects for these
traits. The parent GW 547 considered as best general combiner. The
highest sca effects was manifested by the cross DBW 187 x HD 3377
followed by AKAW 5104 x GW 547 and CG 1036 x UP 2968. Hybrid
DBW 187 x HD 3377 was also found good specific combiner for
number of effective tillers per plant, length of main spike, number
of spikelets per main spike, grain filling period, number of grains
per main spike, 100-grain weight and biological yield per plant.
Overall, recognizing and leveraging non-additive gene action offers
a promising avenue for accelerating genetic gains and enhancing
productivity in wheat.

Key words: Triticum aestivum L., Heterosis, Combining ability, Gene
action, Diallel mating design

1. Introduction

Wheat (Triticum aestivum L.) is the principal food crop of
most areas of world and occupies prominent position in
India after rice. India accounted for an area, production
and a productivity is 31.32 million hectares, 112.92 million
tonnes and 3615 kg/ha, respectively (ICAR-ITWBR,
2024). Yield is a polygenic trait that is controlled by

many components. Continuous varietal adoption and

their improvement lead the wheat productivity to reach
a new level. Non-uniformity of increment in wheat
productivity all over the country indicates that there are
the opportunities for enhancing its production in future.
Yield plateau is the major consequence after the green
revolution. Therefore, the plant breeding tools have a

great importance in changing the present situation. For the
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plant-breeders selection of suitable parents with improved
genetic potential for developing better verities is the major
task. The most important technique for breaking yield
barrier is hybridization. The identification of superior
parents is the important pre-requisites for beginning an
efficient and effective breeding programme. Heterotic
effect is increase or decrease in vigour and productivity
of hybrids those compared to their parents which is
expressed in F s and following generations. The heterosis
studies are useful for the evaluation of newly developed
lines for their parental usefulness. The commercial
exploitation of heterosis in wheat has limited application
because of practical difficulties of hybrid seed production
in sufficient quantity. High heterotic hybrids may offer
better probability for identification of desirable pure lines
in advanced generations as compared to hybrids with
low heterosis. Heterosis studies may produce desirable
segregants by identifying superior cross combination.
Yield barriers may be overcome by heterosis breeding.
Transgressive segregants for yield and component traits are
obtained by exploiting the crosses having high heterosis.
In wheat this phenomenon could be commercially
exploited which could increase yield per acre. Heterosis
study helps in the elimination of less productive crosses

in the early generations.

The diallel mating design has been used successfully for
over 50 years in plant breeding to estimate the relative
combining ability of lines. From the diallel mating design,
plant breeders can estimate general combining ability
(GCA) and specific combining ability (SCA). Sprague and
Tatum (1942) defined GCA as “the average performance of
aline in hybrid combinations” and defined SCA as “those
cases in which certain combinations do relatively better or
worse than would be expected on the basis of the average
performance of the lines involved.” The diallel analysis
method has been frequently used for parent selection as
an appropriate scheme to obtain genetic information of
yield traits in a short period of time, which can be used
for improving efficiency in wheat breeding programs.
Among the various diallel techniques, combining ability
analysis developed by (Griffing, 1956a) is being considered
to be more useful to the wheat breeders and provides
valuable information about the ability of parents to
transfer desirable traits to their progenies (Seboka and
Singh, 2009).
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Keeping in view all the above facts, the present
investigation was planned to estimate heterobeltiosis,
standard heterosis and combining ability analysis for grain
yield and its related traits and to identify the superior

crosses with their parents.

2. Materials and Methods

Eight genotypes namely, AKAW 5104, CG 1036, DBW
187, GW 547, HD 3377, HI 1625, MP 1358 and UP
2968 were selected along with standard check (GW
547) on the basis of their phenotypic variability. The
crossing programme was carried out during Rabi2023-24
using diallel mating design. The experimental material
consisting of 37 entries, including 8 parents, 28 crosses and
1 standard check were tested in randomized block design
with three replications during Rabi 2024-25. A single row
plot of 2.5 meters was allotted randomly to each entry. The
row-to-row and plant-to-plant distance was kept 22.5 cm
and 10 cm, respectively. All the recommended cultural
practices and plant protection measures were followed
to grow healthy crop. Five competitive plants from each
entry excluding border plants were randomly selected
for recording the observations on different characters
viz., plant height, number of effective tillers per plant,
length of main spike, number of spikelets per main spike,
number of grains per main spike, 100-grain weight, grain
yield per plant, biological yield per plant and harvest
index except days to anthesis, days to maturity and grain
filling period for which observations were recorded on
plot basis and their averages were used for statistical
analysis. The estimation of heterosis over better parent
and over standard check is more realistic. Hence, in the
present investigation Heterobeltiosis was calculated as
the deviation of F, from the better parent (Fonseca and
Patterson, 1968) and was expressed in percentage by
following formula:

F,-BP

Heterobeltiosis =

x 100

Standard heterosis is per cent increase or decrease over
standard check (GW 547) and was calculated by the
following formula:

F,—SC

— x 100
SC

Standard heterosis =




where, F = Mean performance of I, F, = Mean value of
batter parent of respective cross combination and Mean
performance of standard check, BP = Better parent, SC
= Standard check.

The combining ability analysis was carried out according
to Model-I (Fixed effect), Method-2 (Parents and one set
of F’s without reciprocals) of Griffing (1956).

3. Results and Discussion

Analysis of variance revealed significant differences
among the genotypes for all the characters studied,
indicating that experimental materials had sufficient
genetic variability for all these traits. The variance due
to genotypes was further partitioned into variance due to
parents, hybrids and parents vs. hybrids. The differences
among parents were found significant for all the characters
studied except number of effective tillers per plant. The
mean squares due to parents vs. hybrids were also found
significant for the characters viz., days to maturity, grain
filling period, no. of effective tillers per plant, length of
main spike, number of spikelets per main spike, number
of grains per main spike, 100-grain weight, grain yield
per plant, biological yield per plant and harvest index
indicating that the performance of hybrids as a group

was different from that of the parents for these characters.

Earliness is desirable character in wheat and days to
anthesis is component which effects on earliness. The
earliest hybrid was DBW 187 x UP 2968 (-22.52 %)
followed by HD 3337 x UP 2968 (-21.97 %), CG 1036
x UP 2968 (-20.42 %) and HI 1625 x MP 1358 (-19.15
%). Out of 28 hybrids, 18 hybrids showed significant and
desirable (negative) estimate of heterobeltiosis (Table
2). Heterosis over standard check ranged from -9.57 per
cent (DBW 187 x UP 2968) to 8.94 per cent (MP 1358 x
UP 2968). The earliest hybrid was DBW 187 x UP 2968
(-9.57 %) followed by DBW 187 x GW 547 (-9.15 %), HD
3377 x UP 2968 (-8.94 %) and HI 1625 x MP 1358 (-8.83
%). Out of 28 hybrids, 19 hybrids showed significant and
desirable (negative) heterosis over standard check variety
GW 547 (Table 2). Significant desirable heterosis for this
character has also been reported by Saren et al. (2018),
Sharma et al. (2018) and Singh et al. (2022).

Early maturing parent is considered as better parent in
wheat crop. The range of heterosis over better parent
recorded from -20.07 per cent (HD 3377 x UP 2968) to
15.38 per cent (CG 1036 x HI 1625). The earliest hybrid
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was HD 3377 x UP 2968 (-20.07 %) followed by DBW
187 x UP 2968 (-17.87 %), CG 1036 x UP 2968 (-14.32 %)
and DBW 187 x GW 547 (-12.98 %). Out of 28 hybrids,
18 hybrids showed significant and desirable (negative)
estimate of heterobeltiosis (Table 2). Heterosis over
standard check ranged from -9.81 per cent (HD 3377 x
UP 2968) to 10.91 per cent (MP 1358 x UP 2968). The
highest desirable standard heterosis was recorded by the
cross HD 3377 x UP 2968 (-9.81 %) followed by DBW
187 x UP 2968 (7,32 %), DBW 187 x GW 547 (-6.98 %)
and DBW 187 x HD 3377 (-6.49 %). Out of 28 hybrids,
14 hybrids showed significant and desirable (negative)
heterosis over standard check variety GW 547 (Table 2).
Significant negative heterosis for days to maturity have
also been reported by Dedaniya ¢t al. (2018), Saren et al.
(2018), Joshi and Kumar (2020), Singh ez al. (2022), Dahiya
et al. (2023), Reddy et al. (2023) and Puri ez al. (2025).

The duration of the grain filling period in wheat is a
critical determinant of grain weight and overall yield. The
magnitude of heterosis over better parent ranged from
-22.00 per cent (DBW 187 x GW 547) to 21.88 per cent (HI
1625 x MP 1358). The highest desirable heterobeltiosis
was exhibited by the cross DBW 187 x GW 547 (-22.00
%) followed by CG 1036 x GW 547 (-16.42 %) and DBW
187 x HD 3377 (-9.41 %). Out of 28 hybrids, 9 hybrids
showed significant and desirable (negative) estimate of
heterobeltiosis (Table 2). Heterosis over standard check
ranged from -21.42 per cent (DBW 187 x HD 3377) to
12.70 per cent (GW 547 x UP 2968). The highest desirable
standard heterosis was recorded by the cross DBW 187
x HD 3377 (-21.42 %) followed by HD 3377 x UP 2968
(-14.52 %) and DBW 187 x GW 547 (-13.79 %). Out of
28 hybrids, 13 hybrids showed significant and desirable
(negative) heterosis over standard check variety GW 547
(Table 2). Significant desirable heterosis for this character
has been reported by Thomas ez al. (2017), Dedaniya et al.
(2018) and Dabhiya ez al. (2023).

Positive significant heterosis is desirable for number of
effective tillers per plant because each effective tiller adds
directly to the number of spikes per plant, which increases
the number of grains per plant and ultimately the grain
yield. Heterosis over better parent ranged from -4.95 per
cent (HI 1625 x UP 2968) to 51.35 per cent (GW 547 x
UP 2968 and CG 1036 x UP 2968). The highest significant

positive heterosis over better parent was depicted by the
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Table 1: Analysis of variance (mean squares) for experimental design for grain yield and its contributing characters in bread wheat

338
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per main per main
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maturity
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A

d

Source of

variation

plant

plant

spike

spike

spike

plant

27.89

21

1.71 5.

0.07

0.12 3.18 11.91

22.12

0.55

8.85 5.21

1.93

2

Replications

121.22** 33.72%* 7.20%* 93.15%* 2.08** 19.82%** 141.82** 1.32%* 17.70** 57.80** 45.26**

36 59.94%*

Genotypes

387.83** 34.68** 0.81 56.19** 1.63** 6.94** 77.52%* 0.86** 4.49%* 50.14** 63.00%*

196.09**

7

Parents (P)

51.17** 29.97** 6.36** 102.74** 1.68** 18.29** 119.80** 1.12%* 17.13** 58.08** 31.99*

27 28.43**

Hybrids (H)

322.83**

154.80%* 76.03** 7.82 18.23** 170.67**  1323.66** 11.53** 142.90** 161.86**

257.85%*

1.83

Pus. H

15.45 1.74 0.78 10.19 0.36 1.48 6.56 0.08 1.18 4.62 17.26

6.67

72

Error

hybrid GW 547 x UP 2968 (51.35 %) and CG 1036 x
UP 2968 (51.35 %). Out of 28 hybrids, only 2 hybrids
showed significant and desirable (positive) estimate of
heterobeltiosis (Table 2). Heterosis over standard check
ranged from -2.83 per cent (AKAW 5104 x MP 1358)
to 58.49 per cent (GW 547 x MP 1358 and CG 1036 x
UP 2968). The highest desirable standard heterosis was
recorded by the crosses GW 547 x MP 1358 (58.49 %)
and CG 1036 x UP 2968 (58.49 %) followed by AKAW
5104 x GW 547 (53.78 %). Out of 28 hybrids, 3 hybrids
showed significant and desirable (positive) heterosis over
standard check variety GW 547 (Table 2). Similar findings
were also reported by earlier workers viz., Saren et al.
(2018), Khokhar e al. (2019), Joshi and Kumar (2020),
Singh et al. (2022), Khan ez al. (2023), Singh ez al. (2024),
Fareed et al. (2024) and Tiwari et al. (2024).

In wheat, dwarf varieties are desirable as they provide
resistance against lodging. Heterosis for plant height over
better parent ranged from -16.60 per cent (HD 3377 x MP
1358) to 13.94 per cent (AKAW 5104 x DBW 187). The
maximum desirable value was observed in hybrid HD
3377 x MP 1358 (-16.60 %) followed by AKAW 5104 x
UP 2968 (-13.76 %) and AKAW 5104 x HI 1625 (-13.66
%). Out of 28 hybrids, 11 hybrids showed significant and
negative heterosis over better parent (Table 2). Heterosis
over standard check ranged from -22.51 per cent (HD
3377 x MP 1358) to 4.67 per cent (AKAW 5104 x DBW
187). The most desirable negative heterosis was recorded
by the cross HD 3377 x MP 1358 (-22.51 %) followed by
AKAW 5104 x UP 2968 (-20.77%) and AKAW 5104 x HI
1625 (-20.68 %). Out of 28 hybrids, 22 hybrids showed
significant and negative heterosis over standard check
GW 547 (Table 2). These results are in confirmity with
those obtained by Saren ez al. (2018), Khokhar et al. (2019),
Kumar ¢t al. (2019), Joshi and Kumar (2020), Dudhat et al.
(2022), Singh et al. (2022), Dahiya et al. (2023), Elwasef et
al. (2023), Fareed et al. (2024) and Puri et al. (2025).

Spike length is generally associated with the number of
spikelets per spike and consequently, the number of grains
per spike. Therefore, the longer spike may accommodate
more spikelets, increasing the grain number and ultimately
yield potential. The range of heterosis over better parent
was recorded from -2.01 per cent (HD 3377 x MP 1358)
to 40.54 per cent (AKAW 5104 x GW 547). The highest

significant positive heterosis over better parent was




expressed by the hybrid AKAW 5104 x GW 547 (40.54
%) followed by AKAW 5104 x DBW 187 (32.61 %) and
AKAW 5104 x HD 3377 (30.23 %). Out of 28 hybrids,
20 hybrids showed significant and desirable (positive)
estimate of heterobeltiosis (Table 2). Heterosis over
standard check ranged from -13.95 per cent (AKAW 5104
xMP 1358) to 25.10 per cent (GW 547 x UP 2968). The
highest desirable standard heterosis was recorded by the
cross GW 547 x UP 2968 (25.10 %). Out of 28 hybrids,
only one hybrid showed significant and desirable (positive)
heterosis over standard check variety GW 547 (Table 2).
The results are in corroboration with those reported earlier
by Saren et al. (2018), Khokhar et al. (2019), Kumar et al.
(2019), Joshi and Kumar (2020), Singh ez al. (2022), Elwasef
et al. (2023), Khan et al. (2023) and Tiwari et al. (2024).

Number of spikelets per main spike is an important yield
attribute as it influencing the number of grains per spike.
The magnitude of heterosis over better parent ranged from
-12.69 per cent (AKAW 5104 x MP 1358) to 37.15 per cent
(AKAW 5104 x DBW 187). The highest heterobeltiosis
was exhibited by the cross AKAW 5104 x DBW 187 (37.15
%) followed by DBW 187 x HD 3377 (35.18 %), CG 1036
x HI 1625 (31.90 %) and CG 1036 x UP 2968 (31.90
%). Out of 28 hybrids, 20 hybrid registered significant
and positive heterosis over better parent for number of
spikelets per main spike (Table 2). The lowest and the
highest values of heterosis over standard check were
-18.37 per cent (AKAW 5104 x MP 1358) and 30.96 per
cent (GW 547 x UP 2968), respectively. The cross GW
547 x UP 2968 (30.96 %) exhibited the highest significant
positive heterosis over standard check which was followed
by CG 1036 x UP 2968 (27.29 %) and AKAW 5104 x
GW 547 (25.52 %). Out of 28 hybrids,16 hybrids showed
significant and positive heterosis over standard check
(Table 2). Saren et al. (2018), Khokhar et al. (2019), Kumar
et al. (2019), Joshi and Kumar (2020), Singh et al. (2022)
and Dahiya et al. (2023) also reported significant positive

heterosis for number of spikelets per main spike.

Number of grains per main spike is one of the most
important components of grain yield and hence, their
positive values are beneficial in wheat. The range of
heterosis over better parent recorded from -13.37 per
cent (AKAW 5104 x MP 1358) to 40.24 per cent (AKAW
5104 x DBW 187) for number of grains per main spike.

The highest heterosis over better parent in desirable
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direction was recorded by the cross AKAW 5104 x DBW
187 (40.24 %) followed by DBW 187 x HD 3377 (38.46
%), CG 1036 x UP 2968 (32.14 %) and CG 1036 x MP
1358 (30.57 %). Twenty two hybrids expressed significant
positive heterosis over better parent (Table 2). The range
of standard heterosis varied from -24.33 per cent (AKAW
5104 x MP 1358) to 29.29 per cent (GW 547 x UP 2968).
The cross GW 547 x UP 2968 (29.29 %) exhibited the
highest heterosis over standard check in desired direction
followed by CG 1036 x UP 2968 (22.50 %) and AKAW
5104 x GW 547 (21.64 %). Out of 28 hybrids, 14 exerted
significant positive heterosis over standard check variety
GW 547 (Table 2). Significant and posistive heterosis for
this character has been reported by Khokhar ez al. (2019),
Kumar et al. (2019), Singh ez al. (2022), Khan ez al. (2023),
El-Karamity e al. (2025) and Puri ez al. (2025).

The range of heterobeltiosis recorded from -23.62 per cent
(AKAW 5104 x MP 1358) to 37.23 per cent (GW 547 x
UP 2968) for 100-grain weight. Out of 28 hybrids, none
of the crosses showed significant and positive heterosis
over better parent. The standard heterosis for this trait laid
between -24.45 per cent (AKAW 5104 x MP 1358) and
38.15 per cent (GW 547 x UP 2968). Out of 28 hybrids,
none of the crosses showed significant and positive
heterosis over standard check (Table 2).

Grain yield is the most important economic characters
and the final product of the multiplicative interaction of
contributing traits. Therefore, it is imperative to know
the extent of heterosis for grain yield. The estimates of
heterosis over better parent varied from -9.32 per cent
(AKAW 5104 x MP 1358) to 48.58 per cent (DBW 187 x
HD 3377) for grain yield per plant. The cross DBW 187 x
HD 3377 (48.58 %) depicted the highest desirable heterosis
over better parent followed by CG 1036 x UP 2968 (44.92
%) and CG 1036 x MP 1358 (38.17 %). Out of 28 hybrids,
6 hybrids expressed significant positive heterosis over
better parent (Table 2). The economic heterosis ranged
from -17.25 per cent (AKAW 5104 x MP 1358) to 35.20
per cent (GW 547 x UP 2968). The cross GW 547 x UP
2968 (35.20 %) recorded the highest significant heterosis
towards positive direction over standard check, followed
by CG 1036 x UP 2968 (34.92 %), AKAW 5104 x GW
547 (34.78 %) and DBW 187 x HD 3377 (34.62 %). Out
of 28 hybrids, 4 hybrids showed significant positive
desirable heterosis over standard check GW 547 (Table
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2). Comparable results were reported by Thomas et al.
(2017), Saren et al. (2018), Khokhar et al. (2019), Kumar
et al. (2021), Burdak ez al. (2023), Elwasef et al. (2023),
Khan ez al. (2023), Singh et al. (2024) and El-Karamity
et al. (2025).

Biological yield per plant is a comprehensive measure
of productivity. It plays a central role in assessing plant
growth, yield potential and breeding efficiency, especially
when combined with traits like harvest index and grain
yield. The range of heterosis over better parent was
obtained from -18.41 per cent (DBW 187 x GW 547) to
40.49 per cent (DBW 187 x HD 3377) for biological yield
per plant. The highest heterobeltiosis was recorded by the
cross DBW 187 x HD 3377 (40.49 %). Out of 28 hybrids,
8 hybrids expressed significant and positive heterosis
over better parent (Table 2). The range of heterosis over
standard check observed from -17.07 per cent (AKAW
5104 x HI 1625) to 24.99 per cent (GW 547 x UP 2968).
The cross GW 547 x UP 2968 (24.99 %) exhibited the
highest significant heterosis over standard check, followed
by DBW 187 x HD 3377 (24.10 %), MP 1358 x UP
2968 (16.92 %) and GW 547 x HD 3377 (16.35 %). Ten
hybrids expressed significant positive desirable heterosis
over standard check for biological yield per plant (Table
2). The present findings are in accordance with those of
Kumar et al. (2019), Joshi and Kumar (2020), Dudhat ez
al. (2022), Singh et al. (2022), Elwasef et al. (2023) and
El-Karamity et al. (2025).

Harvest index is a crucial physiological parameter that
represents the proportion of the total biological yield that
is converted into economic yield, specifically grain in
the case of wheat. A high harvest index means a greater
proportion of the plant’s total biomass is converted into
grain. The estimates of heterobeltiosis for this important
trait varied from -17.88 per cent (GW 547 x HD 3377)
to 37.66 per cent (AKAW 5104 x GW 547). The highest
significant and desirable heterosis over better parent was
recorded by the cross AKAW 5104 x GW 547 (37.66 %),
followed by CG 1036 x MP 1358 (22.98 %), CG 1036 x
HI 1625 (18.15 %) and DBW 187 x GW 547 (17.00 %).
Out of 28 hybrids, 11 hybrids demonstrated significant
and positive heterosis over better parent (Table 2). The
standard heterosis ranged from -10.18 per cent (GW 547
x HD 3377) to 18.12 per cent (AKAW 5104 x GW 547).
The cross AKAW 5104 x GW 547 (18.12 %) exhibited

342

the highest significant standard heterosis, followed by CG
1036 x MP 1358 (17.63%), CG 1036 x UP 2968 (17.09%)
and CG 1036 x HI 1625 (12.04 %). Out of 28 hybrids, 11
manifested significant and positive heterosis over standard
check for harvest index (Table 2). Similar findings have
also been observed by Sharma et al. (2018), Dudhat ez
al. (2022), Khan et al. (2023), Tiwari et al. (2024) and El-
Karamity ez al. (2025).

The estimates of heterosis over better parent varied from
-9.32 % to 48.58 % for grain yield per plant. The cross
DBW 187 x HD 3377 (48.58 %) depicted the highest
desirable heterosis over better parent followed by CG
1036 x UP 2968 (44.92 %) and CG 1036 x MP 1358 (38.17
%). The cross combination DBW 187 x HD 3377 (for
number of spikelets per main spike, grain filling period,
number of grains per main spike and biological yield per
plant) and CG 1036 x UP 2968 (for days to maturity,
number of effective tillers per plant, number of spikelets
per main spike, number of grains per main spike and

biological yield per plant) exhibited good heterobeltiosis.
The hybrids exhibited marked standard heterosis for

various characters. Significant estimates of standard
heterosis were observed in four cross combinations for
grain yield per plant. The economic heterosis ranged
from -17.25 % to 35.20 %. The cross GW 547 x UP
2968 (35.20 %) recorded the highest significant heterosis
towards positive direction over standard check, followed
by CG 1036 x UP 2968 (34.92 %) and AKAW 5104 x
GW 547 (34.78 %). Hybrid GW 547 x UP 2968 exhibited
significant standard heterosis (for length of main spike,
number of grains per main spike and biological yield per
plant), CG 1036 x UP 2968 (for the number of effective
tillers per plant, number of spikelets per main spike,
number of grains per main spike, harvest index and grain
yield per plant) exhibited good standard heterosis. The
results thus, showed that the grain yield per plant was
associated with heterosis for its component characters
and such crosses could be exploited for practical plant

breeding programme in wheat.
3.1. Analysis of variance for combining ability

The analysis of variance for combining ability for twelve
characters is revealed that the mean squares due to GCA
and SCA were significant for all the characters viz., days
to anthesis (days), days to maturity (days), plant height

(cm), number of effective tillers per plant, length of main




spike (cm), number of spikelets per main spike, grain filling
period (days), number of grains per main spike, 100-grain
weight (g), grain yield per plant (g), biological yield per
plant (g) and harvest index (%). This indicated that both
additive and non-additive type of gene effects played a
vital role in the inheritance of all these traits under studied.
the results, in general, are in accordance with the findings
of Chaudhary ez al. (2022), Mahmud et al. (2023), Saini
et al. (2023), Abdo et al. (2024) and Ocaktan et al. (2024).

The magnitude of GCA and SCA variances revealed
that the SCA variances were higher than their respective
GCA variances for all the characters viz., days to anthesis
(days), days to maturity (days), plant height (cm), number
of effective tillers per plant, length of main spike (cm),
number of spikelets per main spike, grain filling period
(days), number of grains per main spike, 100-grain weight
(g), grain yield per plant (g), biological yield per plant (g)
and harvest index (%). The potence ratio less than unity
confirmed the preponderance of non-additive gene action
for all the studied traits. Similar results were found by
Singh ez al. (2022), Jalaj et al. (2021) for days to anthesis,
Patel et al. (2020), Jalaj ez al. (2021) and Tiwari ez al. (2024)
for days to maturity, Patel et al. (2020) and Tiwari et al.
(2024) for plant height, Patel et al. (2020), Jalaj et al. (2021)
and Tiwari et al. (2024) for number of effective tillers per
plant, Patel ¢t al. (2020) for length of main spike, Patel ez
al. (2020) and Jalaj et al. (2021) for number of spikelets
per main spike, Tiwari et al. (2024) for grain filling period,
Patel et al. (2020), Jalaj ez al. (2021) and Tiwari ez al. (2024)
for number of grains per main spike, Patel ez al. (2020) for
100-grain weight, Jalaj et al. (2021) and Tiwari ¢t al. (2024)
for grain yield per plant, Patel ¢t al. (2020) and Tiwari et
al. (2024) for biological yield per plant and Patel e al.
(2020), Hossain et al. (2022) and Tiwari et al. (2024) for

harvest index.

This was further supported by the ratio of (Gcha/ o2, ) was
less than unity for all the characters studied, confirmed the
preponderance of non-additive gene action which suggest
the equal chances of hybrid breeding approach in bread
wheat. These findings are in accordance with Patel ez al.
(2020) and Tiwari et al. (2024).

3.2. General combining ability effects

The character-wise estimates of general combining ability

effects for each parent have been present in Table 4.

Heterosis and Yield Dynamics in Wheat

Nature and magnitude of combining ability effect helps in
identifying superior parents for their utilization in further
breeding programme. Estimates of gca effect in the present
study showed that it was difficult to pick one good general
combiner simultaneously for all the traits together as the
combining ability effect of parents were not consistent for
all the traits. Selection of the parents for hybridization is
an important aspect in the crop improvement programme
and the performance of varieties in a trial may give an
idea of their relative superiority. Therefore, in any sound
breeding programme, the proper choice of parents based
on their combining ability is a pre-requisite.

As such studies intended to determine the combining
ability provide not only necessary information regarding
the choice of parents but also illustrate the nature and
magnitude of gene action involved. Accordingly, the
present investigation was undertaken on combining ability
for grain yield and yield components in wheat with a view
to identify good combiners which may be used to create a
population with favorable genes for yield and component
characters in wheat. However, on an overall basis, the
results of gca effect of the parents were categorized as
good, average and poor combiners on the basis of their
gene effect for different traits. The parents showing
desirable and significant gca effects were considered as
good general combiners, while those with non-significant
gca effects as average general combiners and parents with
significant but undesirable gca effects were considered
as poor general combiners. The gca effect of the parents

presented in Table 4 have also been discussed here.

The general combining ability effects of the parents
revealed that none of the parents was found to be good
general combiner for all the characters. An overall
appraisal of gca effect revealed that parent, GW 547 was
good general combiners for grain yield per plant and some
of its components except days to anthesis, days to maturity,
plant height and harvest index. Whereas, HI 1625 and
AKAW 5104 were poor combiners for Grain yield per
plant. Four parents viz.,, AKAW 5104, CG 1036, DBW 187
and HI 1625 exhibited significant and negative gca effects
and hence, they were registered as good general combiner
for days to anthesis. For days to maturity, parents CG
1036, DBW 187, HD 3377 and HI 1625 were registered

as good general combiners.
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The good general combining ability effects were expressed
% o ) by the parents CG 1036, HD 3377 and HI 1625 for plant
E '-ME_ f oo < oo E - S height. The gca effects were significant and positive for
B2 R 5 xS 2[RI =FS
FE2S 2w BleR s 3 the parents GW 547 and CG 1036 thus it indicated good
‘5: g - E - general combining ability effects of this lines for number
2 = of effective tillers per plant. The estimate of gca effect
o revealed that lines GW 547 and UP 2968 were good
'-é;:_ _; general combiner for length of main spike. For number
= ) . . of spikelets per main spike parents GW 547 and UP 2968
o g % %; N2 IR -—; E ’5_\1 T3 3 § S registered as good general combiners. As the parents CG
}L: Blms===< 'gb = e 1036 and DBW 187 exhibited significant and desirable gca
g ?O S effects, they were good general combiner for grain filling
S E’ a period. Estimates of gca effects revealed that parental lines
§ = GW 547, UP 2968 and CG 1036 exhibited significant
% E g % positive gca effects, indicating that they are good general
FS aq:“’, 'i';_ f oo -\c 5% oo e —n combiners for number of grains per main spike. For
ﬁ %’ E E § 33 S "E § § 2ads 100-grain weight gca effects revealed that parental lines
g | g % 'E GW 547 and UP 2968 were good general combiner.
é z (’5 Significant and positive gca effect depicted by GW 547,
a8 CG 1036 and UP 2968 for grain yield per plant. Highly
§ = significant and positive gca effect depicted by only GW 187
é :ﬁ;o . %’J indicating that it is a good general combiner for biological
g E & *8 2z a8 E= : é % 339 yield per plant. Two parents CG 1036 and UP 2968 were
.; E 287" =< go sseee” observed as good general combiners for harvest index.
§ ~ § High gca effects of the parents mostly contribute additive
b= gene effects and additive X additive interaction effect
'§D = .5 and represents fixable portion of genetic variation. In
g E E view of this, GW 547, CG 1036 and UP 2968 offered the
,ké:' g % é o o= 3 2 E g é % 2202 best possibilities for exploitation in the development of
S glsg W o F o go kS g o v 8 S improved lines with enhanced yielding ability. Further, the
5 % b varieties or lines showing good general combining ability
/L:\ A 2 for particular component ultimately seeking improvement
§ = in grain yield itself. The high gca effects for grain yield
g 8 8 2 and its different components traits were also reported by
g § v = 2, s, % Dhoot et al. (2020), Chaudhary et al. (2022) and Ocaktan
E |l s|l2za28= | 122382 F aa (2024
o | 2ge YRS B a7 g o . AP
,§ E S ;2 3.3. Estimation of specific combining ability effects
§ <) 3 The estimates of specific combining ability (sca) effects of
3 w | o o .T;i hybrids for yield and its component traits is presented in
2 < D S s S table 5 and described as under:
'TE\ “% The estimates of sca effects of crosses indicated that ten
< “E § 3 E .g s g’ out of twenty-eight crosses had reported significant and
) E 2 N; g .‘E ,«.; T positive sca effects for grain yield per plant. Among them
_-% 3 g 8 < 5 §o § Egc 3 S 5 < § §o § E:’c *g the highest sca effects was manifested by the cross DBW
5] 52 5% b0 O 2 4% b ble 187 x HD 3377 (5.20) followed by AKAW 5104 x GW
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1.44

1.53

3.92%* 0.61** 1.26*

1.12* 0.29 1.42% -0.37

1.48 4.54**

-0.75

GW 547 x HI

1625

=
N

1.13

-4.56%*  -3.49 1.19 0.65 -0.06 0.42 -0.51 0.51 0.22 0.22 -0.82

GW 547 x MP

1358

21

0.70** 2.50%* 4.38** 1.21

1.52%* 1.51%* 2.54%* 3.68** 6.82%*

GW 547 x UP _3.04* 0.23 5.02%*

2968

22

0.25 1.76** 6.33** -2.12

0.68* 2.64** 3.93%** 5.10**

1.61 4.77* -0.06 1.70**

HD 3377 x HI

1625

23

-4.78*

-1.29

-2.07%*

-1.34%* -0.66* -2.58** 1.59* -5.63** -0.33*

147  -8.52%

0.94

HD 3377 x MP
1358

24

-0.92 -3.39** 1.70

-0.37*

-0.29 -1.17 -3.08** -1.35

-0.76

HD 3377 x UP ¢ o7 048"  1.19

2968

25

4.44*

2.01** 0.10* -0.13** -3.61

3.88*

-0.42%* 0.26* 0.41**

-0.37  0.09**

-4.90

HI 1625 x MP

1358

26

-3.95

-1.19

-1.77%*

-0.63* -2.21%* -3.45%* -4.97** -0.18

5.48** 1.67 -2.02 -1.11*

HI 1625 x UP

2968

27

0.61** 3.13** 6.76** 0.72

7.19**

0.34

1.85%* 0.54 2.97%*

MP 1358 x UP 1.68 5.24% 0.27

2968

28

2.17

1.12

0.57

0.15

0.32 0.64 0.69 1.34

0.46

2.06 1.67

1.35

SE +

Where, * and ** Significant at 5% and 1% levels, respectively.
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547 (4.07) and CG 1036 x UP 2968 (3.54). Hybrid DBW
187 x HD 3377 was also found good specific combiner for
number of effective tillers per plant, length of main spike,
number of spikelets per main spike, grain filling period,
number of grains per main spike, 100-grain weight and
biological yield per plant. Likewise, the cross AKAW 5104
x GW 547 exhibited significant sca effect for number of
spikelets per main spike, number of grains per main spike,

100-grain weight and harvest index.

The significant sca effects for grain yield and different
component traits were also recorded by several workers
viz., Motawea (2017), Ayoob (2019), Dedaniya (2019),
Dhoot et al. (2020) and Tiwari et al. (2024).

Evaluation of the hybrids on the basis of sca effects is the
second most important criteria because sca effects of the
hybrids has been attributed to the combination of positive
favourable genes from different parents due to presence
of linkage in repulsion phase. The specific combining
ability is associated with interaction effects, which may be
due to dominance and epistatic components of variation
that are non-fixable in nature. Hence, sca can be utilized
in generation like F, for the development of superior F,
hybrids.

In the present study estimate of sca effects revealed
that none of the crosses was consistently superior for
all characters. Among 28 hybrids studied, ten hybrids
exhibited significant positive specific combining ability
effects for grain yield per plant. The highest sca effect for
grain yield per plant was exhibited by the cross DBW
187 x HD 3377 (poor x average), followed by AKAW
5104 x GW 547 (poor x good) and CG 1036 x UP 2968
(good x good).

The gca effects of the parents and sca effects of their
crosses in the present study indicated that the crosses
between two good general combiners were not always
the best in their sca effects. The best specific cross
combinations for different characters in present study were
the combinations of good x good, poor x good, poor x
average, good X poor, average X poor, good X average
and poor x average general combiners. This indicated
the inconsistent expression of sca effect in specific crosses

irrespective of gca effect of the parents.

Better performance of hybrids involving average X poor
general combiners indicated dominance X dominance

(epistasis) type of gene action (Jinks, 1954). Such cross
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could be utilized in the production of high yielding
homozygous lines (Darrah and Hallauer, 1972). 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.

The crosses where poor x good general combiners
producing high sca effects may be attributed due to
presence of genetic diversity in the form of heterozygous
loci for specific traits. Thus, the ideal crosses would be the
one, which have good per se performance, high heterosis
or heterobeltiosis, at least one good general combiner

parent and high sca effects.

This suggested that information on gca effects should be
supplemented by sca effects and hybrid performance
of cross combinations to predict the transgressive type
possibly made available in segregating generations.
Selection is rapid if gca effects of parents and sca effects
of crosses are in same direction. If crosses showing high
sca effects involve at least one parent possessing good
gca effects and high mean value, they could be exploited
for practical breeding. However, high sca effects would
not necessarily mean a high performance by the hybrid
and the estimation of sca effects seemed to be superflous,
as no additional information was obtained by doing so.
Therefore, it is suggested that the selection of parents
for further breeding programme should be based on gca
effects and due consideration should be given to mean
value of the cross combinations while selecting crosses

for specific combining ability effects.
Conclusion

On the basis of heterotic response and combining
ability estimate for grain yield and its attributing traits,
the crosses viz., DBW 187 x HD 3377, AKAW 5104 x
GW 547 and CG 1036 x UP 2968 appeared to be most
superior. From the present finding it can be concluded that
sufficient variation was present in the material for grain
yield and its components. Both additive and non-additive
components were important for inheritance of different
characters studied. The presence of non-additive gene
action enhances chance of making improvement through
heterosis breeding. The pre-dominance of non-additive
gene action suggests the simultaneous exploitation of
the gene action by adopting selective intermating and

selection of superior hybrids, which can accumulate more
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non-additive genetic variability. Now when the gene action
of all characters attributing to grain yield are known, the
crop improvement can be done by adopting biparental
mating followed by selection. When there is presence of
epistasis recombination breeding methods like pedigree or
biparental mating or diallel selective mating system may
prove to be effective in improvement of grain yield and
its attributing traits in bread wheat. Overall, recognizing
and leveraging non-additive gene action offers a promising
avenue for accelerating genetic gains and enhancing

productivity in wheat.
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