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Abstract

The present study was conducted under two environments created by different sowing dates, namely normal and late sowing (heat stress
environment). During rabi 2022-23, eight genetically diverse parents were crossed in a half diallel mating design. These eight parents, along
with their 28 F, progenies, were evaluated in a randomised block design (RBD) with 3 replications during rabi 2023-24 at the Instructional
Farm of Sri Karan Narendra College of Agriculture, Jobner, Rajasthan, India. A substantial degree of heterosis and heterobeltiosis was
observed for all the traits studied. Among the significant and desirable heterobeltiosis crosses, HD 2932 x Raj 4238, HD 2864 x Raj 4238, MP
3336 x Raj 4238, MP 3336 x HD 2932, HD 2864 x HD 2932, MP 3336 x CG 1029, Raj 4238 x CG 1029 and Raj 4238 x HI 1634 were identified as
promising in the normal environment (E,). In the heat stress environment (E>) the crosses, MP 3336 x HI 1634, Raj 4238 x Raj 3777, HD 2932 x HI
1634 and HD 2864 x Raj 3765 exhibited desirable heterobeltiosis. Notably, HD 2864 x CG 1029 performed well in both environments. Overall,
these crosses emerge as promising candidates for achieving significant improvement in wheat (Triticum aestivum L.) grain yield and its

component traits under both normal and heat stress conditions.
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Introduction

Wheat (Triticum aestivum L.) belonging to family Poaceae is one of
the major and the most consumed cereals of the world (1). Wheat
is one of the world's most valuable and widely grown crops, used
primarily for human consumption and supports nearly 35 % of the
world's population (2). Wheat development is as old as humanity
and the first crop mentioned in BIBLE is considered to be this.
Earlier studies reported that the wheat originated in the Euphrates
and Tigris valley (3). Durum wheat is believed to have originated in
Abyssinia and soft wheat groups found in the area of Western
Pakistan, South West Afghanistan and South Mountainous
Babshara sections (4).

The genus Triticum is composed of diploid, tetraploid and
allohexaploid species. So, polyploidy has played a major role in
wheat evolution. The diploid species (2n = 2 (x) = 14) (commonly
known as 'einkorn wheats') as Triticum monococcum L. and
Triticum urartu Thumanjan ex Gandiljan is usually found in the wild
and its grains are hulled. Triticum monococcum is also grown in
small quantities for consumption in some areas. The tetraploid
species (2n = 4 (x) = 28) contain both hulled and hulless. The wild
species Triticum turgidum subsp. dicoccoides and domesticated
Triticum turgidum subsp. dicoccum (now designated as

Triticum dicoccum or Triticum dicoccon) is hulled, commonly
referred to as emmer wheat and Triticum turgidum subsp. durum
(now designated as Triticum durum) is hulless and commonly
referred as macroni wheat. The hexaploid hulled wheat
(2n = 6 (x) = 42) species are Triticum aestivum subsp. spelta and
Triticum aestivum subsp. macha. Triticum aestivum subsp.
aestivum presently referred as bread wheat (5).

Heterosis breeding has long been recognised as a potential
method for increasing yield in cross-fertilised crops. However, the
commercial exploitation of heterosis in self-pollinated crops such
as wheat has been limited due to the technical and practical
difficulties associated with hybrid seed production. Therefore, the
early identification of superior crosses is essential for handling
breeding material efficiently and effectively in the advanced
generations. Hybrid vigour or heterosis, has been known in wheat
for a long time, but its utilisation has been constrained by the
self-pollinating nature of the crop. Several methods have been
developed for producing wheat hybrids, including hand
emasculation, the use of chemical hybridising agents and male
sterility systems. Among these, hand emasculation is highly
laborious and is therefore used primarily for research purposes or
for developing breeding materials.

Plant Science Today, ISSN 2348-1900 (online)


http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.10592&domain=horizonepublishing.com
https://doi.org/10.14719/pst.10592
mailto:bdhaka707@gmail.com
https://doi.org/10.14719/pst.10592

DHAKAET AL

Heat stress during post-anthesis and grainfilling stages
may reduce availability and translocation of photosynthates to the
developing kernels and starch synthesis and deposition within the
kernel, thus resulting in lower grain weight and altered grain
quality. It has been observed that each degree rise in ambient
temperature reduces the yield by 3-4 %.

In the development of new genotypes with desirable traits,
the selection of suitable parents is one of the most critical steps in
any breeding programme. It has now become evident that
self-pollinated crops can exhibit levels of heterosis comparable to
those observed in cross-pollinated crops (6). Economic heterosis,
also known as standard or useful heterosis, refers to the superiority
of an F; hybrid over a standard commercial variety or check.
Hybrid performance is typically assessed in terms of the
percentage increase or decrease in heterosis and heterobeltiosis.
However, from a breeder’s perspective, heterobeltiosis is more
valuable than heterosis, particularly in self-pollinating crops where
the primary objective is to identify superior hybrids (7-8).

Therefore, the present study was conducted to identify
superior genotypes and their crosses, assess the magnitude and
extent of heterosis in hybrid and evaluate heat stress tolerance.
The study aimed to better understand the genetic architecture and
mode of inheritance of yield-related traits, heat tolerance and their
associated characteristics.

Materials and Methods
Location, climate and weather condition

The research experiment was conducted during rabi 2022-23 and
2023-24 at the Instructional Farm of Sri Karan Narendra College of
Agriculture, Jobner (Rajasthan) which is situated at an altitude of
435 m above mean sea level, at a latitude of 26°5' N and longitude
of 75°20" E. It falls under agro-climatic zone Ill-A (semi-arid eastern
plain zone) and is characterised by loamy-sandy soils. The average
annual rainfall in the region is approximately 400 mm, most of
which is received from the Southwest monsoon, typically from the
last week of June to the end of September. The climate of this zone
is typically semi-arid, with extreme temperatures in both summer
and winter. Summer temperatures may rise as high as 46 °C, while
winter temperatures can drop below the freezing point. Weather
parameters play a crucial role in influencing plant growth and the
overall development of crops.

Experimental material

2

HD 2864, MP 3336, Raj 3765, HD 2932, Raj 4238, Raj 3777, CG 1029
and HI 1634 were crossed in a half diallel fashion (excluding
reciprocals) using hand emasculation. The pedigrees of the
parents used in the study are given in Table 1.

During rabi 2022-23, crossing blocks were established and
direct F1 crosses were produced with sufficient seed following a
half diallel mating design. The experimental material, consisting of
8 parents and 28 F; crosses, was planted during rabi 2023-24 under
two environments: normal (E;) and heat stress (E;). All genotypes
were evaluated in a randomised block design (RBD) with three
replications in both environments. Each plot for the
non-segregating generations (parents and F’s) consisted of two
rows, each 2 m long, with a row spacing of 30 cm and an
inter-plant spacing of 10 cm in both environments.

Design of the environments

In order to create heat stress condition at post anthesis, the sowing
in the E; was delayed by about 30 days later than the E; during rabi
2023-24. Thus, late sowing created post anthesis E; as it exposed
the crop to heat stress after anthesis. The detail of each
environment and date of sowing was as follows:

E1 (Normal environment) - November 11,2023
E2 (Heat stress environment) - December 11,2023
Observations recorded

Observations were recorded on days to 75 % heading, days to
maturity, flag leaf area (cm?), effective tillers per plant, grains per
spike, 1000-grain weight (g), biological yield per plant (g), grain
yield per plant (g), harvest index (%), protein content (%), proline
content (ug/100 mg fresh weight), total chlorophyll content
(mg/g fresh weight) and membrane stability index (%) on 10
randomly selected plants in each of the Fy’s progenies along with
each parent from each replication except days to 75 % heading,
days to maturity and 1000-grain weight which were observed on
plot basis.

Heterosis (Heterosis over mid parent)

Heterosis is expressed as per cent deviation from mid parent,
whereas heterobeltiosis expressed as per cent deviation toward
desirable direction over better parent. Heterosis and
heterobeltiosis were calculated according to the method
suggested from some previous studies (9, 10)

Per cent heterosis of a cross was calculated by the
following formula:

Eight genetically diverse wheat genotypes were selected based on Heterosis in per cent = F.-MP 100

a broad range of genetic diversity for major yield components from me

the germplasm maintained under the All India Coordinated Wheat ~ where,

anc! Barley Improvement Ffrqect (AICW and BIP) at the Rajasthan F,=Meanvalue of hybrid

Agricultural Research Institute, Durgapura. These eight parents

Table 1. The pedigrees of the parents used in the study

Sl. No. Name of genotype Special characteristic Parent Parentage

L HD 2864 Highly resistance to brown rust, i/tij(iatl?j?r:(éfor late sown condition and high DL 509-2/ DL 377-8
2. MP 3336 Resistance to brown and black rust, late sown and high yielding HD 2402/GW 173
3. Raj 3765 Tolerance to terminal heat stress, very late sown and high yielding HD 2402/VL639
4. HD 2932 Resistance to brown rust, high Zn content, late sown and high yielding KAUZ/STAR//HD 2643
5. Raj 4238 Good for chapatti making quality and high yielding HW 2021/RAJ 3765
6. Raj 3777 Tolerance to terminal heat stress, LS/IR/RF and high yielding RAJ3160/HD2449
7. CG 1029 Suitable for irrigated late sown condition and high yielding HW 2004/ PHS 725
8. HI 1634 Good chapatti quality, high grain hardness and high yielding GW 322/PBW 498

LS - Late Sown, IR - Irrigated, RF - Rainfed.

https://plantsciencetoday.online


https://plantsciencetoday.online

MP =Mean of the two parents involved in the particular cross
Heterobeltiosis (Heterosis over better parent)

Per cent heterobeltiosis of a cross was calculated by the following
formula (10).

Heterobeltiosis in per cent = % 100

where,
F1=Mean value of hybrid
BP =Mean value of the better parent over replications

Significance of heterosis and heterobeltiosis estimates was
done using ‘t’ test. The standard error (SE) for testing the
significance was calculated using the following formula:

_ [3XEMS\'/?
e = (o)

_ [2XEMS\'/?
SEF,-55) = ( = )

The ‘t’ value was estimated by the following formula,
te-ng-1 = (F1 — MP)/SEr, _wp)
tr—1)(g-1) = ( F; —BP )/SE(E—@)

where,

=Mean value of hybrid

—

=

P =Mean of the two parents involved in the particular cross

BP =Mean value of the better parent over replications
r=Number of replications
g=Number of genotypes

EMS = Error mean square from analysis

The calculated ‘t’ value was compared with table value at
error degree of freedom that is (r-1) (g-1). To calculate
heterobeltiosis, parent with higher mean values were considered
desirable for all the characters except for days to 50 % flowering
and days to maturity where negative direction was considered
desirable.

Results and Discussion

The present experiment, conducted using eight diverse wheat
(Triticum aestivum L.) genotypes, was carried out to assess
heterosis and heterobeltiosis for yield and its contributing traits
under both normal and heat stress conditions.

Analysis of variance for individual environments revealed
significant differences among the genotypes for all traits under
both normal and heat-stress conditions, except for effective
tillers per plant in E;(Table 2). Furthermore, partitioning of
genotypes into parents and Fi’s showed significant differences
for all traits in both environments, except for effective tillers per
plantin E; and harvest index in E; for the F1’s and biological yield
per plant in E;for both parents and Fy’s. Significant differences
between parents and Fi’s were observed for all traits except
effective tillers per plant in E; and harvest index and protein
content in both environments.

Heterosis and heterobeltiosis analyses for various
characters revealed that some cross combinations exhibited
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desirable heterosis for more than one trait, while others showed
desirable heterosis for only a single trait. Under E and E;
conditions, the magnitude of heterosis also varied among
different crosses. The extent of heterosis provides valuable
information on the degree of genetic diversity among the
parents and aids in selecting superior parental combinations to
exploit hybrid vigour in the F, generation. Heterosis results from
allelic or non-allelic gene interactions influenced by specific
environmental conditions. Wheat, being a self-pollinated crop,
lacks an efficient commercial-scale hybrid seed production
system. Consequently, heterosis itself may not have direct
economic value at present. However, understanding the degree
and magnitude of heterosis is crucial for designing future
breeding programmes and identifying promising crosses that
may yield superior segregants in advanced generations,
ultimately contributing to the improvement of grain yield in
wheat. The range of heterosis and the number of crosses
exhibiting significant desirable heterosis and heterobeltiosis for
all traits are presented in Table 3.

Higher grain yield is the primary objective of any breeding
programme; therefore, positive and significant heterosis and
heterobeltiosis for this trait are desirable. In E,, heterosis ranged
from -6.30 HD 2864 x MP 3336 to 50.26 HD 2864 x Raj 4238, while in
E; it ranged from -5.44 % HD 2864 x HI 1634 to 33.95 MP 3336 x
HI 1634. Heterobeltiosis varied from 0.51 MP 3336 x HI 1634 to
32.33 HD 2932 x Raj 4238 in E; and from 1.35 Raj 3765 x CG 1029 to
33.87 MP 3336 x HI 1634 in E,. Out of the 28 crosses, 17 in E; and 14
in E; exhibited significant positive heterosis over the mid-parent,
while 9 crosses in E; and 5 in E, showed significant positive
heterobeltiosis. These crosses were therefore considered the most
desirable for improving grain yield (Table 4).

Maximum desirable heterosis was exhibited by the cross
HD 2864 x Raj 4238 (50.26 %) followed by HD 2932 x Raj 4238
(44.38 %) in E; and MP 3336 x HI 1634 (33.95 %) followed by
Raj 3765 x HD 2932 (17.56 %) in E.. The maximum desirable
heterobeltiosis was exhibited by the cross HD 2932 x Raj 4238
(32.33 %) followed by HD 2864 x Raj 4238 (29.71 %) in E: and
MP 3336 x HI 1634 (33.87 %) followed by HD 2864 x CG 1029
(14.33%)in Ez.

Comparison across the environments revealed that the
crosses HD 2864 x CG 1029 in both environments and
HD 2864 x HD 2932, HD 2864 x Raj 4238, MP 3336 x HD 2932, MP
3336 x Raj 4238, MP 3336 x CG 1029, HD 2932 x Raj 4238,
Raj 4238 x CG 1029 and Raj 4238 x HI 1634 in E;and HD 2864 x
Raj 3765, MP 3336 x HI 1634, HD 2932 x HI 1634 and Raj 4238 x
Raj 3777 in E, showed significant positive heterosis and
heterobeltiosis, hence these crosses were considered most
desirable for improvement of grain yield per plant in each
environment. Therefore, the crosses which showed positive
significant  heterosis and heterobeltiosis under specific
environment may be considered suitable material for
environment specific breeding.

The level of heterosis in a crop depends on how
effectively it has been exploited and on the feasibility of
producing hybrid seeds. In crop breeding, heterosis is
particularly valuable when it can be successfully utilised for
hybrid development. Its true utility is realised in advanced
generations, where it helps identify desirable crosses and obtain
superior segregants. This approach ultimately aims to enhance
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Table 4. Estimates of heterosis and heterobeltiosis for grain yield per plant under normal (E1) and heat stress environment (Ez)

Crosses E1 E

H HB H HB
HD 2864 X MP 3336 -6.30 3.07 -
HD 2864 X Raj 3765 2.91 - 10.59** 9.95*
HD 2864 X HD 2932 28.98** 20.73** 13.54** 5.73
HD 2864 X Raj 4238 50.26™* 29.71** 2.09 -
HD 2864 X Raj 3777 9.40 2.68 7.91* 5.64
HD 2864 X CG 1029 27.61** 20.94** 14.40** 14.33**
HD 2864 X HI 1634 -4.39 - -5.44 -
MP 3336 X Raj 3765 20.45** 9.60 6.18 -
MP 3336 X HD 2932 27.91** 21.88** 0.07 -
MP 3336 X Raj 4238 41.83** 24.42%* -0.48 -
MP 3336 X Raj 3777 1.95 - 14.96** 5.91
MP 3336 X CG 1029 22.73** 18.44* 11.89** 5.21
MP 3336 X HI 1634 4.61 0.51 33.95** 33.87**
Raj 3765 X HD 2932 15.76** 0.87 17.56** 8.89
Raj 3765 X Raj 4238 23.48** - 5.28 2.83
Raj 3765 X Raj 3777 -2.76 -0.41 -
Raj 3765 X CG 1029 -2.14 - 2.00 1.35
Raj 3765 X HI 1634 9.90 3.84 6.21 -
HD 2932 X Raj 4238 44.38** 32.33** 14.24** 3.54
HD 2932 X Raj 3777 12.20* - 14.06** 4.15
HD 2932 X CG 1029 13.21* 11.73 11.69** 4.07
HD 2932 X HI 1634 18.08** 8.32 12.28** 11.26*
Raj 4238 X Raj 3777 18.54** - 13.03** 12.11**
Raj 4238 X CG 1029 29.59** 17.36* 2.35 -
Raj 4238 X HI 1634 34.46** 13.98* 7.37 -
Raj 3777 X CG 1029 0.72 - -0.52 -
Raj 3777 X HI 1634 -1.65 - 2.51 -
CG 1029 xHI 1634 15.89* 7.61 15.55** 8.59

*, ** Significant at 5 % and 1 % respectively.

grain yield and improve overall productivity in wheat breeding
programs. Therefore, the present experiment was conducted to
investigate the genetic architecture of yield and its related traits
in wheat using a half diallel mating design involving eight
parents.

The mean values for all the 13 characters of F; hybrids
were compared with the values of mid parent (heterosis) and
over better parent (heterobeltiosis) expressed as percentage
increase or decrease. Similar findings in different environments
for different characters were also reported from previous studies
(11-17). The superiority of hybrids particularly over better parent
(heterobeltiosis) is more important and useful in determining the
feasibility of commercial exploitation of heterosis and also
indicating the parental combinations capable of producing the
highest level of transgressive segregants.

Significant heterobeltiosis crosses for grain yield per plant
are presented in Table 5. Examination of the data indicates that
the crosses HD 2932 x Raj 4238, HD 2864 x Raj 4238, MP 3336 x
Raj 4238, MP 3336 x HD 2932, HD 2864 x HD 2932, MP 3336 x
CG 1029, Raj 4238 x CG 1029 and Raj 4238 x HI 1634 in E, as well
as MP 3336 x HI 1634, Raj 4238 x Raj 3777, HD 2932 x HI 1634 and
HD 2864 x Raj 3765 in E,, exhibited significant heterobeltiosis. In
addition, HD 2864 x CG 1029 showed significant heterotic effects
across both environments. These crosses emerged as strong
candidates for grain yield and related component traits.
Therefore, they may be considered promising for further
improvement of wheat yield under both normal sown and heat
stress conditions.

Assessment of Table 5 revealed an interesting relation
between heterobeltiosis for grain yield per plant and its

attributes. The parental crosses that exhibited desirable
heterobeltiosis for one or more yield attributes were identified.
Heterobeltiosis for grain yield per plant were mainly contributed
with higher grains per spike, 1000-grain weight, biological yield
per plant and harvest index in both environments. Results of this
study supported the contentions of a previous study, which
suggested that there could be no separate gene system for yield
per se as yield is an end product of the multiplicative interactions
among its various contributing characters (18). The results from
the present study in varying environments for different
characters is in agreement with the findings some earlier
experiments (19-22).

An overall assessment of parents indicated that HD 2864,
Raj 4238 and CG 1029 were found to be desirable for grain yield
and its attributes on the basis of heat susceptibility index. The
crosses namely, HD 2864 x MP 3336, MP 3336 x Raj 3777,
MP 3336 x HI 1134, Raj 3765 x CG 1029, HD 2932 x CG 1029, Raj
4238 x Raj 3777, Raj 4238 x CG 1029 and Raj 3777 x CG 1029
showed the superiority under E; for grain yield and more than
two characters (Table 6).

Low value of heat stress intensity (D-value) that is less
than 0.20, indicated that the parameters viz., days to 75 %
heading (0.08), days to maturity (0.10), flag leaf area (0.07), grains
per spike (0.06), 1000-grain weight (0.16), harvest index (-0.01),
protein content (0.01), proline content (-0.15), total chlorophyll
content (0.12) and membrane stability index (0.10) showed more
tolerance whereas effective tillers per plant (0.34), biological yield
per plant (0.25) and grain yield per plant (0.24) with high D-value
that is 0.21-0.35, suffered more under E,. The greater heat
tolerance value indicated the larger yield reduction under heat
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Table 6. Heat susceptibility index (HSI) and heat tolerance (TOL) for grain yield per plant

Parents HSI TOL
HD 2864 0.83 4.37
MP 3336 1.12 5.68
Raj 3765 1.29 7.99
HD 2932 0.87 3.99
Raj 4238 0.69 3.30
Raj 3777 1.11 6.67
CG 1029 0.45 2.10
HI 1634 1.36 7.49
F. Crosses

HD 2864 X MP 3336 0.65 3.16
HD 2864 X Raj 3765 0.85 5.01
HD 2864 X HD 2932 1.25 7.92
HD 2864 X Raj 4238 1.46 9.98
HD 2864 X Raj 3777 1.02 6.31
HD 2864 X CG 1029 1.01 6.46
HD 2864 X HI 1634 1.14 5.85
MP 3336 X Raj 3765 1.56 10.60
MP 3336 X HD 2932 1.69 10.44
MP 3336 X Raj 4238 1.48 9.31
MP 3336 X Raj 3777 0.73 4.10
MP 3336 X CG 1029 1.09 6.56
MP 3336 X HI 1634 0.43 2.36
Raj 3765 X HD 2932 1.06 6.64
Raj 3765 X Raj 4238 1.07 6.58
Raj 3765 X Raj 3777 1.13 6.71
Raj 3765 X CG 1029 0.79 421
Raj 3765 X HI 1634 1.42 9.12
HD 2932 X Raj 4238 0.99 6.02
HD 2932 X Raj 3777 0.95 5.67
HD 2932 X CG 1029 0.70 3.69
HD 2932 X HI 1634 1.29 7.66
Raj 4238 X Raj 3777 0.58 3.37
Raj 4238 X CG 1029 0.82 4.54
Raj 4238 X HI 1634 1.25 7.84
Raj 3777 X CG 1029 0.86 4.64
Raj 3777 X HI 1634 1.11 6.26
CG 1029 xHI 1634 0.95 5.62

Table 7. Mean of all genotypes under normal (E1) and heat stress environment (Ez) and heat stress intensity (D-value) for different characters

Characters Mean of all genotypes in D-value
E: E;
Days to 75 % heading 94.31 87.07 0.08
Days to maturity 129.64 116.99 0.10
Flag leaf area (cm?) 27.71 25.84 0.07
Effective tillers per plant 7.04 4.62 0.34
Grains per spike 45.31 42.67 0.06
1000-Grain weight(g) 48.70 40.84 0.16
Biological yield per plant (g) 54.45 40.88 0.25
Grain yield per plant (g) 23.33 17.64 0.24
Harvest index (%) 41.72 41.93 -0.01
Protein content (%) 11.03 10.93 0.01
Proline content (ug/100mg fresh weight) 65.36 75.37 -0.15
Total chlorophyll content (mg/g fresh weight) 1.87 1.64 0.12
Membrane stability index (%) 58.23 52.26 0.10

stress conditions and the higher heat sensitivity. Therefore, a
smaller value of heat tolerance is favoured (Table 7).

Perusal of Table 7 revealed that among the parents in
general, HD 2864, HD 2932, Raj 4238, Raj 3765 and CG 1029 were
found to be desirable for grain yield and most of its attributes on
the basis of heat tolerance. The crosses viz., HD 2864 x MP 3336,
MP 3336 x Raj 3777, MP 3336 x HI 1134, Raj 3765 x CG 1029,
HD 2932 x CG 1029, Raj 4238 x Raj 3777, Raj 4238 x CG 1029 and
Raj 3777 x CG 1029 showed superiority under E for seed yield
and more than two characters.

Conclusion

The observed levels of heterosis and heterobeltiosis were sufficient
across all the traits studied. Among the significant and desirable
heterobeltiosis crosses, HD 2932 x Raj 4238, HD 2864 x Raj 4238,
MP 3336 x Raj 4238, MP 3336 x HD 2932, HD 2864 x HD 2932,
MP 3336 x CG 1029, Raj 4238 x CG 1029 and Raj 4238 x HI 1634
performed well in E. In E,, the crosses MP 3336 x HI 1634,
Raj 4238 x Raj 3777, HD 2932 x HI 1634 and HD 2864 x Raj 3765
showed significant heterobeltiosis. Additionally, HD 2864 x
CG 1029 exhibited desirable heterobeltiosis effects in both
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environments. These crosses emerged as promising candidates
for enhancing grain yield and related component traits in wheat.
Therefore, they may be considered potential contenders for
achieving significant yield improvement under both normal and
heat stress conditions.

The overall ranking based on the heat susceptibility index
and heat tolerance revealed that the crosses HD 2864 x MP 3336,
MP 3336 x Raj 3777, MP 3336 x HI 1134, Raj 3765 x CG 1029,
HD 2932 x CG 1029, Raj 4238 x Raj 3777, Raj 4238 x CG 1029 and
Raj 3777 (x) CG 1029 were the most desirable for heat stress
tolerance.

Research consistently shows that non-additive gene
action plays a significant role in the inheritance of traits such as
yield, grain quality and other agronomic characteristics in wheat.
The present study also revealed a strong influence of
non-additive gene action. Therefore, it is recommended that,
alongside conventional breeding methods, non-conventional
approaches such as diallel selective mating, bi-parental mating
in early segregating generations and multiple crossing strategies
be considered, as they may offer effective alternatives for
enhancing grain yield in wheat. Furthermore, intermating
superior segregants from hybrids, followed by cyclic selection,
can help increase the frequency of desirable alleles in
subsequent generations, ultimately improving grain yield and its
contributing traits in wheat.
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