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Abstract

The present investigation was undertaken to elucidate the genetic basis of inheritance and identify ap-

propriate selection strategies for yield and yield-attributing traits in bread wheat (Triticum aestivum L.

em. Thell.) during rabi 2025–26 at three experimental sites of C. S. Azad University of Agriculture and

Technology, Kanpur, India. The experimental material comprised ten diverse parents, namely K8434,

K1006, K65, DBW107, DBW252, HD2967, DBW316, K9351, HI1612 and DBW173, along with their

derived F1 hybrids and F2 populations. Combined analysis of variance revealed highly significant dif-

ferences among treatments, parents, F1 hybrids and F2 populations for all thirteen characters, demon-

strating substantial genetic variability. Significant parent versus F1 and parent versus F2 contrasts were

observed for all traits except harvest index, indicating pronounced generation-dependent differences and

the presence of heterotic effects. Hayman’s diallel analysis revealed that both additive and dominance

components contributed to trait inheritance, although their relative magnitude varied considerably

among traits and generations. Days to 50% flowering and days to maturity were predominantly gov-

erned by non-additive gene action, with over-dominance and indications that alleles conferring earliness

were predominantly dominant. Plant height exhibited a significant additive component in both genera-

tions, with partial dominance in the F1, suggesting scope for effective early-generation selection for re-

duced stature. Flag leaf area, productive tillers per plant, spike length and number of spikelets per spike

showed significant additive and dominance components in the F1, with partial to near-complete domi-

nance and comparatively high narrow-sense heritability (65.28–76.32%). However, additive effects

were reduced or became non-significant in most traits in the F2, accompanied by a marked decline in

narrow-sense heritability. The results indicate that traits associated with plant stature and spike architec-

ture possess greater prospects for early-generation selection, whereas phenological traits, being predom-

inantly influenced by non-additive effects, may benefit from selection in later generations or exploita-

tion of heterosis. Overall, the study demonstrates substantial exploitable genetic variation and genera-

tion-specific gene action, providing a basis for designing efficient breeding strategies for improving

productivity and adaptive traits in bread wheat.

Keywords: Gene action, Hayman diallel analysis, Additive variance, Dominance variance, Heterosis,

Narrow-sense heritability, Genetic variability

Introduction

Wheat (Triticum aestivum L.) is one of the world's major food crops and holds a prominent position among

cultivated cereal crops. Its cultivation has played a significant role in the success of the Green Revolution,

which contributed substantially to transforming India from a food-deficit country into a food-surplus nation.

Wheat belongs to the family Poaceae and is predominantly a self-pollinated crop. India's wheat production is

estimated to have increased from 109.52 million tonnes in 2022–2023 to 111.32 million tonnes in 2023–

2024, representing a compound annual growth rate (CAGR) of approximately 1.64%. Wheat serves as an

important source of nutrition for both humans and livestock and contributes substantially to meeting the food

requirements of the rapidly increasing population in India as well as worldwide (Patil et al., 2024) 
[1]

.

Common wheat (Triticum aestivum L.), owing to its suitability for chapatti, bread, and various bakery prod-

ucts, is widely cultivated across North India and is also grown in several regions of Central and South India.

Durum wheat is particularly suitable for the preparation of products such as ‘suji’, ‘semya’, ‘spaghetti’, and

‘macaroni’ and is predominantly cultivated in the central and southern regions of India, mainly under rainfed

conditions. Similarly, dicoccum wheat is well suited for the preparation of the traditional South Indian dish

‘Uppumav’ (Singh et al., 2018) 
[2]

. Durum wheat (Triticum turgidum L.) is the principal tetraploid wheat

species, characterized by its large and exceptionally hard grains. The grain produces a low-gluten flour that

serves as the primary source of semolina, which is widely used in the preparation of pasta, couscous,

burghul, and various other traditional wheat-based products (Nachit et al., 1995) 
[3]

. Wheat is cultivated
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across a diverse range of agro-climatic conditions, extending from the

mountainous regions of Kashmir to semi-arid areas characterized by

mild to severe winter conditions (Yadav et al., 2021) 
[4]

. Since an-

cient times, wheat has played a significant role in supporting the agri-

cultural economy and food systems of several countries, making it an

important crop from both economic and nutritional perspectives

(Singh et al., 2010) 
[5]

. Several biometrical approaches are widely

employed for the genetic evaluation of crop plants. Among these, di-

allel, partial diallel, and line × tester analyses are commonly used by

plant breeders to investigate the genetic architecture of quantitative

traits, as these methods provide valuable information on the genetic

constitution and inheritance patterns of the materials under study. The

diallel mating design is widely used to evaluate breeding materials by

estimating their combining ability variances and effects, thereby pro-

viding insights into their genetic potential for the inheritance of quan-

titative traits. The diallel mating design provides estimates of general

combining ability (GCA) and specific combining ability (SCA), in-

cluding their respective variances and effects. It also enables the as-

sessment of additive (D) and dominance (H) components of genetic

variance, thereby providing valuable insights into the genetic control

of the traits under investigation. Diallel analysis is an effective tool

for identifying suitable parents for hybridization programmes and for

determining appropriate breeding strategies for the genetic improve-

ment of quantitative traits in crop species.

Materials and Methods

The present study was conducted during the Rabi season of 2025 at

three locations, namely the Crop Research Farm, Kalai, Aligarh; the

Crop Research Farm, Saini, Kaushambi; and the Student Instruction

Farm, CSAUAT, Kanpur. A total of 100 treatments, comprising 10

parents, 45 F1 hybrids, and 45 F2 populations, were evaluated using a

Randomized Block Design (RBD). The experimental material con-

sisted of ten parental lines, namely K8434, K1006, K65, DBW107,

DBW252, HD2967, DBW316, K9351, HI1612, and DBW173. These

100 treatments were evaluated for the genetic analysis of nine quanti-

tative traits in wheat. A half-diallel mating design was employed, and

the combining ability analysis was carried out following the method

proposed by Griffing (1956) 
[6, 7]

. The genetic variance was further

partitioned into additive, dominance, and epistatic components fol-

lowing the approach of Fisher.

Results and Discussion

Combined analysis of variance

The combined analysis of variance for parents, F1 and F2 (Table 1)

revealed highly significant mean squares due to treatments for all thir-

teen characters, indicating substantial genetic variability in the mate-

rial. The mean squares due to replications were non-significant for ev-

ery character, which shows that the experimental area was uniform.

The variation among parents, among F1 hybrids and among F2 popu-

lations was highly significant for all characters. This is in accordance

with Afridi et al. (2017) 
[8]

 and Bentouati et al. (2026) 
[9]

, who re-

ported significant genotypic differences for all traits in both the F1

and F2 generations of wheat diallels. The mean squares of the F2 pop-

ulations exceeded those of the F1 hybrids for twelve of the thirteen

characters, number of grains per ear being the only exception (262.50

in the F2 against 280.96 in the F1). This reflects the additional vari-

ability released by segregation in the F2 generation.

The parents versus F1 and parents versus F2 contrasts were signifi-

cant for all characters except harvest index (0.019 and 2.599, respec-

tively), which indicates that the mean performance of the F1 hybrids

and of the F2 populations differed from that of the parents for every

other character, the basis of heterosis. The parents versus F1 mean

squares were particularly large for days to maturity (3937.35), plant

height (2082.65) and days to 50% flowering (1648.50), suggesting

that heterosis was most pronounced for phenology and stature.

Bentouati et al. (2026) 
[9]

, in contrast, found the parents versus F1

contrast significant only for spike weight, number of spikes per plant

and biomass in durum wheat, so the extent of average heterosis

clearly depends on the parental material. The direction of the differ-

ences cannot be judged from mean squares alone and should be read

from the mean performance of the parents and hybrids.

Genetic components of variation in the F1 and F2

generations

The genetic components of variation for days to 50% flowering, days

to maturity, plant height, flag leaf area, productive tillers per plant,

spike length and number of spikelets per spike were estimated sepa-

rately for the F1 and F2 generations (Table 2) by the approach of

Hayman (1954) 
[7]

. This approach assumes diploid segregation, ho-

mozygous parents, absence of reciprocal and maternal effects, epista-

sis and multiple allelism, and independent distribution of genes

among the parents (Hayman, 1954; Mather et al., 1982) 
[7, 10]

. As

wheat is a hexaploid, these assumptions are met only approximately,

and the estimates are best taken as a description of apparent gene ac-

tion, as in earlier wheat diallels (Afridi et al., 2017; Bentouati et al.,

2026) 
[8, 9]

.

The additive component (D) was significant in the F1 for all charac-

ters except days to maturity, whereas in the F2 it was significant only

for plant height and spike length. Its value was almost identical in the

two generations for every character (for example, 79.65 and 79.97 for

plant height and 1.55 and 1.55 for spike length). The dominance com-

ponents (H1 and H2) were significant for all characters in the F1, and

in the F2 they were significant for all characters except H1 of spike

length. The dominance components in the F2 were, however, many

times larger than in the F1 (for example, H1 of days to maturity was

1676.44 against 150.94), and the standard errors of the F2 estimates

were large. The F2 estimates are therefore indicative of the direction

of gene action rather than of its exact magnitude.

Days to 50% flowering and days to maturity

Both characters were governed mainly by dominance. In the F1, H1

and H2 were significant for days to 50% flowering (48.97* and

48.56*) and days to maturity (150.94** and 153.06**) and exceeded

D (22.84* and 37.55, respectively). The mean degree of dominance,

√𝐻1/𝐷 , was 1.46 and 2.00, indicating over-dominance. The domi-

nance effect (h
2
) was highly significant (216.23** and 515.68**),

which points to unidirectional dominance, and the narrow-sense heri-

tability was moderate to low (41.12% and 29.18%). The correlation

between the covariance-variance sum and the parental mean (r) was

positive (0.70 and 0.62), which indicates that the alleles increasing

days to flowering and maturity were recessive, in other words that

earliness was largely dominant (Bentouati et al., 2026) 
[9]

. This is a

favourable situation for breeding early hybrids. The ratio of dominant

to recessive alleles was close to unity (1.03 and 0.93) and H2/4H1 was

0.25 for both characters, so positive and negative alleles were sym-

metrically distributed among the parents.

In the F2, D was non-significant for both characters, whereas H1 rose

to 624.45** and 1676.44**, the mean degree of dominance to 5.49

and 6.90, and the covariance component F was positive (79.83 and

114.49), with dominant to recessive allele ratios of 2.08 and 1.62. The

correlation r fell to near zero (0.05 and −0.06), so no consistent direc-

tion of dominance could be inferred. Predominantly non-additive con-

trol with over-dominance for earliness is in agreement with Afridi et

al. (2017) 
[8]

 for days to heading in spring wheat. The dominance ef-

fect (h
2
) was non-significant in the F2, and the narrow-sense heri-

tability declined to 36.16% and 17.06%.

Plant height

Plant height and spike length were the only characters in which the

additive component was significant in both generations (79.65** and

79.97** for plant height). In the F1 the dominance components were

also significant for plant height (H1 51.42* and H2 55.37*) but

smaller than D, and the mean degree of dominance (0.80) indicated

partial dominance. The ratio of dominant to recessive alleles (0.98)

showed a balanced distribution, and the dominance effect was signifi
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cant (272.54**). The positive correlation r in both the F1 (0.69) and

the F2 (0.86) indicates that alleles increasing height were recessive,

so that reduced stature was dominant, a desirable feature in breeding

semi-dwarf types. Narrow-sense heritability was high in the F1

(65.28%) but fell to 38.06% in the F2, where the dominance compo-

nents were much larger (H1 1013.45**), the mean degree of domi-

nance was 3.56, and the covariance F (217.19*) was significant and

positive, indicating an excess of dominant alleles (ratio 2.23). The

combination of a stable additive component with partial dominance in

the F1 agrees with Bentouati et al. (2026) 
[9]

, who found plant height

to be under predominantly additive control with partial dominance in

both generations, and it suggests that selection for stature can begin

early.

Flag leaf area and productive tillers per plant

In the F1, both flag leaf area and productive tillers per plant showed

significant additive components (14.85** and 0.45**) with domi-

nance components of comparable size (H1 12.77** and 0.43**), giv-

ing degrees of dominance of 0.93 and 0.98, that is, partial dominance

approaching complete dominance. The covariance F was negative

(−6.76** and −0.22*) and the ratio of dominant to recessive alleles

was 0.61 for both characters, indicating an excess of recessive alleles

among the parents. The negative correlation r for productive tillers

per plant (−0.60) shows that alleles increasing tiller number were

dominant, whereas for flag leaf area it was close to zero (−0.04) and

no clear direction of dominance emerged. The ratio h
2
/H2 (5.60 and

6.35) indicated that five to six groups of genes exhibited dominance,

and narrow-sense heritability was high (72.13% and 71.83%).

In the F2, D was non-significant for both characters, the dominance

components were very large (H1 567.63** and 14.94**), the degree

of dominance exceeded unity (6.23 and 5.92), and narrow-sense heri-

tability fell to 26.03% and 39.11%. The high heritability with partial

dominance in the F1 suggests that both characters can be improved by

selection in early generations. The apparent over-dominance in the F2

should be confirmed in later generations, because non-allelic interac-

tion may contribute to it (Bentouati et al., 2026) 
[9]

.

Spike length and number of spikelets per spike

In the F1, spike length and number of spikelets per spike showed sig-

nificant additive components (1.55** and 3.51**) and significant

dominance components (H1 0.82* and 2.57*; H2 0.84** and 2.76**),

with partial dominance (0.73 and 0.86). The covariance F was nega-

tive (−0.60 and −1.67) and the ratio of dominant to recessive alleles

was 0.58 and 0.57, indicating an excess of recessive alleles. The nega-

tive correlations r (−0.56 and −0.62) show that the alleles increasing

spike length and spikelet number were dominant. Narrow-sense heri-

tability was high (76.32% and 68.41%), the highest recorded being

that of spike length.

In the F2, spike length retained a significant additive component

(1.55**) and its dominance component was comparatively small (H1

7.32, non-significant), with a mean degree of dominance of 2.17, a ra-

tio of dominant to recessive alleles near unity (0.96) and a correlation

r near zero (−0.03). For number of spikelets per spike, D was non-sig-

nificant and dominance predominated (H1 55.81**), with a degree of

dominance of 3.97 and a ratio of 1.52. Narrow-sense heritability de-

clined to 36.27% and 38.49%. Bentouati et al. (2026) 
[9]

 reported for

spike length a shift from over-dominance in the F1 to partial domi-

nance in the F2, the reverse of the present pattern, which indicates

that the trend depends on the parental material.

Heritability and implications for selection

Narrow-sense heritability was lower in the F2 than in the F1 for all

seven characters, the largest reductions being for flag leaf area

(72.13% to 26.03%), productive tillers per plant (71.83% to 39.11%)

and spike length (76.32% to 36.27%). Similarly, significant domi-

nance effects in the F1 were not retained in the F2 for any character,

as also observed by Bentouati et al. (2026) 
[9]

, which suggests that the

dominance detected in the F1 arose largely from heterozygosity that

was reduced by segregation and increasing homozygosity in the F2.

Plant height, flag leaf area, productive tillers per plant, spike length

and number of spikelets per spike had high narrow-sense heritability

in the F1 (65.28% to 76.32%) and are therefore amenable to selection

in early generations. Days to 50% flowering and days to maturity,

with predominantly non-additive control and lower heritability, call

for selection to be delayed to later, more homozygous generations or

for exploitation of heterosis (Bentouati et al., 2026) 
[9]

.

Conclusion

The combined analysis of variance established significant genetic

variability among the parents, F1 hybrids and F2 populations for all

characters, and significant differences between the parents and both

filial generations for all characters except harvest index, indicating

heterosis in the material. Hayman’s analysis showed that both addi-

tive and dominance variation governed the inheritance of the charac-

ters studied, but their relative importance depended on the character

and the generation. Days to 50% flowering and days to maturity were

controlled chiefly by dominance, with dominant alleles favouring ear-

liness. Plant height, flag leaf area, productive tillers per plant, spike

length and number of spikelets per spike showed partial dominance

with a significant additive component in the F1. Alleles reducing

stature, flowering time and maturity time were predominantly domi-

nant, as were those increasing productive tillers per plant, spike

length and number of spikelets per spike. The significant dominance

effects of the F1 were not retained in the F2, so heterozygosity was

the principal basis of dominance, and the apparent over-dominance in

the F2 must be interpreted with caution.

Narrow-sense heritability was high in the F1 for plant height, flag leaf

area, productive tillers per plant, spike length and number of spikelets

per spike, and declined in the F2. Selection for these characters can

therefore begin in early segregating generations, whereas selection for

phenology should be deferred to later homozygous generations or

combined with the exploitation of heterosis in hybrids. These infer-

ences rest on the assumptions of the Hayman analysis and should be

validated in advanced generations.
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