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Introduction 

Bread wheat (Triticum aestivum L.) is a major cereal crop that 

contributes substantially to global food and nutritional security. It 

provides a significant proportion of daily caloric and protein intake 

and serves as an important component of livestock feed. With the 

global population projected to approach 10 billion by 2050, 

sustainable increases in wheat productivity are essential, particularly 

in developing countries where food demand is rapidly rising (1). With 

consideration of the global population reaching 10 billion by 2050, 

efficient and sustainable intensification of wheat yields and 

productivity is essential to fulfil the empty stomachs of the global 

population, with major consideration to poor, underdeveloped 

countries. To fulfil the global demand, well-established, sustainable 

demands-oriented intensive researches are needed which will 

improve the agronomic practices through intensive breeding 

programmes (2, 3). Moreover, mono-cultivation of some elite 

varieties has reduced genetic load and diversity due to only 

production-based strategy and selective breeding, which provides a 

path to enhancing vulnerability to biological diseases (4). In the 

current scenario, sustaining genetic variability is critical for long-term 

productivity and adaptability (5). When sufficient variability exists, 

simple selection can achieve genetic improvement; however, under 

limited variability, hybridisation becomes indispensable to generate 

diversity (6, 7). The success of such breeding programmes depends 

on the identification of appropriate parental lines, which can be 

evaluated using biometrical approaches such as diallel and                     

line × tester analyses (8). Among these, the line × tester design 

remains a robust method for assessing general and specific 

combining ability, gene action and genotype interactions, thereby 

facilitating the identification of superior parents and hybrids (9). 

Enhancing inter-population diversity through genetically divergent 

parental groups has also been reported to improve hybrid 
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Abstract  

A total of 15 genetically diverse wheat genotypes (10 lines and 5 testers) and their fifty F1 hybrids were evaluated for 15 traits under normal 
conditions at the Agricultural Research Farm of Chandra Shekhar Azad University of Agriculture and Technology in Kanpur, India. Analysis 

of variance showed highly significant mean squares for general combining ability (GCA) and specific combining ability (SCA), indicating 

both additive and non-additive gene actions. Parental genotypes PBW-343, DBW-39, K-402, K-1317, KRL-210 and K-68 exhibited strong 
GCA effects, identifying them as good general combiners. Significant positive SCA effects for grain yield were observed in hybrids HD-3086 

× HD-3171, K-402 × K-9107, K-1317 × K-9107, HD-2967 × K-0307 and K-402 × K-68, indicating the contribution of non-additive genetic effects 

in these specific cross combinations. In contrast, moderate to high heritability estimates for plant height (77.32 %), biological yield           

(59.52 %) and grain yield (68.76 %), together with moderate genetic advance for harvest index (11.72 %) and grain yield (13.15 %), suggest 
a substantial additive genetic component. Collectively, these findings indicate that both additive and non-additive gene actions influence 

yield-related traits, supporting the use of integrated breeding approaches that combine heterosis exploitation with selection-based 

improvement. 
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performance (10). 

 Understanding the inheritance of yield and its component 

traits requires the estimation of quantitative genetic parameters. 

Heritability measures the proportion of phenotypic variation 

attributable to genetic factors and provides insight into the 

predictability of trait transmission across generations (11). It is 

classified as broad-sense and narrow-sense, with narrow-sense 

heritability being particularly relevant for selection in segregating 

populations (12). However, heritability estimates may vary 

depending on environmental conditions, population structure and 

analytical approaches. Therefore, interpretation of heritability in 

conjunction with genetic advance provides a more reliable 

estimate of expected genetic gain (13, 14). Genetic advance serves 

as an indicator of selection efficiency and reflects the potential 

improvement achievable through selection (15). The combined 

assessment of heritability and genetic advance also helps infer the 

relative importance of additive and non-additive gene effects in trait 

expression (16, 17). Several studies have examined the genetic 

control of grain yield and related traits in wheat using such 

approaches (18). In this context, the present study was undertaken 

to estimate combining ability, gene action, heritability and genetic 

advance for grain yield and its component traits in bread wheat 

using a line × tester mating design, to identify suitable parental 

combinations and guide effective breeding strategies (19). 

 

Materials and Methods 

Parental genotypes and crossing 

The experiment involved 15 genetically diverse wheat (T. aestivum) 

genotypes, comprising 10 female lines and 5 male testers. Crosses 

were made during the rabi season of 2018–2019 at the Cereals 

Section, Nawabganj Farm, Chandra Shekhar Azad University of 

Agriculture and Technology (CSAUA&T), Kanpur, following the                        

line × tester design.  The weather parameters (monthly minimum 

and maximum temperature (°C) under the study period were 

recorded (Fig. 1) for better implementation of the results of the trial. 

Each of the 10 lines was crossed with all 5 testers, producing fifty F1 

hybrids that generated sufficient seed for subsequent evaluation. 

The parental genotypes included HD-2733, K-1317, DBW-88, K-402, 

HD-3086, WR-544, HD-2967, KRL-210, PBW-343 and DBW-39 as 

female lines, originating mainly from IARI (New Delhi), CSAUA&T 

(Kanpur), IIWBR (Karnal), CSSRI (Karnal) and PAU (Ludhiana). The 5 

male testers K-8962, K-9107, K-68, K-0307 (CSAUA&T, Kanpur) and 

HD-3171 (from IARI), New Delhi, were used to generate the hybrids. 

The parental lines, F1 hybrids and their corresponding F₂ 

populations were evaluated during the rabi season of 2019–2020 

under field conditions at the same location. 

Development of F1 and F2 seeds, experimental site and 
agronomic practices 

All 15 genotypes, comprising 10 female lines and 5 male testers, 

were sown during the rabi season of 2018–2019 to generate 50 F1 

hybrids using the line × tester mating design. The harvested F1 seeds 

were sown during the rabi season of 2019–2020 for further 

evaluation. Half of the F1 seeds from each cross were sent to the 

IIWBR Regional Station, India, for advancement of the generation 

for off-season nursery advancement to produce F₂ seeds, while the 

remaining half of the population was used to raise the F1 

generation. A total of 115 genotypes, including fifteen parents, 50 F1 

hybrids and 50 F₂ populations, were evaluated at the Agricultural 

Research Farm, CSAUA&T, Kanpur, India (2019–2020). The 

experiment was carried out in a randomised complete block design 

(RCBD) and 3 replications were established. Each parent and F1 

hybrid was planted in a single 3 m row, while the F₂ populations 

were sown in paired 3 m rows, with a spacing of 22.5 cm between 

rows and 10 cm between plants. The soil of the experimental field 

ranged from sandy loam to loam with a pH of 7.1. Uniform and 

recommended agronomic practices were followed during the 

study, including the application of 80 kg N, 60 kg P₂O₅ and 60 kg K₂O 

per hectare, along with 15 kg Zn and 8 kg B, supplemented by 

appropriate disease and weed management to ensure optimal 

crop growth and performance. 

Data acquisition and analysis 

Data of 15 traits were collected for both morphological and 

biochemical parameters. Morphological observations include days 

to 75 % flowering, plant height (cm), days to maturity, number of 

productive tillers per plant, flag leaf area (cm²), spike length (cm), 

number of spikelets per spike, number of grains per spike, 

biological yield per plant (g), grain yield per plant (g), test weight 

(1000-grain weight, g) and harvest index (%). Harvest index was 

estimated as the ratio of grain yield to biological yield per                   

plant × 100. Biochemical traits included seed hardness and phenol 

colour reaction, while protein content (%) was estimated using a 

 

Fig. 1. Monthly minimum and maximum temperature (°C) during the experimental period. 
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  near-infrared spectroscope (NIRS DS-2500; Metrohm India Pvt. Ltd.) 

at CSAUA&T, Kanpur. Seed hardness was measured with an O.S.K. 

20 seed hardness tester (Type E, 50 kg capacity) using the mean 

crushing pressure of 320 grains per treatment. The phenol colour 

reaction was determined by soaking seeds in water for 16–20 hr, 

followed by treatment with 1 % phenol solution and observing 

colour development after 3–4 hr. Crosses were carried out during the 

rabi season of 2018–2019 using standard emasculation and                        

hand-pollination techniques. Female spikes were emasculated in 

the evening (16:00–18:00 hr) before anthesis and immediately 

bagged to prevent contamination. Pollination was performed the 

following morning (08:00–11:00 hr) using fresh pollen from the 

respective male testers. Pollinated spikes were re-bagged and 

labelled and approximately 20–25 spikes were crossed per 

combination to ensure sufficient F1 seed set. Data were subjected to 

analysis of variance (ANOVA) using R software to assess variability 

among treatments. Combining ability analysis followed Sprague 

and Tatum and heritability (broad-sense and narrow-sense) was 

estimated using methods suggested by previous researchers                   

(20, 21). The significance of treatment differences was tested using 

the least significant difference (LSD) at the 5 % level (p < 0.05), 

accounting for environmental effects such as temperature, soil and 

topography. 

 

Results and Discussion  

Analysis of variance for combining ability 

The analysis of variance for combining ability (Fig. 2) revealed highly 

significant differences among crosses for all the studied traits, 

indicating the presence of substantial genetic variability among the 

parental genotypes and their hybrids. Significant mean squares due 

to lines, testers and line × tester interactions for most of the traits 

confirm the involvement of both additive and non-additive gene 

actions in the inheritance of yield and its related attributes. Across 

the evaluated traits, plant height, grain yield per plant, biological 

yield per plant and harvest index exhibited highly significant 

variation attributable to both line and tester effects, confirming that 

these traits are governed by a mixture of additive and dominant 

gene effects. Traits like days to flowering, number of productive 

tillers, spike length, number of grains per spike and flag leaf area 

also showed notable line × tester interactions, emphasising the role 

of specific gene combinations contributing to hybrid performance. 

 The heatmap (Fig. 3) demonstrates the relative magnitude 

of mean squares, where higher intensity (blue-green gradient) 

indicates stronger genetic control. It showed that the tester effect 

was highest for biological yield/plant (2.63), grain yield/plant (2.17) 

and plant height (2.16), indicating strong tester influence. The line 

effect was prominent for harvest index (2.50), biological yield/plant 

(2.30) and grain yield/plant (2.20), reflecting additive gene action. 

Crosses showed higher effects for plant height (2.05) and harvest 

index (1.95), while line × tester interaction was comparatively low 

(0.25–1.75). Phenol colour reaction (0.34–0.63) and protein content 

(0.00–0.01) were observed with minimal variation, pointing out 

limited genetic influence. Traits such as biological yield per plant, 

grain yield per plant and harvest index showed the highest mean 

squares, suggesting their quantitative and polygenic inheritance, 

whereas phenol colour reaction and protein content exhibited 

lower values, reflecting limited genetic variability and greater 

environmental influence. The heatmap provides a clear depiction 

of genetic variance patterns, reflecting that yield-related and 

morphological traits are largely governed by both additive and 

dominance effects, while biochemical traits are less affected. 

 The significant line effects estimated for important 
agronomic traits like grain yield, test weight and plant height point 

out the importance of selecting genetically superior parents to 

exploit additive variance. The significant line × tester effects 

recorded for yield components indicate a predominant role of          

non-additive gene action, which can be effectively utilised in 

heterosis breeding programs and in boosting grain yield. This can 

be accomplished through better agronomic practices and 

thoughtfully designed hybridisation programs (22).  When genetic 

variability is scarce within a crop, breeders primarily focus on 

creating that variability through a hybridisation programme (23). In 

this study, ANOVA showed significant differences between the 

parents and their crosses. This variability was especially evident in 

the hybrids, which displayed notable differences across all traits 

evaluated. The presence of such genetic diversity indicates that 

both the parental lines and their combinations hold great promise 

for future genetic enhancements (24).  

 

 

Fig. 2. Analysis of variance (ANOVA) of combining ability effects for 15 characters in F1 of line × tester cross-analysis. 
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Analysis of variance and gene action 

Analysis of variance showed a significant genetic variation among 
wheat genotypes for grain yield and related traits, endorsing the 

presence of substantial variability. In the F₂ generation, combining 

ability variances were significant for all traits except protein content 

in crosses and line × tester interactions. Traits such as days to 

flowering, days to maturity, phenol colour reaction and protein 

content showed non-significant differences among testers, 

suggesting limited variability within male parents. In the F1 

generation, female parents had a greater influence on flag leaf area 

and test weight, while male parents significantly affected days to 

flowering. In the F2 generation, the male component also 

contributed significantly to days to maturity and test weight, 

whereas both parental components were significant for most traits 

across generations. The phenol colour reaction was significant only 

in F₂ (Table 1). Estimates of genetic variance (δ²g) were lower than 

specific variance (δ²s) for all traits except flag leaf area and test 

weight in F1, indicating a predominant role of non-additive gene 

action (Fig. 3). The δ²g/δ²s ratio being less than one and the average 

degree of dominance [δ2s/δ2g]0.5>1[δ²s/δ²g]̂ {0.5} > 1[δ2s/δ2g]

0.5>1 across both generations, further confirmed the 

predominance of non-additive effects for most yield-related traits. 

These results are consistent with earlier studies that indicate both 

additive and non-additive gene actions play a role in the expression 

of complex traits (25). The differences in genetic estimates between 

the F1 and F2 generations, even when grown in similar conditions, 

could stem from a limited sampling of genetic variability in the F2 

generation or the effects of linkage (26). Repulsion phase linkage 

can increase non-additive variance by diminishing the expression of 

additive effects (27). However, in the F2 generation, traits like days to 

flowering (75 %), seed hardness and phenol colour reaction 

showed a clear predominance of additive gene action. 

 

 

Fig. 4. The heatmap and principal component analysis (PCA) biplot of general combining ability (GCA) effects in F 1 among wheat parents for 
15 traits. 

 

Fig. 3. Heatmap of combining ability effects for F1 wheat.  
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General combining ability effects 

The heatmap and principal component analysis (PCA) biplot (Fig. 4) 

revealed significant variation in GCA in F1 effects among wheat 

parents for 15 traits. Line K-1317 showed the highest positive GCA 

for biological yield/plant (+7.8), grain yield/plant (+7.5) and harvest 

index (+7.5), indicating strong general combining ability. K-402 and 

DBW-39 exhibited positive GCA for plant height (+7.9), flag leaf area 

(+2.0) and grain yield/plant (+2.7), while WR-544 and HD-2733 

recorded negative GCA for yield traits (-2.5 to -3.8). Traits such as 

phenol colour reaction (-0.58 to +0.42) and protein content (-0.09 to 

+0.08) showed minimal variation. The PCA explained 44.3 % of total 

variance (PC1 = 25.8 %, PC2 = 18.5 %), distinctly grouping K-1317,     

K-402 and DBW-39 as superior general combiners, while WR-544 

and HD-2733 were identified as poor combiners. whereas heatmap 

and PCA biplot (Fig. 5) for the F₂ generation revealed substantial 

variation in general combining ability (GCA) effects among wheat 

parents across 15 traits. Line K-1317 exhibited the highest positive 

GCA for biological yield/plant (+7.82), grain yield/plant (+7.59) and 

harvest index (+7.81), indicating strong additive effects and its 

superiority as a general combiner. K-402 and DBW-39 also showed 

high GCA for grain yield (+2.74 and +3.32) and flag leaf area (+2.04 

and +1.55), whereas WR-544 and HD-2733 displayed negative GCA 

for most yield traits (-2.03 to -3.88), identifying them as poor 

combiners. Traits such as protein content (-0.09 to +0.07) and 

phenol colour reaction (-0.58 to +0.74) showed low GCA variation, 

suggesting limited genetic diversity. The PCA analysis explained 

46.2 % of the total variation (PC1 = 26.9 %, PC2 = 19.3 %), clearly 

separating K-1317, K-402 and DBW-39 on the positive axis as 

superior combiners, while WR-544 and HD-2733 clustered 

negatively, confirming their inferior performance across traits. In 

crops self-pollinated, like wheat, hybrids usually do not play a big 

role. Still, looking into segregating populations for specific 

combining ability (SCA) is very important. Grain yield is a complex 

trait because it is influenced by many different components, all of 

which affect how much yield can vary (28). Earlier studies pointed 

out that these promising parental lines could be useful for 

developing segregating populations and focused on improving 

these traits (29). However, relying on GCA might not be enough to 

boost grain yield, especially when the parent plants are genetically 

similar (30). That’s why it’s crucial to combine SCA analysis with GCA 

to pinpoint heterotic combinations and achieve better genetic 

improvements in yield and related traits. 

Specific combining ability effects 

The combined heatmap and PCA biplot (Fig. 6) for the F1 generation 

revealed wide variation in SCA effects among wheat crosses for 15 

traits. The cross K-402 × K-9107 showed the highest positive SCA for 

biological yield (+6.74) and grain yield (+4.44), followed by                        

HD-3086 × HD-3171 with strong effects for biological yield (+8.36) 

and grain yield (+4.72), identifying them as superior specific 

combiners. Similarly, WR-544 × K-8962 exhibited high SCA for 

biological yield (+5.43) and grain yield (+2.84). In contrast,                    

DBW-39 × K-68 and HD-2967 × K-68 recorded negative SCA values for 

harvest index (-6.75) and biological yield (-1.66), indicating poor 

specific combinations. The PCA analysis explained 49.8 % of the total 

variance (PC1 = 28.4 %, PC2 = 21.4 %), clearly separating                       

high-performing crosses (K-402 × K-9107, HD-3086 × HD-3171) on the 

positive axis and low-performing crosses (DBW-39 × K-68,                      

HD-2967 × K-68) on the negative axis, confirming their contrasting 

specific combining abilities for yield-related traits. Although SCA 
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alone may not directly enhance yield in self-pollinated crops like 

wheat, productive crosses can generate transgressive segregants, 

leading to promising homozygous lines in subsequent generations 

(31). In this study, the top-performing crosses for SCA effects on 

yield-related traits demonstrated the significance of non-additive 

gene action. Successful hybrids emerged from diverse parental 

combinations, high × high, high × low and low × low general 

combiners, indicating that superior hybrids do not always result 

from parents with strong GCA (32). These outcomes suggest the 

involvement of dominant and epistatic interactions, consistent with 

earlier findings (33). This finding reinforces that top-performing 

hybrids do not always arise from crosses between two strong 

general combiners. Such outcomes may result from dominant and 

epistatic gene interactions. Non-additive gene action has also been 

identified as a major factor governing key traits in wheat (34). The 

use of genetically diverse parents in this study facilitated a more 

effective assessment of variation among cross combinations (35). 

Furthermore, the low to moderate narrow-sense heritability values 

observed for all traits highlight the role of non-additive gene action, 

indicating that direct selection may be less effective in early 

generations (36). Therefore, recurrent or pedigree selection in later 

generations would be more suitable for improving these traits (37).  

Principal component analysis biplot  

The PCA showed that the first two components exhibited 90.44 % of 

the total variation, with PC1 (79.12 %) and PC2 (11.32 %). Biological 

yield/plant (+4.0, -1.5) and plant height (+3.0, +0.8) showed the 

highest loadings on PC1, suggesting their major contribution to 

overall variability. Harvest index (+2.0) reflected a strong influence 

along PC2, signifying its distinct role in trait differentiation, whereas 

days to flowering, days to maturity, productive tillers/plant, seed 

hardness, phenol colour reaction and protein content clustered 

near the origin, contributing minimally to total variance. Flag leaf 

area, grain yield/plant and 1000-grain weight point out moderate 

association, revealing positive interrelationships among                  

yield-related traits. Fig. 7 shows the multivariate variance structure, 

Fig. 5. The heatmap and principal component analysis (PCA) biplot of general combining ability (GCA) effects in F2 among wheat parents for  
15 traits. 

Fig. 6. The heatmap and principal component analysis (PCA) biplot of general combining ability (GCA) effects in F1 among wheat parents for  
15 traits. 

Heatmap of GCA  effects F2 generation of wheat 
PCA Biplot of GCA effects (F2 generation)  Variance explained: 

57.4 % & 24.2 % 

PCA Biplot of SCA effects (F1 generation)  Variance explained:  

43.7 % &  30.5 % 
Heatmap of specific combining ability (SCA) effects (F1 generation of wheat) 
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grouping traits with similar genetic behaviour. The first two 

principal components accounted for the majority of total variance, 

clearly separating high-yielding, morphologically dominant traits 

(e.g., plant height, biological yield, grain yield) from biochemical and 

physiological traits (e.g., protein content, phenol colour reaction)

(38). This separation underscores the multidimensional nature of 

genetic control in bread wheat and supports the interpretation that 

yield and its components are strongly influenced by additive gene 

effects. Previous researchers reported that the first five principal 

components explained 78.4 % (well-watered) and 76.0 % (drought) 

of the variation among genotypes and biplot analysis showed 

clustering of yield and yield-component traits (39). 

The clustered radar chart  

The variance component analysis (Fig. 8) demonstrated that the line 
effect accounted for the maximum proportion (≈60 %) of the total 

variance, followed by the tester effect (≈45 %) and crosses (≈35 %). 

The line × tester interaction contributed the least (≈20 %). The 

predominance of line variance suggests a strong additive genetic 

basis for the traits studied, while the moderate tester and cross 

effects highlight exploitable genetic diversity. The relatively lower 

interaction component indicates that non-additive effects were less 

influential, confirming the potential of direct selection based on line 

performance in subsequent breeding cycles. The comparatively 

lower contribution of crosses suggested that much of the variation 

was explained by parental and interaction components rather than 

environmental factors. The pattern indicated that additive genetic 

variance predominated, although non-additive effects were also 

evident, supporting the need for a combined selection and 

hybridisation strategy to increase the yield and related traits in 

bread wheat. The tested wheat genotypes exhibited considerable 

genetic diversity, endorsing that indirect selection for traits like the 

number of spikelets per spike, grains per spike, spikes per square 

meter and thousand-grain weight could effectively enhance grain 

 

Fig. 7. Principal component analysis (PCA) biplot of combining ability effects in F1 wheat crosses. 

 

Fig. 8. Clustered radar chart showing overall genetic contribution profiles in F1 crosses. 
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yield, as reported previously and highlight the utility of multivariate 

approaches, like principal component analysis, in identifying the 

most discriminating yield-attributing traits and revealed meaningful 

heritability and genetic gain estimates (40). These findings provide a 

useful base for interpreting trait groupings and the underlying 

genetic control mechanisms in wheat for the betterment of 

productivity. 

Heritability and genetic advance 

In the F1 generation, the highest heritability were recorded for test 

weight (94.34 %) followed by flag leaf area (90.49 %), plant height 

(77.32 %), grain yield (68.76 %), seed hardness (61.08 %), biological 

yield (59.52 %), harvest index (54.32 %) and productive tillers per 

plant (54.25 %). whereas moderate heritability was estimated for 

spike length (32.26 %), days to maturity (22.78 %), spikelets per spike 

(14.14 %), grains per spike (18.95 %) and phenol colour reaction 

(18.00 %). In the F₂ generation, high heritability was observed for 

grain yield (68.37 %), biological yield (60.35 %), harvest index                   

(54.83 %) and productive tillers (53.84 %), while seed hardness  

(35.92 %), days to maturity (30.98 %) and phenol colour reaction 

(31.86 %) exhibited moderate values. Notable genetic advance was 

estimated for plant height, biological yield, grain yield and harvest 

index in both generations, indicating the predominance of additive 

gene action and good potential for selection. 

 Heritability estimates and genetic advance provide insight 

into the effectiveness of selection for yield and related traits in the 

population. In both generations, heritability values ranged widely, 

indicating variable genetic control across traits (Fig. 9 and 10). High 

heritability coupled with moderate to high genetic advance in traits 

like grain yield per plant, biological yield, harvest index and test 

weight suggests the predominance of additive gene action, making 

these traits more amenable to improvement through direct 

selection, whereas, traits like phenol colour reaction and protein 

contents showed low heritability and genetic advance, reflecting 

greater environmental influence and the need for                                                  

multi-environment evaluation. A decline in heritability from F1 to F₂ 

for most traits reflected segregation and environmental effects in 

the subsequent generation. The results of the study highlight that 

yield-related traits can be effectively improved through selection, 

while biochemical traits may require recurrent selection or 

hybridisation strategies to accumulate favourable alleles. 

 High heritability (h²) values observed in this study indicate 

that the expression of these traits is predominantly governed by 

genetic factors, with minimal environmental influence. This suggests 

that phenotypic selection would be effective and desirable traits can 

be reliably transmitted to subsequent generations (41). The 

predominance of additive gene action further supports the potential 

for selection-based genetic improvement. Phenological traits such 

as days to heading (DTH) and days to anthesis (DTA) exhibited high 

h² coupled with moderate genetic advance, indicating that both 

genetic and environmental components contribute to their 

expression, thereby reducing the precision of direct genotypic 

selection (42). Conversely, days to maturity (DTM) showed high h² 

but low genetic advance, suggesting the influence of non-additive 

gene action, where direct selection would be less effective. Similar 

findings have been reported in wheat by previous researchers (43, 

44). They noted that traits with high heritability and moderate 

genetic advance are primarily under additive control and respond 

well to selection, whereas traits exhibiting high heritability but low 

genetic advance are influenced by dominance and epistatic effects. 

Correlation among heritability and genetic advance parameters 

The correlation matrix (Fig. 11) summarises the relationships 

among heritability, genetic advance, stability indices and selection 

efficiency across the F1 and F₂ generations. A strong positive 

association between F1 and F₂ genetic advance (r = 0.97), along with 

a positive correlation between F₂ heritability and F1 genetic advance 

(r = 0.68), indicates that traits with greater predicted improvement 

in F1 generally maintained comparable response in F₂, suggesting 

persistence of transmissible genetic variance across generations. 

The moderate correlation between F1 and F₂ heritability (r = 0.43) 

further reflects the partial stability of genetic variance components 

despite segregation. Heritability stability (F₂/F1 %) showed a 

negative correlation with F1 heritability (r = -0.65), indicating that 

traits with initially high heritability may experience proportional 

reductions in F₂, possibly due to recombination effects, altered 

dominance interactions and environmental influences. The positive 

relationship between F₂ genetic advance and selection efficiency                

 

Fig. 9. Heatmap of heritability and genetic advance (%) in F1 and F 2 generations. 

https://plantsciencetoday.online


9 

Plant Science Today, ISSN 2348-1900 (online) 

(r = 0.63) suggests that realised selection response is closely 

associated with the magnitude of transmissible genetic variance. In 

contrast, weak or negative associations between stability indices 

and selection efficiency indicate that statistical stability alone does 

not necessarily translate into accelerated genetic gain. 

 Overall, the correlation structure interpreted alongside 

variance component estimates suggests that grain yield, biological 

yield and harvest index, which consistently exhibited higher 

heritability and genetic advance across generations, represent 

reliable targets for selection. Conversely, phenol colour reaction 

and protein content displayed weaker associations, reflecting 

comparatively greater environmental influence and more complex 

inheritance patterns. 

 

 

 

Conclusion 

The present study revealed substantial genetic variability among 

wheat genotypes for yield and related traits, highlighting the 

importance of estimating gene effects, heritability and genetic 

advance in breeding programmes. Line × tester analysis indicated 

the involvement of both additive and non-additive gene actions. 

Grain yield, biological yield, harvest index and plant height 

exhibited high heritability coupled with moderate to high genetic 

advance, suggesting a predominant additive component and 

supporting the effectiveness of direct selection in early generations. 

In contrast, phenol colour reaction and protein content showed low 

heritability and genetic advance, indicating greater environmental 

influence and possible non-additive control. Superior general 

combiners (K-1317, K-402, HD-3171, WR-544 and DBW-88) were 

identified as valuable parents for accumulating favourable alleles 

through selection, while promising crosses (HD-3086 × HD-3171,       

K-402 × K-9107 and K-1317 × K-9107) may be exploited for heterosis 

 

Fig. 10. Grouped bar chart comparing heritability and genetic advance in F1 and F₂ generations. 

 

Fig. 11. Correlation matrix among heritability and genetic advance parameters in wheat. 

 

Comparison of heritability and genetic advance (%) in F1 and F2 generations of wheat 
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and for generating superior segregants. Overall, integrating                                                  

additive-based selection with strategic hybridisation and recurrent 

selection approaches may facilitate the development of                           

high-yielding and quality-improved wheat (Triticum aestivum) 

varieties. 
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