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Abstract 
 

Most of the wheat breeding programs aim to develop new disease-resistant and widely adopted high-yielding genotypes to enhance 

food security. The current research work was conducted using the line-by-tester method to investigate genetic divergence, combining 

ability and inheritance pattern for important traits. Eight wheat lines (PR-137, PR-138, PR-139, Inqilab-91, Auqab-2000, SKD-1, 

Tajaban, and Benazir-13) and five testers (T-11, Borluog-100, Pirsabaq-15, Zarghoon-21 and Taskeen-22), and their resultant 40 F1 

and F2 generations were grown in a randomized complete block design (RCBD) with three replications. Highly significant (p≤0.01) 

differences were observed among genotypes for all the traits. For the earliness trait, the best general combiner in parental genotypes 

was PR-137 and T-11. Moreover, the best specific F1 combinations were PR-13×Zarghoon-21and SKD-1×Borlaug-100, whereas 

Inqilab-91×T-11 was the best specific combiner in the F2 generation. Wheat genotype PR-137 was the best general combiner for spike 

length, whereas PR-139×T-11 and Tajaban×Pirsabak-15 cross combinations were good specific combiners in F1 and F2 populations, 

respectively. For 1000-grain weight, Tajaban was the best general combiner, while cross Tajaban×Taskeen-22 had the best SCA in the 

F1 cross. However, cross combinations PR-137×Borlaug-100 had the best SCA in the F2 cross. For grain yield, parental genotype, i.e. 

PR-137, had the best GCA, while F1 cross combinations, i.e. Inqilab-91×Borlaug-100, along with F2 cross Tajaban×Borlaug-100, were 

reported with promising SCA. However, for spikelets spike-1 wheat cultivars, i.e., PR-139 was the best general combiner, while 

Tajaban×Borlaug-100 and SKD-1×Pirsabak-15 were promising specific combiners in F1 and F2 generation, respectively. Likewise, for 

biological yield, PR-137 was a promising general combiner. Moreover, cross combinations Benazir-13×Zarghoon-21 among F1 hybrids 

and Auqab-2000×T-11 in F2 populations were the best specific combiners for biomass yield. The ratios of GCA to SCA variances and 

degree of dominance showed that the inheritance of all traits except days to heading was controlled by non-additive gene action. 

Therefore, selection for these traits could be done in later generations for better results. 
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Introduction 
 

Triticum aestivum L. is a self-pollinated annual 

cereal crop. It is a hexaploid having a chromosome 

number of 42. It has perfect hermaphrodite flowers and a 

sexually autonomous crop. Its domestication started from 

the fertile crescent of the Middle East and later became 

an important food crop across the globe (Sabit et al., 

2017). Wheat is one of the most important staple foods, 

and the crop is widely grown to meet the food 

requirements of the growing population of Pakistan. To 

meet the food demand of the country for the fast-growing 

population, wheat has largely been imported. The fast-

growing population of Pakistan (257.103 million-

Worldometer-2025) has resulted in the conversion of 

valuable agricultural land to urbanisation and 

consequently low availability of land for cultivation. To 

keep the equilibrium between food and population (rising 

at 2.07% per year), it is essential to enhance wheat 

production further (Afridi et al., 2019). Therefore, all 

wheat breeders are trying to produce sound genotypic and 

high-yield varieties, both for irrigation and rain-fed 

conditions. Wheat is nutritionally an important cereal, 

essential for food security, poverty mitigation, and 

livelihood (Govindan et al., 2022; Khokhar et al., 2019). 

T aestivum L. represents a vital source of carbohydrate, 

protein and rich in fats, riboflavin, thiamin, niacin, and 

vitamin E as well as essential substances like copper, zinc 

and magnesium (Sabit et al., 2017; Hama-Amin & 

Towfiq, 2019), while the total consumption of the crop is 

approximately 36% globally and greatly in Asian 

countries (Govindan et al., 2022). Similarly, gluten 

protein is predominantly found in wheat grain (Shewry et 

al., 1995; Gautam et al., 2013). Wheat needs good, 

windy, irrigated, and fertile soil for higher production. 

There are around 743 million tonnes of wheat cultivated 

in Russia, Canada, Germany, India, France, and Pakistan 

(Anon., 2018). Production of wheat crops in 2024 is 

officially estimated at a record level of 31.4 million 

tonnes in Pakistan, reflecting large sowings and excellent 

yields, supported by an adequate supply of irrigation 

water and widespread use of high-yielding seed varieties 

(Anon., 2024). Assessment of general combining ability 

(GCA) effects for yield components has great potential in 
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the selection of desirable parents (Bhateria et al., 2006; 

Arif et al., 2023). Therefore, the work of Griffing (1956) 

and Kempthorne (1957) on the genetic combining ability 

of wheat, followed by other workers, was of tremendous 

importance for creating new desirable wheat traits 

(Rashid et al., 2012; Fasahat et al., 2016). The cumulative 

effect of dominant and minor recessive genes creates 

various wheat types (Kumar et al., 2018; Farooq et al., 

2019). Combining ability indicates the good genetic 

potential of various wheat varieties (Afridi et al., 2017). 

Line×tester techniques have been used to determine 

the combining ability for the improvement of wheat 

varieties (Tiwari et al., 2017; Rajput, 2019; Wajid et al., 

2022; Khan et al., 2023). In wheat, the combining ability 

is studied for two aspects, i.e., the general combining 

ability (GCA), which is due to the additive type of genes, 

while specific combining ability (SCA) is due to the 

dominant type of genes (Sprague and Tatum, 1942; 

Younas et al., 2020; Rauf et al., 2023). The plant breeders 

prefer wheat varieties with the best and most desirable 

traits and disease resistance in the segregating population 

(Minhas et al., 2014; Ahmad et al., 2017; Sadiq et al., 

2025). Combining ability and genetic analysis have a 

significant role in the selection of parental genotypes and 

their offspring for improved wheat varieties (Istipliler et 

al., 2015; Rajput and Kandakar, 2018; Rauf et al., 2023). 

The analysis is performed by various statistical and 

genetic techniques to determine the best productive wheat 

varieties (Khattab et al., 2010; Hei et al., 2015; Ahmad et 

al., 2017). Selection of wheat for the next generation is 

based on GCA and SCA after proper crosses with the best 

traits (Istipliler et al., 2015; Mandal & Madhuri, 2016). 

Therefore, the GCA and SCA of F₁ and F₂ with the 

desirable genotype of respective parents for onward 

generations are selected (Rabbani et al., 2009; Tiwari et 

al., 2017; Sattar et al., 2018). The general combining 

ability and specific combining ability are particularly 

important in parental genotypes for grain production in 

the F₁ generation in wheat (Rahul, 2017; Hama-Amin & 

Towfiq, 2019). Development of new productive 

genotypes by hybridizing the genotypes with good GCA 

for the traits of interest and selecting the vigorous hybrids 

remained the main objective of the breeders. Information 

about diallel analysis and various gene actions is essential 

to promote a standard breeding program, as it provides a 

basis for the genetic pattern of inheritance controlling 

different traits in wheat (Murugan & Kannan, 2017; 

Dhoot et al., 2020; Sinare et al., 2024). Earlier research 

enunciated that grain yield, and its component traits were 

controlled by additive gene action in wheat (Khiabani et 

al., 2015; Kandil et al., 2016; Rahul, 2017; Adhikari et 

al., 2020). However, some investigations revealed that 

grain yield and other agronomic traits, i.e., days to 

maturity, plant height and spike traits, were managed by 

non-additive gene action in wheat (Saeed & Khalil, 2017; 

Ingle et al., 2018; Farooq et al., 2019; Parveen et al., 

2019). Taking the above facts in mind, the current study 

was planned to determine the potential parental lines and 

testers and their F₁ and F₂ populations by estimating their 

GCA and SCA effects, respectively and to estimate the 

nature and degree of gene action for maturity and yield-

related traits in a line×tester mating design in wheat.  

Table 1. Parental genotypes (Lines & Testers) and hybrids (F1 

& F2) resulted from line-by-tester crosses, used in the study. 

Lines 

1. PR-137 5. Auqab-2000 

2. PR-138 6. SKD-1 

3. PR-139 7. Tajaban 

4. Inqilab-91 8. Benazir-13 

Testers 

1. T-11 4. Zarghoon-21 

2. Borlaug-100 5. Taskeen-22 

3. Pirsabak-15 
 

Line × Tester Crosses (Hybrids-F1 & F2) 

1. PR-137 × T-11 21. Auqab-2000 × T-11 

2. PR-137 × Borlaug-100 22. Auqab-2000 × Borlaug-100 

3. PR-137 × Pirsabak-15 23. Auqab-2000 × Pirsabak-15 

4. PR-137 × Zarghoon-21 24. Auqab-2000 × Zarghoon-21 

5. PR-137 × Taskeen-22 25. Auqab-2000 × Taskeen-22 

6. PR-138 × T-11 26. SKD-1 × T-11 

7. PR-138 × Borlaug-100 27. SKD-1 × Borlaug-100 

8. PR-138 × Pirsabak-15 28. SKD-1 × Pirsabak-15 

9. PR-138 × Zarghoon-21 29. SKD-1 × Zarghoon-21 

10. PR-138 × Taskeen-22 30. SKD-1 × Taskeen-22 

11. PR-139 × T-11 31. Tajaban × T-11 

12. PR-139 × Borlaug-100 32. Tajaban × Borlaug-100 

13. PR-139 × Pirsabak-15 33. Tajaban × Pirsabak-15 

14. PR-139 × Zarghoon-21 34. Tajaban × Zarghoon-21 

15. PR-139 × Taskeen-22 35. Tajaban × Taskeen-22 

16. Inqilab-91 × T-11 36. Benazir-13 × T-11 

17. Inqilab-91 × Borlaug-100 37. Benazir-13 × Borlaug-100 

18. Inqilab-91 × Pirsabak-15 38. Benazi-13 × Pirsabak-15 

19. Inqilab-91 × Zarghoon-21 39. Benazir-13- × Zarghoon-21 

20. Inqilab-91 × Taskeen-22 40. Benazir-13 × Taskeen-22 

 

Materials and Methods 
 

Selected diverse wheat lines i.e., PR-137, PR-138, PR-

139, Inqilab-91, Auqab-2000, SKD-1, Tajaban, and 

Benazir-13 were crossed with five testers i.e., T-11, 

Borlaug-100, Pirsabak-2015, Zarghoon-21 and Taskeen-

22, resulted in the production of 40 F1 and 40 F2 

populations (Tables 1 and 2). These genotypes were 

cultivated at the Cereal Crops Research Institutes (CCRI), 

Pirsabak, Pakistan, during 2021-2024. The CCRI Pirsabak 

is located in Nowshera near the Kabul River, 34-N latitude 

and 72 E longitudes, having an altitude of 288m. Due to its 

proximity to the Kabul River, the soil is sandy and loamy, 

having a pH of 7. The seeds were sown in two rows, two 

meters long, 25 cm apart from each other in a complete 

block design with three replications. 

 

Crop husbandry: The soil was deeply ploughed 2 to 3 

times, levelled, pulverized, and irrigated, as well as 

supplemented with green manure of leguminous plants to 

reclaim the loss of nitrogen and organic matter before 

sowing. Synthetic fertilizers of Phosphorus, Nitrogen, and 

Potassium were also added at specific developmental 

stages in the ratio of 90:120:60. The first irrigation was 

done in November at the coleoptile stage, while the next 

irrigation was subsequently carried out according to need. 

 

Data recording and statistical analysis: Observations 

were noted on 10 plants per plot per replication for days to 

heading, spike length, number of spikelets per spike, 1000 

grain weight, grain yield per plant and biological yield. 
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Biometric analysis: The data analysis was conducted 

according to Steel & Torrie (1980), utilizing the least 

significant difference (LSD, 0.05) test to compare and 

separate population means for each variable. Upon detecting 

significant variations among populations, the line tester 

combining ability analysis was performed, following 

Kempthorne (1957) and Singh & Chaudhary (1985). This 

analysis estimated variances due to GCA (σ2gca), variances 

due to SCA (σ2SCA), additive (σ2A) and dominance (σ2D) 

components, and proportional contribution of lines, testers, 

and line×tester interactions of F1 and F2 to the total variance, 

providing insights into gene action and combining ability 

effects for various traits in wheat. 

 

Results 

 

Days to headings: The data recorded for days to headings 

showed greater diversity for lines, testers, and their F1 and F2 

populations. For lines, maximum days to heading were 

recorded for Auqab-2000 (118 days), followed by Inqilab-

91 (116 days), while the minimum days to heading, i.e. 

113.5, 114 and 114.5 days were observed for Tajaban, 

Benazir-13 and PR-139, respectively (Table 3). Similarly, in 

testers, maximum days to headings were observed for 

Taskeen-22 (118 days), followed by T-11 (117 days), while 

the minimum days for heading were recorded for Borlaug-

100 (114 days). Moreover, minimum days to heading were 

noted for F1 hybrid combinations, i.e., Auqab-2000×T-11 

(112.5 days), followed by PR-137×T-11 (113.5 days). 

Furthermore, maximum days to heading for F1 were reported 

for Benazir-13×Taskeen-22 (119 days), followed by 

Benazir-13×Zarghoon-21, Tajaban×Taskeen-22, Benazir-

13×T-11 (118 days), and Benazir-13×Borloung-100 (118.50 

days). Similarly, minimum days to heading data were 

recorded for F2 cross combinations, i.e.  PR-139×T-11 and 

Inqilab-91×T-11 (112 days), followed by Auqab-2000×T-11 

(113 days). In case of the F₂  population, maximum days to 

heading were recorded for cross combinations, i.e. Benazir-

13×Taskeen-22, along with other cross combinations like 

PR-137×Taskeen-22, PR-138×Borlaug-100, SKD-1 × T-11 

and Tajaban × Zarghoon-21, which took 117 days, followed 

by cross combinations PR-138×Zarghoon-21 (117.50 days).  

 

Table 2. ANOVA analysis of the table of 53 wheat genotypes (13 parents and 40 F1 and F2 hybrids). 

Sources Df 
Days to 

heading 

Spike 

length 

Spikelet per 

spike 

1000 Grain 

weight 

Grain  

yield 

Biological 

yield 

Replication 2 43.48** 0.14 NS 0.01 NS 196.78** 8.32NS 2906.72 NS 

Genotypes 52 6.91** 2.67** 3.85** 42.90** 1658.22** 12040.52** 

Parents 12 15.30** 4.96** 7.82** 52.37** 1041.19** 7427.19** 

F₁  (Crosses) 39 4.49** 2.02** 2.66** 38.75** 1723.99** 11984.64** 

P vs. F₁  1 0.59 NS 0.55 NS 2.52* 91.42** 6497.58** 69579.62** 

Lines 7 6.02** 4.29** 5.94** 79.90** 4941.04** 38082.15** 

Testers 4 8.23** 5.36** 10.12** 83.97** 961.61** 5228.44** 

L x T 28 3.57** 0.98** 0.77** 22.00** 1028.64** 6425.44** 

Error 104 1.56 0.27 0.37 5.49 45.82 1332.91 

 

Spike length: The spike length in cm of lines, testers, F1 

and F2 populations were also recorded (Table 3). Among 

the lines, the minimum (12.44cm) spike length was 

recorded for PR-139, followed by PR-138 (13.30 cm), 

while the highest spike length was noted for Tajaban (17.00 

cm), followed by Benazir-13 (14.78) and Inqilab-91 (14.68 

cm), respectively. The testers' highest value was 14.06 cm 

for Pirsabak-15, followed by T-11, 12.82 cm. In F₁  crosses, 

minimum spike length was found in SKD-1×T-11 (12.53 

cm), followed by SKD-1×Zarghoon-21 and Benazir-13×T-

11 (12.75 cm), whereas the highest spike length was 

recorded for Tajaban×Borlaug-100 (17.29 cm), followed 

by Inqilab-91×Borlaug-100 (14.93 cm), for Inqilab-

91×Pisabak-15 (14.60 cm) and Inqilab-91×T-11 (14.57 

cm). Similarly, in the F₂  generation, the lowest spike 

length was recorded for Tajaban× Zarghoon-21 (12.62 

cm), SKD-1×T-11 (12.84 cm), PR-139×Taskeen-22 (12.96 

cm), whereas the highest spike length was noted for 

Tajaban×Pirsabak-15 (17cm) followed by Inqilab-

91×Pirsabak-15(15.68 cm), Inqilab-91×Borlaug-

100(15.44 cm), Auqab2000×PirsabaK-15 (15.21 cm) and 

Inqilab-9×Zarghoon-21 (15.19 cm).  

 

Spikelets per spike: The highest number of spikelets per 

spike in lines was observed for Tajaban (24.40), followed by 

PR-138 (22.70), SKD-1 (20.30) and Inqilab-91 (20.10). 

Similarly, in testers, maximum spikelets per spike were 

recorded for Pirsabak-15 (22.3), followed by T-11 & 

Borlaug-100 (21.5). The F1 generation showed maximum 

spikelets per spike for PR-137×Pirsabak-15 and PR-

139×Pirsabak-15(23.00), followed by Auqab-2000×T-11 

(22.10) and Auqab-2000×Borlaug-100 (22.00). Likewise, 

minimum spikelets per spike were recorded for cross 

combination SKD-1×Zarghoon-21 (19.33), Auqab-

2000×Zarghoon-21 (19.40), Benazir-13×T-11 (19.55) 

(Table 2).  In the F2 population, the maximum spikelets per 

spike was noted for Tajaban×Pirsabak-15 (24.50), followed 

by PR-139× T-11 (23.80). The minimum spikelets per spike 

were observed for Tajaban×Zarghoon-21 (18.60), followed 

by SKD-1× T11 (19.50). Moreover, the maximum number 

of spikelets per spike was possessed by lines, i.e., Tajaban 

(24.40) & PR-138 (22.70) and testers, i.e. Pirsabak-15(22.3) 

(Tables 2 & 3). Furthermore, in F₁ cross combinations, a 

greater number of spikelets per spike was recorded for F1 

hybrids, i.e. PR-137×Pirsabak-15 and PR-139×Pirsabak-

15(23.00). Similarly, in F₂ populations, maximum spikelets 

per spike were noted for cross combinations, i.e. 

Tajaban×Pirsabak-15(24.5), followed by PR-139×T-11 

(23.80) and PR-137×Pirsaba-15 (23.38) (Table 3).  

 

1000 grain weight (g): Thousand-grain weight of lines, 

testers, and their F1 and F2 presented in Table 3. The data 

showed that among lines, PR-137 (51.40 g) had the most 

grains with a greater 1000 grain weight, followed by PR-
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138 (44.35g), Inqilab-91 (38.80g) and SKD-1 (37.00g) 

subsequently. Moreover, Zarghoon-21 (46.60g) had the 

maximum 1000 grain weight, followed by Taskeen-22 

(43.00g). Similarly, the maximum 1000 grain weight for F1 

hybrids was observed for PR-137×Borlaug-100 (55.30g), 

followed by SKD-1×Pirsabak-15 (51.5g), while the 

minimum 1000 grain weight was noted for Tajaban×T-11 

(34.03 g) (Table 3). Moreover, in F2 populations, a 

maximum 1000 grain weight was recorded for PR-

137×Borlaug100 (55.30g), followed by PR-138×Taskeen-

22 (51.75g). Based on the observations, line PR-137 

(51.40g), tester Zarghoon-21 (46.60g), F1 hybrid, i.e. 

PR137×Borlaug-100 (53.15g) and F2 segregating 

population, i.e. PR-137×Borlaug100 (55.30 g), had bold 

grain and were best for 1000 grain weight (Table 3). 
 

Grain yield (g): Grain yield is the most important 

economic component of wheat, and most wheat 

improvement programs are based on improving yield. In 

the present research, grain yield showed greater variation 

for lines, testers, F1 and F2 populations. Moreover, in lines, 

maximum grain yield was recorded for Benazir-13 (120g), 

followed by PR-138 (110g) and PR-139 (109g). Similarly, 

in testers, the maximum grain yield was shown by T-11 (88 

g), followed by Zarghoon-21 (87g). In F1 cross 

combinations, maximum grain yield was recorded for PR-

137×Borlaug-100 (119g), followed by PR-137×T-11 

(114.00g). However, the minimum grain yield for the first 

filial generation was noted for Tajaban×Pirsabak-15 (30g). 

Similarly, maximum grain yield in the second filial 

generation was recorded for Benazir-13×Borlaug-100 

(69g), followed by Iqilab-91×Borlaug-100 (68g), while 

minimum grain yield per plant was recorded for PR-

138×Zarghoon-21 (31g) (Table 3). Among the tested 

germplasm, the best parental wheat genotypes were 

Benazir-13, PR-138 and T-11, while in the first filial 

generation, PR-137×Borlaug100 and in the second filial 

generation, Benazir-1313×Borlaug-100, showed a 

maximum grain yield (Table 3). 
 

Biological yield (g): It is the total biomass produced by a 

crop, including its stem, leaves, branches, inflorescence, 

spikes, seeds, fruits, and roots. For lines, the minimum 

biological yield was noted for SKD-1 (200g), for Auqab-

2000 (245g), while the maximum biological yield was 

observed for lines Benazir-13 (329g) and for PR-138 

(333g). Similarly, for testers, the minimum biological yield 

was recorded for semi dwarf cultivar, i.e. Taskeen-22 

(197g); however, the maximum biological yield was noted 

for T-11 (273g) and followed by Pirsabak-15 and 

Zarghoon-21 (239 g) (Table 2). Moreover, minimum 

biomass yield was recorded for the F1 cross combination 

SKD-1×Pirsbak-15 (84g), followed by the cross of 

Benazir-13×T-11 (93g). However, maximum biological 

yield was recorded for the cross between Auqab-2000×T-

11 (348g) and PR-137 × Pirsabak-15 (345g). Furthermore, 

maximum biomass yield was noted for F2 segregating 

population PR137×Borlaug-100 (351g), followed by 

PR139×Borlaug-100 (344 g), respectively. Similarly, the 

minimum biological yield values were recorded for 

Tajaban × Taskeen-22 (122 g), followed by Tajaban × 

Zarghoon-21 (147g).  

Combining ability analysis: The greater genetic variation in 

the breeding material allowed further analysis and partition of 

combining ability into its components, i.e., general and 

specific combining ability for lines, testers and their crosses, 

respectively (Tables 4 & 5). According to GCA and SCA 

analysis, positive values were found for the majority of the 

traits, i.e. spike length, spikelets per spike, 1000 grain weight, 

grain yield and biological yield. However, negative GCA and 

SCA effects are enviable for those traits where a minimum 

value is required, i.e. days to heading. 
 

Days to heading: The lines showed negative GCA values 

in the range of -3.34 to 2.56. Four lines, i.e. PR-137, PR-

139, Inqilab-91 and Auqab-2000, showed negative and 

desirable GCA effect (Table 7). While the other 4 lines, 

i.e., PR-138, Tajaban and Benazir-13 showed a positive 

GCA effect.  Highly significant (p≤0.01) negative GCA 

effects were observed for PR-137 (-3.34), followed by PR-

139 (-1.04), Inqilab-91 (-0.84) and Auqab-2000 (-0.74), 

respectively. However, SKD-1, Tajaban and Benazir-13 

showed 0.86, 2.16 and 2.56 GCA values, respectively. 

Moreover, PR-138(0.36) was statistically non-significant. 

Furthermore, testers showed GCA values from -0.89 to 

1.61. However, testers T-11 (-0.89), Borlaug-100 (-0.70), 

and Pirsabak-15 (-0.32) showed negative GCA, 

respectively. In contrast, Zarghoon-21 and Taskeen-22 

possessed positive GCA values of 0.30 and 1.61, 

respectively. In tester, the highly Significant (p≤0.01) 

negative GCA effects were observed in T-11, Borlaug-100 

and Taskeen-22. Overall, in parental lines and testers, the 

highest negative and desirable GCA effects were recorded 

for line PR-137 and tester T-11, and they were considered 

the best general combiner for days to heading. In F1 

crosses, the SCA effects ranged from -3.3 to 5.09 (Table 

4).  Twenty-one out of 40 showed negative SCA, ranging 

from -3.3 to -0.31. However, nineteen F1 hybrids revealed 

positive SCA effects (0.09 to 5.09). Moreover, significant 

(p≤0.01) negative SCA effects were observed for PR-

137×Pirsabak-15 (-2.47), PR-137×Zarghoon-21 (-4.6), 

Inqilab-91×T-11 (2.91) and SKD-1×Borlaug-100 (-3.3) 

and identified as the best specific combiner for days to 

heading. Likewise, in F₂ cross combinations, the SCA 

effects ranged from -1.99   to 2.61 (Table 4), where 23 out 

of 40 showed negative SCA ranging from -1.99 to -0.09. 

However, 17 F2 populations revealed a positive SCA effect 

(0.09 to 2.21). Significant (p≤0.01) negative SCA effects 

were observed for PR-137×Borlaug-100 (-0.58), 

Tajaban×Borlaug-100 (-0.68) and Inqilab-91×T-11 (-

1.39), which were identified as the best specific combiners 

for early flowering, which can be used in the development 

of early maturing wheat genotypes. 
 

Spike length: Lines, i.e. PR-138, PR-139, PR-139, SKD-1 

and Benzir-13 showed negative desirable GCA effects 

ranging from -0.62 to -0.83 (Table 7). However, four lines, 

i.e. PR-137, Inqilab-91, Auqab-2000 and Tajaban, revealed 

positive GCA. The highest negative GCA was reported for 

SKD-1 (-0.62), whereas the highest desirable positive GCA 

was displayed by Tajban (0.81). Similarly, three testers, i.e. 

T-11, Zarghoon-21 and Taskeen-22, showed negative GCA 

ranging from -0.47 to -0.67. However, testers Borlaug-100 

and Pirsabak-15 reported positive GCA.  
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Table 5. Genetic components of 53 wheat genotypes (13 parents and 40 Hybrids in each F1 and F2) for various traits were evaluated 

at the Cereal Crops Research Institute (CCRI), Pirsabak Nowshera, under irrigated environment during 2021 and 2024. 

Genetic components 

Days to  

heading 

Spike  

length 

Spikelet 

perspike 

1000 Grain  

weight 

Grain yield per 

plant 

Biological  

yield 

F₁ F2 F₁ F2 F₁ F2 F₁ F2 F₁ F2 F₁ F2 

σ2gca= [(1+F)/4]σ2A 0.05 0.03 0.04 0.25 15.45 13.90 15.45 13.90 0.25 0.15 113.94 48.79 

σ2sca=[(1+F)/2]2σ2D -0.26 0.62 0.60 5.50 327.60 173.90 327.61 173.90 5.50 5.58 1697.51 1443.00 

σ2gca/σ2sca -0.20 0.04 0.06 0.05 0.05 0.08 0.05 0.08 0.05 0.03 0.07 0.03 

h2 (bs) -0.03 0.33 0.33 0.52 0.89 0.65 0.89 0.65 0.52 0.59 0.59 0.86 

k (20% ) 1.46 1.46 1.46 1.46 1.46 0.30 1.46 0.30 1.46 1.46 1.46 1.46 

Grand  Mean 117.00 161.50 13.78 40.70 74.00 56.00 74.00 56.00 40.70 47.78 206.00 168.00 

Genetic Advance -0.01 0.08 0.09 0.16 0.36 0.28 0.36 0.28 0.16 0.15 0.23 0.29 

GA (%) -0.01 0.05 0.68 0.39 0.48 0.51 0.48 0.51 0.39 0.31 0.11 0.17 

GCV 2.07 0.92 3.17 3.67 7.87 13.95 7.87 13.95 3.67 2.93 25.44 12.19 

PCV 0.13 0.13 0.52 1.00 0.68 0.52 1.00 0.68 0.33 0.25 0.18 0.18 

 

Table 6. Proportional contribution of lines, testers and Line×Tester population in F1 and F2 generations. 

% Proportional 

contribution 

Days to  

heading 

Spike  

length 

Spikelet per 

spike 

1000 Grain 

weight 

Grain yield per 

plant 

Biological  

yield 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Lines 42.9 34.0 38.1 39.6 40.1 23.2 37.0 39.2 51.44 23.15 57.0 59.9 

Tester 23.3 31.4 27.2 28.4 39.0 37.4 22.2 19.7 5.72 37.43 4.5 10.5 

Line x Tester 33.8 34.6 34.7 32.1 20.8 39.4 40.8 41.1 42.84 39.42 38.5 29.6 
 

Table 7. General combining ability effect (GCA) for various traits of 13 parents. 

Genotypes 
Days to  

heading 

Spike  

length 

Spikelet per 

spike 

1000 grain 

weight 

Grain  

yield 

Biological 

yield 

I. Lines       

PR-137 -3.34 ** 0.25* 0.18ns 3.35** 22.48** 73.2** 

PR-138 0.36 ns -0.38** 0.18ns 2.92** 0.47ns 31.6** 

PR-139 -1.04 ** -0.52** 0.7** 1.15ns 5.47** 28.7** 

Inqilab-91 -0.84 ** 0.83** -0.38** -2.23* 1.88ns 45.5** 

Auqab-2000 -0.74 ** 0.07ns 0.44** -1.13ns -2.53* -18.9** 

SKD-1 0.86 ** -0.62** -1.02** -4.41** -22.52** -75.2** 

Tajaban 2.16 ** 0.81** 0.68** 3.71** -1.52ns -52.2** 

Benazir-13 2.56 ** -0.44** -0.8** -3.37** -3.72** -32.7** 

S E of GCA for lines  0.65 0.15 0.18 0.68 0.32 10.54 

II. Tester        

T-11 -0.89** -0.47** -0.1ns -0.68ns 9.35** 21.23** 

Borlaug-100 -0.7** 0.67** 0.57** 0.01ns -4.15** -1.4ns 

Pirsabak-15 -0.32ns 0.4** 0.71** -3.31** 1.79ns -2.65ns 

Zarghoon-21 0.3ns -0.46** -0.98** 1.93** -4.21** -18.09** 

Taskeen-22 1.61** -0.14ns -0.19* 2.05** -2.78** 0.91ns 

S E of GCA for testers 0.46 0.11 0.12 0.48 0.34 7.45 
*,**= Significant at p≤0.05 and p≤0.01, Respectively, ns= Non-significant, S E= Standard error 
 

For spike length, in F1 cross combinations, the SCA 

effects ranged from -10.54 to 4.63 (Table 4). Nineteen out of 

40 showed negative SCA, ranging from (-0.10 to -0.59). In F1 

generations, the SKD-1×T-11 had the highest negative SCA 

effect (-10.54), followed by Benazir-13×T-11 (-5.5), and the 

maximum positive SCA was reported for the F1 hybrid, i.e. 

PR-139×T-11 (4.63). Similarly, in F2 populations, the SCA 

effects ranged from -1.89 to 1.27 (Table 4). Fifteen out of 40 

showed negative SCA, ranging from -1.89 to -0.06. Moreover, 

in the F2 population, the Tajaban×Zarghoon-21 had the 

highest negative SCA effect (-1.89) followed by PR-139×T-

11 (-0.92) and the maximum positive SCA was reported for 

Tajaban×Pirsabak-15 (1.27) (Table 4). 

 

Spikelets per spike: For spikelets per spike, the lines 

showed negative GCA values ranging from -1.02 to 0.7 

(Table 7). Three lines, i.e., Inqilab-91, SKD-1 and Benazir-

13, showed a negative GCA effect. However, 5 lines, i.e. 

PR-137, PR-138, PR-139, Auqab-2000 and Tajaban, 

revealed a positive and desirable GCA. Likewise, testers 

showed a GCA value from -0.98 to 0.71 (Table 7). Three 

testers, i.e. T-11, Taskeen-22 and Zarghoon-21, had 

negative GCA, while two testers, Borlaug-100 and 

Pirsabak-15, had a positive GCA, i.e. 0.57 and 0.71, 

respectively. The maximum negative GCA was reported 

for Zarghoon-21(-0.98). Overall, in parental lines and 

testers, the highest positive GCA effects were recorded for 

line PR-139 (0.7) and tester Pirsabak-15 (0.71), which 

proved to be the best general combiners for spikelet per 

spike. Similarly, for spikelet per spike, in the F1 population, 

the SCA effects ranged from -1.32 to 1.6. Moreover, 

nineteen out of 40 showed positive SCA, ranging from 0.02 

to 1.6, as shown in Table 4. Moreover, in F1 generations, 

Tajaban×Borlaug-100 had the highest positive (1.6) SCA 

effect, followed by Auqab-2000×T-11 (1.5), whereas the 

maximum negative SCA was recorded for Auqab-

2000×Zarghoon-21 (-1.32). Similarly, in F₂ segregants, the 

SCA effects ranged from -1.32 to 1.6 (Table 4). Moreover, 
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nineteen cross combinations showed positive SCA ranging 

from 0.08 to 1.6. In F2 populations, the cross combination, 

i.e. Tajaban×Borlaug-100, had the highest positive SCA 

(1.6), followed by Auqab-2000×T-11 (1.5), and the 

maximum negative SCA was reported for Auqab-

2000×Zarghoon-21 (-1.32) (Table 4). 

 

1000 grain weight: The GCA values for 1000 grain weight 

ranged from -4.41 to 3.71; four lines, i.e. PR-137, PR-138, 

PR-139 and Tajaban, revealed positive and desirable GCA 

effect (Table 7). However, 4 lines, i.e.  Inqilab-91, Auqab-

2000, SKD-1 and Benazir-13, revealed a negative GCA. The 

highest negative GCA was recorded for SKD-1 (-4.41), 

whereas the highest positive GCA was observed for Tajaban 

(3.71). Likewise, testers showed GCA values ranged from -

3.31 to 2.05 (Table 7). However, two testers, i.e. Pirsabak-15 

and T-11, had negative GCA, while 3 testers, Taskeen-22, 

Borlaug-100 and Zarghoon-21 showed a positive GCA of 

2.05, 0.01 and 1.93, respectively. The maximum positive 

GCA was reported for Taskeen-22 (2.05). Overall, in parental 

lines and testers, the highest positive GCA effects were 

recorded for line Tajaban (3.71) and tester Taskeen-22 (2.05) 

and were considered the best general combiner for 100 grain 

weight. Similarly, for 1000 grain weight, in F1 hybrids, the 

SCA effects ranged from -9.35 to 16.53. Seventeen out of 40 

showed positive SCA, ranging from 0.02 to 16.53 (Table 4). 

The F1 cross combination, i.e., Tajaban×Taskeen-22, had the 

highest positive (16.53) SCA effect, followed by PR-

137×Borlaug-100 (6.19), and the maximum negative SCA 

was recorded for Tajaban×Pirsabak-15 (-5.61). Moreover, in 

the F2 population, the SCA effects were -9.47 to 6.97 (Table 

4). Twenty out of 40 F2 segregants showed positive SCA 

ranging from 0.03 to 6.97. The PR-137×Borlaug-100 had the 

highest positive (6.93) SCA effect, followed by SKD-

1×Pirsabak-15 (6.47) and the maximum negative SCA was 

reported by PR-137×Taskeen-22 (-9.47).  

 

Grain yield per plant: The lines showed positive GCA 

values in the range of 1.88 to 22.88 (Table 7). Four lines, 

i.e. PR-137, PR-138, PR-139 and Inqilab-91, showed 

positive and desirable GCA effect. However, 4 lines, i.e. 

Auqab-2000, SKD-1, Tajaban and Benazir-13 showed a 

negative GCA effect. Whereas, PR-138, Inqilab-91 and 

SKD-1 showed 0.47, 1.88, respectively. Similarly, testers 

showed that GCA values ranged from -4.15 to 9.35. Wheat 

testers, i.e. T-11 and Pirsabak-15, showed positive GCA 

(9.35) and (1.79), respectively. However, Borlaug-100, 

Zarghoon-21 and Taskeen-22 possessed negative GCA 

values ranging from -4.15, 4.21 and -2.78, respectively. 

Overall, in parental lines and testers, the highest positive 

and desirable GCA effects were recorded in line PR-137 

and tester T-11 and were found to be the best general 

combiner for grain per plant (Table 7). For grain yield per 

plant in F₁ cross combinations, the SCA effects ranged 

from -20.23 to 22.25 (Table 4). Twenty-one F1 hybrids out 

of 40 showed positive and desirable SCA ranging from 

0.15 to 22.25. In F1 cross combinations, i.e. PR-

138×Taskeen-22 had the highest negative SCA effect 

(22.25), followed by PR-138×Taskeen-22(22.23) and the 

maximum negative SCA was noted by Tajaban×Taskeen-

22(-20.23). Highly significant (p≤0.01) positive SCA was 

observed in Inqilab-91×Borlaug-100 (22.25), followed by 

PR-138×Taskeen-22 (22.23) and PR-138×Borlaug-100 

(21.15) (Table 4). Similarly, in F2 segregants, the SCA 

effects ranged from -25.39 to 22.77 (Table 4).  Moreover, 

eighteen F2 populations out of 40 showed positive SCA 

ranging from 1.67 to 22.77. Furthermore, in the F2 

population, SKD-1×Zarghoon-21 had the highest negative 

SCA effect (22.77), followed by Tajaban×Borlaug-100 

(22.59) and the maximum negative SCA was reported for 

SKD-1×T-11 (-25.39) (Table 4).   

 

Biological yield: For the biological yield of the plants, the 

GCA effect values ranged from 75.2 to 73.2 (Table 7) among 

parental genotypes. Four lines, i.e. PR-137, PR-138, PR-139 

and Inqilab-91, revealed positive and desirable GCA effect. 

While four lines, i.e. SKD-1, Tajaban, Auqab-2000 and 

Benazir-13, revealed a negative GCA. The highest negative 

GCA was recorded in SKD-1 (-75.2), whereas the highest 

positive GCA was revealed in PR-137 (73.2). Similarly, 

testers showed GCA values ranging from -18.09 to 21.23. 

Three testers, i.e. Pirsabak-15, Borlaug-100 and Zarghoon-21, 

had negative GCA; however, two testers, T-11 and Taskeen-

22, reported a positive desirable GCA value of 21.23 and 0.91, 

respectively. Overall, in parental lines and testers, the highest 

positive GCA were recorded for PR-137, PR-138, PR-139, 

Inqilab-91 and testers T-11, so they are the best general 

combiners for the biological yield of the plants. In the F1 

population, the SCA effects were noted to range from -98.43 

to 67.89 (Table 4). Twenty-three out of 40 cross combinations 

showed positive SCA in the range of 1.05 to 67.89. Benazir-

13×Zarghoon-21 had the highest positive (67.89) SCA effect 

followed by PR-137×Pirsabak-15 (54.55) and the maximum 

negative SCA was reported by  Benazir-13×T-11 (-98.43) 

highly Significant (p≤0.01) positive  SCA was observed in 

cross combinations i.e. PR-137×Pirsabak-15, PR-139×T-11, 

Inqilab-91×T-11, Auqab-2000×T-11, Tajaban×T-11, 

Benazir-13×Zarghoon-21 and  Benazir-13×Taskeen-22 so 

these crosses could be used as a best specific combiner for the 

biological yield of the plants in F₁  generation. Similarly, in 

the F2 population, the cross combination, i.e.  Auqab-2000×T-

11, had the highest positive (63.61) SCA effect, followed by 

SKD-1×Zarghoon-21 (60.95), and the maximum negative 

SCA was reported by Benazir-13×T-11 (-55.79), as shown in 

Table 4. In the F2 generation, highly Significant (p≤0.01) 

positive  SCA was observed in the cross of Auqab-2000 × T-

11, Tajaban× T-11, PR-139×T-11, Inqilab-91×T-11, Inqilab-

91×Taskeen-22, Tajaban×T-11, PR-139×Borlaug-100 and 

Benazir-13×Taskeen-22, PR-137×Pirsabak-15, so these 

genotypes could be used as the best specific combiner for the 

biological yield of the plants.  

 

Gene action: Variances due to σ2sca in F₁ generation were 

greater than the σ2gca for traits, i.e. spike length, spikelet 

per spike, 1000 grain weight, grain yield per plant and 

biological yield, suggesting dominant or non-additive gene 

action (Table 5). Likewise, in F2 generation variances due 

to σ2sca were also greater than the σ2gca for traits spike 

length, spikelet per spike, 1000 grain weight, grain yield 

per plant and biological yield were controlled by non-

additive gene action. However, the present study revealed 

that the variance due to σ2gca was greater than that due to 

σ2sca for days to heading in both the F1 and F2 

generations, indicating that this trait was controlled by 
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additive gene action. The findings were supported by the 

ratios of the variances for spike length, spikelets per spike, 

1000-grain weight, grain yield per plant, and biological 

yield, which were less than unity. Therefore, it appeared 

that the inheritance of all traits except days to heading was 

controlled by additive gene action. 

 

Proportional contribution of genotypes to total 

variance: In proportional contribution to the total variance 

in F1, the lines had a maximum share for traits, i.e., days to 

heading (42.9%), Spike length (38.1%), spikelet per spike 

(40.1%), grain yield per plant (51.44%) and biological 

yield (57.0%), shown in Table 6. Similarly, for 1000 grain 

weight (40.8%), the share of line-by-tester cross 

combinations was greater than that of lines and testers. 

Moreover, in the F2 generation, the lines had maximum 

share for traits, i.e. spike length (38.1 %), grain yield per 

plant (56.47%) and biological yield (59.0%) (Table 6). 

Furthermore, for days to heading (34.6%), spikelet per 

spike (39.4%), and 1000 grain weight (41.1%), the 

contribution of line-by-tester populations was higher 

compared to lines and testers.  

 

Discussion 

 

The genotypes (parental lines, testers, F₁ and their F₂ 

populations) exhibited significant (p≤0.01) differences for 

earliness, morphological and yield traits, confirming that 

genotypes had larger genetic variation and more chances of 

improvement through intensive selection. Days to heading 

are an important Parameter for earliness in grain yield. 

Early heading is desirable, and plant architects are keen to 

create new varieties of wheat with early maturity. As a 

result of days to heading, the short time for grain filling 

eventually led to a reduction in grain weight (Ullah et al., 

2018). Similarly, in wheat, days to heading is an important 

trait that contributes towards high yield, and early heading 

is desirable for wheat breeders because grain filling 

duration increases, which eventually increases yield (Iqbal 

et al., 2021). In the present study, the parental cultivars 

Tajaban, Benazir-13 and PR-139 exhibited significant 

(p≤0.01) differences for earliness. In testers, the minimum 

value for days to heading 114 was recorded in Borlaug-

100. The minimum days to heading were reported for 

Inqilab-91×T-11(F₁ generation) and PR-139×T-11 (F₂ 

population), which could be used in future breeding 

programs for earliness. 

In the current study, first filial generation, i.e. PR-

137×Pirsabak-15, PR-137×Zarghoon-21 and F2 populations, 

i.e., PR-137×Borlaug-100, Tajaban×Borlaug-100 and 

Inqilab-91×T-11 Lines PR-137, PR-139, Inqilab-91, Auqab-

2000 were found to produce early flowers and were believed 

to be specific and general combiners for earliness. 

Combining ability studies conducted earlier also revealed 

significant variability among the parental cultivars and their 

F1 and F2 populations for various agronomic parameters in 

wheat (Adhikari et al., 2020; Dhoot et al., 2020). The 

parental cultivars and F1 and F2 populations revealed 

significant differences for earliness and yield traits by 

evaluating through LinexTester mating design in wheat 

(Aslam et al., 2014; Rauf et al., 2023). Similarly, wheat 

genotypes with the least days to flowering and maturity 

could be used as a gene source for developing early-

maturing wheat genotypes in future breeding programs 

(Murugan & Kannan, 2017; Rahul, 2017). The current study 

identified promising general combiners for grain yield per 

plant among parental genotypes, including lines PR-137, 

PR-139, Pirsabak-15 and T-11. The best specific combiner 

in F1 cross combinations were Inqilab-91×Borlaug-100 and 

PR-138×Taskeen-22, whereas, in F2 populations, SKD-

1×Zarghoon-21, Tajaban×Borlaug-100 and PR-139×T-11 

were the best specific populations. These findings are 

consistent with previous research, which has shown that 

grain yield in wheat is significantly influenced by traits such 

as tillers, spike characteristics and seed index (Ingle et al., 

2018). Additionally, studies have reported substantial 

variations in F1 and F2 populations resulting in increased 

grain yield compared to parental genotypes (Afridi et al., 

2019). Furthermore, grain yield is positively correlated with 

harvest index, with genotypes exhibiting higher harvest 

indices tending to have increased grain yields (Jain & Sastry, 

2012). Combining ability analysis has also revealed that 

lines and testers can exhibit positive general combining 

ability for grain yield and its components, while F1 and F2 

populations can display positive specific combining ability 

(Aslam et al., 2014). Moreover, significant positive general 

combining ability for grain yield and harvest index has been 

observed in parent cultivars and some F1 populations (Saeed 

& Khalil, 2017). 

Results showed that lines (PR-138, PR-139, PR-139 

and SKD-1), Testers (T-11, Zarghoon-21 and Borlaug-

100), F1 hybrids (SKD-1×T-11) and F2 population 

(Tajaban×Zarghoon-21) were the best general and specific 

combiners for spike length. A similar result of the 

dominance of gene action in spike length was also 

published by Guo et al., (2024). For spike length, an over-

dominance type of gene action was also recorded by 

Rabbani et al. (2009) and Ullah et al. (2011), while Zeyu 

et al., (2024) reported partial dominance gene action in 

wheat genotypes. Guo et al., (2024) and several other 

researchers reported both additive and dominant gene 

action for spike length in bread wheat. In spikelets per 

spike, the best general and specific combiners were PR-

139, in lines, Pirsabak-15 in tester, Tajaban×Borlaug-100 

in F1 and SKD-1×Pirsabak-15 in F2 crosses. The spikelets 

per spike showed dominant gene action. Metwali et al., 

(2014) conducted a 5×5 diallel mating experiment to 

investigate the genetic structure of 5 barley cultivars, their 

F1 and F2 progenies, and to assess these genotypes under 

both normal and salinity stress conditions. “significant” 

“additive” and “dominance” effect of genes were observed 

for spikelets per spike, spikes per plant, spike length, grains 

per spike, chlorophyll a, b contents, calcium and 

magnesium content. These findings were in accordance 

with those of Ullah et al., (2011), who also reported an 

equal proportion of dominant and recessive genes for 

spikelet spike-1 in bread wheat. The present findings were 

also supported by the study of Nazir et al., (2014), which 

conducted an experiment using 5×5 diallel crosses in wheat 

and reported that hybrid plants showed significant effects 

on spikelet per spike and other parameters. 

Similarly, in 1000-grain weight, the best general 

combiners were PR-137 and PR-138 among lines; 

Tajabanand, Zarghoon, Taskeen among testers; 
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Tajaban×Taskeen-22 among F1 crosses and PR-

137×Borlaug100, SKD-1×Pirsabak-15 in F2 crosses. Similar 

results of line by testers of different wheat varieties were also 

reported by Ahmad et al., (2017) for 1000-grain weight in 

bread wheat. Ljubičić et al., (2017) also studied economic and 

grain-related traits using 5×5 diallel crosses involving wheat 

cultivars/lines viz., Millat-11, Punjab-11, 9466, 9469 and 

9459-1. Results showed that some quantitative traits, such as 

peduncle length, 100-grain weight, and grain yield, were 

significant. Similar results of dominant genes for 1000-grain 

weight were also reported by Ullah et al., (2011) in different 

bread wheat genotypes under rainfed conditions. Similar 

results with dominant and recessive gene distribution in wheat 

were also published by Rabbani et al., (2009). Overall, there 

were significant (p≤0.01) variations between parental 

genotypes and the F₂ population, indicating that genotypes 

had greater genetic diversity and greater opportunities for 

improvement through intense selection in subsequent 

segregating generations. In past, combining ability analysis 

discovered significant variation among F2 populations for 

various agronomical traits in wheat (Adhikari et al., 2020). 

PR-137, PR-138, PR-139, Inqilab-91 and testers T-11 

were regarded to be the best general combiners and PR-

137×Pirsabak-15, PR-139×T-11, Inqilab91×T-11, Auqab-

2000×T-11, Tajaban×T-11, Benazir-13×Zarghoon-21 and 

Benazir-13×Taskeen-22 were the best specific combiners in 

F1 cross combinations. Similarly, F2 populations Auqab-

2000×T-11, Tajaban× T-11, PR-139×T-11, Inqilab-91×T-11, 

Inqilab-91×Taskeen-22, Tajaban×T-11, PR-139×Borlaug-

100 and Benazir-13×Taskeen-22, PR-137×Pirsabak-15 were 

the best specific combiners for biological yield. Our present 

results were also supported by the study of Akbari et al., 

(2013) in a 6 × 6 diallel of 30 F2 populations along with their 

parents to estimate genetic parameters for grain yield and 

biological yield.  In wheat breeding programs for the said 

traits, parental genotypes with desirable GCA effects were 

regarded as the best parental genotypes and good general 

combiners (Afridi et al., 2017). However, F2 populations with 

significantly acceptable effects, on the other hand, were 

deemed the greatest combiners for biological yield. Moreover, 

our results were in agreement with Patel et al., (2020) & 

Elmyhun et al., (2020), who reported a significant negative 

GCA effect with a desirable p-value (p≤0.01) in lines and non-

additive gene action, which was primarily involved for 

biological yield. 

 

Conclusion 

 

Our findings reflect incremental improvements across 

generations for various earliness and yield-related traits in 

parental lines and their F1 and F2 offspring. The maximum 

1000-grain weight was reported for PR 137×Borlaug-100 

(53.15 g and 55.30 g) in both generations. Similarly, 

Benazir-13 revealed a maximum grain yield per plant 

(120g). Regarding combining ability analysis for 1000-

grain weight, the promising GCA was reported in Tajaban, 

while the promising SCA was reported for 

Tajaban×Taskeen-22 in F1 and PR-137×Borlaug-100 in F2 

generation. Moreover, for grain yield per plant, the 

promising general combiners were PR-137 and PR-139, 

while the best specific combiner was Inqilab-91×Borlaug-

100 (F1) and SKD-1×Zarghoon-21 (F2). The ratios of GCA 

to SCA variances and degree of dominance showed that the 

inheritance of all traits except days to heading was 

controlled by non-additive gene action. This suggests that 

selection for improvement should be delayed to later 

generations for better results. Thus, the above crosses are 

considered the best wheat varieties and could be used in the 

next generation to release the best wheat varieties. 

 

Novelty Statement: The wheat genotypes PR-137, PR-

139×T-11 and Tajaban×Pirsabak-15 were the best general 

combiners for spike length. Tajaban and Tajaban × 

Taskeen-22 were the best general combiners and SCA, 

respectively, for 1000-grain weight. Genotypes PR-137, 

Inqilab-91×Borlaug-100 and Tajaban×Borlaug-100 had 

the best GCA and SCA. The genotypes PR-139, 

Tajaban×Borlaug-100 and SKD-1×Pirsabak-15 were the 

best general combiners for spikelets of spike-1. 

 

Acknowledgements 

 

We acknowledge and are thankful to the Cereal Crop 

Research Institute (CCRI), Pirsabak Nowshera, Pakistan, 

for providing the research materials and facilitation during 

the execution of this project. The authors also thank the 

Department of Botany, Abdul Wali Khan University, 

Mardan, for approval of this study as well as Prof. JinYang 

Li, Tropical Genetic Resources Institute, Chinese 

Academy of Tropical Agricultural Sciences, Haikou, for 

financial assistance. 

 

Funding: This project was financially supported by the 

Department of Botany, AWKUM and Central Public-

interest Scientific Institution Basal Research Fund 

(NO.1630032024006), China Agriculture Research 

System of MOF, and MARA (CARS-31-02). 

 

Author's Contribution: The field experiment was 

executed by Wisal Muhammad under the supervision of 

Dr. Abdur Rauf and Dr. Khilwat Afridi. The original draft 

of the current MS was produced by WM and critically 

edited and proofread by AR, KA, and JL.  

Conflict of Interest: All the authors declare no competing 

interests.  

 

Data Availability: All data generated during this study are 

mentioned in this article. 

 
References  

 

Adhikari, A., A.M. Ibrahim, J.C. Rudd, P.S. Baenziger and J.B. 

Sarazin. 2020. Estimation of heterosis and combining 

abilities of US winter wheat germplasm for hybrid 

development in Texas. Crop Sci., 60(2): pp.788-803. 

Afridi, K., N.U. Khan, S. Gul, Z. Bibi, S. Ali, N. Ali, S.A. Khan, 

S.M. Khan, I.A. Khalil and A. Khan. 2019. Genetic 

characterization of stripe rust and yield traits in bread wheat. 

Int. J. Agric. Biol., 21(3): 621-629. 

Afridi, K., N.U. Khan, Z. Bibi, S. Gul, R. Gul, S. Ali, N. Ali, I.A. 

Khalil, F. Uddin and G. Ahmad. 2017. Assessment of genetic 

effects for earliness and yield traits in F₁ and F₂ half diallel 

populations of wheat. Int. J. Agric. Biol., 20: 2785-2796. 



WISAL MUHAMMAD ET AL., 12 

Ahmad, H.G.M.D., M. Rizwan, H.A. Anwaar, A. Qadeer, Z. 

Zafar and H. Jamil. 2017. Combining ability analysis for 

morphological traits in wheat. Int. J. Biosci., 11(4): 41-47. 

Akbari, L., M. Khodambashi and S. Houshmand. 2013. Genetic 

analysis of phenologic and productivity traits in lentil (Lens 

culinaris Medik). IJACS., 5: 2579-2583.  

Anonymous. 2018. FAOSTAT. FAO; Rome: Statistical Database 

of the Food and Agriculture of the United Nations. 

http://www.fao.org/faostat/en/#data 

Anonymous. 2024. FAOSTAT. FAO; Rome: Statistical Database 

of the Food and Agriculture of the United Nations. 

http://www.fao.org/faostat/en/#data 

Arif, M., W. Khan, A. Hafeez, A. Rauf, S. Sakhi, S. Ali, T. 

Kumar, M. Shuaib, S. Khan, A.T.D.A. Júnior, A. Okcu, M. 

Ercisli, S. Hussain and F. Fazal. 2023. Genotypic 

performance of F4:7 wheat lines under irrigated and rainfed 

conditions. Pol. J. Environ. Stud., 32(5): 3947-3957.  

Aslam, R., M. Munawar and A. Salam. 2014. Genetic architecture of 

yield components accessed through line×tester analysis in 

wheat (Triticum aestivum L.). Univ. J. Plant Sci., 2(5): 93-96. 

Bhateria, S., S.P. Sood and A. Pathania. 2006. Genetic analysis of 

quantitative traits across environments in linseed (Linum 

usitatissimum L.). Euphytica, 150:185 194. 

Dhoot, M., H. Sharma, R.B. Dubey, V.K. Badaya and R. Dhoot. 

2020. Combining ability analysis for yield and some of its 

associated characters in late sown condition in bread wheat 

(T. aestivum L. em. Thell). J. Pharmacog. Phytochem. 9(2): 

283-286. 

Dhoot, M., H. Sharma, V.K. Badaya and R. Dhoot. 2020. 

Heterosis for earliness and heat-tolerant trait in bread wheat 

(Triticum aestivum L.) over the environments. Int. J. Curr. 

Microbiol. Appl., 9(3): 624-630. 

Elmyhun, M., C. Liyew, A. Shita and M. Andualem. 2020. 

Combining ability performance and heterotic grouping of 

maize (Zea mays) inbred lines in testcross formation in 

western Amhara, Northwest Ethiopia. Cogent Food Agri., 6: 

1, 1727625  

Farooq, M.U., I. Ishaaq, R. Maqbool, I. Aslam, S.M.T.A. Naqvi 

and S. Mustafa. 2019. Heritability, genetic gain and 

detection of gene action in hexaploid wheat for yield and its 

related attributes. AIMS Agric. Food, 4(1): 56-72. 

Fasahat, P., A. Rajabi, J.M. Rad and J. Derera. 2016. Principles 

and utilization of combining ability in plant breeding. Biom. 

Biostat. Int. J., 4(1): 1-22. 

Gautam, U., S. Kukreja, R. Tiwari, A. Chaudhury, R.K.  Gupta, B.B. 

Dholakia and R. Yadav. 2013. Biotechnological approaches for 

grain quality improvement in wheat: Present status and future 

possibilities. Aust. J. Crop Sci., 7(4): 469-483. 

Govindan, V., K.D. Michaux and W.H. Pfeiffer. 2022. 

Nutritionally enhanced wheat for food and nutrition security. 

In: (Eds.): Reynolds, M.P. & H.J. Braun. Wheat 

Improvement. Springer, Cham. 

Griffing, B. 1956. Concept of general and specific combining 

ability in relation to diallel crossing systems. Aust. J. Biol. 

Sci., 9: 463-493. 

Guo, Ai., H. Chao, B. Siteng, Z. Ziru, L. Ankui, H. Xin, L. 

Yanyan, J. Liujie, Z. JiaCheng, Z. Heping, D. Dengxiang, C. 

Hao, G. Xin, S. Sulaiman, S. Handong, L. Caixia, C. Wei, L. 

Qiang, M. Hailiang, L. Lin, L. Hao, C. Dijun, K. Kerstin, 

F.A. Khaled and Y. Wenhao. 2024. Dissecting the molecular 

basis of spike traits by integrating gene regulatory networks 

and genetic variation in wheat. Plant Comm., 5(5): 100879. 

Hama-Amin, T. N. and S.I. Towfiq. 2019. Estimation of some 

genetic parameters using line × tester analysis of common 

wheat (T. aestivum L.). Appl. Ecol. Environ. Res., 17(4): 

9735-9752. 

Hei, N., S. Hussein and M. Laing. 2015. Heterosis and combining 

ability analysis of slow rusting stem rust resistance and yield 

and related traits in bread wheat. Euphytica, 207: 501-514. 

Ingle, N.P., P.B. Wadikar and P.M. Salunke. 2018. Combining 

ability and gene action studies for grain yield and yield 

contributing traits in wheat (T. aestivum L.). Int. J. Curr. 

Microbiol. Appl. Sci., 7(8): 2684-2691. 

Iqbal, M.A., J. Rahim, W. Naeem, S. Hassan, Y. Khattab and A. 

El Sabagh. 2021. Rainfed winter wheat (Triticum aestivum 

L.) cultivars respond differently to integrated fertilization in 

Pakistan. Fres. Environ. Bul., 30(4): 3115-3121.  

Istipliler, D., E. Ilker, F.A. Tonk, G. Civi and M. Tosun. 2015. 

Line × tester analysis and estimating combining abilities for 

yield and some yield components in bread wheat. Turk. J. 

Field Crops, 20(1): 72-77. 

Jain, S.K. and E.V.D. Sastry. 2012. Heterosis and combining 

ability for grain yield and contributing trait in bread wheat. 

J. Agric. Appl. Sci., 1(1): 17-22. 

Kandil, A.A., A.E. Sharief and H.S.M. Gomaa. 2016. Estimation 

of general and specific combining ability in bread wheat (T. 

aestivum L.). Int. J. Agric. Res., 8(2): 37-44. 

Kempthorne, O. 1957. Introduction to Genetic Statistics. John 

Valley and Sons. London, Chapman and Hall. Ltd. 

Khan, T., S, Gul, N.U. Khan, O.O. Fawibe, N. Akhtar, M. 

Rehman, N. Sabah, M.A. Tahir, A. Iqbal, F. Naz, I. Haq 

and A. Rauf. 2023. Stability analysis of wheat through 

genotype by environment interaction in three regions of 

Khyber Pakhtunkhwa, Pakistan. SABRAO J. Breed. Genet., 

55(1): 50-60. 

Khattab, S.A.M., R.M. Esmail and A.M.F. Al-An-Sary. 2010. 

Genetical analysis of some quantitative traits in bread wheat 

(Triticum aestivum L). New York Sci. J., 3: 152-157. 

Khiabani, B.N., S. Aharizad and S.A. Mohammadi. 2015. Genetic 

analysis of grain yield and plant height in full diallel crosses 

of bread wheat. Biol., Forum., 7(1): 1164-1172. 

Khokhar, A.A., F.G. Nizamani, R.A. Rind, M.M. Nizamani, M.U. 

Khokhar, A, Shah, A.L. Nizamani and M.R. Rind. 2019. 

Combining ability estimates in 6 x 6 half diallel crosses of bread 

wheat (T. aestivum L.). Pure Appl. Biol., 8(3): 1980-1990. 

Kumar, D., A. Kumar, A. Kumar, S. Kaur and A.K. Yadav. 2018. 

Combining ability for yield attributing traits in wheat (T. 

aestivum L.). J. Pharm. Phytochem., 2730-2735. 

Ljubičić, N., S. Petrović, M. Kostić, M. Dimitrijević, N. Hristov, 

A. Kondić and R. Jevtić. 2017. Diallel Analysis of Some 

Important Grain Yield Traits in Bread Wheat Crosses. Turk. 

J. Field Crops, 22: 1-7. 

Mandal, A.B. and G. Madhuri. 2016. Combining ability analysis 

for morphological and yield traits in wheat (Triticum 

aestivum L.). J. Plant Sci. Res., 3(2): 157. 

Metwali, E.M.R., S.H.M. Abd El-Haleem, R.A.R. EL-Saeid and 

N.M.S. Kadasa. 2014. An investigation of gene action on 

different traits of barley (Hordeum vulgare L.) using partial 

diallel crosses system. Life Sci J., 11(1): 64-71. 

Minhas, N.M., S.U. Ajmal, Z.I. Ahmad and M. Munir. 2014. 

Genetic analysis for grain quality traits in Pakistani wheat 

varieties. Pak. J. Bot., 46(4): 1409-1413. 

Murugan, A. and R. Kannan. 2017. Heterosis and combining 

ability analysis for yield traits of Indian hexaploid wheat (T. 

aestivum L.). Int. J. Recent Sci. Res., 8(7): 18242-18246. 

Nazir, A., I. Khaliq, J. Farooq, K. Mahmood, A. Mahmood, M. 

Hussain and M. Shahid. 2014. Pattern of inheritance in some 

yield related parameters in spring wheat (Triticum aestivum 

L.). Amer. J. Bio. Life Sci., 2 (6): 180-186. 

Parveen, N., M. Iqbal, M. Tahir, S. Aleem, R. Aslam, E. Amin, K.L. 

Cheema and A.S. Khan. 2019. Assessment of heritable 

variation and best combining genotypes for grain yield and its 

attributes in bread wheat. Amer. J. Agric. Res., 4(31): 1-9. 

Patel, P., B.C. Patel, M. Sidapara and D.D. Sharma. 2020. 

Combining ability and gene action studies for yield and its 

component traits in bread wheat (Triticum aestivum L.). 

IJCMAS., 9. 10.20546: 905.282.  

http://www.fao.org/faostat/en/#data
http://www.fao.org/faostat/en/#data


GENERAL AND SPECIFIC COMBINING ABILITY ANALYSIS IN LINES, TESTERS, AND HYBRIDS 13 

Rabbani, G., M. Munir, S.U. Ajmal, F. Hassan, G. Shabbir and A. 

Mahmood. 2009. Inheritance of yield related attributes in 

bread wheat under irrigated and rainfed conditions. Sarhad 

J. Agric., 25(3): 429-435. 

Rahul, S.R. 2017. Combining ability and heterosis for morpho-

physiological characters on bread wheat (T. aestivum L.). J. 

Agric. Res., Technol., 13(1): 1-9. 

Rajput, R.S. 2019. Path analysis and genetic parameters for grain 

yield in bread wheat (T. aestivum L.). Ann. Res. Rev. Biol., 

31(3): 1-8. 

Rajput, R.S. and V.S. Kandalkar. 2018. Combining ability and 

heterosis for grain yield and its attributing traits in bread wheat 

(T. aestivum L.). J. Pharm. Phytochem., 7(2): 113-119. 

Rashid, M.A.R., A.S. Khan and R. Iftikhar. 2012. Genetic study 

for yield and yield related parameter in bread wheat. Amer. 

Eur. J. Sci., 2(10): 790-796. 

Rauf, A., MA. Khan, F. Jan, S. Gul, K. Afridi, I. Khan, H. Bibi, 

RW. Khan, W. Khan and T. Kumar. 2023. Genetic analysis 

for production traits in wheat using line x tester combining 

ability analysis. SABRAO J. Breed. Genet., 55(2): 358-366. 

Sabit, Z., D.B. Yadav and D.P.K. Rai. 2017. Genetic variability, 

correlation and path analysis for yield and its components in 

F5 generation of bread wheat (T. aestivum L.). J. Pharm. 

Phytochem., 6(4): 680-687. 

Sadiq, M., Nadia, A. Rauf, K. Afridi, M. Qayash, S. Yaqub, K. 

Jabbar, G. Khan, I. Khan, A. Khan, T. Ullah, T. Kumar, M. 

Arif, M. Ismail and M. Munir. 2025. Evaluation of genetic 

variability and yellow rust in selected wheat lines. PJWSR., 

31(1): 16-36. 

Saeed, M. and I.H. Khalil. 2017. Combining ability and narrow-

sense heritability in wheat (T. aestivum L.) under rainfed 

environment. Sarhad J. Agric., 33(1): 22-29. 

Sattar, S., B. Nawaz. A. Tahir, A. Ahmed, M. Naeem, M.Z. 

Ghouri and M. Jamshid. 2018. Gene action and combining 

ability analysis of quantitative traits associated with grain 

yield in wheat under drought stress and normal irrigation 

conditions. Global J. Bio-Sci. Biotechnol., 7(4): 642-650. 

Shewry, P.R., A.S. Tatham, F. Barro, P. Barcelo and P. Lazzeri. 

1995. Biotechnology of bread making: unraveling and 

manipulating the multi protein gluten complex. Biotechnol., 

13: 1185-1190. 

Sinare, B., H. Desmae, B. Nebié, D. Konate, J. Eleblu, A. 

Miningou, A. Traoré, K. Ofori and B. Zagre. 2024. Diallel 

analysis, maternal effect and heritability in groundnut for 

yield components and oil content. Heliyon, 10(12): e33379. 

Singh, R.K. and B.D. Chaudhary. 1985. Biometrical method in 

quantitative genetics analysis. Kalyani Publishers, 

Ludhiana, New Delhi, India. 

Sprague, G.F. and L.A. Tatum. 1942. General vs. specific 

combining ability in single crosses of corn. J. Amer. Soc. 

Agron., 34: 923-932. 

Steel, R.G.D. and J.H. Torrie. 1980. Principles and procedures of 

statistics. 2nd ed. McGraw-Hill Book Co. Inc. New York, USA. 

Tiwari, R., S. Markea and D.R. Meghwal. 2017. Combining 

ability estimates for spike characters in F1 hybrids developed 

through diallel crosses among macaroni wheat (T. durum) 

genotypes. J. Pharm. Phytochem., 6(2): 237-241. 

Ullah, F., F. Ali, A. Salam, M.S. Afridi and H. Rahman. 2018. 

Evaluation of yellow maize inbred lines for maturity and 

grain yield related traits using line × tester analysis. J. Food, 

Nutr. Agri., 1(1): 30-34. 

Ullah, S., A.S. Khan and W. Ashfaq. 2011. Genetic Analysis of 

Physio-Morphological Traits in Bread Wheat (Triticum 

aestivum L.) under Water Stress Conditions. Cereal Res. 

Comm., 39(4): 544-50. 

Wajid, K., A. Rauf, R. Uddin, M. Ilyas, T. Kumar, M. Zia and M. 

Arif. 2022. Inheritance pattern and gene action of 

biochemical attributes in rapeseed (Brassica napus L.). Pak. 

J. Bot., 55(2): 483-488.  

Younas, A., H.A. Sadaqat, M. Kashif, N. Ahmed and M. Farooq. 

2020. Combining ability and heterosis for grain iron 

biofortification in bread wheat. J. Sci. Food Agric., 100(4): 

1570-1576. 

Zeyu, L., Y. Zhao and K. Luo. 2024. Molecular Mechanisms of 

heterosis and its applications in tree breeding: Progress and 

perspectives. Int. J. Mol. Sci., 25 (22): 12344. 
 


