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ABSTRACT 

 

50 synthetic elite lines of wheat were evaluated to their 

genetic variability, heritability for quantitative traits and the direct 

and indirect contributions of important yield components towards 

grain yield to identify the characters of utmost importance that may 

be used as selection criteria in a wheat breeding program. The 

experimental material consisted of. Agronomic characters were 

recorded including days to heading, days to flowering, days to 

anthesis, days to physiological maturity, grain filling period, plant 

height, plant biomass, number of spikes / plant, number of spikelets 

/spike, spike length, harvest index, 1000-grain weight and grain 

yield / plant. Harvest index exhibited highest heritability value of 

83.31% while 1000-grain weight showed minimum value of 42.32%. 

Grain yield correlated positively with flag leaf area, plant height, 

biomass, number of spikes, spike length, number of spikelets / 

spike, number of grains / spike, 1000-grain weight and harvest 

index. Path coefficient analysis indicated that grain yield had a 

positive direct effect with spike length and number of grains per 

spike. The traits having a positive direct effect on grain yield can be 

considered as a selection criteria for evolving high yielding wheat 

elite genotypes. 

 

INTRODUCTION 

 

Synthetic hexaploid wheat (Triticum aestivum L.) has proven to be very useful as a source of 

resistance to diseases and pests, as well as for tolerance to environmental stresses. Introgression of 

alleles from synthetic hexaploids into wheat has modified the expression of quantitative traits such as 

grain yield and its components. This suggests that introgression of germplasm from A. tauschii, durum, or a 

combination of both into wheat may result in positive transgressive segregation for yield. Hence, synthetic 

hexaploids are a promising source to improve quantitative traits in wheat [1, 2]. 

 

Towards a clear perceptive of the type of plant traits, their association and causal effect on 

dependent variable is a reliable statistical technique which provides means not only to quantify the 

interrelationships of different yield components but also indicates whether the influence is directly 

reflected in the yield or takes some other pathway for ultimate effects [3]. Path analysis can be used to 

calculate the quantitative impact on yield of direct or indirect effects caused by one or the other 

components [4]. Scientists in wheat [5], barley [6], bean [7] and cowpea [8] commonly use path coefficient 

analysis to explain clearly the relations among yield components. Several studies involving genetic 

correlation and path coefficient analysis have been conducted in wheat. Number of grains had an 
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important indirect effect via grain weight [9]. Similarly, yield was strongly and positively correlated with spike 

length, grains per spike, plant height and flag leaf area [10]. 

 

Heritability plays a predictive role in breeding, expressing the reliability of phenotype as a guide to 

its breeding value. It is understood that only the phenotypic value can be measured directly while breeding 

values of individuals are derived from appropriate analyses. It is the breeding value, which determines how 

much of the phenotype would be passed onto the next generation [11]. There is a direct relationship 

between heritability and response to selection, which is referred to as genetic progress. The expected 

response to selection is also called as genetic advance (GA). High genetic advance coupled with high 

heritability estimates offers the most effective condition for selection [12]. The utility of heritability therefore 

increases when it is used to calculate genetic advance, which indicates the degree of gain in a character 

obtained under a particular selection pressure. Thus, genetic advance is yet another important selection 

parameter that aids breeder in a selection program [13]. Phenotypic and genotypic variance, heritability and 

genetic advance have been used to assess the magnitude of variance in wheat breeding material [14].  

 

Therefore, present research was conducted to identify the characters of utmost importance which 

may be used as selection criteria in a wheat breeding program by studying heritability and genetic advance 

and further to evaluate there casual effects on grain yield, the ultimate objective of every breeding 

program.  

 

MATERIALS AND METHODS 

 

Plant material 

 

The experimental material consisted of 50 synthetic elite lines of wheat for which seeds were 

obtained from CIMMYT, Mexico. Experimental material was sown at premises of Barani Agricultural 

Research Station, Fatehjang, Attock, Pakistan. The experiment was sown according to Randomized 

Complete Block Design with three replications during the wheat sowing season of 2012-13 under rainfed 

conditions, where source of irrigation is natural rainfall. The experimental unit comprises of 7.2m2, having 

six rows of each entry of 4 meter in length and 30cm apart. Ten guarded plants from each experimental 

unit were selected for recording data of days to heading, days to flowering, days to anthesis, days to 

physiological maturity, grain filling period, flag leaf area, plant height, biomass, number of spikes, spike 

length, spikelet per spike, number of grains, grain yield, 1000-grain weight and harvest index. 

 

Statistical analysis  

 

Correlation coefficient studies were done according to Kown and Torrie [38]. Path analysis was 

carried out according to Dewey and Lu [15]. Grain yield was the dependent variable and number of spikes, 

spike length, spikelet per spike and number of grains were taken as the causal variables. 

 

Broad sense heritability (h2
B) [16] and genetic advance under selection (GA) [17] were estimated in 50 wheat 

genotypes by partitioning the variance in plant traits into between accessions and within accessions 

components and applying these in the following function: h2
B = Vg/Vp, where Vg genetic variance = 

(variance between-accessions - variance within-accessions)/n, Vp phenotypic variance = [(variance 

between-accessions – variance within-accessions)/n] + variance within-accessions, n = number of 

replications. [39]  

 

Genetic advance (GA) = K x (Vp)0.5 x h2
B , 

 

where K = selection intensity at 5% (2.06), Vp = phenotypic variance, h2
B = heritability (broad sense). 

 

Phenotypic coefficient of variability (PCV) = 

 

Phenotypic variance (Vp) / Mean value of the trait x 100 

 

Genotypic coefficient of variability (GCV) = 

 

Genotypic variance (Vg) / Mean value of the trait x 100 
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RESULTS AND DISCUSSION 

 

Correlation and path coefficients  

 

Simple correlation coefficients between all possible combinations of the four yield components are 

shown in Table 1. Results indicate that grain yield is positively and significantly correlated with spike 

length, number of spikes per plant, number of spikelets per spike and number of grains per spike. The four 

components also showed positive correlations with each other. The high positive correlation coefficient 

indicates that selection based on number of spikes, spike length, number of spikelets per spike and 

number of grains per spike have an equal contribution towards increasing the grain yield. 

 

The pathway through which the four yield components operate to produce their phenotypic 

association with grain yield reveal direct and indirect contribution (Table 2) The correlation coefficient of 

grain yield with spike length (r = 0.521) consists of four components, direct effect points out that with other 

variables held constant, increasing average spike length will increase seed yield (P15 = 0.219**). The 

indirect effect through spikes per plant and spikelets per spike seems to be negligible. 

 

However, the influence via number of grains per spike is positive and more; the net effect in 

increasing the yield seems to be contributed by number of grains per spike which may be greater because 

of large size of spikes, but a longer spike does not seem to have more spikelets. Although the coefficient of 

correlation between grain yield and spikelets per spike is positive (r = 0.519) when the correlation is 

partitioned into its components, the spikelets per spike had a non-significant direct effect on grain yield, 

while indirect effect of spike length, number of spikes per plant and increase in spike length is contributing 

little (0.041 and 0.029). The main contribution is from number of grains per spike (r = 0.569). Comparing 

grain yield and number of spikes the correlation coefficient was r = 0.488. Number of spikes have a non-

significant indirect effect on grain yield. At this stage again the main contribution in yield is through indirect 

effect of number of grains (r = 0.361). Number of grains had direct significant effect on grain yield (P45 = 

0.711**). 

 

Correlation and path coefficient analysis can be used as an important tool to bring information 

about appropriate cause and effects relationship between yield and some yield components [18]. In the 

present study, grain yield was positively and significantly correlated with spike length, number of spikelets 

per spike and number of grains per spike. This is in good agreement with the findings of Gupta and Khan 
[18, 19]. High positive correlation coefficient reveals that selection based on number of spikes, spike length, 

number of spikelets per spike and number of grains per spike has an equal contribution towards 

increasing the grain yield. Path coefficient analysis provides an effective means of partitioning correlation 

coefficients into unidirectional pathway and alternate pathways and thus permits a critical examination of 

specific factors that produce a given correlation and can be successfully employed in formulating an 

effective selection strategy [20]. 

 

Results show that the direct effects of grain yield with spike length were positive indicating that 

increase in spike length is directly associated with increase in number of spikelets per spike, grain 

numbers per spike, grain weight and ultimately the grain yield per plant [3]. Direct effects of spikelets per 

spike on grain yield were non-significant. The total effects of spikelets on grain yield have a value of 0.519, 

which was mainly due to its indirect effect through grains per spike. Hence, spikelets cannot be regarded 

as a reliable source of getting high yield in wheat [21]. The direct effects of number of spikes on grain yield 

per plant were non-significant (0.060). Total correlation coefficient (0.488) between grain yield and 

number of spikes was mainly because of indirect effect through number of grains per spike. Therefore, 

selection for spikes cannot guarantee for high yield. Number of grains has a direct effect on grain yield as 

reflected by high correlation (0.711) value. Number of grains per spike did increase substantially over the 

selection period, showing that more grains per spike could aid in conferring high yields of newer 

germplasm [22]. Additive effects as well as genetic interactions have been reported to condition grains per 

spike [23]. 

 

The highest and positive direct effect on yield comes from kernel number per spike [6, 24]. This led 

us to suggest that kernel weight and kernel numbers are two easily measured characters that would be 

valuable in selecting for yield improvement. Other comparisons revealed negligible indirect effect that 

include spike length, number of spikes and number of spikelets per spike. 
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Table 1: Phenotypic correlation (r) between yield and yield components. 

 

Character Correlation coefficient (r) 

Number of spikes 0.765** 

Spike length 0.446** 

Number of spikelets spike 0.474** 

Number of grains per plant 0.935** 

 

Table 2: Direct and indirect influences of spike length, No. of spikes plant-1, No. of spikelets spike-1 and No. of grains 

plant-1 on grain yield. 

 

Grain yield vs. spike length 0.521 

Direct effect, P15 0.219** 

Indirect effect via No. of spikes plant-1, r12P25 -0.022 

Indirect effect via No. of spikelets spike-1,r13P35 0.034 

Indirect effect via No. of grains spike-1, r14P45 0.290 

Total 0.521 

Grain yield vs. No. of spikes 0.488 

Direct effect, P35 0.060 n s 

Indirect effect via spike length, r13P15 0.126 

Indirect effect via No. of spikelets spike-1, r23P25 -0.059 

Indirect effect via No. of grains spike-1, r34P45 0.361 

Total 0.488 

Grain yield vs. No. of spikelets spike-1 0.519 

Direct effect, P25 -0.120 n s 

Indirect effect via spike length, r12P15 0.041 

Indirect effect via No. of spikes plant-1,r23P35 0.029 

Indirect effect via No. of grains spike-1, r24P45 0.569 

Total 0.519 

Grain yield vs. No. of grains 0.734 

Direct effect, P45 0.711** 

Indirect effect via spike length, r14P15 0.089 

Indirect effect via No. of spikes, r24P25 -0.096 

Indirect effect via No. of spikelets spike-1, r34P35 0.030 

Total 0.734 

Residual effect Pxy 0.620 

 

Heritability  

 

Broad sense heritability (h2
B %), genetic advance under selection (GA) and genetic advance under 

selection as percentage of the mean (GA %) are shown in Table 3. High  heritability was estimated for days 

to heading (79.22) and the expected genetic gain upon selecting the best 5% for days to heading was 

23.85. High heritability (broad sense) estimates 76.47 with genetic advance of 21.40 were obtained for 

days to flowering. Number of spikes showed a high value of heritability (70.76) along with 2.60 of genetic 

advance. The value of the heritability obtained for grain yield was 77.45; this value can be considered as 

high with 7.25 of genetic advance. Estimation of heritability for number of spikelets per spike in the wheat 

population gave a high value (82.02) with high genetic advance of 71.46. For harvest index per plant the 

heritability estimate was 83.31, which can be considered as a high value. Upon selecting the best 5% of 

the wheat lines, the expected genetic gain for harvest index of 2.93 was noted. 

 

Heritability estimate was moderate for days to anthesis (69.82) and the expected genetic gain for 

days to anthesis would be 16.18. Physiological maturity showed moderate value for heritability (63.49) 

with 14.16 of genetic advance. Heritability estimate obtained for flag leaf area was moderate (67.22) with 

a low genetic advance (7.16).  

 

The broad sense heritability (h2
B %) for plant height in the wheat population gave a value of 

49.31%. Expected genetic gain upon selecting the tallest 5% of the wheat lines would be 15.86. Spike 

length gave an estimate of43.72, which is considered a low value while expected genetic gain for spike 

length was 2.71. Heritability for biomass gave an estimate of 45.43, which was considered as low. The 

expected genetic gain upon selecting the best 5% of the wheat lines for biomass was 2.53. The broad 

sense heritability for number of grains gave an estimate of 42.54 which was considered to be a low value. 

The genetic advance of 14.96 was observed. The value of heritability for 1000-grain weight was obtained 
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as 42.32, which was a low value. The expected genetic gain upon selection for 1000-grain weight would be 

20.38. 
 

Table 3: Mean squares, means, genotypic and phenotypic coefficients of variability, heritability and genetic advance. 

 

Agronomic traits Mean squares Mean GCV PCV h2B GA 
Days to heading 214.906** 101.49 167.76 211.75 79.22 23.85 

Days to flowering 184.549** 103.01 137.01 179.15 76.47 21.40 
Days to anthesis 126.698** 103.96 85.09 121.87 69.82 16.18 

Physiological maturity 117.320** 121.43 61.34 96.61 63.49 14.16 
Grain filling period 29.133n.s 22.04 - - - - 

Flag leaf area 26.753** 7.98 191.28 387.87 67.22 7.16 
Plant height 244.085* 62.92 109.74 334.86 49.31 15.86 

Number of spikes 3.195** 2.06 109.75 155.09 70.76 2.60 
Biomass 7.333** 15.108 161.74 355.97 45.43 2.53 

Spike length 9.057* 11.59 34.16 78.14 43.72 2.71 
Number of spikelets 1789.248** 25.43 5771.29 7035.97 82.02 71.46 

Number of grains 291.701** 31.55 393.30 924.33 42.54 14.96 
Grain yield 20.696** 3.53 454.00 586.15 77.45 7.25 

1000-grain weight 546.783** 25.40 1304.58 2152.07 42.32 20.38 
Harvest index 2.930** 0.989 246.76 296.19 83.31 2.93 

 

Heritability is a significant parameter for the selection of an efficient population improvement 

method. Single plant selection and that in the earlier generations may be much effective for a character 

that is highly heritable as compared to that a character which is less heritable. Further more, environment 

may also interact with the genotypic constitution to influence heritability [25]. High values for the heritability 

related to time to heading were obtained in the studies that were conducted previously [26]. These findings 

suggest that selection can be practiced for this character in subsequent generations. Broad sense 

heritability for number of spikes gave a relatively high estimate with low genetic advance under current 

study. The present results are similar with the earlier finding of Ehdaie and Waines [27]. Low heritability has 

been achieved for the grain number per spike [28]. During current studies, number of grains showed 

relatively low value of heritability. Moderate to high heritability estimates with high genetic advance have 

been reported for number of grains per spike [29]. High heritability for grain yield indicated that this trait was 

affected by genetic factors [30]. High estimates of variability, heritability and genetic advance for grain yield 

would be helpful for the breeders to select for the best combinations and to reach to the desirable level of 

yield potential [31]. 

 

Present research gave results that are in agreement with the above. During current work moderate 

values of heritability have been observed for days to anthesis, physiological maturity and flag leaf area 

whereas plant height, spike length, number of grains, 1000-grain weight and biomass have low values. 

Low values of heritability for these traits have been observed [28], while moderate [30] and mostly high 

values have also been obtained for the plant height in the studies conducted previously [32, 33]. Nabi and 

Jedynski [34, 35] reported very low heritability estimates for spike length. Their results are similar with 

findings of Mandal [36] and Kashif and Khaliq [3] who reported moderately high heritability for spikelets per 

spike. Our values for heritability obtained for 1000- grain weight were low and match with the values 

obtained by Al- Marakby [37]. 

 

CONCLUSIONS 

 

The above analysis led us to suggest that the number of grains per spike mainly contribute to a 

better grain yield with some contribution by spike length as well. It may therefore be concluded that 

number of grains per spike is a trustworthy measure of higher yield and can be used as a selection criteria 

in an effective and successful breeding program. High heritability and positive, moderately high genetic 

advance were shown by the different characters, especially heading, flowering, number of spikes, grain 

yield and harvest index. These traits therefore, deserve greater attention in future breeding programs for 

evolving better wheat.  

 

REFERENCES 

 

1. Mujeeb-Kazi A, Rosas V, Roldan S. Conservation of the genetic variation of Triticum tauschii (Coss.) 

Schmalh.(Aegilops squarrosa auct. non L.) in synthetic hexaploid wheats (T. turgidum L.C T. 

tauschii; 2n = 6x = 42, AABBDD) and its potential utilization for wheat improvement. Genet Res 

Crop Evol. 1996; 43:129-134.  



 

e-ISSN: 2319-9857 

 p-ISSN: 2347-226X 

RRJAAS | Volume 3| Issue 4 | October - December, 2014            6 

2. Del Blanco IA, Rajaram S, Kronstad WE, Reynolds MP. Agronomic potential of synthetic hexaploid 

wheat-derived populations. Crop Sci. 2001; 41:670-676.  

3. Kashif M, Khaliq I. Heritability, correlation and path coefficient analysis for some metric traits in 

wheat. Int J Agr Biol. 2004; 6 :138-142.  

4. Ahmed HM, Khan BM, Khan S, Kisana NS, Laghari S. Path coefficient analysis in bread wheat. 

Asian J Plant Sci. 2003; 2:491-494. 

5. Naserian B, Asadi AA, Rahimi M, Ardakani MR. Evaluation ofwheat cultivar mutants for 

morphological and yield traits and comparing of yield components under irrigated and rainfed 

conditions. Asian J Plant Sci. 2007; 6:214-224. 

6. Shahinnia F, Rezai AM, Tabatabaei SBE. Variation and path coefficient analysis of important 

agronomic traits in two-and six- rowed recombinant inbred lines of barley (Hordeum vulgare L.). 

Czech J Genet Plant Breed. 2005; 41:246-250. 

7. Durate RA, Adams MW. A path coefficient analysis of some yield component interactions in field 

beans. Crop Sci. 1972; 31: 1179- 1185. 

8. Altinbas M, Sepetoglu H. Determination of grain yield effects in hybrids of Vigna unguiculata L. 

population. East Turkey Soil Forest J. 1993; 13:775-784. 

9. Dornescu A. Studies on the relationship between yield components in the winter wheat variety 

Fundulea 133. Ceretari Agronomice in Moldova, Romania.1986; 19:46-50. 

10. Bangarwa KS, Luthra OP, Verma PK. Correlation and path coefficient analysis of grain yield and its 

components in macroni wheat (Triticum durum Desf.) Agric Sci Digest India. 1987; 7:83-86. 

11. Rehman A, Alam K. Principles of Crop Breeding. M.Sc dissertation, University of Agriculture 

Faisalabad, Pakistan, 1994  

12. Larik AS, Malik SI, Kakar AA, Naz MA. Assessment of heritability and genetic advance for yield and 

yield components in Gossypium hirsutum L. Scientific Khyber. 2000; 13:39-44. 

13. Shukla S, Bhargava A, Chatterjee A, Singh SP. Estimates of genetic parameters to determine 

variability for foliage yield and its different quantitative and qualitative traits in vegetable 

amaranth (A. tricolor). J Genet Breed. 2004; 58:169-176.  

14. Bhutta WM. Role of some agronomic traits for grain yield production in wheat (Triticum aestivum 

L.) genotypes under drought conditions. Revista UDO Agricola 2006; 6:11-19. 

15. Falconer DS, Mackay TFC. Introduction to Quantitative Genetics. Chapman and Hall, London. 

1996. 

16. Allard RW. Principles of Plant Breeding. John Wiley and Sons, New York, 1960; pp. 92-94. 

17. Dewey DR, Lu RH. A correlation and path coefficient analysis of components of crested wheat 

grass seed production. Agron J. 1959; 51:515-518. 

18. Khan AS, Ashfaq M, Asad MA. A correlation and path coefficient analysis for some yield 

components in bread wheat. Asian J Plant Sci. 2003; 2:582-584. 

19. Gupta AK, Mittal RK, Ziauddin A. Association and factor analysis in spring wheat. Ann Agri Res. 

1999; 20:481-485. 

20. Larik AS. Correlation and path coefficient analysis of yield components in mutants of Triticum 

aestivum. Wheat Information Service. 1979; 50:36-40. 

21. Kumbhar MB, Rajpur MM, Malik AJ, Ansari NN. Correlation, multiple correlation and path 

coefficient analysis of yield components in wheat (Triticum aestivum L.). Wheat Information 

Service. 1981; 53:30-35. 

22. Calderini DF, Dreccer, MF, Slafer GA. Genetic improvement in wheat yield and associated traits. A 

re-examination of previous results and the latest trends. Plant Breed. 1995; 114:108-112. 

23. Ketata H, Smith EL, Edwards LH, McNew RW. Determination of epistatic, additive and dominance 

variation in winter wheat (Triticum aestivum L.) Crop Sci. 1976; 16:1-4. 

24. Dofing SM Knight CW. Alternative model for path analysis of small-grain yield. Crop Sci. 1992; 

32:487-489. 

25. Riaz R. Genetic Analysis for Yield and Yield Components in Spring Wheat under Drought 

Conditions. Ph.D. dissertation, Department of Plant Breeding and Genetics, University of 

Agriculture Faisalabad, Pakistan. 2003. 

26. Safeer-ul-Hassan M, Munir M, Mujahid MY, Kisana NS, Akram Z, Nazeer AW. Genetic analysis of 

some biometric characters in bread wheat (Triticum aestivum L.). J. Biol. Sci. 2004; 4:480-485. 

27. Ehdaie B, Waines JG. Genetic variation, heritability and path-analysis in landraces of bread wheat 

from South Western, Iran. Euphytica. 1989; 41:183-190. 

28. Aycicek M, Yildirim T. Heritability of yield and some yield components in bread wheat (Triticum 

aestivum L.) genotypes. Bangladesh J Bot. 2006; 35:17-22. 

29. Ahmed N, Chowdhry MA, Khaliq I, Maekawa M. The inheritance of yield and yield components of 

five wheat hybrid populations under drought conditions. Indonesian J. Agric. Sci. 2007; 8:53- 59. 



 

e-ISSN: 2319-9857 

 p-ISSN: 2347-226X 

RRJAAS | Volume 3| Issue 4 | October - December, 2014            7 

30. Abdel-Hady MS. In vivo and in vitro selection of superior durum wheat (Triticum durum, Desf.) 

genotypes. J Appl Sci Res. 2006; 2:830-836. 

31. Firouzian A. Heritability and genetic advance of grain yield and its related traits in wheat. Pak J Biol 

Sci. 2003; 6:2020-2023. 

32. Dhonde SR, Kute NS, Kanawade DG, Sarode ND. Variability and character association in wheat 

(Triticum aestivum L.). Agric Sci Dig. 2000; 20:99-101. 

33. Akbar M, Tariq M, Jamil T, Arshad M. Evaluation of exotic wheat germplasm for seed yield and its 

components under rainfed conditions. Sarhad J Agric. 2001; 17:511-513. 

34. Nabi TG, Chowdhry MA, Aziz K, Bhutta WM. Interrelationship among some polygenic traits in 

hexaploid spring wheat (Triticum aestivum L.). Pak J Biol Sci. 1998; 1: 229-302. 

35. Jedynski S. Heritability and path-coefficient analysis of yield components in spring wheat. Grupy 

Problemowej Wodowli Pszenicy. Proceedings of Symposium, Zakopane, Poland. 2001; 

218/219:203-209. 

36. Mandal AS, Chaudhry S, Ghosal KK. Genotypic and phenotypic variability in wheat. Environ Ecol. 

1991; 9:926- 928. 

37. Al-Marakby AM, Mohamed AA, Yasein M, Tolba AM. Heritability estimates and selection for high-

yielding and early-heading recombinants in segregating generations of five wheat crosses. Ann 

Agric Sci Moshtohor. 1994; 32:1089-1106. 

38. Kown SH, Torrie JH. Heritability and interrelationship among traits of two soybean populations. 

Crop Sci. 1964; 4: 196-198. 

39. Singh KP, Chaudhry BD. Biometrical Methods in Quantitative Genetic Analysis. Kalyani Publishers, 

New Delhi, India. 1979; pp: 9-10.  


