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Abstract 
Wheat is one of the most important cereal crops in the world grown in diversified environments. The 

present study aim to assess genetic variation, broad sense heritability and expected genetic advance. 

Forty wheat genotypes grown in fully irrigated condition at Research Farm, College of Agriculture, 

Gwalior, during Rabi season of 2013-14. Triticum aestivum varieties viz., LOK-1, Dl-788-2 and Triticum 

durum variety RAJ-1555 and HI-8627 were significantly superior for grain yield along with harvest 

index and more traits. Among synthetic varieties SYNTHETIC-1, 3, 4, 5, 7, 10, 11, 12, 13, 14, 15 and 20 

recorded high mean performance for grain yield and one or more yield components. High genotypic co-

efficient of variation was recorded for harvest index, test weight and biological yield per plant and low 

for grain yield per plant, days to heading and days to maturity. Phenotypic variances were higher than the 

genotypic variances. High heritability with low genetic advance in per cent of mean was noticed for days 

to heading and days to maturity which indicated the involvement of non-additive gene action for the 

expression of these characters and selection for such trait might not be rewarding. High heritability with 

high genetic advance in per cent of mean was observed for ear length per plant and tillers per plant 

indicating that these traits were under control of additive gene action and selection for genetic 

improvement for these traits would be effective. Grain yield had high positive and significant correlation 

with harvest index and negative with biological yield. Genotypic correlation coefficients were higher 

than the corresponding phenotypic correlation coefficients in most of the traits. Path coefficient analysis 

revealed maximum direct contribution towards grain yield with days to heading whereas phenotypic path 

coefficient analysis revealed that harvest index showed highest positive direct effect on grain yield. 

 

Keywords: Triticum aestivum, Triticum dicoccum, Triticum durum, Synthetic wheat, Yield contributing 

characters, Heritability, GCV, PCV, Genetic advance, Path analysis and Correlation. 

 

Introduction 
Wild relatives of wheat are a valuable source of genetic variation that can be utilized for 

further wheat improvement. The genus Aegilops L. and Triticum L. have contributed 2 (B and 

D) and 1 (A) of the 3 bread wheat genomes, respectively (Arzani et al. 2005) [2]. There are still 

many untapped genetic resources in the Aegilops species that could be used as resistance 

sources for various diseases. Synthetic hexaploid wheat, produced by crossing Triticum 

turgidum L. spp (2n=4x=28, AB genomes) with Aegilops tauschii Coss. (2n=2x=14, D 

genome), is considered a promising source of exotic alleles for introgression into wheat. 

Because hexaploid wheat has no close relative species at the hexaploid ploidy level, synthetic 

hexaploid wheat breeding programme re-captures some of that variation from those ancient 

wild relatives lost during the domestication of wheat as agriculture evolved. Fully crossable 

with modern wheat these synthetic wheats are an excellent bridge for transferring novel 

sources of genetic diversity from wild relatives into varieties already grown by farmers across 

the India. Since, inspite of tremendous progress in yield genetic potential (1 to 6 tone/ha) and 

management of diseases, bread wheat is still deficient in term of nutritive value, 

temperature/heat tolerance and some various diseases. Synthetic wheats are rich source of 

these traits which are still lacking in wheat genotype. Direct selection of character for yield is 

often misleading in wheat because wheat yield is control by polygenic characters. For effective 

utilization of the genetic resources in crop improvement, knowledge of mutual association 

between yield and yield components is necessary. Hence, it is necessary to know the 

correlation of various component characters with yield and among themselves. The correlation  
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coefficients between yield and yield components usually 

determine a complex chain of interacting relationship 

(Majumder et al. 2008) [16]. The path coefficient analysis is a 

partial regression technique to partition the correlated 

responses into direct and indirect effects on yield, such 

information help to sustain the high yield levels of wheat for 

further useful work (Subhashchandra B. et al. 2009) [25]. The 

success of a breeding program depends largely upon genetic 

variability present in the population and the extent to which 

the desired traits are heritable. The objective of this study was 

to know variability of morphological traits of synthetic and 

cultivated species of wheat.  

 

Materials and Methods 

This project was performed in the Research Farm, College of 

Agriculture, Gwalior (M.P.) in 2013-2014 agricultural year. 

The soil is sandy loam, low in available nitrogen, medium in 

phosphorus and high in potash with pH of 8.5. The 

experimental material comprised 36 varieties of wheat 

(Triticum aestivum L.) and their four interspecific cross. 

Varieties included (nine) of Triticum aestivum, (one) of 

Triticum dicoccum, (four) of Triticum durum and 22 lines of 

Synthetic lines were sown by dibbling seeds in single row plot 

of size 20cm X 2.5 m (Row to row and row length, 

respectively) in randomized complete block design with two 

replications in fully irrigated condition on 19 November, 

2013.The Recommended package of practices were adopted 

for optimum crop growth. The fertilizer was applied at the 

dose of 120:60:40 kg NPK / ha. The Nitrogen was applied in 

2 split at sowing time and at first node stage and P and K at 

sowing time. Five competitive plants were selected randomly 

and tagged in all plots for the purpose of recording 

observations. Under-study, traits in this research were 

included days to heading, days to maturity, plant height (cm), 

number of tillers per plant, spike length (cm), grain yield per 

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

harvest index (%), seed color and thresh ability. Different 

genetic parameters like mean, analysis of variance, 

phenotypic and genotypic coefficients of variation, heritability 

and genetic advance were calculated and following method 

suggested by (Panse and Sukhatme 1967, Burton 1952, Singh 

and Choudhary 1977 and Robinson et al. 1949) [20, 8, 24, 21]. 

Genotypic and phenotypic correlation coefficients were 

obtained as suggested by Miller et al. (1958) [17] and path 

coefficient analysis was done as per Dewey and Lu (1959) [9]. 

Wheat varieties and crosses are listed in table 1.  

 
Table 1: The name of varieties and their crosses. 

 

Materials Varieties Parentage 

Triticum aestivum RD 1336  

 HD 2932 KAUZ/STAR//HD 2643 

 DL 788-2 K753/HD2160/HD2278//L24/K4.14 

 DL 803-3 HUW202/K7537/ MUTANT OF HD2160 

 GW-366 DL 802-3/GW 232 

 LOK-1 S308 / S331 

 HI-1544 HINDI 62/BOBWHITE/CPAN 2099 

 SUJATA 1154-388 / AN / 3 / YT54 / N10B / LR64 

 HD 2930 NGSN 2011-12 

Triticum diccocum DDK-1038  

Triticum durum HI-8498 CR ”S’-GS’S’ /A-9-30-1// RAJ911 

 HI-8381 JO69’S’//AA’S’/FGO’S’ 

 HI-8627  

 RAJ 1555 COCORIT’S’ / RAJ 911 

Synthetic wheat 22 synthetic lines Source : DWR, KARNAL 

Crosses SYNTH 22 X DL 788-2 Interspecific cross 

 SYNTH 21 X DDK-1038  

 SYNTH 19 X HI 8498  

 SYNTH 18 X RD 1336  

 

Results and Discussion 

In the present investigation, consisting varieties of different 

species of wheat, synthetic lines and their crosses, it is evident 

from the analysis of variance (table 2) that the mean sum of 

square were significant for almost all agronomic traits viz., 

days to heading, days to maturity, plant height, tillers per 

plant, spike length, test weight, grain yield per plant, 

biological yield per plant and harvest index. The significant 

difference among genotypes for yield and its components 

revealed the presence of substantial variation among 

genotypes. It indicated that the material chosen for study was 

quite important, which gives an opportunity to plant breeders 

for improvement of these characters through breeding.  

 
Table 2: Analysis of variance for grain yield and its attributing characters in wheat. 

 

Source D.F. 
Plant 

Height 

Tiller per 

plant 

Ear length 

per plant 

Days to 

heading 

Days to 

maturity 

Biological yield 

per plant 

Test 

weight 

Harvest 

index 

Grain 

yield per 

plant 

Replication 1 0.907 0.013 0.034 3.200** 4.512** 750.31** 14.247 471.07** 0.20 

Genotypes 39 86.466** 5.713** 8.666** 10.968** 1.166** 119.10** 56.349** 89.80** 3.62** 

Error 39 1.543 0.199 0.096 0.251 0.282 57.75 8.430 50.18 1.75 

Total 79 43.459 2.919 4.326 5.579 0.772 96.80 32.160 75.07 2.66 

*, ** significant at 5 and 1 percent levels of significance, respectively. 
 

Result of Phenotypic and genotypic coefficient of variation 

showed that harvest index, biological yield per plant, test 

weight and plant height exhibited wide range and high PCV 

and GCV estimates, offering ample scope for improvement 
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through selection. Besides this, these characters also had wide 

differences between the values of PCV and GCV showing 

very high influence of environment. On the other hand, Days 

to maturity days to heading and grain yield per plant showed 

lowest coefficient of variation (GCV and PCV) and found to 

be consistent in its behaviour at both phenotypic and 

genotypic levels suggesting the difficulty of manipulating 

these traits through breeding technique. These results are in 

accordance with the findings of Baranwal et al. (2012) [5], 

Badole et al. (2010) [4] and Kumar et al. (2013) [15]. In general, 

the PCV values were greater than GCV values although the 

differences were minor except harvest index, biological yield 

per plant. This indicated that the environmental effect was 

lesser for the expression of most characters which also 

supports the present findings of Subhashchandra et al. (2009) 

[25]. 

Heritability provides the information about the degree of 

inheritance of a particular character. Highest heritability in 

broad sense was recorded for ear length per plant (97.81%) 

followed by plant height (96.49%), days to heading (95.52%), 

tillers per plant (93.26%), test weight (73.97%), days to 

maturity (61.08%), grain yield per plant (53.16%), biological 

yield per plant (42.81%) and harvest index (36.21%). High 

estimates of genetic advances was recorded for ear length per 

plant (38.87%) followed by tillers per plant (34.27%), test 

weight (21.30%), grain yield per plant (18.36%), biological 

yield per plant (16.18%), harvest index (14.80%) and plant 

height (14.76%). High heritability estimates was associated 

with high estimates of genetic advance (GA) for ear length, 

plant height, days to heading and tillers per plant, thereby, 

indicating the presence of additive variances and suggested 

effectiveness of selection for the improvement of these traits. 

Similar findings were reported by Majumder et al. (2008) [16], 

Subhashchandra et al. (2009) [25], Badole et al. (2010) [4], 

Yagdi et al. (2009) [26], Kumar et al. (2013) [15], Bhushan et al. 

(2013) [6] and Ashraf et al. (2002) [3]. This suggested that 

heritability was due to the additive genetic variances and 

selection could be effective in early segregating generations 

for these traits and the possibility of improving grain yield 

through direct selection and related traits. 

 
Table 3: Mean, genotypic and phenotypic coefficient of variability, heritability and genetic  

advance of the 9 agronomic traits of the 40 wheat varieties tested. 
 

Agronomic traits Mean GCV PCV h2B GA(%mean) 

Plant Height 89.32 47.54 49.27 96.50 14.76 

Tiller per plant 9.64 28.60 30.67 93.26 34.27 

Ear length per Plant 10.85 39.502 40.39 97.82 38.88 

Days to heading 78.63 6.82 7.14 95.52 5.93 

Days to maturity 136.01 0.33 0.53 61.09 0.79 

Biological yield per Plant 38.05 54.84 128.08 42.82 16.18 

Test weight 40.70 58.87 79.59 73.97 21.31 

Harvest index 11.37 68.04 187.88 36.22 14.80 

Grain yield per plant 30.93 11.04 20.77 53.16 18.37 

 

Correlation analysis  

In the present investigation, association among grain yield 

and contributing characters revealed that genotypic 

correlation coefficient were higher in magnitude than 

phenotypic correlation in most of the cases indicating that the 

environmental influences were not marked enough to alter the 

degree of association amongst the characters studied. The 

estimates of genotypic correlation coefficient revealed that the 

grain yield per plant showed positive and significant 

association with harvest index and negative with biological 

yield. Similar association was also reported earlier by Hussain 

et al. (2012) [13], Anwar et al. (2009) [1], Mohammad et al. 

(2008) [18], Bhushan et al. (2013) [6], Subhashchandra et al. 

(2009) [25], Khan et al. (2009) [14], Hannachi et al. (2013) [12] 

and Bilgin et al. (2011) [7]. This suggested that these traits 

could be used as selection indices. Majumder et al. (2008) [16] 

and Khan et al. (2009) [14] reported that plant height, ear 

length, days to maturity and harvest index were the most 

important characters which possessed positive association 

with grain yield. Genotypic and phenotypic correlation 

coefficient of some traits with grain yield in 40 wheat 

genotypes have been presented in table 4 and 5 respectively. 

 
Table 4: Genotypic correlation coefficient of some traits with grain yield in 40 wheat genotypes. 

 

Characters 
Tillers per 

plant 

Ear length 

per plant 

Days to 

heading 

Days to 

maturity 

Test 

weight 

Biological 

yield 

Harvest 

index 

Grain yield per 

plant 

Plant height -0.062482 0.2836 0.0374 0.1052 -0.0405 -0.2568 0.0417 0.0479 

Tillers per 

plant 
 -0.1409 0.1218 0.3297* 0.2353 0.0770 0.3170* -0.0399 

Ear length   0.1339 0.1643 -0.1421 -0.2490 -0.0729 0.2272 

Days to 

heading 
   -0.0235 0.7007** -0.2158 0.0279 -0.0922 

Days to 

maturity 
    -0.0187 -0.1112 0.0749 0.2724 

Test weight      0.2498 
-

0.5869** -0.1915 

Biological 

yield 
      

-

0.8079** -0.4249** 

Harvest index        0.8971** 

*-Significant at p=0.05 **-Significant at p=0.01 
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Table 5: Phenotypic correlation coefficient of some traits with grain yield in 40 wheat genotypes. 
 

Characters 
Tillers per 

plant 

Ear length per 

plant 

Days to 

heading 

Days to 

maturity 

Test 

weight 

Biological 

yield 

Harvest 

index 

Grain yield per 

plant 

Plant height -0.0722 0.2777 0.0343 0.0666 -0.2493 -0.2575 0.0102 0.0393 

Tillers/plant  -0.1301 0.2370 0.2675 0.2305 0.0715 0.2387 -0.0694 

Ear length   0.1223 0.1015 -0.0397 -0.2184 -0.0104 0.1142 

Days to heading    -0.0218 0.2529 -0.1402 0.0196 -0.1231 

Days to maturity     0.0183 -0.0183 0.0537 0.1429 

Test weight      0.1369 -0.2502 -0.0913 

Biological yield       -0.7829** -0.0232 

Harvest index        0.5256** 

*-Significant at p=0.05 **-Significant at p=0.01 

 

Path coefficient: 

Path coefficient analysis is used to partition the relative 

contribution of yield components via standardized partial 

regression coefficients. It provides an effective way of finding 

out direct and indirect sources of correlation. Genotypic path 

coefficient analysis (table 6) revealed that days to heading 

exerted the highest positive and significant direct effect 

(1.164) on grain yield whereas in phenotypic path coefficient 

(table 7) harvest index exerted highest positive direct effect 

(2.897) on grain yield. This agrees with the findings of 

Mohammad et al. (2005) [19], Shrivastava and Sharma (1976) 

[22], Khan et al. (2009) [14] and Dogan (2009) [10]. As a result, 

these characters could be considered as main components for 

selection in a breeding program for higher grain yield. This 

implies that these traits were the major contributors for the 

improvement of grain yield. However, genotypic path 

coefficient revealed that harvest index (-2.381), biological 

yield per plant (-2.325), test weight (-1.824), ear length (-

0.664), plant height (-0.195), days to maturity (-0.021) 

showed negative direct effects on grain yield whereas in 

phenotypic path coefficient tiller per plant (-1.11) showed 

negative direct effect on grain yield. The present findings are 

in agreement with Gupta et al. (2007) [11] and Khan et al. 

(2009) [14]. This implies that most of traits in genotypic path 

coefficient showed negative direct effect on grain yield 

whereas phenotypic path coefficient exerted positive direct 

effect on grain yield. The highest indirect effect of days to 

heading through biological yield per plant (-1.629) and 

meager through ear length (-0.088), harvest index (-0.066) 

and plant height (-0.007) counter balanced the direct effect of 

days to heading on grain yield and reduced the correlation 

coefficient to (-0.092). This is partially in agreement with the 

findings of Khan et al. (2009) [14]. The lower residual effect 

(0.103) indicated that sufficient contribution in grain yield has 

been explained by the independent variables included in the 

analysis (Singh et al., 2010) [23]. Thus, 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. 

 
Table 6: Genotypic path coefficient for yield and its attributes in wheat. 

 

Characters 
Plant 

height 

Tillers per 

plant 

Ear length 

per plant 

Days to 

heading 

Days to 

maturity 

Biological yield 

per plant 

Test 

weight 

Harvest 

index 

Genotypic correlation 

with Grain yield 

Plant height -0.195 -0.072 -0.188 0.043 -0.002 0.094 0.468 -0.099 0.047 

Tillers/plant 0.012 1.162 0.093 0.141 -0.007 -0.547 -0.141 -0.755 -0.039 

Ear length -0.055 -0.163 -0.664 0.155 -0.003 0.330 0.454 0.173 0.227 

Days to 

heading 
-0.007 0.141 -0.088 1.164 0.001 -1.629 0.393 -0.066 -0.092 

Days to 

maturity 
-0.020 0.383 -0.109 -0.027 -0.021 0.043 0.202 -0.178 0.272 

Biological 

yield 
0.007 0.273 0.094 0.815 0.001 -2.325 -0.455 1.397 -0.191 

Test weight 0.050 0.089 0.165 -0.251 0.002 -0.580 -1.824 1.924 -0.424** 

Harvest index -0.008 0.368 0.048 0.032 -0.002 1.364 1.474 -2.381 0.897** 

Residual effects: -0.103336 

 
Table 7: Phenotypic path coefficient for yield and its attributes in wheat. 

 

Characters 
Plant 

height 

Tillers 

per plant 

Ear length 

per plant 

Days to 

heading 

Days to 

maturity 

Biological 

yield per plant 

Test 

weight 

Harvest 

index 

Genotypic 

correlation with 

Grain yield 

Plant height 0.617 0.080 0.097 0.007 0.016 -0.164 -0.644 0.029 0.039 

Tillers/plant -0.044 -1.118 -0.045 0.050 0.066 0.151 0.178 0.691 -0.069 

Ear length 0.171 0.145 0.349 0.025 0.025 -0.026 -0.546 -0.030 0.114 

Days to 

heading 
0.021 -0.265 0.042 0.211 -0.005 0.166 -0.351 0.056 -0.123 

Days to 

maturity 
0.041 -0.299 0.035 -0.004 0.248 0.012 -0.045 0.155 0.142 

Biological 

yield 
-0.153 -0.257 -0.013 0.053 0.004 0.658 0.343 -0.725 -0.091 

Test weight -0.158 -0.079 -0.076 -0.029 -0.004 0.090 2.504 -2.268 -0.023 

Harvest 

index 
0.006 -0.266 -0.003 0.004 0.013 -0.164 -1.960 2.897 0.525 

Residual effect: -1.583499 
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Conclusion 

The objectives were to analyze variability of morphological 

traits of synthetic and cultivated species of wheat. On the 

basis of mean performance,Dl-788-2, LOK-1, HI-1544, 

SUJATA, RAJ-1555 and HI-8627 and synthetic varieties 

SYNTHETIC-1, 3, 4, 5, 7, 10, 11, 12, 13, 14, 15 and 20 may 

serve as ideal donors for improving seed yield of wheat. 

Analysis of variances showed highly significant differences 

for all the traits indicating the presence of considerable 

variability among the entries. The highest genotypic 

coefficient of variation was observed for harvest index and 

test weight whereas moderate for all rest of the traits except 

days to heading and days to maturity. The estimates of 

heritability in broad sense were high for all traits. High 

heritability estimates was associated with high estimates of 

genetic advance (GA) as per cent of mean for ear length, plant 

height, days to heading and tillers per plant, thereby, 

indicating the presence of additive variances. Correlation and 

path analysis suggested that grain yield, test weight, harvest 

index, tillers per plant and biological yield may be considered 

in selection of early segregating generation so that correlated 

genetic response does not wipe out the gain obtained by 

improving these characters through a diminution in the other 

yield components.  
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