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Introduction 
 

Wheat (Triticum aestivum L. Em. Thell) is the 

second most important cereal in India after 

rice. Due to its adaptation to wide agro-

climatic conditions, it is most widely 

cultivated cereal crop and is stable food for a 

large proportion of world (Gupta et al., 2009). 

Though wheat is a cool season crop, many of 

the wheat growing areas are subjected to heat 

stress of development, which cause a 

reduction in yield (Kaushik et al., 2013). 

Grain yield, a main economic trait, is the sum 

total of the component characters. Thus the 

selection based on grain yield is usually not 

very successful but the one based on its 

component characters could be very effective. 

Proteins are the most important components of 

wheat grains governing end –use quality. 

Variation in both protein content and 

composition significantly modify flour quality 

for bread-making (Branlard et al., 2001). The 

knowledge of heritability helps in predicting 

the behavior of the succeeding generation and 

making desirable selections. Morphological 

traits have been studied for determine a 

suitable selection criterion for wheat breeding 

(Marti et al., 2007). Therefore, there is enough 

scope to increase genetic gain in yield through 

suitable changes in harvest index, coupled to 
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105 RILs including the parents were evaluated for Genetic variation for 

protein content with yield related traits in Recombinant Inbred Lines (RILs) 

population of bread wheat in two field experiments i.e. normal sown and 

late sown. Analysis of variance revealed considerable amount of variability 

among RILs for all the characters in both experiments. A perusal for 

coefficient of variation across the two experiments revealed high GCV and 

PCV for flag leaf area, grain yield and biological yield. High genetic 

advance was observed for flag leaf area, grain yield and biological yield. 

High level of broad sense heritability (h
2
b) was recorded for flag leaf area, 

days to 50% flowering and 1000 grain weight. 
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an increase in total biomass. The present study 

was done in a RIL population of wheat to 

study the variability parameters of protein 

content and yield related traits. 

 

Materials and Methods  
 

The experimental material for the present 

investigation consisted of 103 (F12) RIL lines 

descended from a cross between HUW- 510/ 

WH-730 of bread wheat genotypes. All the 

RILs along with parents were sown in 

Randomized Block Design with 3 replications. 

Each plot consists 2 rows of 2 meter length 

with a spacing of 20 cm between the rows. 

The experimental material was sown during 

Rabi 2013 on two dates of sowing i.e. (1
st
 

week of Nov.) and (1
st
 week of Dec.) at the 

wheat research area of Dept. Genetics and 

Plant Breeding, CCS, HAU, Hisar. All the 

recommended cultural practices were adopted 

to raise a good crop. p. Data were recorded on 

five randomly selected plants in each 

replication on characters like days to 50% 

heading, plant height (cm), peduncle length 

(cm), flag leaf area (cm2), harvest index (%), 

1000 grain weight (g) and grain protein 

content (%). Biological yield and grain yield 

which were measured on the basis of 1 / 2 m 

row length. The pedigree of parents and their 

ancestors of the RIL population are presented 

in Table 1. The Pedigree of parents and their 

ancestors of the RIL population are presented 

in Table 1. 

 

Results and Discussion  
 

Highly significant differences were revealed 

for all yield related traits and protein content 

in the RIL population evaluated across two 

environments (Table 2 and 3). Thus 

availability of significant genetic variability 

regarding all yield related traits and protein 

content in the population indicates that 

selection may be conducted with respect to 

these traits in the direction of increase or 

reductions. 

The mean and range revealed a large variation 

for all the traits studied. The mean across all 

RILs in two environment (NS and LS) for all 

yield related traits and protein content were: 

274.70g, 85.33g, 44.31g, 94.44days, 

115.33cm, 42.42cm, 37.61cm
2
, 31.10%and 

10.42% for biological yield, grain yield, 1000 

grain weight, days to 50% flowering, plant 

height, peduncle length, flag leaf area harvest 

index and protein content in normal sown 

experiment and mean across all RILs in late 

sown experiment were: 224.78g, 67.04g, 

40.89g, 83.40 days, 99.09cm, 37.30cm, 

34.33cm
2
, 30.11% and 10.03% for all above 

traits studied. The mean of RILS ranged from 

135.33 to 389.33; 38.67 to 137.00; 33.60 to 

54.33; 72.33 to 121.00; 59.23 to 144.90; 20.77 

to 58.60; 20.33 to 60.37; 20.17 to 39.93 and 

6.71 to 14.88 for biological yield, grain yield, 

1000 grain weight, days to 50% flowering, 

plant height, peduncle length, flag leaf area 

harvest index and protein content respectively 

(Table 4 and 5). The range for biological yield 

agrees with the reports of Tiwari et al., (2007). 

However, a different range for biological yield 

was reported by Kumar et al., (2013). The 

range for grain yield also agrees with the 

reports of Tiwari et al., (2007). However, a 

different range for grain yield was reported by 

Fellahi et al., 2013 (10.52-26.61). The 

discrepancy in range values may be attributed 

to different types of population, and 

environment and gene interaction (G× E). 
 

Similar range for days to 50% flowering was 

reported by Ali et al., 2007. However a 

different range for this trait was reported by 

Fellahi et al., (2013) (131.33-140.00). Such 

discrepancy may be explained due to different 

types of genetic material and environment 

used for evaluation. A similar range for plant 

height was reported by Majumder et al., 

(2008). On the contrary a lower range (63.20-

99.78) was reported by Fellahi et al., (2013). 

Similar range for peduncle length had been 

reported by other workers (Fellahi et al., 

2013). While different range for peduncle 
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length was reported by Kahrizi et al., (2010) 

(7.17-15.73). A similar range for flag leaf area 

was reported by Fellahi et al., (2013). On the 

contrary a lower range (13.77-21.67) was 

reported by Kahrizi et al., (2010). The range 

for harvest index agrees with the reports of 

Choudhary et al., (2012). While a wide range 

of harvest index (15.287-32.63) was observed 

by other workers (Majumder et al., 2008). A 

range for protein content was in close 

agreement with those of Szekely et al., (2010), 

Yagdi et al., (2009) and Choudhary et al., 

(2012). 

 

The assessment of heritable and non-heritable 

components in the total variability observed is 

indispensable in adapting suitable breeding 

procedure. The heritable portion of all 

observed variation can be ascertained by 

studying the components of variation such as 

GCV, PCV, heritability and predicted genetic 

advance. 
 

High GCV and PCV values were recorded for 

flag leaf area, grain yield and biological yield. 

These results are consistent with earlier 

reports (Kalimullah et al., 2012; Bhushan et 

al., 2013; Choudhary et al., 2012; Majunder et 

al., 2008; Tripathi et al., (2011). Low GCV 

and PCV values were recorded for days to 

50% flowering, 1000 grain weight and HI. 

Almost similar findings were reported by 

Fellahi et al., (2013) and Tahmasebi et al., 

(2013). The remaining traits such as plant 

height, peduncle length and protein content 

exhibited intermediate level of GCV and PCV.  

 

Results obtained for GCV and PCV in present 

investigation has revealed that there is 

possibility of improvement genetic 

improvement for majority of these characters.  

 

It is interesting to note that the differences 

between GCV and PCV values were minimum 

which show least influence of environment on 

the traits namely, days to 50% flowering, flag 

leaf area, harvest index (HI) and 1000 grain 

weight. On the other hand a substantial 

contribution of environment was observed on 

biological yield, grain yield and plant height.  
 

High broad sense heritability was recorded for 

flag leaf area, Days to 50% flowering 

followed by 1000 grain weight in both the 

experiments. It was moderate for HI and 

biological yield in normal sown experiment, 

while in the late sown experiment besides 

these traits peduncle length and protein 

content exhibited moderate heritability. Low 

heritability was recorded plant height, 

peduncle length and protein content in normal 

sown experiment, while in late sown 

experiment plant height and grain yield 

exhibited low heritability. 

 

Table.1 Pedigree of parents and their ancestors of the WH-730 × HUW-510 RIL population 
 

Genotypes Pedigree 

Parents 

WH-730 CPAN2092/Improved Lok-1 

Ancestors 

Lok-1 S308/S331 

S308 (Sonalika) II54388/AN/3/YT54/N10B/LR64 

Parents 

HUW-510 HD2278/HUW234/DL230-16 

Ancestors  

HUW-234 HUW12*2/CPAN1666/HUW12 

HUW-12 NP876/CIAN066 

HD-2278 HD2119/247 

Component of variability were determined by the appropriate statistical methods. 
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Table.2 ANOVA for yield related traits and protein content in bread wheat under normal sown (NS) experiment of 

Rabi season, 2013-14 

 

* - Significant at 5% 

** - Significant at 1% 

 

Table.3 ANOVA for yield related traits and protein content in bread wheat under late sown (LS) experiment of Rabi season, 2013-14 
 

* - Significant at 5% 

** - Significant at 1% 

Traits 

 

Source 

D.f Days to 50% 

flowering 

( MS)          F (cal) 

Plant 

height (cm) 

( MS)          F (cal) 

Peduncle length 

(cm) 

( MS)          F (cal) 

Flag leaf area 

(cm2) 

( MS)         F (cal) 

 

Biological yield /1/2 

m row length (g) 

( MS)               F 

(cal) 

 

Grain yield /1/2m 

row length (g) 

( MS)        F (cal) 

 

Harvest Index 

(%) 

 (MS)        F (cal) 

 

1000 Grain  

weight (g) 

 ( MS)       F (cal) 

 

Protein content 

(%) 

 

( MS)            F 

(cal) 

Replication 2 8.35 2.99 1.90 0.70 2.11 2.59 1.13 0.50 16.19 1.839 4.35 0.57 4.17 1.93 1.14 4.97 0.12 1.04 

Genotypes 104 197.37** 70.79 721.65** 244.22 137.52** 156.82 218.69** 97.19 7316.02** 777.73 1137.99* 136.34 49.03** 22.50 53.03** 230.17 8.22** 67.88 

RILs 102 195.77** 71.92 670.81** 243.50 130.31** 163.74 216.81** 99.45 6864.94** 472.74 1,047.47** 134.53 48.01** 21.78 53.29** 230.14 7.49** 64.84 

Parents 1 140.17** 50.24 266.67** 97.68 1.402 1.71 517.08** 229.81 7072.67** 802.80 6.00 0.78 64.03** 29.51 0.167 0.73 32.854** 298.67 

RILs Vs 

Parents 

1 418.47** 149.99 6406.31** 196.64 1014.26 0.30 111.54** 49.57 53629.53** 562.74 11503.02** 277.29 166.15** 49.63 211.45** 333.30 58.05** 28.73 

Error 208 2.79  58.74  10.58  2.25  498.82  97.80  2.74  1.53  0.63  

CV (%)  1.77  6.61  7.66  3.99  8.13  11.60  5.34  2.80  7.58  

Traits 

 

Source 

D.f Days to 50% 

flowering 

( MS)         F 

(cal) 

Plant 

height (cm) 

( MS)          F (cal) 

Peduncle length 

(cm) 

( MS)          F (cal) 

Flag leaf area 

(cm2) 

( MS)         F (cal) 

 

Biological yield /1/2 

m row length (g) 

( MS)               F (cal) 

 

Grain yield /1/2m 

row length (g) 

( MS)        F (cal) 

 

Harvest Index 

(%) 

 (MS)        F (cal) 

 

1000 Grain  

weight (g) 

 ( MS)       F (cal) 

 

Protein content (%) 

 

( MS)            F (cal) 

Replication 2 34.84 8.81 1.95 1.18 0.51 0.83 0.63 0.38 8.47 1.64 4.52 1.31 0.38 1.01 0.00 0.00 0.00 0.32 

Genotypes 104 155.56** 39.35 627.59** 348.25 122.61** 189.90 124.55** 73.72 6221.61** 1,136.46 555.49** 149.90 59.44** 149.65 39.40** 119.77 7.60** 21,477.97 

RILs 102 156.73** 39.99 575.14** 342.55 118.59** 193.78 123.39** 73.21 5,879.18** 1,131.99 442.62** 152.37 54.93** 145.07 39.29** 120.80 7.04** 21,110.97 

Parents 1 54.00** 13.67 0.54 0.33 9.13** 14.97 366.60** 216.92 9,126.00** 1761.78 4,320.17** 1255.86 228.17** 600.45 7.94** 24.06 13.02** 651.00 

RILs Vs 

Parents 

1 137.22** 34.74 6604.54** 708.39 646.13** 4.46 0.62 0.37 38.25** 548.00 8303.55** 1225.5 350.73** 56.66 82.02** 89.94 59.30** 50.5 

Error 208 3.95  53.93  6.81  1.69  345.63  42.73  3.55  0.82  0.52  

CV (%)  2.38  7.41  6.10  3.79  8.37  9.86  6.31  2.23  7.18  
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Table.4 Mean and range for yield related traits and protein content in the HUW-510 × WH-730 

RIL population of bread wheat evaluated under normal sown (NS)  

experiment of Rabi season, 2013-14 

 
Characters Mean ± S.E(m) Range of RILs Range of parents 

Minimum Maximum Minimum Maximum 

Days to 50% flowering 94.44 ± 0.96 82.00 (76) 121.00 (53) 81.33 (104) 91.00 (105) 

Plant height (cm) 115.93 ± 0.95 62.63 (30) 144.90 (100) 99.90 (104) 113.23(105) 

Peduncle length (cm) 42.42 ± 0.52 24.33 (30) 58.60 (20) 41.73 (105) 42.70 (104) 

Flag leaf area (cm2) 37.61 ± 0.87 20.33 (40) 60.37 (29) 32.60 (104) 51.17 (105) 

Biological yield /1/2m row length (g) 274.70 ± 2.19 139.33 (36) 389.33 (52) 217.67 (104) 286.33 (105) 

Grain yield /1/2m row length (g) 85.33 ± 1.60 40.67 (36) 137.00 (51) 65.67 (104) 67.67 (105) 

Harvest Index (%) 31.10 ± 0.85 20.17 (23) 39.93 (8) 23.63 (105) 30.17 (104) 

1000 Grain weight (g) 44.31 ± 0.27 34.53 (36) 54.33 (51) 40.60 (105) 40.93 (104) 

Protein content (%) 10.42 ± 0.19 6.93 (45) 14.88(36) 8.80(104) 13.48 (105) 

HUW-510 = Parent No. 104 WH-730 = Parent No. 105  

 

Table.5 Mean and range for yield related traits and protein content in the HUW-510 × WH-730 

RIL population of bread wheat evaluated under late sown (LS)  

experiment of Rabi season, 2013-14 

 
Characters Mean ± S.E(m) 

 

Range of RILs Range of parents 

Minimum Maximum Minimum Maximum 

Days to 50% flowering 83.40 ±1.15  72.33 (76) 106.00 (8) 75.67 (104) 81.67 (105) 

Plant height (cm) 99.09 ±0.74 59.23 (36) 139.17 (94) 84.97 (104) 85.57 (105) 

Peduncle length (cm) 37.30 ±0.45  20.77 (60) 52.60 (20) 35.40 (105) 37.87 (104) 

Flag leaf area (cm2) 34.33 ±0.75  21.47 (40) 51.77 (54) 26.83 (104) 42.47 (105) 

Biological yield/ 1/2m row 

length (g) 

224.79± 1.31  135.33(36) 319.33 (23) 207.33(104) 285.33(105) 

Grain yield/ 1/2m row length 

(g) 

67.04± 1.07  38.67 (47) 99.33 (55) 63.00 (105) 71.33 (104) 

Harvest Index (%) 30.11± 0.35  21.47 (57) 45.83 (51) 22.07 (105) 34.40 (104) 

1000 Grain weight (g) 40.89 ±0.33  33.60 (99) 50.13 (52) 37.53 (105) 39.83 (104) 

Protein content (%) 10.03 ±0.01 6.71 (90) 13.97 (36) 9.55 (104) 12.50 (105) 

HUW-510 = Parent No. 104 WH-730 = Parent No. 105  

 

Table.6 Components of variance and variability for yield related traits and protein content in the 

HUW-510 × WH-730 RIL population of bread wheat evaluated under normal sown (NS) 

experiment of Rabi season, 2013-14 

 
 Days to 

50% 

flowering 

Plant 

height 

(cm) 

Peduncle 

length 

(cm) 

Flag 

leaf 

area 

(cm2) 

Biological 

yield /1/2m 

row length 

(g) 

Grain yield 

/1/2m row 

length(g) 

Harvest 

Index 

(%) 

1000 

Grain 

weight 

(g) 

Protein 

content 

(%) 

Genotypic variance 

σ2g 

64.86 220.97 42.33 72.15 2272.40 346.73 15.52 17.59 2.53 

Phenotypic variance 

σ2p 

67.65 279.71 52.91 74.40 2771.22 444.53 18.26 19.12 3.16 

Variance due to 

envir. σ2e 

2.79 58.74 10.58 2.25 498.82 97.80 2.74 1.53 0.63 

Broad sense 

heritability h2(bs) 

0.96 0.79 0.80 0.97 0.82 0.78 0.85 0.92 0.80 

Genotypic CV (%) 8.53 12.82 15.34 22.58 17.35 21.82 12.67 9.47 15.26 

Phenotypic CV (%) 8.71 14.42 17.14 22.93 19.16 24.70 13.73 9.86 17.08 

Genetic Advance % 

of mean 

17.20 23.47 28.24 45.81 32.37 39.69 24.05 18.69 28.12 
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Table.7 Components of variance and variability for yield related traits and protein content in the 

HUW-510 × WH-730 RIL population of bread wheat evaluated under late sown (LS)  

experiment of Rabi season, 2013-14 

 
 Days to 

50% 

flowering 

Plant 

height 

(cm) 

Peduncle 

length 

(cm) 

Flag leaf 

area 

(cm2) 

Biological 

yield /1/2m 

row length 

(g) 

Grain 

yield/1/2m 

row 

length (g) 

Harvest 

Index 

(%) 

1000 

Grain 

weight 

(g) 

Protein 

content 

(%) 

Genotypic 

variance σ2g 

50.53 191.22 38.60 40.95 1958.66 170.92 18.63 12.86 2.36 

Phenotypic 

variance σ2p 

54.49 245.15 45.41 42.64 2304.23 213.65 22.18 13.68 2.88 

Variance due to 

envir. σ2e 

3.95 53.93 6.81 1.69 345.63 42.73 3.55 0.82 0.52 

Broad sense 

heritability h2(bs) 

0.93 0.78 0.85 0.96 0.85 0.80 0.84 0.94 0.82 

Genotypic CV 

(%) 

8.52 13.96 16.66 18.64 19.69 19.50 14.34 8.77 15.33 

Phenotypic CV 

(%) 

8.85 15.80 18.07 19.02 21.35 21.81 15.64 9.05 16.95 

Genetic Advance 

% of mean 

16.91 25.39 31.64 37.63 37.40 35.93 27.07 17.51 28.61 

 

Table.8 Frequency of transgressive RILs for all yield related traits and protein content in the RIL 

population of wheat in the normal sown (NS) experiment of Rabi season, 2013-14 

 
Characters 

 

 

RIL 

Days to 50% 

flowering 

Plant 

height 

(cm) 

Peduncle 

length (cm) 

Flag 

leaf 

area 

(cm2) 

Biological yield 

/1/2m row 

length (g) 

Grain 

yield 

/1/2m 

row 

length (g) 

HI 

(%) 

1000 

Grain 

weight 

(g) 

Protein 

content 

(%) 

+ Ve 

Transgressive 

RILs 

63 65 46 7 41 85 66 82 2 

- Ve Transgressive 

RILs 

0 12 49 28 11 13 4 11 15 

 Intermediate 

Transgressive 

RILs 

40 26 8 68 51 5 33 10 86 

 

Heritability estimates are useful in choosing 

the characters for constructing the selection 

indices. High heritability values for traits 

indicated that the variation observed was 

mainly under genetic control and was least 

effected by environment. Similar results were 

reported by Tripathi et al., (2011), Majunder 

et al., (2008) and Tahmasebi et al., (2013). 

 

It is apparent from above that the 

improvement of various characters, 

individually or simultaneously, different 

selection intensities are to be exercised 

depending on estimates of genetic 

components of variation and the heritability 

of concerned traits. However, GCV itself 

would not be a correct measure to know the 

heritable variations present and therefore, 

GCV should be considered together with 

heritability estimates to get the more reliable 

picture of the amount of the advance to be 

expected from the selections (Burton, 1952).  

 

High genetic advance was observed for flag 

leaf area, grain yield and biological yield. 

Moderate genetic advance was recorded for 

protein content, plant height and peduncle 

length and HI and low for1000 grain weight 

and days to 50% flowering (Table 6 and 7).  
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The high heritability estimates would be 

helpful for breeding superior genotypes on the 

basis of phenotypic performance of 

quantitative characters. However, Johnson et 

al., (1995) reported that heritability estimates 

along with genetic gain were more useful than 

the heritability values alone for selecting the 

best individual. Panse (1957) further 

elaborated that high heritability together with 

high genetic advance was an indication of 

absence of dominance and epistatic effects. In 

the present study biological yield, grain yield, 

flag leaf area and protein content exhibited 

high genetic advance as per cent of mean 

along with high heritability estimates 

indicates that most likely the heritability is 

due to the additive gene effects and selection 

may be effective in early generations for these 

traits. Similar findings have been reported by 

Kalimullah et al., (2012).  

 

High heritability along with moderate genetic 

advance was noticed for plant height and 

peduncle length suggesting predominance of 

additive and non-additive gene action in the 

expression of these traits. Therefore, these 

traits can be improved by mass selection. 

High heritability along with low genetic 

advance was noticed for days to 50% 

flowering is indicative of predominance of 

non-additive gene actions which could be 

exploited through heterosis breeding. Besides, 

Akanda et al., (1997) reported that high 

genotypic coefficient of variation along with 

high heritability and genetic advance provide 

better information than other parameters 

alone. 

 

These observations are in agreement with the 

earlier reports of Fellahi et al., (2013), 

Majunder et al., (2008) and Bhushan et al., 

(2013). Subhashchandra et al., (2009) also 

reported high heritability and high genetic 

advance for these traits indicating the scope 

for their improvement through simple 

selection. 

All yield related traits and protein content are 

quantitative in nature and polygenically 

controlled. The parents are expected to have 

dispersion of genes controlling a trait. To 

analyse this hypothesis segregants surpassing 

parental means both in positive and negative 

direction were examined for morphological 

traits and number of such transgressive 

segregants for each trait are presented in 

Table 8. It is evident that a number of 

transgressive segregants in both positive and 

negative direction were presented for each of 

the morphological traits in RIL population. 

Therefore, each of the parents possessed both 

increasing and decreasing effects, i.e. genes 

were dispersed between the parents.  

 

During the course of development of RILs, 

there was repeated opportunity for 

recombination in F2 and onward generation’s, 

leading to accumulation of gene with like 

effects in the resulting RILs. This is further 

substantiated that parental genotype exhibited 

a narrow range for different morphological 

traits but a number of transgressive segregants 

were present in RIL population for different 

yield related traits and protein content. The 

subsequent QTL analysis for morphological 

traits in this population may be pursued and 

characterize the parental genotypes for 

possessing. QTLs (genes) with increasing or 

decreasing effects and thus would confirm the 

gene dispersion of polygene governing these 

traits. 
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