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Introduction 
 

Wheat belongs to the genus Triticum of the 

family Poaceae and its origin is believed to be 

the Middle East Region of Asia (Lupton, 

1987). Three species of wheat viz., Triticum 

aestivum L. (bread wheat), Triticum durum 

Desf. (Macaroni wheat) and Triticum 

dicoccum Schulb. (Emmer wheat) are grown 

commercially in India, covering 86, 12, and 2 

per cent of the total area under wheat, 

respectively (Ukani et al., 2015).  

Wheat is one of the most important and widely 

cultivated crops in the world, used mainly for 

human consumption and support nearly 35% 

of the world population (Mohammadi-joo et 

al., 2015) and providing 20 per cent of the 

total food calories. Wheat is the second most 

important staple food next to rice. It has been 

described as the ‘King of cereals’ because of 

the acreage it occupies, high productivity and 

the prominent position it holds in the 

international food grain trade. It is known for 

its remarkable adoption to a wide range of 
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The Experiment was carried out to assess genetic variability with respect to grain yield and 

its components for heat tolerance in durum wheat. The values of phenotypic coefficient of 

variation in both sowing conditions were slightly higher than that of genotypic coefficient 

of variation for all the traits studied, indicating less effect of environment on the 

expression of characters studied. The genetic advance at 5% selection intensity (k=2.06) 

was found high under D0condition for number of grains per main spike, harvest index and 

biological yield per plant. Under D0 condition moderate genetic advance was observed for 

days to 50% flowering, plant height, grain filling period, days to maturity, chlorophyll 

content at anthesis (CHLa) and grain yield per plant, while under D1 condition for number 

of grains per main spike and harvest index. High heritability coupled with high genetic 

advance expressed as percentage of mean were observed for all characters except under 

D0condition for days to maturity, plant height and length of main spike, while under 

D1condition for days to maturity, grain filling period, length of main spike and 100-grain 

weight, which may be attributed to the preponderance of additive gene action and 

possessed high selective value and thus, selection pressure could profitably be applied on 

these characters for their rationale improvement. 
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environments and its role in the world 

economy. 

 

The most durum wheat is grown in the 

Mediterranean countries, the former Soviet 

Union, North America, and Argentina. U.S. 

durum production is primarily in North 

Dakota. However, the largest producer of 

durum is Canada where it is the third most 

prominent crop behind red spring wheat and 

canola, the primary region for durum is in the 

southern quarter of Saskatchewan. World 

production of durum wheat ranges from 30-35 

million tonnes. More than 80 per cent of the 

total product is consumed in the country of 

production, with only Canada, USA and 

Argentina being mainly exporters. Durum 

wheat accounts for only 4 per cent of the total 

world production. Nearly 10-12 million tonnes 

of durum, valued around US $ 2600 million is 

traded annually (Singh et al., 2011). 

 

Materials and Methods 

 

The experimental material consisted of 50 

diverse genotypes of durum wheat (Triticum 

durum Desf.) under timely and late sowing 

condition for 50 genotypes of durum wheat in 

a Randomized Block Design with three 

replications during rabi2015-2016 at Wheat 

Research Station, Junagadh Agricultural 

University, Junagadh. Each entry was 

accommodated in a single row of 2.5 m length 

with a spacing of 22.5 cm between two rows. 

The recommended agronomical practices and 

plant protection measures were followed for 

the successful raising of the crop. Five 

competitive plants per genotype in each 

replication were randomly selected for 

recording observations on different characters 

viz., Days to 50% flowering, Days to maturity, 

Grain filling period (Days), Plant height (cm), 

Number of productive tillers per plant, Length 

of main spike (cm), Number of grains per 

main spike, Grain weight per main spike (g), 

Grain yield per plant (g), Biological yield per 

plant (g), Harvest index (HI) (%), 100-grain 

weight (g), Chlorophyll content at anthesis 

(SPAD unit), Chlorophyll content at 21 days 

after anthesis (SPAD unit), Canopy 

temperature depression at vegetative stage 

(°C) and Canopy temperature depression at 

grain filling stage (°C) (except days to 50% 

flowering, grain filling period and days to 

maturity) and their averages were used in the 

statistical analysis. The analysis of variance 

for RBD was carried out by linear model 

suggested by Panse and Sukhatme (1985).  

 

The genotypic coefficient of variation, which 

measures the magnitude of genetic variation 

present in a particular character, was estimated 

as per the formula suggested by Burton and 

DeVane (1953). The phenotypic coefficient of 

variation, which measures the magnitude of 

phenotypic variation present in a particular 

character, was estimated as per the formula 

suggested by Burton and DeVane (1953).The 

expected genetic advance under selection 

(GA) and heritability were estimated as per 

the formula described by Allard (1960).The 

genetic advance expressed as percentage of 

mean was computed by method suggested by 

Johnson et al., (1955).  

 

Results and Discussion 

 

The better index for measuring the genetic 

variation is genetic co-efficient of variation 

(GCV) as described by Burton and De Vane 

(1953) for comparing the genetic variability 

present in different traits. The estimates of 

genotypic and phenotypic coefficient of 

variability in both the sowing conditions 

indicated that the values of phenotypic 

coefficient of variation were slightly higher 

than that of genotypic coefficient of variation 

for all the traits studied, indicating less effect 

of environment on the expression of characters 

studied. Similar results have also been 

reported by Malav (2015) and Wolde et al., 

(2016). 
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The high values of GCV were observed under 

timely sowing condition (D0) for number of 

productive tillers per plant followed by canopy 

temperature depression at grain filling stage, 

number of grains per main spike, grain yield 

per plant, canopy temperature depression at 

vegetative stage, harvest index, biological 

yield per plant, grain weight per main spike 

and 100-grain weight. The high values of 

GCV were observed under late sowing 

condition (D1) for canopy temperature 

depression at grain filling stage followed by 

number of productive tillers per plant, canopy 

temperature depression at vegetative stage, 

number of grains per main spike, grain yield 

per plant, biological yield per plant, grain 

weight per main spike, harvest index and 100-

grain weight. 

 

The moderate values of GCV were observed 

under timely sowing condition (D0) for length 

of main spike, grain filling period, chlorophyll 

content at anthesis, chlorophyll content at 21 

days after anthesis, days to 50% flowering and 

plant height. The moderate values of GCV 

were observed under late sowing condition 

(D1) for grain filling period, days to 50% 

flowering, chlorophyll content at 21 days after 

anthesis, chlorophyll content at anthesis and 

length of main spike. Plant height remains low 

in late sowing condition. These findings are in 

corroboration with those reported by earlier 

reports by Desheva and Cholakov (2014), 

Maurya et al., (2014) and Desheva and 

Kyosev (2015). 
 

The low value of GCV was observed under 

timely sowing condition (D0) for days to 

maturity. The low value of GCV was observed 

under late sowing condition (D1) for plant 

height and days to maturity. The finding of 

these characters is supported by earlier reports 

of Abinasa et al., (2011) and Baranwal et al., 

(2012). High phenotypic coefficient of 

variation (PCV) was observed under timely 

sowing condition (D0) for grain yield per plant 

in the present study followed by canopy 

temperature depression at grain filling stage, 

number of productive tillers per plant, number 

of grains per main spike, canopy temperature 

depression at vegetative stage, grain yield per 

plant, harvest index, biological yield per plant, 

grain weight per main spike, 100-grain weight 

and length of main spike. Grain filling period, 

chlorophyll content at anthesis, plant height, 

chlorophyll content at 21 days after anthesis 

and days to 50% flowering exhibited moderate 

value of PCV, whereas days to maturity noted 

low values of PCV. High PCV was observed 

under late sowing condition (D1) for canopy 

temperature depression at grain filling stage, 

number of productive tillers per plant, canopy 

temperature depression at vegetative stage, 

number of grains per main spike, grain yield 

per plant, 100-grain weight, grain weight per 

main spike, biological yield per plant, harvest 

index and grain filling period.  

 

Days to 50% flowering, chlorophyll content at 

21 days after anthesis, chlorophyll content at 

anthesis and length of main spike exhibited 

moderate value of PCV, whereas plant height 

and days to maturity noted low values of PCV 

and also reported by Desheva and Cholakov 

(2014), Maurya et al., (2014), Said et al., 

(2014), Desheva and Kyosev (2015) and 

Wolde et al., (2016). 

 

In the present study, high heritability (broad 

sense) values were observed under timely 

sowing condition (D0) for biological yield per 

plant, harvest index, grain yield per plant, 

number of grains per main spike, number of 

productive tillers per plant, days to 50% 

flowering, chlorophyll content at anthesis, 

100-grain weight, days to maturity, grain 

filling period, grain weight per main spike, 

chlorophyll content at 21 days after anthesis, 

canopy temperature depression at grain filling 

stage and canopy temperature depression at 

vegetative stage, while moderate estimates for 

length of main spike and plant height (Table 1 

and 2). 
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Table.1 Range of variation, mean, phenotypic and genotypic coefficients of variation, heritability (broad Sense), genetic advance and 

genetic advance expressed as percentage of mean for various characters in 50 genotypes of durum wheat under timely sowing (D0) 

 

Character Range Mean Genotypic 

coefficient of 

variation (%) 

Phenotypic 

coefficient of 

variation (%) 

Heritability 

(Broad 

Sense) 

(%) 

Genetic 

advance 

Genetic advance 

expressed as 

percentage of 

mean 

Days to 50% flowering 54.33 to 71.67 63.51 12.87 13.17 95.50 16.45 25.90 

Days to maturity 100.12 to 115.53 109.27 5.92 6.39 85.90 12.36 11.31 

Grain filling period (Days) 37.63 to 57.77 45.76 16.72 18.09 85.46 14.57 31.84 

Plant height (cm) 62.33 to 90.89 77.36 12.50 16.16 59.87 15.42 19.93 

Number of productive tillers per plant 3.83 to 12.23 7.89 50.03 50.63 97.64 8.04 101.85 

Length of main spike (cm) 4.33 to 6.71 5.54 16.87 20.20 69.71 1.61 29.01 

Number of grains per main spike 28.33 to 67.00 45.14 38.79 39.13 98.25 35.76 79.20 

Grain weight per main spike (g) 2.20 to 3.96 2.90 24.68 26.94 83.92 1.35 46.57 

Grain yield per plant (g) 9.67 to 20.33 14.19 34.52 34.80 98.40 10.01 70.54 

Biological yield per plant (g) 23.67 to 51.00 35.61 28.43 28.48 99.62 20.81 58.45 

Harvest index (HI) (%) 25.61 to 59.99 40.23 31.19 31.30 99.30 25.76 64.03 

100-grain weight (g) 3.17 to 5.39 4.31 22.54 23.30 93.64 1.94 44.94 

Conti… 

Character Range Mean Genotypic 

coefficient of 

variation (%) 

Phenotypic 

coefficient of 

variation (%) 

Heritability 

(Broad 

Sense) 

(%) 

Genetic 

advance 

Genetic advance 

expressed as 

percentage of 

mean 

Chlorophyll content at 

anthesis(SPAD unit) 

25.94 to 40.90 33.74 16.50 16.91 95.21 11.19 33.16 

Chlorophyll content at 21 days after 

anthesis(SPAD unit) 

27.88 to 42.40 35.00 13.64 15.11 81.49 8.88 25.36 

Canopy temperature depression at 

vegetative stage (°C) 

2.04 to 5.53 3.93 31.55 35.33 79.75 2.28 58.03 

Canopy temperature depression at 

grain filling stage (°C) 

0.90 to 3.90 2.52 45.80 50.84 81.16 2.14 85.00 
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Table.2 Range of variation, mean, phenotypic and genotypic coefficients of variation, heritability (broad Sense), genetic advance and 

genetic advance expressed as percentage of mean for various characters in 50 genotypes of durum wheat under late sowing (D1) 

 

Character Range Mean Genotypic 

coefficient of 

variation (%) 

Phenotypic 

coefficient of 

variation (%) 

Heritability 

(Broad 

Sense) 

(%) 

Genetic 

advance 

Genetic advance 

expressed as 

percentage of 

mean 

Days to 50% flowering 45.14 to 65.1 55.52 17.72 18.05 96.29 19.89 35.81 

Days to maturity 87.18 to 108.17 98.30 6.99 8.77 63.63 11.30 11.49 

Grain filling period (Days) 34.27 to 57.33 42.78 18.32 22.37 67.07 13.22 30.91 

Plant height (cm) 55.47 to 70.76 64.31 9.91 9.96 99.05 13.06 20.31 

Number of productive tillers per plant 2.44 to 10.91 5.99 53.05 54.03 96.40 6.43 107.30 

Length of main spike (cm) 5.14 to 7.64 6.28 13.64 16.79 66.00 1.43 22.82 

Number of grains per main spike 25.00 to 64.00 43.45 41.26 41.29 99.88 36.92 84.95 

Grain weight per main spike (g) 2.05 to 3.7 2.71 25.47 26.53 92.11 1.36 50.35 

Grain yield per plant (g) 6.87 to 15.63 11.14 36.33 36.87 97.07 8.22 73.73 

Biological yield per plant (g) 20.00 to 38.33 27.39 26.01 26.13 99.02 14.60 53.31 

Harvest index (HI) (%) 25.78 to 48.82 40.64 25.31 25.73 96.78 20.84 51.29 

100-grain weight (g) 2.50 to 5.50 4.02 24.66 30.83 63.95 1.63 40.62 

Conti… 

Character Range Mean Genotypic 

coefficient of 

variation (%) 

Phenotypic 

coefficient of 

variation (%) 

Heritability 

(Broad 

Sense) 

(%) 

Genetic 

advance 

Genetic advance 

expressed as 

percentage of 

mean 

Chlorophyll content at anthesis 

(SPAD unit) 

29.28 to 44.93 37.28 16.81 16.90 98.95 12.84 34.45 

Chlorophyll content at 21 days after 

anthesis (SPAD unit) 

24.91 to 39.79 32.70 17.04 17.15 98.68 11.40 34.87 

Canopy temperature depression at 

vegetative stage (°C) 

-0.83 to 5.17 3.51 44.96 48.35 86.46 3.02 86.13 

Canopy temperature depression at 

grain filling stage (°C) 

0.57 to 4.74 2.41 71.31 75.87 88.33 3.33 138.06 
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High heritability (broad sense) values were 

observed under late sowing condition (D1) for 

number of grains per main spike, plant height, 

biological yield per plant, chlorophyll content at 

anthesis, chlorophyll content at 21 days after 

anthesis, grain yield per plant, harvest index, 

number of productive tillers per plant, days to 

50% flowering, grain weight per main spike, 

canopy temperature depression at grain filling 

stage and canopy temperature depression at 

vegetative stage, while moderate estimates for 

grain filling period, length of main spike, 100-

grain weight and days to maturity. The high 

heritability values for different traits indicated 

that heritability may be due to higher 

contribution of genotypic component in these 

traits and also reported by Patel and Jain (2002), 

Abinasa et al., (2011), Mohammadi et al., 

(2011), Thanna et al., (2011), Said et al., (2014) 

and Wolde et al., (2016). 

 

The genetic advance under timely sowing 

condition (D0) at 5% selection intensity 

(k=2.06) was found high for number of grains 

per main spike, harvest index and biological 

yield per plant. In that D0 condition moderate 

genetic advance was observed for days to 50% 

flowering, plant height, grain filling period, 

days to maturity, chlorophyll content at anthesis 

and grain yield per plant, while it was low for 

all the remaining traits studied. The genetic 

advance under late sowing condition (D1) at 5% 

selection intensity (k=2.06) was found high for 

number of grains per main spike and harvest 

index. In that D1 condition moderate genetic 

advance was observed for days to 50% 

flowering, biological yield per plant, grain 

filling period, plant height, chlorophyll content 

at anthesis, chlorophyll content at 21 days after 

anthesis and days to maturity, while it was low 

for all the remaining traits studied including 

grain yield per plant and also reported by Yadav 

et al., (2011), Desheva and Cholakov (2014) 

and Kumar et al., (2014). 

 

The genetic advance expressed as percentage of 

mean under timely sowing condition (D0) was 

found high for number of productive tillers per 

plant, canopy temperature depression at grain 

filling stage, number of grains per main spike, 

grain yield per plant, harvest index, biological 

yield per plant, canopy temperature depression 

at vegetative stage, grain weight per main spike, 

100-grain weight, grain filling period, 

chlorophyll content at anthesis, length of main 

spike, days to 50% flowering and chlorophyll 

content at 21 days after anthesis, while 

moderate values of genetic advance expressed 

as percentage of mean was recorded for plant 

height and days to maturity. The genetic 

advance expressed as percentage of mean under 

late sowing condition (D1) was found high for 

canopy temperature depression at grain filling 

stage, number of productive tillers per plant, 

canopy temperature depression at vegetative 

stage, number of grains per main spike, grain 

yield per plant, biological yield per plant, 

harvest index, grain weight per main spike, 100-

grain weight, days to 50% flowering, 

chlorophyll content at 21 days after anthesis, 

chlorophyll content at anthesis, grain filling 

period, length of main spike and plant height, 

while moderate values of genetic advance 

expressed as percentage of mean was recorded 

for days to maturity and also reported by Singh 

et al., (2012), Tsegay et al., (2012), Bhushan et 

al., (2013), Maurya et al., (2014) and Wolde et 

al., (2016). 

 

In the present study, high heritability coupled 

with high genetic advance expressed as 

percentage of mean were observed under timely 

sowing condition (D0) for days to 50% 

flowering, grain filling period, number of 

productive tillers per plant, number of grains 

per main spike, grain weight per main spike, 

grain yield per plant, biological yield per plant, 

harvest index, 100-grain weight, chlorophyll 

content at anthesis, chlorophyll content at 21 

days after anthesis, canopy temperature 

depression at vegetative stage and canopy 

temperature depression at grain filling stage, 

while under late sowing condition (D1) for days 

to 50% flowering, plant height, number of 

productive tillers per plant, number of grains 

per main spike, grain weight per main spike, 

grain yield per plant, biological yield per plant, 

harvest index, chlorophyll content at anthesis, 
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chlorophyll content at 21 days after anthesis, 

canopy temperature depression at vegetative 

stage and canopy temperature depression at 

grain filling stage, which may be attributed to 

the preponderance of additive gene action and 

possessed high selective value and thus, 

selection pressure could profitably be applied 

on these characters for their rationale 

improvement (Panse, 1957). Moderate 

heritability with moderate genetic advance 

expressed as percentage of mean was 

manifested under timely sowing condition (D0) 

by plant height, while under late sowing 

condition (D1) by days to maturity, which 

indicated non - additive type of gene action 

controlling these characters, hence there is 

limited scope for improvement of traits through 

selection.  

 

The values of phenotypic coefficient of 

variation in both sowing conditions (D0 and D1) 

were slightly higher than that of genotypic 

coefficient of variation for all the traits studied, 

indicating less effect of environment on the 

expression of characters studied. The high 

values of GCV were observed under timely 

sowing condition (D0) for number of productive 

tillers per plant, while under late sowing 

condition (D1) for canopy temperature 

depression at grain filling stage. The high 

heritability (broad sense) were observed under 

timely sowing condition (D0) for biological 

yield per plant, while under late sowing 

condition (D1) for number of grains per main 

spike. The genetic advance at 5% selection 

intensity (k=2.06) was found high under timely 

sowing condition (D0) for number of grains per 

main spike, while under late sowing condition 

(D1) for number of grains per main spike. The 

genetic advance expressed as percentage of 

mean was found high under timely sowing 

condition (D0) for number of productive tillers 

per plant, and under late sowing condition (D1) 

for canopy temperature depression at grain 

filling stage. High heritability coupled with high 

genetic advance expressed as percentage of 

mean were observed under both timely as well 

as late sowing condition (D0) for days to 50% 

flowering. 
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