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ABSTRACT: The aim of this work was to investigate the genotypic variation of thirty five bread 

wheat genotypes as well as to clarify the association between grain yield and the other important 

agronomic traits. Two field experiments were carried out in the Experimental Farm of Genetic 

Resources Department, Bahteem Agricultural Research Station, Egypt during 2015-2016 and 2016-

2017 growing seasons. Thirty two wheat landraces collected from eleven Districts in Egypt, in 

addition to three local cultivars were evaluated for earliness traits, plant height, yield and its 

components. The results indicated significant differences among the evaluated wheat genotypes for all 

investigated traits during the two seasons. The highest grain weight/plant and contributing traits were 

assigned for genotypes; G3, G8, G18, G27, G29, G33 and G35 at two growing seasons. The 

phenotypic variance (σ2
ph) was found slightly higher than the genotypic variance (σ2

g) for all studied 

traits under two seasons, and accordingly, phenotypic coefficient of variation (PCV) values were 

relatively greater than genotypic coefficient of variation (GCV) values for all traits. Heritability in 

broad sense (h2b) values were high for plant height (90.63 and 97.81 %), number of grains/spike 

(95.33 and 84.66 %), 1000-grain weight (76.42 and 84.03 %), days to heading (77.4 and 87.06 %) and 

days to maturity (86.18 and 66.56 %) in 1st and 2nd seasons, respectively. Besides, it was low in 1st 

season (43.38 %) and high in 2nd season (71.91 %) for grain weight/plant, whereas it was moderate for 

number of spikes/plant (52.87 and 58.09 %) in 1st and 2nd seasons, respectively. Furthermore, positive 

genotypic and phenotypic correlations were found between studied traits and grain weight/plant during 

two growing seasons except days to heading. Additionally, path analysis was calculated and it was 

found that the direct effects on wheat grain yield of all studied traits were positive in both seasons 

except days to 50% heading at two seasons and days to maturity and plant height at the second season.  

Key words: Bread wheat, local landraces and cultivars, phenotypic and genotypic coefficients of 

variation, genotypic and phenotypic correlation coefficients, broad sense heritability.  

INTRODUCTION 

Wheat is the first strategic crop grown during 

the winter season. It is stable food for about 

third of the world population due to its multiple 

uses, wider adaptation, high nutritive value 

(Rangare et al., 2010). Its cultivated area in the 

world in 2017 was 218.54 million hectares 

produced 771.72 million tons (FAOSTAT, 2019). 

Whereas, Egypt contributed in these values with 

low acreage which was 1.34 hectares produced 

8.8 million tons and imported 8.73 million tons 

(about 50 % of the consumption).  

Assessing of genetic diversity for local wheat 
landraces and cultivars contributes in 
determining potential of these materials for 
breeding efficiency and hence forward their use 
for wheat breeding, particularly under recent 
climate changes (Lopes et al., 2015; Rufo et al., 

2019). The continued providing wheat breeding 
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programs with new germplasm materials as a 
donor of adapted genes is essential for further 
improving wheat cultivars (Fu, 2015; Cobb et 

al., 2019). Since, the parents with wide genetic 
distance present good hybrid vigor with high 
yield performance. For that reason, obtaining 
information on nature, pattern and degree of 
genetic diversity helps breeders in identifying 
diverse parents to be crossed in wheat breeding 
programs (Ahmadi et al., 2012; Sajjad et al., 

2018). 

Landraces are mixture of different genes and 

evolved by natural and artificial selection under 

environmental conditions where they were 

grown. They are very important genetic resource 

for diversity and specific adaptation to local 

environmental conditions and increasing 

agronomic traits in breeding programs (Desiderio 

et al., 2019; Zhao et al., 2019). Agronomic, 

morphological and phenological traits are very 

important for grouping wheat genetic recourses, 

and also are essential and useful for plant 

breeders seeking to improve wheat germplasm 

(Najaphy et al., 2012). 

The phenotypic (PCV) and genotypic (GCV) 

coefficients of variability, heritability and 

genetic advance for yield and contributing traits 

are a major concern for wheat plant breeder 

(Rahman et al., 2016; Rajput 2019). The 

direction and magnitude of the association 

between grain yield and contributing traits 

determine the efficiency of breeding programs. 

Furthermore, the relative importance of each 

trait involved in contributing to grain yield 

(Naik et al., 2015; Rahman et al., 2016; 

Shamuyarira et al., 2019). Selection for grain 

yield by considering other related traits as 

indirect selection criteria is an alternative 

breeding approach. Consequently, genotypic and 

phenotypic correlations among traits could help 

in breeding through indirect selection for 

important traits by selecting least important 

traits that are easier to measure (Anil et al., 2012; 

Jassim, 2019). Likewise, path analysis is a 

useful statistical model in breaking down the 

correlations of agronomic traits with grain yield 

into their direct and indirect effects (Anand et 

al., 2016; Meles et al., 2017; Rajput, 2019). 

The aim of this study was to (i) assess the 

association between grain yield and the other 

important agronomic traits in some Egyptian 

bread wheat landraces and local cultivars, (ii) to 

determine the amount of direct and indirect 

effects of some agronomic traits on grain yield, 

(iii) also to study the interrelationships among 

the tested traits. 

MATERIALS AND METHODS 

Two field experiments were conducted at the 
Experimental Farm of Genetic Resources 
Department, Bahteem Agricultural Research 
Station, Egypt, during the two winter growing 
seasons of 2015/2016 and 2016/2017. The trials 
in both seasons were sown on third week of 
November within the optimal Districts for wheat 
cultivation. Thirty-two wheat landraces were 
collected from eleven Egyptian District, in 
addition to three local cultivars were evaluated 
in this study. The pedigree, site and collection 
data of wheat landraces and cultivars are 
presented in Table 1. The experiment was laid 
out in a randomized complete block design 
(RCBD) with three replications. Each genotype 
in each plot was sown in three rows, 2 m length, 
with row to row and plot to plot distances 0.25 
m and 0.50 m, respectively. Ten plants were 
taken at random from each plot to estimate the 
following traits: plant height (cm), number of 
spikes/plant, number of grains/spike, 1000-grain 
weight (g) and grain weight/plant (g). Also days 
to heading (day) and days to maturity (day) were 
recorded.  

The obtained data were statistically analyzed 

and differences among wheat genotypes means 

were tested using a revised LSD test at the 0.05 

level according to Steel et al. (1997). 

Genotypic and phenotypic correlation 

coefficients were computed among the studied 

traits according Kwon and Torrie (1964). Path 

analysis of above listed traits on grain yield was 

also performed according to Dewey and Lu 

(1959). Microsoft Excel program, SPSS and 

SAS 9.1 Computer program for Windows were 

used for the statistical analysis. Variance 

components included phenotypic (σ²P) and 

genotypic (σ²G) components were estimated 

according to Kwon and Torrie (1964) for the 

two growing seasons. The phenotypic and 

genotypic coefficients of variation were calculated 

according to the method suggested by Burton 

and Devane (1953) using the following formulae: 
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Phenotypic Coefficient of variation: 

σph
PCV= ×100

X
 

Genotypic Coefficient of variation  

σg
GCV= ×100

X
 

Where: 

σph and σg are the phenotypic and genotypic 

standard deviations in the same ran   and (x ) is 

the general mean.  

Heritability values in broad sense (h2
b) and 

genetic advance (G.s) for the studied traits were 

estimated according to Hanson et al. (1956) 

using the following formulae: 

2
2

b 2

σ g
h = ×100

σ ph
 

2

bG.s=K ×h ×σph  

G.s
G.s (%)= ×100

X
 

Where: 

h2
b = heritability in broad sense  

2 g= genotypic variance 

2 ph= phenotypic variance 

G.S.%= genetic advance as percentage of mean 

K= a selection differential with a value of 2.06 
under 5% selection intensity 

 ph= phenotypic standard deviation 

 = general mean for the certain trait 

RESULTS AND DISCUSSION 

Analysis of Variance  

The analysis of variance for days to 50% 
heading, days to maturity, plant height, number 
of spikes/plant, number of grains/spike, 1000-
grain weight and grain weight/plant showed 
highly significant differences among the thirty-
five bread wheat landraces and local cultivars in 
both 1st and 2nd seasons, reflecting the wide 
genetic diversity (Table 2). The coefficients of 
variation (CV %) were low (<10 %) in the two 
seasons for all traits except number of spikes/ 
plant and grain weight/plant were relatively 

moderate (10 to 20 %) in the two seasons. These 
results showed that the dependability level of 
results for these traits were high.  

Mean Performance 

The results in Table 3 indicate that, the 
environmental season caused a reduction in all 
studied traits except 1000-grain weight in the 1st 
season compared with the 2nd season for most 
landraces and local cultivars. Wheat genotypes 
number; G1, G6, G7, G8, G9, G16, G26, G27 
and G29 exhibited the earliest values for days to 
50% heading and maturity under the two 
seasons. Conversely, the genotypes G11, G14, 
G19, G21, G23, G30, G31, G32, G33 and G35 
had the latest ones on both seasons. 

The average of days to 50 % heading varied 

from 79.0 and 85.0 (G29) to 101.0 and 111.0 

days (G30) with an average 86.3 and 94.7 days 

on 1st and 2nd seasons, respectively. For days to 

the maturity, the average for 1st season ranged 

from 127.0 (G16) to 143.7 days (G32) with an 

average 134.3 day, as well as from 144.3 (G16) 

to 151.7 days (G33) with an average 148.8 days 

for 2nd season.  

Obviously, the wheat genotypes G2, G8, G9, 
G15, G20, G23, G24, G25, and G33 presented 
the shortest one for plant height among the 
studied genotypes on both seasons. On the other 
hand, G17, G21, G29, G30, G34 and G35 were 
the tallest one across the two environments. The 
average of plant height varied from 68.67 (G9) 
to 119.67 cm (G30) with an average of 89.05 cm 
in 1st season, and from 86.67 (G9) to 132.9 cm 
(G29) with an average of 105.76 cm in 2nd season. 

Genotype No. 35 had the highest values for 
number of spikes/plant followed by G17, 18, 16 
and 8. On the other side, G6, G1, G7, G21, G22, 
G24, G25 and G33 had the lowest values in both 
seasons. Its average varied from 3.33 and 3.73 
(G24) to 8.43 and 8.23 (G35) with an average of 
5.16 and 5.19 in the 1st and 2nd seasons, 
respectively.  

The mean values of number of grains/spike 
are shown in Table 3. It varied from 42.33 and 
40.83 (G17) to 80.33 and 77.0 (G3) with an 
average 55.67 and 58.25 in the 1st and 2nd 
seasons, respectively. In both seasons, wheat 
genotypes No. G3, G9, G21, G23, G27, G29 and 
G33 had the highest values. While, G2, G6, 
G11, G16, G17 and G35 recorded the lowest 
values during the two growing seasons. 
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Table 1. Wheat landraces and cultivars used in the two growing seasons (2015/ 2016 and 2016/ 

2017) 

Collection year Site  District Accession Code 

1990 Salamun Aswan 2735 G1 

1990 Beheira-ldfu Aswan 2745 G2 

1990 El-bisaliya Aswan 2733 G3 

1990 El-kilh Gharib Aswan 2778 G4 

1990 Habri, Idfu Aswan 2787 G5 

1987 Kafr El-hissa, Benha Center Qalyubiya 1061 G6 

1987 Assafena, Tukh Center Qalyubiya 1062 G7 

1987 Hurein Monufia 1087 G8 

1987 5km nw of Ibshan Kafr El-sheikh 1089 G9 

1987 Deiba, 2knw of Biyala Kafr El-sheikh 1090 G10 

1990 El-hilaila Qena 3209 G11 

1990 El-hilaila ,25km N of El-hilla Qena 3218 G12 

1990 El-rizeiqat Qena 3262 G13 

1990 Almaris Qena 3282 G14 

1990 Naqaa Gharib, near El-gabalin Qena 3307 G15 

1987 Mity Azit,7km ne of Shiblanga Sharkia 1070 G16 

1987 Pasmialah, 8km E Matruh Marsa Matruh 9 G17 

1999 Mil/Buckseri cM930-16-8M-oy-om-2y-oB Local cultivar Giza-168 G18 

1999 
Ald”s”Ruac”s”//CMH74A63015xGm4583-

5GM-1gm-oG 
Local cultivar Gemmeiza-9 G19 

1999 Sakha92/tr810328s8815-s-2s-15-0s Local cultivar Sakha-93 G20 

1990 Semille,3/4 km N of Sibirba Gharbia 2790 G21 

1990 Amyut,2km N of Qutur Gharbia 2796 G22 

1990 El-hamdiya Sohag 2805 G23 

1990 Shandwill Sohag 2806 G24 

1990 NAgAL Kawi,9km Se of Tahta Sohag 2810 G25 

1990 Nag Assaw Amei,2kmNof Tahta Sohag 2817 G26 

1990 Shatura, 8km. SofTIma Sohag 2900 G27 

1990 Sohag, Haud Aisa Sohag 2905 G28 

1990 Beni feez, near Sidfa Asyut 2906 G29 

1990 Baqur Asyut 2916 G30 

1990 Al-wan,19km S of Manfalut Asyut 3305 G31 

1990 10km,S of Manfalut Asyut 3309 G32 

1990 Beni  Rafi Asyut 3313 G33 

1990 Kom Boha,near Manfalut Asyut 3315 G34 

1987 6km-E El-arish North Sinai Sinai G35 
 

Table 2. Mean squares of earliness traits, plant height, yield and its components for 35 wheat 

landraces and cultivars during the two seasons (2015/2016 and 2016/2017)  

SOV df Season Days to 

50% 

heading 

Days to 

50% 

maturity 

Plant 

height 

(cm) 

Number  

of spikes/ 

plant 

Number  

of grains/ 

spike 

1000- grain 

weight 

(g) 

Grain 

weight/plant 

(g) 

Replication 
 

2 

1st S 47.59 52.84 25.87 6.58 7.97 14.49 14.48 

2nd S 0.15 3.92 16.33 0.40 15.49 7.77 12.95 

Genotypes 
 

34 

1st S 59.82** 59.21** 301.41** 3.65** 210.79** 46.62** 10.17** 

2nd S 67.42** 13.75** 312.13** 3.03** 171.80** 47.34** 20.02** 

Error 
 

68 

1st S 5.31 3.00 10.04 0.84 3.38 4.35 3.08 

2nd S 3.18 1.97 2.32 0.59 9.79 2.82 2.31 

CV (%) 
 1st S 2.67 1.29 3.56 17.71 3.30 5.45 17.31 

 2nd S 1.88 0.94 1.44 14.78 5.37 4.47 14.23 

* and ** significant at 0.05 and 0.01 levels of probability, respectively. 

1st S and 2nd S refer to the first season (2015/2016) and the second season (2016/2017), respectively. 
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Table 3. Mean performance of earliness traits, plant height, yield and its components for 35 

wheat landraces and cultivars during the two seasons (2015/2016 and 2016/2017) 

Trait Days to  

50% 

heading 

Days to  

50% 

maturity 

Plant  

height (cm) 

Number 

of spikes/ 

plant 

Number 

of grains/ 

spike 

1000- grain 

weight 

(g) 

Grain 

weight/plant 

(g) 

Genotype 1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  

G1 83.3 92.7 128.7 146.0 94.33 108.57 4.20 4.67 60.00 57.33 38.67 39.93 9.67 10.85 

G2 86.0 93.0 133.7 151.0 81.33 99.50 5.20 5.67 51.00 46.77 34.00 36.50 9.33 8.02 

G3 87.7 88.3 143.0 146.3 98.00 103.40 5.00 5.47 80.33 77.00 34.00 31.90 12.73 12.90 

G4 87.3 99.0 128.3 144.3 87.00 104.20 5.00 5.70 56.33 56.00 34.67 36.00 8.17 11.49 

G5 85.3 92.0 128.3 144.7 94.33 106.30 5.00 4.87 57.00 55.33 32.33 34.60 9.37 8.38 

G6 85.0 91.0 128.0 145.3 84.00 101.80 4.33 4.20 44.67 51.17 43.67 42.97 9.07 8.05 

G7 84.3 94.0 134.0 149.3 92.67 103.67 4.50 4.17 51.67 66.83 40.33 37.63 9.77 8.35 

G8 82.3 89.0 130.7 148.0 88.33 99.33 6.33 6.00 56.33 51.33 41.67 44.83 12.43 15.70 

G9 83.3 90.3 130.7 149.0 68.67 86.67 5.00 4.33 61.00 62.67 34.33 32.93 9.90 7.67 

G10 82.7 91.0 136.0 149.3 88.33 104.07 5.00 4.37 54.33 62.33 37.00 35.83 9.40 11.49 

G11 89.7 92.0 139.0 150.7 90.67 119.13 5.50 6.37 49.33 51.33 45.33 34.73 11.77 9.52 

G12 83.0 91.7 136.0 148.7 85.67 113.73 5.67 4.40 50.33 53.50 39.33 39.37 8.33 11.32 

G13 85.7 99.0 134.7 150.7 97.00 109.03 5.73 5.83 52.67 57.83 38.33 41.70 11.13 12.74 

G14 88.0 100.0 139.0 151.0 86.67 101.60 5.67 6.50 52.67 54.33 36.00 33.17 10.03 13.38 

G15 85.3 95.0 130.7 146.3 78.67 93.53 5.00 4.67 56.33 61.00 40.33 38.30 9.63 9.41 

G16 79.3 89.3 127.0 144.3 83.00 102.47 6.17 6.30 44.67 51.37 39.00 33.23 7.93 12.56 

G17 84.0 94.7 133.7 148.3 106.67 125.30 8.33 7.43 42.33 40.83 39.00 34.67 12.40 10.22 

G18 86.0 94.3 136.0 149.3 85.67 103.20 7.47 7.00 58.33 59.00 38.33 33.93 11.90 15.60 

G19 91.3 94.7 138.7 149.7 89.33 104.73 4.93 4.87 53.67 54.33 41.93 37.87 9.47 11.52 

G20 82.0 94.7 133.0 148.7 75.00 90.40 4.67 4.80 53.33 53.13 41.73 40.60 7.30 6.60 

G21 93.3 98.0 133.7 149.0 94.00 113.20 4.00 4.77 66.27 66.83 35.67 35.93 9.93 10.52 

G22 84.3 94.0 129.3 149.7 92.33 105.00 4.37 4.17 54.33 57.50 42.33 37.83 9.00 10.17 

G23 89.7 99.0 135.0 150.7 82.00 99.70 4.67 5.13 69.00 70.83 34.33 34.80 11.00 12.60 

G24 88.0 94.0 132.3 147.3 83.00 99.13 3.33 3.37 56.33 60.83 38.87 35.57 8.50 7.49 

G25 86.0 94.3 130.3 149.7 75.00 90.57 4.00 4.63 60.00 57.17 32.33 35.43 7.93 8.52 

G26 82.0 92.0 133.3 148.7 90.33 111.13 4.67 4.87 54.33 58.83 38.33 44.83 9.10 10.61 

G27 83.0 91.3 133.0 148.3 88.33 102.60 4.67 4.63 70.00 74.33 44.33 42.57 11.40 16.40 

G28 80.3 95.0 134.7 150.3 86.00 106.83 4.67 4.67 58.33 62.33 33.93 41.40 11.33 8.59 

G29 79.0 85.0 132.0 146.0 103.00 132.90 5.00 5.63 64.00 61.67 40.00 40.90 13.87 13.37 

G30 101.0 111.0 141.0 151.3 119.67 117.67 4.83 4.83 49.67 55.33 37.00 38.73 9.43 9.43 

G31 91.7 101.7 140.7 151.3 82.00 107.37 4.33 5.00 45.00 62.17 31.33 28.07 7.57 7.39 

G32 91.7 97.7 143.7 151.0 82.67 100.90 5.67 4.67 48.67 53.67 34.67 36.07 9.00 8.36 

G33 91.7 98.7 141.7 151.7 82.33 94.13 4.33 4.40 71.00 68.83 47.00 45.60 14.20 12.85 

G34 86.3 99.3 136.3 149.7 91.33 111.50 5.00 4.67 50.00 51.33 37.00 37.30 9.20 7.84 

G35 89.3 98.7 133.7 150.7 109.33 128.50 8.43 8.23 45.33 53.50 42.87 38.57 13.87 13.45 

Mean 86.3 94.7 134.3 148.8 89.05 105.76 5.16 5.19 55.67 58.25 38.29 37.55 10.14 10.67 

LSD 0.05 3.5 2.6 2.6 2.2 4.63 2.19 1.52 1.24 2.66 4.63 3.16 2.49 3.07 2.33 

Min. 79.0 85.0 127.0 144.3 68.67 86.67 3.33 3.73 42.33 40.83 31.33 28.07 7.30 6.60 

Max. 101.0 111.0 143.7 151.7 119.67 132.90 8.43 8.23 80.33 77.00 47.00 45.60 14.20 16.40 
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Moreover, mean values for 1000-grain weight 

in the first season varied from 31.33 for G31 to 

47.00 g for G33 with an average of 38.29 g. 

Also, in the second season varied from 28.07 g 

for G31 to 45.60 g for G33 with an average 

37.55 g. Overall, G6, G8, G20, G27, G29, G33 

and G35 had the heaviest values for 1000-grain 

weight under the two environments. Whereas, 

the wheat genotypes G2, G3, G4, G5, G9, G14, 

G25, G31 and G32 were the lightest 1000-grain 

weight on the two seasons. 

Finally, mean values for grain weight/plant 

varied from 7.3 (G20) to 14.2 g (G33) with an 

average 10.14 g in the 1st season and from 6.6 

(G20) to 16.4 g (G27) with an average 10.67 g 

in the 2nd season. To clarify, G3, G8, G18, G27, 

G29, G33 and G35 had the highest values for 

grain yield under two seasons. On the contrary, 

G2, G5, G6, G7, G9, G15, G20, G25 and G31 

had the lowest values for this trait across the two 

seasons.   

Various researchers demonstrated significant 

differences among wheat landraces and local 

cultivars in agronomic traits as Hassan et al. 

(2016), Ali (2017), Ali and Abdulhamid (2017), 

Shoeva et al. (2017), Mathew et al. (2018), 

Rajput (2019) and Sheoran et al. (2019). 

Estimates of Variance Components 

Variance components for earliness traits, 

plant height, number of spikes/plant, number of 

grains/spike, 1000-grain weight and grain 

weight/plant at the two seasons are shown in 

Table 4. In general from previously Table, the 

results indicated that the phenotypic variance 

(σ2
ph) was found slightly higher than the 

genotypic variance (σ2
g) for all studied traits 

under the two growing seasons, showing that the 

apparent variation is not only genetic but 

likewise influenced by the growing environment 

in the expression of the traits. Accordingly, 

phenotypic coefficient of variation (PCV) values 

were relatively greater than genotypic 

coefficient of variation (GCV) values for all 

traits.  

Earliness traits 

The GCV values for days to 50 % heading 
were 4.94 and 4.89 % in 1st and 2nd seasons, 
respectively. Similarly, the PCV values for this 
trait were 5.62 and 5.24 % in the 1st and 2nd 

seasons, respectively. Correspondingly, days to 
maturity had similar trend as days to 50% 
heading, the GCV values were 3.22 and 1.33% 
in 1st and 2nd seasons, respectively. Likewise, the 
PCV values were 3.47 and 1.63 % in 1st and 2nd 
seasons, respectively. Additionally, the GCV 
values were near to PCV values for earliness 
traits, demonstrating high contribution of 
genotypic effect for phenotypic expression of 
earliness traits. Moreover, the earliness traits 
had low GCV and PCV values (<10) under both 
seasons according to Deshmukh et al. (1986). 
The results in Table 4 showed that high to 
moderate broad sense heritability estimates (>50) 
coupled with low (>10)  genetic advance in 
percentage of mean (GAM) were obtained for 
days to 50 % heading and days to maturity under 
the two seasons, representing wide scope for 
improvement through of plant selection of these 
traits. 

 Plant height (cm) 

The GCV values were 11.07 and 9.61 % in 
the 1st and the 2nd seasons, respectively. Equally, 
the PCV values were 11.63 and 9.72 % in the 1st 
and 2nd seasons, respectively. The results 
indicated that very little difference was observed 
between GCV and PCV values under both 
seasons, indicating the predominance of genetic 
factors.  Very high broad sense heritability 
estimates (90.63 and 97.81 %) coupled with 
high GAM (21.7 and 19.57 %) for plant height 
on the 1st and the 2nd seasons, respectively.   

Number of spikes/plant
 

The GCV values for number of spikes/plant 

were 18.76 and 17.40 %, whereas, the PCV 
values were 25.8 and 22.83 % in 1st and 2nd 
seasons, respectively. These results showed that 
the difference between GCV and PCV values 
under both environments were remarkably large, 
indicated to more influence of environmental 
factor for the expression of number of spikes/ 
plant. This suggests that selection for this trait 
would not be effective.  Heritability values for 
number of spikes/plant under two seasons were 
moderate (52.87 and 58.09 % for the 1st and the 
2nd seasons, respectively). Too, the GAM values 
were high for this trait with 28.10 and 27.32 % 
in the 1st and the 2nd seasons, respectively. 

Number of grains/spike  

The GCV values for number of grains/spike 
were 14.93 and 12.62 %, as the PCV values 
were 15.3 and 13.71 % in the 1st and the 2nd 
seasons, respectively. 
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Table 4. Variance components of earliness traits, plant height, yield and its components for 35 

wheat landraces and cultivars during the two seasons (2015/2016 and 2016/2017)  

Trait 
Days to 

heading 

Days to 

maturity 

Plant height 

(cm) 

Number of 

spikes/plant 

Number of 

grains/spike 

1000- grain 

weight (g) 

Grain 

weight/plant(g) 

Variance component 1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  

MSv 59.82 67.42 59.21 13.75 301.41 312.13 3.65 3.03 210.79 171.80 46.62 47.34 10.17 20.02 

MSe 5.31 3.18 3.00 1.97 10.04 2.32 0.84 0.59 3.38 9.79 4.35 2.82 3.08 2.31 

σ
2
 g 18.17 21.41 18.73 3.93 97.12 103.27 0.94 0.82 69.13 54.00 14.09 14.84 2.36 5.90 

σ
2
Ph 23.48 24.59 21.74 5.90 107.17 105.59 1.77 1.40 72.52 63.79 18.44 17.66 5.45 8.21 

GCV (%) 4.94 4.89 3.22 1.33 11.07 9.61 18.76 17.40 14.93 12.62 9.81 10.26 15.15 22.78 

PCV (%) 5.62 5.24 3.47 1.63 11.63 9.72 25.80 22.83 15.30 13.71 11.22 11.19 23.01 26.86 

h
2
b (%) 77.40 87.06 86.18 66.56 90.63 97.81 52.87 58.09 95.33 84.66 76.42 84.03 43.38 71.91 

Genetic advance  (GA) 7.73 8.89 8.28 3.33 19.33 20.70 1.45 1.42 16.72 13.93 6.76 7.27 2.09 4.24 

GA as (%) of mean (GAM) 8.96 9.39 6.16 2.24 21.70 19.57 28.10 27.32 30.04 23.91 17.66 19.37 20.56 39.79 

1st S and 2nd S refer to the first season (2015/2016) and the second season (2016/2017), respectively. 

 

These results revealed that the difference 

between GCV and PCV values under the two 

seasons were small and their values were 

moderate to high (10 – 30 %), indicated the role 

of genetically influence over number of grains/ 

spike at the two seasons, representing that the 

selection would be effective. Hence, heritability 

values for number of grains/spike were very 

high (95.33 and 84.66 % in both seasons, 

respectively). Moreover, the GAM values were 

high in the 1st season (30.04 %) and in the 2nd 

season (23.91 %). Therefore, number of 

grains/spike was controlled by genetic factors. 

1000 grain weight (g) 

The GCV values for 1000-grain weight were 

9.81 and 10.26 %, and PCV values were 11.22 

and 11.19 in the 1st and 2nd seasons, respectively, 

however, GCV values under the two 

environments were near to PCV and these 

values were moderate (10-20 %). Heritability 

values for 1000-grain weight were high (<75) in 

both seasons. Correspondingly, the GAM values 

were moderate in the 1st season (17.66 %) and in 

the 2nd season (19.37 %). 

Grain weight/plant (g) 

The PCV values for grain weight were 

relatively greater than GCV, however, GCV 

values under the two seasons were wide to PCV, 

indicated distinct contribution of environmental 

factors in addition to genotypic effect for 

expression of the trait. Moreover, the GCV 

values were 15.15 and 22.78%, while, the PCV 

values were 23.01 and 26.86% in the 1st and 2nd 

seasons, respectively. Heritability values for 

grain yield/plant were 43.38% and 71.91% in 

the 1st and 2nd seasons, respectively. Similarly, 

the GAM values were moderate to high (20.56% 

and 39.79% in both seasons, respectively). 

It could be concluded that under this study at 

two different seasons, the traits of days to 50% 

heading, days to maturity, plant height, number 

of grains/spike and 1000-grain weight were 

controlled by genetic factors. On the other hand, 

number of spikes/plant and grain weight/plant 

were controlled by a number of genetic and 

environmental factors.  

The PCV and GCV values under the two 

growing seasons were low for earliness traits, 

moderate for plant height, number of 

grains/spike and 1000-grain weight and high for 

number of spikes/plant and grain weight/plant. 

Heritability in broad sense (h2b) values were 

high for plant height (90.63 and 97.81 %), 

number of grains/spike (95.33 and 84.66 %), 

1000-grain weight (76.42 and 84.03 %), days to 

heading (77.4 and 87.06 %) and days to maturity 

(86.18 and 66.56 %) in the 1st and 2nd seasons, 

respectively. Moreover, it was low in the 1st 

season (43.38 %) and high in the 2nd season 
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(71.91%) for grain weight/plant, whereas it was 

moderate for number of spikes/plant (52.87 and 

58.09%) in the 1st and 2nd seasons, respectively.  

These obtained results for phenotypic and 

genotypic coefficients of variation and heritability 

are in agreement with the findings of Ghuttai et 

al. (2015), Tripathi et al. (2015), Ghallab et al. 

(2016), Abdul Hamid et al. (2017), Lone et al. 

(2017), Sharaan et al. (2017), Mathew et al. 

(2018) and Rajput (2019). Besides, the results 

of genetic advance are in harmony with those of 

Rajput (2019) who stated similar results for 

having low genetic advance values for earliness 

traits. However, Ghallab et al. (2016), Abdul 

Hamid et al. (2017), Lone et al. (2017) and 

Rajput (2019) recorded either high or moderate 

genetic advance for plant height, yield and its 

components. 

Genotypic and Phenotypic Correlation 

Coefficients 

Genotypic and phenotypic correlation 

coefficients based on the two seasons data were 

calculated among all possible combinations of 

the all studied traits are listed in Table 5. Days 

to 50% heading had positive and significant 

genotypic and phenotypic correlations with days 

to maturity in the 1st season (0.649** and 

0.529**, respectively) and in the 2nd season 

(0.498** and 0.391**, respectively), as well as, 

plant height with number of spikes/plant in the 

1st season (0.400* and 0.312*, respectively) and 

in the 2nd season (0.471** and 0.344**, 

respectively). On the other hand, number of 

spikes/plant had negative and significant 

genotypic correlations with number of 

grains/spike (-0.445** and -0.423** in 1st and 

2nd seasons, respectively). 

Furthermore, positive and significant genotypic 
correlations were found between plant height, 
number of spikes/plant, number of grains/spike 
and 1000-grain weight with grain weight/plant 
during the first season (0.525**, 0.663**, 
0.458** and 0.541**, respectively). While in the 
2nd season, positive and significant genotypic 
and phenotypic correlations were observed 
between number of spikes/plant with grain 
weight/plant (0.532** and 0.404**, respectively). 
Thus, resulting positive and significant 
associations suggest that increased grain yield 
could be achieved through selection based on 

both traits. These results are in agreement with 
those obtained by Tripathi et al. (2015), Abdul 
Hamid et al. (2017), Mathew et al. (2018) and 
Rajput (2019) who recorded positive and 
significant correlation between grain 
weight/plant and yield components. 

Path Coefficient Analysis 

Direct and indirect effects of wheat grain 

yield and other various metric traits of 35 

landraces and local cultivars during the two 

seasons relative to genotypic and phenotypic 

correlation coefficients are presented in Tables 6 

and 7. The direct effect on wheat grain yield of 

all studied traits were positive in both seasons 

relative to genotypic and phenotypic correlation 

coefficients except days to 50 % heading during 

the 1st season and days to 50 % heading, days to 

maturity and plant height during the second 

season. The results during the first season showed 

that number of grains/spike had the largest direct 

effect on wheat grain yield (0.912 and 0.438) 

followed by number of spikes/plant (0.886 and 

0.279), 1000-grain weight (0.446 and 0.169), then 

plant height (0.225 and 0.262) and days to 

maturity (0.140 and 0.091) relative to genotypic 

and phenotypic correlation coefficients, 

respectively, but the direct effects of plant height 

and days to maturity were low in magnitude. 

While, the largest direct effect during the second 

season was number of spikes/plant (0.997 and 

0.601), followed by number of grains/spike 

(0.717 and 0.411), then 1000-grain weight (0.510 

and 0.319) relative to genotypic and phenotypic 

correlation coefficients, respectively.  

Positive indirect effects on wheat grain yield 
under the first season were often observed for 
the days to maturity and plant height via days to 
50 % heading, likewise plant height, number of 
spikes/plant and number of grains/spikes via 
days to maturity. Also, days to maturity, number 
of spikes/plant and 1000-grain weight via plant 
height, as well as, plant height and number of 
spikes/plant via 1000-grain weight. On the other 
side, days to maturity and number of grains/ 
spikes had negative indirect effect on grain yield 
via 1000-grain weight, also plant height and 
number of spikes/plant via number of grains/ 
spikes. Moreover, during the second season, 
positive indirect effects were observed for the 
number of spikes/plant via days to 50% heading, 
likewise plant height, number of spikes/plant
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Table 5. Genotypic and phenotypic correlation coefficients of earliness traits, plant height, yield and its components for 35 wheat landraces 

and cultivars during the two growing seasons (2015/2016 and 2016/2017)  

Trait Correlation 

coefficient 

Days to 50%  

maturity 

Plant  

height (cm) 

Number of 

spikes/plant 

Number of 

grains/spike 

1000- grain 

weight (g) 

Grain  

weight/plant (g) 

1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  1
st 

S  2
nd 

S  

Days to 50% 

heading 

rg 0.649** 0.498** 0.312 0.238 -0.107 0.151 0.002 -0.106 -0.062 -0.079 -0.039 -0.079 

rph 0.529** 0.391** 0.277 0.226 -0.092 0.104 0.001 -0.088 -0.095 -0.074 0.048 -0.051 

Days to 50% 

maturity 

rg     0.180 0.030 0.054 0.111 0.126 0.051 0.028 -0.061 0.304 -0.034 

rph     0.176 0.029 0.067 0.098 0.101 -0.003 -0.004 -0.023 0.183 -0.036 

Plant height (cm) 

rg         0.400* 0.471** -0.128 -0.193 0.140 -0.063 0.525** 0.102 

rph         0.312* 0.344* -0.108 -0.178 0.112 -0.048 0.328* 0.091 

Number of 

spikes/plant 

rg             -0.445** -0.423** 0.173 -0.257 0.663** 0.532** 

rph             -0.318* -0.305 0.079 -0.174 0.244 0.404* 

Number of 

grains/spike 

rg                 -0.108 0.004 0.458** 0.293 

rph                 -0.087 -0.011 0.315* 0.229 

1000- grain weight 

(g) 

rg                     0.541** 0.255 

rph                     0.185 0.214 

* and ** significant at 0.05 and 0.01 levels of probability, respectively.  rg and rph refer to genotypic and phenotypic correlation coefficients, respectively.
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Table 6. Direct (Diagonal) and indirect effect of various metric traits of 35 wheat landraces and 

cultivars on grain weight/plant during the 1
st
 season (2015/2016)  

Trait Path 

coefficient 

Days to 

50% 

heading 

Days to 

50% 

maturity 

Plant 

height 

(cm) 

Number 

 of spikes/ 

plant 

Number  

of grains/ 

spike 

1000- 

grain 

weight (g) 

Correlation 

with grain 

weight/plant (g) 

Days to 50% 

heading 

Pg -0.079 0.091 0.070 -0.094 0.002 -0.028 -0.039 

Pph -0.032 0.048 0.073 -0.026 0.001 -0.016 0.048 

Days to 50% 

maturity 

Pg -0.051 0.140 0.040 0.048 0.115 0.012 0.304 

Pph -0.017 0.091 0.046 0.019 0.044 -0.001 0.183 

Plant height 

(cm) 

Pg -0.025 0.025 0.225 0.354 -0.117 0.062 0.525 

Pph -0.009 0.016 0.262 0.087 -0.047 0.019 0.328 

Number of 

spikes/plant 

Pg 0.008 0.008 0.090 0.886 -0.405 0.077 0.663 

Pph 0.003 0.006 0.082 0.279 -0.139 0.013 0.244 

Number of 

grains/spike 

Pg -0.0001 0.018 -0.029 -0.394 0.912 -0.048 0.458 

Pph -0.00004 0.009 -0.028 -0.089 0.438 -0.015 0.315 

1000- grain 

weight (g) 

Pg 0.005 0.004 0.031 0.153 -0.098 0.446 0.541 

Pph 0.003 -0.0004 0.029 0.022 -0.038 0.169 0.185 

Pg and Pph refer to path coefficients relative to genotypic and phenotypic correlations, respectively.   

 

Table 7. Direct (Diagonal) and indirect effect of various metric traits of 35 wheat landraces and 

cultivars on grain yield/plant during the 2
nd

 season (2016/2017)  

Trait Path 

coefficient 

Days to 

50% 

heading 

Days to 

50% 

maturity 

Plant 

height 

(cm) 

Number  

of spikes/ 

plant 

Number  

of grains/ 

spike 

1000- 

grain 

weight (g) 

Correlation 

with grain 

weight/plant (g) 

Days to 50% 

heading 

Pg 0.008 -0.079 -0.058 0.165 -0.076 -0.040 -0.079 

Pph -0.019 -0.030 -0.005 0.063 -0.036 -0.024 -0.051 

Days to 50% 

maturity 

Pg 0.004 -0.158 -0.007 0.122 0.037 -0.031 -0.034 

Pph -0.007 -0.078 -0.001 0.059 -0.001 -0.007 -0.036 

Plant height 

(cm) 

Pg 0.002 -0.005 -0.242 0.517 -0.138 -0.032 0.102 

Pph -0.004 -0.002 -0.020 0.207 -0.073 -0.015 0.091 

Number of 

spikes/plant 

Pg 0.001 -0.017 -0.114 0.997 -0.303 -0.131 0.532 

Pph -0.002 -0.008 -0.007 0.601 -0.125 -0.056 0.404 

Number of 

grains/spike 

Pg -0.001 -0.008 0.047 -0.464 0.717 0.002 0.293 

Pph 0.002 0.0003 0.004 -0.184 0.411 -0.004 0.229 

1000- grain 

weight (g) 

Pg -0.001 0.010 0.015 -0.282 0.003 0.510 0.255 

Pph 0.001 0.002 0.001 -0.105 -0.005 0.319 0.214 

Pg and Pph refer to path coefficients relative to genotypic and phenotypic correlations, respectively. 
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and number of grains/spikes via days to maturity. 

Also, number of spikes/plant via plant height, as 

well as, plant height via 1000-grain weight, 

relative both genotypic and phenotypic 

correlations. 

Generally, the aforementioned results exposed 

that number of spikes/plant, number of grains/ 

spike and 1000-grain weight were considered 

the major yield components, indicated that the 

wheat breeder should take into account as the 

most selection criteria for developing high 

yielding genotypes at early generations. The 

results of path analysis are in consonance with 

Anand et al. (2016), Meles et al. (2017), 

Jassim (2019) and Rajput (2019). 
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 التباين الوراثي والعلاقات المتبادلة بين الصفات المحصولية في أصناف مصرية قذيمة وحذيثة من قمح الخبز

محمد عبدالعزيز حسيه غريب
1
المــه ســعبد الحميد حس - 

2
 

محمد محمد عبدالحميد على
2

السيد مىصور -
2

وجلاء قبيل -
2

 

 يصش -انجٛضج  -يشكض انثحٕز انضساػٛح  -يؼٓذ تحٕز انًحاصٛم انحمهٛح -1

 يصش -جايؼح انضلاصٚك  -كهٛح انضساػح  -لسى انًحاصٛم  -2

يٍ لًح انخثض ٔكزنك ذٕضٛح انؼلالح  ٛا  ٔساش ا  انٓذف يٍ ْزا انثحس ْٕ دساسح انرثاٍٚ انٕساشٙ فٗ خًسح ٔشلاشٍٛ ذشكٛث

نزنك ذى ، انًحصٕنٛح انًًٓح الأخشٖ ٔذحذٚذ انؼلالاخ انًرثادنح تٍٛ ْزِ انصفاختٍٛ صفح يحصٕل انحثٕب ٔانصفاخ 

هثحٕز انضساػٛح، يصش خلال إجشاء ذجشترٍٛ حمهٛرٍٛ فٙ انًضسػح انرجشٚثٛح تمسى الأصٕل انٕساشٛح، يحطح تٓرٛى ن

جًؼٓا يٍ أحذٖ ػشش تٓذف ذمٛٛى اشُٙ ٔشلاشٍٛ صُف لًح لذٚى ذى  2112-2116ٔ  2116-2115 ٍٛانشرٕٚ ٍسًٛانًٕ

 ،يحافظح فٙ يصش، تالإضافح إنٗ شلاشح أصُاف يحهٛح ٔذى دساسح صفاخ انرثكٛش، اسذفاع انُثاخ، انًحصٕل ٔيكَٕاذّ

أشاسخ انُرائج إنٗ ٔجٕد فشٔق يؼُٕٚح تٍٛ انرشاكٛة انٕساشٛح ذحد انذساسح نجًٛغ انصفاخ انرٙ ذى ذمًٛٛٓا خلال 

 33ٔ  22ٔ  22ٔ  18ٔ  8ٔ  3صٕل نهُثاخ ٔانصفاخ انًساًْح نهرشاكٛة انٕساشٛح؛ ٔذى ذسجٛم أػهٗ كًٛح يح، انًٕسًٍٛ

ٔأظٓشخ انُرائج أٌ انرثاٍٚ انًظٓش٘ كاٌ أػهٗ لهٛلا  يٍ انرثاٍٚ انٕساشٙ نجًٛغ انصفاخ ذحد انذساسح  ،فٙ انًٕسًٍٛ 35ٔ 

، ى يؼايم الإخرلاف انٕساشٙ نجًٛغ انصفاخًٕسًٍٛ، ٔتانرانٙ كاَد لٛى يؼايم الإخرلاف انًظٓشٖ أكثش َسثٛ ا يٍ لٛانفٙ 

 25.33( ، ػذد حثٕب انسُثهح )% 22.81 ٔ  21.63ٔكاَد لٛى كفاءج انرٕسٚس فٗ انًؼُٗ انٕاسغ ػانٛح لاسذفاع انُثاخ )

( ٔػذد الأٚاو حرٗ % 82.16ٔ  22.4(، ػذد الأٚاو حرٗ انطشد )% 84.13ٔ  26.42( ، ٔصٌ الأنف حثح )84.66% ٔ 

تًُٛا كاَد كفاءج انرٕسٚس يُخفضح فٙ انًٕسى ، ( فٙ انًٕسى الأٔل ٔانصاَٙ ػهٗ انرٕانٙ%66.56 ٔ 86.18انُضج )

حثٕب انُثاخ، فٙ حٍٛ كاَد يرٕسطح نؼذد انسُاتم ػهٗ  ٕصٌ( ن%21.21 ( ٔػانٛح فٙ انًٕسى انصاَٙ )% 43.38الأٔل )

ٔٔجذ أٌ يؼايم الاسذثاط انٕساشٙ ٔانًظٓش٘ ، انٙ( فٙ انًٕسًٍٛ الأٔل ٔانصاَٙ، ػهٗ انرٕ%58.12 ٔ  52.82انُثاخ )

% يٍ طشد 51ياػذا ػذد الأٚاو حرٗ  ٍٛخلال انًٕسً ٔصٌ حثٕب انُثاخكاٌ إٚجاتٛا  تٍٛ انصفاخ انًذسٔسح ٔصفح 

ْزا ٔلذ أظٓشخ ذمذٚشاخ يؼايم انًشٔس أًْٛح انرأشٛش انًثاشش ػهٗ يحصٕل انحثٕب يٍ جًٛغ انصفاخ انًذسٔسح ، انسُاتم

 لا انًٕسًٍٛ ياػذا ػذد الأٚاو حرٗ انطشد فٙ انًٕسًٍٛ ٔػذد الأٚاو حرٗ انُضج ٔاسذفاع انُثاخ فٙ انًٕسى انصاَٙ.فٙ ك
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