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ABSTRACT  

Twenty-six genotypes of sunflower (16 F1-hybrids, four female 

lines, four restorer lines and two check varieties; Sakha 53 and 
Giza 102) were evaluated under two contrasting environments, 

i.e., loamy sand soil at A.R.C., Arab El-Awamer Res. Stn., and 

clay soil at Assiut Univ. Exper. Farm in season 2016. 
Genotypes mean squares of 13 studied traits was significant 

(P<0.01) either in the separate or in the combined analysis. 

The differences between the two environments were 
significant for all traits except head diameter (HD).  The 

genotype x environment interaction was significant for all 

traits, indicating differential responses of genotypes to the two 

environments. The F1-hybrids, females and males were earlier 
than the two checks in days to 50% flowering. The fertile clay 

soil delayed days to 50% flowering than loamy sand soil. The 

phenotypic (PCV%) and genotypic (GCV%) coefficients of 
variability were low, and heritability in broad sense was 

intermediate (43.17%) for days to 50% flowering.  The 

combined analysis of plant height showed high PCV (13.58%), 

GCV (11.81%) and heritability (75.58%). The GCV of head 
diameter was high and reached 15.95, 14.41 and 11.84% at 

loamy sand, clay soil and combined analysis; respectively. 

Stalk diameter was larger at clay than at loamy sand soil, and 
heritability estimates were 74.19, 77.05 and 66.67% at loamy 

sand, clay soil and combined analysis; respectively. Four of the 

F1-hybrids was heavier in 100-seed weight than the checks. 
The GCV and heritability estimates were high for 100-seed 

weight. Husk % and husk; g of 100 seeds tended to be higher 
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at loamy sand than at clay soil. The combined means of oil % 

showed that five hybrids significantly exceeded the better 
check Giza 102. Oil % was higher at loamy sand than at clay 

soil. Heritability estimates of oil % were high at both locations 

(97.86 and 86.25%) and very low (5.69%) from the combined 

analysis, because of the large mean squares of GxE interaction. 
Kernel weight in 100 seeds was higher at loamy sand than at 

clay soil. The GCV and heritability estimates were high for 

kernel weight. Number of seeds/head was higher at clay soil 
than at loamy sand. Three F1-hybrids significantly exceeded 

Sakha53in kernel weight from the combined data.  The GCV 

and heritability estimates were high for NS/H. Seed yield/head 
and oil yield/head were higher at loamy sand than at clay soil, 

and four F1-hybrids were significantly better than the check. 

High estimates of GCV and heritability were high for NS/H. 

The GCV estimates in seed yield were 43.48, 39.33 and 
33.57%, and heritability were 98.85, 96.67 and 75.22% at 

loamy sand, clay soil and combined analysis; respectively. The 

resulted indicated that the genetic materials should be 
evaluated under diverse environments to get reliable estimates 

of genetic parameters. 

Key words: Helianthus annuus L., PCV, GCV, heritability, 
evaluation under two environments. 

 

INTRODUCTION 

Sunflower (Helianthus annuus 
L.) is a wide spread edible oil crop 

all over the world. It ranked the 

second after soybean (Peniego et 
al., 2002). It is a short duration 

crop, and can be grown at any time 

of the year in tropical and sub-

tropical, tolerant to drought, high 
oil content and yield potential. 

Egypt faces severe shortage of 

edible oil, and spends a big amount 
of foreign exchange on its import 

annually to meet about 95% of the 

local consumption. Genetic 
variability provides the breeder 

good opportunity to select high 

yielding genotypes. Mean squares 

of the evaluated genotypes was 
significant for seed yield, oil yield 

and most traits (Javed and Aslam, 

1995; Jan et al., 2005; Tahir and 

Mehdi, 2001; Dudhe et al., 2017 

and Khan et al., 2017). Egypt faces 
shortage in irrigation water 

especially in new reclaimed soil. 

Seed yield, oil yield, head diameter 
and 100 seed weight were reduced 

by water stress (Esmail, 2000; 

Tahir and Mehdi, 2001; Tahir et al., 

2002; Reddy et al., 2003 and Iqbal 
et al., 2005). Sunflower genotypes 

showed differential response to 

drought stress (Rauf and Sadaqat, 
2007; Salem et al., 2013 and 

Pekcan et al., 2016). Environmental 

factors had high influence on the 
formation of seed and oil 

yields/plant (Cvejic et al., 2015). 

The present study was carried out 

to evaluate four lines, four restorer 
lines and their 16 crosses under two 

different soil types; loamy sand and 
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clay soil, and to identify the best 

hybrids at both soil type. 

 

MATERIALS AND METHODS 

A. Genetic materials 

Three cytoplasmic male sterile 
(CMS) lines (A-Lines) and four 

fertility restorer lines (RF-lines) of 

sunflower (Helianthus annuus L.) 
were planted at Assiut Agric. Res. 

Stn. Agric. Res. Center in summer 

season 2015, to developing 16 
crosses. The origin and agronomic 

characteristics of the seven male 

sterile lines (CMS) and the four 

restorer lines (RF-Lines) along with 
check varieties are presented in 

Table 1. The sixteen single crosses, 

four lines, four restorer lines and 
the two check varieties; Giza 102 

and Sakha 53 were evaluated at 

2016 season. 
A. Evaluation of the crosses 

and their parental lines  

The sixteen obtained 

sunflower crosses, the four testers, 
the four fertile lines (B-Lines) and 

the two check varieties; Sakha 53 

and Giza 102 were evaluated at two 
contrasting environments; loamy 

sand and clay soils (Table2). 

Planting dates were September 10th 

at Assiut Agric. Res. Stn. ARC. 
(loamy sand soil), and on 

September 20th 2016 at Fac. Agric. 

Assiut Univ. Exper. Farm (clay 
soil). Randomized complete block 

designs (RCBD) with three 

replications were used in the two 
locations. The plot size was one 

row, 4-meter-long and 60 cm apart. 

Planting was done by hand in hills 

spaced 25 cm apart. Seedlings were 
thinned to one plant per hill after 

two weeks from planting in both 

locations. The recommended 

cultural practices for oil seed 

sunflower production were adopted 
throughout the growing season. 

Five guarded plants were tagged. 

At flowering, days to 50 % 

flowering from sowing date until 
50% of the plants showed their 

anthesis was recorded. The 

following characters were recorded 
on the tagged plants. 
1. Plant height; cm (PH): average 

length in cm from soil level to the 

tip of the head. 

2. Head diameter, cm (HD): estimated 

as an average of maximum width of 

the head. 

3. Stalk diameter; cm (SD): measured 
at 30 cm above the soil surface with 

digital Vernier calipers, at nearest 

0.1 cm. 

4. 100 seed weight; g: estimated from 

the bulk seeds of the guarded plants. 

5. Husk percentage (Husk%): a sample 

of seeds were peeled to husk and 

kernel. Husk% = (husk weight in the 

sample)/sample weight * 100, and 

Kernel% = (kernel weight in the 

sample)/sample weight * 100 
6. Husk in 100 seeds; g (Husk; g): 

estimated as Husk% * 100 seed 

weight 

7. Oil percentage: determined by 

Soxcelt apparatus using petroleum 

ether (BP60-80 c) as solvent 

according to the official method (A. 

O. A. C. 1980) 

8. Oil in 100 seeds (Oil; g): estimated 

as oil% * 100 seed weight. 

9. Kernel in 100 seeds (kernel; g): 

estimated as kernel% * 100 seeds; g 
10. Number of seed per head 

(NS/H). 

11. Seed yield per head (SY/H; 

g): estimated as average of seed 

yield per head. 

12. Oil yield per head (OY/H; g): 

estimated as oil % * average seed 

yield/head.  
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Table 1. Origin and some agronomic characteristics of CMS, restorer lines and check varieties 

No. A. Mail Sterile (A) lines and feritle (B) lines Agronomic characteristics 

Lines Geogrphical 

origin 

Lines Geographical origin Days to 

50% 
flow 

plant 

height;cm 

stalk 

diameter; 
cm 

head 

diameter; 
cm 

2 A7 Argentine B7 Argentine 53 164 2 18 

5 A15 Russia B15 Russia 51 175 2.2 18.2 

6 A19 Argentine B19 Argentine 54 145 2.05 17 
7 A21 Russia B21 Russia 57 148 2.08 16.6 

NO. B. Restorse (RF) Lines 

1 RF1 local 54 116 1.22 10.5 

2 RF2 56 119 1.25 11 
3 RF3 52 100 1.05 10.1 

4 RF5 54 126 1.83 14 

No. C. Check Varieties 

1 Sakha 53 A.R.C. 56 177 2.11 19.5 
2 Giza 102 52 137 1.58 12.5 
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Statistical analysis and 

procedures 
Combined analysis of 

variance was performed as outlined 

by Gomez and Gomez (1984) after 

carrying out the homogeneity of 
variances using Bartlett test. 

Heritability in broad sense “H” was 

estimated as the ratio of genotypic 

(  g) to phenotypic (  p) variance 

(Walker 1960). The phenotypic 

(PCV%) and genotypic (GCV%) 

coefficients of variability were 
calculated as outlined by Burton 

(1952). 

 

RESULTS AND DISCUSSION 

It is obvious from Table 2 that the 

loamy sand soil has a light texture, 
resulting in a proper porosity that 

causes a good balance between soil 

moisture and air contents compared 

to those of clay soil that display a 
heavy texture. Thus, plant roots can 

penetrate and spread in a greater 

area of the loamy sand soil relative 
to that of the clay one. Moreover, 

the loamy sand soil has a good 

physical properties and conditions 
that encourage plant roots to extend 

in more rhizosphere area to absorb 

water and nutrients. Also, the 

irrigation water goes through the 

clay soil very slowly causing the 
root zone to be saturated with water 

on the charge of soil air that is 

necessary for root respiration and 

spread. For the chemical and 
nutritional point of view, the loamy 

sand soil has a lower salt content 

(0.68 ds/m), and higher available 
phosphorus “P” (29.9 mg/kg) than 

the clay soil (1.07 ds/m and 11.17 

mg/kg; respectively), even though, 
both of them are not saline. The 

plants potentially grow under saline 

soil and higher nutritional soil 

conditions. The available P content 
of the loamy sand soil is extremely 

sufficient for plant needs. However, 

the available P of the clay soil is 
considered marginal. In conclusion, 

the physical properties (soil texture, 

porosity and water distribution) and 
some chemical and nutritional 

properties (salinity and available P) 

of loamy sand soil are more 

preferable for plant growth than 
those of the clay one. In other 

words, clay soil conditions obstruct 

the growth and spread of plant 
roots, the loamy sand ones 

encourage the root growth and 

spread. 
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Table 2. Some physical and chemical properties of representative soil 

samples in the experimental sites before sowing (0-30 cm depth)  

Soil property Assiut  Res. Stn Fac. Agric. Res. 
Farm Particle - size distribution   

Sand (%) 78.24 27.4 

Silt (%) 9.76 24.3 

Clay (%) 12.00 48.3 

Texture grade Loamy sand Clay 

EC (1:1 extract) dSm
-1

 0.68 1.07 

pH (1:1 suspension) 8.19 8.01 

Total CaCO3 (%) 25.0 3.4 

Organic matter (%) 0.06 0.24 

NaHCO3-extractable P (mg 

kg
-1

) 

29.9 11.17 

NH4OAC-extractable K (mg 

kg
-1

) 

130 300 

Total nitrogen (%) 0.04 0.08 

Soluble Ca (mg kg
-1

) 100 190 

Soluble Mg (mg kg
-1

) 12 72 

Soluble Na  (mg kg
-1

) 4.6 140 

Soluble K (mg kg
-1

) 11.7 39 

Soluble Cl  (mg kg
-1

) 177.5 142 

Soluble HCO3 (mg kg
-1

) 610 427 

* Each value represents the mean of three replications  

 

1-Evaluation of genotypes 

The 26 genotypes (16 F1-hybrids + 

4 females + 4 males + 2 check 
varieties) of sunflower were 

evaluated under two contrasting 

environments, i.e., loamy sand soil 
at Arab El-Awamer Res. Stn., and 

clay soil at Assiut Univ. Exper. 

Farm in season 2016. 

The separate and combined 
analyses of variances for different 

traits are shown in Table 3. 

Genotypes mean squares of the 13 
studied traits was significant 

(P<0.01) either in the separate or in 

combined analysis, which reflects 
the differences among genotypes 

(parents and crosses). The 

differences between the two 

environments were significant 

(P<0.01) for all traits except head 

diameter (HD). The genotypes by 
environment interaction was 

significant (P<0.05) for days to 

50% flowering and significant 
(P<0.01) for the other traits, 

indicating the differential responses 

of genotypes to the two 

environments.  Javed and Aslam 
(1995), Jan et al. (2005), Kumar et 

al. (2014) and Khan et al. (2017) 

found significant mean squares for 
genotypes environment (drought, 

locations or salinity) their 

interaction for SY/P, HD, oil %, 
days to maturity and 100-seed 

weight. 
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Means and variances 

Table 3. Mean squares of the studied traits under loamy sand, clay soil and their combined 

Source of variance 
 Days to 50 % Flowering PH 

d.f. Loamy sand Clay soil Combined Loamy sand Clay soil Combined 

Reps 2 0.258 0.047   24.25 1023.37   

Env. (E.) 1     118.56**     31365** 

Reps/Env. 4     0.16     523.881 

Genotypes (G.) 25 17.748** 8.226** 19.96** 647.57** 2066.76** 2323.16** 

G. X E. 25     6.03*     391.17** 
Error 50 2.923 1.999   29.57 67.275   

Error com. 100     2.46     48.43 

PCV%   3.79 2.45 2.53 10.7 17.26 13.58 

GCV%   3.27 1.94 1.66 10.45 16.89 11.81 

H%%   74.54 63.02 43.17 95.33 95.66 75.58 

Source of Variance 
 HD SD 

 Loamy sand Clay soil Combined Loamy sand Clay soil Combined 

Reps 2 0.275 1.246   0.042 0.025   

Env. (E.) 1     0.18     13.03** 

Reps/Env. 4     0.76     0.03 

Genotypes (G.) 25 24.842** 23.226** 38.43** 0.111** 0.246** 0.26** 

G. X E. 25     9.64**     0.09** 

Error 50 1.055 1.05   0.024 0.044   

Error com. 100     1.05     0.03 

PCV%   16.34 14.79 13.58 11.66 11.97 9.69 
GCV%   15.95 14.41 11.84 10.04 10.5 7.91 

H%%   95.32 94.85 73.12 74.19 77.05 66.67 
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Table 3. Cont. 

Source of Variance 
 100 SW Husk % 

 Loamy sand Clay soil Combined Loamy sand Clay soil Combined 

Reps 2 0.308 1.156   0.006 0.551   

Env. (E.) 1     157.46**     23.45** 

Reps/Env. 4     0.73     0.28 

Genotypes (G.) 25 7.029** 2.284** 6.8** 27.424** 28.694** 40.57** 

G. X E. 25     2.51**     15.55** 

Error 50 0.294 0.156   1.686 0.85   

Error com. 100     0.22     1.27 

PCV%   28.17 22.77 23.57 9.31 10.81 8.15 
GCV%   27.58 22.28 18.79 9 10.63 5.6 

H%%   95.87 95.74 63.56 93.45 96.84 47.21 

Source of  Variance 
 Husk in 100 seed ; g Oil % 

 Loamy sand Clay soil Combined Loamy sand Clay soil Combined 

Reps 2 0.024 0.111   3.168 6   

Env. (E.) 1     14.04**     1362.33** 

Reps/Env. 4     0.07     4.58 

Genotypes (G.) 25 0.57** 0.209** 0.56** 49.252** 18.879** 31.55** 

G. X E. 25     0.21**     36.58** 

Error 50 0.026 0.016   1.206 2.36   

Error com. 100     0.02     1.78 

PCV%   27.56 21.54 22.06 10.22 7.31 6.39 

GCV%   26.83 21.04 15.6 10.11 6.79 1.52 

H%   94.79 95.45 50.00 97.86 86.25 5.69 

*, **; significant at 0.05 and 0.01% level of probability; respectively 



Ezzat E. Mahdy et al., 2018 

- 37 - 

 

1.1- Days to 50% flowering 

Mean days to 50% flowering 
at loamy sand soil was 52.04, 

53.25, and 53.67 for F1-hybrids, 

females and males; respectively 

with an overall mean of 52.92 
(Table 4). The earliest hybrid was 

A7xRF2 (48.67 days), the earliest 

female was B21 (52.33 days), and 
the earliest male was RF2 (51.33 

days). The earliest female (B21) 

tended to give earliest hybrids, and 
could be the good combiner for 

days to 50% flowering. Generally, 

the F1-hybrids, female and males 

were earlier than the two check 
varieties. Under clay soil condition, 

days to 50% flowering were later in 

most cases than that under loamy 
sand soil for all genotypes. The 

earliest cross (A7XRF2) under 

loamy sand soil was not the earliest 
under clay soil. The effect of clay 

soil on delaying days to 50% 

flowering differed from genotype 

to another confirming the 
significant effect of GxE 

interaction (Table 3). The 

combined means indicated that the 
earliest three hybrids were A7xRF2 

(50.83 days), A21xRF2 (51.00 day) 

and A21xRF3 (50.50 days), 

compared to 59.50 days for Sakha 
53 and 56.17 days for Giza 102. 

The combined means of the 

F1-hybrids indicated that eight 
hybrids were significantly (P<0.01) 

earlier than the earlier check Giza 

102; A7xRF1, A7xRF2, A7xRF3, 
A15xRF2, A15xRF3, A21xRF1, 

A21xEF2 and A21xRF3, and five 

hybrids were significantly (P<0.05) 

earlier than Giza 102; A15xRF1, 
A19xRF2, A19xRF3, A19xRF5 

and A21xRF5. 

The phenotypic (2.53%) and 

genotypic (1.66%) coefficients of 
variability in days to 50% 

flowering from the combined data 

indicated low level of variability 

among genotypes. Furthermore, 
broad sense heritability (43.17%) 

was intermediate. 

1-2. Plant height 
Mean plant height (Table 4) 

was 110.96, 145.71 and 128.33 cm 

for hybrids, 112.33, 120.92 and 
116.67 cm for females, and 88.25, 

104.17 and 96.21 cm for male 

parents at loamy sand soil, clay soil 

and combined data; respectively. 
All genotypes were shorter than the 

two checks; Sakha 53 and Giza 

102.  All genotypes gave taller 
plants and larger vegetative growth 

under clay soil than under loamy 

sand soil. The increase in plant 
height under clay soil condition 

was not equal from genotype to 

another confirming the significant 

(P<0.01) GxE interaction obtained 
(Table 3). For example, A21xRF3 

increased from 112.0 cm at loamy 

sand soil to 132.67 cm at clay soil, 
A21xRF5 increased from 113.67 to 

172.67 cm, and RF3 increased in 

plant height from 88.67 to 92.67 

cm. The genotypes combined 
means of plant height showed wide 

variability. The F1-hybrids ranged 

from 118.00 to 154.17 cm, the 
female parents ranged from 102.67 

to 124.67 cm, and the male parents 

ranged in plant height from 82.83 
to 117.67 cm. Such wide variability 

(combined means) was reflected in 

high phenotypic (13.58%) and 

genotypic (11.81%) coefficient of 
variability, and high broad sense 

heritability (75.58%). Tahir and 

Mehdi (2001) noted coefficient of 
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variability for PH of 4.99%. Ali et 

al. (2006) found significant 
genotype x environment interaction 

for all traits. Salem et al. (2013) 

found differential responses of 

genotypes to drought stress for all 
traits. Dudhe et al. (2017) reported 

high PCV and GCV for PH. 

1-3. Head diameter 
The overall mean of head 

diameter of the F1-hybrids was 

equal under both locations (18.32 
cm), and lower than that of the two 

checks; Sakha 53 and Giza 102. 

The best F1-hybrid in head diameter 

was A15xRF5 at loamy sand (20.67 
cm) and clay soil (22.00 cm). Head 

diameter varied greatly for different 

genotypic from 10.87 cm for RF2 
to 20.67 cm for A15xRF5, and 

22.47 cm for B15 under loamy sand 

soil, and from 10.87 cm for RF2 to 
22.0 cm for A21xRF5 under clay 

soil. The combined means showed 

that none of the F1-hybrids 

exceeded the better check Giza 102 

in head diameter. Such variability 

in head diameter of different 
genotypes was reflected in high 

phenotypic and genotypic 

coefficient of variability (Table 3) 

under both environments. The 
genotypic coefficient of variability 

reached 15.95, 14.41 and 11.84% at 

loamy sand, clay soil and combined 
analysis; respectively. Dudhe et al. 

(2017) reported high PCV and 

GCV for HD. Furthermore, broad 
sense heritability was high and 

accounted for 95.32% under loamy 

sand soil, 94.85% under clay soil, 

and 73.12% for combined data. 
Head diameter of different 

genotypes was higher for some 

genotypes under loamy sand soil 
than under clay soil and vice versa 

for the others, confirmed the 

significance (P<0.01) of GxE 
interaction (Table 3). These results 

are in agreement with those 

reported by Khan et al. (2017). 
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Table 4. Means of the studied traits at the two locations and their combined 

Genotypes 
Days to 50 % Flow. PH ;cm HD; cm 

Loamy sand Clay  Comb. Loamy sand Clay  Comb. Loamy sand Clay  Comb. 

A7xRF1 52.33 54.33 53.33 117.33 138.00 127.67 17.60 19.07 18.33 

A7xRF2 48.67 53.00 50.83 105.33 136.33 120.83 17.53 18.00 17.77 

A7xRF3 49.00 57.67 53.33 99.67 136.67 118.17 17.87 18.33 18.10 

A7xRF5 54.67 55.00 54.83 116.33 137.33 126.83 19.93 16.13 18.03 

A15xRF1 52.67 55.33 54.00 124.33 184.00 154.17 18.47 18.87 18.67 

A15xRF2 51.33 53.33 52.33 117.00 165.33 141.17 19.93 20.00 19.97 

A15xRF3 52.33 53.33 52.83 115.33 151.33 133.33 18.80 18.53 18.67 

A15xRF5 54.67 56.67 55.67 120.33 164.00 142.17 20.67 18.97 19.82 

A19xRF1 54.67 55.00 54.83 107.67 126.33 117.00 17.53 18.87 18.20 

A19xRF2 53.33 55.33 54.33 106.00 141.00 123.50 18.47 18.47 18.47 

A19xRF3 53.33 55.33 54.33 104.67 131.33 118.00 15.47 14.80 15.13 

A19xRF5 54.00 54.67 54.33 102.67 144.33 123.50 18.40 19.93 19.17 

A21xRF1 50.67 54.33 52.50 103.67 136.33 120.00 16.73 17.07 16.90 

A21xRF2 49.33 52.67 51.00 109.33 133.67 121.50 18.20 17.87 18.03 

A21xRF3 49.33 51.67 50.50 112.00 132.67 122.33 17.40 16.20 16.80 

A21xRF5 52.33 56.00 54.17 113.67 172.67 143.17 20.13 22.00 21.07 
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Hybid mean 52.04 54.60 53.32 110.96 145.71 128.33 18.32 18.32 18.32 

B7 53.67 54.00 53.83 98.33 107.00 102.67 13.93 17.80 15.87 

B15 52.67 53.67 53.17 122.00 126.33 124.17 22.47 13.20 17.83 

B19 54.33 54.33 54.33 114.33 129.00 121.67 18.73 17.73 18.23 

B21 52.33 53.67 53.00 114.67 121.33 118.00 16.13 16.80 16.47 

Female mean 53.25 53.92 53.58 112.33 120.92 116.63 17.82 16.38 17.10 

RF1 56.00 55.00 55.50 86.00 101.33 93.67 13.13 13.13 13.13 

RF2 51.33 54.00 52.67 79.00 86.67 82.83 10.87 10.87 10.87 

RF3 54.00 53.00 53.50 88.67 92.67 90.67 11.13 13.73 12.43 

RF5 53.33 53.67 53.50 99.33 136.00 117.67 16.07 17.53 16.80 

Male mean 53.67 53.92 53.79 88.25 104.17 96.21 12.80 13.82 13.31 

Sakha 53 59.67 59.33 59.50 138.33 174.33 156.33 18.47 22.83 20.65 

Giza 102 55.67 56.67 56.17 147.33 194.67 171.00 22.10 21.27 21.68 

Grand mean 52.92 54.60 53.76 109.48 136.95 123.21 17.42 17.47 17.44 

RLSD1 0.05 2.72 2.39 1.76 8.30 11.79 7.03 1.57 1.57 1.04 

RLSD1 0.01 3.60 3.20 2.31 10.92 15.54 9.20 2.06 2.06 1.36 

RLSD2 0.05 1.97 1.72 1.26 5.98 8.49 5.07 1.13 1.13 0.75 

RLSD2 0.01 2.61 2.31 1.66 7.87 11.20 6.63 1.49 1.48 0.98 
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Table 4. Cont. 

Genotypes 

SD; cm 100-sw; g Husk% 

Loamy sand Clay  Comb. Loamy sand Clay  Comb. Loamy sand Clay  Comb. 

A7xRF1 1.58 2.11 1.85 6.18 4.43 5.31 25.99 29.71 27.85 

A7xRF2 1.49 2.09 1.79 6.55 4.06 5.30 27.05 28.16 27.61 

A7xRF3 1.54 2.03 1.78 7.25 4.04 5.64 31.31 28.98 30.15 

A7xRF5 1.68 1.91 1.80 5.92 3.47 4.70 28.81 28.85 28.83 

A15xRF1 1.53 2.08 1.81 6.24 4.03 5.14 26.60 27.06 26.83 

A15xRF2 1.50 2.20 1.85 7.82 4.07 5.94 27.58 21.43 24.51 

A15xRF3 1.57 2.23 1.90 6.25 3.94 5.10 24.72 25.17 24.94 

A15xRF5 1.74 2.07 1.91 5.97 3.87 4.92 26.94 27.66 27.30 

A19xRF1 1.63 2.19 1.91 5.44 3.52 4.48 26.43 28.06 27.24 

A19xRF2 1.50 1.91 1.70 5.75 3.59 4.67 26.85 26.30 26.58 

A19xRF3 1.64 2.07 1.85 5.85 2.57 4.21 25.56 27.95 26.76 

A19xRF5 1.52 2.32 1.92 6.27 4.06 5.17 28.29 23.47 25.88 

A21xRF1 1.39 2.16 1.78 5.81 4.03 4.92 29.64 29.13 29.39 

A21xRF2 1.55 2.26 1.91 6.98 4.33 5.66 27.75 27.05 27.40 

A21xRF3 1.46 1.81 1.64 6.65 3.82 5.23 27.01 26.77 26.89 

A21xRF5 1.71 2.69 2.20 7.41 4.11 5.76 26.47 25.84 26.16 
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Hybrid mean 1.56 2.13 1.85 6.40 3.87 5.13 27.31 26.97 27.14 

B7 1.23 1.92 1.57 2.18 4.59 3.39 29.07 26.23 27.65 

B15 1.94 1.78 1.86 7.19 3.37 5.28 29.79 24.39 27.09 

B19 1.48 1.98 1.73 6.84 3.45 5.14 28.17 27.36 27.76 

B21 1.28 1.77 1.53 4.23 3.51 3.87 38.17 31.25 34.71 

Female mean 1.48 1.86 1.67 5.11 3.73 4.42 31.30 27.31 29.30 

RF1 1.20 1.77 1.48 3.16 2.10 2.63 27.84 34.49 31.16 

RF2 1.23 1.72 1.48 2.93 1.56 2.25 29.73 34.29 32.01 

RF3 1.29 1.85 1.57 2.41 1.73 2.07 29.08 24.85 26.96 

RF5 1.53 2.60 2.06 4.65 3.18 3.92 29.66 29.03 29.35 

Male mean 1.31 1.99 1.65 3.29 2.14 2.72 29.08 30.66 29.87 

Sakha 53 1.67 2.62 2.15 5.96 5.06 5.51 33.75 30.79 32.27 

Giza 102 1.94 2.68 2.31 5.81 4.97 5.39 34.97 32.80 33.88 

Grand mean 1.52 2.10 1.81 5.60 3.63 4.62 28.79 28.00 28.40 

RLSD1 0.05 0.26 0.35 0.20 0.83 0.60 0.47 1.98 1.33 1.14 

RLSD1 0.01 0.35 0.47 0.26 1.09 0.80 0.62 2.61 1.75 1.49 

RLSD2 0.05 0.19 0.26 0.14 0.60 0.44 0.34 1.43 0.95 0.82 

RLSD2 0.01 0.25 0.34 0.18 0.79 0.57 0.45 1.88 1.26 1.07 
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Table 4. Cont. 

Genotypes 
Husk;g in 100 seeds Oil% Oil;g in 100 Seeds 

Loamy sand Clay  Comb. Loamy sand Clay  Comb. Loamy sand Clay  Comb. 

A7xRF1 1.61 1.31 1.46 43.00 36.33 39.67 2.66 1.61 2.13 

A7xRF2 1.77 1.14 1.46 37.00 32.67 34.83 2.42 1.33 1.88 

A7xRF3 2.27 1.17 1.72 38.00 34.33 36.17 2.75 1.39 2.07 

A7xRF5 1.70 1.00 1.35 41.67 33.33 37.50 2.47 1.16 1.81 

A15xRF1 1.65 1.09 1.37 41.33 35.00 38.17 2.58 1.41 2.00 

A15xRF2 2.15 0.87 1.51 33.33 32.67 33.00 2.61 1.33 1.97 

A15xRF3 1.55 0.99 1.27 44.67 33.00 38.83 2.79 1.30 2.05 

A15xRF5 1.61 1.07 1.34 41.00 38.33 39.67 2.45 1.49 1.97 

A19xRF1 1.44 0.99 1.21 43.33 32.00 37.67 2.36 1.13 1.74 

A19xRF2 1.55 0.94 1.25 39.33 32.00 35.67 2.27 1.15 1.71 

A19xRF3 1.49 0.72 1.11 42.00 40.00 41.00 2.45 1.03 1.74 

A19xRF5 1.77 0.95 1.36 43.67 30.67 37.17 2.74 1.25 1.99 

A21xRF1 1.72 1.17 1.45 41.67 36.33 39.00 2.42 1.46 1.94 

A21xRF2 1.94 1.17 1.56 42.67 32.33 37.50 2.98 1.40 2.19 

A21xRF3 1.80 1.02 1.41 40.00 31.67 35.83 2.65 1.21 1.93 

A21xRF5 1.96 1.06 1.51 42.67 34.33 38.50 3.16 1.41 2.29 
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Hybrid mean 1.75 1.04 1.40 40.96 34.06 37.51 2.61 1.32 1.96 

B7 0.64 1.20 0.92 25.00 36.33 30.67 0.55 1.67 1.11 

B15 2.15 0.82 1.48 41.33 33.33 37.33 2.97 1.12 2.05 

B19 1.93 0.94 1.44 40.33 32.00 36.17 2.76 1.10 1.93 

B21 1.61 1.10 1.35 37.33 29.33 33.33 1.58 1.03 1.30 

Female mean 1.58 1.02 1.30 36.00 32.75 34.38 1.96 1.23 1.60 

RF1 0.88 0.72 0.80 40.33 36.67 38.50 1.28 0.77 1.02 

RF2 0.87 0.54 0.70 43.33 35.33 39.33 1.28 0.55 0.91 

RF3 0.70 0.43 0.57 41.33 34.33 37.83 1.00 0.60 0.80 

RF5 1.37 0.92 1.15 42.33 32.67 37.50 1.97 1.04 1.51 

Male mean 0.96 0.65 0.80 41.83 34.75 38.29 1.38 0.74 1.06 

Sakha 53 2.01 1.56 1.78 37.33 34.00 35.67 2.22 1.72 1.97 

Giza 102 2.03 1.64 1.83 36.67 38.00 37.33 2.13 1.90 2.01 

Grand mean 1.60 1.01 1.31 39.98 34.09 37.03 2.26 1.24 1.75 

RLSD1 0.05 0.25 0.19 0.15 1.58 2.45 1.43 0.35 0.25 0.21 

RLSD1 0.01 0.33 0.25 0.19 2.08 3.24 1.87 0.46 0.33 0.27 

RLSD2 0.05 0.18 0.14 0.11 1.14 1.76 1.03 0.25 0.18 0.15 

RLSD2 0.01 0.23 0.18 0.14 1.45 2.33 1.35 0.33 0.24 0.19 
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Table 4. Cont. 

Genotypes 
Kernel’s in 100 Seeds NS/H SY / H;g 

Loamy sand Clay  Comb. Loamy sand Clay  Comb. Loamy sand Clay  Comb. 

A7xRF1 1.91 1.51 1.71 751.37 1064.71 908.04 45.97 46.92 46.45 

A7xRF2 2.35 1.59 1.97 633.64 768.51 701.08 41.30 31.24 36.27 

A7xRF3 2.23 1.48 1.86 663.55 686.17 674.86 47.83 27.67 37.75 

A7xRF5 1.75 1.31 1.53 897.34 783.47 840.41 53.08 27.21 40.15 

A15xRF1 2.00 1.53 1.77 737.47 744.61 741.04 45.81 29.81 37.81 

A15xRF2 3.05 1.86 2.46 619.60 813.39 716.50 48.39 32.88 40.64 

A15xRF3 1.92 1.65 1.78 719.90 761.91 740.91 44.89 29.95 37.42 

A15xRF5 1.91 1.31 1.61 776.99 710.73 743.86 45.95 27.12 36.53 

A19xRF1 1.64 1.40 1.52 619.97 704.04 662.01 33.73 25.01 29.37 

A19xRF2 1.94 1.50 1.72 722.85 678.59 700.72 41.29 24.46 32.87 

A19xRF3 1.91 0.81 1.36 470.84 537.00 503.92 27.52 13.85 20.68 

A19xRF5 1.76 1.86 1.81 593.88 758.19 676.04 37.26 30.80 34.03 

A21xRF1 1.67 1.39 1.53 410.79 526.72 468.75 23.79 21.23 22.51 

A21xRF2 2.06 1.76 1.91 634.07 578.07 606.07 44.26 25.02 34.64 

A21xRF3 2.20 1.58 1.89 662.81 461.12 561.97 43.96 17.52 30.74 

A21xRF5 2.29 1.64 1.96 676.18 731.57 703.87 50.03 30.20 40.11 
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Hybrid mean 2.04 1.51 1.77 661.95 706.80 684.38 42.19 27.55 34.87 

B7 1.00 1.72 1.36 278.16 607.12 442.64 6.09 27.54 16.81 

B15 2.07 1.42 1.75 908.88 1051.17 980.03 65.10 35.37 50.24 

B19 2.16 1.40 1.78 519.00 1175.05 847.03 35.43 39.98 37.71 

B21 1.04 1.38 1.21 606.10 744.40 675.25 25.59 26.17 25.88 

Female mean 1.57 1.48 1.52 578.04 894.44 736.24 33.05 32.26 32.66 

RF1 1.01 0.61 0.81 350.61 394.29 372.45 11.12 8.14 9.63 

RF2 0.79 0.47 0.63 239.26 373.55 306.41 7.21 5.66 6.44 

RF3 0.71 0.70 0.71 244.54 254.33 249.44 5.67 4.41 5.04 

RF5 1.31 1.22 1.26 900.12 598.80 749.46 41.13 19.01 30.07 

Male mean 0.95 0.75 0.85 433.63 405.24 419.44 16.28 9.30 12.79 

Sakha 53 1.72 1.78 1.75 541.28 766.58 653.93 32.23 38.04 35.14 

Giza 102 1.65 1.41 1.53 878.64 650.10 764.37 51.00 31.43 41.21 

Grand mean 1.74 1.38 1.56 611.43 687.26 649.35 36.11 25.72 30.91 

RLSD1 0.05 0.30 0.21 0.18 96.41 145.60 84.58 4.22 4.47 3.06 

RLSD1 0.01 0.40 0.28 0.23 126.94 191.54 114.82 5.57 5.89 4.01 

RLSD2 0.05 0.22 0.15 0.13 69.47 104.92 60.95 3.05 3.22 2.21 

RLSD2 0.01 0.29 0.20 0.17 91.47 138.20 79.68 4.01 4.25 2.89 
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Table 4. Cont. 

Genotypes 
OY/ H ;g 

Loamy sand Clay  Comb. 

A7xRF1 19.86 16.51 18.18 

A7xRF2 15.03 10.33 12.68 

A7xRF3 17.63 8.75 13.19 

A7xRF5 22.91 9.10 16.00 

A15xRF1 18.43 11.06 14.74 

A15xRF2 15.79 11.09 13.44 

A15xRF3 20.56 9.66 15.11 

A15xRF5 18.74 11.52 15.31 

A19xRF1 13.85 7.98 10.91 

A19xRF2 16.07 7.78 11.93 

A19xRF3 11.68 5.42 8.55 

A19xRF5 15.73 9.87 12.80 

A21xRF1 9.67 7.82 8.75 

A21xRF2 19.70 7.80 13.75 

A21xRF3 16.92 5.69 11.31 

A21xRF5 21.21 10.80 16.01 
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Hybrid Mean 17.11 9.45 13.29 

B7 1.64 9.94 5.79 

B15 27.17 12.23 19.70 

B19 14.68 12.89 13.78 

B21 10.51 7.91 9.21 

Female Mean 13.50 10.74 12.12 

RF1 4.87 3.17 4.02 

RF2 3.38 2.22 2.80 

RF3 2.18 1.52 1.85 

RF5 17.88 6.09 11.99 

Male Mean 7.08 3.25 5.16 

Sakha 53 11.31 12.80 12.05 

Giza 102 18.99 11.87 15.43 

Grand Mean 14.62 8.80 11.72 

RLSD1 0.05 1.52 1.60 1.10 

RLSD1 0.01 2.00 2.11 1.44 

RLSD2 0.05 1.10 1.16 0.79 

RLSD20.01 1.45 1.52 1.04 

RLSD1, to compare any two genotypes, RLSD2; to compare any genotype with the overall mean  
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1-4. Stalk diameter 

Mean stalk diameter of the F1-
hybrids was larger than that of 

female and male parents, indicating 

heterosis (Table 4). For the F1-

hybrids, it was 1.56, 2.13 and 1.85 
cm under loamy sand, clay soil and 

combined data; respectively. Stalk 

diameter of all genotypes was 
thicker under clay than under 

loamy sand soil. The clay soil 

showed larger vegetative growth 
(plant height and stalk diameter) 

than loamy sand soil. The check 

cultivar Giza 102 was significantly 

thicker than any other genotype 
except A21xRF5 in clay soil. Stalk 

diameter varied under loamy sand 

soil from 1.2 cm for RF1 to 1.94 
cm for B15, and from 1.72 cm for 

RF2 to 2.69 cm for A21xRF5 under 

clay soil. Such variation among 
different genotypes showed high 

phenotypic and genotypic 

coefficient of variation (Table 3) 

which exceeded 10% under both 
locations. The increase in stalk 

diameter of different genotypes 

from loamy sand to clay soil was 
not consistent, indicating 

differential responses of genotypes 

to variation in environment. 

Therefore, the GxE for stalk 
diameter was significant (P<0.01) 

(Table 3). Heritability in broad 

sense (Table 3) was high, i.e., 
74.19, 77.05 and 66.67% under 

loamy sand soil, clay soil, and 

combined data; respectively. 

1-5. 100 seed weight 

The overall mean of 100 seed 

weight of the F1-hybrids (Table 4) 

was heavier than that of both 
female and male parents indicating 

hybrid vigor. It was larger under 

loamy sand soil than under clay soil 

for all genotypes except for line B7.  

Under loamy sand soil, 100 seed 
weight of the F1-hybrids ranged 

from 5.44 to 7.82 with an average 

of 6.40 g compared to 5.96 g for 

Sakha 53 and 5.81 g for Giza 102. 
Under clay soil, 100 seed weight of 

the F1-hybrids ranged from 2.57 to 

4.43 g with an average of 3.87 g 
compared to 5.06 g for Sakha 53 

and 4.97 g for Giza 102. 100 seed 

weight varied from 2.41 to 7.82 g 
under loamy sand soil, and from 

1.56 to 4.59g under clay soil. Such 

wide variability was reflected in 

high phenotypic and genotypic 
coefficients of variability (Table 3). 

The combined means of the F1-

hybrids showed that none of the F1-
hybrids was significantly heavier in 

100 seed weight than the checks.  

The genotypic coefficient of 
variation was 27.58, 22.28 and 

18.79% under loamy sand, clay soil 

and combined data; respectively.  

The close estimates of phenotypic 
and genotypic coefficients of 

variability under both environments 

resulted in very high broad sense 
heritability of 95.87 and 95.74% 

under loamy sand and clay soils; 

respectively (Table 3). The 

differential responses of the 
different genotypes to soil type 

were reflected in significant 

(P<0.01) GxE. Javed and Aslam 
(1995) and Marinkovic et al. 

(2000) found significant mean 

squares for genotypes for 100-seed 
weight.  

1-6. Husk percentage and husk in 

100 seeds; g. 

The overall mean of the husk 
% (Table 4) of the F1-hybrids was 

27.31, 26.97 and 27.14% at loamy 

sand soil, clay soil and combined 
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data; respectively. Husk % of the 

hybrids were significantly (P<0.01) 
lower than the better check variety 

Sakha 53 (Table 4), and 

significantly (P<0.01) higher at 

loamy sand soil than at clay soil 
(Table 3), indicating to the effect of 

soil type on husk %. However, 

some hybrids and/or genotypes 
were higher in husk % at clay soil 

than at loamy sand soil, confirming 

the significant (P<0.01) of GxE 
obtained (Table 3). The combined 

means of husk % varied from 

24.51% for A15xRF2 to 34.71% 

for B21. Such variability was 
reflected in medium to high PCV 

and GCV. The GCV of husk % was 

9.00, 10.63 and 5.6% at loamy sand 
soil, clay soil and combined data 

(Table 3). Phenotypic and 

genotypic coefficients of variation 
were very close to each other under 

both environments, and resulted in 

broad sense heritability of 93.45, 

96.84 and 47.21% at loamy sand 
soil, clay soil and combined data; 

respectively (Table 3). 

The overall means of husk in 
gram of 100 seed weight were in 

the same trend of husk %. The 

combined means of the F1-hybrids 

were significantly (P<0.01) lower 
than the better check variety Giza 

102 in husk weight, except the 

hybrid A7xRF3. Phenotypic and 
genotypic coefficients of variability 

were high in husk in gram of 100 

seed weight. The GCV was 26.83, 
21.04 and 15.6% at loamy sand 

soil, clay soil and combined data; 

respectively (Table 3). The close 

estimates of PCV and GCV in the 
separate analysis of variance 

resulted in high unreliable 

estimates of heritability in broad 

sense of 94.79% at loamy sand soil, 

and 95.45% at clay soil. This could 
be interpreted by the inflation of 

the genetic variance by the 

confounding effects of GxE 

interactions. However, heritability 
estimated from the combined 

analysis was medium (50.0%), 

because of the GxE interaction 
mean square was subtracted from 

the genotypes mean square and 

showed reliable estimate of genetic 
variance.  

1-7. Oil percentage 

Oil % of all genotypes (Table 

4) was higher at loamy sand soil 
than at clay soil except Giza 102, 

indicating to the effect of 

environment on oil % and 
confirming the significant (P<0.01) 

environment mean squares (Table 

3).  Mean oil % of the F1-hybrids 
was 40.96, 34.06 and 37.51% at the 

loamy sand soil, clay soil and the 

combined data; respectively, 

compared to 36.67, 38.0 and 
37.33% for the better check cultivar 

Giza 102. The decrease in oil % 

from loamy sand to clay soil was 
not consistent from genotype to 

another, confirming the significant 

(P<0.01) mean squares of GxE 

interaction (Table 3). 
The combined means of the 

F1-hybrids showed that six hybrids 

significantly (P<0.05 to <0.01) 
exceeded the better check Giza 102 

in oil %, i.e., A7xRF1 (39.67%), 

A15xRF3 (38.83%), A15xRF5 
(39.67%), A19xRF3 (41.00%), A21 

RF5 and A21xRF1 (39.00%). And 

seven hybrids showed insignificant 

differences with Giza 102. 
The genotypic coefficient of 

variability of oil % was high 

(10.11%) at loamy sand soil, 
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medium (6.79%) at clay soil, and 

very low (1.52%) from the 
combined data. This could be due 

to the large magnitude significant 

(P<0.01) mean square of GxE 

(36.58) compared to genotypes 
squares (31.55). In consequence, 

heritability in broad sense of oil % 

was high at both locations (97.86 
and 86.25%) and very low (5.69%) 

from the combined data. These 

results declear the importance of 
evaluation of the hybrids, and in 

general, breeding materials under a 

variety of environments to get 

reliable estimates of genetic 
variance and heritability. Cvejic et 

al. (2015) indicated that 

environmental factors had highest 
influence on the formation of seed 

and oil yields. 

1-8. Oil in 100 seeds in gram 
Mean oil in gram in 100 seeds 

(Table 4) of the F1-hybrids was 

2.61, 1.32 and 1.96 compared 2.13, 

1.90 and 2.01 for Giza 102 at 
loamy sand soil, clay soil and 

combined data; respectively. It is 

obvious that oil in gram of 100 
seeds was higher at loamy sand soil 

than at clay soil for all genotypes 

except B7, confirming the 

significant (P<0.01) mean squares 
of environment (Table 3). All the 

F1-hybrids exceeded the two check 

cultivars in oil in gram of 100 seeds 
under loamy sand soil, however, 

none of the F1-hybrids exceed the 

checks under clay soil, reflecting 
the GxE interaction, and the check 

cultivars were more stable than the 

hybrids in this trait. The combined 

means of the F1-hybrids indicated 
that one hybrid (A21xRF5) 

exceeded significantly (P<0.01) the 

best check Giza 102 in oil in gram 

of 100 seeds and 10 hybrids 

showed insignificant differences 
with Giza 102.  The combined 

means of the genotypes varied from 

0.80 to 2.29 gram oil in 100 seeds, 

indicating wide variability. The 
genotypic coefficient of variability 

was high; 28.84, 22.56 and 16.13% 

at loamy sand soil, clay soil and 
combined analysis; respectively. 

The close estimates of phenotypic 

and genotypic coefficients of 
variability at the two locations, 

resulted in high broad sense 

heritability of 96.07% at loamy 

sand soil, and 93.67% at clay soil. 
However, it was intermediate 

(44.44%) as calculated from the 

combined analysis. This could be 
due to the omission of GxE mean 

square from the genotypes mean 

squares, to give reliable estimate of 
genetic variance. Therefore, the 

genetic materials should be 

evaluated under a series of diverse 

environments.  

1-9. Kernels in 100 seeds; g. 

Mean kernels in 100 seeds; g 

(Table 4) of the F1-hybrids was 
2.04, 1.51 and 1.77 g compared to 

1.72, 1.78 and 1.75 for the better 

check Sakha 53 at loamy sand soil, 

clay soil and combined means; 
respectively. All the F1-hybrids 

exceeded Sakha 53 in kernel weight 

at loamy sand soil except A19 x 
RF1 and A21 RF1, while only two 

crosses exceeded it at clay soil, 

showing the pronounced effect of 
environment, confirming 

significant (P<0.01) environment 

mean squares (Table 3).  The 

decrease of kernels weight from 
loamy sand to clay soil was not 

consistent from genotype to 

another, confirming the significant 
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(P<0.01) GxE mean squares (Table 

3). The combined means of the F1-
hybrids showed that five hybrids 

significant (P<0.05 to P<0.01) 

exceeded Sakha 53 in kernel 

weight, i.e., A7xRF2, A15xRF2, 
A21RF2, A21RF3 and A21xRF5. 

The combined means of the 

genotypes varied from 0.63 g for 
restorer line RF2 to 2.46 g of 

kernels weight for A15xRF2 

hybrid. Such wide variability was 
expressed in high phenotypic and 

genotypic coefficients of variation. 

The genotypic coefficient of 

variation of kernels weight was 
30.67% at loamy sand soil, 26.72% 

at clay soil, and 23.68% from the 

combined analysis. Broad sense 
heritability estimates were high, 

and accounted for 95.51, 96.54 and 

77.78% at loamy sand soil, clay 
soil and from combined analysis; 

respectively. 

1-10. Number of seeds/head 

(NS/H) 
Mean NS/H (Table 4) was 

higher at clay soil than at loamy 

sand soil for all genotypes except 
five hybrids, RF5 and the check 

cultivar Giza 102. These results 

confirm the significant (P<0.01) 

mean squares of environments and 
GxE interaction (Table 3). The 

overall mean of F1-hybrids was 

661.95, 706.80 and 684.38 
compared to 878.64, 650.10 and 

764.37 for the better check Giza 

102 at loamy sand soil, clay soil 
and combined data; respectively. 

Two F1-hybrids; A7xRF1 and 

A7xRF5 exceeded significantly the 

better check Giza 102 in NS/H, and 
eight hybrids showed insignificant 

differences with Giza 102.  The 

PCV and GCV of NS/H were high. 

The GCV was 31.3, 30.31 and 

24.01% at loamy sand soil, clay 
soil and from the combined 

analysis. Broad sense heritability 

estimate was high, and reached 

96.05, 94.1 and 73.21% at loamy 
sand soil, clay soil and from the 

combined data; respectively. 

1-11. Seed yield/head; g. 
Mean seed yield/head (Table 

4) of the F1-hybrids was 42.19, 

27.55 and 34.27 g compared to 
51.0, 31.43 and 41.21 g for the 

better check Giza 102 at loamy 

sand, clay soil and the combined 

data, respectively. It is clear that 
loamy sand soil was better in seed 

yield/head than the clay soil, and 

there was a wide difference in yield 
between the types of soil, 

confirming the significant (P<0.01) 

mean squares of environment 
(Table 3). The decrease in seed 

yield/head of different genotypes 

from loamy sand to clay soil was 

not consistent, confirming the 
significant (P<0.01) mean squares 

of GxE interaction. The combined 

means of the two locations of the 
F1-hybrids indicated that one 

hybrid (A7xRF1) significantly 

(P<0.01) out yielded (46.45 g) the 

better check Giza 102 (41.21 g), 
and three F1-hybrids; A7xRF5 

(40.15 g), A15xRF2 (40.64 g), and 

A21xRF5 (40.11 g) showed 
insignificant differences in seed 

yield/head with Giza 102. 

There was a wide range in 
seed yield/head at the two 

locations. At loamy sand soil seed 

yield/head ranged from 5.67 g 

(RF3) to 53.08 g (A7xRF5), and 
from 4.41 g (RF3) to 46.92 g 

(A7xRF1) at clay soil. Such wide 

range in performance of different 
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genotypes reflected in high 

estimates of phenotypic and 
genotypic coefficients of variation. 

The GCV was 43.48, 39.33 and 

33.57% at loamy sand soil, clay 

soil and from the combined 
analysis; respectively (Table 3). 

Javed and Aslam (1995), Jan et al. 

(2005) and Marinkovic et al. 
(2000) reported significant mean 

squares for yield. Tahir and Mehdi 

(2001) and Tahir et al. (2002) 
reported that SY/P was reduced by 

stress.  Rauf and Sadaqat (2007) 

and Salem et al. (2013) indicated 

that sunflower genotypes differed 
in their tolerance to drought. The 

interaction of genotypes x 

environment was significant for 
SY/P (Kumar et al. 2014 and Khan 

et al. 2017).  The close estimates of 

PCV and GCV at loamy sand and 
clay soils resulted in unreliable 

estimates of broad sense heritability 

of 98.85 and 96.67%; respectively. 

This could be due to that evaluation 
of genotypes at one site inflated the 

genetic variance by the confound 

effects of years and location. 
However, broad sense heritability 

estimated from the combined 

analysis of the two locations 

decreased to 75.22% (Table 3) 
because mean squares of GxE 

interaction was subtracted from the 

genotypes mean squares. For this 
reason broad sense heritability 

estimated from the combined 

analysis was less than estimated 
from separate analysis of all the 

studied traits. 

1-12. Oil yield/head; g 

Mean oil yield/head in gram 
(Table 4) for the F1-hybrids was 

17.11, 9.45 and 13.29 g of 

compared to 11.31, 12.80 and 12.05 

g for Sakha 53, and 18.99, 11.87 

and 15.43 g for Giza 102 at loamy 
sand soil, clay soil and combined 

data; respectively. The combined 

means of oil yield/head varied 

greatly from 1.85 g for RF3 to 
19.70 g for B15, indicating wide 

genetic variability. The best F1-

hybrid A7xRF1 (18.18 g) surpassed 
significantly (P<0.01) the better 

check; Giza 102 (15.43 g). Based 

on the combined means, the best 
three hybrids in oil yield/head were 

A7xRF1 (18.18 g), A7xRF5 (16.00 

g) and A21xRF5 (16.01 g), 

compared to 12.05 g for Sakha 53 
and 15.43 g for Giza 102. Oil 

yield/head of all genotypes except 

Sakha 53 and B7 were higher under 
loamy sand soil than under clay 

soil, confirming the significance 

(P<0.01) of environment mean 
square (Table 3). The decrease in 

oil yield/head from loamy sand to 

clay soil was not consistent from 

genotype to another, confirming the 
significance mean square obtained 

(P<0.01) for GxE interaction. 

The GCV in oil yield/head 
was 44.54, 39.34 and 32.33% at 

loamy sand soil, clay soil and from 

combined analysis; respectively 

(Table 3). The close estimates of 
PCV and GCV in separate analysis, 

resulted in high unreliable 

estimates of broad sense heritability 
of 99.12 and 96.27% at loamy sand 

and clay soils; respectively. 

However, it was 67.83% from the 
combined analysis due to the 

causes mentioned before. Javed and 

Aslam (1995), Jan et al. (2005), 

Marinkovic et al. (2000) and Porto 
et al. (2008) found significant 

differences among genotypes for 

oil yield. Cvejić et al. (2015) 
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concluded that environmental 

factors had high influence on the 
formation of oil yield. 
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 لدوار الشمس تحت ظروف الارض الرمميه السمتيه والطينيه وراثيةتقييم تراكيب 
  

،ىبو عبج الخزاق عبج السجيج  2، عابجيؼ الذيسى 1، الديج عبج الدلام حدب الله 1عدت الديج ميجى
 2محمد حدؼ

 ، قدػ السحاصيلكميو الدراعو  –جامعو أسيؽط  -1
 يتيوالسحاصيل الد بحؽثقدػ  –مخكد البحؽث الدراعيو   -2

 
كشتخول(  2اَباء +  4اميات +  4ىجيؼ +  16تخكيب وراثى مؼ دوار الذسذ ) 26أجخى تقييػ 

مخكد البحؽث الدراعيو ،  –تحت ظخوف الأرض الخمميو الدمتيو فى محطو بحؽث عخب العؽامخ 
م . وكانت الفخوق بيؼ التخاكيب 2116لأرض الطيشيو بسدرعو كميو الدراعو جامعو أسيؽط فى عام وا

الؽراثيو عاليو السعشؽيو لثلاثو عذخ صفو فى التحاليل السفخده والتحميل السذتخك. كانت الفخوق 
بيئو معشؽيا معشؽيو بيؼ البيئتيؼ لكل الرفات عجا قطخ القخص وكان التفاعل بيؼ التخكيب الؽراثى وال

لكل الرفات اشاره الى اختلاف استجابو التخاكيب الؽراثيو مؼ بيئو لأخخى. كانت اليجؼ والأميات 
والأباء أكثخ تبكيخاً فى الأرض الخمميو الدمتيو، وكان معامل الأختلاف مشخفزاً ليحه الرفو ودرجو 
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امل الأختلاف السعيخى %(. ومؼ التحميل السذتخك لطؽل الشبات كان مع43,17التؽريث متؽسطو )
 الؽراثى%. وكان معامل الأختلاف 75,58% ومعامل التؽريث 11,81% والؽراثى 13,58
% لقطخ القخص. وبالشدبو لدسغ الداق 91,84% ومعامل التؽريث 14,41% والؽراثى 15,95

، 77,5، 74,19كان أكبخ فى الأرض الطيشيو عؼ الخمميو الدمتيو وكان معامل التؽريث لو 
% فى الأرض الخمميو الدمتيو، الطيشيو والتحميل السذتخك عمى التختيب. ولػ يعيخ أى 66,67

بحره. كان معامل الأختلاف الؽراثى ومعامل التؽريث  111ىجيؼ تفؽق عمى أصشاف الكشتخول فى 
بحره تسيلان للأرتفاع فى  111بحره. وكان ندبو القذخ ووزن القذخ فى  111عاليان فى وزن 

يو الدمتيو عؼ الأرض الطيشيو. أظيخ التحميل السذتخك أن خسدو ىجؼ أعمى فى ندبو الأرض الخمم
(. وكانت ندبو الديت أعمى فى الأرض الخمميو 112الديت عؼ أفزل كشتخول الرشف جيده )

،  97,86الدمتيو عؼ الأرض الطيشيو، وكان معامل التؽريث ليحه الرفو عالياً فى السشطقتيؼ )
%( بدبب التفاعل بيؼ التخكيب الؽراثى 5,69فى التحميل السذتخك ) %( ومشخفض ججاً 86,25

بحره أعمى فى الأرض الخمميو الدمتيو عؼ الأرض الطيشيو. وكان  111والبيئو. كان وزن المب فى 
الأختلاف الؽراثى ومعامل التؽريث عالياً لؽزن المب. وبالشدبو لعجد البحور فى الخأس كان أعمى فى 

ؼ الخمميو الدمتيو، وزاد ىجيؼ عؼ أفزل كشتخول فى عجد البحور لمخأس، كحلغ الأرض الطيشيو ع
كان معامل الأختلاف الؽراثى ومعامل التؽريث عالياً لعجد البحور فى الخأس. وبالشدبو لسحرؽل 

وزادت البحور لمخأس ومحرؽل الديت لمخأس كانا عالياً فى الأرض الخمميو الدمتيو عؼ الطيشيو، 
أفزل كشتخول فى ىاتيؼ الرفتيؼ، كحلغ كان معامل الأختلاف والتؽريث لياتيؼ  أربعو ىجؼ عؼ

، 43,48الرفتيؼ عالياً حيث كان معامل الاختلاف الؽراثى لرفة محرؽل الحبؽب لمخأس 
% فى الأرض الخمميو 75,22، 96,67، 98,85% ومعامل التؽريث كان 33,57، 39,33

التختيب. وتؽضح ىحه الشتائج ضخوره تقييػ مؽاد التخبيو  الدمتيو، الطيشيو والتحميل السذتخك عمى
 تحت ظخوف عجه بيئات متبايشو لحدؼ تقجيخ الثؽابت الؽراثيو.

  


