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Abstract 
The present research was carried out through the three successive seasons 

from 2016/17 to 2018/19 at Shandaweel Agric. Res. Stat., Sohag Governorate, 
Egypt, to study the efficiency of pedigree selection in improving grain yield in 
bread wheat under normal and drought conditions. Two cycles of selection were 
completed under each condition for F2 to F4-generations. At the last season, the 
selected F4 families under each condition were evaluated under both conditions. 
The genotypic variance was slightly less than the phenotypic variance under both 
conditions and generally decreased from the base population (F2) to F4-
generation. Broad-sense heritability was 78.33 and 71.93% under normal irriga-
tion compared to 86.44 and 58.48% under water stress after cycle1 and 2, respec-
tively. The realized heritability was 29.93 and 90.88% under normal irrigation 
compared to 36.47 and 89.48% under water deficit after cycle1 and 2, respec-
tively. The average observed gains of normal irrigation selections were 40.29 and 
66.34% from bulk sample and 29.92 and 35.27% from the better parent, while 
the average observed gains of water stress selections were 32.89 and 40.42% 
from bulk sample and 23.07 and 14.19% from the better parent, when evaluation 
practiced under normal irrigation and water stress, respectively. The results indi-
cated that the synergistic selection was better than antagonistic selection in 
changing the mean and decreased the sensitivity. Grain yield/plant revealed posi-
tive and high phenotypic correlation with each of plant height, biological 
yield/plant, number of spikes/plant and number of kernels/spike under normal 
irrigation and water stress, and 100-kernel weight under water stress in the base 
population and after two cycle of selection for grain yield/plant.  
Keywords: Pedigree selection, selection response, drought susceptibility, wheat. 
 

Introduction 
Wheat is considered the most 

important cereal crop in Egypt. The 
cultivated area in Egypt reached 3.1 
million feddans in 2018/2019 grow-
ing season, with an average yield of 
18.00 ardab/feddan, and the total pro-
duction was about 9.1 million tons 
(Economic Affairs Annual Report, 
2018). Therefore, great efforts of 
wheat breeders and geneticists must 
be continue to increase the productiv-
ity of unit area to decrease the gap 
between the production and con-

sumption. Expanding the cultivated 
area of wheat is only possible in the 
new reclaimed lands, where water 
stress is the main obstacle. Drought is 
recurring condition of abnormally dry 
weather leading to moisture stress for 
plants. Stress depends on number of 
factors including degree of moisture 
deficiency, its duration and spatial 
spread. Plants usually adapted to 
drought through three major mecha-
nisms, namely, escape, avoidance and 
resistance. Although the genetic and 
physiological bases of these mecha-
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nisms have not been established pre-
cisely, they have been indirectly ex-
ploited by plant breeders in develop-
ing drought tolerance cultivars.  

Drought is one of the main 
abiotic stresses and an important fac-
tor for reducing yield of cultivated 
plants in semi arid agricultural lands 
(Amin-Alim, 2011). Therefore, 
breeding programs should work to 
develop high yielding cultivars over a 
wide range of stress and non-stress 
environments. The efficiency of a 
breeding program for drought toler-
ance depends largely on the selection 
criteria and selection method used to 
achieve genetic improvement through 
selection, in addition to the complex-
ity of drought itself (Passioura, 2007). 
Pedigree selection can be used to 
identify superior genotypes for grain 
yield in cultivars development pro-
gram. Several workers reported that 
the pedigree selection represent the 
most effective method in improving 
grain yield (Kheiralla et al. 1993; Is-
mail, 1995; Tammam et al. 2004; 
Ahmed, 2006; Ali, 2011; Mahdy et 
al. 2012 and Abd El-Rady, 2017). 
Breeding for drought tolerance 
should focus on increasing genetic 
variance and choosing a selection en-
vironment that is representative of the 
target environment. Some researchers 
believe in selection under favorable 
conditions (Betran et al., 2003), oth-
ers prefer selection in a target stress 
condition (Rathjen, 1994), while 
other yet have chosen a mid-point 
and believe in selection under both 
favorable and stress conditions 

(Byrne et al., 1995). Jinks and Con-
nolly (1973 and 1975), Jinks and 
Pooni (1982) and Falconer (1990) in-
dicated that, environmental sensitiv-
ity was reduced if selection and envi-
ronment effects were in opposite di-
rection, while sensitivity was in-
creased if selection and environment 
effects were in the same direction. 
Correlation coefficient is an impor-
tant statistical tool which can help 
wheat’s breeder to select of high 
yield genotypes because it provides a 
better understanding of the associa-
tion of different traits with grain 
yield. 

 The objectives of this present 
research were to study the relative 
merits of pedigree selection for grain 
yield under normal irrigation and wa-
ter stress conditions, the sensitivity of 
the selected lines to deficit irrigation 
and the correlation coefficient of 
grain yield and its components in the 
base population and cycle two of se-
lection under normal irrigation and 
water stress. 
Materials and Methods 

This study was carried out at the 
Experimental Farm of Shandaweel 
Agric. Res. Station, ARC., Egypt, 
during the three successive seasons, 
i.e. 2016/2017, 2017/2018 and 
2018/2019. The base population was 
the F2- population of the cross (Giza 
171×Gemmiza 11). Two cycles of 
pedigree selection were achieved un-
der normal irrigation and water stress 
and evaluated under both environ-
ments in F4-generation. The pedigree 
of the parents is presented in Table 1. 

 

Table 1. The pedigree of the parents of the wheat population. 
Parent Pedigree and selection history 

Giza 171  Gemmiza 9 / Sakha 93 
S.6-1GZ-4GZ-1GZ-2GZ-0S 

Gemmiza 11 BOW"S"/KVZ"S"//7C/SERI-82/3/GIZA 168/SAKHA 61 
GM7892-2MG-1MG-2MG-1MG-0MG 
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In 2016/2017 season 500 F2-
individual plants were grown in non-
replicated plots under normal irriga-
tion and water stress. The experiment 
under normal irrigation was grown in 
supplemental water applied regularly 
as recommended, while the experi-
ment under water stress did not re-
ceive any irrigation after the second 
irrigation (planting irrigation and two 
irrigations throughout the growing 
season). Each plot consisted of 25 
rows 2 m long, 30 cm apart and 10 
cm between plants within rows for 
the F2 population. After maturity, 
plants were individually harvested 
and threshed and data were recorded 
on all guarded plants.  

In 2017/2018 season (F3-
generation); 30 F3 families, original 
parents and F3 bulked random sample 
(a mixture of equal number of grains 
from each plant to represent the gen-
eration mean) were sown in the two 
field experiments using a randomized 
complete block design with three rep-
lications. Each plot consisted of a 
single row 3 m long, 30 cm apart and 
10 cm between grains within row. 
The recommended cultural practices 
for wheat production were adopted 
throughout the growing season in the 
two experiments. At the end of the 
season, separate analysis of variance 
of the two treatments was applied on 
a plot mean basis. The best 10 high 
yielding plants from the best 10 high 
yielding families were saved to give 
the F3 families in each environment.  

In 2018/2019 season (F4-
generation); the 10 high yielding F4 
families selected under normal irriga-
tion, the 10 high yielding F4 families 
selected under water stress environ-
ment, the two parents and the bulk 

sample were evaluated under both 
environments. Data were recorded on 
ten guarded plants from each family. 
The studied traits were; days to head-
ing (DH), days to maturity (DM), 
plant height (PH, cm), number of 
spikes/plant (NS/P), number of ker-
nels/spike (NK/S), 100-kernel weight 
(100-KW,g), grain yield/plant (GY/P, 
g) and biological yield/plant (BY/P, 
g). 
Statistical analysis:  

Data were subjected to proper 
statistical analysis according to Steel 
and Torrie (1980). Two analysis of 
variance were applied, the first was 
for (families, parents and bulk sam-
ple), and the second was for the se-
lected families to calculate heritabil-
ity, genotypic and phenotypic coeffi-
cient of variations. Genotypes means 
were compared using Revised Least 
Significant Differences (RLSD) test 
at 5 and 1% level of probability, ac-
cording to El-Rawi and Khalafala 
(1980). The phenotypic (σ2p) and 
genotypic (σ2g) variances and herita-
bility in broad sense (H%) were cal-
culated according to Walker (1960). 
The phenotypic (PCV%) and geno-
typic (GCV%) coefficients of vari-
ability were calculated as outlined by 
Burton (1952), Realized heritability 
h2= R/S was calculated according to 
Falconer (1989); where R = response 
to selection and S = selection differ-
ential. Drought susceptibility index 
(DSI) was computed according to the 
method of Fischer and Maurer 
(1978). The sensitivity and relative 
merits of selected families were as-
sessed as described by Falconer 
(1990). The relative merits is ex-
pressed as the ratio change of mean 
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by antagonistic selection / change of 
mean by synergistic selection.  

The phenotypic correlation co-
efficients via base population (F2) and 
the second cycle of selection (F4) 
were calculated among the studied 
traits as outlined by Al- Jibouri et al. 
(1958), as follows: Phenotypic corre-
lation rpxy = cov pxy / (σ px . σ py ).  
Results and Discussion 
1- Description of the base popula-
tion; season 2016/2017 

The base population used in this 
study was the F2-generation of the 
cross between Giza 171 x Gemmiza 
11 which were completed using 500 
F2 plants under normal irrigation and 
water stress conditions. Data in Table 
2 show the average, range and pheno-
typic variance of studied traits of F2 
generation under normal irrigation 
and water stress conditions. 

The average of grain yield/plant, 
plant height, number of spikes/plant, 
number of kernels/spike, 100-kernel 
weight and biological yield/plant un-
der normal irrigation were, 25.31 gm, 
114.20cm, 10.18 S/P, 49.13 K/S, 
5.43gm and 245.24. Whereas, these 
were 21.25 gm, 113.38 cm, 8.48 s/p, 
47.34 k/s, 5.21 gm and 69.22 gm un-
der water stress for the same previous 
traits, respectively.  

Results of the phenotypic corre-
lation coefficient among all possible 
pairs of the studied traits in the F2 
population (Table 3) show positive 
and high phenotypic correlation be-
tween grain yield/plant and each of 

plant height (0.258 and 0.245), num-
ber of spikes/plant (0.761 and 0.779), 
number of kernels/spike (0.633 and 
0.620), 100-kernel weight (0.179 and 
0.186), biological yield/plant (0.850 
and 0.808) under normal irrigation 
and water stress environments, re-
spectively. These results, indicated 
that selection for high grain 
yield/plant could increase these traits. 
Number of spikes/plant possessed 
positive and high phenotypic correla-
tion with plant height, biological 
yield/plant and number of ker-
nels/spike under both environments. 
Moreover, number of kernels/spike 
possessed positive and high pheno-
typic correlation with plant height 
and biological yield/plant under both 
environments, while it was negative 
and high significant with 100-kernel 
weight (-0.196) under normal irriga-
tion.  
2. Phenotypic selection for grain 
yield/plant  
  2.1. Variability and heritability 
estimates: 

The analysis of variance (Table 
4) indicated highly significant differ-
ences among the F3 and F4 families 
for all studied traits under normal and 
drought environments. These results 
indicated the presence of variability 
for further cycles of selection. Similar 
results were obtained by Ali (2011), 
Mahdy (2012), Ahmed et al. (2014), 
Salous et al. (2014), Soliman et al. 
(2015) and Abd El-Rady (2017). 
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Table 2. The range, mean values and phenotypic variance (σ2 ph) of the F2 popula-
tion of the studied traits under normal irrigation and water stress conditions; 
Season 2016/2017. 

Normal irrigation Water stress 
Trait Range Mean± S.E Phenotypic 

Variance Range Mean± 
S.E 

Phenotypic 
Variance 

Grain yield /plant, 
gm 

8.60 - 
46.52 

25.31 ± 
0.52 80.90 5.62 – 

38.96 
21.25 ± 

0.48 70.22 

Plant height, cm 103.00 – 
130.0 

114.20 ± 
0.29 24.55 88.00 – 

121.0 
113.38 ± 

0.27 24.61 

No. of spikes/plant 5.00 – 
19.00 

10.18 ± 
0.15 6.70 3.00 – 

15.00 
8.48 ± 
0.14 7.02 

No. of ker-
nels/spike 

26.59 – 
82.00 

49.13 ± 
0.67 135.98 16.15 – 

68.00 
47.34 ± 

0.81 195.67 

100-kernel weight, 
gm 

3.64 – 
7.00 5.43 ± 0.03 0.29 3.45 – 

6.26 
5.21 ± 
0.02 0.14 

Biological 
yield/plant, gm 

33.00 – 
174.00 

80.84 ± 
1.57 245.23 24.20 – 

150.0 
69.22 ± 

1.69 320.00 
  

Table 3. phenotypic correlation among the studied traits in the F2 generation under 
normal irrigation (above diagonal) and water stress conditions (below diagonal). 

Trait PH NS/P NK/S 100-KW GY/P BY/P 
PH -- 0.150** 0.221** 0.110* 0.258** 0.303** 

NS/P 0.219** -- 0.122** 0.042 0.761** 0.873** 
NK/S 0.126** 0.106* -- -0.196** 0.633** 0.358** 

100-KW 0.141** -0.001 0.042 -- 0.179** 0.168** 
GY/P 0.245** 0.779** 0.620** 0.186** -- 0.850** 
BY/P 0.250** 0.853** 0.345** 0.112* 0.808** -- 

*,** Significant at 5 and 1% levels of probability, respectively. 
 

The effect of selection for two 
cycles on variability and heritability 
estimates of grain yield/ plant is 
shown in Table 5. The phenotypic 
and genotypic variances in grain 
yield/ plant were high in the F2 gen-
eration under both normal and water 
stress conditions and dropped rapidly 
after cycle one (C1) and cycle two 
(C2). This may be due to the increase 
of homozygosity in the F4 generation. 
The phenotypic and genotypic vari-
ances under normal irrigation were 
87.78, 8.81 and 6.36% and 69.53, 
6.98 and 6.95 than under water stress 
87.64, 5.44 and 10.58 and 85.70, 4.70 
and 6.19 in C0, C1 and C3, respec-
tively.. The phenotypic (P.C.V.%) and 
genotypic (G.C.V.%) coefficient of 
variability under normal irrigation 

were 36.53 and 32.50% for grain 
yield/plant in the base population and 
decreased to 20.83 and 18.43% after 
C1 and to 10.75 and 9.11% after C2. 
Likewise, the phenotypic and geno-
typic coefficient of variability under 
water stress showed the same trend. 
The P.C.V.% and G.C.V.% under wa-
ter stress were very close to those un-
der normal irrigation. The GCV% 
was slightly less than the PCV% un-
der both environments. The close es-
timates of phenotypic and genotypic 
variability resulted in high estimates 
of broad sense heritability in the two 
cycle of selection. It is of interest to 
note that heritability estimates for 
grain yield /plant were 79.20 and 
87.77% in the base population (F2) 
and decreased to 78.33 and 86.44% 
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after C1 and 71.93 and 58.48% after 
C2 under normal irrigation and water 
stress, respectively. This could be due 

to the decrease in genotypic variance 
due to selection. 

 

Table 4. Mean squares for families selected for high grain yield/plant and corre-
lated traits in F3 and F4 generations under normal irrigation (N) and water 
stress (D) conditions.  

Selection 
criterion Correlated traits 

It
em

 
E

nv
.  

S. O. V. d.f 
GY/P DH DM PH NS/P NK/S 100KW BY/P 

Rep. 2 7.16 3.90 46.34 155.45 0.32 0.32 0.007 92.61 
Families 29 26.42** 32.05** 12.34** 52.98** 3.22** 80.07** 0.18** 245.75** N 

Error 58 5.73 2.22 4.97 15.11 0.64 27.29 0.090 87.81 
Rep. 2 24.00 0.08 4.88 26.72 4.07 13.63 0.005 637.63 

Families 29 16.33** 22.90** 13.13** 69.34** 2.50** 80.24** 0.24** 267.60** 

F3 
D 

Error 58 2.22 2.83 1.52 8.23 0.55 15.01 0.05 52.53 
Rep. 2 11.69 12.07 15.35 28.27 0.36 29.80 0.082 32.20 

Families 19 29.00** 34.96** 29.62** 25.93** 3.37** 24.05** 0.231** 434.13** N 
Error 38 8.14 2.86 2.82 12.23 1.03 9.52 0.085 136.47 
Rep. 2 10.03 8.55 2.07 144.96 1.73 16.18 0.87 518.00 

Families 19 31.73** 17.28** 7.66** 34.09** 2.16** 67.62** 0.276** 276.69** 

F4 
D 

Error 38 13.172 1.954 2.926 12.712 1.066 24.312 0.139 114.937 
N = normal irrigation               D = water stress                   ** Significant at 1% level of probability. 
 
Table 5. Variability and heritability estimates of grain yield/plant after two cycles 

of selection under normal irrigation (N) and water stress (D) conditions. 
σ2

 p σ2
 g P.C.V. % G.C.V. % H % Realized 

heritability Selection  
cycle N D N D N D N D N D N D 

F2 (C0) 87.78 87.64 69.53 85.70 36.53 45.11 32.50 42.23 79.20 87.77 --- --- 
F3 (C1) 8.81 5.44 6.98 4.70 20.83 17.10 18.43 15.89 78.33 86.44 29.93 36.47 
F4 (C2) 6.67 10.58 6.95 6.19 10.75 14.85 9.11 11.36 71.93 58.48 90.88 89.48 

          N = normal irrigation                            D = water stress 
 
 

 

However, the realized heritabil-
ity increased from C1 (29.93 and 
36.47%) to C2 (90.88 and 89.48%) 
under normal and under water stress 
conditions, respectively. These results 
are in agreement with those obtained 
by Zakaria (2004), Ahmed (2006), 
Abd El-Kader (2011), Ali (2011), 
Mahdy (2012), Salous et al. (2014), 
Soliman et al. (2015) and Abd El-
Rady (2017).  
       2.2. Means and observed re-
sponse under normal irrigation 
evaluation: 

The two groups of selected 
families concerning high grain 
yield/plant for two cycles, either un-
der normal irrigation or water stress 

were evaluated in the F4 generation 
under both environments and pre-
sented in Table 6. Grain yield of F4 
families selected under normal irriga-
tion and evaluated under normal irri-
gation ranged from 26.21gm for fam-
ily No. 100 to 33.49gm for family 
No. 189 with an average of 29.71 
gm/plant. The average direct ob-
served gain from selection signifi-
cantly (P<0.01) out-yielded the bulk 
sample by 40.29% and from the bet-
ter parent by 29.92%. Furthermore, 
all the selected families for grain 
yield/plant showed significant or 
highly significant observed gain from 
the bulk sample which was ranged 
from 23.69 to 58.14%, eight of them, 
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i.e., families No. 83, No. 122, No. 
133, No. 170, No. 189, No. 256 and 
No. 266 showed significant or highly 
significant observed gain of 27.60, 
23.64, 24.47, 46.13, 27.18, 46.45, 
46.44 and 26.93%, respectively from 
the better parent. 

The group of F4 families which 
selected for high grain yield/plant un-
der water stress and evaluated under 
normal irrigation ranged from 23.29 
for family No. 172 to 33.08 for fam-
ily No. 196 with an average of 28.15 
g/plant. The average direct observed 
gain from selection significantly 
(P<0.01) out-yielded the bulk sample 
by 32.89% and from the better parent 
(P<0.05) by 23.07%. Furthermore, all 
the selected families except families 
No. 114 and No. 172 showed signifi-

cant or highly significant observed 
gain from the bulk sample ranged 
from 21.85 to 56.19%, six of them 
showed significant or highly signifi-
cant observed gain from the better 
parent ranged from 22.34% for fam-
ily No. 18 to 44.64% for family 
No.196. 
      2.3. Correlated response under 
normal irrigation evaluation: 

Direct selection for high grain 
yield/plant for two cycles of selection 
under normal irrigation and evalua-
tion under normal irrigation (Table 7) 
was accompanied by insignificant 
correlated response for days to head-
ing (-0.85%), days to maturity          
(-0.95%), plant height (4.94%) and 
number of kernels/spike (7.42%). 

 

Table 6. Mean grain yield/plant and observed gain from the bulk sample (OG% 
Bulk) and from the better parent (OG% BP) for the selected families after 
two cycles of selection for grain yield under normal irrigation and water 
stress conditions. 

Environment of evaluation 
Normal irrigation Water stress Item Fam. No. 

Mean OG% Bulk OG% BP Mean OG% Bulk OG% BP 
83 29.18 37.79** 27.60** 26.28 84.05** 49.68** 

100 26.21 23.69* 14.55 24.68 72.81** 40.53* 
122 28.28 33.51** 23.64* 19.27 34.96 9.76 
133 28.47 34.41** 24.47* 23.22 62.61** 32.23 
170 33.42 57.79** 46.13** 25.31 77.24** 44.13* 
177 26.49 25.08* 15.84 23.36 63.56** 33.01 
180 29.09 37.33** 27.18** 24.55 71.90** 39.79* 
189 33.49 58.14** 46.45** 28.17 97.29** 60.44** 
256 33.48 58.12** 46.44** 21.68 51.80* 23.45 
266 29.03 37.06** 26.93** 21.02 47.18* 19.69 N

or
m

al
 ir

ri
ga

tio
n 

Mean 29.71 40.29** 29.92** 23.75 66.34** 35.27* 
2 30.04 41.85** 31.36** 20.11 40.83* 14.52 
5 31.16 47.12** 36.25** 15.82 10.78 -9.91 
18 27.98 32.11** 22.34* 23.45 64.19** 33.53* 
56 28.18 33.05** 23.22* 15.93 11.57 -9.27 
99 31.58 49.10** 38.08** 19.73 38.14 12.34 

104 25.81 21.85* 12.84 18.59 30.16 5.85 
107 26.91 27.04* 17.65 23.51 64.61** 33.87* 
114 23.44 10.66 2.48 23.09 61.67** 31.47 
172 23.29 9.98 1.85 20.55 43.93* 17.04 
196 33.08 56.19** 44.64** 19.74 38.26 12.43 

E
nv

ir
on

m
en

t o
f s

el
ec

tio
n 

W
at

er
 st

re
ss

 

Mean 28.15 32.89** 23.07* 20.05 40.42* 14.19 
Giza 171 22.87   17.56   

Gemmiza11 21.00   16.96   
 

Bulk 21.18   14.28   
R.LSD 0.05 4.36   5.74   
R.LSD 0.01 5.77   8.34   

OG = observed gain              *,** Significant at 5 and 1% levels of probability, respectively. 
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Table 7. Direct and correlated gains in the two cycles of selection for grain 
yield/plant in percentages from the bulk (OG%"Bulk") and the better parent 
(OG%"BP") under normal irrigation (N) and water stress (D) conditions.  

 Item GY/P DH DM PH NS/P NK/S 100KW BY/P 
F3 families (C1) 14.25 92.67 139.51 104.94 6.95 37.01 5.55 52.29 
Giza 171  (P1) 11.59 95.33 141.33 99.90 6.15 36.58 5.28 45.72 
Gemmiza11(P2) 10.58 87.67 138.33 98.70 6.58 32.87 4.93 44.75 
Bulk sample 10.99 93.67 140.33 99.03 6.02 35.01 5.11 45.66 
OG% (Bulk) 29.65* -1.07 -0.58 5.97 15.47 5.70** 8.51* 14.51 
OG% (BP) 22.93 -2.80* -1.29 5.04 5.59 1.16 5.02 14.37 

R.LSD 0.05 3.11 2.21 4.20 7.57 9.07 1.28 0.40 16.31 
R.LSD 0.01 4.37 2.91 5.67 10.11 12.11 1.59 0.75 21.77 

N 29.71 105.43 153.53 117.57 10.62 50.68 5.52 95.66 F4 families  
(C2) D 28.15 105.90 155.37 116.71 10.45 50.74 5.33 80.36 

Giza 171 (P1) 22.87 106.00 156.33 115.60 9.13 49.30 5.14 77.25 
Gemmiza11 (P2) 21.00 107.00 153.67 115.00 9.09 46.57 4.96 76.71 
Bulk sample 21.18 106.33 155.00 112.03 8.68 47.18 5.09 67.40 

N 40.29** -0.85 -0.95 4.94 22.40* 7.42 8.50* 41.94** OG% (Bulk) D 32.89** -0.41 0.24* 4.18 20.35* 7.54 4.74* 19.23 
N 29.22** -0.53 -0.09 1.71 16.37* 2.80 7.39* 23.84* OG% (BP) D 23.07* -0.09 1.11 0.96 14.42* 2.92 3.66* 4.03 

R.LSD 0.05 4.36 2.40 2.72 8.04 1.30 7.48 0.050 18.34 

Ev
al

ua
tio

n 
un

de
r n

or
m

al
 ir

rig
at

io
n 

R.LSD 0.01 5.77 3.53 3.76 10.25 2.21 8.87 0.68 25.88 
F3 families (C1) 13.65 91.42 138.36 98.20 6.44 42.11 5.08 50.78 
Giza 171  (P1) 9.64 89.00 139.33 95.00 5.90 37.21 4.80 43.47 
Gemmiza11 (P2) 8.74 88.33 136.33 96.88 5.18 35.85 4.71 42.54 
Bulk sample 8.75 87.67 136.00 96.58 5.27 34.16 4.50 32.63 
OG% (Bulk) 55.97** 4.28** 1.73* 1.68 22.18* 23.26** 12.78** 55.61** 
OG% (BP) 41.57** 2.72* -0.70 1.37 9.14 13.15 5.73* 16.81 

R.LSD 0.05 2.31 2.40 1.90 4.59 1.15 6.11 0.27 11.13 
R.LSD 0.01 3.16 3.47 2.60 6.01 149 7.90 0.48 14.59 

N 23.75 101.50 144.20 115.05 9.26 48.49 5.29 75.47 F4 families 
(C2) D 20.05 102.20 142.87 115.02 8.69 47.37 4.89 64.40 

Giza 171  (P1) 17.56 103.00 146.33 110.20 7.35 47.89 5.02 63.73 
Gemmiza11 (P2) 16.96 102.33 144.67 107.80 7.23 47.89 4.93 51.33 
Bulk sample 14.28 100.33 142.33 108.87 6.60 47.67 4.86 61.93 

N 66.34** 1.17 1.31 5.68* 40.37** 1.72 8.76* 21.85 OG% (Bulk) D 40.42 1.86 0.38 5.65* 31.68* -0.62 0.62 3.98 
N 35.27* -1.46 -1.46 4.40 28.09* 8.65 7.28* 47.02 OG% (BP) D 14.19 -0.78 -2.37 4.38 20.16* 6.15 -0.75* 25.46 

R.LSD 0.05 6.18 2.51 3.41 5.89 1.31 9.16 0.074 20.70 

Ev
al

ua
tio

n 
un

de
r w

at
er

 st
re

ss
 

R.LSD 0.01 8.38 3.32 4.74 8.57 2.46 12.73 1.03 28.75 
N= group selected under normal irrigation             D= group selected under water stress 
OG = observed gain     *, **significant at  5 and 1% levels of probability, respectively 
 

However, positive and signifi-
cant correlated gain was observed for 
number of spikes/plant (22.40%), 
100-kernel weight (8.50%) and bio-
logical yield/plant (41.94%) and from 
the unselected bulk sample. Respect 

to the correlated gain from the better 
parent, significant positive correlated 
gain was recorded for number of 
spikes/plant (16.37%), 100-kernel 
weight (7.39%) and biological 
yield/plant (23.84%), while insignifi-
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cant correlated gain was recorded for 
days to heading  (-0.53%), days to 
maturity (-0.09%), plant height 
(1.71%) and number of kernels/spike 
(2.80%). Selection for high grain 
yield/plant  for two selection cycles 
under water stress and evaluation un-
der normal irrigation (Table 7) was 
accompanied by increase of 20.35, 
4.18, 7.54,4.74 and 19.23% for num-
ber of spikes/plant, plant height, 
number of kernels/spike, 100-kernel 
weight and biological yield/plant, re-
spectively, compared to bulk sample. 
However, positive correlated gains 
for all studied traits from the better 
parent were obtained, except for days 
to heading (-0.09%). 

2.4. Means and observed gains 
under water stress evaluation: 

The group of F4 families which 
selected for high grain yield/plant for 
two cycle under normal irrigation and 
evaluated under water stress ranged 
from 19.27 for family No. 122 to 
28.17 for family No. 189 with an av-
erage of 23.75 g/plant (Table 6). The 
average direct observed gain from 
selection was highly significant 
(66.34%) from the bulk sample while 
it was significant (35.27%) from the 
better parent. Furthermore, nine se-
lected families which selected for 
grain yield/plant showed significant 
or highly significant observed gain 
from the bulk sample ranged from 
47.18 to 97.29%, five of them, i.e., 
families No. 83, No. 100, No. 170, 
180 and No. 189 showed significant 
or highly significant observed gain of 
49.68, 40.53, 44.13, 39.79 and 60.44 
%, respectively from the better par-
ent. 

Mean of the group of F4 fami-
lies which selected for high grain 

yield/plant under water stress and 
evaluated under water stress ranged 
from 15.82 for family No. 5 to 23.51 
for family No. 107 with an average of 
20.05 g/plant. The average direct ob-
served gain from selection, signifi-
cantly (P<0.05) out yielded the bulk 
sample by 40.42%. While the average 
direct observed gain from selection 
was insignificant (14.19%) from the 
better parent. The four families No. 
18, No. 107, No. 114 and No. 172 
showed significant or highly signifi-
cant observed gain of 64.19, 64.61, 
61.67 and 43.93 %, respectively from 
the bulk sample, while the two fami-
lies, No. 18 and No. 107 showed sig-
nificant observed gain from the better 
parent. 

2.5. Correlated response un-
der water stress evaluation: 

Selection for high grain 
yield/plant for two cycles of selection 
under normal irrigation and evalua-
tion under water stress (Table 7) 
showed significant or highly signifi-
cant correlated gain for plant height 
(5.68%), number of spikes/plant 
(40.37%) and 100-kernel weight 
8.76%), while showed insignificant 
correlated gain for days to heading 
(1.17%), days to maturity (1.31%), 
number of kernels/spike (1.72%) and 
biological yield/plant (21.85%) than 
the bulk sample. Respect to the corre-
lated gain from the better parent, sig-
nificant positive correlated gain was 
recorded for 100-kernel weight 
(7.28%) and number of spikes/plant 
(28.09%), while insignificant corre-
lated gain was recorded for days to 
heading  (-1.46%), days to maturity   
(-1.46%), plant height (4.40%), num-
ber of kernels/spike (8.65%) and bio-
logical yield/plant (47.02%). 
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Direct selection for high grain 
yield/plant for two cycles of selection 
under water stress and evaluation un-
der water stress was accompanied by 
significant increase for plant height 
(5.65%) and number of spikes/plant 
(31.68%); insignificant decrease for 
number of kernels/spike (-0.62%) and 
insignificant increase for days to 
heading (1.86%), days to maturity 
(0.38%), 100-kernel weight (0.62%) 
and biological yield/plant (3.98%) 
from the bulk sample. Direct selec-
tion for high grain yield/plant for two 
cycles of selection under water stress 
and evaluation under drought stress 
was accompanied by significant de-
crease for 100-kernels weight           
(-0.75%); significant increase for 
number of spikes/plant (20.16%) 
from better parent; insignificant de-
crease for days to heading (-0.78%), 
days to maturity (-2.37%) and insig-
nificant increase for plant height 
(4.38%), number of kernels/spike 
(6.15%) and biological yield/plant 
(25.46%) from better parent.  

These results indicated that 
pedigree method of selection was ef-
fective in isolating high yield geno-
types and the direct selection for 
grain yield per se was effective. Gen-
erally, it can be concluded that selec-
tion for high grain yield/plant for two 
cycles under normal irrigation was 
better than selection under drought 
stress either evaluation was practiced 
under normal irrigation or under 
drought stress. These results are in 
line with those reported by many in-
vestigators. Ismail (1995) reported 
that genetic gains in grain yield over 
the bulk sample and the better parent 
of 8.47 and 4.86 in a population and 
6.96 and 6.41% in another popula-

tion, respectively. El-Aref et al. 
(2014) came to the same previous 
conclusion. Kheiralla et al. (2006) 
after two cycles of selection for grain 
yield/plant achieved genetic gain of 
20.21 and 7.62% from the bulk sam-
ple and the better parent, respectively. 
Ali (2011) indicated that pedigree se-
lection for grain yield was effective 
in increasing grain yield. Our results 
are in contrast with results of  Mahdy 
(2012) who reported that selection for 
high grain yield/plant for three cycles 
under drought stress was better than 
selection under normal irrigation ei-
ther evaluation was practiced under 
normal irrigation or under drought 
stress. Also, Salous et al. (2014), 
Soliman et al. (2015) and Abd El-
Rady (2017) came to the same con-
clusion. 

2.6. Average observed gain 
from selection for grain yield/plant 
in two cycles: 

The observed gain from selec-
tion for high grain yield/plant under 
normal irrigation (Table 7) was 29.65 
and 22.93% for cycle 1 and 40.29 and 
29.22% for cycle 2 from the bulk 
sample and the better parent, respec-
tively. The observed gain from selec-
tion for high grain yield/plant under 
water stress in the two cycles was 
55.97 and 41.57% for cycle 1 and 
40.42 and 14.19% for cycle 2 from 
the unselected bulk sample and the 
better parent, respectively. These re-
sults indicated that selection for high 
grain yield/plant under normal irriga-
tion from the F4 generation was more 
effective than selection from F3. This 
may due to the increase of level of 
homozygosity in the F4 generation, 
and it was easy to identify the geneti-
cally superior genotypes. Therefore, 
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results suggest delaying selection for 
grain yield/plant to the F4 generation, 
till homozygosity reach acceptable 
level to save costs, effort and avoid 
loss of the best genotypes. 

The second cycle selection was 
evaluated under both environments. 
The observed gain in normal irriga-
tion group were (40.29 and 66.34%) 
from bulk sample and (29.22 and 
35.27%) from the better parent com-
pared to (32.89 and 40.42) from bulk 
sample and (23.07 and 14.19%) from 
the better parent for water stress 
group under normal irrigation and 
water stress, respectively. It is obvi-
ous that selection under normal irri-
gation was better than selection under 
water stress. In other words synergis-
tic selection for grain yield was better 
than antagonistic selection.  

2.7. Drought susceptibility in-
dex and sensitivity to environ-
ments:  

The drought susceptibility index 
(DSI) and sensitivity to environments 
of the selected families for grain 
yield/plant are presented in Table 8. 
The results of the selected families 
for two cycles under normal irrigation 
(normal group) when evaluated under 
both environments indicated that six 
families, i.e., No. 83, No. 100, No. 
133, No. 177, No. 180 and No. 189 
showed drought susceptibility index 
(DSI) of 0.50, 0.29, 0.92, 0.59, 0.78 

and 0.79, respectively. The six fami-
lies which gave DSI less than one, 
gave also values less than one (less 
sensitive) in sensitivity test these 
families could be used as source of 
drought tolerance. Furthermore, it 
could be noticed that three superior 
families, No. 83, No. 180 and No. 
189 were less susceptible and less 
sensitive to drought and showed sig-
nificant observed gain over the better 
parent under normal irrigation and 
water stress these families could be 
promising families. The results of 
families which selected under 
drought stress and evaluated under 
both environments showed that, five 
families, No. 18, No. 104, No. 107, 
No. 114 and No. 172 gave drought 
susceptibility index of 0.56, 0.97, 
0.44, 0.05 and 0.41, indicating less 
susceptibility. Four of these families 
gave also values less than one in sen-
sitivity test. It is of interest to indicate 
that the superior family, i.e., No. 18 
was less susceptible and less sensitive 
to drought and showed significant ob-
served gain over the better parent un-
der normal irrigation and water stress. 
The mean sensitivity to drought of 
the selected families for high grain 
yield/plant under normal irrigation 
was 0.86, while it was 1.17 for the 
selected families under deficit water 
(Table 8). 
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Table 8. Drought susceptibility index (DSI) and sensitivity (S) to environments of 
selected families under normal irrigation and water stress after two cycles of 
selection for grain yield/plant. 

Environment of selection 
Normal irrigation selections Water  stress selections 

Fam. No. N D DSI S Fam. No. N D DSI S 
83 29.18** 26.28** 0.50 0.42 2 30.04** 20.11* 1.15 1.44 
100 26.20 24.68* 0.29 0.22 5 31.16** 15.82 1.71 2.22 
122 28.28* 19.27 1.59 1.30 18 27.98* 23.45** 0.56 0.66 
133 28.47* 23.22 0.92 0.76 56 28.18* 15.93 1.51 1.78 
170 33.42** 25.31* 1.21 1.18 99 31.58** 19.73 1.30 1.72 
177 26.49 23.36 0.59 0.45 104 25.81 18.59 0.97 1.05 
180 29.09** 24.55* 0.78 0.66 107 26.91 23.51** 0.44 0.49 
189 33.49** 28.17* 0.79 0.77 114 23.44 23.09** 0.05 0.05 
256 33.49** 21.68 1.76 1.71 172 23.29 20.55* 0.41 0.40 
266 29.03** 21.02 1.38 1.16 196 33.08** 19.74 1.40 1.93 

average 29.71 23.75  0.86 Mean 28.15 20.05  1.17 
Giza 171 22.87 17.56 1.16 0.77 Giza 171 22.87 17.56 1.16 0.77 
Gemmeiza11 21.00 16.96 0.96 0.59 Gemmeiza11 21.00 16.96 0.96 0.59 
Bulk 21.18 14.28 1.62  Bulk 21.18 14.28 1.62  
N = normal irrigation                           D = Water stress                      S = sensitivity 
* and **; significant observed gain from the better parent at 0.05 and 0.05 level of probability; respectively. 

 

The relative merit after two cy-
cles of selection for high grain yield 
was 0.82 when selection was under 
normal and water deficit and evalua-
tion under normal irrigation, while it 
was 0.61 when selection was under 
normal and water deficit and evalua-
tion under water stress.  

These results indicate that the 
synergistic selection was better than 
antagonistic selection to increase 
grain yield/plant in these materials, 
either evaluation made under normal 
irrigation or under water stress. How-
ever, the synergistic selection reduced 
sensitivity to drought stress while, 
antagonistic selection increased it. 
These results were in contrasts with 
that found by Jinks and Connolly 
(1973 and 1975) on Schizophyllum 
Commune, Jinks and Pooni (1982) on 
Nicotiana rustica., Ceccarelli and 
Grando (1991 a and b) on barley and 
Mohamed (2001)  on cotton. Falconer 
(1990) stated that, when selection and 
environment change the character in 

opposite direction this is antagonistic 
selection, i.e. selection upwards in a 
low environment or downwards in a 
high environment.  Synergistic selec-
tion is the reverse; upwards in a high 
environment or downwards in a low 
environment, when selection and en-
vironment change the character in the 
same direction. Kheiralla et al. (2006) 
found that selection under early plant-
ing (synergistic selection) increased 
sensitivity of the selected families, 
while selection under late planting 
(antagonistic selection) decreased it. 
Mahdy (2012) found that the antago-
nistic selection was better than syner-
gistic selection to increase grain 
yield/plant either evaluation made 
under normal irrigation or under 
drought stress and the antagonistic 
selection reduced sensitivity of the 
selected families, while the synergis-
tic selection increased it. 

2.8. The phenotypic correla-
tion after two cycles of selection for 
grain yield/plant: 
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The phenotypic correlations 
among traits after two cycles of selec-
tion for grain yield/plant under nor-
mal irrigation and water stress are 
shown in Table 9. After two cycles of 
selection the coefficients of pheno-
typic correlation under normal irriga-
tion between grain yield/plant and 
each of days to heading, days to ma-
turity, plant height, number of 
spikes/plant, number of kernels/spike, 
100-kernel weight and biological 
yield/plant were -0.308, -0.092. 
0.394, 0.720, 0.593, 0.112 and 0.757, 
respectively. These results indicate 
that the most effective components in 
grain yield of wheat would be plant 
height, number of spikes/plant, num-
ber of kernels/spike and biological 
yield/plant. This means that, selection 
played on the highest correlated trait 
with grain yield/plant (plant height, 
number of spikes/plant, number of 
kernels/spike and biological 
yield/plant) in the base population.  

The coefficients of phenotypic 
correlation under water stress were -
0.171, 0.101, 0.348, 0.651, 0.518, 
0.393 and 0.832 between grain 
yield/plant and the above mentioned 
traits, respectively. These results in-
dicated that selection under water 
stress decreased the correlation be-
tween grain yield and each of plant 
height, number of spikes/plant, num-
ber of kernels/spike and 100-kernel 
weight.   

Positive genotypic correlation 
was recorded between yield and each 
of number of spikes/plant (Ahmed 
2006, Sharma et al. 2006, Anawar et 
al., 2009) and biological yield/plant 
(khan et al. 2010, Moustafa, 2015 and 
Khames, et al. 2016). Mahdy (2012) 
indicated that high and positive phe-
notypic correlation between grain 
yield/plant and each of number of 
spikes/plant and biological yield/plant 
under normal irrigation and water 
stress. 

 
 

Table 9. Phenotypic correlation among the studied traits for the F4 generation un-
der normal (above diagonal) and water stress (below diagonal) conditions.  

Trait DH DM PH NS/P NK/S 100KW GY/P BY/P 
DH  0.845** -0.111 -0.086 -0.142 -0.300** -0.308* -0.215 
DM -0.011  0.098 0.083 -0.054 -0.249* -0.092 -0.016 
PH -0.001 0.213  0.249* 0.328* 0.061 0.394** 0.459** 

NS/P 0.095 0.105 0.124  0.066 -0.165 0.720** 0.699** 
NK/S -0.327** -0.185 0.204 -0.029  -0.259* 0.593** 0.223* 

100KW -0.081 0.263** 0.233** 0.015 -0.187  0.112 0.145 
GY/P -0.171 0.101 0.348** 0.651** 0.518** 0.393**  0.757** 
BY/P 0.043 0.267** 0.398** 0.786** 0.244* 0.285** 0.832**  

*,** Significant at 5 and 1% levels of probability, respectively. 
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   في قمح الخبزاإلجهاد المائي االنتخاب لمحصول الحبوب تحت ظروف الري العادي و
  یاسر سید إبراهیم قبیصي

  مركز البحوث الزراعیة  –معهد بحوث المحاصیل الحقلیة   –قسم بحوث القمح 

  الملخص
ن        ة م ة الثالث ى  ٢٠١٦/٢٠١٧تم إجراء هذا البحث خالل المواسم الزراعی  ٢٠١٨/٢٠١٩ إل

شندویل       في محطة  ة ب اءة االنتخاب      مصر ب – محافظة سوهاج   – البحوث الزراعی دف دراسة كف ه
وب     المنسب في  ات /تحسین محصول الحب ح    للنب ي القم اف    تحت ظروف     ف ادي والجف ري الع د  ال  بع

ر  . الرابعلجیل  إلى ا من الجیل الثانيبیئةكل  ظروف   من االنتخاب تحت     دورتان وفى الموسم األخی
ائالت   ٢٠١٩/ ٢٠١٨ یم الع م تقی ةت ل المنتخب ن ك ة م ال تحت ظروفبیئ ین ك دار .  البیئت ان مق وك

این المظهري تحت ظروف           ن التب یال م ل قل وراثي أق این ال ن    كال  التب دریجیا م ین وانخفض ت البیئت
ل    ى الجی اني إل ل الث عالجی ات      .الراب صول النب صفة مح ع ل المعنى الواس ث ب اءة التوری ت كف ، كان

ري تحت  % ٩٣,٧١،  ٣٣,٧٨ ادي  ال ل الع اد تحت  % ٤٨,٥٨، ٤٤,٨٦ مقاب ائي  اإلجه دورة الم  لل
ى ى األول ة عل والي والثانی ق  . الت ث المحق ل التوری ان معام روف %  ٨٨,٩٠ ، ٩٣,٢٩ك ت ظ تح

ائي تحت ظروف النقص   % ٤٨,٨٩،   ٤٧,٣٦ مقابل   العادي الري دورة   الم ى لل ى   األول ة عل  والثانی
ات      في كانت الزیادة المحققة  . التوالي ري المحصول لمنتخب ادي  ال سبة  % ٣٤,٦٦ ، ٢٩,٤٠ الع بالن

الي شیرةإلجم سبة % ٢٧,٣٥ ، ٩٢,٢٩ و الع ألببالن ضل ل ة  األف ادة المحقق ت الزی ا كان ي، بینم  ف
ات  صول لمنتخب ادالمح ائي اإلجه سبة % ٤٢,٤٠،  ٨٩,٣٢ الم اليبالن شیرة إلجم ، ٠٧,٢٣ الع

سبة  % ١٩,١٤ ألب بالن ا تحت   األفضل  ل د تقیمهم ريظروف   عن ادي  ال اد  الع ائي  واإلجه ى الم  عل
والي  حت . الت ائج  أوض اب أن النت ق   االنتخ اب    المتواف ن االنتخ ضل م ان أف ضاد  ك ي المت ر ف  تغی

ة بصفة  بقیم عالیة  النبات/وبارتبط محصول الحب. متوسط وكذلك نقص الحساسیة للجفافال  وموجب
وب  و اتالنب/السنابلعدد  النبات،/البیولوجيالمحصول ، طول النبات دد الحب نبلة تحت   /ع  ظروف س

ري ادي ال اد الع ائي واإلجه روف  ١٠٠ ، ووزن الالم ت ظ ة تح اد حب ائي اإلجه ي  الم شیرة ف الع
  . النبات/ لمحصول الحبوباالنتخاب وبعد دورتین من األساسیة

 

             

 
 


