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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 F4generation. Broad-sense heritability was 78.33 and 71.93% under normal irrigation compared to 86.44 and 58.48% under water stress after cycle1 and 2, respectively. 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, respectively. 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 indicated that the synergistic selection was better than antagonistic selection in
changing the mean and decreased the sensitivity. Grain yield/plant revealed positive 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 growing season, with an average yield of
18.00 ardab/feddan, and the total production 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 productivity 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 mechanisms, namely, escape, avoidance and
resistance. Although the genetic and
physiological bases of these mecha-
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(Byrne et al., 1995). Jinks and Connolly (1973 and 1975), Jinks and
Pooni (1982) and Falconer (1990) indicated that, environmental sensitivity was reduced if selection and environment effects were in opposite direction, while sensitivity was increased if selection and environment
effects were in the same direction.
Correlation coefficient is an important statistical tool which can help
wheat’s breeder to select of high
yield genotypes because it provides a
better understanding of the association 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 water 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 selection 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 under normal irrigation and water stress
and evaluated under both environments in F4-generation. The pedigree
of the parents is presented in Table 1.

nisms have not been established precisely, they have been indirectly exploited by plant breeders in developing drought tolerance cultivars.
Drought is one of the main
abiotic stresses and an important factor 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 tolerance depends largely on the selection
criteria and selection method used to
achieve genetic improvement through
selection, in addition to the complexity of drought itself (Passioura, 2007).
Pedigree selection can be used to
identify superior genotypes for grain
yield in cultivars development program. Several workers reported that
the pedigree selection represent the
most effective method in improving
grain yield (Kheiralla et al. 1993; Ismail, 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 environment that is representative of the
target environment. Some researchers
believe in selection under favorable
conditions (Betran et al., 2003), others 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

Table 1. The pedigree of the parents of the wheat population.
Parent
Giza 171
Gemmiza 11

Pedigree and selection history
Gemmiza 9 / Sakha 93
S.6-1GZ-4GZ-1GZ-2GZ-0S
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 F2individual plants were grown in nonreplicated plots under normal irrigation and water stress. The experiment
under normal irrigation was grown in
supplemental water applied regularly
as recommended, while the experiment under water stress did not receive 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 (F3generation); 30 F3 families, original
parents and F3 bulked random sample
(a mixture of equal number of grains
from each plant to represent the generation mean) were sown in the two
field experiments using a randomized
complete block design with three replications. 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 (F4generation); the 10 high yielding F4
families selected under normal irrigation, the 10 high yielding F4 families
selected under water stress environment, 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 heading (DH), days to maturity (DM),
plant height (PH, cm), number of
spikes/plant (NS/P), number of kernels/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 sample), and the second was for the selected families to calculate heritability, genotypic and phenotypic coefficient of variations. Genotypes means
were compared using Revised Least
Significant Differences (RLSD) test
at 5 and 1% level of probability, according to El-Rawi and Khalafala
(1980). The phenotypic (σ2p) and
genotypic (σ2g) variances and heritability in broad sense (H%) were calculated according to Walker (1960).
The phenotypic (PCV%) and genotypic (GCV%) coefficients of variability 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 differential. Drought susceptibility index
(DSI) was computed according to the
method of Fischer and Maurer
(1978). The sensitivity and relative
merits of selected families were assessed as described by Falconer
(1990). The relative merits is expressed as the ratio change of mean
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by antagonistic selection / change of
mean by synergistic selection.
The phenotypic correlation coefficients 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 correlation rpxy = cov pxy / (σ px . σ py ).
Results and Discussion
1- Description of the base population; 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 phenotypic 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 under 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 under water stress for the same previous
traits, respectively.
Results of the phenotypic correlation coefficient among all possible
pairs of the studied traits in the F2
population (Table 3) show positive
and high phenotypic correlation between grain yield/plant and each of

plant height (0.258 and 0.245), number 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, respectively. These results, indicated
that selection for high grain
yield/plant could increase these traits.
Number of spikes/plant possessed
positive and high phenotypic correlation with plant height, biological
yield/plant and number of kernels/spike under both environments.
Moreover, number of kernels/spike
possessed positive and high phenotypic 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 irrigation.
2. Phenotypic selection for grain
yield/plant
2.1. Variability and heritability
estimates:
The analysis of variance (Table
4) indicated highly significant differences 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 population of the studied traits under normal irrigation and water stress conditions;
Season 2016/2017.
Normal irrigation
Phenotypic
Range Mean± S.E
Variance
25.31 ±
Grain yield /plant, 8.60 80.90
46.52
0.52
gm
103.00 – 114.20 ±
24.55
Plant height, cm
130.0
0.29
5.00 –
10.18 ±
6.70
No. of spikes/plant
19.00
0.15
26.59 –
49.13 ±
No. of ker135.98
82.00
0.67
nels/spike
100-kernel weight, 3.64 –
5.43 ± 0.03
0.29
7.00
gm
33.00 –
80.84 ±
Biological
245.23
174.00
1.57
yield/plant, gm
Trait

Range
5.62 –
38.96
88.00 –
121.0
3.00 –
15.00
16.15 –
68.00
3.45 –
6.26
24.20 –
150.0

Water stress
Mean±
Phenotypic
S.E
Variance
21.25 ±
70.22
0.48
113.38 ±
24.61
0.27
8.48 ±
7.02
0.14
47.34 ±
195.67
0.81
5.21 ±
0.14
0.02
69.22 ±
320.00
1.69

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 generation 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 variances 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, respectively.. 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 genotypic coefficient of variability under
water stress showed the same trend.
The P.C.V.% and G.C.V.% under water stress were very close to those under normal irrigation. The GCV%
was slightly less than the PCV% under both environments. The close estimates 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.

Env.

Item

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

N
F3
D
N
F4
D

Selection

Correlated traits

S. O. V. d.f criterion
Rep.
Families
Error
Rep.
Families
Error
Rep.
Families
Error
Rep.
Families
Error

2
29
58
2
29
58
2
19
38
2
19
38

GY/P

DH

DM

PH

NS/P

NK/S

7.16
26.42**
5.73
24.00
16.33**
2.22
11.69
29.00**
8.14
10.03
31.73**
13.172

3.90
32.05**
2.22
0.08
22.90**
2.83
12.07
34.96**
2.86
8.55
17.28**
1.954

46.34
12.34**
4.97
4.88
13.13**
1.52
15.35
29.62**
2.82
2.07
7.66**
2.926

155.45
52.98**
15.11
26.72
69.34**
8.23
28.27
25.93**
12.23
144.96
34.09**
12.712

0.32
3.22**
0.64
4.07
2.50**
0.55
0.36
3.37**
1.03
1.73
2.16**
1.066

0.32
80.07**
27.29
13.63
80.24**
15.01
29.80
24.05**
9.52
16.18
67.62**
24.312

N = normal irrigation

D = water stress

100KW BY/P
0.007
0.18**
0.090
0.005
0.24**
0.05
0.082
0.231**
0.085
0.87
0.276**
0.139

92.61
245.75**
87.81
637.63
267.60**
52.53
32.20
434.13**
136.47
518.00
276.69**
114.937

** 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.
Selection
cycle
F2 (C0)
F3 (C1)
F4 (C2)

σ2 p
N

σ2 g
D

N

P.C.V. %
D

N

D

G.C.V. %
N

D

H%
N

D

Realized
heritability
N
D

87.78 87.64 69.53 85.70 36.53 45.11 32.50 42.23 79.20 87.77 ----8.81 5.44 6.98 4.70 20.83 17.10 18.43 15.89 78.33 86.44 29.93 36.47
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 heritability 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 ElRady (2017).
2.2. Means and observed response under normal irrigation
evaluation:
The two groups of selected
families concerning high grain
yield/plant for two cycles, either under normal irrigation or water stress

were evaluated in the F4 generation
under both environments and presented in Table 6. Grain yield of F4
families selected under normal irrigation and evaluated under normal irrigation ranged from 26.21gm for family No. 100 to 33.49gm for family
No. 189 with an average of 29.71
gm/plant. The average direct observed gain from selection significantly (P<0.01) out-yielded the bulk
sample by 40.29% and from the better 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 under water stress and evaluated under
normal irrigation ranged from 23.29
for family No. 172 to 33.08 for family 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 significant observed gain from the better
parent ranged from 22.34% for family 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 evaluation under normal irrigation (Table 7)
was accompanied by insignificant
correlated response for days to heading (-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
Item

Fam. No.

Normal irrigation

83
100
122
133
170
177
180
189
256
266
Mean
2
5
18
56
99
104
107
114
172
196
Mean
Giza 171
Gemmiza11
Bulk
R.LSD 0.05
R.LSD 0.01

Water stress

Environment of selection

Mean

OG = observed gain

29.18
26.21
28.28
28.47
33.42
26.49
29.09
33.49
33.48
29.03
29.71
30.04
31.16
27.98
28.18
31.58
25.81
26.91
23.44
23.29
33.08
28.15
22.87
21.00
21.18
4.36
5.77

Normal irrigation
OG% Bulk
OG% BP
37.79**
23.69*
33.51**
34.41**
57.79**
25.08*
37.33**
58.14**
58.12**
37.06**
40.29**
41.85**
47.12**
32.11**
33.05**
49.10**
21.85*
27.04*
10.66
9.98
56.19**
32.89**

27.60**
14.55
23.64*
24.47*
46.13**
15.84
27.18**
46.45**
46.44**
26.93**
29.92**
31.36**
36.25**
22.34*
23.22*
38.08**
12.84
17.65
2.48
1.85
44.64**
23.07*

Mean
26.28
24.68
19.27
23.22
25.31
23.36
24.55
28.17
21.68
21.02
23.75
20.11
15.82
23.45
15.93
19.73
18.59
23.51
23.09
20.55
19.74
20.05
17.56
16.96
14.28
5.74
8.34

Water stress
OG% Bulk
OG% BP
84.05**
72.81**
34.96
62.61**
77.24**
63.56**
71.90**
97.29**
51.80*
47.18*
66.34**
40.83*
10.78
64.19**
11.57
38.14
30.16
64.61**
61.67**
43.93*
38.26
40.42*

*,** Significant at 5 and 1% levels of probability, respectively.
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31.47
17.04
12.43
14.19
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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.

Evaluation under water stress

Evaluation under normal irrigation

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
F4 families N 29.71 105.43 153.53 117.57 10.62 50.68
5.52
95.66
(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
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
F4 families N 23.75 101.50 144.20 115.05 9.26
48.49
5.29
75.47
(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
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 significant correlated gain was observed for
number of spikes/plant (22.40%),
100-kernel weight (8.50%) and biological 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-

33

Assiut J. Agric. Sci., 51 (1) 2020 (26-41)
ISSN: 1110-0486
Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

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 under normal irrigation (Table 7) was
accompanied by increase of 20.35,
4.18, 7.54,4.74 and 19.23% for number of spikes/plant, plant height,
number of kernels/spike, 100-kernel
weight and biological yield/plant, respectively, 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 average 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 selected 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 parent.
Mean of the group of F4 families 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 observed gain from selection, significantly (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 significant observed gain of 64.19, 64.61,
61.67 and 43.93 %, respectively from
the bulk sample, while the two families, No. 18 and No. 107 showed significant observed gain from the better
parent.
2.5. Correlated response under water stress evaluation:
Selection for high grain
yield/plant for two cycles of selection
under normal irrigation and evaluation under water stress (Table 7)
showed significant or highly significant 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 correlated gain from the better parent, significant positive correlated gain was
recorded for 100-kernel weight
(7.28%) and number of spikes/plant
(28.09%), while insignificant correlated gain was recorded for days to
heading (-1.46%), days to maturity
(-1.46%), plant height (4.40%), number of kernels/spike (8.65%) and biological yield/plant (47.02%).
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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 sample and the better parent, respectively.
Ali (2011) indicated that pedigree selection 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 either evaluation was practiced under
normal irrigation or under drought
stress. Also, Salous et al. (2014),
Soliman et al. (2015) and Abd ElRady (2017) came to the same conclusion.
2.6. Average observed gain
from selection for grain yield/plant
in two cycles:
The observed gain from selection 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, respectively. The observed gain from selection 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 results indicated that selection for high
grain yield/plant under normal irrigation 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 genetically superior genotypes. Therefore,

Direct selection for high grain
yield/plant for two cycles of selection
under water stress and evaluation under 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 selection for high grain yield/plant for two
cycles of selection under water stress
and evaluation under drought stress
was accompanied by significant decrease for 100-kernels weight
(-0.75%); significant increase for
number of spikes/plant (20.16%)
from better parent; insignificant decrease for days to heading (-0.78%),
days to maturity (-2.37%) and insignificant 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 effective in isolating high yield genotypes and the direct selection for
grain yield per se was effective. Generally, it can be concluded that selection 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 investigators. 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-
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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 irrigation group were (40.29 and 66.34%)
from bulk sample and (29.22 and
35.27%) from the better parent compared 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 obvious that selection under normal irrigation was better than selection under
water stress. In other words synergistic selection for grain yield was better
than antagonistic selection.
2.7. Drought susceptibility index and sensitivity to environments:
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 families 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 significant 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 sensitivity 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 observed gain over the better parent under 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
29.18** 26.28** 0.50 0.42
30.04** 20.11* 1.15
83
2
26.20
24.68* 0.29 0.22
31.16** 15.82 1.71
100
5
28.28*
19.27 1.59 1.30
27.98* 23.45** 0.56
122
18
28.47*
23.22 0.92 0.76
28.18*
15.93 1.51
133
56
33.42** 25.31* 1.21 1.18
31.58** 19.73 1.30
170
99
26.49
23.36 0.59 0.45
25.81
18.59 0.97
177
104
29.09** 24.55* 0.78 0.66
26.91 23.51** 0.44
180
107
33.49** 28.17* 0.79 0.77
23.44 23.09** 0.05
189
114
33.49** 21.68 1.76 1.71
23.29
20.55* 0.41
256
172
29.03** 21.02 1.38 1.16
33.08** 19.74 1.40
266
196
0.86 Mean
average
29.71
23.75
28.15
20.05
Giza 171
22.87
17.56 1.16 0.77 Giza 171
22.87
17.56 1.16
Gemmeiza11 21.00
16.96 0.96 0.59 Gemmeiza11 21.00
16.96 0.96
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 cycles of selection for high grain yield
was 0.82 when selection was under
normal and water deficit and evaluation under normal irrigation, while it
was 0.61 when selection was under
normal and water deficit and evaluation 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. However, 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

S
1.44
2.22
0.66
1.78
1.72
1.05
0.49
0.05
0.40
1.93
1.17
0.77
0.59

opposite direction this is antagonistic
selection, i.e. selection upwards in a
low environment or downwards in a
high environment. Synergistic selection is the reverse; upwards in a high
environment or downwards in a low
environment, when selection and environment change the character in the
same direction. Kheiralla et al. (2006)
found that selection under early planting (synergistic selection) increased
sensitivity of the selected families,
while selection under late planting
(antagonistic selection) decreased it.
Mahdy (2012) found that the antagonistic selection was better than synergistic 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 synergistic selection increased it.
2.8. The phenotypic correlation after two cycles of selection for
grain yield/plant:
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The phenotypic correlations
among traits after two cycles of selection for grain yield/plant under normal irrigation and water stress are
shown in Table 9. After two cycles of
selection the coefficients of phenotypic correlation under normal irrigation between grain yield/plant and
each of days to heading, days to maturity, 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, number 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 indicated that selection under water
stress decreased the correlation between grain yield and each of plant
height, number of spikes/plant, number 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 phenotypic 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 under normal (above diagonal) and water stress (below diagonal) conditions.
Trait
DH
DM
PH
NS/P
NK/S
100KW
0.845** -0.111
-0.086
-0.142 -0.300**
DH
-0.011
0.098
0.083
-0.054
-0.249*
DM
-0.001
0.213
0.249*
0.328*
0.061
PH
0.095
0.105
0.124
0.066
-0.165
NS/P
-0.327** -0.185
0.204
-0.029
-0.259*
NK/S
-0.081 0.263** 0.233**
0.015
-0.187
100KW
-0.171
0.101
0.348** 0.651** 0.518** 0.393**
GY/P
0.043
0.267** 0.398** 0.786** 0.244* 0.285**
BY/P
*,** Significant at 5 and 1% levels of probability, respectively.

GY/P
-0.308*
-0.092
0.394**
0.720**
0.593**
0.112

BY/P
-0.215
-0.016
0.459**
0.699**
0.223*
0.145
0.757**

0.832**

conditions in bread wheat. Assiut
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aestivum L.) by Independent culling levels. World J. Agric. Res. 2
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اﻻﻧﺘﺨﺎب ﻟﻤﺤﺼﻮل اﻟﺤﺒﻮب ﺗﺤﺖ ﻇﺮوف اﻟﺮي اﻟﻌﺎدي و اﻹﺟﻬﺎد اﻟﻤﺎﺋﻲ ﻓﻲ ﻗﻤﺢ اﻟﺨﺒﺰ
ﯾﺎﺳﺮ ﺳﯿﺪ إﺑﺮاﻫﯿﻢ ﻗﺒﯿﺼﻲ
ﻗﺴﻢ ﺑﺤﻮث اﻟﻘﻤﺢ – ﻣﻌﻬﺪ ﺑﺤﻮث اﻟﻤﺤﺎﺻﯿﻞ اﻟﺤﻘﻠﯿﺔ – ﻣﺮﻛﺰ اﻟﺒﺤﻮث اﻟﺰراﻋﯿﺔ

اﻟﻤﻠﺨﺺ
ﺗﻢ إﺟﺮاء ﻫﺬا اﻟﺒﺤﺚ ﺧﻼل اﻟﻤﻮاﺳﻢ اﻟﺰراﻋﯿ ﺔ اﻟﺜﻼﺛ ﺔ ﻣ ﻦ  ٢٠١٧/٢٠١٦إﻟ ﻰ ٢٠١٩/٢٠١٨
ﻓﻲ ﻣﺤﻄﺔ اﻟﺒﺤﻮث اﻟﺰراﻋﯿ ﺔ ﺑ ﺸﻨﺪوﯾﻞ – ﻣﺤﺎﻓﻈ ﺔ ﺳ ﻮﻫﺎج – ﻣ ﺼﺮ ﺑﻬ ﺪف دراﺳ ﺔ ﻛﻔ ﺎءة اﻻﻧﺘﺨ ﺎب
اﻟﻤﻨﺴﺐ ﻓﻲ ﺗﺤﺴﯿﻦ ﻣﺤ ﺼﻮل اﻟﺤﺒ ﻮب/ﻟﻠﻨﺒ ﺎت ﻓ ﻲ اﻟﻘﻤ ﺢ ﺗﺤ ﺖ ﻇ ﺮوف اﻟ ﺮي اﻟﻌ ﺎدي واﻟﺠﻔ ﺎف ﺑﻌ ﺪ
دورﺗﺎن ﻣﻦ اﻻﻧﺘﺨﺎب ﺗﺤﺖ ﻇﺮوف ﻛﻞ ﺑﯿﺌﺔ ﻣﻦ اﻟﺠﯿﻞ اﻟﺜﺎﻧﻲ إﻟﻰ اﻟﺠﯿﻞ اﻟﺮاﺑﻊ .وﻓﻰ اﻟﻤﻮﺳﻢ اﻷﺧﯿ ﺮ
 ٢٠١٩ /٢٠١٨ﺗ ﻢ ﺗﻘﯿ ﯿﻢ اﻟﻌ ﺎﺋﻼت اﻟﻤﻨﺘﺨﺒ ﺔ ﻣ ﻦ ﻛ ﻞ ﺑﯿﺌ ﺔ ﺗﺤ ﺖ ﻇ ﺮوف ﻛ ﻼ اﻟﺒﯿﺌﺘ ﯿﻦ .وﻛ ﺎن ﻣﻘ ﺪار
اﻟﺘﺒ ﺎﯾﻦ اﻟ ﻮراﺛﻲ أﻗ ﻞ ﻗﻠ ﯿﻼ ﻣ ﻦ اﻟﺘﺒ ﺎﯾﻦ اﻟﻤﻈﻬ ﺮي ﺗﺤ ﺖ ﻇ ﺮوف ﻛ ﻼ اﻟﺒﯿﺌﺘ ﯿﻦ واﻧﺨﻔ ﺾ ﺗ ﺪرﯾﺠﯿﺎ ﻣ ﻦ
اﻟﺠﯿ ﻞ اﻟﺜ ﺎﻧﻲ إﻟ ﻰ اﻟﺠﯿ ﻞ اﻟﺮاﺑ ﻊ ،.ﻛﺎﻧ ﺖ ﻛﻔ ﺎءة اﻟﺘﻮرﯾ ﺚ ﺑ ﺎﻟﻤﻌﻨﻰ اﻟﻮاﺳ ﻊ ﻟ ﺼﻔﺔ ﻣﺤ ﺼﻮل اﻟﻨﺒ ﺎت
 %٧١,٩٣ ، ٧٨,٣٣ﺗﺤ ﺖ اﻟ ﺮي اﻟﻌ ﺎدي ﻣﻘﺎﺑ ﻞ  %٥٨,٤٨، ٨٦,٤٤ﺗﺤ ﺖ اﻹﺟﻬ ﺎد اﻟﻤ ﺎﺋﻲ ﻟﻠ ﺪورة
اﻷوﻟ ﻰ واﻟﺜﺎﻧﯿ ﺔ ﻋﻠ ﻰ اﻟﺘ ﻮاﻟﻲ .ﻛ ﺎن ﻣﻌﺎﻣ ﻞ اﻟﺘﻮرﯾ ﺚ اﻟﻤﺤﻘ ﻖ  %٩٠,٨٨ ، ٢٩,٩٣ﺗﺤ ﺖ ﻇ ﺮوف
اﻟﺮي اﻟﻌﺎدي ﻣﻘﺎﺑﻞ  %٨٩,٤٨ ، ٣٦,٤٧ﺗﺤﺖ ﻇﺮوف اﻟﻨﻘﺺ اﻟﻤ ﺎﺋﻲ ﻟﻠ ﺪورة اﻷوﻟ ﻰ واﻟﺜﺎﻧﯿ ﺔ ﻋﻠ ﻰ
اﻟﺘﻮاﻟﻲ .ﻛﺎﻧﺖ اﻟﺰﯾﺎدة اﻟﻤﺤﻘﻘﺔ ﻓﻲ اﻟﻤﺤ ﺼﻮل ﻟﻤﻨﺘﺨﺒ ﺎت اﻟ ﺮي اﻟﻌ ﺎدي  %٦٦,٣٤ ، ٤٠,٢٩ﺑﺎﻟﻨ ﺴﺒﺔ
ﻹﺟﻤ ﺎﻟﻲ اﻟﻌ ﺸﯿﺮة و %٣٥,٢٧ ، ٢٩,٩٢ﺑﺎﻟﻨ ﺴﺒﺔ ﻟ ﻸب اﻷﻓ ﻀﻞ ،ﺑﯿﻨﻤ ﺎ ﻛﺎﻧ ﺖ اﻟﺰﯾ ﺎدة اﻟﻤﺤﻘﻘ ﺔ ﻓ ﻲ
اﻟﻤﺤ ﺼﻮل ﻟﻤﻨﺘﺨﺒ ﺎت اﻹﺟﻬ ﺎد اﻟﻤ ﺎﺋﻲ  %٤٠,٤٢ ، ٣٢,٨٩ﺑﺎﻟﻨ ﺴﺒﺔ ﻹﺟﻤ ﺎﻟﻲ اﻟﻌ ﺸﯿﺮة ،٢٣,٠٧
 %١٤,١٩ﺑﺎﻟﻨ ﺴﺒﺔ ﻟ ﻸب اﻷﻓ ﻀﻞ ﻋﻨ ﺪ ﺗﻘﯿﻤﻬﻤ ﺎ ﺗﺤ ﺖ ﻇ ﺮوف اﻟ ﺮي اﻟﻌ ﺎدي واﻹﺟﻬ ﺎد اﻟﻤ ﺎﺋﻲ ﻋﻠ ﻰ
اﻟﺘ ﻮاﻟﻲ .أوﺿ ﺤﺖ اﻟﻨﺘ ﺎﺋﺞ أن اﻻﻧﺘﺨ ﺎب اﻟﻤﺘﻮاﻓ ﻖ ﻛ ﺎن أﻓ ﻀﻞ ﻣ ﻦ اﻻﻧﺘﺨ ﺎب اﻟﻤﺘ ﻀﺎد ﻓ ﻲ ﺗﻐﯿ ﺮ
اﻟﻤﺘﻮﺳﻂ وﻛﺬﻟﻚ ﻧﻘﺺ اﻟﺤﺴﺎﺳﯿﺔ ﻟﻠﺠﻔﺎف .ارﺗﺒﻂ ﻣﺤﺼﻮل اﻟﺤﺒﻮب/اﻟﻨﺒﺎت ﺑﻘﯿﻢ ﻋﺎﻟﯿﺔ وﻣﻮﺟﺒ ﺔ ﺑ ﺼﻔﺔ
ﻃﻮل اﻟﻨﺒﺎت ،اﻟﻤﺤﺼﻮل اﻟﺒﯿﻮﻟﻮﺟﻲ/اﻟﻨﺒﺎت ،ﻋﺪد اﻟﺴﻨﺎﺑﻞ/اﻟﻨﺒﺎت وﻋ ﺪد اﻟﺤﺒ ﻮب/ﺳ ﻨﺒﻠﺔ ﺗﺤ ﺖ ﻇ ﺮوف
اﻟ ﺮي اﻟﻌ ﺎدي واﻹﺟﻬ ﺎد اﻟﻤ ﺎﺋﻲ  ،ووزن ال ١٠٠ﺣﺒ ﺔ ﺗﺤ ﺖ ﻇ ﺮوف اﻹﺟﻬ ﺎد اﻟﻤ ﺎﺋﻲ ﻓ ﻲ اﻟﻌ ﺸﯿﺮة
اﻷﺳﺎﺳﯿﺔ وﺑﻌﺪ دورﺗﯿﻦ ﻣﻦ اﻻﻧﺘﺨﺎب ﻟﻤﺤﺼﻮل اﻟﺤﺒﻮب/اﻟﻨﺒﺎت.
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