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Abstract: The genetic materials were F2, F3, F4 and Fs generations of the cross “Gizal64/Sids4” of
bread wheat. The experiments were conducted under drought stress and normal irrigation. Three
cycles of single trait selection for grain yield/plant (GY/P) and five models of desired gain selection
index (combinations from seven traits) were achieved in both environments separately. After the
third cycle of selection, the selected families for the six types of selection under drought stress, and
the selected families under normal irrigation were evaluated under both environments. The GCV in
GY/P decreased from the F» to the Fs. The remained variability in GY/P for the five selection indices
was higher after the three cycles of selection than the single trait selection for GY/P. Heritability
estimates as calculated from regression of Fs/F4 generations for the traits under selection pressure
were higher under drought stress than under normal irrigation except few cases. The observed gain
increased from index: to indexs, and all indices were better in improving GY/ P than direct selection
for GY/P. It could be concluded that selection index was better in improving grain yield than single
trait selection for GY/P. Furthermore, selection under drought stress (antagonistic selection) in these
materials was better than selection under normal irrigation (synergistic selection) in improving
GY/P either selection evaluated under drought stress or under normal irrigation. Selection indexs
which involved GY/P, 100GW and NG/S was the best index in improving GY/P.

Keywords: Triticum aestivum, Drought stress, Selection index, Realized heritability, Observed

genetic gain.

Introduction

Egypt is the main country importing wheat
worldwide. The production of wheat in 2017 was
8.8 million metric tons, and the estimated import
of wheat in 2018/19 (July/June) is 12.5 million
metric tons (FAO 2017). Developing new high
yielding cultivars and expand the cultivated area
in new reclaimed soils and the northern coast
could lessen the heavy burden of wheat import.
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Pedigree selection proved to be an efficient
procedure in improving grain yield

(GY). Early generation selection is desirable by
many researchers (Bhatt 1980, Whan et al 1981,
1982, Sip and Skorpik 1985 and Nass 1987)
because a genotype possessing all the favorable
genes in either the homozygous or heterozygous
condition occurs often in the F2 generation, and
its frequency decline in subsequent generations.
Otherwise, many papers noted a very low
efficiency of selection started in the F> because
of high level of heterozygosity and low
heritability of the complex traits. Borghi et al
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(1998) found that GY of spaced plants in the F2
and Fs generations was weakly correlated with
that of the F4 and successive generations grown
at normal seed density. Ismail et al (1996) noted
that one cycle of selection for GY started in the
Fs was better than three cycles started in the F3
generation. Mahdy (2017) found that the
observed genetic gain of the one cycle of
selection from the F4 generation under both
drought stress and normal irrigation
environments was mostly better than three cycles
started from F> generation. Therefore, most of
plant breeders and research centers delay
selection for yield to the Fs generation after the
plants reached acceptable level of homozygosity.
Ismail (1995) increased GY/P by 4.86 and 6.41%
of the better parent in two populations after two
cycles of selection for GY per se. Hamam (2008)
noted that two cycles of selection for GY/P
increased grain yield/plant by 14.14 and 15.97%
of the better parent in two populations. After two
cycles of selection, Zakaria et al (2008) achieved
observed genetic gain in GY/P of 7.62 and 7.54
% of the better parent under normal and late
plantings, respectively. Single trait selection for
GY in bread wheat was effective (Mahdy 1988,
Pawar et al 1990, Ismail 1995 and 2001, Ismail
et al 1996, Mahdy et al 1996 and 2012, Ahmed
2006, El-Karamity et al 2007, Khan et al 2007,
Ali 2011 and Mahdy 2017). Talebi et al (2009)
found that gain from indirect selection under
moisture stress would improve yield in moisture
stress better than selection from non-moisture
stress environment. Ali (2011), Mahdy (2012),
Mahdy et al (2012), Mahdy et al (2015) and
Mahdy (2017) found that the observed genetic
gain in grain yield under drought stress was better
than under normal irrigation. In some cases, the
genetic gains for single trait selection could
generate adverse effects on the correlated traits
(Hanson 1991and Collins et al 1997).

Index selection is one of the best methods for the
genetic improvement of traits simultaneously in
crop plants. A theory of discriminate function
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which introduced by Smith (1936) in plants and
Hazel (1943) in animals is now known as Smith-
Hazel index, base index (Williams 1962) and
desired gain index (Pesek and Baker1969)
proved to be the best methods of selection.
Gebre-Mariam' and Larter (1996) indicated that
Smith-Hazel index proved to be the best to
improve grain yield and kernel weight but
resulted in substantial decrease in grain protein
level of four spring wheat crosses. Mahdy et al
(1996) showed that Smith-Hazel, desired gain
index of three traits (No. of spikelet's
/spike,1000-kernel weight and GY/P) and single
trait selection for GY/P gave observed genetic
gain in GY/P of 13.21, 16.04, and 12.67% of the
better parent, respectively after three cycles of
selection. Cargnin et al (2007) found that the
desired gain index gave the highest genetic gain
compared to Smith-Hazel and Williams indices.
Ferdous et al (2010) through discriminate
functions using eight traits indicated that the
highest relative efficiency was observed with the
selection index based on three characters; plant
height, grains per spike and grain yield per plant.
Ghaed-Rahimi et al (2017) estimated the
efficiency of selection (AH) under drought stress
at heading and well-irrigated conditions. It was
19.95 and 16.5 in the first and 11.15 and 11.06 in
the second year for desired gain index and was
more efficient than Smith-Hazel index (AH =
9.58 and 8.97 in the first and 9.74 and 8.59 in the
second year) under drought stress at heading and
well-irrigated conditions, respectively. Fellahi et
al (2018) found that the base index of Williams
ranked the first followed by the Smith Hazel
index for simultaneous selection of superior lines
for yield and its components. Jinks and Connolly
(1973 and 1975) studied the relationship between
selection environment and environmental
sensitivity (stability) in Schizophyllum commune.
They concluded that the sensitivity of selection to
environment was reduced if selection and
environment effects were in opposite direction.
Falconer (1990) suggested that antagonistic



R.E. Mahdy, SVU-International Journal of Agricultural Sciences, 2 (2): 104-119, 2020

selection was significantly better than synergistic
selection for changing the mean, but there is no
theoretical justification for this expectation.

The objective of this study was to measure and
compare observed genetic gains in grain yield
and correlated traits in three cycles of selection
started in the F> generation of spring wheat cross
(Giza 164 x Sids 4), based on single-trait
selection for grain yield and five models of
desired gain selection index (Pesek and Baker
1969) from seven traits under drought stress and

normal irrigation environments.

Table 1. Planting date and experimental design

Materials and methods

The genetic materials were F2, F3, F4 and Fs
generations of the cross “Gizal64/Sids4” of
bread wheat (Triticum aestivum L.). The
experiments were conducted under irrigation and
drought stress environments during the four
seasons of 2012/13 to 2016/17 at Faculty of
Agriculture  Experimental  farm,  Assiut
University, Egypt (latitude = 27.178, Longitude
= 31.185). The soil texture is clay.

Experimental design

Season Date Generation

Irrigation Drought stress
2012/13 5/12/2012 () Non-replicated plots Non-replicated plots
2014/15 25/12/2014 F3 RCBD with 3-Reps RCBD with 3-Reps
2015/16 17/12/2015 Fa " "
2016/17 5/12/2016 Fs " "
Irrigation environments in non-replicated plots, in rows 3

The experiments under normal irrigation in the
four seasons, received planting irrigation and
four irrigations throughout the growing season.
However, the experiments under drought stress
received planting irrigation..

Fertilization

In all experiments, super phosphate (P,Og,
15.5%) was added during land preparation at a
rate of 150 kg/Fed (Feddan = 4200m?). Nitrogen
fertilization in the form of ammonium nitrate
(33.5% N) was added at a rate of 80 kg N/Fed in
one dose before the first irrigation.

Three cycles of single trait selection for grain
yield/plant (GY/P) and desired gain selection
index were performed in both environments
separately. In season 2012/13, the F, seeds were
sown under normal irrigation and drought stress
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m long, 30 cm apart and 15 cm between seed
within a row. The parents were grown in separate
plots. The data were recorded on 440 guarded
plants in both environments. The recorded data in
all generations were days to heading (DH), plant
height; cm (PH), spike length; cm (SL), number
of spikes/plant (NS/P), grain vyield/plant; ¢
(GY/P), number of grains/spike (NG/S), grain
weight of main spike (WMS) and 100-grain
weight; g (100-GW).

After harvest, the single plants (440) were ranked
for GY/P and for 5 models of the modified
"desired genetic gain" index (Pesek and Baker
1969 and 1970). The highest 40 plants in grain
yield and the five models of index selection were
saved from both environments for the next
generation. The traits involved in selection index
(Ind) were as follows:



R.E. Mahdy, SVU-International Journal of Agricultural Sciences, 2 (2): 104-119, 2020

Ind: involved DH, SL, NS/P, WMS, NG/S, 100-
GW, GY/P
Ind; involved DH, NG/S, 100-GW, GY/P

Inds involved DH, SL, NG/S, 100-GW, GY/P
Inds involved SL, NG/S, 100-GW, GY/P
Inds involved NG/S, 100-GW, GY/P

In season 2014/15 (Fs-generation), grains of the
40 selected plants for GY/P, and the 40 selected
plants for each of the five selection index models
along with the parents were grown in rows under
normal  irrigation and  drought  stress
environments in a RCBD with three replications.
The plot size was single row, 3 m long, 30 cm
apart and 10 cm between grains within a row.
Data were recorded on 20 guarded plants from
each family. At the end of the season, the best 20
plants in GY/P and from each index were saved
from the best 20 families from each experiment
for the next season. The same procedure was
done in season 2015/16 (Fs-generation) and 10
selected plants were saved for each selection
procedure for evaluation in the Fs- generation
(season 2016/17). The selected plants under an
environment were evaluated in the Fs-generation
under both environments.

Statistical analysis

Data were subjected to statistical and separation
mean analyses on plot mean basis according to
Steel and Torrie (1980). Heritability in broad
sense “H” was estimated as the ratio of genotypic
(c%g) to phenotypic (o2p) variance (Walker
1960). Realized heritability was calculated as
parent-offspring regression as outlined by Smith
and Kinman (1965). The phenotypic (PCV%)
and genotypic (GCV%) coefficients of
variability were calculated as outlined by Burton
(1952). Estimation of phenotypic covariance
between pairs of traits of single plants in the F2
generation depended on the mathematical fact:
IFC=A+B Then o'c=oatcs+2COV
AB
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Estimatates of genotypic variances and
covariances in the next seasons were calculated
from expected mean squares and expected mean
cross products according to Walker (1960). Pesek
and Baker (1969 and 1970) modification of the
theory of index selection was calculated each
cycle for each selection index model. The
calculation of index coefficients were done
according to the following matrix formulation: b
= G-1 h x p/z where b = the vector of index
coefficients, G-1 = the inverse of the genotypic
variance and covariance matrix, h = the vector of
desired genetic gains (h was assigned as 10%
increase of each trait in the index except for DH
it was 10% decrease from the population mean),
p/z = the reciprocal if selection differential in
standard units. Since p/z is constant for any
experiment, an equivalent solution can be
obtained from: b = G-1h. The phenotypic value
of a family (1) was estimated as | = bi xi (Smith
1936) and (Hazel 1943) where bi is the weighting
factor and xi is the phenotypic value for the ith
trait. The observed genetic gain from selection
(OG%) was calculated as the deviation
percentage from the better parent.

Results and discussion

Description of the base population; F2

generation

Brief description of the parents and F2-generation
under normal irrigation and drought stress
environments is presented in Table 1 (the F»
description was discussed in detail in the
previous paper “Mahdy and Elfarash 2018).
Mean grain yield/plant (GY/P) of the parents
Sids4 and Gizal64 was 20.11 and 30.77g under
normal irrigation, and 18.21 and 25.81 under
drought stress with reduction of 13.64 and
25.86%, respectively. Mean GY/P of the F, was
22.56 and 15.79 g under normal irrigation and
drought stress, respectively, with reduction of
42.88%. The F2 mean lied between the two
parents with partial dominance towards the low
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yielding parent. Phenotypic (PCV) and genotypic
(GCV) coefficients of variability were high in the
F> and accounted for 48.31 and 28.59% under
normal irrigation, and 76.0 and 45.81% under
drought stress, respectively, indicating enough
variability for selection for GY/P. Such wide
variability with broad sense heritability of 35.01
and 36.34% resulted in predicted genetic advance

for GY/P in percentage of the mean of 38.61 and
48.46% under normal irrigation and drought
stress environments; respectively. Our results are
in general agreement with those reported by
Mahdy (2012) and Mahdy et al (2012 and 2015).
The reduction in the other traits, ranged from
4.09% for plant height to 24.97% for NS/P.

Table 2. Means of the studied traits in the F,, parents, reduction%, heritability in broad sense (H) and
genetic advance (GA) under selection of 10% superior plants.

Normal irrigation
Item DH | PH(cm) | SL(cm) | NS/P | GY/P(g) | MSW (g) | 100GW (g) | NGI/S
Fa
Meane SE 81.92+ | 89.030 | 1257 9.57 22.56 3.06 5.21 58.54
0.18 +032 | +008 | 020 | +052 | +004 | 20026 +0.77
PCV% 6.14 6.71 6.59 2511 48.31 18.57 7.44 22.81
GCV% 2.10 5.30 1.64 4.08 28.59 17.92 0.44 13.19
H% 21.15 41.67 61.39 66.95 35.01 36.80 42.81 22.79
GA 1.39 4.92 1.84 4.80 6.70 0.58 0.41 6.46
GA/Mean% 1.70 551 14.65 50.18 38.61 19.06 7.85 11.05
Sids 4
Mean + SE 71 79.09 14.67 5.57 20.11 5.05 5.67 63.6
+0.95 +1.16 +0.21 +0.31 +1.71 +0.2 +0.09 +4.07
G 164
Mean + SE 88.08+ | 92.76 10.64 116 30.77 3.12 5.03 66.68
0.36 +0.99 +0.23 +0.60 +1.92 +0.04 +0.08 +0.77
Drought stress
F,
Mean + SE 77.74 85.02 11.92 7.18 1579 | 291+ 493+ 53.76 +
= +0.2 +0.33 +0.1 +0.2 +0.6 0.05 0.05 0.75
Reduction% 5.10 4.09 5.17 24.97 42.88 4.9 5.37 8.01
PCV% 5.15 7.76 16.78 55.71 76.00 34.36 20.28 27.90
GCV% 4.08 4.25 12.93 41.45 45.81 23.66 17.57 4.99
H % 62.84 29.98 59.38 55.36 36.34 27.00 75.00 27.35
GA 4.41 3.47 2.08 3.89 7.65 0.47 1.32 7.20
GA/Mean 5.67 4.08 17.48 54.13 48.46 16.28 26.70 13.39
Sids 4
69.00 70.11 14.17 4.81 18.21 4.55 5.1 75.0
Mean + SE +0.6 +1.2 +020 | +035 | +1.71 | +022 +0.10 +3.17
Reduction% 2.82 11.35 3.41 13.64 9.45 9.9 11.18 12.38
G164
85.18+ | 90.86 10.4 8.6 25.81 2.89 45 55.67
Mean+ SE
0.34 +01.0 | +030 | +0.67 +21 +0.1 +0.10 +08
Reduction% 3.29 2.05 2.26 25.86 16.12 7.37 10.54 16.51

SE = standard error, Reduction% = (mean under normal-mean under stress)/mean under normal x 100.

Broad sense heritability varied greatly under both
environments. It ranged from 21.15% for DH to
66.95% for NS/P under normal irrigation and
from 29.98% for plant height to 75.0% for 100
GW under drought stress. In consequence, the
predicted genetic gain under selection of 10
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superior plants varied in both environments. The
characteristics of the two parents showed that
Sids 4 was early in heading, medium in plant
height, long in spike length, low in number of
spikes/plant, low in GY/P and high in 100-GW,
while Gizal64, showed tall plants (85 - 90 cm),
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short spike length (10 - 11 cm), large NS/P, high
GY/P and medium 100 GW (4.5 - 5 g) (Table2).

Evaluation under drought stress

After the third cycle of selection, the
selected families for the six types of selection
under drought stress (drought stress group), and
the selected families under normal irrigation
(normal irrigation group) were evaluated under
both environments. The results (Table 2) showed
that the GCV in GY/P decreased from 45.81 and
28.59% in the F> to 19.16 and 11.96% in the Fs-
generation for drought and normal irrigation
groups, respectively. The remained variability in
GY/P for the five selection indices was higher
after the three cycles of selection than the single
trait selection for GY/P.

Furthermore, except for index 1 the GCV in
GY/P of the drought group was higher than that
of the normal irrigation group. The remained
GCV could be considered enough for the further
cycles of selection. NS/P and NG/S showed
enough genetic variability for further evaluation
under normal irrigation. GY/P of the drought
group was higher than that of the normal
irrigation group. The remained GCV could be
considered enough for further cycles of selection.
Besides, NS/P and NG/S showed enough genetic
variability for further cycles of selection, and the
GCV was higher in the drought stress group for
the selection methods except for single trait
selection for GY/P and Indexs. The variability in
the other traits showed no trend.

Evaluation under normal irrigation

The results show that the GCV in GY/P
decreased from 45.81 and 28.59% in the F
(Table 1) to 22.25 and 18.87% in the Fs-
generation (Table 3) for drought stress and
normal irrigation groups, respectively, when
selection was for GY/P per se. The remained
GCV in GY/P was higher in stress group than
normal irrigation group for single trait selection,
Index; and Indexs respectively. The genetic
variability in NS/P was higher in drought stress
than normal irrigation group except for Indexs.
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The remained genetic variability in the other
traits showed no trend.

Except for DH the remained genetic variability
could be considered enough for further cycles of
selection. The retained genetic variability varied
greatly according to method of selection and
variation in the base population. Ismail (1995)
showed that the GCV% decreased in two
populations from 144.6 and 111.07 in the F3 to
19.24 and 18.41% after two cycles of selection
for GY/P. In another work Ismail et al (1996)
noted GCV% of 4.97 in GY/P in cycle 3. Mahdy
et al (1996) indicated to the decrease of GCV in
GY/P from 38.69% in F3 base population to
5.28% after three cycles of selection. Mahdy et al
(2012) after three cycles of selection for GY/P
found GCV of 14.93% under normal irrigation
and 16.64% under drought stress conditions.

Narrow sense heritability

Heritability estimates as calculated from
regression of Fs/F4 generations (Table 4) for the
traits under selection pressure were higher under
drought stress than under normal irrigation
except for five out of twenty-three cases in index
selection and direct selection for GY/P.
Generally, the regression coefficients of Fs/F4
were low for such quantitative traits, and it was
affected by genotype x environment interaction,
in which the parental families (F4) was evaluated
in a season and their offspring (Fs) in another
year. Borghi et al (1998) reported realized
heritability for grain yield of 7 to 70% in the Fs
of nine populations subjected to direct selection
for grain yield.

Mahdy et al (2012) after three cycles of direct
selection for grain vyield noted realized
heritability of 78.46% under normal irrigation
and 37.88% under drought stress. Fellahi et al
(2018) noted narrow sense heritability of 10.13%
for grain yield after index selection (desired grain
index).

Observed and correlated genetic gain
Cyclel selection (F3-generation)
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Single trait selection for GY/P under stress
showed significant direct observed genetic gain
(OG) of 7.97% for cyclel compared to 8.1, 10.2,
10.30, 12.10 and 16.30% of the better parent for
indexs, 2, 3, 4 and s: respectively (Table 5 and
Fig.1). All methods of index selection were better
than single trait selection for GY/P, and indexs
was the best. Selection for GY/P accompanied

with significant decrease in SL, WMS and 100-
GW and increase in days to heading. Such
decreases for these correlated traits were mostly
less in selection index models. Indexi,» and 3
which involved DH showed insignificant
differences in DH with the earlier parent “Sids
4.

Table 3. Phenotypic (PCV) and genotypic (GCV) coefficients of variability in cycle 3 in the Fs-

generation under drought stress evaluation.

Seligﬁlon Selseict;gon wem | oH | PP | SU [ N |GY/P] MSW [100GW] o
(cm) | (cm) (9) (9) (9)

S GCV% | 3.15 | 6.72 | 6.52 | 24.81 [ 19.16 | NS | 12.10 | 13.60

GY/P PCV% | 3.33 | 7.03 | 853 | 25.06 | 20.15 | NS | 12.20 | 15.25
N GCV% | 1.99 | 9.47 | 6.44 | 26.57 | 11.96 | 14.11 | 10.56 | 23.43

PCV% | 2.07 | 952 | 7.24 | 26.61 | 12.19 | 14.41 | 10.63 | 23.63

S GCV% | 3.31 |12.50 | 8.71 | 34.42 | 28.65 | 28.34 | NS | 23.42

Index1 PCV% | 3.35 |12.54 | 9.28 | 34.95 | 31.72 | 28.45 | NS | 24.70
N GCV% | 4.48 |12.10 | 8.35 | 18.99 | 34.42 | 14.74 | 3.66 | 13.05

PCV% | 453 |12.13 | 8.70 | 19.02 | 34.95 | 15.00 | 4.01 | 13.38

S GCV% | 2.90 | 7.95 | 8.38 | 15.17 | 28.80 | 24.20 | 6.66 | 21.64

Index 2 PCV% | 2.99 | 8.08 | 8.88 | 15.19 | 29.56 | 24.32 | 7.00 | 21.78
N GCV% | 3.13 |12.35[12.71] 14.38 | 17.79 | 15.90 | 6.29 | 17.82

PCV% | 3.20 |12.44 [12.82] 14.95 | 19.91 | 16.01 | 6.52 | 17.97

S GCV% | 3.85 | 6.47 | 9.91 | 14.47 | 31.11] 23.76 | 8.12 | 20.66

Index 3 PCV% | 3.90 | 6.80 [10.39] 14.49 | 32.88 | 24.13 | 8.38 | 21.29
N GCV% | 4.39 | 7.94 [11.09] 15.06 | 27.71 | 30.10 | 8.34 | 22.42

PCV% | 4.46 | 8.18 [11.40] 15.11 | 28.42 | 30.32 | 8.40 | 22.58

S GCV% | 2.56 | 6.45 | 9.63 | 21.14 | 27.05 | 26.78 | 6.72 | 20.33

Index 4 PCV% | 2.64 | 6.64 |10.03| 21.15 | 27.57 | 27.01 | 6.92 | 20.62
N GCV% | 2.62 | 5.72 |14.98] 18.26 | 17.85 | 30.64 | 42.95 | 25.90

PCV% | 2.72 | 6.36 | 15.54] 18.79 | 21.30 | 30.70 | 51.25 | 26.00

S GCV% | 3.67 | 9.46 |11.45| 20.47 | 33.14 | 14.82 | 11.76 | 16.27

Index 5 PCV% | 3.73 | 9.55 |11.86] 20.54 | 34.69 | 15.44 | 12.04 | 16.93
N GCV% | 251 |11.29 [11.56| 12.85 | 30.27 | 15.43 | 7.03 | 14.86

PCV% | 2.63 | 11.54 |12.21] 14.08 | 32.25 | 15.80 | 7.13 | 15.04

NS = insignificant genotypes mean squares, S=drought stress, N=normal irrigation

Improving GY/P of all methods of selection than
the better parent “G164”, caused the other
correlated traits to be in the mid-way between the
two parents.

Selection under normal irrigation showed better
OG in GY/P for all indices. However direct
selection for GY/P was negative and
insignificant. Selection under normal irrigation
reflects the same trend of selection under stress
with remarkable increase in traits mean.

Cycle2 selection (F4- generation)

Cycle > selection reflect the same picture of
cycle: with slight increase in OG% in GY/P and
the other correlated traits, and in the same
direction either under stress or normal irrigation
environments (Table 6 and Fig.1). However,
single trait selection for GY/P failed to improve
GY/P under normal irrigation environment. The
best method in improving GY/P, NS/P was
indexs which incorporated the traits GY/P,
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100GW and NG/S. Index 1, 2 and 3 which
incorporated DH  showed insignificant
differences with the earlier parent in DH.

Table 3. Phenotypic (PCV) and genotypic (GCV) coefficients of variability in cycles in the Fs-
generation under normal irrigation evaluation.

Sele. for| Sel. cite| ttem | DH | | om0 | ns | OV | MSWIOOGWE
(cm) | (cm) (9) (9) 9)
GCV% | 2.39 | 837 | 1237 | 2633 | 2225 | NS | 892 | NS
> Ipcves | 249 | 856 | 1255 | 2654 | 2333 | NS | 899 | NS
GvP GCV% | 437 | 8.16 | 1202 | 883 | 1887 | NS | 1572 | 12.13
N cver | 440 [ 827 | 1210 | 1098 | 1867 | NS | 1574 | 4.0
GCV% | 7.83 | 9.93 | 1323 | 9.83 | 10.96 | 3435 | 9.92 | 33.18
> poves [ 784 |1008| 1351 | 985 | 2001 | 3444 | 1021 | 3331
index1 GCV% | 802 | 751 | 16.03 | 8.70 | 1020 | 21.62 | 12.02 | 27.60
N cves [ 803 [ 771 | 1649 | 872 | 1068 | 2072 | 1204 | 2765
GCV% | 10.88 | 852 | 892 | 1745 | 1240 | 32.89 | 521 | 2952
> Povw [1000 | 863 | 925 | 1840 | 1350 | 3298 | 567 | 2975
index2 GCV% | 261 | 6.94 | 1646 | 1651 | 23.75 | 28.13 | 10.76 | 23.32
N cver | 293 | 704 | 1680 | 1867 | 2494 | 2828 | 1081 | 2357
GCV% | 4.96 |10.07 | 1501 | 947 | 27.02 | 3159 | 13.25 | 22.20
> I'PCves | 500 [1032| 1546 | 1050 | 2756 | 3160 | 1356 | 2250
index:3 GCV% | 481 | 881 | 1741 | 12.21 | 1455 | 17.19 | 1035 | 25.15
N pcver | 508 | 897 | 1776 | 1258 | 1563 | 1747 | 1076 | 2544
GCV% | 413 | 7.74 | 1150 | 1497 | 1681 | 2330 | 542 | 21.63
> Ipove [ 417 | 789 | 1102 | 1564 | 1785 | 355 | 598 | 2213
index 4 GCV% | 480 | 751 | 1247 | 949 | 1840 | 2260 | 971 | 32.45
N IPcves 43 | 783 [ 1300 | 1018 | 2033 | 2373 | 993 | 3338
GCV% | 433 | 838 | 1153 | 12.30 | 14.99 | 2434 | 892 | 2848
> I'PCves | 434 [ 855 | 1101 | 1256 | 1653 | 2440 | 896 | 2558
indexs GCV% | 427 | 588 | 831 | 1007 | 2043 | 25.49 | 13.01 | 30.80
N pcver | 430 | 592 | 883 | 1027 | 2040 | 2555 | 1306 | 30.8

Sele. for = Selection for, Sele. Cite = Selection site, NS = insignificant genotypes mean squares, S =
drought stress, N = normal irrigation.
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Selection under normal irrigation gave higher
mean and OG% as expected compared to
selection under drought stress. Ismail et al (1996)
noted genetic observed gain in GY/P of 7.92 %
from the better parent in 3 cycles of selection.
Mahdy et al (1996) reported 12.67% of the better
parent in GY/P after 3 cycles of selection.

Hamam (2008) Improved GY/P by 15.18 and
22.12% in two populations after 2 cycles of
selection. Mahdy et al (2012) after three cycles
of selection for GY/P noted OG of 20.16 and
10.97% of the better parent for drought stress and
normal

Table 4. Heritability in narrow sense (b Fs/F4) for the traits under selection pressure.

PH SL GY/P MSW | 100 GW
Sel. for | Sel. site DH NS/P NG/S
(cm) | (cm) (9) (9) (9)
S 0.1977
GY/P
N 0.2577
; ) 0.4019 0.2227 | 0.3310 | 0.2277 | 0.2616 | 0.3239 | 0.2359
Index 1
N 0.4009 0.3045 | 0.1231 | 0.1555 | 0.2121 | 0.2249 | 0.1922
) 0.3689 0.2888 0.3246 | 0.1812
Index 2
N 0.1645 0.1904 0.1912 | 0.2180
S 0.3206 0.2590 0.2424 0.2594 | 0.2057
Index 3
N 0.2855 0.3491 0.2519 0.2018 | 0.2044
S 0.2837 0.1929 0.2065 | 0.2405
Index 4
N 0.2348 0.0707 0.1850 | 0.1637
S 0.2067 0.2541 | 0.1471
Index 5
N 0.1614 0.2021 | 0.1795

Sele. for = Selection for, Sele. Cite = Selection site, S = drought stress, N = normal irrigation.

irrigated selections evaluated under drought
stress, and 16.58 and 11% for drought stress and
normal irrigated selections evaluated under
normal irrigation. Fellahi et al (2018) Improved
GY by 22.83% through 2 cycles of desired gain
index.

Cycle3d selection “F5-generation”

Cycles selections either under drought stress or
under normal irrigation were evaluated under
both environments to identify the proper
environment for selection.

Evaluation under drought stress

The observed genetic gain in GY/P after three
cycles of selection in the stress group ranged

from 17.98% for direct selection for GY/P to
23.15% for indexs (Table 7 and Fig.1). The OG
% increased from index; to indexs and all indices
were better in improving GY/ P than direct
selection for GY/P. The same trend of OG was
noticed for normal irrigation group. Direct
selection for GY/P was significantly (P<0.01)
increased days to heading either for stress or
normal irrigation groups. However, index 1, 2 and
3 which involved DH gave significant (P<0.01)
favorable decrease in days to heading. The OG in
NS/P was positive and significant (P<0.01) for all
methods of selection, and selection indices were
better in improving NS/P than selection for
GY/P. Negative significant
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Table 5. Means, observed (OG%) and correlated genetic gains in percentage from the better parent in
the Fs. generation (cycle1) under drought stress (S) and normal irrigation (N).

Sel. | Sel. PH SL GY/P | WMS | 100GW

Item DH NS/P NG/S
for | Site (cm) | (cm) (9) (9) (9)

g | Mean | 79.00 | 80.00 | 12.50 7.50 14.90 2.42 424 | 68.77
GY/P OG% |12.06** | 2.13 [-22.84**| 7.14* | 7.97* |-20.20**|-15.20**| 6.10*
N | Mean | 8250 | 8250 | 1250 | 12.80 | 17.49 3.37 4.40 68.89
OG% |14.58** | 3.13 [-20.10**| 16.36** | -3.37 |-10.36**|-20.00**| 6.30*
s | Mean | 74.00 | 81.00 | 15.55 7.55 14.92 2.28 4.30 68.77
Index OG% | 4.96 | 341 | -4.00 7.90 | 8.10** |-25.00**|-14.10**| 6.10*
1 N | Mean | 75.20 | 83.00 | 13.50 | 12.02 | 19.93 2.85 4.78 69.02
OG% | 4.44 | 3.88* [-18.20**| 9.30** | 10.10** |-24.20**|-13.10**| 6.50**
g | Mean | 73.46 | 79.00 | 13.00 7.79 15.21 2.37 4.15 70.13
Index OG% | 4.20 0.86 |-19.75**| 11.30** | 10.20** |-22.10%* |-17.00**| 8.20**
2 N | Mean | 75.67 | 81.00 | 1350 | 12.16 | 20.31 2.95 4.68 70.96
OG% | 5.10* | 1.38 [-18.18**| 10.50** | 12.20** |-21.40%**|-14.90** | 9.50***
g | Mean | 73.00 | 82.00 | 15.37 7.74 15.22 2.36 4.39 71.62
Index OG% | 3.55 | 4.69* | -5.10* |10.50** | 10.30** |-22.30**|-12.20** | 10.50**
3 N | Mean | 7558 | 84.00 | 13.61 | 12.14 | 20.72 3.18 4.88 71.93
GAY% | 4.97* |5.13** |-17.50**| 10.40** | 14.50** |-15.39%* |-11.20** | 11.00**
s | Mean | 80.00 | 82.00 | 15.63 7.74 15.47 2.39 4.45 72.27
Index OG% |13.48** | 4.69* | -3.50 |10.60** | 12.10** |-21.20**|-11.10**| 11.50**
4 N | Mean | 81.12 | 84.00 | 13.70 | 12.57 | 21.01 3.71 4.98 72.91
OG% |12.67** |5.13** [-17.00** | 14.30** | 16.10** | -1.27 | -9.50** | 12.50**
g | Mean | 79.00 | 82.00 | 14.00 7.95 16.05 2.49 4.48 73.63
Index OG% |12.06** | 4.69* |-13.58**| 13.50** | 16.30** |-18.10**|-10.50** | 13.60**
5 N | Mean | 80.65 | 85.00 | 13.51 | 12.78 | 21.48 3.68 5.05 74.85
OG% |12.01** | 6.38** [-18.10** | 16.20** | 18.67** | -2.10 | -8.20** | 15.50**
G164 g | Mean | 86.23 | 78.33 | 10.47 7.00 13.80 2.62 4.20 64.23
Sids 4 Mean | 70.50 | 70.59 | 16.20 5.05 12.91 3.04 5.00 64.81
G164 N | Mean | 90.69 | 79.90 | 10.84 | 11.00 | 18.10 2.77 4.60 64.80
Sids 4 Mean | 72.00 | 76.92 | 16.50 6.43 15.46 3.76 5.50 57.84

Sele. for = Selection for, Sele. Cite = Selection site and *, ** Significant at 0.05 and 0.01 level of

probability, respectively.

(P<0.01) "OG in SL was observed for all methods
of selection and both of stress and normal
irrigation groups this could be due to the long
spike of the better parent Sids4, but mean spike
length in all methods of selection was equal or
longer than G164 (the lower parents). It could be
concluded that selection in these materials under
stress was better than under normal irrigation in
improving GY/P, when evaluation was done

under drought stress and selection index was
better than single trait selection.

Evaluation under normal irrigation

The observer genetic gain in GY/P of the stress
group (Table 8 and Fig. 1) ranged from 27.9% for
index: to 34.4% for indexs. The best index in
improving GY/P was index 5 followed by indexa,
indexs, direct selection for GY/P, index
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C=cycle, S=stress selections,N=irrigation selections,S/S=stress selection
evaluated under stress, N/S=Irrig.selections evaluated under stress

Figure 1. Observed genetic gain in GY/P(OG%) in percentage from the better parent in the three cycles
under drought stress (S) and normal irrigation (N)

and index:. However, the observed genetic gain
in GY/P of the normal irrigation Group ranged
from 19.47% for single trait selection for GY/P
to 23.3% for index s. All the indices of the normal
irrigation group are better than single trait
selection for GY/P after 3 cycles of selection. It
could be concluded that selection index was
better in improving grain yield than single trait
selection for GY/P either selection practiced
under drought stress or normal irrigation
environment. Furthermore, selection under
drought stress (antagonistic selection) in this
material was better than selection under normal
irrigation (synergistic selection) in improving
GY/P either selection evaluated under drought
stress or under normal irrigation. Falconer (1990)
defined “synergistic selection” as selection
upward in a good environment or downwards in
a bad, and “antagonistic selection as selection
upwards in a bad environment or downwards in a
good. Selection indexs which involved GY/P,
100GW and NG/S was the best index improving
GY/P. These results confirmed with result of
Jinks and Conolly (1973) and Falconer (1990).
Ali (2011) and Mahdy (2012, 2017) reached the
same conclusion.
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The OG in NS/P was positive and significant
(p<0.01) in all selection methods and was in the
same trend of the OG of GY/P. Otherwise, the
OG in SL was negative and significant (P<0.01).
This could be due to the long spike of the better
parent (Sids4), but the mean of SL was in all
cases longer than the lower parent (G164).
Respect to DH, selection for GY/P, index4 and
index5 showed positive and significant (P<0.01)
observed genetic gain, however their means of
days to heading were earlier than the later parent
G164. Index 1, 2 and 3 which involved DH gave
significant (P<0.01) negative favorable observed
gain in DH, and normal irrigation group
(antagonistic selection) was better than the
drought stress group (synergistic selection) either
evaluation was done under drought stress or
normal irrigation environment, which conformed
Jinks and Conolly (1973) rule and Falconer
(1990). Mahdy and Elfarash (2018) reached the
same conclusion.
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Table 6. Means, observed (OG%) and correlated genetic gains in percentage from the better parent in the F4-generation (cyclez) under drought stress
(S) and normal irrigation(N).

Studied traits

Sel.for |Sel. site

Item DH PH (cm) SL (cm) NS/P GY/P (9) WMS (g) 100 GW (g) NG/S
S Mean 77.97 76.72 12.78 8.61 14.55 1.45 4.24 55.10
GY/P 0G% 9.30** -2.06 -21.73** 7.67 9.65* -19.44** -15.11** 7.24*
N Mean 81.25 83.58 12.78 13.30 17.49 1.60 4.31 57.00
O0G% 12.85** 4.48** -18.40** 20.91** -7.32* -32.33** -18.15** 6.84*
S Mean 73.41 73.65 11.37 7.75 15.40 1.47 4.31 55.10
Index 1 OG% 2.92 -5.98** -27.88** 11.78** 10.00** -26.13** -13.80** 7.24*
N Mean 74.00 79.05 11.81 11.85 20.95 1.29 4.45 59.80

OG% 2.78** -1.19** -27.68** 12.86* 11.02** -45.44** -15.56** 12.62**
S Mean 71.00 75.35 11.32 7.80 16.17 1.60 4.17 57.00

Index 2 OG% -0.46 -3.81 -28.17** 12.50* 15.50** -19.60** -16.60** 10.94**
N Mean 72.00 77.83 11.88 11.90 21.89 1.93 4.48 60.10

OG% 0.00 -2.71*%* -27.25** 13.33** 16.00** -18.37** -14.99** 13.18*
S Mean 74.53 73.70 11.38 7.88 16.20 1.45 4.41 58.00

Index 3 OG% 4.49* -5.91** -27.79*%* 13.65** 15.71** -27.14** -11.90** 12.88*
N Mean 75.00 78.08 11.82 12.00 21.90 1.52 4.41 59.30

O0G% 4.17* -2.40** -27.62** 14.29** 16.06** -35.71** -16.32** 11.68**
S Mean 77.13 75.50 12.10 7.90 16.40 1.57 4.49 58.50

Index 4 O0G% 8.13** -3.62 -23.22** 13.94* 17.14** -21.11** -10.20** 13.86*
N Mean 79.55 80.53 13.15 12.10 22.50 1.81 4.75 61.10

O0G% 10.49** 0.66 -19.47** 15.24* 19.24** -23.45** -9.87** 15.07*
S Mean 78.00 73.67 11.77 8.10 16.70 1.66 4.52 60.00

Index 5 0G% 0.35** -5.95* -25.32** 16.83** 19.29** -16.58* -9.60** 16.78**
N Mean 79.00 79.42 12.68 12.20 22.70 1.78 4.69 62.00

0G% 9.72** -0.73 -22.33** 16.19* 20.30** -24.80** -10.93** 16.76**
Giza 164 S Mean 80.00 78.33 10.00 6.93 14.00 1.80 4.00 51.38
Sids 4 Mean 71.33 66.67 15.76 5.23 12.33 1.99 5.00 47.29
Giza 164 N Mean 86.00 80.00 11.33 10.50 18.87 2.04 4.28 53.10
Sids 4 Mean 72.00 70.00 16.33 7.53 15.00 2.36 5.27 37.73

Sele. for = Selection for, Sele. Cite = Selection site and *, ** Significant at 0.05 and 0.01 level of probability, respectively.

115




R.E. Mahdy, SVU-International Journal of Agricultural Sciences, 2 (2): 104-119, 2020

Table 7. Means, observed and correlated genetic gains (OG%) in percentage from the better parent for the different indices in the Fs. generation under

drought stress evaluation.

Sel. Sel. Studied traits
S Mean 90.73 83.80 11.27 7.80 10.50 3.17 4.30 77.00
GY/P 0G% 5.81** -11.28** -28.84** 9.86** 17.98** -4.90 -6.61** 3.17
N Mean 95.20 89.00 11.57 7.60 10.19 3.00 4.25 70.00
OG% 11.02** -5.77** -26.95** 7.04** 14.49** -10.00** -1.57** -6.21**
S Mean 85.00 79.83 12.10 8.17 10.50 3.16 4.61 70.42
Index 1 0G% -0.87** -15.48** -23.58** 15.07** 17.98** -5.20* 0.22 -5.64
N Mean 81.48 82.50 11.00 7.97 10.28 2.46 4.29 57.32
0G% -4.98** -12.66** -30.53** 12.25** 15.51** -26.20** -6.74** -23.20**
S Mean 85.00 84.67 12.00 8.50 10.67 3.12 4.54 75.00
Index 2 0G% -0.87 -10.36** -24.21** 19.72** 19.89** -6.40** -1.30 0.49
N Mean 82.00 80.97 11.10 8.03 10.51 2.83 4.10 70.00
0G% -4.37** -14.28** -29.89** 13.10** 18.10** -15.10** -10.87** -6.21**
S Mean 84.00 78.33 12.00 8.50 10.70 3.33 4.70 78.00
Index 3 OG% -2.04** -17.07** -24.21** 19.72** 20.22** -0.10 2.17 451
N Mean 83.00 84.20 11.47 7.90 10.61 2.41 4.60 75.00
0G% -3.21** -10.86** -27.56** 11.27** 19.21** -27.70%* 0.00 0.49
S Mean 90.00 88.17 13.27 8.50 10.86 3.04 4.93 80.00
Index 4 0G% 4.96** -6.65** -16.19** 19.72** 22.02** -8.80** 7.17** 7.19%*
N Mean 89.30 82.90 12.43 8.30 10.66 2.80 4.43 79.00
0G% 4.14** -12.23** -21.49** 16.90** 19.80** -16.00** -3.70* 5.85*
S Mean 90.87 83.00 12.57 8.50 10.96 2.93 4.90 81.00
Index 5 OG% 5.97** -12.13** -20.61** 19.72** 23.15** -12.10** 6.52* 8.53**
N Mean 90.07 84.67 12.37 8.40 10.78 2.90 4.70 80.00
0G% 5.04** -10.36** -21.87** 18.31** 21.12** -13.00** 2.17 7.19%*
Giza 164 S Mean 93.50 94.45 11.00 7.10 8.90 3.06 4.10 74.63
Sids 4 Mean 85.75 75.00 15.83 5.10 8.20 3.33 4.60 72.46

Sele. for = Selection for, Sele. Cite = Selection site and *, ** Significant at 0.05 and 0.01 level of probability, respectively, S = drought stress and N
= normal irrigation.
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Table 8. Means, observed and correlated genetic gains (OG%) in percentage from the better parent for the different indices in the F5-generation under
normal irrigation evaluation

Sel. Sel. Studied traits

for site Item DH PHcm SL cm NS/P GY/P g MSW G 100 GW ¢ NG/S
S Mean 91.63 87.00 11.60 10.91 16.27 3.00 4.67 75.00
GY/P O0G% 2.96** -10.00** -25.16** 22.61** 30.13** -22.15%* -13.44** 0.49
N Mean 93.83 86.83 11.60 9.55 14.93 2.70 4.46 77.00
OG% 5.43** -10.17** -25.16** 7.36** 19.47** -29.93 -17.50** 3.17
S Mean 87.00 87.50 11.77 10.69 15.99 3.07 4.85 78.00
Index 1 0G% -2.25** -9.48** -24.06** 20.10** 27.90** -20.46** -10.19** 4.51
N Mean 85.00 82.83 12.27 10.25 15.00 2.87 4.81 75.00
0G% -4.49** -14.31** -20.84** 15.20** 20.00** -25.52** -10.93** 0.49
S Mean 86.00 85.33 11.70 10.35 16.25 3.74 4.89 93.82

Index 2 0G% -3.37** -11.73** -24.52** 16.29** 30.00** -2.94 -9.44** 33.75**
N Mean 84.00 86.30 12.42 10.5 15.01 3.25 4.85 82.33

0G% -5.62** -10.72** -19.87** 17.98** 20.10** -15.66** -10.19** 10.31**
S Mean 85.00 85.50 11.96 10.69 16.50 3.12 4.40 85.50

Index 3 0G% -4.49** -11.55** -22.84** 20.11** 32.00** -19.03** -18.52** 21.88**
N Mean 82.00 84.17 12.23 10.60 15.13 3.27 4.70 75.00
0G% -7.87** -12.93** -21.10** 19.10** 21.00** -15.14** -12.96** 0.49
S Mean 92.33 86.50 13.13 10.94 16.66 3.95 4.88 95.00

Index 4 OG% 3.74** -10.52** -15.29** 22.90** 33.28** 2.51 -9.63** 35.43**
N Mean 92.00 86.67 13.20 10.78 15.28 3.38 4.70 80.28
OG% 3.37** -10.34** -14.84** 21.10** 22.20** -12.28** -12.96** 7.56*
S Mean 92.90 86.73 13.53 11.08 16.80 4.49 4.90 98.00

Index 5 OG% 4.38** -10.28** -12.71** 24.48** 34.40** 16.52** -9.26** 39.70**
N Mean 91.77 86.47 13.80 10.69 15.41 3.11 4.80 81.00

OG% 3.11** -10.55** -10.97** 20.10** 23.30** -19.29** -11.11** 8.53**
G 164 N Mean 98.00 96.67 10.55 8.90 12.50 3.16 4.50 74.63
Sids 4 Mean 89.00 81.67 15.50 6.20 11.28 3.85 5.40 72.46

Sele. for = Selection for, Sele. Cite = Selection site and *, ** Significant at 0.05 and 0.01 level of probability, respectively, S= drought stress and N=

normal irrigation.
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