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Abstract Field experiments were carried out at Faculty of Agriculture, Sohag University, Egypt to estimate
observed and expected response to selection and genetic parameters after two cycles of phenotypic selection in F,
population. Highly significant differences among F; and F, families under normal and drought stress conditions for
no. of spikes/plant (NS), 100-Seed weight (SW), plant height (PH), days to heading (DH) and grain yield/plant (GY)
were observed. Direct response to selection for NS, SW and PH were positive and highly significant with values of
15.16, 26.34 and 6.18 %, respectively compared with check cultivar (Sahel 1) in F4; generation under normal
conditions. Meanwhile, under drought conditions, they were 14.39, 20.35 and 6.35%, respectively. Correlated
response to selection was significant and positive for GY compared with check cultivar under two conditions. While,
it was very significant and negative for HD under normal and drought stress. Expected response to selection for NS,
SW and PH were (1.45 and 1.62 spikes/plant), (0.37 and 0.23 gm) and (6.21 and 5.90 cm), respectively in F4 under
normal and water stress conditions, respectively. High broad sense heritability values for NS, SW and PH was
obtained under normal and drought stress in F; and F4 generations. Narrow sense heritability in F4 were (48.24 and
55.31%), (53.34 and 43.43%) and (52.12 and 48.73%) for NS, SW and PH, respectively, under normal and drought
stress, respectively. Positive and significant correlation between three characters (no. of spikes/pant, 100 kernel
weight and plant height) and grain yield/plant under normal and drought stress conditions. Thus, direct selection of
these characters should be of major concern for increased grain yield under two conditions. Drought susceptibility
index (DSI) showed that four families were superior for drought tolerance and had high grain yield under drought
stress in F, generations. These genotypes could be used as source of drought tolerance/or factors contributing to
general adaptation.
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Although development of higher-yielding crops under
water-limited environments is the most viable solution to

1. Introduction

Wheat (Triticum aestivum L.) is one of the main crops
consumed by humans and it is cultivated in different
environments. Drought is the single largest abiotic stress
factor leading to reduced crop yields, so high-yielding
crops even in environmentally stressful conditions are
essential [9,14]. The increasing incidence and importance
of drought in relation to crop production has rendered it as
a major focus of research for several decades. However,
studying drought response is challenged by the complex
and quantitative nature of the trait. Drought tolerance is
complicated with environmental interactions. In the
analysis of a plant’s drought response, the mode, timing,
and severity of the dehydration stress and its occurrence
with other abiotic and biotic stress factors are significant
[24].

stabilize and increase wheat production under current
climatic conditions, it is challenged by the nature of
drought response as a trait and the complex genomic
constitution of wheat [11]. Genetic improvement for
drought tolerance in wheat could be possible through
conventional and mutation breeding tools. There is a
strong need to identify stress tolerant genotypes which can
grow and flourish well under harsh environments (low
water requirements).

Independent culling levels selection is simultaneously
and independently performed for all the characters. In this
method, a specific level is considered for each trait and all
the plants, which do not reach this level, are removed
regardless of other traits. Independent culling levels is an
alternative to index selection; plants are selected at a given
intensity for several traits in the same generation but in
sequence for each trait [16]. In wheat, morphological traits
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of aerial parts of the plant that are correlated with lodging
resistance are: plant height [4,17]. Plant height and culm
stiffness explained 77% of phenotypic variance of lodging
over all three environments [17]. Lodging and grain yield
were negatively correlated, while lodging and plant height
were positively correlated [32].

A drought susceptibility index provides a measure of
stress resistance based on minimization of yield loss under
stress as compared to optimum conditions, rather than on
yield level under stress per se. Drought susceptibility
index has been used to characterize relative drought
tolerance of wheat genotypes [5,13].

The objective of the research was to determine the
effect of selection for three characters at sequential culling
levels in bread wheat population under normal irrigation
and drought stress conditions.

2. Material and Methods

The present study was carried out during the period
from 2005 /06 to 2008/09 growing seasons, at Faculty of
Agriculture, Sohag University, Egypt, to estimate the
response to selection (i. e. pedigree selection) under
normal and water stress conditions, in early generations of
a bread wheat (Triticum aestivum L. em. Thel) population
originated from the cross between Sids 4 and Tokwie
(Table 1). The genetic parameters were estimated in F;
and F, generations.

Table 1. The pedigree and origin of the two parents and the tolerant
cultivar (Sahel 1)

PH, from 110 to120 cm under normal and from 100 to 110
cm under drought stress, to give good straw weight with
resistance of lodging). An equal number of grains
composted from each F; plant to gave F4 bulk progenies in
addition to the parents and the check.

In 2007/08 season (F, generation), two field
experiments were conducted as in the previous season.
The selected families from the F; generation were
evaluated under stressed and normal irrigated conditions;
along with the two parents, bulk sample and the check
cultivar Sahel 1.

Statistical procedures:

1. Analysis of variance (Table 2) for randomized
complete block design was carried out according to
[28].

2. The genotypic variance 62g=M;—-M; /r

. The phenotypic variance 62 p=c2g+c2e
4. The genotypic (G.C.V%) and phenotypic (P.C.V%)

coefficients of variability were calculated as cg /X
and op / X , respectively.

5. Heritability in the broad sense (H) was estimated as
the ratio of genotypic (c°g) to the phenotypic (c?g +
o) variance [32].

w

Table 2. The analysis of variance and expected means of squares

SOV D.F M.S E.M.S
Replication r-1 M3 clet+ g o
Genotypes g-1 M, o’ +ro’g

Error (r-1) (g-1) M; c’e

Parental name Pedigree Origin
. May'S'/Mon'S//CMH74A.592/3/
Sids 4 (P1) Giza 157*2 Egypt
Tokwie (P2) - South Africa
Sahel 1 NS 732/PIMA//Veery'S' ICARDA

In the 2005 / 06 season, 1000 plants of F, generation
were grown in four non-replicated plots. Each plot
consisted of 12 rows 3 m long, 20 cm apart and grain
spaced 10 cm within row (30 individual plant/row). Also,
the parents and the local check (Sahel 1, drought tolerant)
were grown alongside each a row. The soil was fertilized
at the rate of 20 kg/fed (15% P,0s) and 80 kg/fed (33.5%
ammonium nitrate) and weeds were controlled by hand.
Data were collected on 600 harvested plants. Data were
recorded on humber of days to heading (DH), plant height
(PH), No of spikes/plant(NS), 100-Seed weight (SW) and
grain yield/plant (GY) for each individual plant. Sixty
plants for independent culling levels selection (ICL) based
on three characters (high NS, high SW and best PH) were
selected from the F, generation. An equal number of
grains from each plant (600 plants) were bulked to give F3
random bulk sample.

In the 2006/07 season, two field experiments were
conducted each in a randomized complete block design of
four replications. The first experiment did not receive any
irrigation after jointing stage (drought stress “D”), while
the other one was grown in supplemental water when ever
required to harvest (Normal irrigated condition “N™). Each
selected plant from the F, generation was planted in the
two experiments. Each experiment comprised 60 F;
families. The 22 families were selected on the basis of
independent culling selection (high NS, high SW and best

6. Heritability in the narrow sense was estimated using
the correlation and offspring regression according to
[27].

7. The genetic parameters were estimated as outlined by
[10,20].

8. Mean comparisons were calculated by using revised
L.S.D where, L.S.D = least significant difference,
and was calculated as:

RLSDa = (t-)a *\[(2MSg / r) [8].

9. The significance of observed direct and correlated
response to selection was measured as deviation
percentage of families mean from the bulk or the
better parent or the check using L. S. D. where,
L.S.D = least significant differences between the
bulk or the better parent or the check values and
mean of the selected families, and was calculated as:

L.S.D =/(MSg/ r +MSg /fr) * ta

where f: number of families r: number of replicates. where
t- is the t value from "minimum-average-risk t-table" at F-
value of treatments, treatment df and experimental error df.
10. Drought susceptibility Index (S): was calculated
according to the method of [13].

3. Results and Discussion

3.1. Evaluation of the Base Population (F, Plants)

The results in Table 3 showed that Number of days to
50 % heading ranged from 74.00 to 97.00 days with an
average of 82.98 days and variation coefficient was 5.91%
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in F, plants under normal conditions (Figure 1 a). The
average number of spikes/plant was 5.28 spikes/plant with
a range from 2.00 to 11.00 spikes/plant and variation
coefficient was 33.84% (Figure 1 b). 100-Seed weight
ranged from 2.00 to 5.26 gm with an average of 3.99 gm
and coefficient of variation was 11.89% (Figure 1 c).
Mean plant height was 117.71 cm with a range from 85.00
to 148.00 cm and variation coefficient was 10.77%
(Figure d). Average grain yield/plant ranged from 1.36 to
16.62 gm with an average of 7.70 gm and coefficient of
variation was 39.29% (Figure 1 e).

Table 3. Range, mean and coefficient of variation in F, plants for PH,
NS, SW, DH and GY under normal conditions

Trait Range Means + S.E CV.%
PH 85.00 — 148.00 117.71£0.52 10.77
NS 2.00-11.00 5.28 £0.07 33.84
SW 2.00-5.26 3.99 £0.02 11.89
DH 74.00 - 97.00 82.98 £0.20 591
GY 1.36 - 16.62 7.710+£0.12 39.29
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Figure 1. (a, b, c, d and e) shows the normal distribution of DH, NS, SW, PH and GY as traits on the F, plants under normal irrigated conditions

3.2. The Response to Direct Selection for ICL
under Normal and Water Stress Conditions

Variance and means: The analysis of variance for NS,
SW and PH (Table 4) showed highly significant

differences among F; and F, families under normal and
water stress conditions. These results suggest that
selection for each of these traits will be effective, in
addition great response to selection can be achieved from
selection in such population having a large amount of
phenotypic and genotypic variance [18,35]. Ref. [34]
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reported that although response to selection will be greater

in population with great genetic variance.

Table 4. Mean squares for all studied traits in F; and F, of ICL families of under normal (N) and drought stress conditions (D)

Gene. Cond. Sov df
NS
Reps 3 0.10
N Families 63 8.35**
F, Error 189 0.15
Reps 3 0.33
D Families 63 7.39%*
Error 189 0.15
Reps 3 0.19
N Families 25 10.36**
K, Error 75 0.31
Reps 3 0.13
D Families 25 10.46**
Error 75 0.25

Direct selection

Mean square
Correlated traits

SW PH DH GY
0.23 121 19.49 0.86
1.55** 122.13** 111.31** 33.63**
0.04 3.58 2.28 0.77
0.19 4.94 6.54 6.61
2.01** 35.96** 99.21** 15.15**
0.03 3.33 3.19 0.61
031 6.94 0.78 0.99
0.63** 78.46** 49.42** 26.87**
0.06 1.82 1.64 1.33
0.02 4.61 2.06 0.09
0.54** 178.99** 47.74%* 12.98**
0.03 2.77 1.86 0.78

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

The results showed (Table 5) that two families, i.e., no.
6 and 25 under normal condition and four families (no. 6,
13, 25 and 45) under drought condition were significantly
higher than the better parent in NS. While, twelve families,
i.e., no. 6, 13, 19, 25, 36, 37, 39, 42, 43, 45, 46 and 55
surpassed the check under normal and drought stress
conditions in NS. Ten families, i.e., no. 6, 22, 23, 24, 25,
28, 33, 37, 42, and 45 under drought condition were

significantly higher than the better parent in SW.
Meanwhile, all selected families surpassed the check
under drought condition except (no. 55) n SW. While,
fourteen families, i.e., no. 1, 13, 19, 22, 23, 24, 25, 36, 37,
38, 39, 43, 46 and 55 were suitable PH to give good straw
weight with resistance of lodging under normal and
drought stress conditions [17,33].

Table 5. Mean grain yield and correlated traits of independent culling levels families in F, generation under normal and drought stress

condition
Normal irrigation Drought stress
?:rlr?icltizg Selection criteria Correlated traits Selection criteria Correlated traits
NS sSwW PH DH GY NS SW PH DH GY
1 8.45 5.09 118.90 83.50 19.21 6.35 4.72 109.70 82.75 14.51
6 11.40 5.98 129.60 79.00 26.32 10.35 5.24 110.90 78.25 16.28
13 10.70 4.95 115.65 75.75 21.44 9.75 441 104.25 75.00 14.91
19 9.05 5.33 118.60 82.50 20.69 8.70 4.83 109.55 81.25 17.23
22 7.60 5.78 122.95 76.00 20.51 7.00 5.03 110.65 75.75 17.43
23 7.35 5.91 121.30 79.50 18.45 6.85 5.41 111.10 78.00 13.13
24 6.00 5.43 111.15 77.25 19.35 5.00 5.18 111.30 76.50 16.37
25 11.20 5.44 114.95 78.25 21.50 10.55 4.93 101.15 77.25 17.39
26 8.50 5.10 124.80 80.75 18.69 6.75 4.61 105.15 80.00 14.99
28 8.05 5.76 134.00 76.00 21.24 7.03 5.06 111.55 75.00 15.11
33 8.35 5.91 118.10 75.75 21.32 7.75 5.35 115.75 75.25 17.70
36 9.85 5.03 119.15 80.75 24.30 8.65 4.45 105.35 79.75 13.82
37 10.60 5.61 122.10 69.00 19.72 9.00 5.06 111.30 68.00 15.59
38 8.05 5.11 114.65 78.75 21.31 7.50 4.60 111.00 78.00 17.45
39 9.00 5.33 117.15 85.25 20.18 8.00 4.48 103.50 84.50 15.17
42 9.65 5.22 129.00 78.75 21.30 8.00 4.89 105.80 78.25 14.28
43 9.05 5.14 116.20 80.75 22.21 8.50 4.55 108.75 80.25 16.01
45 10.45 5.87 132.10 78.00 26.55 9.88 4.88 105.95 77.25 19.37
46 9.65 5.88 115.15 81.00 24.50 8.50 4.66 109.10 80.00 14.79
48 8.10 5.25 123.60 76.50 18.85 6.65 4.18 113.75 76.25 14.94
55 9.00 5.31 116.30 77.25 20.09 7.80 4.66 108.85 76.75 13.20
62 8.90 4.87 112.30 78.75 18.11 6.25 4.21 97.65 78.00 12.40
Average 9.04 5.42 120.35 78.59 21.17 7.95 4.79 108.28 77.82 15.55
P1 4.05 5.60 105.35 71.75 17.46 3.60 4.62 96.10 71.25 13.11
P2 10.15 5.26 123.85 80.00 18.16 9.10 4.50 114.05 79.50 13.90
Bulk 7.70 5.20 118.50 75.25 16.80 6.30 4.36 104.10 75.00 12.72
Sahel 1 7.85 4.29 113.35 82.50 17.08 6.95 3.98 102.30 81.75 13.38
RLSDg 5 0.69 0.32 1.67 1.58 151 0.62 0.23 2.06 1.73 1.16
RLSDg 1 0.90 0.42 2.18 2.12 191 0.81 0.30 2.70 2.21 1.46

The observed and expected responses to selection of the
independent culling levels selection are presented in Table

6. The observed response to selection for NS compared
with bulk, better parent and check (Sahel 1) were (17.40, -
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10.94 and 15.16 %) and (26.19, -12.64 and 14.39 %) in F,
families under normal and drought conditions, respectively.
The observed response for SW were (22.45, -3.21 and
26.34 %) and (9.86, 3.38 and 20.35 %) in F4 families
under normal and water stress conditions, respectively.
Meanwhile, the observed response for PH were (1.56,
14.24 and 6.18 %) and (4.51, -4.60 and 6.35 %) in F,
families under normal and drought stress conditions,
respectively. Moreover, the observed direct response to
selection for NS and SW resulted in positive and highly

significant observed gain compared with bulk and the
check (Sahel 1) under normal and drought stress
environments. On the other hand, the expected responses
to selection for NS, SW and PH, respectively, were (12.75 and
16.20%), (5.46 and 3.74%) and (4.94 and 4.31%) in F4
families under normal and drought stress conditions,
respectively.  Similar results were reported by
[2,6,7,18,21,23,29,30]. Indirect selection based upon one
or more of yield components, i.e., NS and SW might be
more effective than direct selection for GY itself [36].

Table 6. The observed and expected responses to selection in F, generation for all studied traits of ICL families under normal (N) and drought

(D) conditions

Response to selection as deviation from

Trait Bulk Best patent Check (Sahel 1) Expected response
unit % unit unit % unit %
Direct response
N 1.34** 17.40** -1.11** -10.94** 1.19** 15.16** 1.15 12.75
NS D 1.65** 26.19** -1.15** -12.64** 1.00** 14.39** 1.29 16.20
N 0.43** 9.86** 0.17 3.68** 0.81** 20.35** 0.18 3.74
SW D 0.22 22.45%* -0.18 -3.21%* 1.13** 26.34** 0.30 5.45
N 4.70** 451** -5.25%* -4.60** 6.50** 6.35** 4.69 431
PH D 1.85** 1.56* 15.00** 14.24** 7.00** 6.18** 4,94 4,94
Correlated response in
N 3.34** 4.44%* 6.84** 9.53** -3.91** -4.74%* 1.44 1.84
DH D 2.82** 3.76** 6.57** 9.22%* -3.93** -4.81** 1.38 1.77
N 2.83** 22.25%* 1.65** 11.87** 2.17** 16.22** 1.67 10.75
GY D 4.37** 26.01** 3.01** 16.57** 4.09** 23.95** 191 9.00

Phenotypic, genotypic coefficients of variability and
heritability: The phenotypic (P.C.V. %) and genotypic
(G.C.V. %) coefficients of variation (Table 7) for NS in F3
families were 36.40 and 29.16% under normal conditions,
respectively as well as they were 42.84 and 37.02 % under
drought conditions, respectively. While, in F, generation,
they were 43.99 and 36.19% under normal conditions,
respectively as well as they were 46.89 and 39.48 % under
drought stress conditions, respectively. The phenotypic
variability (p.c.v. %) for SW under drought stress was
2.09 % in F3 and 3.76% in F, families, Meanwhile it was
under normal conditions 4.66 and 7.68 % in F; and F4
families, respectively. But the genotypic variability
(9.c.v %) under drought stress was 1.38 in F; and 2.89 %
in F4 families, while under normal conditions it was 3.42
and 6.12 % in the F; and F, generations, respectively.
Meanwhile, the phenotypic values (p.c.v) for PH under
normal conditions were 33.22 and 45.98 % in the F; and
F, generations, respectively. While it was 36.49 and
46.83% in F3; and F4 generations under drought stress,

respectively. Moreover, the magnitude of genotypic
variability was 29.64 % in F3 and 44.16 % in F, generation
under normal conditions, while it was 33.16 and 44.06 %
in F; and F, generations under drought stress, respectively.
These results are in harmony with [3,7,19,21,30]. Greater
response to selection can be expected from selection in
population having greater phenotypic and genotypic
variance [18,34,35].

The broad sense heritability (Table 7) under normal and
drought stress for NS, SW and PH in F; generation were
(80.09 and 86.43 %), (73.36 and 65.96%) and (89.23 and
90.87%), respectively. While in F4 generation they were
(82.27 and 84.20 %), (79.66 and 76.76%) and (96.04 and
94.09%) for the same traits, respectively, indicating that
environmental effects were small as compared to the
genetic effects. While narrow sense heritability in F,4
generation under normal and drought stress were (48.24
and 55.31%), (53.34 and 43.43%) and (52.12 and 48.73%)
for NS, SW and PH, respectively. These results are in line
with those obtained by [3,7,25,30].

Table 7. The genetic parameters of NS, SW and PH in F; and F, generations of ICL families under normal and drought conditions

NS SW PH
Items Normal Drought Normal Drought Normal Drought
F3 F4 F3 F4 F3 F4 F3 F4 F3 F4 F3 F4

pheno. Var. 36.40 43.99 42.84 46.89 4.66 7.68 2.09 3.76 33.22 45.98 36.49 46.83

Geno. Var. 29.16 36.19 37.02 39.48 3.42 6.12 1.38 2.89 29.64 44.16 33.16 44.06

P.CV. % 14.69 13.64 18.97 16.60 14.57 13.40 13.32 12.43 4.98 5.68 5.72 6.36

G.CV.% 13.15 12.37 17.64 15.23 12.48 11.96 10.82 10.89 471 5.56 5.46 6.15
Heritability

Broad-sense 80.09 82.27 86.43 84.20 73.36 79.66 65.96 76.76 89.23 96.04 90.87 94.09

Narrow-sense -- 48.24 55.31 53.34 43.43 -- 52.12 -- 48.73
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3.3. Effects of Selection for ICL under
Normal and Water Stress Conditions on
Correlated Traits

3.3.1. Variance and Means

Analysis of variance (Table 4) for DH and GY revealed
highly significant differences in F; and F, generations
under the two environments.

Data in Table 3 presented the range and average of F,
generation under normal and water stress conditions for
the correlated traits. The average DH in F, generation
ranged from 69.00 to 85.25 with an average of 78.59 days
and from 68.00 to 84.50 with an average of 77.82 days
under the two environmental conditions, respectively.
Meanwhile, the averages of DH were 75.25, 71.75 and
82.50 days for bulk population, early parent and check
(Sahel 1), respectively under normal condition and were
75.00, 71.25 and 81.75 days for bulk population, early
parent and check, respectively under drought condition.

The results in Table 5 indicated that all selected
families except (no. 1, 19, 39 and 46) under non-stress
condition and all selected families except (no. 1, 19, 39
and 43) under stress condition for DH were significantly
earlier than the check (Sahel 1). Moreover, the value of
earliness in significantly families for DH was 1.17 days
for family no. 37 and was 1.52 days for family no. 37
compared with earlier parent under normal and drought
stress conditions. While, one family, i.e., no. 37 under
normal and drought conditions were significantly earlier
than the earlier parent. Furthermore, they varied from 0.17
days for family no. 26 or 36 or 43 to 11.92 days for family
no. 37 and from 0.02 days for family no. 26 or 46 to 12.02
days for family no. 37 compared with the check (Sahel 1)
under normal and drought conditions, respectively.

GY in F, generation (Table 3) ranged from 16.80 to
26.55 with an average of 21.17 g/plant and from 12.40 to
19.37 with an average of 15.55 g/plant under the two
environments, respectively. Meanwhile, the average of
GY for bulk population, better parent and check were
(16.80, 18.16 and 17.08) and (12.72, 13.90 and 13.38)
under normal and drought conditions, respectively.

All selected families (Table 5) under normal condition
except (no. 1, 23, 24, 26, 48 and 62) and all selected
families under drought stress conditions except (no. 1, 13,
23, 26, 36, 42, 46, 48, 55 and 62) for GY were
significantly out-yielded the better parent. While, all
selected families under normal condition except (no. 23
and 62) and all selected families under stress condition
except (no. 1, 23, 36, 42, 55 and 62) were significantly
higher than the check.

Moreover, the values of grain yield in significantly
families varied from 0.05 gm for family no. 37 to 6.88 gm
for family no. 45 and from 0.05 gm for family no. 28 to
4.31 gm for family no. 45 compared with better parent
under normal and drought environments, respectively.
Meanwhile, they varied from 0.10 gm for family no. 26 to
7.96 gm for family no. 45 and from 0.25 gm for family no.
46 to 4.83 gm for family no. 45 compared with the check
under normal and drought environments, respectively.

Correlation: positive and significant correlation (Table
8) between three characters (NS, SW and PH) and GY
under normal and drought stress conditions in Fy
generation. Thus, direct selection of these characters

should be major concern for increased GY under two
conditions. Meanwhile, negative and significant
correlation between SW and DH, in the same time, no
significant between two characters (NS and PH) and DH
[3,26,30].

Table 8. Correlation between three characters (NS, SW and PH) and
GY and DH in F, generation under normal and drought conditions

Traits NS SwW PH
Gy N 0.61** 0.51** 0.43**
D 0.47** 0.52** 0.26*
N NS -0.34** NS
DH
D NS -0.22* NS

Drought susceptibility index (DSI): The values of
DSI for families selected for independent culling levels
(Table 9) ranged from 0.69 to 1.31 and from 0.56 to 1.60
in F; and F4 generations, respectively.

Table 9. The drought susceptibility index (DSI) and grain yield (GY)
of Families selected for independent culling levels in F3 and F4
generations

F3 generation F4 generation

selected

o GY GY
families N b DSl N D DSI
15.61 11.08 1.00 19.21 14.51 0.91
19.55 12.83 1.19 26.32 16.28 1.41
13 18.11 12.82 1.01 21.44 14.91 1.13
19 14.42 11.45 0.71 20.69 17.23 0.62
22 14.97 11.99 0.69 20.51 17.43 0.56
23 15.54 11.03 1.00 18.45 13.13 1.07
24 16.40 12.83 0.75 19.35 16.37 0.57
25 17.85 13.93 0.76 21.50 17.39 0.71
26 14.60 10.75 0.91 18.69 14.99 0.73
28 17.44 10.94 1.29 21.24 15.11 1.07
33 16.26 12.89 0.71 21.32 17.70 0.63
36 15.60 10.34 1.16 24.30 13.82 1.60
37 15.64 10.78 1.07 19.72 15.59 0.78
38 15.74 12.29 0.76 21.31 17.45 0.67
39 16.82 10.84 1.23 20.18 15.17 0.92
42 19.44 12.50 1.23 21.30 14.28 1.22
43 17.59 10.91 1.31 22.21 16.01 1.03
45 18.90 13.12 1.05 26.55 19.37 1.00
46 15.70 10.76 1.09 24.50 14.79 1.47
48 14.20 10.95 0.79 18.85 14.94 0.77
55 14.75 10.86 0.91 20.09 13.20 1.27
62 12.97 9.16 1.01 18.11 12.40 1.17

The results showed that nine families in F3 and eleven
in F, generation gave low values of drought susceptibility
index (DSI < 1), while the eight families, i.e., no 19, 22,
24, 25, 26, 33, 38 and 48 produced the low values of
susceptibility index in F; and F,;. Superior families for
drought tolerance of the selected families gave low values
of drought susceptibility index and the highest grain yield
under drought, these families (Tables 5 and 9) were no. 24,
25, 33 and 38 in F3 and F4 generations and no. 19, 22, 37
and 39 in F, generation. These genotypes could be used as
source of drought tolerance / or factors contributing to
general adaptation. These results are in agreement with
those obtained by [1,12,15,18,22,31]. These results were
confirmed by high heritability, high response to selection
and more identified superior lines under normal and
drought stress conditions in latter generations due to
selection for independent culling levels in early
generations.
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