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Abstract

This study was carried out at Shandaweel Agric. Res. Station,
during 1998/99, 99/2000 and 2000/2001 wheat growing seasons.
It aimed to estimate observed and expected responses to selection
and other genetic parameters under normal and drought
conditions. Two populations of bread wheat were used in the F, F3
and F4 generations. The results showed that the values of observed
responses for selection to high yield were higher than that for
selection to low vyield and the observed responses was less than
the expected responses for yield and yield components. Broad
sense heritability under the two environments were high for all
studied characters, whife the narrow sense one under drought
stress ranged from 34.31 to 47.38 % for days to heading, from
23.39 to 42.78 % for flag leaf water loss, from 31.25 to 42.78 %
for number of spikes/plant, from 27.63 to 42.41 % for number of
kernels/spike, from 31.72 to 40.33 % for 100-kernel weight and
from 19.13 to 39.63 % for grain yield/plant. The respective reaiized
heritabilities ranged from 51.82 to 59.64 %, 61.87 to 79.28 %,
32.45 to 48.84 %, 17.43 to 23.19 %, 42.89 to 57.14 % and 31.03
to 39.90 % for the same characters. These results showed that
pedigree method of selection was effective to produce new lines
tolerant to drought stress.

INTRODUCTION

Wheat (7riticum aestivurrL.) is considered one of the most strategic food In
Egypt since 7000 years ago. It is used as a basic staple food for almost of urban areas
and /or in blending with maize in rural ones. In addition, straw yield is important
fodder for cattles. Wheat provides more than one-quarter of the total world cereals,
and constitutes the main source of calories for more than 1.5 thousand mitlion people.
in Egypt, increasing grain yield of cereal crops is considered one of the important
national goals to face the growing needs of the population. Therefore, it has become
necessary to develop genotypes, which consistently show superior yields., Overcoming
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the gab between cereal production and consumption depends mainly on horizontal
extension of cultivated area of cereals and on raising yield per unit area is
encountered by unfavorable conditions such as drought, heat and high salinity of soils.
The first step is to identify, the superior tolerant genctypes to be used in the breeding
programs.

Selection for stress tolerance in breeding programs has been impeded by lack
of appropriate strategies and screening techniques (Gozlan and Mayer 1981),
Development of cultivars tolerant to drought stress is an objective in many breeding
programs, but success has been limited. Genetic improvement of stress tolerance in
crop plants requires identification of relevant physiological stress tolerance
mechanisms as selection criteria (Mayer and Gozlan 1982) and testing to verify the

value of such criteria for improvement of stress tolerance.

Results of drought stress {Moshref, 1996) showed that broad sense heritability
were high for No. of spikes/plant and No. of grains/spike, while it was moderate for
grain yield/plant and 100-kernel weight. On the other hand, narrow sense heritability
values were high for No. of spikes/plant and No. of kernels/spike, while they were
moderate for grain yield/plant and 100-kerne! weight. Expected genetic advance
values under drought stress were high for No. of spikes/plant, moderate for No. of
kernels/spike and low for 100-kernel weight, heading date, plant height and grain
vield/plant. To achieve genetic improvement through selection, heritability must be
reasonably high. However, heritability of characters such as yield is often low under
drought conditions due to non-uniform testing condition, small genotypic variance or
large genotypic x environment interaction variance (Smith et al 1990). This study
aimed to investigate the response to selection in the early segregating generations for
producing lines having high grain yield under drought stress, hopping to assist wheat
breeders to identify superior genotypes.

MATERIALS AND METHODS

The present study was carried out from 1998 /1999 to 2000 / 2001 wheat
growing seasons, at Shandaweel Agric Res, 5ta., Agric. Res, Center, Ministry of Agric
and found seclamation., Egypt. To estimate the response of pedigree selection under
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drought stress, in early generations of two bread wheat (7Hiticum aestivum L. em.
Thell) populations. The genetic parameters of phenotypic, genotypic variances,
variability and heritability were estimated In F,, F; and F: generations. Four parents
were chosen for their diverse physiological and yield characters response to drought
stress, The first population was formed from crossing between Giza 165 x Nacozari —
76 and the second population was derived from the cross Debeira x Cham 6. The two
populations were taken from Shandaweel bread wheat breeding program.

In the 1998 / 1999 season, 1500 plants from the two populations F, generation
were grown in plots consists of 12 rows, 7m long, 30 cm. apart and 10 cm between
plants within rows. Alse, the parents and a local check for drought tolerance {Sahel 1),
were grown alongside in two rows for each plot. The drought stress was imposed
during reproductive development by preventing irrigation after jointing stage. Data
were collected on 600 harvested plants of each population. Grain yield was recorded
on each individual plant. The twenty highest and twenty lowest yielding plants were
selected, alongside twenty random plants from each population.

In 1599/2000 season two field experiments were conducted with three replications.
The first did not receive any irrigation water after iointing stage (drought stress “D").
The second experiment was grown using supplemental water applied regularly as
recommended (normal "N”). Each experiment comprised 60 F; families (20 high and
20 low yielding were selected and 20 unselected families). An equal number of grain
composites from each F; plants to give F,; bulk progenies in addition to the parents
and the check, These entries were grown in a single row plots with 2 m. long, 30 cm
apart and 10 cm between plants within row in a randomized complete block design
(RCBD) with three replications.

In 2000/2001 season, experimental design and the cuiltural practices for the F,
families were similar to that used in F;. Recommended field practices for wheat
production were adopted over all the growing seasons. Sowing dates were through
the last weak of November in the three seasons. Data were recorded on ten randomly
guarded plants from each family in F; and Fy generations. The means of the ten plants

were subjected to the statistical and genetic analysis.
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The measured characteristics were days to 50 % heading, Fiag leaf water loss

(the technique of excised leaves cutlined by Clarke and Mc Caig, 1982), number of
spikes /plant, number of kerneis/spike, 100-kernel weight “gm” and grain yield /plant
“gm”.

Analysis of variance for (RCBD).
1. The observed and expected response to selection were calculated using the following

formula :

Observed response= the difference between the mean of the selected families and the

mean of bulk population.

Expected response = iH, 0 p

where i = selection intensity {at 10% { = 1.76), H = broad sense heritability and o p =

is the phenotypic standard deviation,

The degrees of freedom and expected mean squares are present in Table (1).

Table 1. The ANOVA and expected means of squares for (RCBD).

Source of variance D.F M.S E.M.S
Replication r-1 M; e+ g o’r
Genotypes g-1 M, cle+rolg
Error (r-1) (g -1) M, c’e

2. The genotypic variance o> g = M, — M, / r

3. The phenotypic variance * p = o> g + ¢ e

4. The genotypic (G.C.V%) and phenotypic {P.C.V%) coefficient of variahility were
calculated as 6g / x and 6p / x respectively .

. Heritability in broad sense (H) was estimated as the ratio of genotypic (c* g) to
the phenotypic (¢ g + o e) variances.

6. Heritability in the narrow sense was estimated using the correlation and off spring
regression according to Smith and Kinman (1965).

. Realized heritability was calculated according to Alexander efa/{1984).

. The genetic parameters were estimated as outlined by Mather and Jinks 1977, and
Falconer {1989).



TAMMAM AM, 1 M.SF. EL-ASHMOONY? A A. EL-SHERBENY 2 1217
AND LA. AMIN *

RESULTS AND DISCUSSION

The analysis of variance indicated significant differences in the F3 and F4
families under the two environments for all the studied traits (Table 2). Observed
respbnses to selection are presented in Table (3 and 4), indicated that selection for
high and low grain yield under drought stress and normal conditions were effective.
Days to heading decreased by 2.82 and 2.85 as weli as {4.31 and 4.73 days for the
bulk F, families in population I under drought and normal treatments, respectively.
Simifar results were found by Kheiralla ef 2/, 1993. Similar trend for the water loss%
was observing, its reduction by 6.60 and 4.88 as well as 5.29 and 4.41 % for the two
populations respectively. Meanwhile, the actual responses for the high and low
selection under drought conditions in the F4 families were (-1.00 and -1.42), (1.47
and 0.87), (0.06 and —0.14 gm) and {0.95 and ~0.54 gm} for No. of spikes/plant, No.
of kernels/spike, 100-kernel weight and grain yield/plant in population I, respectively,
while, it was (0.63 and 0.29), (3.50 and 3.04), (0.25 and 0.27 gm) and (3.52cand
2.58) for the previous characters in population II, respectively.

The expected responses to selection of F, families in population I under drought
and normal condition for days to heading were 8.35 and 8.24 days, for flag leaf water
loss were 6.60 and 3.37 %, for No. of spikes/plant were 1.39 and 0.72, for No. of
kernels/spike were 2.93 and 5.50, for 100-kernel weight were 0.20 and 0.32 gm. and
for grain yield/plant were 1.94 and 4.17 gm. Meanwhile in the population II they were
6.55 and 8.04 days, 6.78 and 5.76 %, 0.60 and 0.67, 3.35 and 2.39, 0.12 and 1.26
gm. and 1.03 and 2.48 gm. for the previous characters, respectively. The genetic
advance percentages from selection under drought and nermal conditions in the F,
generation of population I were 5.19 and 4.43 for days to heading, 7.37 and 4.16 for
flag leaf water loss, 10.23 and 10.59 for No. of spikes/plant, 7.00 and 7.13 for number
of kernels/spikes, 3.96 and 6.42 for 100-kernel weight and 11.73 and 14.95 for grain
yield/plant.

Meanwhile, in popuiation II, they were (4.26 and 5.00%), (7.40 and 6.52%),
(4.04 and 9.47%), (9.05 and 6.65%), (3.39 and 5.19%) and (7.56 and 10.28%), for
the previous characters in sequence.

These results express that selection for high yield under drought stress was
more effective in improving grain yield/plant in the dry land through earliness, flag leaf
water loss and some major yield components. These results agreed with those
obtained by Kheiralla et &/.(1993) and Tammam (1995).



Table 2. The analysis of variance for some “*uwed characters under normal {N) and drought stress (D) for F; and F, generations in two wheat crosses.

Population 1 Population II
c B
% g r No, of No, of Grain Flag , No. of No. of Grain
g % Sov | DF Daysto | Flag leaf - ' 100 ) Daysto | leaf A ) )
5 it i spikes / kernels yield / i spikes | kerpels | 100 KW | vield
B | = heading | water loss , Kw heading | water )
i plant [ spike plant loss /plant | [ spike /plant
Reps 2 1.55 33.494 2.65 16.63 0.04 1.66 4,43 10.37 0.72 6.86 0.02 6.80
Geno . 0.23 2359 | 2,29* 10.09*
£ | N | ypes | 19| 9008 94.79%* 4.08+ | 3L67%% | U7 [ 2.69%% | 71.75%% | U7 Y 19.12%% | 0.19%* N
Error 38 3.85 10.47 0.40 6.69 0.01 1.00 3.15 2.53 0.75 1.47 0.04 1.22
Reps 2 12.12 0.25 0.20 0.56 0.04 0.28 1.22 3.59 0.47 12.04 0.03 5.34
*
Geno 19 80.26%* 23.22%* 0.45%* 36.67** 0.25 3.13*%* | 53,35%% 3013 1 1.89 28.29%* | Q.07+% | 9.32%=
D types X%k ok *
Error 38 2.47 3.74 0.12 8.46 0.05 0.54 3.22 4.45 0.57 9.11 0.01 i.59
Reps 2 12.95 7.06 1.80 11.08 0.02 1.80 16.46 0.16 0.10 6.29 0.06 7.57
Geno 0.18 45.05 | 1.69* N 10,74*
F, N | types 19 73.17%* 17.41** 2.49%* 48.40%* o 24.33* 72.69%* or * 19.65* 0.09%* *
Error 38 2.08 1.89 0.99 6.22 0.03 2.26 2.73 3.80 0.58 6.29 0.02 1.62
Reps 2 3.23 6.86 1.14 1.09 0.04 3.57 0.12 1.56 1.68 10.62 0.02 2.02
Geno 0.07 5331 | 0.73*
D | types 19 80.35%* 48.01** 2.77%* 26.43*%* . 8.55%* 51.23%* o x 26.62** 0.04** 3.48%*
Error 38 3.53 2.66 0.28 7.89 0.02 1.87 2.75 2.44 0.15 5.84 0.0t 1,07

* & **Significant at 5 % and 1 % levels of probability, respectively.
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Table 3. The observed and expected responses to selection and genetic advance % for days to heading, flag leaf water loss and number of

spikes/plant in two populations of two wheat crosses under normal and drought conditions

Popuiation I Population IT
Character Treatment | Generation Qbserved response Expected ;ir;t; Observed response Expected Genetic advance
Highest Lowest | response o Highest Lowest response %
0
[ -0.03 -0.28 8.86 - -2,54 -3.05 7.89 ~
Normal
1-Days to Fq -0.27 -0.05 8.24 4.43 -4.31 -4.73 8.04 5.00
heading Fy 0.30 1.35 8.56 4.28 146 | 256 6.59 3.08
Drought |
Fq -1.47 -0.42 8.35 5.19 -2.82 -2.85 6.55 4.26
Fs 9.40 -B.67 7.96 - 4,47 -3.73 6.43 --
Normal
Fi -9.71 -7.85 3.37 6.40 -2.73 073 5.76 6.52
2 —flag
water loss F3 -191 0.87 354 - 3.60 471 4.18 --
Drought
Fs -6.60 -4.88 6.60 7.37 -5.2% -4.41 6.78 7.40
F; 1.06 0.82 1.70 -~ 1.38 0.85 0.80 -
Normal
Fq 0.18 0.03 0.72 10.59 0.01 0.04 0.67 9.47
3- No. of
spikes/
plant F3 0.88 0.02 0.40 5.61 0.71 -0.10 1.51 10.56
Drought
Fa -1.00 -1.42 1.39 10.23 063 0.29 0.60 4.04
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; ANTFUIHS-T V'Y ANCOWHSY-13"4'SW ' W'Y WVIWY.L

61¢c1



Table 4. The observed and expected responses to selection and genetic advance % for no, of kernels/spike, 100-kernel weight and grain
yield/plant in two populations of two wheat crosses under normal and drought conditions.

1744

Population I Population I
Character Treatment Generation Observed response Expected Genetic Observed response Expected ;er;eti
7
Highest Lowest response advance % Highest Lowest response %nc
F3 3.20 2.76 3.78 -~ 1.54 0.05 3.81 -
4~ No. of Normal
kernels/ Fs 1.23 0.01 5.50 7.13 2.87 2.16 2.39 6.65
spike
Fs 3.98 0.93 3.91 12.32 3.5% 14.70 2.86 10.25
Drought
Fs 1.47 0.87 2.93 7.00 3.50 3.04 3.35 9.05
F3 0.08 0.01 0.44 -- 0.15 0.07 0.29 --
Normal
5 100 Fs -0.03 -0.12 0.32 6.42 0.29 0.29 0.26 5.19
kernel
weight F3 0.14 -0.14 0.30 10.10 0.14 0.05 0.20 4.68
Drought
F. 0.06 -0.10 0.20 3.96 0.25 0.21 0.12 3.39
6- Grain Fs 271 1.9 0.79 - 5.16 4,21 2.54 -
yield/ plant Normal
Faq 2.48 1.65 4.17 1495 0.67 0.28 2.48 10.28
F; 493 1.17 1.00 12,44 4.72 1.89 2.21 17.79
Drought
Fa 0.95 -0.54 1.4 11.73 3.52 2.58 1.03 7.56

SISSOUD 1vIHM QVIHE OML NI
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TAMMAM AM. !, M.S.F. EL-ASHMOONY? A.A. EL-SHERBENY ? 1221
AND LA. AMIN !

Estimates of the phenotypic and genotypic coefficient of variation presented in
Tables 5 and 6 indicated the presence of sufficient variability for No. of spikes/plant,
100-kernel weight and grain yield/plant, while it was moderate for heading date, flag
leaf water loss and No. of kerneis/spike. The variability suggested that selection
among F, plants may produce changes in the coming generations. Moreover, the
present study showed that the broad sense heritability under drought and normal
conditions ranged from (77.82 to 91.30%) and (87.89 to 92.24 %) for days to
heading, from (65.80 to 88.76) and (72.77 and 85.98%) for flag leaf water loss, from
(43.56 to 85.46) and {38.95 and 75.45%) for number of spikes/plant, from (41.23 to
86.41%) and (41.40 to 80.00%) for number of kernels/spike, from (50.00 to 88.69 %)
and (55.56 to 87.50 %) for 100-kernel weight and from (42.78 to 97.23 %) and
(35.90 to 76.40 %) for grain yield for the two populations respectively.

The narrow sense heritability under drought stress for the twe populations
ranged from (34.31 to 47.38 %) for days to heading, from (23.39 to 24.60 %) for flag
leaf water loss, from (31.25 to 42.78 %) for number of spikes/plant, from {27.63 to
42.41 %) for number of kernels/spike, from (31.72 to 40.33 %) for 100-kernel weight
and from (31.03 to 39.90 %) for grain yield. The realized heritability under drought
stress for the two populations ranged from (51.82 to 59.64) for days to heading, from
(61.87 to 79.28 %) for flag leaf water ioss, from (32.45 to 48.84 %) for number of
spikes/plant, from (17.43 to 23.19 %) for number of kernels/spike, from (40.58 to
57.14 %) for 100-kernel weight and from (19.13 to 39.63 %) for grain vield, These
results are in general agreement with those obtained by Johnson et af (1983),
Saadalia (1994), Tammam (1995), Utz et a/ (2001) and Wiersma et a/ (2001).

It is evident from the present study that great response to selection can be achieved
from selection in population having great phenotypic an genotypic variations.
Although response to selection wili be greater in population with larger genetic

variance, except for a higher initial mean yield may impose limitations.



Table 5. The genetic parameters of days to 50 % heading, flag water loss and number of spikes/plant for the F2 — F4 generations in the two populations of

two wheat crosses under normal and drought conditions.

Population [ Population 11
Items Normal Drought Normal Drought
. F. F, Fs Fa Fs F F, Fs Fs

1 -~ Days to heading
Phenc. Var. 32.59 25.78 19.84 28.40 29.14 26.02 26.05 19,82 19.93 18.91
Geno. Var 28.74 23.78 15.44 25.93 25.61 22.87 23.32 17.44 16.71 16.91
P.CV. % 5.15 474 4.07 4.92 5.30 482 4.98 433 438 435
G.CV. % 4.85 4.55 3,58 4.70 4.97 4.52 471 407 1.75 4.11
Heritabillity .
Broad — sense 88.17 92.24 77.82 91.30 87.89 87.89 89.52 87.99 83.84 89.52
Narrow — sense - 31.34 - 34.35 34.36 - 36.20 -- 47.38 34.31
Realized - 71.87 . 53.23 57.58 - 62.77 - 50.64 51.82
2 - Flag water loss
Phena. Var. 38.58 6.94 - 1017 17.80 18.04 17.45 - 13.01 19.40
Ge""'o"ar 28.11 5.05 - 6.43 15.80 15.51 13.75 - 8.56 16.96
Z(é\\’l {;’/ 9.09 5.30 - 5.62 9.13 7.16 8.06 - 6.47 8.93

CV. % 7.76 452 ~ 4.47 8.60 6.64 7.13 - 5.25 8.35
Heritabillity .
Broad — sense 72.86 72.77 - 63.23 88.76 85.98 78.35 - 65.80 87.42
Narrow — sense - 52.50 - - 23.39 - 23.49 - - 24.60
Realized - 64.43 - - 61.87 - 66.32 - - 79.28
3 — No, of spikes/plant
pheno, Var. 1.63 1.49 6.09 0.23 111 1.26 0.95 9.08 1.0 0.34
Geno. gar 1.23 0.80 4.8 0.11 0.83 0.51 0.37 7.76 0.44 0.20
2%‘\” o’/‘; _ 1253 11.62 22.96 5.72 10.96 10.18 9.68 29.69 10,33 6.17

LY. % 1082 8.51 19.24 3,95 9.48 6.47 6.04 27.45 6.82 4.73
Heritabillity
Broad - sense 75.46 53.69 70.20 47.83 74.77 40.48 38.95 85.46 4356 58.82
Narrow - sense - 29.78 -- 34.48 31.25 - 30.29 - 37.56 42.78
Realized - 43.68 - 32.45 48.84 - 51.28 - 36.00 41.98

(444}
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Table 6. the genetic parameters of kernels/spike, 100 - kernel weight and grain vield/plant for the F, — F, generations in the two

populations of two wheat crosses under normal and drought conditions.

Population I Population II
Items
Normal Drought Normal Drought
Fa Fy F: Fs Fy R Fa F; F3 Fs

4 - No. of
;ﬁl 53::8 15.01 20.28 78.89 17.86 13.81 7.35 10.75 112.68 15.50 13.22
Geno. Var 8.33 14.08 66.09 9.40 6.91 5.88 4.45 97.37 6.39 6.93
P.CV. % 9.50 8.95 13.45 11.33 7.97 6.32 6.96 17.86 10.56 8.41
GCV. % 7.08 7.46 12.31 8.22 5.34 5.65 4,48 16.60 6.78 6.09
B'-ll's;‘;al—)":l;gse 55.50 69.43 83.77 52.63 44.82 80.00 41.40 86.41 41.23 52.42
Narow — sense -- 22.73 - 42,41 27.63 - 32.78 - 33.81 41.19

) - 61.90 - 23.19 19.67 - 37.68 -- 17.43 19.63
Realized
5 — 100-kernel weight
pheno. Var. 0.08 0.08 0.45 0.12 0.03 0.09 0.04 0.52 0.03 0.02
Geno. Var 0.07 0.05 0.49 0.06 0.02 0.05 0.03 0.41 0.02 0.01
P.LV. % 6.92 6.36 21.80 9.52 4.21 7.14 4.44 24.39 4.51 3.45
G.CV. % 6.47 5.02 20.58 6.73 3.44 5.32 3.85 21.58 3.68 2.44
Heritabillity
Broad - sense 87.50 65.00 88.69 50.00 66.67 55.56 75.00 78.31 66.67 50.00
Narrow — sense - 36.51 - 40.33 n.72 -- 48. 91 -- 38.61 34.58
Realized - 57.69 -- 40.58 57.14 - 60.00 - 42.89 44.44
6 — Grain yield/plant ‘
pheno. Var. 1.56 9.62 6251 1.67 4.10 4.18 4,56 51.68 4,17 1.87
Geno. Var 0.56 7.35 60.78 0.73 2.23 2.96 3.04 46.78 2.58 0.80
P.CV. % 8.93 14.14 36.05 11.98 11.12 14.00 11.35 36.18 16.88 8.13
GCV. % 5.35 12.36 35.55 7.92 8.19 11.78 9.16 34.42 13.27 5.31
Heritabillity
Broad - sense 35.90 76.40 97.23 43.71 54.39 70.80 65.28 90.53 61.40 42.78
Narrow — sense -- 40.09 - 38.63 39.90 - 29.43 -- 39.86 31.03
Realized - 71.83 - 20.98 39.63 - 59.33 - 19.13 24.55
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