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Abstract:

This study was carried out
during the period from 2004/05
to 2006/07 growing seasons, at
Faculty of Agriculture, Sohag
University, Egypt to estimate
observed and expected responsc
to selection and other genetic
parametiers and calculate drought
susceptibility index. Results re-
vealed highly significant differ-
ences between Fx and Fy families
under normal and drought condi-
tions for days to heading, spike

length, no. of spikes/plant, no. of

kernels/spike, 100-kernel weight
and grain yield/plant.

Observed direct response to
selection for days to heading was
negative and highly significant
compared with bulk and the
check cultivar i E, with values
of -5.58 and - 13.88 % and -6.13
and -13.88 % under normal and
drought conditions, respectively.
The expected response to selec-
tion was 3.15 and 3.68% under
normal and drought conditions,
respectively.  Observed

(lu ect

response to selection for grain
yield/plant was positive and
highly significant compared with
bulk, better parent and the check
in Fy with values of 28.19, 18.59
and 26.09 % and 27.49, 16.67
and 21.20 % under normal and
water stress conditions, respec-
tively. On the other hand, the
expected response to selection
was 11.98 and 9.06% under nor-
mal and drought conditions, re-
spectively.

Phenotypic and  genotypic
coefficients of variation under
normal conditions for days to
heading of the early families
were 4.75 and 4.26Y% 1n F; and
5.7 and 4.84% in [, generation,
respectively, While under
drought stress conditions those
values were 4.26 and 4.05% in Fs
and 4,84 and 4.78% in F, genera-
tion. respectively. Phenotypic
coefficient of variation for grain
vield ol the highest vielding
farmibies under favourable condi-
tions was 14.57 and 13.40 % in
F: and F, generations, respec-
lively, while, it was §3.32 and
12.43 % in the same generations,
respectively under water stress
conditions.
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Likewise the genotypic coeffi-
cient of variabihty under normal
conditions was 12.48 and 11.96
% in F; and F; generations, re-
spectively. Meanwhile, it was
10.82 and 10.89 % under drought
stress conditions in the two gen-
erations, respectively.

High broad sense heritability
values for days to heading of the
early families was obtained under
normal and drought stress in F
and F, generations. While narrow
sense heritability was 34.34 and
39.40 % in F, generation under
normal and drought stress, re-
spectively. The broad sense
heritability for grain yield/plant
of the highest yielding familics
was high under normal and water
stress in F; and F; gencration,
while, the narrow sense heritabil-
ity was 53.34 and 43.43 % in F,
generation under the two studied
conditions, respectively. These
results showed that the pedigree
method of selection was effective
to produce new lines tolerant to
drought stress with high grain
vield.

Drought susceptibility index
showed that the nine families,
re,no. 19,22,24 25 33,35, 37,
38 and 39 produced relatively
high grain vield under drought
stress environments due to high
yield potential, rather than having
low suscepiibilily to stress envi-
romments. These genotypes could
be used as source of drought tol-
erance/or factors contributing fo
general adaptation.
Introduction:

Wheat is considered the most
important cereal crop in terms of

arca and production. In Egypt,
wheat production is far below to
meet the local consumption of
the growing population of the
country which resulted in in-
creasing wheat imports. The total
wheat production i 2008 season
was 8 million metric tons ob-
tained from 3 million feddans
and the annual consumption of
wheat was about 14 million met-
ric tons so the imported wheat
was about 6 million tons (F.A.O.
Statistic Year Book, 2009). In-
creasing wheat production verti-
cally and horizontally became an
important target to reduce the
amount of wheat imports, save
hard currency and provide
enough quantity to meet the in-
crease in internal demands. These
targets could be realized through
expanding wheat cultivated area
in the new reclaimed arcas as
well as rainfed area with using
drought tolerant wheat cuitivars.
Such cultivars could help in-
creasing land use efficiency.

In Egypt, earliness has sev-
eral advantages, for instance,
early cuftivars are highly needed
to it in new crop intensive rota-
tion as planting cotton after
wheat and planting wheat after
harvesting short duration vegeta-
ble crops, ect. Also, carly culti-
vars are also prefered to escape
drought, heat, diseases, pests and
other stress njuries that occure at
the end of growing season (Men-
shawy, 2007),

The efficiency of a breeding
program for drought tolerance
depends largely on the efficicncy
of selection criteria and the selec-
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tion method used to achieve ge-
netic improvement through selec-
tion. In addition to the complex-
ity of drought itself (Passioura,
1996, 2007), plant response to
drought is-eemplex and.different
mechanisms arc adopted by
plants when they encounter
drought (Levitt 1980, Jones et al.
1981, Jones 2004). The most im-
portant mechanism is drought
escape by rapid development
which allows plants te finish
their cycle before severe drought
stress occur, so the selection for
carliness is very beneficial to
drought tolerance. Nasr and Gho-
she (1977} found 92.% heritabil-
ity estimate for heading date in
segregated wheat  population
grown under rainfed conditions
in semi-arid region of the Middle
FEast in Iran. Broad and narow
sense heritabilities for heading
date were 0.87 and 085 (Cal-
zolari et al., 1980). The broad
sense heritabilitics for heading
date ranged from 82.4 to 90.8 %
in seven crosses (Das and Raz-
zaque, 1983)

The increase in wheat grain vield
is considered the final goal for
breeding programs under drought
conditions to face the growing
population requirements (Tam-
mam et al., 2004a and b), thereby
it has been advocated to develop
genotypes, , which consigtently
show superior yields. In the
breeding programs the first step
is to identify, the superior toler-
ant genotypes to be used. Herita-
bility estimates of developmental
traits in spring wheat were inter-

Lad

mediate to high (Mou and Kron-
stad, 1994 and Menshawy, 2007).
Heritability of days to heading
and grain yield has been studied
under drought conditions by
many investigators. Broad sense
heritability for days to heading
and grain vield were high (Cal-
zolari et af, 1980, Kheiralla ef
al., 1993, Wiersma ef al., 2001
and Shamroukh, 2006) On the
other hand, narrow sense herita-
bility values were moderate for
days to heading and grain
yield/plant  {Attia, 2003 and
Shamroukh, 2006). Information
about association of earliness and
grain yield and its components
can help breeders for increasing
the selection efficiency (Men-
shawy, 2007).

The objcctive of this study was to
estimate the selection response
for earliness and grain yield un-
der normal and drought siress
conditions.

Material and methods

The present study was carried out
daring the period from 2004
2005 to 2006/2007 growing sea-
sons, at Faculty of Agriculture,
Sochag University, BEgypt, to es-
timate the response to selection
(i. e. pedigree selection) under
normal and water stress condi-
tions, in early generations of a
bread wheat (Triticum aestivum
L. em., Thel) population origi-
nated from the cross between
Sids 4 and Tokwie. The genctic
parameters were estimated in F3
and ¥4 generations. The pedigree
and origin of the two parents and
the check (Sahel 1) is presented
in table 10
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Table (1): The pedigree and origin of the parents and the check {Sahel

1) used m this study.,

Parental name Pedigree ~+0rigin
Sids 4(P1) | May'S"Mon'S//CMH74A. 592/ EBRgypt
' 3/Grza 157%2
Tokwie (P2} | = e South Africa
Sahei 1 NS 732/PIMA//Veery'S' [CARDA

In the 2004 / 05 season, 1000
plants of F, generation were
grown in four non-replicated
plots. Each plot consisted of 12
rows 3 m long, 20 ¢m apart and
grain spaced 10 cm within row
(average 30 individual
plant/row). Also, the parents and
the local check (Sahel 1, drought
lolerant) were grown alongside
each a row. The cultural practices
were catried out as recommended
for wheal production. Data were
collected on 600 harvested
plants. Data were recorded on
number of days to heading, No of
spikes/plant, 100 kernels weight
and grain yield/plant for each
individual plant. The 60 highest
yielding plants and 60 carliest
plants were selected. An equal
number of grains from each plant
(600 piants) were bulked to give
F;random bulk sample.

In the 2005/06 season, two field
experiments were conducted each
in a randomised 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 supple-
mental water applied regulariy as
recommended (Normal “I")
Each selected plant from the +2
generation was planted in the two

experiments. Each experiment
comprised 120 F; families {60
high yielding and 60 carly fami-
Hes). At the end of the season,
the 15 earliest and 16 high yield-
ing famtlies were identified from
both experiments after the statis-
tical analysis. The best plant
from each of these families was
saved (31 plants; 15 for earliness
and 16 high vielding).

In 2006/07 season (Fs
generation), two field
experiments were conducted as
in the previous season. The
selected plants from the I
generation (31 plants) were
evaluated under stressed and
normal  irrigated  conditions;
along with the two parents, bulk
sample and the check cultivar
Sahel 1. Days to 50% heading,
spike length, no. of spike/plant,
no. of kernel/spike, 100-kernel
weight and grain yield/plant ere
recorded.

The analysis of variance for
randomized  complete  block
design was carried out according
to Snedecor and Cochran (1980).
1- The observed and expected
response  to  selection  were
calculated using the following
formula :

Observed response: the differ-
ence between the mean of the
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selected families and the mean of
bulk population, best parent and
check cultivar.

Expected response =1 H, o p
where ¢ p = is the phenotypic
standard division, H = narrow

sense heritability and 1 = selec-
tion intensity.

The degrees of freedom and ex-
pected mean squares are present
in Table (2).

Table (2): the analysis of variance and expected means of squares:

Source of variance | D.F M.S E.M.S ]
Replication r—1 M; oletg o’r
Genotypes g—1 M, Gty ozg

Error (r-D(g-1) | M, ole

2 — The genotypic variance o°g =
Mz - M]Ifl"

3 — The phenotypic variance 6°p
=g'g +o'e

4 — The genotypic (G.C.V%) and
phenotypic (P.C.V%) coefficient
of vanability were calculated as

og/x and gp / x respectively .

5 — Heritability in the broad
sense (H) was estimated as the
ratio of genotypic (o7g) to the
phenotypic (c’g + o’¢) variance
according to Walker (1960).

6 — Heritability in the narrow
sense was estimated using the
correlation and offspring
regression according to Smith
and Kinman (1965) as follow:-
Parent — offspring generation
rxy h = b/2rxy

F.,F; 3/4 2/3bF;,F,
Fy,Fs 7/8 477 bE,, I,

7 - The genetic parameters were
estimated as outlined by Mather
and Jinks (1977} and Falconer
(1989).

8 — Comparisons among means
were calculated by using revised
L.S.D where, L.5.D = least sig-

nificant difference, and was cal-
culated as:

RLSD,=(t) v (2MSE /1)
(Il Rawi and Khalafalia 1980)

Where t i3 the t value from
"minimum-average-risk  t-table"
at  F-value of treatments,

treatment df and experimental
error df.

9 - The sigmficance of observed
direct and corrclated response to
selection  was measured as
deviation percentage of familics
mean trom 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 selecied
families, and was calculated as;
L.S.D =~ (MSE /1 +MS¢/fr) « t,
Where f: number of families r:
number of replicates

Drought susceptibility Index
(8): was calculated according to
the method of Fischer and
Maurer (1978).

Results and discussion

Y- Fvaluation of the base
nopulation (F, —generation).
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The results in Table (3) indicated
that number of days to 50 %
heading ranged from 74.00 to
97.00 with an average of 82.98
days and variation coefficient
was 5.91 in F; generation under
normal conditions (see histogram
a). The average number of
spikes/plant was 5.28 with a
range from 2.00 to 11.00 and
variation coefficient was 33.84 in
F: under normal conditions, as

shown histogram (b). The aver-
age 100-kernel weight ranged
from 2.00 1o 5.26 with an aver-
age of 3.99 and coefficient of
variation was 11.89 in F; (histo-
gram c¢). The average grain
vield/plant ranged from 1.36 to
16.62 with an average of 7.70
and coefficient of variation was
19.29 in F; generation (see histo-
gram d}.

Table (3): Range, mean and coefficient of variation in F; plants for
days to heading. no. of spikes/plant, 100-kernel weight and

grain yield/plant under normal conditions.

_Trait | Range | Means+S.E | C.V. %
1-Days to heading | 74.00-97.00 | 82.98+0.20 5.91
2—No. of spikes / plant | 2.00-11.00 | 5.28+0.07 | 33.84 |
3-100 kernel weight (gm) 11.89 |
| 4—Grain yield / plant (gm) 3920 |
b
Renitle -~ paadt i I

b s ;
2 2 odb 2B 3 AN 31 Te
10%-kemal wasght

e e

i iR &t 4F% | &

& E4 BF TA 5 HmE D4 mE TE E &S

Grain visldiplam

Histograms (a, b, ¢ and d) shows the normal distribution of days to
heading , no. of spikes/plant, 100 kemnel weight and grain vield/plant
as traits on the F; plants under normal conditions
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Selection for carliness.
1-Response to direct selection
for early heading under normal
and water stress conditions.

The analysis of variance for
all studied traits (Table 4)
showed highly significant differ-
ences among ¥; and F, families
under normal and water stress
conditions.

Data presented in Table (5)
showed that number of days to
50 % heading in the ¥, generation
ranged from 68.50 to 82.50 with
an average of 71.05 days and
from 68.00 to 73.00 with an av-
erage of 70.46 days under normal
and water stress conditions, re-
spectively. The four families, i.e.,
no. 35, 37, 56 and 89 from earli-
ness selection were significantly
earlier than the earlier parent in
days to heading under normal
and water stress conditions.
Meanwhilc, all selected families
were significantly earlier than
check (Sahel 1) under the two
conditions. These results refer to
that the pedigree selection was
more effective in isolating carily
genotypes in heading date. These
results were In agreemenl with
those obtained by Knott, 1979,
Pawar ef af., 1986 and Tammam
et al., 2004a.

The observed response to se-
lection for earfiness (Table 6)
compared with bulk, better parent
and check were (-5.58, -0.98 and
-13.88 %) and (-6.13,-1.19 and -
13.88 %) in F; families under
normal and drought conditions,
respectively. On the other hand,
the expected response fo selec-
tion was 2.24 and 2.39 days un-

der normal and drought condi-
tions, respectively. These results
are in line with those reported by
Kheiralla et al, 1993, Tammam
et al., 2004a and Shamroukh,
2006,

Values of  phenotypic
{(P.C.V.%) and genotypic
(G.C.V.%) coefficients of varia-
tion in F; and F, generations un-
der normal conditions (Table 7)
cleared that PCV and GCV were
475 and 4.26% in F; and 5.17
and 4.84% in F, generation, re-
spectively. Under drought stress
condition those values were 4.55
and 4.05% in Fy and 5.26 and
4.78% in F; generation, respec-
itvely. Many investigators ob-
tained PCV wvalues ranged from
3.82 to 6.15% and GCV values
ranged from 3.61 to 5.81%
{Amin et al. 1992, Kheiralla et
agl.. 1993, Tammam, 1995 and
Tammam et af., 2004a),

The broad sensc heritability
for days to heading (Table 7) was
80.33 and 79.52 % in F; genera-
tion under normal and water
stress, respectively, while, it was
87.57 and 82.59 % in F, genera-
tion under normal and water
stress, respectively. Narrow sense
heritability was 34.34 and 39.40
% m F, generation under normal
and drought stress, respectively.
These results are in line with
those reached by Wiersma ef al.,
2001, Tammam et al., 2004a and
Shamroukh, 2006.
1f-2-Fffects of selection for
earliness under normal and
water siress conditions on cor-
related traits,
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Data in Table (5) prescnted
the range and average of F, gen-
eration under normal and water
stress conditions for the studied
traits. The average spike length
ranged from 11.03 to 15.93 with
an average of 13.23 ¢cm and from

9.28 to 14.23 with an average of

11.70 c¢cm under the two envi-
ronments, respectively. However,
the eight families, i.e., no. 3, 12,
35,52, 56, 75, 100 and 105 in ¥,
were significantly longer than the
check under drought conditions.

The range of no. of
spikes/plant varied from 4.50 to
10.60 with an average of 6.96
spikes/plant and from 4.40 to
6.00 with an average of 6.15
spikes/plant in F,; generation un-
der the two environments, re-
spectively. The two families, i.c.,
no. 37 and 56 of the carliness
selection surpassed the check in
no. of spikes/plant under normal
and water stress conditions.

Mean  100-kernc!  weight
ranged from 4.14 to 5.72 with an
average of 5.21 and from 3.74 to
5.22 with an average of 4.65 gm
under the two conditions, respec-
tively. The six families, L.e., no.
12, 35, 37, 52, 53 and 56 were
significantly higher than the bet-
ter parent under drought condi-
tion. While, all selected families
surpassed the check except no.
57 and 75 under water stress
conditions.

The average no. of ker-
nels/spike ranged from 34.01 to
64.12 with an average of 49.99
and from 27.96 to 54.11 with an
average ot 43.14 under the two
environments, respectively. The

two families. i.e., no. 56 and 103
were significantly higher than the
better parent under normal condi-
tion. While, they surpassed the
check under drought conditions.
The average grain yield/plant
ranged from 13.82 to 22.02 with
an average of 16.65 g/plant and
from 9.47 to 15.59 with an aver-
age of 12.67 g/plant under the
two environments, respectively.
The three families in the early
{families, i.e., no. 35, 37 and 56
were significantly out-yielded the
better parent and the check under
normal and water stress condi-
tions.
11-4-  Drought
index (DSI).
The values of drought sus-
ceptibility index for families se-
lected for earliness (Table 8)
ranged from 0.72 to 1.50 and
from 0.66 to 1.31 in Fs; and F,
generations, respectively, Data
indicated that six families in Fs
and seven families in F, gave low
values of drought susceptibility
index (DSI < 1), but the five
families, i.e., no 3, 35, 52, 85 and
103 produced the low values of
susceptibility index in F; and F,
generation, (0.73 and 0.72), (0.98
and 0.91), (0.72 and 0.67), (0.73
and 0.66), (0.72 and 0.72), re-
spectively. Superior genotypes
for drought tolerance of the se-
lecled families gave the low val-
ues of drought susceptibility in-
dex and the highest grain yield
under drought. These families
were no. 35 in F; and Fy genera-
tions and no. 37 in F; generation.

susceptibility
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I1-Selection for grain yield.
I11-1-Response to direct selec-
tion for grain yield under nor-
mal and water stress condi-
tions.

The analysis of variance in
Table (4) revealed highly signifi-
cant differences among F; and F,
families for all studied trails un-
der normal and water stress con-
ditions.

The results in Table (9)
showed that the range of F4 gen-
eration varied from 19.21 1o
26.55 with an average of 21.54
g/plant under normal condition
and was from 14.28 to 19.37 with
an average of 16.22 g/plant under
drought condition. All selected
familics under normal condition
significantly exceeded the better
parent except {(no. 1, 24 and 35).
also all selected families under
drought stress significantly out-
yielded the high vielding parent
except (no.1, 13, 28, 42 and 56).
Meanwhile, all selected famijlies
under normal condition and ali
selected families under drought
stress except (no. | and 42) sig-
nificantly exceeded the check.

The observed response to se-
fection for high yielding families
(Table 10) compared with bulk,
better parent and check were
{28.19, 18.59 and 26.09 %) and
(27.49, 16.67 and 21.20 %) in F,
families under normal and
drought conditions, respectively.
On the other hand, the sxpected
responses to selection were 2.58
and 1.47 gm under normal and
drought conditions, respectively.
These resulis are in agrecment
with many studies, Khetrakia,

1993, Tammam, 1995 and Tam-
mam ¢t al., 2004a.

The phenotypic coefficient
of variation for grain yield/plant
under favourable conditions (Ta-
ble 7) was 14.57 and 13.40 % in
F; and F, generations, respec-
tively. While, it was 13.32 and
12.43 % m the same generations,
respectively under water stress
conditions. Likewise the geno-
tvpic cocfficient of wvariability
under normal condition was
12.48 and 11.96 % in Fy and Fy
generations, respectively. Mean-
while, it was 10.82 and 10.89 %
upder drought stress conditions
in the two generations, respec-
tively.

The broad sensc heritability
for grain yield/plant (Table 7)
was 73.36 and 6596 % in F;
generation under normal and wa-
ter stress, respectively as well as
79.66 and 76.76 % in F, genera-
tion under normal and drought
stress  conditions, respectively.
While, the narrow sense herita-
bility was 53.34 and 43.43 % in
F4 generation under the two stud-
ied conditions, respectively.
These results are in agreement
with those obtained by Tammam,
1995, Wiersma ef al., 2001 and
Tammam et al., 2004a.
II1-3-Effects of selection for
grain yield under normal and
water stress conditions on cor-
related traits.

The range of days to heading
in F; under normal condition
(Table 9) varied from 68.50 to
85.25 with an average of 77.72
days and was from 68.00 to
¥4.50 with an average of 77.0Z
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under waler stress conditions,
‘The two families, 1.e., no. 35 and
56 of high yielding families were
significantly earlier than the ear-
lier parent under normal and
drought conditions. Meanwhile,
all selected families under nor-
mal condition except (no. 1, 19
and 39) and all selected families
under water stress condition ex-
cept (no. 1, 19, 39 and 43) were
significantly earlier than the
check.

The average spike length in
F; generation (Table 9) ranged
from 12.38 to 16.95 with an av-
erage of 14.07 cm and from
11.40 to 14.75 with an average of
12.82 cm under the two envi-
ronments, respectively. One fam-
ily, i.e, no. 19 under normal
conditions  was  significantly
longer than the better parent.
While, all selected families ex-
cept (no. 45) under normal condi-
tions and all selected families
except {no. 13, 25 and 45) under
drought condition were signifi-
cantly longer than the check.

The range of no. of
spikes/plant in F; (Table 9) var-
ied from 6.00 to 11,40 with an
average of 8.92 spikes/plant and
from 5.00 to 10.55 with an aver-
age of 8.04 spikes/plant under the
two environments, respectively.
The two families, i.e., no. 6 and
25 under normal conditions and
three families, i.c., no. 6, 25 and
45 under drought condition were
significantly higher than the bet-
ter parent. While, the nine fami-
lies, i.e., no. 6, 13, 19, 25, 39, 42,
43, 45 and 56 under normal and

10

drought stress conditions sur-
passed the check.

Mean 100-kernel weight in
F.: (Table 9) ranged from 4.95 to
5.98 with an average of 5.45 and
from 4.41 to 535 with an aver-
age of 4.88 gm under the two
conditions, respectively. More-
over, the nine families, i.e., no. 6,
22, 24, 25, 28, 33, 35, 39 and 45
under water stress conditions
were significantly higher than the
better parent. Meanwhile, all se-
lected families under water stress
condition surpassed the check.

The average no. of ker-
nels/spike in F, (Table 9) ranged
from 40.56 to 63.38 with an av-
erage of 48.60 and from 32.29 to
54.11 with an average ot 40.78
under the two conditions, respec-
tively. One family, ie., no. 56
surpassed the better parent and
the check under normal condi-
tions and one family, i.e., no. 56
significantly exceeded the check
under water stress conditions.

These results showed that the
selection for high yield under
waler stress condition was more
effective  in improving  grain
vield/plant in the dry land
through earliness and some major
yicld components. These results
are in agreement with those ob-
taincd by Kheiralla, 1993, Tam-
main, 1995, Tammam et al,
2004a and Shamroukh, 2006,
II-4- Drought susceptibility
index {DSI).

The values of drought sus-
ceptibility index for the highest
yielding families (Table 8)
ranged from 0.69 to 1.34 and
from 0.60 to 1.53 in F; and F,
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generations, respectively. Seven
families in F; generation and nine
families in F4 gave low values of
drought susceptibility index (DS]
< 1), but the scven families, i.e.,
no 19, 22, 24, 25, 33, 35 and 38
have tolerance for drought stress
in both generations. Meanwhile,
the four families, i.e., no. 24, 25,
33 and 38 and the six families,
Le.,no. 19,22, 24, 25, 33 and 38
were superior for drought toler-
ance and had high grain yield
under drought in Fs; and Fy gen-
erations, respectively, Moreover,
superior families for drought tol-
erance of the selected families
gave the low value of drought
susceptibility index and high
grain yield under drought. These
families were no. 24, 25, 33 and
38 in two generations.

A significant and negative
correlation (Table 11) was estab-
lished between the mean grain
yield under normal and DSI (r=-
0.56*) and between the mean
grain yield under water stress and
DSI (r=-0.48%), This would indi-
cate that about 50% of variation

11

in drought susceptibility in this
set of genotypes could be as-
cribed to variation in yield poten-
tial, as defined by DSI, need not
be have a high yield since DSI
provides a measure of tolerance
based on minimization of yield
loss under stress, rather than no
stress yield as pointed by Bruck-
ner and Frohberg (1987). These
results are in accordance with
those reported by Bidinger et al.,
1987, Kheiralla, 1994 and Sham-
roukh, 2006.

Finally it could be concluded
that drought susceptibility index
indicated that drought tolerance
could be due to high yield poten-
tial and / or low susceptibility to
stress (DS < 1). The nine fami-
lies, i.e., no. 19, 22, 24, 25, 33,
35, 37, 38 and 39 produced rela-
tively high grain yield under
drought stress and low drought
susceptibility index (tolerance for
drought). These genotypes could
be used as source of drought tol-
erance or factors contributing to
general
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Table (4): Mean squares for all studied traits of the selected families, parents, bulk sample and the check cultivar on the basis of
earliness and grain yield in F; and F, generations under normal (N) and drought stress (D).

AE
k= 2 Mean Squares
g=; = S.0.v 2 Direct selection Correlated traits
é E Days to heading | Spike length | Number of spikes / plant 100 kernel weight Numhel;;ifkl;ernels ! Grall)?a%'teld/
Selection for early families
! Reps 3 13.69 0,36 0.16 ' (.38 10.23 0.50
N Families 63 48.55%* T.5Q%* 6.34%* 1.76%* 175.87%* 25.424%
Error 189 2.80 0.13 0.13 0.04 9.65 0.64
Reps 3 341 0.33 0.24 021 14.32 2.34
F; D Families 63 42 .65%* 6.97%* 5.63*x 1.88*+* 179,63** 13.19%*
Error 189 2.58 010 0.11 0.03 7.54 0.54
LReps 3 9.63 0.05 0.11 0.07 791 112
« | Families 18 0.73%* 8.68** 11.94%* 0.85%* 294,32 %* 18.09%*
N¥ Error 54 1.74 ! 0.28 0.16 0.03 7.09 0.75
Reps 3 1.21 i 0.26 0.13 0.02 9.58 0.45
| b Families { 18 49 56%*% 8.60** 8.75%% (.78%* 215.77%* 11.97**
| | Error | 54 2.48 (.37 0.22 0.03 11.50 0.46
Selection for high yield families
Reps 3 2.91 25.64 0.32 0.04 0.27 532
N Families 63 14.90** 115.43** 11.08*%* 7.42%* 1.35%* 123.87%*
Error 189 1.24 3.36 0.13 0.23 0.04 7.25
Reps 3 10,13 2.09 032 0.98 0.05 23.96
F, D Families 63 6.2F%* 95 80** 9.87** 6.61%* 2,12%% 153.91**
Error 189 0.71 363 0.10 0.23 0.04 5.81
Reps E] 1.68 0.10 0.35 0.04 0.43 3.86
Families 19 26.02%* 76.30*% Q.70%* 12.71%* 0.62** 152 .54+
N Error 57 1.56 1.90 0.22 0.37 0.07 780
Reps 3 0.85 4.81 0.44 0.14 0.03 1.65
F, D Families 19 12.42%* 72.83%% 6.84%* 12.84%* 0.47** 165.35%%
Error 57 0.87 223 0.38 0.31 0.04 7.4

o & **Significant a1 5 % and 1 % levels of probability, respectively.
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Table {5): Mean grain yield and other traits of early families in F, generation under normal {N) and drought (D) conditions.

@ Se]_ectI'on Correlated traits
¢ 3 criteria
}? E 112{181:.; Spike length | ‘;:5;’“’” lo‘ge'?";'tle' No. of kernels/spike | Grain yield/ plant
= N D N D N D N D N D N D
3 7175 | 7225 | 1373 [ 1270 | 750 | 610 | 5.16 | 478 | 46.34 45 40 1596 | 1322
12 72.00 | 7075 | 1410 | 1228 | 7.10 | 615 | 572 | 522 | 3856 32.52 1746 | 1215
35 6850 | 6800 | 13.15 | 11.95 | 680 | 590 | 553 | 499 | 5164 46.29 19.44 | 15.18
37 69.00 | 68.00 | 1250 | 11.55 | 10.60 | 9.00 | 5.61 | 5.06 | 34.01 27.96 19.72 | 1559
J 52 73.00 | 71.00 | 1313 | 1198 | 675 | 605 | 559 | 5.05 | 48.33 4222 1633 | 13.72
] 53 71.00 | 7075 | 12.13 | 1048 | 740 | 630 | 541 | 509 | 5451 44727 17.79 | 12.87
. 56 69.50 | 69.00 ; 1498 | 13.63 | 895 840 | 531 | 500 | 63.38 54.11 2202 | 15.09
5 7125 | 7225 | 12.15 | 10.70 | 7.80 | 7.00 | 471 | 3.74 | 50.07 46.39 1616 | 11.82
i 75 7150 | 71.00 | 13.55 | 12.i0 | 510 | 440 | 414 | 376 | 52.48 |  47.50 1394 [ 1085
85 72.50 | 73.00 | 1245 | 1050 | 695 | 605 | 558 | 476 | 50.94 41.46 16.79 | 14.12
89 695.00 | 6825 | 11.03 | 948 | 615 | 575 | 454 | 421 | 5891 46.05 1439 | 10.94
100 70.00 | 69.50 | 1528 | 13.45 | 510 | 445 | 504 | 422 | 5251 48.12 1457 | 10.90
103 7100 [ 7000 | 1278 | 1125 | 780 | 695 | 546 | 473 | 4162 37.91 1694 | 13.99
105 7275 | 7125 | 1593 | 1423 | 450 | 445 | 532 | 461 | 64.12 53.87 1438 10.10
106 73.00 | 7100 | 1143 | 928 | 590 | 525 | 511 | 460 | 42.42 33.06 1382 | 947
Average | 71.05 | 70.40 | 1323 | 11.70 | 6.96 | 6.15 | 521 | 4.65 | 49.99 43.14 16.65 | 12.67
Pl 7175 | 7125 | 1575 | 1415 | 4.05 | 360 | 560 | 462 | 58.38 53.02 1746 | 13.11
P2 80.00 | 79.50 | 11.53 | 995 | 1015 | 9.10 | 526 | 450 | 40.09 35.48 18.16 | 13.90
Bulk 7525 | 75.00 | 1278 | 1160 | 7.70 | 630 | 520 | 436 | 38.57 33.13 1680 | 1272
Sahel 1 8250 | 81.75 | 1182 | 1097 | 785 | 695 | 429 | 3.98 [ 5248 46.32 17.08 | 13.38
RLSD 05 163 | 206 | 065 | 080 | 049 | 058 | 022 | 022 | 329 4.44 1.10 0.86
RLSD o4 214 | 271 | 086 105 | 065 | 076 | 029 | 029 | 431 583 1.49 1.12
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Table (6): The observed and expected response to selection in F, generation for all studied traits of early families under normal

(N) and drought stress (D) conditions.

Response to selection as deviation from

g Bulk Best patent Check (Sahel 1} Expected response
. s e
Trait :é Yotfrom
g unit Yo unit % unit Yo unit families
“ mean)
Direct response
N 2.4 3.15
' Days to heading 420%+ | 558+ -0.70 -0.98 11.45%% | _13.88%*
; D | -A60%F | .6.13%% -0.85 119 11355 | 138807 | 2.59 3.68
o Correlated response in
N 0.45 3.52%% 2.52%% 16.00%* 1.4]%* L 839
Spike length : ‘ = -16. . 93
D 0.10 0-88** 24585 1 ]7.30%% 0.73% 6.67%% | 0.99 8.46
No. of soikes / plant N 074%% | 96]% 319%% | 3143%F | -0.897* | -11.34** | 189 27.16
0. ol sprkes/ plan D 0.15 243%* 2.95%% | 32.45%* | -0.80%% | -11.56*% | 1.27 20.63
100 Kernel weicht N 0.01 0.28%~ 039%F | _6.89** 0.92++ 21.55%% | 0.48 9.21
ernel welg 5) 0.20%* 6.71%% 0.03 0.70%* 0.67%* 16.90%* | 039 8.39
Neo. of kernels/spil N | 2242% [ 2061%% | -839%* | -1437+* 2.49% 474% [ 922 18.63
0. o kernels/spike D | 1001** | 3022%% | -9.88%* | -18.63** 318 6.86%F | 766 17.76
Grain vield / plant N 015 0.92% LS1¥F | g a4n 20.43 254% 1 191 11.47
=rain yield £ pian D 20.05 0.42 J123% | g.ggH 0.71% 533% | 167 13.18

* & **Significant at 5 % and | % levels of probability, respectively.
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Table (7): Genetic parameters for days to heading of the early families and grain yield/plant of the
highest yielding families in the F; and F; generations under normal and drought

¢l

conditions.
Selection for earliness Selection for high yield
Ttems Diays to heading Grzin yield/plant
Normal Drought Normal Drought
F; F, F; F, F; F, F; Fy

Pheno. Var. 14.24 13.99 12.60 14.25 | 4.66 7.68 2.09 3.76

Geno. Var 11.44 12.25 10.02 11.77 § 3.42 6.12 1.38 2.89

P.C.V.% 4.75 5.17 4.55 5.26 14571 13.40 13.32 12.43
 G.C.V. % 4.26 4.84 4.05 4.78 1248 | 11.96 10.82 10.89

Heritability

Broad — sense 80.33 87.57 79.52 82.59 | 73.36 | 79.66 65.96 76.76

Narrow — sense - 34.34 - 39.40 - 53.34 - 43.43

(€z-1) (0107 /¢ ‘pady sy pussy 218y [0 ovf sz
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Table (8): Drought susceptibility index (DSI), grain yield (G.Y) of early and the highest yielding families in F; and F,

generations under norial and drought stress conditions.

Selection for earliness

Selection for grain yield

F; generation

F,4 generation

F; generation

F, generation

No. GY G.Y No. GY GY
N p | ¥ N | D bsl N p | P N D | DsI
311297 11050 073 115961322 072 | & | 1561 [ 11.08 1,00 | 1921 [ 1451 | 0.98
12 11476 [ 1066 107 [ 1746 [ 1215 | 127 | 6 {1955 (1283 ] 1.19 | 2632 | 1628 | 1.53
35 1529 [ 1139 | 0.98 | 1944 | 1518 | 091 | 13 | 18.11 | 12.82 | 1.01 | 21.44 | 1491 | 1.22
37 15.64 1 10.78 | 1.19 | 19.72 | 1559 | 0.87 | 19 | 1442 { 1145 | 071 | 20.69 | 17.23 | 0.67
52 1270 11032 1 0.72 {1633 | 13.72 1 0.67 | 22 [ 1497 1 11.99 | 0.69 | 2051 [ 17.43 | 0.60
53 1404 110231 104 1177911287 | 1.15 | 24 | 164011283 | 0.75 [ 1935 | 1637 | 0.62
56 | 17.64 1077 { 1.50 [22.02 1509 [ 1.31 {25 | 17.85:13.93 1 076 | 21.50 [ 17.39 | 0.76
57 13421 999 | 098 [16.16 | 11.82 | 1.12 | 28 | 1744 | 1094 | 1.29 | 21.24 | 15.11 | L.15
73 998 | 727 | 1.05 [ 13.94 1 10.851 0.92 | 33 | 16.26 | 12.89 | 0.71 | 2132 [ 17.70 | 0.68
85 911 | 7.39 | .73 [ 16.79 | 14.121 0.66 | 35 | 1529 [ 1139 | 0.88 | 19.44 | 15.18 | 0.88
89 1216 | 898 | 1.00 | 1439|1094 | 1.00 | 38 {1574 | 1229 | 0.76 | 21.31 | 17.45 | 0.73
100 | 10.01 | 7.50 § 097 | 1457 |1090] 1.05 | 39 | 16.82 | 10.84 | 1,23 | 20.18 | 15.17 | 0.99
103 11244 (1011 ] 072 | 1694 | 1399 | 072 | 42 | 1944 | 1250 | 1.23 [ 2130 | 14.28 | 1.32
105 | 10.14 | 735 | 1.06 ! 1438 | 10.10 | 1.24 | 43 | 17.59 | 1091 | 1.31 | 2221 | 16.01 | 1.12
106 | 1097 769 | 1.15 [ 13.82] 947 | 1.31 | 45 | 1890 | 13.12 | 1.05 | 26.55 | 19.37 | 1.08
56 | 17.64 1 10.77 | 1.34 12202 | 1509 | 1.26

pInz “Iv 12 dprysiop-1q
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Table (9): Mean grain yield and other traits of the highest yielding familics in F4 generation under normal (N) and drought (D)

conditions.
Sel_e ction Correlated traits
criteria
. . No. of
Selected Grain Days to . No. of spikes / 100 kernel
families yield/plant heading Spike length plant weight kz;?lis"
N D N ! D N D N ] D N D N D

1 19.21 14.51 83.50 | 82.75 13.33 12.63 | 845 6.35 509 | 472 | 50.34 | 41.66
6 26.32 16.28 79.00 | 78.25 [3.35 1230 | 11.40 } 1035 | 598 | 524 | 4490 | 34.51
13 21.44 f4.91 7575 1 75.00 12.63 11.55 | 10.70 | 9.75 4.95 4.41 | 4897 | 38.52
19 20.69 17.23 82.50 | 81.23 1695 | 1470 | 9.05 8.70 533 | 483 | 41.05 | 36.52
22 2051 1743 76.00 | 75.75 13.45 12.00 | 7.60 7.00 578 | 5.03 | 5270 | 47.61
24 19.35 16.37 77.25 76.50 16.20 14.75 6.00 5.00 543 | 5.18 | 40.56 | 34.09
25 21.30 17.39 78.25 77.25 12.65 11.73 + 1120 | 10.55 5.44 4.93 43.15 | 38.92
28 21.24 15.11 76.00 | 75.00 12.73 12.18 8.05 7.03 5.76 5.06 50.38 | 41.30
33 21.32 17.70 7575 1 7525 13.03 11.98 8.35 7.75 5.91 5.35 46.17 | 40.72
35 19.44 15.18 68.50 | 68.00 13.15 11.95 6.80 5.90 5.53 4.99 51.64 | 4629
38 2131 17.45 7875 | 78.00 16.03 14.23 8.05 7.50 5.1] 4.60 5028 | 43.10
39 20.18 15.17 85.25 | 8450 | 14.40 13.53 | 9.00 8.00 533 | 4.89 | 46.27 | 34.04
42 21.30 14.28 78.75 | 78.25 14.50 1323 | 9.65 8.00 522 | 4.48 | 46.60 | 32.20
43 2221 16.01 80.75 | 80.25 15.20 13.43 | 9.05 8.50 514 | 4.55 | 50.88 | 43.13
45 26.55 19.37 78.00 | 77.25 12.38 11.40 | 1045 | 9.88 587 | 488 | 5026 | 45.74
56 22.02 15.09 | 69.50 | 69.00 14,98 1363 | 895 8.40 531 4.65 | 63.38 § 54.11
Average 21.54 16.22 77.72 | 77.02 ] 1407 | 12.82 | 8.92 8.04 545 | 4.86 | 48.60 | 40.78
P1 17.46 13.11 7175 | 71.25 15.75 14.15 | 4.05 3.60 560 | 462 | 5838 | 53.02
P2 18.16 13.90 80.00 | 79.50 11.53 995 11015 [ 9.10 526 | 4350 | 40.09 | 3548
Bulk 16.80 12.72 7525 | 75.00 12,78 i1.6g | 770 | 6.30 520 | 436 | 3857 | 33.13
Sahel 1 17.08 13.38 82.50 | 81.75 11.82 10.97 | 7.85 6.95 429 | 398 | 5248 | 46.32
RLSD 445 1.63 1.22 1.71 1.85 0.58 0.78 | 0.75 0.69 0.36 026 | 365 3.56
RLSD 2.15 1.60 | 223 242 0.76 106 | 098 0.90 0.48 0.34 | 480 | 4.68
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Table (10): Observed and expected response to selection in F, generation for all studied traits of the highest vielding
tamilies under normal (N} and drought stress (D) conditions.

Response to selection as deviation from

Bulk Best patent Check (Sahel 1) Expected response
Trait Condition
Yo(from |
Unit % Unit Yo Unit % Unit families
mean)
Direct response
Grain yield / plant N 4.74%* | 28.19%% | 3.38** 18.50** | 4.46** | 2609** | 2.58 11.98
D 3.50%% | 27.49%x | 232w 16.67%% | 2.84%* 21.20%* 1.47 9.06
) Correlated response in
! Days to heading N 2ATFF | 328%F ;. 5.07%F §.32%* -4 78%% | -5.80%* 2.79 3.59
' D 2.02%* 2.69%* ST 8.09** -4 F3x -8.79%* 275 3.57
N [.26%* 10.10%* | -1.68%F | -10.66%* | 2.25%* 19.04%* 1.62 11.51
Spike length - - ;
D 122 10.55%% | -].33%%* -0.38** [.85** 16.90** 1.27 991
] N 1.22%% | 15.87%* | -1.23%* | -12.10%* | 1.07** 13.65%* 1.86 20.85
No. of spikes / plant
D 1.74%% | 27.63%* | -1.06%* | -11.64** | 1.09%* 15.60%* 1.63 2027 !
. N 0.25 4.79%* -0.15 S2.79%* 1.16%* 27.02%%* 0.39 7.16
100 kernel weight
D 0.54%* | 11.98%* | 0.26** 5.68** 0.90%+ | 22.68** 0.23 4.73 !
No. of k Is/spik N 10.03** | 26.00%* | -9.78** | -16.76%* | -3.88** | -7.40** 5.54 11.40 |
0. T kernels/spike D 7.65%* | 23.10°* | -1224*% | 23.08** | -5.54** | -11.95"* | 663 1626 |

* & **Sjgnificant at 5 % and 1 % levels of probability, respectively.
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Table (11): Mean days to heading, grain yield/plant under normal and
water stress conditions and drought susceptibility index
and correlations between them of the highest yielding
families in Iy generation.

T
Selected | oy pyn ! pas | Gya GYs
families

1 0.98 | 8350 | 8275 | 19.21 1451

6 | 153 | 7900 | 7825 | 2632 16.28
13 122 | 7575 | 7500 | 21.44 14.91
19 0.67 | 8250 | 8125 | 20.69 17.23
22 1060 | 7600 | 7575 | 20.51 17.43
24 | 062 | 7125 | 7650 | 1935 1637
25 076 | 7835 | 7725 | 21.50 1739
38 | 115 | 7600 | 75.00 | 2124 1511
33 | 068 | 7575 | 7525 | 2132 17.70
35 088 | 68.50 | 68.00 | 19.44 15.18
38 0.73 | 7875 | 78.00 | 2131 17.45
39 099 | 8525 | 8450 | 20.18 15.17
42 132 | 7875 | 7825 | 2130 14.28
13 172 | 8075 | 8025 | 2221 16.01
45 T.08 | 7800 | 7725 | 26.55 1937
56 | 1.26 | 69.50 | 69.00 | 22.0 15.09
r 0.05 | 0.05 | 056+ 048"

r [00%* 1 0.003 0.06

r 0.003 0.05

r 0.46

adaptation and can be used in
breeding programs to produce
lines or cultivars having high
grain yield ability and high toles-
ance for drought stress. These
results are in agreement with
those obtained by Kheiralla,
1993, Farshadfar er af., 2001 and
Tammam et af., 2004b.
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