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ABSTRACT

INTRODUCTION

Under dry areas thip major limitation
to cereal yield is the amount of available water
(Auston 1987). Also, Ashraf and Harris
(2005) mentioned that insufficient water is the
primary limitation to wheat production world-
wide. However, quantification of drought
tolerance should be estimated on grain yield
under dry conditions in the absence of an
understanding of specific mechanisms of
tolerance. It is worth while that, relative yield
performance of genotypes in drought-stressed
and more favorable environments seems to be
a common starting point in the identification
of traits related to drought tolerance and the
selection of genotypes for use in breeding for
dry environments (Clarke et al., 1992). Accor-
ding to Fernandez (1992), genotypes can be
divided into fotit groups bysud on their yield
response to stress conditions: (1) genotypes
producing high yield under both water stress
and non-strcss conditions (group A), (2)

genotypes with high yield under non-stress
(group B) or (3) stress (group C) conditions
and (4) genotypes with poor performance
under both stress and non-stress conditions
(group D). The question is; should breeders do
sclection under both potential and stress con-
ditions or in either environment alone? Some
researchers believe in selection under favora-
ble condition (Richards, 1996; Van Ginkel er
al., 1998; Rajaram and Van Ginkle, 2001 and
Betran et al., 2003). Selection in the target
stress condition has been highly recommended
too (Ceccarelli, 1987, Ceccarelli and Grando,
1991 and Rathjen, 1994). Several researchers
have chosen the mid-way and believe in
sclection under both favorable and stress
conditions (Fischer and Maurer, 1978, Clarke
et al, 1992, Nasir Ud-Din et al, 1992,
Fernandez, 1992, Byme ef al, 1995 and
Rajaram and Van Ginkle, 2001).
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To differentiate genotypes for drou-
ght resistance, several selection indices have
been suggested an the basis of a mathema-
tical relationship between thavorable and stress
conditions (Clarke er al., 1984 and Huang,
2000). For examples, tolerance (TOL) by
McCaig and Clarke (1982) and Clarke ef al.
(1992), mean productivity (MP) by McCaig
and Clarke, (1982) stress susceptibility index
(SSI) by Fischer and Maurer (1978), geomet-
ric mean productivity (GMP) and stress tole-
rance index (STI) by Femandez (1992) and
absolute ranks (Di) by Huhan and Nassar
(1989). They have all been working under
various conditions. Fischer and Maurer (1978)
explained that genotypes with an SSI of less
than a unit are drought resistant, since their
yicld reduction in drought condition is smaller
than the mean vyield reduction of all
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genotypes.  Meanwhile, Bruckner  and
Frohberg, (1987), Bansal and Sinha (1991)
concluded that species with a smaller linear
regression coefficient (b) have a higher
drought resistance. On the other hand, the
superiority measure (P7) proposed by Lin and
Binns (1988). This technique utilizes the
highest-yielding genotypes within cach envi-
ronment as a reference point. Cultivars with
the largest yield difference than the reference
would have the highest P/ value.

The main objective of this study was
to evaluate 12 bread wheat genotypes for grain
yield/fed. Under irrigated and non irrigated
conditions by using several selection indices
in order to identify the most suitable indices/
Genotypes.

MATERIALS AND METHODS

Twelve bread wheat genotypes
including two local wheat cuitivars (Sakha 8
and Sahel 1) were chosen for study based on
their reputed differences in yield performance
under irrigated and non-irrigated conditions.
The experiments were conducted at the
Faculty of Agriculture, Cairo University,
Agriculture Experiment and Research Station,
during two successive seasons of 2006/2007
in Giza govemorate (30.029°N 31.207°E).
The soil texture was silt-loam (21% clay, 54%
silt and 25% sand) with 3.2% organic matter
and a pH of 7.84. Absorbable N, P and K were
1.12%, 0.08% and 0.20%, respectively. The
pedigree and origin of the studied genotypes
are listed in Table (1). The twelve genotypes
were planted in a randomized complete block
design with four replications and grown under
irrigated and non irrigated conditions. Irriga-
ted plots were watered at planting, tillering,
jointing, flowering and grain filling stages.
Non-irmigated plots received water only at
planting and tillering. Sowing was done in
November in all experiments. Each plot
consisted of four rows, 3 m long. Distance
between plants within rows was 20 cm. Ten
plants were randomly chosen from each plot
to measure: plant height, spike length, and
spikelets/spike. The grain yield was measured
by harvesting of the central two rows of each
plot at crop maturity.

Statistical technique:

Normality distributions in .each trait
were checked out by the Witk Shapiro test
(Neter et al,, 1996). A combined analysis of
variance was conducted for the two seasons
according to Gomez and Gomez (1984).
Homogeneity test of variances were perfor-
med according to procedures reported by
Gomez and Gomez (1984). Data were
statistically analyzed using ANOVA and LSD
value which was employed for the mean
comparisons in the MSTAT-C sofiware
package (Freed ef al, 1989), and SPSS (1999)
computer software. The combined data of
yield and yield components over both seasons
were used the following statistical procedures.

Drought resistance indices were cal-
culated using the following relationships:
1) sst0"  (Eischer and Maurer,
1-(Ys/Yp)
1978).
where Ys is the yield of cultivar under
stress, Yp the yield of cultivar under
irrigated condition, ¥s and Yp the mean
yields of all cultivars under stress and
non-stress conditions, respectively, and

1-(Y/Y) is the stress intensity.
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* Source: Plant Genetic Resources Rescarch Department (Bahteem Gene Bank), FCRI, ARC-

Egypt.

(2) Yield stability index (YSD)= %
(Bouslama and Schapaugh, 1984).

. ™ -~

3 Pr=L Buge (Clarke et al,
1992).
where n is the number of environments,
(four environments) Xij the grain yield of
ith genotype in the sth environment and
Mj is the yield of the genotype with
maximum yield at location ;.

S
(@) MP = e 4 cain er at, 1990)

1 R. TEVEVEEE"S"/SHUHA"S"

2 LR. 40 KAUZ/STAR Sudan
3 LR.42 BSP93-2]1 OSAF Sudan
4 LR.43 TEVEE"S"/TDINA Sudan
5 LR. 51 UP2338 Sudan
6 L.R. 52 Super Seri # 2 Sudan
7 LR 53 KUZ*2/MNV//KAUZ Egypt
8 L.R. New Valley Not Available Egypt
9 L.S. V92 Not Available Yemen
10 L.S. V99 Not Available Yemen
11 Sakha 8 G. 155/7C//Inia/3/Nielain Egypt
12 Sahel 1 CAZO/KAUZ/KAUZ Egypt ]

(5) TOL = Yp — ¥s (Hossain et al., 1990).
ST e LREFS
6) ¥p  (Femnandez, 1992).
(7) GMP = (¥p x ¥s)0.5 (Fe;nandez, 1992).
) Deldindex (YD) =g 0 o a,
1997). ~
(9) The absolute rank Di: = 2 j=1Zn j'=j+1Xn-
1{rij-rij’ }/n(n-1) (Huhan and Nassar
1989). ‘
where rij is the rank yield of ith genotype
in the jth environment.

RESULTS

1. Analysis of variance:

The results of analyses of variance for
the studied traits are presented in Table 2.
There was a highly significant difference
among years for the studied traits except no.
of spikelets\spike. The genotypes x years
interaction - was highly significant, for the
studied traits indicating that genotypes per-
formance changed from a year to another. The
main effect of moisture regimes was highly
significant for the studied traits except for
1000-grain weight where it was significant
only. However, the interaction between
genotypes x moisture was highly significant
for all studied traits. This variation can be
explained, in part, by the fact that traits
suitable for a given environment with its own
weather conditions may be unsuitable in
another environment (Austin, 1987 and Van
Ginkel et al., 1998).

2- Mean performance of the studied
genotypes

LR 52 and LR.53 were the most
productive genotypes in irrigated and the least
productive ones in non-irrigated conditions.
(Table 3). These results suggesting that a high
potential yield under optimum condition does
not necessarily result in improved yield under
stress condition. Thus, indirect selection for a
drought-prone environment based on the
results of optimum condition may not be
efficient. These results are in agreement with
those of Ceccarelli and Grando (1991) and
Bruckner and Frohberg (1987) who found that
landraces of barley and wheat with low yield
potential were more productive under stress
condition. The lack of response to improved
environmental conditions may be related to a
lack of adaptation to high-moisture conditions
(Clarke et al., 1992). Several studies indicated
that semi-dwarf stature is preferred in late
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season drought condition (Fischer and Maurer,
1978, Richards, 1996 and Van Ginkel et al.,
1998). Van Ginkel ¢t al. (1998) also found
that many grains/spike was critical to high
yield only in irrigated condition and it was
negatively correlated with yield under late
season drought condition.

Plant height data in (Table 3) show
that the behavior of all genotypes was the
same under irrigated and non irrigated
conditions, where the L.R. V 92 was the tallest
one. However, the percentage of plant height
reduction under non-irrigated  condition
ranged from 5.22 % to 27.75%. These results
were confirmed with those of Mardeh et al.
(2006).
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For spike length, the percentage of
reduction under non-irmgated was weak
except for L.R. 39 and L.R. 40. On the other
hand, for no. of spikelets/spike the percentage
of reduction under the non-irrigated condition
ranged from 0.56 % to 10.11 %, suggesting
that the effect of non irrigated conditions was
weak for spike length and no. of spikelets/
spike.

Data in Table 3 also showed that lincs
numbers. 43, 51, 52 and 53 gave the highest
value for no. of spikes/m2. However, these
lines exhibit the same trend for grain yield in
ton/ha, the percentage of yield reduction under
non-irrigated condition ranged from 28.11 %
t047.72%

Table (2): Mean squares for studied traits of 12 bread wheat genotypes evaluated across 4

nvir
Mean square
S.0.V. AL | Plant Spike | Spikelets\ No. of 1000-grain y{e‘;‘;
height length spike spikes/m2 weight ton ha-1
Year (y) 1 |16539.19%*| 61.88%* | 4.08 | 406653.90%* | 9320.10** | 119.46**
Error 6 108.16 229 3.19 19844600 | 310.73 0.68
Moisture (m) | 1 | 4840.08** [254.38%%| 205.02%* | 1019446.94%* | 124.07 * | 107.18%*
M xY 1 0.01 379* | 001 16326.22 6604 | 2.03*
g‘i"g‘“’s 11 | 92326%+ | 29.15%* | 2333%% | 52169.28%* | 53820%* | §05%+
GxY 11 | I38.81*%* | 13.00%* | 4.71* | 34873.80*F | 538.18%** | 6.76%*
G*xM 11 | B721%% | 455%* | 3823 * | 12620.77 4161* | 086*
GxMxY | 11 | 10097% | 350 | 2.90 1050042 | 54.67*F | 2.10%*
Error 138 | 2032 0.79 181 7371.20 22.947 0.41
CV% 5.05 832 6.34 14.77 21.04 18.42
*p<0.05. **p<0.0l].

3- Drought resistance indices

Resistance indices were calculated on
the basis of grain yield of genotypes over the
years (Table 4). Susceptibility index (SSI) as
outlined by Fisher and Maurer (1978) sugges-
ted that the genotypes having susceptibility
index more than unity means that these geno-
types are sensitive and unstable in different
environments. By contrast, the genotypes
which exhibited SSI less than unity means that
these genotypes are more tolerant to drought
conditions. The results in Table 4 indicated
that all genotypes were tolerant. Genotypes
wadi, LR. 39 and LR. 42 were the most
tolerant over all genotypes. Winter er al.
(1988) also reported that tall wheat cultivars

had a lower SSI. On the other hand, Table 4
represents the values and rankings orders for
resistance indices of the 12 genotypes, accor-
ding to the different resistance indices. Spear-
man’s coefficient of rank correlation (Steel
and Torrie, 1980) was then determined for
each of the possible pair-wise comparisons of
the ranks of the different resistance indices
(Table 5). Susceptibility index (SSI) was only
significant and positively correlated (P < 0.05)
with tolerance (TOL). However, SSI was
highly significantly and negative with yield
stability index (YSI)(r = -1.00).This indicates
that these two procedures were equivalent for
ranking purposes which corresponded with
previous findings (Mardeh ef al., 2006).



Table (3): Mean performance of studied traits evaluated across 4 environments.

Genotyp Plant height (cm) Spike length (cm) No. of spikelets/spikes No. of spikes/m 1000- Grain weight Grain yield ton ha’
enotype Y.R. Y.R. Y.R. Y.R. Y.R. Y.R.
IR NIR (%)a IR NIR (%) IR NIR (%) IR NIR (%o)a IR NIR (%o)a IR NIR (%)a

L.R.39 {10438 ]| 82.50 | 20.96 | 15.00 | 11.19 | 2541 | 21.63 | 2138 | 1.16 |467.50 | 345.06| 26.19 | 4199 | 17.21 | 59.01 | 4.35 278 | 36.17
LR.40 | 90.13 | 71.88 | 2025 | 1500 | 994 | 33.7s | 20.38 | 20.25 | 0.61 [550.00373.75 32.05 { 29.63 | 1843 | 3782 { 3.95 247 | 3756
L.R.42 | 91.00 | 65.75 | 27.75 | 10.75 | 1038 | 344 | 20.75 | 20.75 | 0.00 |570.00 41941 | 2642 | 2554 | 16.39 | 3582 | 3.62 229 | 36.73
L.R.43 | 98.63 | 86.75 | 1204 [ 11.25 | 1125 | 0.00 | 22.25 | 22,13 | 056 [664.17 1443.81 | 33.18 | 21.05 | 12.70 | 39.69 ; 3.66 2.14 | 41.50
L.R.51 {102.13 | 76.25 | 25.34 | 9.88 9.00 891 | 23.75 | 2350 | 1.05 1|676.67 | 475.83 | 29.68 | 19.94 | 13.67 | 3143 | 4.15 227 | 45.26
L.R.52 | 8938 | 67.88 | 24.06 | 9.9%4 950 | 443 | 2225 | 20.00 | 10.11 | 64042 | 483.33| 24.53 | 15.53 | 12.74 | 1799 | 3.02 1.62 | 46.52
LR.53 | 9938 | 79.88 | 1962 | 1338 | 1119 | 1635 | 23.88 } 2250 | 5.76 |596.67 42083 | 2947 | 1603 | 1548 | 343 3.39 1.90 | 4391
L.{R];};I;w 97.75 | 76.83 | 21.36 | 11.88 | 1031 | 13.15 | 20.50 | 20.50 | 0.00 |594.58 | 516.67 | 13.10 | 3232 | 1643 | 49.16 | 431 3.10 | 28.11
LR.V92[110.63 | 97.75 | 11.64 | 9.38 8.56 866 | 21.50 | 2038 | 5.21 |541.67|403.75| 2546 | 52.63 | 10.52 | 80.02 | 5.26 2.81 | 46.53
L.R. V99110050 9525 | 522 | 1038 | 925 | 10.84 | 2138 | 19.75 | 7.60 4350039517 9.16 | 3249 | 17.50 | 46.12 | 4.06 239 | 41.26
Sakha 8 | 100.63 | 80.50 | 20.00 | 9.50 9.25 2.63 | 19.88 | 1925 | 3.17 |634.17[427.26 | 32.63 | 39.78 | 16.61 | 5825 | 545 285 | 47.72
Sahel1 | 97.25 | 77.75 | 20.05 | 10.88 | 9.88 920 | 21.75 | 20.25 | 6.90 |579.58 | 496.73 | 14.30 | 3045 | 21.38 | 29.77 | 543 3.11 | 42.73
Mean 9848 | 79.92 | 19.02 | 1143 | 997 | 1140 | 21.66 | 2089 | 3.51 57920 43347 ] 2468 | 29.78 | 1575 | 40.71 | 4.22 248 | 41.33

LSD
5%) 445 0.88 1.33 84.88 4.74 0.63

LSD: least significant difference at 5% level of significance
Y .R. %: a Percentage of vield reduction under non-irrigated condition.
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Yicld stability index (YSI) was calcu-
lated for the twelve genotypes (Table 4).
Genotypes L.R. New Valley, LR. 39, LR. 42
and L.R. 40 had the lowest yield under non-
wrrigated conditions, but they had the greatest
yield stability. However, Sahel 1 LR, V92,
LR. 52 and L.R. 53 had the largest difference
between grain yield under irrigated and non
irrigated conditions, and hence the lowest
yield stability index. YSI was significantly
correlated with tolerance (TOL). None of the
other resistance index with the YSI. This
indicates that these two procedures were
equivalent for rankiug purposes which corres-
ponded with previous findings (Bouslama and
Schapaugh, 1984).

Data in Table 4 also showed the
values of superiority measurement (Pi) . In
this regards Huhan and Nassar (1989) and Lin
and Binns (1988) reported that the tested
genotypes, which had low values (nearly zero
or zero) are considered as high tolerant to
drought. Sakha 8, Sahel 1 and L.R. V92 had
the lowest values for Pi. However, Pi was
highly significantly correlated (P < 0.01), and
ncgative in magnitude with mean productivity
(MP), stress tolerance index (STT), geometric
mean productivity (GMP), and yield index
(YD), while with tolerance (TOL) the relation
was significantly negative (P < 0.05). Similar
results were obtained by Mardeh ef al. (2006).
However, Lin er al. (1986) used P for
differentiating stress resistance genotypes, but
it did not seem to be uscful under severe stress
conditions.

Mean productivity (MP) and yield
tolerance (TOL) were calculated for all 12
genotypes. to identify those that had desirable
high MP or low tolerance values. Genotypes
with high MP included Sahel 1, Sakha 8, L.R.
V92 and L.R. New Valley. Sahel 1, Sakha 8,
and L.R. V92 performed well because of high
yields under non- irrigated conditions (Table
3). MP is mean production under both stress
and non-stress conditions (Rosielle and
Hamblin, 1981), it will not bo correlated with
yield under stress. For this reason, MP was not
able to differentiate cultivars belonging to a
certain group from the others. As described by
Hohls (2001) selection for MP should increase
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yield in both stress and non-stress environ-
ments unless the correlation between yield in
contrasting environments is highly negative.
The MP can be related to yield under stress
only when stress is not too severe and the
difference between yield under stress and non-
stress conditions is not too much and cultivars
with a high MP would belong to group A in
these situations

Genotypes with the best tolerance
values (L.R. New Valley, LR. 42, LR. 52 and
LR. 53) were generally lower yielding in
irrigated conditions. However, both MP and
TOL were significantly and positively corre-
lated to each other, and also both were
significantly and positively correlated with
geometric mean productivity (GMP Similar
results were reported by Clarke ef al. (1992)
and Rosielle and Hamblin (1981). Rizza ef al.
(2004), however, showed that a selection
based on minimum yield decrcase under stress
with respect to favorable conditions (TOL)
failed to identify the best genotypes. -

Stress tolerance index (STI) and
geometric mean productivity - (GMP) were
calculated for all 12 genotypes to identify
those that had desirable high STI and GMP
values as outlined by Femandez (1992).
Generally, both measures had a highly signifi-
cant positive correlation between them. Also,
they had the same rank for the studied geno-
types. According to these measures, genotypes
Sahell, Sakha 8, LR. V92, LR. New Valley
and L.R. 39 were high tolerant to drought.
There was highly significance and positive
correlation between these two measures (STI
and GMP) and yield index (YI) by r - o agxx
and r = 0.97** respectively.

Y1, as proposed by Gavuzzi et al.
(1997) ranks cultivars only on the basis of
their yield under stress. YSI, as Bouslama and
Schapaugh (1984) stated, evaluates the yield
under stress of a cultivar relative to its non-
stress yield, and should be an indicator of
drought resistant genetic materials. So, the
cultivars with a high YSI are expected to have
high yield under both stress and non-stress
conditions. In the present study, however,
genotypes (Sahel 1, L.R. New Valley, Sakha
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8, L.R. V92 and L.R. 39) with the highest YSI
exhibited the lowest yiold under non irrigated
conditions and the high yicld under stress
conditions (Table 3).

Data in Table 4 showed the values of
absolute rank (Di). In this regards, Huhan and
Nassar (1989) and Lin and Binns (1988)

reported that the tested genotypes, which had
low values (nearly zero or zero) are consi-
dered as high tolerant to drought. Sahel 1 LR.
52, L.R. V92 and L.R. 51 had the lowest
values for Di. However, there was not a
significant correlation between either Di. and
other resistance indices.

Table (5): Spearman’s rank correlation for all the resistance indices

Resistance | ooy ' p | Mp |TOL | STI | 6MP | VI Di

mdices
SSI 100 | 023 | 002 [057%] 000 | 005 | 024 | 054
YSI 012 | 001 |-060% | 002 | 001 | 020 | 042
P 007+ | -0.68% | 097+ | 006 | -0.90** | 0.14
MP 0.625 | 0.09% | 0.09% | 006+ | 0.15
TOL 063% | 058* | 038 | 027
STI 0.99%% | 0.95%* | 0.17
GMP 0.97%% 1 020
Y1 0.29

* p <0.05. ** pn<0.01.
DISCUSSION

Two schools of thought have been
announcement to answer the question that
should breeding do selection under both
potential and stress conditions or on selection
in either environment alone? The first of these
philosophies believe in selection under favo-
rable condition (Richards, 1996, Van Ginkel
ef al., 1998, Rajaram and Van Ginkle, 2001
and Betran et al., 2003). The breeders who
advocate selection in favorable environments
follow this philosophy. Producers, therefore,
prefer cultivars that produce high yields when
water is not so limiting but suffer minimum
loss during droughty seasons (Nasir Ud-Din et
al, 1992 and Mardeh er al., 2006). The
second thought belief in selection in the pre-
vailing conditions found in target environ-
ments (Ceccarelli, 1987, Ceccarelli and
Grando, 1991 and Rathjen, 1994). Several

researchers have concluded that selection will -

be most effective when the experiments are
done under both favorable and stress con-
ditions (Fischer and Maurer, 1978, Clarke et
al, 1992, Nasir Ud-Din et al, 1992,
Fernandez, 1992, Byme et al, 1995 and
Rajaram and Van Ginkle, 2001). Trethowan et
al. (2002) showed that selection in altemating

drought and non-drought environments at the
International Maize and Wheat Improvement
Center (CIMMYT) has resulted in a signifi-
cant progress in the development of wheat
germplasm adapted to dry areas globally.

When breeding for drought resistance
is the aim, two situations seem to be clearly
distinguished in order to choose a selection
strategy: (1) where the drought condition is
predominant over the years and wet years are
infrequent, and (2) where the drought con-
dition happens rarely and wet years are
predominant. In the regions with the former
situation, selection should be based on the
yield in the target environments as suggested
by Ceccarelli (1987), Ceccarelli and Grando,
1991 and Rathjen (1994). The latter situation
exists (¢.g: most parts of Europe), selection in

_favorable environments will be more effective

because input responsiveness, so important in
the wetter, admittedly less frequent, but much
more productive years can be easily maintain-
ned in the germplasm (Richards, 1996, Van
Ginkel et al., 1998, Rajaram and Van Ginkel,
2001 and Betran et al., 2003).
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CONCLUSIONS

If the strategy of breeding program is
to improve yield in non-stress environment, it
may be possible to explain local adaptation to
increase gains from selection conducted direc-
tly in that environment (Atlin ef al., 2000 and
Hohls, 2001). However, sclection should be
based on the resistance indices calculated
from the vyield under both conditions, when
the breeder is looking for the cultivars adapted
for a wide range of environments.

The findings of this study showed
that the breeders should pay attention to
genotypes LR, V92, LR. New Valley, and
LR 39. These genotypes should be involved
in breeding program for developing new
tolerant varieties to drought. The use of
different concepts of selection indices will
lead to different rankings of genotypes. How-
ever, superiority measure (Pi) mean produc-
tivity (MP), stress tolerance index (STI),
geometric mean productivity (GMP) and yield
index (YT) are suggested to differentiate geno-
types for drought resistance.
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