J. Agric. Sci. Technol. (2008) Vol. 10: 109-121

Evaluation of Wheat (Triticum aestivum L.) Genotypes under

Pre- and Post-anthesis Drought Stress Conditions
A. Sanjari Pireivatlou'* and A. Yazdansepas2

ABSTRACT

The responses of yiedd and yield components of 24 advanced bread wheat genotypes to
pre- and post-anthesis drought stress conditions were studied at Ardabil Agricultural Re-
search Station during the 19972000 cropping seasons. Results showed that genotypes
produced significantly lower spikes No./m? seeds No.spike and grain yield under pre-
than in post-anthesis drought stress conditions. However, an average of 1,000 kernd
weight of genotypes under pre-anthesis was higher than under non-stress and post-
anthesis drought stress conditions. Selection based on TOL and SSI identified the drought
tolerant genotypes with low grain yield. However, selection based on MP, GMP and STI
identified drought tolerant genotypes with a high yield. G enotypes No. 13, 14 and 21 were
determined as desirable genotypes based on their high grain yield under non-stress, pre-
anthesis and post-anthesis drought stress conditions. The interaction effect of genotype x
year was significantfor membrane stability and membrane damage, however, the interac-
tion efect of genotypesXstages of measurement (booting and heading) were not signifi-
cant. On the basis of these results, genotypes No. 13,14 and 21 withlow membrane dam-
age were also identified as drought tolerant genotypes. It can be concluded that the labo-
ratory test can be an useful tool in a breeding program for improving drought tolerance
in wheat.

Keywords: Bread wheat, Drought stress, Grain yield.

INTRODUCTION

Interest in crop responsesto environmental
stresses has increased greatly, because of
experiencing severe losses from heat, cold,
drought and high concentrations of toxic
mineral elements (Lewis and Christiansen,
1981; Blum, 1985). Several studies have
been conducted with spring and winter
wheat to evaluate the effect of limited irriga-
tion on crop production. Yield is reduced
mostly when drought stress occurs during
the heading or flowering and soft dough
stages. Drought stress during maturity re-
sulted in about 10 % decrease in yield
(Bauder, 2001), while, moderate stress dur-
ing the early vegetative period has essen-
tially no effect on yield (Bauder, 2001). An

important source of carbon for grain filling
under stress conditions is stem reserve and,
under mild conditions, current assimilates
may be limited for normal grain filling. In a
three-year study conducted in Connecticut, it
was estimated that canopy respiration and
grain dry matter accumulation were ap-
proximately equal sinks for photosynthate
and, together, were greater than canopy pho-
tosynthesis late in grain filling (Gent, 1994).
Thus, stem reserves were essential for com-
pleted grain filling (Gent, 1994). Water defi-
cit did not affect kemel number in wheat,
while high temperatures reduced it signifi-
cantly (Plaut et al, 2004). According to
Plaut ef al. (2004) the rate of dry matter ac-
cumulation by kernels was considerably de-
creased by water deficit in wheat cultivars.
Rates of transport (probably of non-
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structural carbohydrates) from the vegetative
organs to kernels were much higher in
Suneca than in Batavia wheat cultivars dur-
ing drought stress conditions (Plaut et al.,
2004). Plaut et al. (2004) also reported that
the thousand-kemel weight (TKW) and
weight of kemels per spike were more se-
verely decreased by water deficit than by
heat in both wheat varieties, and less in Ba-
tavia than in Suneca cultivars. Shafazadeh et
al. (2004) in their study on 20 wheat geno-
types under post-anthesis drought stress
conditions, reported significant differences
for genotypic and irrigation effects, and also
for irrigationXyear, genotypeXirrigation
and genotypeXyear interaction effects when
grain yield was considered. It was reported
that membranes of cells and organelles are
primary sites for desiccation injury (Tan and
Blake, 1993; Fan and Blake, 1994). Loss of
membrane integrity has been shown by the
increase of electrolyte leakage under drought
stress (T'an and Blake, 1993; Fan and Blake,
1994). Determination of cell membrane
damage reported by Rizza et al. (1994) on
barley genotypes under low and freezing
temperatures made it possible more accu-
rately to esimate defenses in the extent of
stress-induced injury.

The main objectives of this study were (1)
identifying the high yielding genotypes, tol-
erant to pre- and post-anthesis drought stress
conditions and (2) investigating the variation
among wheat genotypes for cell membrane
damage.

MATERIALS AND METHO DS

The field experiments using 24 bread
wheat genotypes with winter and facultative
growth habits (Table 1) were conducted at
Agricultural Research Station of Ardabil
(38°15°N, 48° 20°E, with an elevation about
1,350 m above sea level) during the 1997-
2000 cropping seasons. The climate in this
part of Iran is semi-arid with an average
rainfall of 270 mm (Table 2). The experi-
mental design was a randomized complete
block with three replications. Drought
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treatment in the pre-anthesis stage was car-
ried out by irrigation from plant emergence
up to anthesis, and in the post-anthesis
drought stress condition by terminating irri-
gation after anthesis. The control treatment
was normal irrigation throughout the grow-
ing season (Table 2). The total amount of
irrigated water in the control and water defi-
cits in pre-anthesis and post-anthesis ex-
periments were 436.8 mm, 2502 mm and
272.8 mm, respectively (Table 2).

An individual plot was 5 m long with six
rows spaced 20 cm apart and sown by a
small-plot planter (Wintersteiger) at a den-
sity of 500 seeds/m”. The harvested plot size
for grain yield was 6 m> and the grain yield
of each individual plot was separately har-
vested and measured. The data were ana-
lyzed, using SAS (1988). For estimating the
tolerance and susceptibility of genotypes the
following indices were used:

Stress Susceptibility Index (SSI): (Ficher

X
and Maure, 1978), gy o

S

|—=

P
Tolerance (TOL): (Rasielle and Hamblin,
1978), toL=v, -v,

Mean Productivity (MP): (Rasielle and

Hamblin, 1978), MP = Y, *Y

Geometric Mean Productivity (GMP): (Ra-

sielle and Hamblin, 1978), GMP= Jrsxvp
Stress Tolerance Index (STI): (Femandez,

YI’
1992), STI =—

¥,

Where: Y =Mean yield of the genotype

under non-stress conditions; Ys =Mean
yield of the genotype under stress condi-

tions, Yp =Mean yield of all genotypes un-
der non-stress conditions and Ys =Mean

yield of all genotypes under stress condi-
tions.
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Table 1. Pedigrees and growth habit of bread wheat genotype studied under non-stress,

pre- and post-anthesis drought stress conditions.

No. Genotypes Growth habit (GH)
1 MV17 w“
2 Alamoot W
3 F13011.1321.Ron/Fdi w
4 ID13/MI1t.SWM1274 Mex/Tur... w
5 Au/3/Minn//11K/4/XMh/Era/5/Dhf F?®
6 Horis S¢
7 GK-zuyloy W
8 Y mh/Tob/Mcd/3/Lira W
9 Ayt94-Tjb788-1080/A/denv3/Resk//Eno/G11Wre86099 w
10 Hkng.SXL-7044/Bow//ksa 74681/SXL/cit... w

11 Mach//Bez/GGrk/cit89067-ose. .. W
12 Ba/6529.13 w
13 Jup/4/cllf’3/111.53/0dino//ci18431/Waos477w w
14 Jup/4/cllf’3/111.53/odino//ci18431/Wa... w
15 OWL184524-3H-OH OH- ND/P101//Bb.. w
16 Sbn//Sannina/Ald S F
17 Stepinak/Karvana W
18 Vratza/wisc245 W
19 Agri/Nac (ES91-81)Swm6595... F

20 Agri/Nac-Swm65-99-20H-1H-3P-0P-8m-MW-owm F

21 Gaspard w

22 Toos F

23 Shahriar W

24 Sabalan W

“Winter wheat; "Facultative wheat, ‘Spring wheat.

Also, the biplot display was used to iden-
tify tolerant and high yielding genotypes.
Membrane damage and stability of the
membrane of the genotypes at booting and
heading stages were also studied in pre-
anthesis drought stress, by experimentally
taking plant samples. Each plant sample
contained 0.5 cm diameter segments of 10
flag leaves from each plot. Samples were
placed in a vial containing 15 ml of de-
ionized water, degassed under vacuum for
20 minute and stirred at 25°C for 2.1/2
hours. A digital conductivity meter meas
ured the ion release. The membrane damage
was measured by using the formula MD=
(C1-C,)/(C2-C,,,) where C, and C, are the
electro-conductance values before and after
autoclave, respectively, and C,, is the elec-
tro-conductance value of the de-ionized wa-
ter (Rizza etal., 1994).
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RESULTS AND DISCUSSION

Results of the combined ANOVA showed
significant differences (P<0.05) for the ex-
perimental years for both drought and geno-
typic effects. Moreover, interaction effects
of droughtXyear, genotypeXyear, genotype
Xdrought and genotypeXyearXdrought
were found significant (P<0.05)

The mean yield of 24 genotypes under
non-stress, pre-anthesis and post-anthesis
drought stress conditions were 6.99, 4.65
and 5.20 t ha”, respectively (Table 3). As
the results show, genotypes produced sig-
nificantly less grain yield under pre-anthesis
drought stress condition than non-stress and
post-anthesis drought stress conditions.
These findings are not in agreement with the
results of Calhoun er al. (1994) and Van
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Ginkel et al. (1998) who reported a higher
grain yield under early drought than late
drought stress conditions.

The drought stress intensities were 0.34
and 0.25 wunder pre-anthesis and post-
anthesis drought stress conditions, respec-
tively, i.e. applied drought stress in pre-
anthesis was more severe than in post-
anthesis.

The reason for lower grain yield under pre-
anthesis rather than post-anthesis drought
stress conditions was mainly due to a reduc-
tion in the number of spikes/m” under pre-
anthesis drought stress condition. The num-
ber of spikes/m’ in non-stress, pre-anthesis
and post-anthesis drought stress conditions

were 698.5, 5163 and 603, respectively
(Table 3). The average number of seeds
/spike in non-stress, pre-anthesis and post-
anthesis drought stress conditions was 33.0,
29.1 and 32.4, respectively (Table 3). Thus,
the number of spikes/m” and seeds No./spike
were significantly reduced in pre-anthesis
compared to non-stress and post-anthesis
drought stress conditions. Average 1,000
kernel weight under non-stress, pre-anthesis
and post-anthesis drought stress conditions
was 43.5 g, 455 g and 36.0 g, respectively
(Table 3). A similar result is evident in the
data of Inness et al. (1981) with two winter
wheat varieties. They reported the results of
experiments with winter wheat selections,

Table 4. Mean values of tolerance and susceptibility indices under pre-anthesis drought stress

conditions.

Genotypes  yp“(yha)  Ys, t/ha)  (TOL)"  (MP)” GMPY  (SSIY (sTD®
1 722 ad 4.80 ac 242eg  60lgh  589¢  1.02be 0714
2 721 ae 5.02 ac 2.19 hj 6.12¢f  602c  092g 074 ¢
3 6.92 bg 4.42 dn 250cf 567k 553h  1.09b 0.63 g
4 783a 5.08 ac 275a 646ac 631  1.06bc 081a
5 6.51 di 391h 260ad  521pq 505k  121a 0521
6 6.66 d 532a 134m  599hi 595de  061] 0.73d
7 725 475 af 250c¢f  600gh  587e  1.04bd 0.70d
8 7.59 ab 491 ad 268ac  625ce  6.10c  1.07bc 0.76 ¢
9 6.03 hi 423 ¢h 1.801 513g¢ 505k 090hi 0521
10 7.15 af 4.42 dn 273a 579 562¢  1.16a 0.65f
11 725 4.74 af 251c¢f  600gh  586e  1.05bd 0.70d
12 6.81 bh 455 e 226 g 568k 557h  1.01be 063 ¢
13 782a 527a 255be  655a 642a  099c 084 a
14 7.48 ac 5.00 ad 248df  624ce  6.2c¢  1.00c 077b
15 7.64 ab 5.03 ac 26lad  634bc  620b  1.04bd 0.79b
16 729 ad 483 ad 246df 606 fe 593de  1.02be 0724
17 6.25 fi 4.10 gh 2.15 hj 5.18q 506k 1.04bd 0521
18 6.45di 4.13 gh 232t 5290p 516k  1.09b 0.55k
19 6.29 fi 413 ¢h 2.16 hj 521pg 510k 1.04bd 0.53 k
20 6.39 c 4.19 h 220 hj 5290p  5.17j(k  1.04bd 0.55k
21 725ad 519 b 2.06 jk 622de  6.13c 0861 077b
22 7.12 af 4.62 bg 250cf  5.87] 574f  1.06bc 067 f
23 744 ac 493 ad 251cf  6.19de  606c  1.02be 0.75 ¢
24 591i 4.09 gh 1.82i 5001 492 093 g 049 i
Mean 6.99 a 465¢ 234 5.82 570 1.01 0.67

g" 1.121 0.771 1.061 0.803 0.790 0.380 0.127
LSD5% 0.152 0.100 0.175 0.094 0.092 0.061 0.022

Means with similar letters in each column are not significantly different.
“Yield in non-stress conditions, bYield in pre-anthesis drought stress, “Tolerance, 4 Mean productivity,
¢ Geometric mean productivity, / Stress susceptibility index, ¢ Stress tolerance index, " Standard deviation.

For TOL and SSI, lowervalues are desirable.
For MP, GMP and STI, higher values are desirable.
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Table 5. Mean values of tolerance and susceptibility indices under post-anthesis drought stress

conditions.
Gémotypes  yp“ (¥ha)  Ys, (tha)  (TOL)  (MP)" (GMP) sy (s

1 722 a 558 a 164  640ad  635d 087Kk 082 ¢

2 721 ae 5.02 dg 219bc  6.12f  602h  1.17bd  0.74f

3 6.92 be 5.03 dg 1.89df  598h  590i 105dg  07lg

4 783 a 5.90 ab 193de  687a  680a 095g 095 a

5 6.51 di 5.07 dg 1.44i 579h  575i 085ik 0.68 h

6 6.66 G 443 ¢h 223bc 5.55] 543k 129a 0.60 j

7 725 ad 527 af 198de  626e  6.18f 105dg  078e

8 7.59 b 5.58 ad 201d 659b  651a 1.02f 087b

9 6.03 hi 494 dg 1.09 k 549 546K 070 m 061

10 7.15 af 541 ae 174f  628e  622f  094g 079 e

11 725 ad 517 cf 208cd  621f  612g  1.10df 077
12 6.81 bh 537 ae 1.44i 609¢ 605g 081k 075f

13 782a 5.53 ad 2294  668b  658a 1.13¢ 0.89 b
14 7.48 ac 559 ad 189df  654c  647bc 097 gi 0.86b

15 7.64 b 528 af 236a 646ad  635d  1.19b 0.83c
16 729 ad 5.52 ad 177e¢  641ad  634d 093 gi 082 ¢
17 6.25 fi 498 dg 1274k 562§ 558k 078K 0.64 i

18 6.45di 562 ad 083 1 604g  602h  049p 074 f

19 629 fi 4.66 fg 163gh 548 5411 1.00fg 0.60 j
20 6.39 ¢ 478 eg 161gh  559] 553k 097 0631
21 725 ad 596 a 129k  661b 657 0.68n 0.88 b
22 7.12 af 5.05 dg 207ad 609g  600h  1.12d 0.74f
23 744 ac 523 bf 221bc  634de  624f  1.ldc 0.804d
24 5911 390h 201d 491k  480m 13la 047 k

Mean  699a 520 bf 1.79 6.10 6.03 0.98 0.74

g 1.121 1.076 1342 0.870 0877  0.702 0.180
LSD5%  0.152 0.120 0.200 0.093 0092  0.103 0.022

Means with similar letters in each column are not significantly different.
“Yield in non-stress conditions, °Yield in post-anthesis drought stress, “Tolerance, ¢ Mean productivity,
¢ Geonetric mean productivity,” Stress susceptibility index, ¢ Stress tolerance index, " Standard deviation.

For TOL and SSI, lowervalues are desirable.
For MP, GMP and STI, higher values are desirable.

which differed in the final number of spikes
brought about by genetic differences in tiller
production. When water was withheld post-
anthesis, grain yields of the studied geno-
types were not significantly different from
their values under full irrigation because, by
the time the drought treatment began, the
plants were able to extract water from a con-
siderable depth in the soil profile. A pre-
anthesis drought treatment reduced the num-
ber of grains per spike of both winter wheat
lines almost equally, and also reduced the
final number of spikes and grain yields.
They also reported that in pre-anthesis
drought the period of tiller and spikelet
death caused a reduction in number of
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spikes, but a proportionally greater reduction
in the number of grains per spike compared
with the values for these genotypes in the
fully irrigated plots (Inness et al. 1981).

The 1,000 kernel weight of wheat geno-
types was significantly reduced under post-
anthesis drought stress conditions, which is
consistent with results of Plawut et al. (2004).
Plaut et al. (2004) also reported that 1,000
kernel weight and weight of kemels per
spike were more severely decreased by wa-
ter deficit than by heat stress in wheat varie-
ties, ie. the rate of dry matter accumulation
by kemels was considerably decreased by
water deficit. The increase of an average of
1,000 kemel weight of genotypes in pre-



Table 6. Correlation coefficients between tolerance and susceptibility indices of wheat

genotypes under pre- anthesis drought stress conditions (n=24).
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Drought tolerance and (YP)" (Ys)” (TOL)* (MP)? (GMPY  (SSD)®
susceptibility indices
Pre-anthesis 0.80**
Ys
Post-anthesis  0.71*%*
Pre-anthesis  0.65%* 0.08™
TOL
Post-anthesis  0.58** -0.17™
Pre-anthesis 0.96** 0.94%* 041*
MP
Post-anthesis  0.94%* 0.91** 0.26"™
Pre-anthesis  0.95%* 0.95%* 0.37™ 1.00%*
GMP ¢
Post-anthesis  0.79%* 0.88%** 0.08ns 0.90%*
Pre-anthesis 0.14™ -0.46* 0.84%* -0.14™ -020™
sst/
Post-anthesis  0.24™ -0.51%* 0.93%* -0.11"™ -0.26™
Pre-anthesis  (0.94%* 0.95%* 037" 1.00%* 1.00%* -020™
STI ¢
Post-anthesis  0.92%* 0.92%* 0.22™ 1.00%* 0.91** -0.15™

* and **, Significant at 5% and 1% probability level, respectively.

ns: Non significant.

“yield in non-stress conditions, "yield underdrought stress condition, © Tolerance, * Mean Productivity,
¢ Geometric Mean Productivity,” Stress Susceptibility Index, ¢ Stress Tolerance Index.

anthesis drought stress compared to non-
stress and post—anthesis drought stress con-
ditions could be due to a lower number of
seeds/spike in pre-anthesis drought stress
conditions (Table 3), i.e. under pre-anthesis
drought stress conditions, assimilates were
partitionedto a lower number of seeds/spike,
and thus resulted heavier grains. These re-
sults are in agreement with the results of
Van Ginkel et al. (1998) who reported lower
grain No./m’ under early rather than late
drought stress conditions, although the 1,000
kernel weight in an early drought was higher
than in a late drought.

The TOL index selected genotypes with
low yield but tolerant to drought stress.
These were genotypes No. 18, 9, 17, 21, 12
and 19 under post-anthesis drought stress
condition (Table 5) and genotypes No. 6, 9
and 24 under pre-anthesis drought stress
(Table 4). These findings are in accordance
with results of Rosielle and Hamblin (1981).
An important component forthe success of a
plant breeding program in stressed environ-
ments is good performance of genotypes
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under severe stress conditions and maximum
yield under optimum conditions.

The grain yield of genotypes under pre-and
post-anthesis drought stress conditions
showed positive and highly significant cor-
relations with MP, GMP and ST, and a sig-
nificantly negative correlation with SSI (Ta-
ble 6). Also, the grain yield of genotypes
under non-stress condition (Yp) showed
positive and highly significant correlations
with TOL, MP, GMP and STI under pre-
and post-anthesis drought stress conditions
but was not correlated with SSI (T able 6).
Tables 6 indicate that MP, GMP and STI
were better predictors of Yp and Ys than
other indices under both water deficit condi-
tions. Overall, STI was a better predictor of
Yp and Ys under both stress conditions. This
result is in agreement with the results of
Fernandez (1992). Shafazadeh er al. (2004)
reported positive and highly significant cor-
relation coefficients between ST and grain
yield under normal and terminal drought
stress conditions.
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Figure 1. Three dimensional plot of Yp, Ysi and STTunder pre-anthesis drought stress
conditions.

Three-D-plots among Ys, Yp and STI are
presented in Figures 1 and 2 and they shows
the interrelationships among these three
variables, illustrating the advantage of STI
as a selection criterion for identifying high-
yielding and drought tolerant genotypes. In a
three-D plot (Figures 1 and 2) the X-Y axes
is divided into four sections and marked as
groups A to D. According to the 3-D plot
classification of Femandez (1992), the group
A genotypes have high yield in both non-
stressed and stressed environments, geno-
types in group B favored a non-stressed en-
vironment, group C genotypes favored
stressed environments and the group D
genotypes have low yield in both stressed
and non-stressed environments. On the basis
of a 3-D plot (Figure 2) in post-anthesis
drought stress most of the genotypes in
group A showed high STT (genotypes No. 1,
4, 8, 13, 14, 15, 16, 21 and 23). Two other
genotypes (No. 7 and 10), also expressed a
moderate STT (0.78 and 0.79, respectively).
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However, genotypes No. 12 and 18 were
more suitable for stress conditions (Group
C) and genotypes No. 2, 3, 11 and 22 were
more suitable for non-stressed environments
(Group B). In pre-anthesis drought stress
experiments, genotypes No. 2, 4, 7, 8, 11,
13, 14, 15, 16, 21 and 23 were identified as
group A genotypes which also showed high
STI values (Figure 1). Overall, genotypes
No. 4, 8, 13 and 14 with high yield and high
drought stress tolerance were more suitable
in both water deficit conditions. Selection
based on the SSI (Stress Susceptibility In-
dex) favored genotypes No. 9, 18 and 21
under post-anthesis drought stress (T able 5)
and genotypes No. 6, 9 and 21 under pre-
anthesis drought stress (Table 4) conditions.
Nevertheless, SSI failed to identify the high
yielding and stress tolerant genotypes under
both water deficits and non-stress condi-
tions. These findings are in accordance with
the results of Fernandez (1992). Thus, a 3-D
plot of Ys, Yp and STI separated the group
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Figure 2. Three dimensional plot of Yp, Ys and STT under post-anthesis drought stress
conditions.

A genotypes from other genotypes very ef-
fectively.

Injury to cell membranes was studied at 2
stages (booting and heading) by measuring
the electro-conductivity of an aqueous me-
dium containing leaf discs which were taken
from the pre-anthesis drought stressed ex-
periment. The interaction effect of yearX
genotype and measurment stages (booting
and heading)X genotype were found signifi-
cant (P<0.05) and non-significant, respec-
tively. Results show that the stages of devel-
opment (booting and heading) of wheat un-
der drought stress conditions could not in-
teract with stability of the membrane and
membrane damage. There were significantly
differences (P<0.05) between genotypes in
both the membrane stability and membrane
damage indices, i.e. genotypes showed dif-
ferent drought tolerance in stability of the
membrane and membrane damage. So it will
be possible to select the drought tolerant
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genotypes by evaluating the afore mentioned
indices (Table 7). A lot of evidence suggests
that cell membranes and organelles are pri-
mary sites for desiccation injury. Loss of
membrane integrity was reported with the
increase of electrolyte leakage under drought
stress (T'an and Blake, 1993; Fan and Blake,
1994). On the basis of differences between
cell membrane damage and the stability of
membrane indices of winter wheat geno-
types, genotypes No. 13, 14, and 21 with
low membrane damage (T able 7) were also
identified as drought tolerant genotypes. It
can be concluded that the laboratory test can
be a useful tool for integration in a breeding
program for improvement of drought toler-
ance in wheat.

Overall, these results showed that an im-
portant component for success in any plant
breeding program under stressed environ-
ments is good performance of the genotypes
under severe stress and maximum yield un-
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Table 7. Average values of stability of membrane (SM) and percentages of membrane damage
(MD) of winter wheat genotypes at the booting (1) andheading (2) stages under pre-anthesis
drought stress conditions from the 1998 to 2000 cropping seasons.

Stability of membrane and membrane damage values

No G

o Genoypes SMp)% (SMp%  (MDp% _ (MD, %
1 MV17 53.08 ce 59.12cd 0.6046b  0.6616de
2 Alamoot 74.67 ac 78.75 ad 09518ab 1.0170 cf
3 F13011.1321 .RonVFdi 62.33 ae 7043bd  0.8651ab 0.9320 cf
4 ID13/MIt.S.WM1274 Mex/Tur... 55.72 be 77.38 ad 0.9568 ab 1.2030 ac
5 Au/3/Minn//11K/4/XMh/Era/5/Dhf 58.02 be 81.08 ad 0.7429ab  0.9270 cf
6 Horis 63.40 ae 76.33 ad 0.8499 ab  0.9424 cf
7 GK-zuyloy 56.50 be 51.00d 0.9625ab 0.5040f
8 Y mh/Tob/Mcd/3/Lira 64.67 ac 86.75 ac 13550 ab 1.5100 ab
9 Ayt94-Tjb788- 81.83a 9342 ab 1.5030 a 1.1990 ac

1080/A/deny3/Resk//Eno/G11Wre86099

10 Hkng.SXL-7044/Bow//ksa74681/SXL/cit... 69.67 ae 80.67 ad 1.0330ab 0.8917 cf
11 Mach//Bez/GGrk/cit89067-ose... 71.17 ae 87.25 ac 12570 ab 1.0810 bd
12 Ba/6529.13 70.33 ae 77.82 ad 0.8163ab 0.8817 cf
13 Jup/4/cllfi3/111.53/0dino//ci18431/Waos477w 4942¢ 63.00bd  0.7138ab  1.0050 cf
14 Jup/4/cl1ff3/111.53/0dino//ci18431/Wa... 50.83 de 70.58 bd  0.7244ab  0.8220 cf
15 OWL184524-3H-OH OH- ND/P101//Bb... 72.77 ad 68.75bd  09950ab 0.8612cf
16  Sbn//Sannina/Ald S 61.93 ae 92.00 ab 0.8254ab 1.0350 be
17 Stepinak/Karvana 82.00 a 1033 a 1.4450ab 1.2160 ac
18  Vratza/wisc245 76.20 ab 103.7a 1.1430ab 1.6330a
19 Agri/Nac (ES91-81) Swm6595... 66.50 ae 67.72bd 09201 ab 0.7944 cf
20 Agri/Nac-Swm65-99-20H-1H-3P-0P-8m-MW-owm 65.78 ae 67.05bd  0.6746ab 0.8055 cf
21 Gaspard 5495 be 64.50bd  0.6380b  0.7309 cf
22 Toos 51.87 de 53.83d 0.7162ab 0.5550 ef
23 Shahriar 58.42 be 81.25 ad 0.8195ab 0.9519 cf
24 Sabalan 69.45 ae 7597 ad 1.4960 a 1.2290 ac
LSD 5% 18.15 25.15 0.694 0424

der optimum conditions. Therefore, three
high yielding, and drought tolerant geno-
types-genotypes No. 13, 14 and 21- were
identified as suitable genotypes for both
non-stress and drought stress environments
(Tables 3, 4 and 5), with an acceptable sta-
bility of membrane and low membrane dam-
age (Table 7).
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