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Table 1- Combined analysis of variance (over two years) for grain yield (GY), biological yield (BY), days to anthesis (DA),
days to physiological maturity (DPM), water use efficiency for grain (WUE) and biological (WUEg) yield
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.. ¥ U 395 G 395 & o Lol .
Oyt 2lo = 1 . . ) Solel Spae plonl,
n
S.0.V g WhaS b o e 3Ll (WUEg)
& (GY) Sl SU59090 ud (WUEg)
(DA) (DPM)
Year (Y) Ji 1 42.529%  1383.3%* 1805** 1.1ns 6.59 ns
Replication/Ycar 55/ Jbw 4 3.861 438 10.0 03 3.93
(L) s Cadgacne 2 203.4%* 40.0 ns 171825+ 12.4% 128.8%*
Water limitation
LY (gugb, Cudgaome x Jw 2 0.556 ns 17.7 ns 6.0 ns 0.5% 5.62%
Eaa gl 8 0.586 9.7 515 0.1 1.12
Genotype (G) wuisi; 9 3.517%* 74.9 ** 23.5% 0.2%* 8.58%*
Y xG wuigij x Jlw 9 0.537 ns 13.5 #* 2.1ns 0.04 ns 0.39 ns
L 4G iyl » sl Cudgien 18 1.273% 19.1 ns 17,75 0.07 0.60*
G x by Gdgimex Jle g 156 g 14,1%* 2.6ns 0.02 ns 0.27 ns
LxGxY
Ebb 108 0.425 12 2.8 0.06 0.353
%CV 9.96 8.2 6.0 14.6 15.4
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** * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Table 2- Means comparison (over two years) of main effects of genotypes and water deficits for grain yield (GY), biological
yield (BY), days to anthesis (DA), days to physiological maturity (DPM), water use efficiency for grain (WUE) and biological

(WUEp) yield
e .. Lol < Lol
’ T ATy U 595 "" ! raeo i)

Jowi 41> 3 Slos Sl o S <l & pan 3, Sos &

Treatment ( tofl;:l(a'l) (DA) S5l jub 41> 3 Slos SU59em

kg m” kg m”

gk Cadgie

Water Deficit
L1 8.48 a 121.0 a 154.7 a 1.28 ¢ 3.14 b
L2 6.90b 119.9 a 148.8 b 1.60 b 423 b
L3 481 ¢ 1194 a 144.0 ¢ 2.18 a 6.046 a
G695

Genotypes
Vi 6.60 cde 119.8 abc 149.3 ab 1.65 cde 4.59 abc
V2 6.13 ¢ 121.8 ab 149.3 ab 1.52¢ 419 ¢
V3 6.68 cd 119.6 bc 149.3 ab 1.63 cde 417 ¢
V4 7.17 ab 1179 ¢ 149.1b 1.76 abc 4.41 be
V5 7.59 a 122.2 ab 149.2 ab 1.89 a 4.06 a
Vo6 6.19 de 1182 ¢ 1504 a 1.58 de 4.26 ¢
\% 6.59 cde 122.6 a 150.2 a 1.65 cde 421c
V8 6.67 cd 119.7 abc 149.3 ab 1.70 bed 4.35 be
Vo 6.60 cde 119.8 abc 146.2/y ¢ 1.68 bede 4.63 abc
V10 7.06 bc 119.8 abc 149.1 b 1.83 ab 8.04 ab
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Means followed by the same letters in each column are not significantly different at 5% level, according to Duncan's Multiple Range
Test.
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* L1: Optimum condition, L2: removal irrigation and using rainshelter from milky grain stage to maturity L3: removal irrigation and
using rainshelter from anthesis to maturity.
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Table 3- Means comparison (Annuval) of main effects of genotypes and water limitations for grain yield (GY), biological
yield (BY), days to anthesis (DA), days to physiological maturity (DPM)

sl 4l 3, Slos Sl y0b U 59, S jlg5md (S U 5o,
Treatment GY ) (DA) (DPM)
(ton ha™) (Days) (Days)
Jl
Ul pgd o Jol Jlw @93 Jlw Jol Jw @93 Jlw
- ? Second First Second First Second
First year year year year year
year
*4;'4’}5; Cggde
Water deficit*
L 8.10a 8.85 a 118.0 a 1234 a 151.2 a 158.2 a
1
L 6.36b 7.44b 117.6 a 1224 a 1457 b 1512 b
2
L 4.26 ¢ 535 ¢ 1175 a 1219 a 141.1 ¢ 146.2 ¢
3
EE))
Genotypes
v 6.04 cde 7.17 be 117.2b 1223 ¢ 1464 a 152.1b
1
v 559 e 6.66 cd 1193 a 1243 b 146.0 a 152.6b
2
v 6.24 cd 7.11bc 1173 b 121.8 ¢ 146.2 a 152.4b
3
v 6.84 ab 7.50 b 1156 ¢ 1203 d 145.8 a 152.4b
4
v 7.01 a 8.17 a 119.3a 125.0 b 1459a 152.6b
5
v 5.98 de 6.42d 1158 ¢ 120.7 d 1473a 153.4 ab
6
v 5.92 cde 7.26 be 1174 b 127.8 a 146.6 a 1542 a
;
v 6.02 cd 7.31 be 117.0 b 1224 ¢ 1464 a 152.1 b
8
V. 6.16 cde 7.04 bed 1176 b 1220 ¢ 142.6 b 1489 ¢
9
v 6.63 be 7.49 b 117.1 b 1224c¢ 145.7 a 1524 b
10
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Means followed by the same letters in each column are not significantly different at 5% level, according to Duncan's Multiple Range
Test.
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* L1: Optimum condition, L2: removal irrigation and using rainshelter from milky grain stage to maturity L3: removal irrigation and
using rainshelter from anthesis to maturity.
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Table 4- Stress tolerance and sensitivity indices of wheat genotypes

Cudgmoee 5ySdos a e ; o e g oy
AT * b, s byl g Comd 03 Syl adls Jood padls Jood adlis
Genotypes Water deficit (L1) & o o o
(4] * GY 4 % (SSI) (STI) (TOL)
L) (ton ha™)
Vi L2 7.066 88 0.63 0.80 1.20
L3 4.693 58 0.98 0.53 3.393
oke Average 5.675 73 0.81 0.66 2.206
V2 L2 5.916 73 1.42 0.67 2.153
L3 4.389 54 1.07 0.49 3.680
oke Average 5.153 64 1.24 0.58 2.916
L2 6.451 71 1.53 0.81 2.629
V3 L3 4.489 49 1.19 0.56 4.591
Average 5.470 60 1.36 0.69 3.610
LS . . . .
V4 L2 7.217 76 1.26 0.95 2.258
L3 4.818 51 1.14 0.63 4.657
oke Average 6.018 63 1.20 0.79 3.458
V5 L2 7.668 79 1.11 1.04 2.044
L3 5.396 56 1.02 0.72 4314
oke Average 6.533 67 1.07 0.89 3.179
V6 L2 6.010 77 1.21 0.65 1.769
L3 4.790 62 0.88 0.52 2.989
obe Average 5.400 69 1.04 0.58 2.379
V7 L2 7.179 90 0.52 0.79 0.784
L3 4.638 58 0.98 0.51 3.325
obe Average 5.909 77 0.75 0.61 2.054
L2 7.044 89 0.58 0.77 0.835
V8 L3 5.076 64 0.84 0.55 2.803
oke Average 6.060 77 0.71 0.66 1.819
V9 L2 7.216 94 0.32 0.77 0.459
L3 4.909 63 0.86 0.53 2.766
oke Average 6.060 79 0.59 0.65 1.612
V10 L2 7.250 80 1.05 0.92 1.823
L3 4.850 53 1.09 0.61 4.233
oke Average 6.050 67 1.07 0.77 3.028

(L3) g05 5 335 5] b Sy aboyo 5l e 5 (L2) pu 505 5 55 (el b &l (505 oy el i Jloo! (L1) s ity bl
* L1: Optimum condition, L2: removal irrigation and using rainshelter from milky grain stage to maturity L3: removal irrigation and
using rainshelter from anthesis to maturity.

o A ngdwdduua&mlg(Ysi) Y .baj).uf:g(Ypi) Ly hg))m 3 A 3 Slas o (Suwnod ol po (e yilo -0 Jgua

H9b) Cadgiome
Table 5- Correlation coefficients matix between grain yield in optimum (Yp) and water limited conditions (Ys) with stress
tolerance and sensitivity indices

Ypi SSI STI TOL
O Camslus a3l SST -0.20™
5 Jeo a3l STI 0.50%* -0.46*
5 Jeoss 4asls TOL 0.012™ 0.39* -0.71%*
o5 Laulyd 55 ails 5 Sl Ysi 0.39* -0.43* 0.93% 0.85%*

B izepis g dopd gy 9 S Jlein] paw 3 I gxe ol A NS g % i
** * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Introduction

During growth stages of wheat, anthesis and grain filling periods are the most susceptible to drought. Wheat
cultivars that are more tolerant to terminal drought are more suitable to Mediterranean conditions. To increase
water use efficiency, the target environment should be taken into account, because one trait might be effective in
an environment but ineffective in another environment. In general, some traits like early vigour and root
absorbtion capacity are so important in water deficient conditions. In recent years, increasing grain yield was due
to increasing grain numbers. Although both the source and sink is considered as the limitation factors in
increasing grain yield in old cultivars, even in the new cultivars sink seems to be more important. In fact,
phenological adjustment adapted with seasonal precipitation pattern can improve water use efficiency in drought
conditions. Suitable flowering time is the most important trait that is correlated with increasing water use
efficiency in drought conditions.

Materials and Methods

In order to evaluate the level of drought tolerance in promising bread wheat lines, a split plot arrangements
using randomized complete block design with three replications was carried out in 2008-09 and 2009-10
growing seasons at Torogh Agricultural Research Field Station, Mashhad. in. water limited conditions at three
levels Optimum moisture conditions (L1), removal irrigation and using rain shelter from milky grain stage to
maturity (L2), removal irrigation and using rainshelter from anthesis to maturity (L3) were assigned to main
plots. Ten bread wheat lines include suitable for cold and dry regions (V1: (Toos), V2: (C-81-10), V3:
(pishgam), V4: (C-84-4), V5: (C-84-8), V6: (C-D-85-15), V7: (C-D-85-9), V8: (C-D-84-5502), V9: (C-D-85-
5502) and V10: (C-85-6) were randomized in sub-plots. Stress susceptibility index (SSI), stress tolerance index
(STI) and tolerance (TOL) were calculated using following equations:

D = 1- (Yd/Yp), SSI = (1-(Ydi/Ypi)) / D, STI = (YpixYsi)/ (Yp) 2, TOL= Ypi — Ysi

In which D is environment stress intensity; Yp, average of grain yield for all genotypes in optimum; Ys, in
water limited conditions; Ypi, grain yield of one genotype in optimum; and Ysi, grain yield of one genotype in
water limited conditions.

Anthesis and physiological maturity were determined by observing of anthers in %50 spikes and changing
color of %50 pedancles to yellow, respectively.

Results and Discussions

The results revealed that water stress (L2 and L3 treatments) reduced grain yield (18.6% and 45.3%,
respectively). Genotypes V5, V4 and V10 showed maximum water use efficiency (WUE) (1.885, 1.756 and
1.833 kg.m-3 respectively). A highly significant relationship was found between grain yield under moisture
limited conditions and STI (r = 0.93**) and TOL (r = 0.85**). Grain yield under optimum irrigation condition
was significantly (r = 0.50%*) correlated with STI.

Therefore, stress tolerance index (STI) was more efficient index for estimation the grain yield under either
conditions as well as grouping the genotypes with higher grain yield and tolerant to water limited condition. So,
stress tolerance index (STI) was suitable for classifying the higher yielding genotypes adapted to drought prone
environment. Since stress tolerance index (STI) was highly and significantly associated with grain yield in both
optimum (r = 0.50**) and limited moisture (r = 0.93**) conditions, it can be used an efficient index for
evaluation in the field.

1- Assistant Professor of Crop Ecology, Khorasan Razavi Agricultural and Natural Resources Research and Education
Center, Mashhad
(*- Corresponding Author Email: smnazeri56@yahoo.com)
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Conclusions

Our results indicated that genotypes V5, V4 and V10 with high stress tolerance index (STI) values and the
greatest WUE, had the best performance among the other genotypes, respectively. These cultivars had higher
grain yield in both optimum and stress conditions than other genotypes So, these cultivars could be
recommended to cultivate for similar conditions.

Keywords: Anthesis, Developmental stages, Drought stress



