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ABSTRACT

Wheat (Triticum aestivum L.), as the most important food crop worldwide, has experienced significant
improvements in its yield, quality and architecture during the last few decades, following the Green Revolution.
In order to determine the best drought index and also identifying the most drought-resistant wheat genotypes,
fourteen wheat genotypes (Triticun aestivum L.) were grown under two environments (irrigated and rain-fed)
to in 2009-2010. Seven quantitative drought resistance indices were calculated Mean grain yield in rain-fed
conditions was 12% lower than that in irrigated conditions. The high positive correlation between TOL and
Yp (r= 0.982**) implies that selection based on TOL will result in yield reduction under irrigated conditions.
MP, STI and GMP were significantly correlated with Yp. YI had higher correlation with Ys (r = 1**) and MP
with Yp (r = 998**). Therefore YI may be more effective in identification of the genotypes adapted to stress
conditions, while MP may demonstrate more useful to identify the genotypes that can perform well in optimum
environments. STI, GMP and MP ranked common genotypes as four most productive (genotypes number 13,
8, 2 and 6) as well as least productive (1, 4, 11 and 14). STI and GMP seem to be more suitable indices to
select genotypes that perform well in both rain-fed (stress) and irrigated (non-stress) conditions. YI and SSI
would be useful selection indices to identify stress tolerant and high yielding genotypes in stress conditions.
However, SSI should be used along with yield data under stress. Therefore the best index depends on the aim
of selection and target environment.  
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Introduction

Drought is a wide-spread problem seriously
influencing wheat (Triticum aestivum L.) production
and quality, but development of resistant cultivars is
hampered by lack of effective selection criteria
[19,21,22,24,23]. In today’s world, paralleling to
population growth, nutrition problem is also growing
increasingly [14]. Based on recent rates of increase,
the world population is expected to double from 6
billion in the next 50 years. Proper management of
input using modern technology, particularly irrigation

water management, is essential to maximize crop
production and return for the farmers [7].

Several indices have been proposed to describe
yield performance of a given genotype under stress
and non-stress conditions or in comparison with the
average yield or the yield of a superior genotype
[9,8,10,20]. Bansal and Sinha [1] evaluated wheat
accessions based on the stability in grain yield of
various species grown across a range of soil moisture
conditions, and concluded that species with a smaller
linear regression coefficient (b) have a higher drought
resistance. The usefulness of the indices seems to



2592Adv. Environ. Biol., 5(9): 2591-2595, 2011

depend to the objective of selection and target
environment. According to some authors, yield in
low and high yielding environments may be
considered as separate characters which are not
necessarily maximized by the same sets of alleles
[8], therefore plant breeding approaches should be
different when targeting stress and non-stress
environments [5,19]. On the other hand, some
researchers declare that selection under optimum
conditions is required to select genotypes with good
performance under both stress and non-stress
conditions [18,2]. Anyway, high yield and drought
adaptation are often based on different and, to some
extent, conflicting mechanisms [17]. To improve the
yield of wheat in different environments, there is
need to identify selection criteria that can identify
high-yielding genotypes in variable environments.
The objectives of the study were to assess bread
wheat genotypes under stress and non-stress
conditions and to evaluate drought resistance indices
in identifying genotypes adapted to the conditions.

Materials and Methods

Site Description and Plant Material:

The experiment was carried out in 2009-2010 at
the Research Farm of Kermanshah Azad University
(latitude 34º20' N, longtitude 46º20' E, altitude
1351.6 m above sea level). Kermanshah is located in
west of Iran and has a mean annual temperature of
13.8ºC and annual rainfall of 478 mm. The soil
texture of the research area was sandy-loam.
Fourteen wheat genotypes were planted. List and
pedigree of the wheat accessions are presented in
table 1.

Experimental Procedure:

The experiment was performed, based on
randomized complete block design with three
replications, in two environments (irrigated and rain-
fed). The genotypes were sown in six rows of 3 m
length, spaced 25 cm apart in early November. All
of phosphorus (50 kg ha-1, P2O5) and half of total
nitrogen (45 kg ha-1, N) was applied at sowing time.
The other half of the N was split and given at
tillering (as urea) and booting (as ammonium nitrate)
stages, respectively. Planting was according to the
provincial soil test recommendations before sowing.
Seeds were pretreated with Mancozeb to minimize
the probability of seed- and soil-borne diseases.
Experimental plots were hand weeded. As well rainy
season, three supplement irrigations were done in
irrigated plots. The study was conducted using 14
wheat (Triticum aestivum L.) genotypes to provide
information about interrelationships of water stress
with some phonological and morphological traits and

grain yield (GY). 
Irrigated plots were watered three times at

flowering and grain filling stages. Rain-fed plots
received no water other than rainfall. The
experimental area was hand weeded. The central
three rows were used for measurements to avoid
border effects. Grain yield (gm-2) was measured by
harvesting each plot at crop maturity.         

Seven selection indices including geometric mean
productivity (GMP), mean productivity (MP), stress
susceptibility index (SSI), stress tolerance index
(STI), tolerance (TOL), yield index (YI) and yield
stability index (YSI) were estimated for each
genotype based on yield under stress (Ys) and non-
stress (Yp) environment. Quantitative drought
resistance indices were calculated using the following
relationships:
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 intensity (SI). 

Statistical Analysis:

Combined analysis of variance appropriate to
RCBD was carried out using SAS. Environments
(rain-fed and irrigated) were considered as fixed
effects. Least significant difference (LSD) test was
used for the mean comparisons. Correlation among
characters was performed by SPSS and SAS (version
9.1) softwares.
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Table 1: List and pedigree of 14 wheat genotypes grown in rain-fed and irrigated tirals.
Genotype No. Name/Pedigree Origin*
1 OR F1.158/FDL//BLO/3/SHI4414/CROW/4/C   

ICWH99381-0AP-0AP-0AP-OMAR-6MAR DARSI
2 PYN/BAU//VORONA/HD2402 DARSI
3 TEVEE'S'//CROW/VEE'S' DARSI
4 HAMAM-4 DARSI
5 STAR/SHUHA-4 DARSI
6 M-83-6 DARSI
7 M-79-7 DARSI
8 M-81-13 DARSI
9 M-83-17 DARSI
10 WS-82-9 DARSI
11 Pishtaz DARSI
12 Shiraz DARSI
13 Marvdasht DARSI
14 Bolani DARSI
*DARSI: Dry land Agricultural Research Sub-Institute 

Results and Discussion

Combined analysis of variance of the data (table
2) showed that the environments (rain-fed and
irrigated) were a significant source of variation of
grain yield. Genotypes differed significantly for grain
yield (p < 0.05). Two-way interaction of environment
× genotype was not significant. 

Grain yields of rain-fed (stress) conditions
ranged between 183.1 and 283.8 g/m2 and of irrigated
(non-stress) conditions between 186.4 and 319.1 g/
m2 (Table 3). Mean grain yield in rain-fed conditions
was 12% lower than that in irrigated conditions (the
stress intensity was 0.112). Genotypes number 13, 8,
2 and 6 were the most productive in irrigated
conditions but in rain-fed site, genotypes number 13,
8, 6 and 7 had highest yield.

Correlation coefficients calculated between
indices and Ys and Yp was partly auto correlated
because Ys and Yp were used to calculate the
indices (table 4). The high positive correlation
between TOL and Yp (r= 0.982**) implies that
selection based on TOL will result in yield reduction
under irrigated conditions. Similar results were found
by Clarke et al. [6], Golabadi et al. [11] and Nouri
et al. [15]. The TOL index identified some
genotypes, e.g. numbers 1, 7, 9 and 6 as stress
tolerant. All of these genotypes, except 6, didn’t have
outstanding yield performance in stress mostly
because of their low potential yield (Yp) (table 3).
Although low TOL has been used for selecting
drought tolerant genotypes, the likelihood of selecting
low yielding genotypes can be anticipated [16]. 

The various indices calculated for each genotype
were correlated with Ys and Yp (table 4). The non-
significant positive correlation between Ys and Yp
(r=0.56) indicated that high performance of genotypes
under optimum conditions doesn’t necessarily result
in improved yield under stress conditions. These
results are agreement with those of Ceccarelli et al.
[4] and Sio-Se Mardeh et al. [19] that there is low
level of consistency in yield performance of
genotypes under stress and non-stress conditions.

High yield and drought adaptation are often based on
different and, to some extent, conflicting mechanisms
[17]. The situation emphasizes the need to select
genotypes in target environments to improve their
yield under drought stress.  

STI, GMP and YI had high significant
correlation with Ys (table 4). On the other hand, MP,
STI and GMP were significantly correlated with Yp.
Hence STI and GMP seem to be more suitable
indices to select genotypes that perform well in both
rain-fed and irrigated conditions. YI had higher
correlation with Ys (r = 1**) and MP with Yp (r =
998**). Therefore YI may be more effective in
identification of the genotypes adapted to stress
conditions, while MP may demonstrate more useful
to identify the genotypes that can perform well in
optimum environments. STI, GMP and MP ranked
common genotypes as four most productive
(genotypes number 13, 8, 2 and 6) as well as least
productive (1, 4, 11 and 14) (Table 3). This similar
ranking of genotypes by STI, MP, and GMP can be
substantiated by the significant positive correlation
(r= 0.989** - 0.998**) among the indices. Najafian
[13] in bread wheat and Nouri et al. [15] in durum
wheat reported that MP, GMP and STI (mainly GMP
and STI) indices are preferable to the others for
practical use.        

Stress susceptibility index (SSI) was negatively
correlated with Ys (r= - 0.88**) but positively
correlated with Yp (r= 0.89**) (table 4). Ceccarelli
and Grando (1991) reported that barley genotypes
selected for high grain yield under favorable
conditions are more sensitive to stress. Sio-Se
Mardeh et al. [19] also found that stress
susceptibility of bread wheat was correlated with
yield under irrigated conditions. It seems that
simultaneous selection for SSI and potential yield
counteract each other. 

According to Guttieri et al. [12], SSI value of
more than 1 indicating above-average susceptibility
and SSI less than 1 indicates below-average
susceptibility to drought. The SSI index distinguished
genotypes number 13, 8, 2 and 6 as stress resistant.
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Table 2: Mean square from combined analysis of variance of 14 wheat genotypes for grain yield.
Source of Variation df Mean square
Environment (E) 1 4738.2*
Error (R/P) 2 3107.1
Genotype (G) 26 5817.6*
Environment × Genotype 26 2585.7
Error (R×G/E) 52 2295.7
CV (%) 19.25

Table 3: Mean grain yield under rain-fed (Ys) and irrigated conditions (Yp) and seven stress indices.
Genotype YS(gm -2) YP(gm -2) MP(gm -2) STI TOL(gm -2) GMP(gm-2) SSI YI YSI
1 183.1bc 186.4d 184.7 0.491 3.3 184.7 0.151 0.782 0.98
2 195.1bc 299.2a 247.1 0.839 104.1 241.6 2.09 0.833 0.652
3 222.3b 255.4abc 238.8 0.815 33.1 238.2 1.151 0.949 0.87
4 194.8bc 220.2cd 207.5 0.615 25.4 207.1 1.026 0.832 0.88
5 243b 272.2abc 257.6 0.95 29.2 257.1 0.955 1.038 0.892
6 273.3ab 291.6ab 282.4 1.145 18.3 282.3 0.553 1.167 0.937
7 267.6ab 271.4abc 269.5 1.043 4.1 269.4 0.125 1.143 0.985
8 275.1ab 299.7a 287.4 1.184 24.6 287.1 0.732 1.175 0.917
9 249.5b 262.7abc 256.1 0.942 13.2 256.1 0.446 1.066 0.949
10 226.9b 276.5abc 251.7 0.901 49.6 250.4 1.598 0.969 0.82
11 196.3bc 226.7bcd 211.5 0.639 30.4 210.9 1.196 0.838 0.865
12 222.1b 261.1abc 241.6 0.833 39 240.8 1.33 0.948 0.85
13 283.8a 319.1a 301.4 1.301 35.3 300.9 0.982 1.212 0.889
14 204b 224.4bcd 214.2 0.657 20.4 213.9 0.803 0.871 0.909
Mean 234.05 263.72 246.53 0.88 30.71 245.7 0.937 0.98 0.95
LSD0.05 92.2 113.7

Table 4: Correlation coefficients between grain yield under rain-fed (stress) and irrigated (non-stress) conditions and between various
indices
Ys Yp TOL MP STI GMP SSI YI

Yp 0.966***
TOL 0.09 0.342
MP 0.991*** 0.992*** 0.22
STI 0.989*** 0.989*** 0.214 0.998***
GMP 0.992*** 0.991*** 0.213 1*** 0.998***
SSI -0.18 0.078 0.95*** -0.048 -0.059 -0.054
YI 1*** 0.964*** 0.081 0.99*** 0.989*** 0.991*** -0.185
YSI 0.18 -0.079 -0.95** 0.047 0.058 0.054 -1*** 0.184

YI was highly and positively correlated with Ys
(r = 1**) but there wasn’t significant correlation
between this index and Yp (Table 4). YI ranks the
genotypes only based on their yield under stress
conditions and to be independent of yield in optimum
environments.

Results of this research showed that high Yp
doesn’t necessarily result in improved Ys. STI and
GMP seem to be more suitable indices to select
genotypes that perform well in both rain-fed (stress)
and irrigated (non-stress) conditions. YI and SSI
would be useful selection indices to identify stress
tolerant and high yielding genotypes in stress
conditions. However, SSI should be used along with
yield data under stress. Therefore the best index
depends on the aim of selection and target
environment.  
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