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ABSTRACT

Wheat is a plant which is relatively tolerant to drought, but is subjected to end seasonal drought in Ardabil
region. It needs special breeding perspectives for prevention of decreasing of yield in such conditions. Because
this, an experiment was conducted on 42 bread wheat genotypes in Research Farm of Islamic Azad University,
Ardabil branch, Iran. Six drought tolerance and susceptible indices (SSI, TOL, MP, STI, GMP and HM) were
calculated on the basis of genotypes grain yield in both stressed (Ys) and non-stressed (Yp) conditions. There
is a significant difference between genotypes for indices MP, GMP, TOL, STI and HM; while the maximum
of MP, STI and GMP was belonged to genotype 35. Genotypes 35, 25 and 6 had the most amount of STI
index. Results of correlation analysis between indices and mean of yield in both conditions showed that the
most suitable indices to screen genotypes in drought stress condition are MP, STI, GMP and HM. Principal
Component analysis had been divided genotypes into two groups (drought tolerant and drought susceptible)
according to stress tolerance indices. Principal components analysis introduced two components. First vector
showed 54.60 percent of variations and was able to separate high-potential varieties from low-potential ones
and it can be called as “yield potential component and drought tolerant”. The second component had justified
43.90% of entire variations and was called as “drought sensitive component”. 
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Introduction

Biotic and abiotic stresses result in decreasing
yield of agricultural plants and prevent yield potential
occurrence, annually. Among abiotic environmental
stresses, drought stress is one of the most important
factors for decreasing yield in the majority of
cultivation areas for agricultural plants [1]. Drought
stress and dryness affected 40 to 60 percent of the
world’s agriculture lands [2]. Iran is among dry and
semidry areas with on average atmospheric descents
in every year (240mm) [3]. In dry and semidry areas,
the most important factor to limiting economical
yield is water and its availability in critical growth
stages of different agricultural plants [1, 4]. Due to
occurrence of different forms of stress, especially

drought stress in different stages of wheat growth,
the average yield which was obtained in such areas
every year, is 30 percent of the maximum yield
which can be harvested [5].

Reynold et al. [6], with evaluation of different
wheats in CIMMYT, concluded that there is a linear
relation in wheat between drought stress and grain
yield. This indicated that wheat is a plant which is
relatively tolerant to drought. Fischer and Maurer [7]
in experiment which had been conducted to study
drought tolerance of some tall and short varieties of
spring wheat in areas with different drought intensity
concluded that all of drought treatments decrease
yield significantly. In their experiment, the milder
drought treatments lead to more relative reduction of
grains weight as compared with number of grain.
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While the sever drought had been reduced number of
grain, relatively. They expressed that a drought
tolerance criterion is grain yield status in dryness
condition. But they considered relative yield of
genotypes in both drought and irrigation conditions
as a starting point to identify relevant traits to
drought tolerance and selection of genotypes to
breeding in dryness environments. Rosielle and
Hambling [8] suggested that any tolerance index
(TOL) is smaller, less sensitive to drought and the
genotype would be desirable. So to overcome this
problem, Fernandez [9] presented stress tolerance
index (STI), which had been able to identify high-
yield genotypes in both stressed and non-stressed
conditions. Higher amount of STI for one genotype
is indicator of higher drought tolerance and the more
potential yield for that genotype. Fernandez [9] and
Christian et al. [10] introduced another suitable index
namely geometric mean productivity (GMP). This
index has more power to separate genotypes than
MP, and accordingly, Fernandez made GMP on the
basis of STI. This investigation was done to
introduce principle components of wheat genotypes
screening in end drought stress environment.

Materials and methods

This experiment was done in Research Farm of
Islamic Azad University, Ardabil branch in 2006-
2007 agricultural year. Forty two bread wheat
genotypes (Table 1) were provided from Agriculture
and Natural Resources Research Center of Ardabil
Province. The experiment was conducted in the form
of rectangular lattice in two drought stress and
normal irrigation conditions. Due to non-significant
differences of blocks for the major measured traits,
the statistic analysis performed by completely
randomized block design with two replications.
Tillage operations includes plough process after
harvesting prior crop, one-time disc, two leveler
perpendicular to each other, fertilization and furrow
creation. Consumption-seed rate had identified on the
basis of 450 seed per square meter, as well as by
considering one-thousand seed weight for each
variety. 

The irrigation process was conducted by the
flooding way. Irrigation was twice prevented after
anthesis for drought treatments. The weeds were
manually removed. 

Each plot was harvested after physiological
maturity; and follow drought tolerance and drought
susceptibility indices calculated by yield of genotypes
in both normal irrigation and drought stress
conditions:

SI= 1- (Ys / Yp)       SSI=(1- (Ysi / Ypi)) / SI
MP = (YPi + YSi ) / 2       TOL = ( YPi – YSi )
STI = (YPi×YSi)/Yp2  GMP = %YPi×Ysi

HM = 2(Ypi×Ysi) / (Ypi+Ysi)

After calculation of different above-mentioned
indices, the grain yield had been analyzed by
variance analysis in both stressed (Ys) and non-
stressed (Yp) conditions using software SPSS. Data
means compared by Duncan’s multiple range test,
and correlation coefficients between under-study traits
and factor analysis calculated by Varimax rotation for
under-study traits.

Results and discussion

Achieved results from variance analysis of grain
yield in both drought stress and normal irrigation
conditions showed that there is a significant
difference between under-study genotypes in normal
irrigation condition, while there was no difference
significantly between under-study genotypes in
drought stress condition (Table 2). The most grain
yield mean in two normal irrigation mean and
drought stress conditions was belonged to genotypes
6 (9.037 ton/ha) and 2 (4.741 ton/ha), respectively.
However, comparison of grain yield means in both
conditions individually showed that difference of
genotypes in drought stress condition is more visible
than normal irrigation condition. Therefore it seems
that genotypes had different susceptibility or
resistance for grain yield reaction to stress. Other
researchers [11] had been obtained similar results.

In this research, there was a significant
difference between genotypes for MP, GMP, TOL
and HM; while the most MP, STI and GMP were
belonged to genotype 35. The most tolerance (TOL)
between genotypes was belonged to genotype 6.
Although effect of genotype to SSI was not
significant, the most SSI was belonged to genotype
34. Genotypes 22, 21, 7 and 42 had lower TOL
index. Genotype 22 had lower mean productivity
(MP). In this study, genotypes 35, 25 and 6 had the
most amount of STI. The high amount of STI in
these genotypes can indicate the high drought
tolerance and high potential yield [9]. According to
HM index, genotypes 35, 25, 6 and 2 had higher
amounts. The higher HM indicate the higher drought
tolerance and more potential yield of those
genotypes. Indices which have high correlation with
grain yield in both stressed and non-stressed
conditions have been selected as the best ones,
because these are able to separate and identify
genotypes with high grain yield in both conditions
[9]. With respect to results of correlation coefficients
of different indices (Table 3) and grain yield in two
drought stress and normal irrigation conditions, we
observed that indices STI, MP, GMP and HM had
the above-mentioned characteristic. These indices
have positive and significant correlation with grain
yield of genotypes at probability level of 1% in two
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Table 1: Under study wheat genotypes
Serial Genotype Serial Genotype Number Genotype
number number
1 Appolo/90 zhong 87 15 SABALAN/4/VRZ/3/ 29 Saissons
2 Mv 17/Zrn 16 ATAY/GALVEZ87 30 MV 17
3 NVd/Gaspard 17 LFN/STDY//LOV24(ES8424)/5/ 31 Zarien
4 Shahriar 18 PYN/BAU/3/AGR1/BJY//VEF 32 Londa
5 Viking/5/Gds/4/Anza/3/Pi/Nar//Hys/6/Spn/Mcd// 19 Toos 33 5204
6 Viking/5/Gds/4/Anza/3/Pi/Nar//Hys/6/Spn/Mcd// 20 Cross Shahi 34 4061
7 Aghbugda/90Zhong87/4/Spn/Mcd//Cama/3/Nzr 21 Fenkan 35 4057
8 Bkt/90-Zhong 87 22 Gascogne 36 4025
9 Bkt/90-Zhong 23 Bezostaya 37 9203
10 Alvd/90-Zhong 87 24 Sardari 38 5041
11 Apollo/Alvd/4/Spn/Mcd//Cama/3/Nzr 25 Sabalan 39 4041
12 Mv 17/Bcn88 26 Azar2 40 4033
13 SARDARI-HD39/6/SN64//SKE/2*ANE/3/SX/4/BEZ/5/SERI 27 Agosta 41 4063
14 SARDARI-HD39/6/SN64//SKE/2*ANE/3/SX/4/BEZ/5/SERI 28 Gaspard 42 4032

Table 2: ANOVA for different indices and grain yield in stressed and non stressed conditions
S.O.V df MS

------------------------------------------------------------------------------------------------------------------------------------------
YP YS SSI MP GMP TOL STI HM

Replication 1 18.904 0.322 0.229 6.064 4.226 14.26 0.128 2.879
Genotype 41 4.572** 0.721 ns 0.691 ns 1.321** 1.006** 5.606* 0.079** 0.864*
Error 41 1.672 0.655 0.443 0.417 0.394 2.989 0.033 0.481
ns: non significant differences; *: significant at p<0.05; **: significant at p<0.01

Table 3: Correlation coefficient between different indices and grain yield
YP YS SSI MP GMP TOL STI

YS -0.003 1
SSI 0.841** -0.442** 1
MP 0.929** 0.367* 0.618** 1
GMP 0.820** 0.559** 0.466** 0.970** 1
TOL 0.930** -0.372* 0.944** 0.727** 0.555** 1
STI 0.815** 0.547** 0.448** 0.961** 0.986** 0.555** 1
HM 0.658** 0.742** 0.280 0.880** 0.969** 0.344* 0.952**

Table 4: Special amounts and vectors of eight indices for 42 wheat genotypes
Components Total % of Variance YP YS SSI MP GMP TOL STI HM
1 5.605 70.062 0.941 0.321 0.673 0.994 0.964 0.755 0.956 0.873
2 2.275 28.439 -0.323 0.944 -0.704 0.049 0.264 -0.648 0.262 0.471

drought stress and normal irrigation conditions.
Therefore genotypes which had higher amount of
these indices identified as the most tolerant
genotypes. In relation to other indices it has been
seen that TOL index has a positive and significant
correlation with yield in normal irrigation condition,
but its correlation with yield in drought stress
condition was significantly negative. Since genotypes
which had lower amounts of this index, identified as
tolerant genotypes, selection process according to this
index lead to choosing genotypes which had high
yield in drought stress conditions, but their yield is
low in normal irrigation condition. So this index and
SSI can not be helpful to identifying tolerant
genotypes. Relevant findings to GMP, MP and STI
in these conditions are compatible with other
researchers [9, 12].

Table 4 shows special amounts and vectors of
under-study genotypes for two components. First
vector showed 54.60 percent of variations. Since
indices Yp, MP, GMP and STI had the highest
positive coefficient, so the selection process could
select high-yield genotypes on the basis of first

component. In other words, since the low amounts of
TOL and SSI are optimal, these genotypes are
selected according to first component of genotypes
which have high yield in normal irrigation condition
and low TOL and SSI. That is, this component is
able to separate high-potential varieties from low-
potential ones and it can be called as “yield potential
component and drought tolerant”. The second
component had justified 43.90% of entire variations
and it had high correlation with Ys, SSI and TOL.
So, this component is able to separate drought
tolerance genotypes from drought sensitive genotypes,
therefore we can choose genotypes which have low
SSI and TOL and have high yield under drought
stress condition and vice versa. For this reason, we
can called second component as “drought sensitive
component”. Other researchers [13] reported similar
results. Generally, first and second principal
components were justified 98.50 % of total
variations. Principal component analysis divided
genotypes into two groups (drought tolerant and
drought susceptible) on the basis of stress tolerance
indices.
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