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Evaluation and comparison of drought tolerance in some 
wild diploid populations, tetraploid and hexaploid cultivars 
of wheat using stress tolerance indices

Abstract: This study was carried out on grain yield in 
wheat genotypes with the aim of assessing genetic potential of 
drought tolerance. The experiment was performed as split plot 
in the form of randomized complete block design with three 
replications under normal and drought stress conditions with 
32 genotypes. based on grain yield, and under the condition of 
non-stress and drought stress, 5 drought tolerance indices are 
estimated including tolerance index (toL), stress tolerance 
(sti), Mean Productivity (MP), Geometric Mean (GMP) and, 
Harmonic Mean (HM) for all kinds of genotypes. The analy-
sis of yield correlation and drought tolerance indices in two 
environments indicated that sti, MP, GMP, HM indices were 
the most suitable parameters for screening wheat genotypes. 
Principal components analysis exhibited that the 83 % of first 
principal component and the 15 % of second one justified the 
variation of the initial data. Drawing bi-plot diagram declared 
that sabalan, shabrang, aria, azar, azadi, and t2 genotypes 
were highly functional and resistant to drought stress.
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Ovrednotenje in primerjava tolerance na sušo nekaterih div-
jih diploidnih populacij, tetraploidnih in heksaploidnih sort 
pšenice z uporabo indeksov tolerance na stres 

Izvleček: Raziskava je bila opravljena na pridelku zrnja 
med genotipi pšenice za oceno genetskega potenciala tolerance 
na sušo. Poskus je bil izveden kot popolni naključni bločni po-
skus z deljenkami s tremi ponovitvami na 32 genotipih pšeni-
ce v normalnih in sušnih razmerah. Na osnovi pridelka je bilo 
za vse genotype v nestresnih razmerah in v razmerah sušnega 
stresa določenih 5 indeksov tolerance na sušo in sice: indeks 
tolerance (toL), stresna toleranca (sti), srednja produktiv-
nost (MP), geometrična sredina (GMP) in harmonična sredina 
(HM). analiza korelacije med pridelkom in indeksi tolerance 
na sušo je pokazala, da so bili v obeh okoljih za ovrednotenje 
genotipov pšenice primerni sti, MP, GMP, HM indeksi. ana-
liza glavnih komponent je pokazala, da je 83 % variabilnosti 
izvirnih podatkov pojasnila prva komponenta, 15 % pa druga. 
bi-plot diagram je pokazal, da so genotipi pšenice sabalan, sha-
brang, aria, azar, azadi, in t2 zelo produktivni in odporni na 
sušni stress.

Ključne besede: pšenica; indeks; analiza component; kla-
sterska analiza
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1 INTRODUCTION

Wheat (Triticum aestivum L.) is the most important 
crop in the world (sleper and Poehlman, 2006) and is cul-
tivated in more than 250 million hectares of agricultural 
lands of all over the world (Royo and Di Fonzo, 2005). 
it is estimated that about 67 percent of the total iranian 
wheat is produced in arid lands (shamsi et al., 2011). so 
many breeding programs have been developed to im-
prove drought tolerance of crop (Maazou et al., 2016). 
The crop rotation diversity is associated with a greater 
yield stability under abnormal conditions like drought 
stress (Gaudin et al., 2015). selection of drought-resist-
ant cultivars is the best solution to improve stability of 
crop yield in dry conditions (Farshadfar et al., 2012). 

Drought tolerance is a quantitative trait that is con-
trolled by many genes (Fleury et al., 2010). Thus, de-
tecting of drought-tolerance genotypes is very difficult 
(takeda and Matsuoka, 2008). evaluation of relative yield 
of genotypes under drought stress and non-stress con-
ditions is a starting point for identification of drought-
tolerant mechanisms and for screening of drought-tol-
erant genotypes (Fernandez, 1992; Mitra, 2001). based 
on tolerance index (toL) as difference in the yield of 
two genotypes under both normal and stress conditions, 
the higher toL indicates more sensitivity of plants to 
stress and thus, the selection was mainly based on the 
low amounts of toL, but high mean productivity (MP), 
the mean yield of each genotype in two conditions, shows 
more tolerance to stress (Rosielle and Hamblin, 1981). in 
1992, on the base of yield, mung bean’s genotypes were 
divided into four groups under both normal and stress 
environments: (a) high-yield under both conditions; 
(b) high-yield under normal conditions; (C) good-yield 
under drought stress and (D) low-yield under both nor-
mal and drought stress condition (Fernandez, 1992). it 
showed that selections based on toL and MP would be 
able to separate genotypes of b and D groups. by MP 
index, high yielding genotypes under both normal and 
stress conditions could be selected but this index is not 
able to distinguish between a and b groups. The MP 
index also leads to choose high yielding genotypes but 
with a low stress tolerance (Fernandez, 1992; Rosielle 
and Hamblin, 1981). When there is a significant relative 
difference between the yield under stress and non-stress 
conditions, MP index is oriented toward the yield under 
normal conditions so to obviate this problem, geometric 
mean productivity (GMP) index that is based on the geo-
metric mean of genotypes yield under normal and stress 
conditions was proposed by Fernandez (1992). since 
this index is less sensitive to different values in normal 
conditions and drought stress, Fernandez introduced an-
other index called stress tolerance index (sti), in order 

to identify high-yield genotypes under two normal and 
stress conditions and also for identifying drought toler-
ance genotypes. This index considers the stress intensity 
(si) that is estimated as mean ratio of genotypes yield in 
the stress environment to the normal environment from 
one (Fischer and Maurer, 1978; schneider et al., 1997). 
High values of GMP and sti are subjected to determine 
stress tolerance genotypes. Harmonic mean index (HM) 
was also introduced by Fernandez. These indices are in-
troduced as the best having a high correlation with grain 
yield in both normal and stress environments (Fernan-
dez, 1992).

in 2006, sti, GMP, and MP indices were evaluated 
for selecting of wheat genotypes under water deficit con-
ditions (Golabadi et al., 2006; Mardeh et al., 2006). also, 
in 2009, sti, GMP, and MP were introduced as the most 
effective indicators for evaluating and selecting wheat 
genotypes under drought stress (talebi et al., 2009).

The purpose of the present study is to determine the 
genotypes with yield stability under drought stress and 
non-stress conditions as well as introducing the appro-
priate indices for screening wheat genotypes under stress 
and non-stress conditions.

2 MATERIALS AND METHODS

in this experiment, 7 population of wild diploid 
wheat (Triticum boeoticum boiss.) with aa genome, 
5 population of wild diploid wheat (Aegilops tauschii 
Coss.) with DD genome, 10 cultivars of tetraploid wheat 
(Triticum durum Desf.) with aabb genome and 10 cul-
tivars of hexaploid wheat (Triticum aestivum L.) with 
aabbDD genome, (table 1) have been used. Wheat 
seeds were implanted in research farm of Graduate Uni-
versity of advanced technology in Kerman province 
in october 2016. The experiment was designed as split 
plot in a randomized complete block design (RCbD), 
with three replications, assigning normal and stress lev-
els as main plots and population and wheat cultivars as 
sub-plots. each plot consisted of three lines keeping 2 m 
length and 20 cm distance within which on each line 15 
seeds had been implanted. all plots of the normal and 
stress experiments were well watered (once every 7 days) 
by using an installed pipeline system. The volume of wa-
ter input for each plot was controlled by using adjustable 
counter. since april (the grain-filling period), drought 
stress treatment, irrigation at 30-day intervals, was im-
posed on the plants until the beginning of June (time of 
harvesting). after harvesting each plot at crop maturity, 
grain yield was recorded in both normal and stress con-
ditions. 

tolerance index, stress tolerance index, mean pro-
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Genotype species Genome Ploidy level source

b1 Triticum. boeticum
Wild Diploid Genome 
aa 2n = 2x = 14 Lorestan-10 km to Nurabad-on behalf of alshatr

b2 Triticum. boeticum
Wild Diploid Genome 
aa 2n = 2x =  14 Lorestan - Firouzabad-Khorramabad Road

b3 Triticum. boeticum
Wild Diploid Genome 
aa 2n = 2x = 14

Kermanshah - Deh sefeed-Not-to-Dumbel is-
lamabad Kermanshah

b4 Triticum. boeticum
Wild Diploid Genome 
aa 2n = 2x = 14 Kermanshah - 20 km from Paveh to Ravensar

b6 Triticum. boeticum
Wild Diploid Genome 
aa 2n = 2x = 14 Kurdistan - two sanandaj Moths

b7 Triticum. boeticum
Wild Diploid Genome 
aa 2n = 2x = 14 Kurdistan - 10 km after Ganji to Ghorveh

b8 Triticum. boeticum
Wild Diploid Genome 
aa 2n = 2x = 14 Kurdistan – bolban abad city

t1 Aegilops tauschii
Wild Diploid Genome 
DD 2n = 2x = 14 Gilan - isfahan-Rasht Road

t2 Aegilops tauschii
Wild Diploid Genome 
DD 2n = 2x = 14 Mazandaran-amol

t3 Aegilops tauschii
Wild Diploid Genome 
DD 2n = 2x = 14 Karaj Road - Chalous (50 km before Chalous)

t4 Aegilops tauschii
Wild Diploid Genome 
DD 2n = 2x = 14 ardebil-Moghan-Parsabad plain

t5 Aegilops tauschii
Wild Diploid Genome 
DD 2n = 2x = 14 east azarbaijan - 10 km from ahar-Kalibar  road

aria Triticum durum tetraploid aabb 2n = 4x = 28
behrang Triticum durum tetraploid aabb 2n = 4x = 28
Dehdasht Triticum durum tetraploid aabb 2n = 4x = 28
Dena Triticum durum tetraploid aabb 2n = 4x =  28
shabrang Triticum durum tetraploid aabb 2n = 4x = 28
Karkhe Triticum durum tetraploid aabb 2n = 4x = 28
Yavarus Triticum durum tetraploid aabb 2n = 4x = 28
DW/95/4 Triticum durum tetraploid aabb 2n = 4x = 28
DW/90/8 Triticum durum tetraploid aabb 2n = 4x = 28
Ws Triticum durum tetraploid aabb 2n = 4x = 28
azar Triticum durum Hexaploid aabbDD 2n = 6x = 42
azadi Triticum durum Hexaploid aabbDD 2n = 6x = 42
Pishtaz Triticum durum Hexaploid aabbDD 2n = 6x = 42
Roshan Triticum durum Hexaploid aabbDD 2n = 6x = 42
sabalan Triticum durum Hexaploid aabbDD 2n = 6x = 42
superhead Triticum durum Hexaploid aabbDD 2n = 6x =  42
shiraz Triticum durum Hexaploid aabbDD 2n = 6x = 42
Hirmand Triticum durum Hexaploid aabbDD 2n = 6x = 42
Moghan Triticum durum Hexaploid aabbDD 2n = 6x = 42
mr-17 Triticum durum Hexaploid aabbDD 2n = 6x = 42

Table 1: Names of genotypes used in the study
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ductivity (Rosielle and Hamblin, 1981) and the geomet-
ric mean productivity and harmonic mean (Fernandez, 
1992) were calculated according to the following formu-
las (table 2):

in which, YP and Ys are the yield of each genotype 
under non-stress and stress conditions, respectively, and 
ȳP is the mean yield of all genotypes.

after calculating of different indices, correlation 
between grain yield under normal and stress conditions 
(YP, Ys) and stress tolerance indices was calculated and 
the best index was determined. so that, the indices hav-
ing high and significant correlation with grain yield un-
der both conditions were introduced as the best indica-
tors. also, principal component analysis of the indices 
was performed for further evaluation of drought tolerant 
cultivars. to identify relatively tolerant cultivars, a bi-
plot chart was drawn according to the relationship of the 
studied components and indices. Finally drought toler-
ant cultivars were identified for the weather condition of 
this experiment.

in order to obtain data analysis, sPss ver. 24 and 
excel 2017 software were used. also, yield stability analy-
sis was done using biplot software. in order to do this, 
each one of the drought stress treatment levels were con-
sidered as an environment and the mean yield (per unit 
surface) of the studied cultivars at different levels of the 
less-watering stress was analyzed for stability.

3 RESULTS AND DISCUSSION

For all genotypes, five indices of drought tolerance, 
yield potential (YP), and stress yield (Ys) were calculated 
(table 3). according to many of the researches these indi-
ces are the most applicant ones for selecting drought-tol-
erance genotypes (Mardeh et al., 2006; Pirayvatlou, 2001; 
talebi et al., 2009). There was a significant difference 
among stress conditions for grain yield. The grain yield 
mean under normal and stress conditions was 2.36 g m−2 
and 1.10 g m−2, respectively. The stress intensity index 
(si) would get value between 0 and 1. The larger value 
of stress intensity indicates more severe stress conditions 
(Raman et al., 2012), in this study si was equal to 0/54, 

that showed yield reduction was about more than one-
half under stress conditions in comparison to yield under 
normal conditions. indices, that have strong correlation 
with the grain yield under normal and stress condition, 
are suitable for selecting stress tolerance genotypes (Far-
shadfar et al., 2012). 

 The t5 wild diploid and sabalan hexaploid geno-
types possessed the highest value for grain yield under 
normal and stress conditions, respectively. The genotypes 
of b2 and b8 in normal condition and Moghan and b7 in 
stress condition had the least value for grain yield (table 
3). The highest difference in yield (Ys-YP) was found in 
the population t1, t3, t4, t5, and superhead.

Correlation coefficients between drought tolerance 
indices and seed yield in normal and stress conditions 
presented in table 4. There was a significant positive cor-
relation between YP and Ys (r = 0.67, p < 0.01) show-
ing that high yield under normal condition resulted in 
relatively high yield under stress conditions. also, YP 
and Ys with sti (r = 0.85 and 0.90), MP (r = 0.95 and 
0.86), GMP (r = 0.89 and 0.92), and HM (0.83 and 0.95) 
have significant positive correlation (p < 0.01) (table 4). 
These suggest that in selecting high yielding lines under 
stress and non-stress conditions, theses indices are very 
important. in fact, high correlation Ys and YP with other 
indices is critical for selecting tolerance genotypes (Far-
shadfar et al., 2012). There is a significant positive cor-
relation between YP and toL (r = 0.82, p < 0.01) but for 
Ys and toL, this correlation is negative (r = 0.14) (table 
4). it has been concluded that selecting based on toL, 
results in reduced yield in normal condition. Khalili et 
al. (2012) reported that MP, GMP and sti indices had a 
positive and significant correlation with grain yield un-
der normal and stress conditions. also, Naghavi (2013) 
indicated that there was a positive correlation between 
MP, GMP, Ys and YP. Drought resistance indices such as 
MP and GMP could be appropriate for identifying toler-
ant genotypes (Farshadfar et al., 2012; Khalili et al., 2014; 
Mardeh et al., 2006; Mirzaei et al., 2014; Naghavi et al., 
2013). 

Principal component analysis (PCa) are repre-
sented in table 5. Principal component analysis (PCa) 
showed that 83.77 % of variations resulted from YP, Ys, 

index Formula source
tolerance index (toL) Yp - Ys (Rosielle and Hamblin, 1981)
stress tolerance index (sti) (Yp*Ys) /(ȳP) 2 (Fernandez, 1992)
Mean productivity (MP) (Yp + Ys) / 2 (Rosielle and Hamblin, 1981)
Geometric Mean Productivity (GMP) (YP*Ys)

 ½ (Fernandez, 1992)
Harmonic Mean (HM) [2(Yp × Ys)/ (Yp + Ys)] (Fernandez, 1992)

Table 2: Formulas drought tolerance indices
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sti, MP, GMP, and HM as first PCa (table 5). Therefore, 
PCa 1, the first dimension, was named as a yield compo-
nent and drought tolerance. 

The second principal component analysis (PCa) in-
dicated 15.20 % of total variations. The highest positive 
factor in the second PCa was YP and toL, and the high-
est negative factor was Ys. Therefore, this component can 
be named as sensitivity component to stress. The geno-
types with low values of the second PCa have the least 
sensitivity to stress conditions. Thus, for both non-stress 

and stress environment, selection of genotypes with high 
PCa1 and low PCa2 are recommended. Therefore, gen-
otypes b1 and b8 have high PCa1 and low PCa2 that 
are preferable genotypes. it’s been also reported that 
genotypes with larger PCa1 and lower PCa2 scores gave 
high yields (stable genotypes), and genotypes with lower 
PCa1 and larger PCa2 scores had low yields (unstable 
genotypes) (Kaya et al., 2002). The principal component 
analysis (PCa) also was described by many of research-
ers (Parchin et al., 2013; Zabet et al., 2003). shafazadeh 

Genotype YP Ys toL sti MP GMP HM
b1 0.2 0.11 0.08 0 0.15 0.15 0.14
b2 0.18 0.15 0.03 0 0.16 0.16 0.16
b3 0.30 0.17 0.13 0.01 0.24 0.23 0.22
b4 0.44 0.17 0.26 0.01 0.30 0.27 0.25
b6 0.67 0.11 0.56 0.01 0.39  0.27 0.19
b7 0.20 0.1 0.1 0 0.15 0.14 0.13
b8 0.16 0.13 0.03 0 0.15 0.14 0.14
t1 4.6 1.4 3.20 1.25 3.03 2.57 2.18
t2 2.50 2.93 -0.4 1.39 2.71 2.70 2.70
t3 4.16 1.78 2.37 1.40 2.97 2.72 2.50
t4 5.14 1.81 3.23 1.76 3.47 3.05 2.68
t5 5.40 2.28 3.12 2.34 3.84 3.51 3.21
Dehdasht 2.15 0.55 1.6 0.22 1.35 1.08 0.87
Dena 1.97 0.43 1.54 0.16 1.20 0.92 0.70
DW/90/8 1.50 1.90 -0.3 0.54 1.70 1.69 1.68
DW/95/4 1.87 0.43 1.44 0.15 1.15 0.89 0.69
Karkhe 2.14 0.96 1.17 0.39 1.55 1.43 1.33
Yavarus 1.9 1.12 0.78 0.40 1.51 1.46 1.41
shabrang 2.77 1.98 0.79 1.04 2.38 2.34 2.31
behrang 3.17 0.23 2.94 0.13 1.70 0.85 0.42
Ws 0.72 0.56 0.15 0.07 0.64 0.63 0.63
aria 3.1 2.05 1.05 1.20 2.57 2.52 2.46
azadi 3.09 1.53 1.56 0.89 2.31 2.17 2.04
azar 3.58 1.90 1.68 1.29 2.74 2.61 2.48
Hirmand 3.98 1.68 2.30 1.26 2.83 2.58 2.36
Moghan 1.72 0.1 1.62 0.03 0.91 0.41 0.18
mr-17 1.14 1.16 -0.02 0.25 1.15 1.14 1.14
Pishtaz 2.60 0.53 2.07 0.26 1.57 1.17 0.88
Roshan 3.11 1.24 1.87 0.73 2.17 1.96 1/77
sabalan 3.55 3.30 0.24 2.22 3.43 3.42 3.42
shiraz 2.68 0.97 1.70 0.49 1.82 1.61 1.43
superhead 4.75 1.42 3.33 1.27 3.08 2.59 2.18

Table 3: Yield potential (YP), stress yield (Ys), and five indices of drought tolerance for 32 wheat genotypes
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et al. (2004) in investigation of response of bread wheat 
genotypes to drought stress conditions, concluded that 
MP, GMP and sti indices in specification of drought 
tolerant genotypes provide an agreeable result than toL 
and ssi indices.

For comparison among genotypes, many research-
ers have used of biplot analysis (Nazari and Pakniyat, 
2010). biplot analysis was used to study the relationship 
between drought tolerance indices and grain yield un-
der both normal and drought stress conditions (Figure 
1). This diagram can be divided into four zones. Zone 
a includes the best genotypes such as sabalan, t2, aria, 
azar and azadi which have high-yield and are resistant 
to stress. Zone b includes t1, t3, t4, t5, Hirmanad, shi-
raz, superhead and Roshan which have a high-yield but 

are sensitive to stress. Zone C does not possess desirable 
properties, since has low-yield and are sensitive to stress. 
Most of the genotypes of this group were wild diploids. 
The genotypes of zone D, unlike the low-yield, are resist-
ant to drought stress. For soybean, applying genotype-
trait (Gt) biplot to the multiple trait data illustrated that, 
Gt biplots graphically displayed the interrelationships 
among seed yield, oil content, protein content, plant 
height and days to maturity and facilitated visual culti-
var comparisons and selection (Yan and Rajcan, 2002). 
Mollasadeghi et al. (2011) reported 4 zone with 12 wheat 
genotypes. 

The cluster analyses based on yield under normal 
and stress conditions, and the 5 mentioned indices were 
carried out, and the results are shown in Figure 2. UPG-

YP Ys toL sti MP GMP HM
YP 1  
Ys 0.67** 1
toL 0.82** 0.14 1
sti 0.85** 0.90** 0.45** 1
MP 0.95** 0.86** 0.62** 0.94** 1
GMP 0.89** 0.92** 0.94** 0.96** 0.98** 1
HM 0.83** 0.95** 0.39* 0.96** 0.95** 0.99** 1

Table 4: Correlation coefficients between drought tolerance indices and seed yield in normal and stress conditions

* p < 0.05,   ** p < 0.01.

Component eigen values Variance study indicators
YP Ys toL sti MP GMP HM

1 5.8 83.77 0.93 0.88 0.58 0.96 0.99 0.99 0.97
2 1.06 15.20 0.34 -0.45 0.81 -0.13 0.05 -0.10 -0.21

Table 5: Linear composition coefficients of the main components of stress tolerance indexes

Figure 1: biplot for drought tolerance indices in 32 genotypes wheat based on first two components.
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Ma dendrogram clustered the examined 32 wheat geno-
types into two five clusters (Figure 2). Genotypes b1, b7, 
b2, b8, b3, b4, b6 and Ws, which have the low yield and 
are resistant to drought stress, were put together. second 
group are DW/90/8, mr-17, Karkheh, Yavarus, shiraz, 
Dena, DW/95/4, Dehdasht, Pishtaz, Moghan, behrang 
which have low yield. ‘t2’ and ‘sabalan’ formed the third 
group with the highest yield, in normal and resistant to 
stress especially in stress conditions. Fourth group con-
tains of genotypes are aria, shabrang, azadi, Roshan, t3, 
Hirmand, azar, t1, superhead and t4, which are high 
in terms of yield and can be significant. ‘t5’ forms the 
5th group and this genotype is high-yield and sensitive to 
stress. 

The results of cluster analysis completely agreed by 
those of principal component analysis and biplot analy-
sis. based on biplot analysis, genetic variations were ob-
served in studied genotype under drought stress. This 
is also approved by cluster analysis. other researchers, 
using cluster analysis based on stress tolerance indices 
and genotypic classification, indicated that the results 
obtained from this method are consistent with the prin-
cipal components analysis (ahmadizadeh et al., 2012; 
Mohammadi et al., 2011; Rad and abbasian, 2011). The 
clusteranalysis of 30 genotypes of wheat were placed into 
three separate groups (Parchin et al., 2013).

For tolerate adverse environmental conditions, 
there are different mechanisms. sometimes, a combina-
tion of these mechanisms causes yield stability in stress 
conditions. The selection of genotype with such char-
acteristics is not a simple task and is mainly difficult in 
the early stages of plant breeding. Thus, identifying and 
introducing new crop genotypes being resistant to water-
limited conditions is one of the best methods for reduc-
ing the effects of drought stress. This method along with 

farm management are very effective strategies to reduce 
the negative effects of drought stress. 

4 CONCLUSION

in the studied population, sti, MP, GMP and HM 
indices can be used to identify drought tolerant geno-
types. based on biplot chart, sabalan, t2, aria, azar, 
azadi genotypes retained both drought tolerance and 
high yield.
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