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ABSTRACT

Drought stress is a widespread problem influencing durum wheat production, but the development
of tolerant genotypes is hampered by the lack of effective selection criteria. The objective of this investigation
was to evaluate the ability of several selection indices to identify tolerant genotypes. Fourteen durum
wheat genotypes were evaluated under both drought stress and non-stress environments using a
randomized complete block design with four replications. Twelve drought tolerance indices were used
based on grain yield under stress (YP) and non-stress (YS) conditions. Genotypes G3 (4,032 + 448
kg ha') and G4 (4,025 + 444 kg ha') had the highest yield under non-stress condition, while genotype
G8 (2,702 + 336 kg ha') displayed the highest performance under stress conditions. Some genotypes
including G1, G3, G6, G8, and G14 had high performances in both stress and non-stress conditions.
Genotypes performed differently to drought stress, which justifies screening durum wheat for both yield
and drought tolerance. Therefore, the modified stress susceptibility index (STl)-based indices (K,STI
and K,STI) can discriminate drought tolerant genotypes with high grain yield under both non-stress
and stress conditions. Finally, the genotype G3 (4,032 kg ha' in non-stress and 2,573 kg ha' in stress
conditions) besides genotype G8 (3,773 kg ha™ at non-stress and 2,702 kg ha™ at stress conditions)
were the most favorable genotypes and could be recommended for future recommendation.
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INTRODUCTION stress may lead to a loss in yield; particularly severe
deficit at the anthesis stage has serious effects on
durum wheat yield, reducing numbers of spike and
spikelet and decreasing the fertility of spikelets. Loss
of grain yield is the main concern of durum wheat
breeders and they emphasize yield performance
under drought stress conditions (Thumjamras et

Grain yield can be assessed in terms of
diverse yield component traits, some of them can
assume more important than the others, depending
upon the time and intensity of abiotic stresses and
their temporal development. In the Mediterranean

areas most, rain falls during the autumn and winter,
and water deficit occurs in the spring, resulting in the
moderate drought stress for rainfed durum wheat
around anthesis and throughout the grain filling period
(Karimizadeh et al., 2012; Barati et al., 2020). This

al., 2019; Rawtiya and Kasal, 2021). Breeding
for drought tolerance is complicated by the lack
of proper screening methods and the inability to
create repeatable drought conditions where large
populations can be evaluated efficiently.
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To differentiate drought tolerant genotypes,
several selection indices have been suggested
based on a relationship between non-stress and
stress conditions. These indices provide a measure
of drought according to loss of yield under drought
stress conditions in comparison to non-stress
conditions. Fischer and Maurer (1978) proposed
the stress susceptibility index and Rosielle and
Hamblin (1981) defined stress tolerance and mean
productivity for the evaluation of genotypes for
drought tolerance. The stress susceptibility index
is the yield of a genotype under stress conditions
as a function of the yield without stress. Stress
tolerance is the difference in yield between the
stress and non-stress conditions, and the mean
productivity is the average yield in both conditions.
Bouslama and Schapaugh Jr. (1984) suggested a
yield stability index and Lin and Binns (1988) used
the superiority index as estimates of genotype
adaptability over a range of environments. The
superiority index is the mean square of the distance
of the yield performance of a genotype from the
maximum observed yield of all genotypes at stress
or non-stress conditions. Fernandez (1992) has
been suggested stress tolerance index, geometric
mean productivity, and harmonic mean for screening
breeding materials for stress. Gavuzzi et al. (1997)
and Sadiki (2006) proposed yield index and relative
reduction to screening drought tolerant genotypes,
respectively.

The ideal selection index should distinguish
genotypes superiority in both stress and non-stress
conditions from the genotypes that are favorable
only in one condition. Among the different indices,
selection based on stress susceptibility index and
stress tolerance criteria favors genotypes with low
yield potential under non-stress conditions and
high yield under stress conditions, and selection
based on these indices will result in genotypes with
higher stress tolerance and yield potential will be
selected (Sadiki, 2006). Ayed et al. (2021) used
stress susceptibility index and stress tolerance
index to evaluate drought tolerance in durum wheat
genotypes and reported a year-to-year variation in
these indices for genotypes and their ranking pattern.
Mohammadi et al. (2010) found that geometric
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mean productivity and stress susceptibility index
as the mathematical derivations of the same yield
data, selection based on a combination of both
indices may provide a more desirable criterion for
improving drought tolerance in durum wheat. Thus,
drought stress is one of the important stresses
which influences the yield performance of durum
wheat, especially in arid and semi-arid areas.
However, the objectives of this investigation were
to (i) identify drought tolerant durum wheat genotype
under drought stress, (ii) determine the efficiency
of screening methods to classify genotypes into
tolerant/sensitive, and (iii) study interrelationships
among the screening indices.

MATERIALS AND METHODS

Trials

In this investigation, fourteen (14) durum
wheat genotypes including thirteen (13) new
improved genotypes from International Center for
Agricultural Research in the Dry Areas (ICARDA)
and one (1) check cultivar from Iran (Dehdasht,
moderate drought tolerant) were studied under dry-
land condition of Gachsaran Research Experimental
Station, Iran (50° 50" E, 30° 20" N) in the growing
season during 2012—-2013. The pedigree and origin
of genotypes studied are given in Table 1.

Sowing occurred between the end of
November and the middle of December 2012 and
the harvest is performed in the middle of April 2013.
Each plot consisted of six rows spaced 20 cm
apart and row length was 6 m (7.2 m?). An area of
4 m? (4 rows with 5 m long) was harvested. The
experiments were conducted by a randomized
complete block design (RCBD) with four replications
under non-stress (supplementary irrigation with
twice 50 mm irrigation at heading and grain filling)
and stress conditions at the same time and one
field. Each replication is assumed as a block which
contained all 14 genotypes while two non-stress
and stress conditions were assumed as splits with
10 m distance. Rainfall during the growing season
was recorded at 336.9 mm. Plants were fertilized
with nitrogen at the rate of 50 kg ha urea and
phosphorus at the rate of 120 kg ha' ammonium



phosphate. Proper agronomic management practices
were adopted throughout the growing season to
ensure good crop growth. No important disease
was identified during the growth season, and

Table 1 Pedigree and origin of the 14 durum wheat genotypes

weed control was done by chemical method via
topic and granstar herbicides. After physiological
maturity, plots were harvested, and grain yield
was adjusted to 12.5% seed moisture content.

Code Pedigree Origin

G1 Dehdasht Iran

G2 LILE/3/SORA/2*PLATA_12//SOMAT_3CDSS02Y00114S-0Y-0M-7Y-0Y ICARDA

G3 BCRIS/BICUM//LLARETA INIA/3/DUKEM_12/ 2* RASCON ICARDA
_21CDSS99B01189T-0TOPY-O0M-0Y-81Y-OM-0Y-1M-0Y

G4 ZHONG ZUO/2*GREEN_3//SORA/2*PLATA _12/ 10 /PLATA _10/6/ MQUE/4/ ICARDA
USDA 573 //[QFN/AA _7 /3/ALBA-D/5/AVO/HUI /7/ PLATA_13 /8/THKN E
E_11/9/CHEN/ ALTAR 84/3/HUI/ POC// BUB/RU FO /4/ FNFOOTCDSS
02Y00213S-0Y-0M-30Y-0Y

G5 PLATA_6/GREEN_17//SNITAN/4/YAZI_1/AKAKI_4//SOMAT_3/3/AUK/GUIL// ICARDA
GREENCDSS02Y00369S-0Y-0M-16Y-0Y

G6 TOPDY_18/FOCHA_1//ALTAR 84/3/AJAIA_12/F3 LOCAL(SEL.ETHIO .135 ICARDA
.85)//PLATA_13/4/SOMAT_3/ GREEN _22 CDSS02Y00394S-0Y-0M-13Y-0Y

G7 RASCON_33/TISOMA_2/3/CANELO_8//SORA/2*PLATA_12/4/SOMAT_4/ ICARDA
INTER_8CDSS02Y00802T-0TOPB-0Y-0M-19Y-0Y

G8 RISSA/GAN//POHO_1/3/PLATA_3//CREX/ALLA/4/STOT// ALTAR 84/ALD/5/ ICARDA
ARMENT//SRN_3 /NIGRIS_4/3/ CANELO_9.1CDSS02Y01145T-0TOPB-0Y—
0OM-10Y-0Y

G9 SORA/2*PLATA_12//SOMAT_3/3/STORLOM/4/BICHENA/ ICARDA
AKAKI_7CDSS02Y01279T-0TOPB-0Y-0M-28Y-0Y

G10 SOOTY_9/RASCON_37//[STORLOMCGSS02Y00006S—-2F1-12Y-0B-3Y-0B— ICARDA
2Y-0B

G11  CHEN_1/TEZ/3/GUIL//CIT71/CII/4/SORA/PLATA_12/5/STOT//ALTAR 84/ALD/9/ ICARDA
USDA595/3/D67.3/ RABI//CRA/4/ ALO/5/ HUI/YAV_1/6/ ARDEN TE/7/HUI/
YAV79/8/ POD_9CDSS02B 00022S-0Y-0M—41Y—-4M-04Y-0B

G12 ADAMAR_15//ALBIA_1/ALTAR 84/3/SNITAN /4/SOMAT _4/INTER ICARDA
_8CDSS02B00296S-0Y-0M—-17Y-2M-04Y-0B

G13  1A.1D 5+10-6/2*WB881//1A.1D 5+10-6/3*MOJO/3/SOOTY _9/RASCON_37/9/ ICARDA
USDA595 /3/D67.3/RABI//CRA/4/ALO/5/ HUI/YAV_1/6/ARD ENTE/7/HUI/
YAV79/8/POD_9CDSS 02B00650S-0Y-0M-3Y-2M-04Y-0B

G14 1A.1D 5+10-6/2*WB881//1A.1D 5+10-6/3*MOJO /3/SOOTY _9/RASCON_37/9/ ICARDA

USDAS595/3/ D67.3/RABI//CRA/4/ALO/5/ HUI/YAV_1/6/ ARDENTE/7/HUI/
YAV79/8/POD_9 CDSS02B00650S-0Y-0M-7Y-3M-04Y-0B

Thai Journal of Agricultural Science Volume 54 Number 3 July—September 2021 165



I " AGRICULTURAL SCIENCE SOCIETY OF THAILAND

Drought Indices
The stress susceptibility index (SSI) of
Fischer and Maurer (1978) was calculated as:

SSI=[1-(Ys/Yp)/[1-(Ys/Yp)]

where Ys is the yield performance in stress
conditions, Yp is the yield performance in non-stress
conditions, Ys is the average of yield performance
of all genotypes in stress conditions, and Yp is
the average of yield performance of all genotypes
in non-stress conditions.

The superiority index (PI) of Lin and Binns
(1988) was computed as:
n (X, —M )?
PI= *1 1=
; 2n
where n is the number of conditions, X is the seed
yield of i genotype in the ji" condition, and M, is
the yield of the genotype with the maximum yield
at condition j.

The mean productivity (MP) and tolerance
(TOL) of Rosielle and Hamblin (1981) were calculated

as:

MP = (Ys +Yp)/2
TOL = (Yp-Ys)

The yield stability index (YSI) of Bouslama
and Schapaugh Jr. (1984) was computed as:

YSI=Ys/Yp

The stress tolerance index (STI), geometric

mean productivity (GMP), and harmonic mean (HM)
of Fernandez (1992) were computed as:

STI=(YpxYs)/Yp?

GMP = /(Ys+Yp)

HM=[2(YpxYs)]/(Yp+Ys) - (8)

166 Thail. Agric. Sci. (2021) Vol. 54 (3)

The yield index (Yl) was calculated
according to Gavuzzi et al. (1997):

Yl=Ys/Ys

The STl-based indices in non-stress (K,STI)
and stress conditions (K,STI) were assessed as
Naderi et al. (2000):

K,STI=[(Yp)* /(Yp)*]xSTI
K,STI=[(Ys)? /(Ys)*]xSTI

The relative reduction (RR) was computed
based on the formula of Sadiki (2006):

RR = (Yp-Ys)/Yp

Statistical Analysis

The dataset was firstly tested for normality
by the Anderson and Darling normality test using
Minitab 14 software (Minitab, 2005). Data from
each trial were subjected to analysis of variance
(ANOVA) using appropriate model (RCBD) as
y = Block + Genotype + Error, where y is the
measured trait’s value, Block is the block effect
and it is representing replication, Genotype is
the main effect of each genotype, and Error is
the residual of the model. Dataset was analyzed
using the SAS version 6.12 (SAS, 1996). The least
significant differences (LSD) method was used
for mean comparison for each pair of genotypes.

Phenotypic correlation coefficients were
calculated for all comparisons of drought tolerance
indices using Pearson’s correlation coefficient.
The general divergence among genotypes was
estimated using principal component (PC) analysis
based on a correlation matrix to define the patterns
of variation according to drought stress indices
using Minitab 14 (2005). Drought stress indices
were used for clustering of genotypes based on
squared Euclidean distance and Ward’s minimum
variance cluster analysis was used to group the
tested accessions in the experiment.



RESULTS AND DISCUSSION

Analysis of variance for both yield
performances in non-stress (YP) and stress
conditions (YS) indicated highly significant (P <0.01)
differences among durum wheat genotypes (Table
2). Accordingly, highly significant differences were
observed for durum wheat genotypes regarding most
drought tolerance indices including MP, STI, GMP,
HM, Y1, PI, and K,STI (P < 0.01) while significant
differences were recorded for SSI, TOL, YSI, RR,
and K STI (P < 0.05) drought tolerance indices in
the durum wheat genotypes (Table 2).

Genotypes G3 and G4 had the highest yield
in non-stress conditions with 4,032 + 448 and 4,025
+ 444 kg ha grain yield performance, respectively,
while genotype G8 displayed the highest yield
performance (2,702 + 336 kg ha') under stress
conditions. The low yield performance genotype
was G7 (3,028 kg ha'') under non-stress conditions
and was G2 (2,089 kg ha™') under stress conditions
(Table 3). Interestingly, some genotypes including
G1, G3, G6, G8, and G14 had high performances
in both stress and non-stress conditions and their
differences with the best genotypes of both conditions
are not significant statistically. Also, the other durum
wheat genotypes were identified as semi-tolerance
or semi-sensitive to drought stress. Itis rare that a
special genotype shows good performance in two
different conditions and finding such a genotype is a
good chance for plant breeder. Therefore, genotypes
G1, G3, G6, G8, and G14 are good candidates for
commercial recommendations to farmers in the
future in both rain-fed and irrigated regions.

Based on SSI, genotype G7 displayed the
lowest amount of SSI (0.63 + 0.10) while according
to MP, genotypes G3 (3,302 + 331 kg ha) and
G8 (3,238 + 327 kg ha) were drought tolerance
genotypes (Table 3). According to TOL, genotype G4
was identified as the most drought tolerance genotype
as well as genotypes G3 and G8 when STI was
considered (Table 3). Based on SSI, genotype G7
displayed the lowest amount of SSI while according
to GMP, genotypes G3 (3,212 £ 350 kg ha') and

G8 (3,191 + 327 kg ha) were drought tolerance
genotypes while genotypes G2 and G7 were drought
sensitive genotypes (Table 3). Regarding yield
performances in non-stress and stress conditions
and SSI, STI, MP, TOL, and STl indices, genotypes
G1, G3, G6, and G13 were the favorable genotypes.
The other remained genotypes were detected as
semi-tolerance or semi-sensitive to drought stress.
Genotypes G3 and G8 were identified as the most
favorable and tolerant genotypes based on HM and
Y1 while genotypes G2 and G7 were found as the
most tolerant genotypes based on PI (Table 3).
Akgura and Ceri (2011) indicated that genotypes
with high STl values usually have a high difference
in yield in two different humidity conditions and also,
reported relatively similar ranks for the genotypes by
GMP and MP as well as STl index, which suggests
that these indices are equal for screening drought
tolerant genotypes. According to YSI, RR, K,STI,
and K,STI indices, genotypes G3 and G14 were
the most tolerant genotypes (Table 3). llker et al.
(2011) and Sabaghnia and Janmohammadi (2014)
reported that STl-related indices (K, STl and K,STI)
are convenient parameters for selecting high-yielding
genotypes in both stress and non-stress conditions
whereas relative decrease is observed in yield
performance.

The simple correlation coefficients between
YP, YS, and several drought tolerance indices of
the durum wheat genotypes are given in Table 4.
The YP showed a significant positive correlation
with YS (0.53) and all of the drought tolerance
indices except Pl (-0.37) and YSI (-0.69) while
YS had a significant positive correlation only with
MP (0.81), STI (0.80), GMP (0.84), HM (0.87),
Y1(0.99), K,STI (0.63), and K,STI (0.98) indices.
Similar correlations among MP, GMP, and YP
indices (Toorchi et al., 2012) and correlations
among GMP, MP, and STI indices (Dehghani et
al., 2009) were reported in canola. Also, a positive
correlation of YP with STI, GMP, and PI, and a
positive correlation of YS with HM and Y| were
reported by Sabaghnia and Janmohammadi (2014)
in chickpea.
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The SSI had a positive association with
TOL (0.99), RR (0.99), and K,STI(0.69) (P < 0.01)
but had a negative correlation with YSI (-0.99;
P <0.01) while MP index showed a positive correlation
with STI (1.00), GMP (1.00), HM (0.99), Y1 (0.81),
K,STI(0.96), and K,STI(0.88) (P < 0.01) (Table 4).
Similarly, Mohammadi and Abdulahi (2017) found
no correlation between SSI and yield under non-
stress conditions and Ayed et al. (2021) reported
a positive correlation between MP with STI, GMP,
and HM in durum wheat.

The TOL index had a positive correlation
with RR and K,STI (P < 0.01) but had a negative
correlation with YSI (P < 0.01) while the STI had
a positive correlation with GMP, HM, YI, K ST,
and K,STI (P < 0.01) (Table 4). Similarly, Toorchi
et al. (2012) found a positive association between
STI with GMP and HM indices in canola. In this
study, GMP had a positive correlation with HM, Y1,
K,STl,and K,STI (P <0.01) and the HM indicated a
positive correlation with Y1, K STI, and K,STl indices
(P < 0.01) (Table 4). The significant positive
associations between GMP and HM and Y| were
also reported by Dehghani et al. (2009). The YI
indicated a positive correlation with K,STI (0.63;
P < 0.05) and K,STI (0.98; P < 0.01) while the
Pl did not show any positive correlation with
all drought tolerant indices (Table 4). The YSI
had a negative correlation with K, STI (-0.58;
P <0.05)and RR (-0.99; P < 0.01) while there was a
significant positive correlation between RRand K STI
(0.58; P <0.05) and between K STl and K,STI(0.74;
P <0.01). In general, the observed relationships in
our durum wheat genotypes were consistent with
those reported by Mohammadi and Abdulahi (2017)
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in durum wheat and Khalili et al. (2012) in canola.

The associations among different drought
tolerance indices are graphically indicated in a plot
of two first principal components (PC1 and PC2) of
the principal component analysis (Figure 1). The
first and second components justified 93.6% of
the variations among criteria (58.4% for PC1 and
35.2% for PC2). The PC1 mainly distinguishes
the Pl and YSI indices from the other indices and
the PC2 distinguishes the RR, SSI, YP, K STI,
and TOL indices from the indices which related to
each other based on the PC1 scores (Figure 1).
One of the interesting interpretations of this plot is
that the cosine of the angle between the vectors
of indices approximates the simple correlation
coefficient between them. The cosine of the angles
does relatively translate into correlation coefficients
since the plot of principal components analysis does
explain most of the variation in a dataset.

Therefore, it could be concluded that the
GMP, MP, STI, K, STI, YP, and HM indices were
positively associated with each other as group 1
and had no or weakly positive association with
group 2 (RR, SSI, and TOL) as well as group 3 (YI,
YS, and K,STI). The association of group 2 with
group 3 was relatively near zero (Figure 1). Also,
negative associations were seen between group
1 with Pl and between group 2 with YSI.

Clustering of durum wheat genotypes
based on YP, YS, and drought tolerant indices
indicated four classes: class-A including genotypes
G7 and G12, class-B including genotypes G8 and
G13, class-C including genotypes G4, G5, G6, G9,
and G11, and class-D including genotypes G1, G2,
G3, G10, and G14 (Figure 2).
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Figure 1 Two-way plot based on first two principal component axes (PC1 and PC2) for drought
tolerance indices in durum wheat genotypes. YP = yield performance in non-stress conditions,
YS =yield performance in stress conditions, SSI = stress susceptibility index, Pl = superiority
index, MP = mean productivity, TOL = tolerance, YSI = yield stability index, STI = stress
tolerance index, GMP = geometric mean productivity, HM = harmonic mean, Y| = yield index,
RR = relative reduction, K,STI = STl-based indices in non-stress conditions, K,STI = STI-

based indices in non-stress conditions.

The genotypes of class-A had relatively
low yield in both stress and non-stress conditions
but the genotypes of class-B had relatively high
yield in both stress and non-stress conditions.
Also, the genotypes of class-C and class-D were
not identified as the lowest or highest yielding
genotypes in one or both conditions. Therefore,
it seems that the clustering method could not
distinguish the performances of genotypes in
stress and non-stress conditions.

There is general agreement that new
improved high-yielding genotypes are more
adapted to favorable growing conditions, while
old cultivars have more stable performance under
different stress conditions such as drought stress.

It was interesting to note the positive correlation
between STl-based indices and specially K, STI
and YP, indicating that K,STI was positively
correlated with non-stressed yield. This finding
suggested that some traits that contribute to
yield potential may act to increase tolerance
to stress and that selection for both K,STI and
YP may counteract each other. Some studies
showed that GMP and STl indices are preferred
in late drought conditions for selecting the most
favorable genotypes (Blum, 1996; Akgura et al.,
2011) while some other investigation indicated
that Pl and MP indices are preferred for selecting
the most tolerant genotypes (Sio-Se Mardeh
et al., 2006; Khalili et al., 2012).
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Figure 2 Dendrogram of cluster analysis for grouping durum wheat genotypes based on drought

tolerance indices

Also, we found that K,STI and YS were
correlated to each other and would be preferred for
selecting the most tolerant genotypes in drought
stress conditions. Relatively, such a similar conclusion
was reported by Fernandez (1992), Mohammadi
etal. (2010), and Sabaghnia and Janmohammadi
(2014), which mentioned the priority of STl and K STI
parameters under the level of high to moderate
stress. Akgura et al. (2011) reported that STI was
able to differentiate genotypes that belonged to
genotypes with high yield performance in both
conditions, from the others.

Some studies conducted for measuring
drought response of improved genotypes indicated
that SSI and TOL indices were not efficient to be
used in selecting genotypes with high yield capacity
in either stress or non-stress conditions, but in
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contrast, STI was identified as an efficient index
(Saba et al., 2001; Naghavi et al., 2013). Akgura et
al. (2011) mentioned when the stress was severe,
SSl was a more useful index for determining tolerant
genotypes, although most of the indices could identify
genotypes with high yield under both stress and
non-stress conditions. The SSI and TOL indices
only assess the plasticities of the genotypes, while
a genotype may rank first in both conditions but
still have higher values for these indices than other
genotypes. The use of landraces has been neglected
in plant breeding programs because they have
low-yield potential under irrigated conditions while
they have out-yielded the exotic material under low
input conditions (Ceccarelli et al., 1998; Dencic
et al., 2000). But it seems that the most effective
way to improve the yield performance in stress



conditions is to use locally adapted landraces and
select them for target areas. The drought conditions
are predominant over the years and wet years are
infrequent in the most arid and semi-arid areas
and so, selection should be based on the grain
yield in the target regions. If the main purpose of
the breeding program is to improve yield in small
stress or non-stress conditions, it may be possible
to describe local adaptation to increase grain yield
from selection (Sio-Se Mardeh et al., 2006; Akgura
etal., 2011).

CONCLUSIONS

The genotype G3 (4,032 + 448 kg ha™'
in non-stress and 2,573 + 335 kg ha in stress
conditions) and genotype G8 (3,773 + 376 kg ha™
in non-stress and 2,702 + 336 kg ha™ in stress
conditions) were found to be the most favorable

genotypes and are thus recommended for future
recommendation in arid and semi-arid areas of Iran.
Clustering of genotypes indicated four classes:
class-A with low yield in both stress and non-stress
conditions, class-B with high yield in both conditions,
class-C and class-D with moderate yield in one or
both conditions. According to PC analysis, GMP, MP,
STI, K,STI, YP, and HM could introduce high YP,
while only K,STI had the same property regarding
YS, therefore, STl-based indices (STI, K,STI, and
K,STI) can discriminate drought tolerant genotypes
with high grain yield under both non-stress and
stress conditions.
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