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Abstract

Aegilops tauschii is one of the ancestors of
bread wheat and is the main source of genes
for resistance to biotic and abiotic stresses. The
present research was performed as a factorial
experiment based on a completely randomized
design to determine the effect of drought stress
on some morphological traits in 23 A. tauschii
genotypes. Some important morphological
and physiological traits were evaluated in the
greenhouse conditions. The results showed that
root length, the number of leaves and tillers,
chlorophyll content, shoot and root fresh weight,
shoot and root dry weight, percentage of yellow
and rolled leaves at seedling stage and shoot
and root dry weight, flag leaf, peduncle and spike
length and the number of spikes at maturity stage
increased in drought stress. Instead, RWC and
shoot length were reduced at the seedling stage
in the drought stress condition. In the seedling
stage, the highest values obtained for root length,
number of leaves, root fresh and dry weight,
percentage of yellow and rolled leaves were 44.67
cm, 24.00, 3.35 g/plant, 0.40 g/plant, 50% and
80.79% under drought condition, respectively. In
the maturity stage, the highest values obtained for
shoot and root dry weights were 26.58 and 41.77
g/plant obtained in genotypes KC-55 and KC-
2122 under drought condition. The highest values
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for flag leaf length, peduncle length, spike length
and the number of spike were 12.30 cm, 15.65
cm, 9.08 cm and 30 observed in genotypes KC-
2123, KC-2225, KC-2115 and KC-621 at control,
respectively. Based on the ward’s cluster analysis,
A. tauschii genotypes were divided into four
different groups. The results of this study showed
genotypes KC-621, KC-1772 and KC-2225 were
tolerant to drought stress and therefore, they
are recommended for use in wheat breeding
programs.

Key words: Aegilops tauschii, Maturity stage,
Morphological traits, RWC, Seedling stage.

INTRODUCTION

Hexaploid wheat (Triticum aestivum) is derived from
the hybridization of tetraploid Triticum turgidum with
Aegilops tauschii. A. tauschii Cosson (DD, 2n=2x=14)
is the D genome progenitor of bread wheat that has
spread from Northern Syria and Turkey to Western
China (Wang et al., 2013). This plant is compatible with
various environments such as deserts margins, sandy
seashore, steppes, rocky hills, roadsides, wastelands
and humid temperate forests and has a great genetic
diversity (Matsuoka ef al., 2008). Based on the genetic
background, 4. tauschii is divided into two phylogenetic
lineages called L1 and L2. The first case is related to the
A. tauschii ssp. tauschii and the second case is related to
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the A. tauschii ssp. strangulatal (Mizuno et al., 2010;
Zhao et al., 2020). Studies have shown that A. tauschii
(especially L2 lineage) is from the Trans Caucasus and
Northern Iran is the origin of the wheat D genome. Due
to the long genetic distance between L1 and L2 lineages
of A. tauschiiin Eastern and Southern populations
(such as Syria, Afghanistan, Pakistan, Central Asia and
China), it seems that this plant has abundant genetic
and phenotypic characteristics. Therefore, like many
wild ancestors of crops, 4. tauschiiis is considered a
very valuable source for resistance to biotic and abiotic
stresses (Zhang et al., 2018; Safiyar et al., 2021).

Drought is one of the most important stresses that
has affected the growth and yield of all crops around
the world (Du et al., 2020). Various studies show that
drought stress causes a wide range of damage to the
plant and inhibits photosynthesis (Ohashi et al., 20006),
increases oxidative stress (Porcel and Ruiz-Lozano,
2004) and changes the plant metabolism (Valliyodan
and Nguyen, 2006). Under drought stress conditions,
many morphological, physiological and biochemical
changes occur in the plant (Xu et al., 2015). Therefore,
physiological and biochemical factors restricting
the plant yield and mechanisms associated with the
drought resistance are the main goals of breeding
programs (Galvez et al., 2019; Naderi et al., 2020).
Biomass allocation is one of the most important growth
factors and is also one of the main strategies for plant
drought stress adaptation. Studying the morphological
and physiological characteristics of plants in rainfed
conditions can increase our understanding of the
ability of crops to respond to drought stress and adapt
to it (Pour-Aboughadareh et al., 2020).

Various morphological indices such as plant height,
number of tillers, peduncle length, spike length and
even number of seeds show not only the effect of water
restriction in the soil but also show how genotypes adapt
to drought stress through morphological changes (Liu et
al.,2015). Root is one of the most important organs of the
plants in stress conditions, since it causes plant survival
through the absorption of water and minerals. Under
drought stress conditions, the transfer of assimilates from
photosynthetic organs such as leaves to roots and seeds
is changed and increases its resistance (Du et al., 2020).
With climate change, the adverse effects of drought on
the plant are expected to intensify in the coming years
(Liu et al., 2020). Accordingly, screening of drought-
tolerant cultivars of Aegilops is required for drought
adaptation and maximum yield. This study aimed to
evaluate the morphological responses of 234. fauschii
genotypes exposed to drought stress and identify the
tolerant genotypes to drought stress.

MATERIALS AND METHODS

Plant materials

A total of 23 A. tauschii genotypes were used in the
study (Table 1). These genotypes were obtained from
the National Plant Gene Bank of Iran in Seed and Plant
Improvement Institute, Karaj, Iran.

Growth conditions

All the A. tauschii genotypes were grown in the
greenhouse of Imam Khomeini International University
(IKTU). First, the seeds were soaked in water for 3-4
days. The seeds of A. tauschii with similar size were
grown in plastic pots (20 cm in diameter and 30 cm
in height) with 5-6 seeds per pots. Each pot contained
similar volumes of sandy loam soil. Initially, the pots
were irrigated and the soil moisture maintained at
about 80-100% field capacity for seed germination.
Ten days after germination (seedlings had 3-4 leaves)
different field capacity levels (control and drought
stress) were maintained in the pots. Fourteen days after
drought stress three seedlings from each replication
were collected and the indices were measured and
three seedlings were kept until full maturity and
seed production (maturity stage). Soil moisture was
measured by using a Delta-T moisture meter device
(United Kingdom). The pots were maintained in the
greenhouse with a 16/8 photoperiod at 26+2 °C.

Traits evaluation

The following traits were evaluated in the seedling
stage: relative water content (RWC), chlorophyll
content (sChl; Spad) shoot length (sSL; cm), root
length (sRL; cm), shoot fresh weight (sSFW; g/plant),
root fresh weight (sSRFW; g/plant), shoot dry weight
(sSDW; g/plant), root dry weight (SRDW; g/plant),
number of leaves (sNL), number of tiller (sNT),
percentage of yellow leaves (sPYL; %), percentage
of rolled leaves (sPRL; %). Also, the following
morphological traits were evaluated in the maturity
stage: shoot dry weight (mSDW; g/plant), root dry
weight (mMRDW; g/plant), flag leaf length (mFLL;
cm), peduncle length (mPL; cm), spike length (mSL;
cm) and the number of spikes (mNS). All traits were
measured based on three randomly selected samples of
each genotype during the seedling and maturity stages.
Length of flag leaf was measured from leaf sheath to
the tip of the leaf. Peduncle length was measured from
the last node from the top of the plant to the rachis. The
spike length was measured excluding awns.

Statistical analysis

The experiments were performed in factorial
experiments based on a completely randomized design
in three replications. Data were analyzed using SPSS
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Table 1. Genotype code and collection locations of A. tauschii genotypes in this study.

No. Genotype code  Country Province Location

1 KC-29 Iran East Azerbaijan 10 km of Ahar-Tabriz road
2 KC-55 Armenia - -

3 KC-58 Iran East Azerbaijan 10 km of Ahar-Tabriz road
4 KC-65 Iran East Azerbaijan 10 km of Ahar-Kaleybar road
5 KC-82 Iran Gilan Rasht

6 KC-621 Iran North Khorasan Bojnurd

7 KC-839 Iran Mazandaran Sari

8 KC-1749 Iran Semnan Shahroud

9 KC-1772 Iran Mazandaran -

10 KC-2009 Iran Mazandaran Behshahr

11 KC-2015 Iran Mazandaran Nur

12 KC-2115 Iran Razavi Khorasan Mashhad

13 KC-2120 Iran North Khorasan Bojnurd

14 KC-2121 Iran North Khorasan Bojnurd

15 KC-2122 Iran North Khorasan Bojnurd

16 KC-2123 Iran North Khorasan Bojnurd

17 KC-2189 Iran Qazvin Qazvin

18 KC-2225 Iran Ardabil Khalkhal

19 KC-2226 Iran Ardabil Khalkhal

20 KC-2231 Iran Ardabil Khalkhal

21 KC-2241 Iran Ardabil Khalkhal

22 KC-2248 Iran Ardabil Khalkhal

23 KC-2286 Iran Chaharmahal and Bakhtiari Boroujen

26.0 statistical software package and the means were
compared by Duncan’s multiple range test. Ward’s
method was used for cluster analysis and classification
of different genotypes. The correlation analysis
was also conducted based on Pearson correlation
coefficients.

RESULTS

Seedling stage

Analysis of variance

The results of the analysis of variance on the traits
indicated significant effects for stress (except for sSL,
sRL, and sSFW) and genotypes (except for sChl). The
interaction of stress and genotype effects was significant
for all traits except for sChl. The coefficient of variation
(CV) ranged from 10.98 to 18.86%; the highest value
was observed for sSFW (18.86%), followed by sChl
(17.88%) and sRL (17.81%) (Table 2).

Range of data and mean comparison

Drought stress significantly decreased RWC around
8.13% compared with the control conditions and
increased sNL, sNT, sChl, sRFW, sSDW, sRDW,
sPYL and sPRL compared with the control condition.
The highest value for RWC was 71.72% obtained at
control condition and the highest values for sSNL, sNT,
sChl, sRFW, sSDW, sRDW, sPYL and sPRL were
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obtained as 14.22, 3.22, 9.30, 1.29 g/plant, 0.27 g/
plant, 0.16 g/plant, 25.04% and 21.83% observed in
the drought stress condition (Table 3). The response of
each genotype for the traits is shown in Tables 2 and 3.
The highest values obtained for RWC, sSL, sRL, sNL,
sNT, sSFW, sRFW, sSDW, sRDW, sPYL and sPRL
were 77.91%, 8 cm, 39.33 cm, 19.17, 3.67, 2.79 g/
plant, 2.34 g/plant, 0.51 g/plant, 0.24 g/plant 37.45%
and 40.39% observed in genotypes KC-2009, KC-621,
KC-65, KC-2009, KC-55, KC-1749, KC-1749, KC-
1749, KC-2286, KC-58 and KC-2231 (Tables 2 and 3).

Under the control condition, RWC ranged from
61.74% to 79.56% (mean ~71.72%), and genotypes
KC-2123, KC-2009, and KC-2015 showed a high
value of RWC. Under the drought condition, RWC
varied between 46.14% and 77.61% (mean ~65.89%),
and genotypes KC-82, KC-621, and KC-2009 had the
highest values. There was variability in sSL under both
conditions; this trait varied between 4.25 cm and 8.00
cm (average ~6.47) under the control condition, and
between 4.17 cm and 8.00 cm (average ~6.35) under
the drought conditions. Under the control condition,
genotypes KC-621, KC-1749, KC-65 and KC-2286
were identified as the genotypes with high sSL; under
drought conditions, the genotypes with the highest sSL
were KC-621, KC-1749, and KC-65.
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Table 2. Analysis of variance for measured traits in A. tauschii genotypes at the seedling stage under control and drought stress conditions.

Mean of square

Source of df

variation RWC sSL sRL sNL SNT sChl sSFW sRFW sSDW sRDW sPYL sPRL
Stress T 1174.094" 0505 1244~  57.390" 25225 274.696° 0.005% 2131 0024 0065™ 4051269 15538415~
Genotype 22 140.050*  4.943* 138303 84.906** 2049 751497 1480 1.326™ 0066 0016 453524 415020
StressxGenotype 22 140.489*  1.254* 148162 39262 4179 592597 0726 1.139* 0031 0.012** 341.084™  454.431*
Error 92 81334 0748 25833 4312 0246 49117 0067 0032 0002 00003 11.671 1512
Coefficient of 13.11 1350  17.81 1530 1778  17.88 1886 1539 1723 1222  17.41 10.98

variation (%)

ns, * and **: indicate non-significant and significant at 5% and 1% probability levels, respectively.

S: Seedling stage, RWC: Relative water content, SL: Shoot length, RL: Root length, NL: Number of leaves, NT: Number of tillers, Chl: Chlorophyll content, SFW: Shoot fresh

weight, RFW: Root fresh weight, SDW: Shoot dry weight, RDW: Root dry weight, PYL: Percentage of yellow leaves, PRL: Percentage of rolled leaves.

Table 3. Mean values for traits under control and drought conditions in 23 A. tauschii genotypes at the seedling stage.

Stress Genotype sRWC (%) sSL (cm) sRL (cm) sNL sNT M@m\w_,w\:c Am%\w_,%:c M.%\WM,“& MN\WM,“E sPYL (%) sPRL (%)
KC-29 74.48+3.53%¢ 567+0.73% 22.33+0.88" 9.67+0.88°Y  3.00+0.00°9 0.89+0.14™ 1.06+0.01%9 0.14+0.02™° 0.08+0.00™  24.39+0.619" 7.20+0.96X
KC-55 77.62+£2.532 6.50+0.58%° 24.25+1.59" 11.00+0.58™t 3.67+0.33%% 1.20+0.26/"  0.81+0.07™s 0.23+0.02™  0.08+0.01'™  14.17+1.27%° 6.39+0.20'
KC-58 61.74+6.70>f 6.33+0.93>f 21.33+1.88" 16.67+0.67%7 3.67+0.67°% 2.63+0.27°  0.73x0.10%' 0.45+0.05*°  0.08+0.00™  17.61+1.31"™ 0.00+0.00™
KC-65 68.25+4.67%¢ 7.50+0.76%° 32.00+0.58% 13.33+1.20" 5.00+0.00° 1.87+0.23°9 2.31+0.09>  0.30+0.05°" 0.24+0.00°  12.54+1.05™P 0.00+0.00™
KC-82 64.50+£3.80%¢ 5.50+0.58%1 27.17+1.59%™ 16.00+2.08% 2.67+0.33%9" 1.22+0.14°  0.44+0.05" 0.33+0.05%%  0.15+0.00%% 6.45+0.78°F  0.00+0.00™
KC-621 74.48+0.86%¢ 8.00+0.582 39.00+3.51%¢ 19.33+0.67°9 2.67+0.33%9" 2.10+0.46°¢  1.78+0.15%f 0.43+0.02°¢  0.07+0.00™  5.73%1.359  0.00+0.00™
KC-839  71.96+4.06%° 7.00+0.50%¢ 23.33+0.889" 13.67+1.76™° 2.33+0.339" 1.40+0.189" 0.44+0.05" 0.27+0.0497  0.18+0.00  14.00+0.93%° 0.00+0.00™
KC-1749 71.18+2.86%° 7.83+0.17% 31.67+0.88% 21.33+0.88%¢ 2.00+0.00" 3.56+0.292  2.32+0.05°  0.64+0.062 0.20+0.00° 10.94+1.06™9 0.00+0.00™
KC-1772  71.54+1.97%° 6.17+0.17°" 32.67+1.45% 20.00+2.31>¢ 2.00+0.00" 1.46x0.08"  0.49:0.06%V 0.29+0.02%%  0.16+0.00°9 1.39+0.39" 0.00+0.00™
KC-2009 78.85+2.26° 6.50+0.29%° 22.67+4.26™ 17.33+1.76% 1.00+0.000 1.34+0.14"™™ 0.79+0.10° 0.32+0.09°0  0.09+0.01Km 7.72+0.34°P9  0.00+0.00™
KC-2015 77.67+3.892 5.00+0.587 28.17+5.18™ 9.00+0.58%"  1.00+0.00 0.58+0.05™' 0.69+0.01™ 0.14+0.01™° 0.06+0.00™  12.04+0.47™9 0.00+0.00™

Control  KC-2115 69.86+4.99%¢ 6.77+0.372¢ 33.33+3.33%" 11.33+1.33" 2.67+0.339" 1.57+0.23¢!  0.73+0.029* 0.09+0.01"  0.07+0.00™  9.58+0.68™%  0.00+0.00™
KC-2120 74.06+2.55%¢ 6.75+0.14%¢ 42.50+1.44%¢ 9.33+0.88P"  2.33+0.339%" 1.67+0.06%7 0.80+0.04°s 0.25+0.019%  0.11+0.00K  15.07+2.05%" 0.00+0.00™
KC-2121 76.06+1.16%>¢ 6.00+0.29¢" 23.33+3.339" 8.67+0.88™  2.33+0.339%" 0.66+0.06%* 0.38+0.07*¥ 0.13x0.01™° 0.06+0.01™  12.88+1.11"  0.00+0.00™
KC-2122 73.29+1.72%4 6.17+0.60°" 34.00+5.03°F 11.00£1.15™! 0.00+0.00% 0.82+0.09™ 1.63+0.19° 0.15+0.01°  0.13+£0.01"  24.19+1.56%"  0.00+0.00™
KC-2123 79.56+3.492 6.00+1.32°" 21.67+0.88" 6.33+0.33"  1.67+0.331 0.78+0.13°%*  1.14+£0.03° 0.09+0.00™  0.13+0.0097  20.00+1.92"* 0.00+0.00™
KC-2189 64.92+3.94%¢ 7.00+0.00%¢ 32.00+1.73% 15.67+0.67% 4.00+0.00°¢ 1.68+0.10%%  1.44+0.27%% 0.30+0.01¢%  0.14+0.00%  13.00+1.01*  0.00+0.00™
KC-2225 65.83+6.20%¢ 7.25+0.14%¢ 22.50+0.87"" 14.00+0.58"" 1.67+0.331 1.67+0.01%  1.34+0.009% 0.28+0.00" 0.14+0.00%  9.39+1.98™4  0.00+0.00™
KC-2226 74.19+4.60%4 4.25+0.141 36.50+0.87*¢ 7.00+0.58"  2.00+0.00" 0.48+0.00%t  1.45+0.0097 0.10+0.00™  0.15+0.00%  34.52+2.49%f (0.00+0.00™
KC-2231 68.57+0.55%¢ 6.25+0.14%f 26.50+0.87¢™ 8.67+0.33~  2.00+0.00" 0.71+0.08>%* 0.89+0.02"" 0.20+0.00"™  0.15+0.00%" 31.02+4.56°"  0.00+0.00™
KC-2241 70.41+16.7%¢ 5.60+1.07% 29.00+3.06°™ 17.00+1.15%7 2.00+0.00" 1.37+0.049™ 0.83+0.06™ 0.27+0.0299  0.13+0.00"i  10.07+0.58™9 0.00+0.00™
KC-2248 72.17+0.74%9¢ 7.25+0.14%9 24.50+1.44" 10.67+0.33™! 2.33+0.339%" 0.72+0.10°* 0.72+0.06%' 0.10+0.00™°  0.08+0.01™  10.17+0.60™9 0.00+0.00™
KC-2286 68.44+6.73%° 7.50+0.58%¢ 23.67+1.459" 10.33+0.88™" 2.33+0.339" 1.05+0.05""  0.65+0.04™ 0.17+0.01%"  0.08+0.00™ 9.81+0.81™9  0.00+0.00™

S: Seedling stage, RWC: Relative water content, SL: Shoot length, RL: Root length, NL:
weight, SDW: Shoot dry weight, RDW: root dry weight, PYL: Percentage of yellow leaves, PRL: Percentage of rolled leaves.
Values in each column followed by the same letter in superscript are not significantly different according to the Duncan’s multiple range test.

Number of leaves, NT: Number of tillers, SFW: Shoot fresh weight, RFW: Root fresh
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Table 3 (continued). Mean values for traits under control and drought conditions in 23 A. tauschii genotypes at the seedling stage.

Stress Genotype sRWC (%) sSL (cm) sRL (cm) sNL sNT Ammw\”_,w\:c N__N\M_,%:c w@m\w_w,“& M@_N\NM,_\:V sPYL (%) sPRL (%)
KC-29 68.41+£1.37%¢ 4.17+0.44) 24.60+3.70"" 8.00+0.58%  2.00+0.00" 0.73+0.13>' 0.85+0.10™" 0.13+0.01™° 0.06+0.00™  0.00+0.00° 21.10£0.569"
KC-55 68.79+0.96%°¢ 6.00+0.29°" 44.00+2.312® 12.00%1.15%s 3.67+0.33°% 0.69+0.00%' 1.83:0.00% 0.10+0.00™  0.18+0.00«  0.00+0.00° 0.00£0.00
KC-58 66.36+3.66%¢ 7.17+0.60%¢ 27.50+2.75%™ 13.67+0.88° 2.67+0.33" 1.11+0.07%9 0.87:0.08""  0.32+0.02°9  0.18+0.01%% 12.54+1.05™P 80.79+1.44°
KC-65 75.93+3.08%° 7.83+0.44% 46.67+1.20° 13.33+0.88" 2.00+0.00" 1.28+0.18  1.18+0.10%  0.25+0.019*%  0.12+0.00%  12.77+1.96™P 12.77+0.83!
KC-82 77.61+0.428  4.50+0.29"1 31.00+2.89% 24.00+1.152  3.33+0.33%f 1.80+0.05%" 1.50+0.15  0.38+0.02°f  0.16+0.01%" 18.15+0.84M™ 22.32+0.217
KC-621 77.25+2.10% 8.00+0.29% 33.60+2.35°9 17.33%0.33% 2.67+0.339" 2.31+0.06*° 1.13£0.08* 0.42+0.01°¢ 0.13+0.0091 7.56+0.93°P9  22.65+0.94%
KC-839  53.64+5.99¢" 6.17+0.33>" 28.83+3.17¢™ 13.00+1.53r9 2.00+0.00" 1.59+0.06%* 0.81+0.06™° 0.47+0.06° 0.09+0.00Km  23.33+1.69"  40.14+1.54°
KC-1749 67.73+4.68%°¢ 8.00+0.50% 32.67+2.96% 16.67+2.33%7 4.00+0.00°¢ 2.02+0.01¢%¢ 2.37+0.23°  0.38+0.01°%  0.27+0.01° 16.08+0.29  10.82+0.23i
KC-1772 65.45+4.28%¢ 4.67+0.1797 23.07+1.57" 15.33+2.03%' 3.33+0.33%1 1.52+0.15%!  1.98+0.22%¢ 0.27+0.0199  0.27+0.00°  24.24+1.669" 0.00+0.00™
KC-2009 76.97+2.84% 6.10+0.06°" 44.00+£3.46%° 21.00£1.73%¢ 4.00+0.00°¢ 1.94+0.03%f 1.51+0.19%F 0.37+0.01¢f  0.14+0.02" 13.10£1.21%  12.63+0.92/
KC-2015 56.26+16.5%f 4.80+0.21% 15.33+3.53" 5.67+0.88¥ 1.00£0.000  0.30+0.06! 1.27+0.09"*  0.06+0.01° 0.14+£0.0097  21.43+3.57"  0.00+£0.00™

Drought KC-2115 73.14+2.64%¢ 6.23+0.43> 28.00+2.57°™ 12.33+0.88%" 3.33+0.33%" 1.76+0.20%  0.56+0.08™ 0.30+0.00°"  0.08+0.01™  19.41+1.40™  8.19+0.574
KC-2120 70.88+4.64%¢ 7.33+0.44%¢ 20.67+2.96™ 10.67+0.67™' 3.00+0.58°9 1.41+0.199' 0.36+0.03"  0.19+0.01-™  0.06+0.00™  21.94+1.00M  30.83+0.83¢
KC-2121  71.91+5.17%¢ 6.33+0.44%F 24.33+4.26™ 8.67+0.33"V  2.33+0.339" 1.51+0.22" 1.15+£0.04"  0.27+0.0291 0.13+0.01M  34.72+1.39%f  19.44+0.67"
KC-2122 70.68+8.96%¢ 7.07+0.70%¢ 28.33+5.21™ 10.00£1.15™¢ 3.67+0.33%% 1.30+£0.14" 0.40£0.02 0.09+0.01™  0.14+0.02%  36.94+1.94%  20.56+0.569"
KC-2123  63.93+3.57%¢ 7.17+0.33%¢ 21.10+£0.49™ 11.33+£1.20" 3.67+0.33%% 1.24+0.11°  0.41+£0.01% 0.25+0.019%  0.07+0.00™  38.96+4.17% 24.36+1.16f
KC-2189 61.80+4.14>f 5.87+0.35° 29.00+8.28>™ 8.33+0.33"  2.00+0.00" 0.69+0.05%' 1.58+0.09°" 0.14+0.01°  0.25+0.03°  48.15+1.85% 28.24+1.66°
KC-2225 59.00+2.97°f 6.77+0.15%¢ 26.67+3.56%™ 14.33+1.67"™M 4.33+0.33%%° 1.57+0.09%'  1.21+0.09"  0.31+0.02%"  0.18+0.00%"  33.90+1.33%f 9.28+0.66k
KC-2226 46.14+5.00"7 6.50+0.29%°¢ 26.50+3.75%™ 22.67+1.45%® 4.67+0.33%° 1.53+0.10°! 2.23+0.09°¢ 0.45+0.04°°  0.26+0.01°  29.63+5.46'  24.26+2.28f
KC-2231 66.85+5.08%¢ 6.83+0.172¢ 19.83+1.59™ 15.67+2.33" 4.00+0.58°¢ 1.63+0.16%  1.14+0.01° 0.37+0.00%F  0.18+0.01°% 43.89+4.55° 24 .44+1.44f
KC-2241 53.68+1.85°F 5.00+0.29% 28.00+0.58%™ 19.67+1.45>" 4.00+0.00°¢ 1.27+0.08°  1.19+0.01"  0.27+0.0197  0.14+0.0197  36.44+0.72% 24.20+1.02f
KC-2248 58.25+4.26%f 7.00+0.76°¢ 26.00+3.00"™ 15.33+0.679" 3.67+0.33°% 1.10£0.14%a  0.73:£0.10% 0.17+0.01%"  0.13£0.0097  32.74+3.90%f 36.90+0.60°
KC-2286 64.76+3.63%° 6.50+0.58%° 28.75+0.72°™ 18.00+0.00°" 4.67+0.33%° 1.41+0.079' 3.35£0.20°  0.34+0.0199 0.40+0.04®  50.00+0.00°  27.78+0.00°

S: Seedling stage, RWC: Relative water content, SL: Shoot length, RL: Root length, NL: Number of leaves, NT: Number of tillers, SFW: Shoot fresh weight, RFW: Root fresh
weight, SDW: Shoot dry weight, RDW: root dry weight, PYL: Percentage of yellow leaves, PRL: Percentage of rolled leaves.
Values in each column followed by the same letter in superscript are not significantly different according to the Duncan’s multiple range test.
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The sRL indicated a high wvariability in both
conditions. In the control, sRL ranged from 21.33 to
42.50 cm (average ~28.44), and the best genotypes
were identified as KC-2120, KC-621, and KC-2226. In
the drought condition, this trait varied between 15.33
and 46.67 cm (average ~28.63), and genotypes KC-65,
KC-55, and KC-2009 had the highest root length. The
sNL ranged from 6.33 to 21.33 (average 12.93) under
the control condition, whereas in the drought condition
it ranged from 5.67 to 24.00 (average 14.22). Under
control conditions, genotypes KC-1749, KC-1772, and
KC-621 showed the highest values for the number of
leaves; under drought conditions, the highest number
of leaves were observed in genotypes KC-82, KC-
2226, and KC-2009. The range of variability across all
23 tested genotypes for sSNT was high in both growth
conditions; it ranged from 0 to 5.00 (average 2.36) and
from 1.00 to 4.67 (average 3.22) under control and
drought conditions, respectively. The highest values
for SNT under the control condition were recorded for
genotypes KC-65, KC-2189, KC-55 and KC-58; under
drought conditions, the highest values were observed
in genotypes KC-2226, KC-2286, and KC-2225
compared to other genotypes (Table 3).

The range of variability for sSSFW was limited, and
it varied between 0.48 and 3.56 g/plant (average 1.37
g/plant) and between 0.30 and 2.31 g/plant (average
1.38 g/plant) under control and drought conditions,
respectively. The highest shoot fresh weight in control
and drought conditions were observed in genotypes
KC-1749 and KC-621, respectively. The sRFW
indicated a low variability, ranging from 0.38 to 2.32 g/
plant (average 1.04 g/plant) under control conditions,
and from 0.36 to 3.35 g/plant (average 1.29 g/plant)
under the drought condition. Genotypes KC-1749,
KC-65, and KC-621 in the control and KC-2286, KC-
1749, and KC-2226 in the drought condition had the
highest root fresh weight. The range of variability for
sSDW was also low. It spanned from 0.085 to 0.643 g/
plant (average 0.246 g/plant) and from 0.061 to 0.472
g/plant (average 0.273 g/plant) under control and
drought conditions, respectively. Genotypes KC-1749,
KC-58, and KC-628 in the control condition, and KC-
839, KC-2226, and KC-621 in the drought condition
indicated the highest shoot dry weight. In the control
condition, SRDW varied between 0.055 and 0.243 g/
plant (average 0.12 g/plant), and the highest values
were obtained in 65, 1749, and 839. Under the drought
condition, SRDW varied between 0.056 and 0.401 g/
plant (average 0.163 g/plant), and the highest values
were recorded in KC-2286, KC-1749, and KC-1772.
The A. tauschii genotypes in the present study revealed

a high variability for sPYL at both conditions. In the
control condition, sSPYL ranged from 1.39 to 34.52%
(average 14.20%); genotypes KC-621 and KC-1772
indicated the lowest percentage of yellow leaves.
Under the drought condition, sPYL ranged from 0.00
to 50.00% (average 25.04%); genotypes KC-621,
KC-29, and KC-55 showed the lowest percentage of
yellow leaves. There was a high rate of variation in
sPRL among the 23 A. tauschii genotypes in the control
and drought conditions. The sPRL ranged from 0.00
to 7.20% (average 0.59%), in the control condition.
However, sPRL ranged from 0.00 to 80.79% (average
21.81%) and genotypes KC-55, KC-2225, and KC-
1772 had low percentages of rolled leaves under
drought conditions (Table 3).

Maturity stage

Analysis of variance

The results of the analysis of variance on the traits
indicated significant effects for stress and genotypes.
The interaction of stress and genotype effects was
significant for all measured traits. The coefficient of
variation (CV)ranged from 11.01 to 17.63%; the highest
value was observed for SDW (17.63%), followed by
mFLL (15.66%) and mPL (13.60%) (Table 4).

Range of data and means comparison

Drought stress significantly increased mSDW, mRDW,
mFLL, mPL, mSL and mNS by 9.27%, 27.18%,
29.21%, 12.22%, 16.82% and 18.67% compared with
the control condition, respectively. The highest value
for mSDW, mRDW, mFLL, mPL, mSL and mNS were
obtained as 12.61 g/plant, 14.13 g/plant, 5.21 cm, 4.50
cm, 5.24 cm and 9.30 observed in the drought stress
condition. Among different genotypes the highest
values obtained for mSDW, mRDW, mFLL, mPL,
mSL and mNS were 21.31g/plant, 28.53 g/plant,
9.83 cm, 12.49 cm, 8.99 cm, and 20.33 obtained for
genotypes KC-2122, KC-2122, KC-2121, KC-2225,
KC-2115 and KC-2225 (Table 5).

The mSDW indicated a high variability, ranging
from 6.08 to 20.16 g/plant (average 11.54 g/plant)
under control conditions, and from 3.82 to 26.57 g/
plant (average 12.61 g/plant) under drought condition.
Genotypes KC-2015, KC-2123, and KC-2121 in the
control and KC-55, KC-2122, and KC-2225 had the
highest shoot dry weight in the drought condition. The
range of variability for mRDW was also high. It varied
from 2.45 to 21.27 g/plant (average 11.11 g/plant) and
from 1.71 to 41.77 g/plant (average 14.13 g/plant)
under control and drought conditions, respectively.
Genotypes KC-2123, KC-2009, and KC-2189 in the
control condition, and genotypes KC-2122, KC-2231,
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Table 4. Analysis of variance for measured traits in A. tauschii genotypes at the maturity stage under control and drought stress
conditions.

Mean of square

Source of variation df

mSDW mRDW mFLL mPL mSL mNS
Stress 1 39.536% 313.985*  47.796  8.155"  19.626  73.920*
Genotype 22 82.779* 222.088*  50.839**  56.302** 47.147**  314.240*
StressxGenotype 22 72.633* 231.957*  14.027**  20.551** 11.111**  144.420*
Error 92 1.770 4.950 0.523 0.335 0.426 0.971
Coefficient of 11.01 17.63 15.66 13.60 13.43 11.49

variation (%)

ns, * and **: indicate non-significant and significant at 5% and 1% probability levels, respectively.
M: Maturity stage, SDW: Shoot dry weight, RDW: Root dry weight, FLL: Flag leaf length, PL: Peduncle length, SL: Spike
length, NS: Number of spike.

Table 5. Mean values for traits under control and drought conditions in 23 A. tauschii genotypes at maturity stage.

Stress  Genotypes \?/Z(i)gor:tdry Sgghczry Esgt:]eaf I|<Da i‘;t'r?c'e Spike length  No. of spike
KC-29 8.39+1.24,s  599+0.18™ 3.90+0.061  8.12+1.55%F  4.30+0.58"  15.67+0.33f
KC-55 6.78+0.02t  5.46+0.02v 6.09+0.05%%  4.59+0.05Km 6.59+0.05°F 2.67+0.33°Pa
KC-58 6.73+0.36t  4.59+0.609 0.00+0.00m  0.00+0.00v  0.00+0.00"  0.00+0.00s
KC-65 6.08+0.04stv  7.83+0.04™" 0.00+0.00m  0.00+0.00¢  0.00+0.00"  0.00+0.00s
KC-82 9.71£0.15™4  7.61+0.18°>t 0.00+0.00™  0.00+0.00v  0.00+0.00"  0.00+0.00s
KC-621 8.84+0.18°r  2.45+0.17V  3.70+0.29%k  4.50+0.77'™ 6.45+0.01c9 30.00+0.582
KC-839 11.33+£0.48%° 12.56+0.27-™ 0.00+0.00m  0.00+0.00¢  0.00+0.00"  0.00+0.00s
KC-1749  8.32+0.12cs  3.59+0.66™  0.00+0.00m  0.00+0.00v  0.00+0.00"  0.00+0.00s
KC-1772  7.87+0.079  16.49+0.0191 2.80+0.06M  7.69+0.117¢  4.30+0.06"  17.33+0.33¢f
KC-2009 15.90+1.01%9 21.22+0.46°" 3.12+0.07K  4.05+0.03™9 4.40+0.23+  18.67+0.88¢
KC-2015 20.16+0.36¢ 18.36x1.15%" 3.25+0.03"  5.47+0.08  6.18+0.38%" 16.00+0.58f

Control KC-2115  15.44+0.40%" 13.64+1.72" 6.50+0.8799 4.43+0.25™ 9.08+1.052  12.00+0.58
KC-2120 7.00+0.60st  3.17+0.38w  3.33+1.67"  6.59+0.24"  5.12+0.07™ 2.33+0.330ra
KC-2121  17.194£0.20% 17.06+0.229" 8.12+0.07¢  8.87+0.129¢ 6.87+0.94%d 4.67+0.33'™
KC-2122  17.16+£0.09% 15.30+0.17"k 7.19+0.11¢f 4.17+0.10™P 8.22+0.122® 11.00+0.58i
KC-2123  17.75+0.25¢  21.27+0.18% 12.30+0.172 3.13+0.07r 8.13+0.072°  6.00+0.00'
KC-2189  13.23+0.53M 19.64+0.33°'9 4.53+0.17"  3.00+0.009s 4.00+0.008m 2.33+0.33¢rq
KC-2225 15.1840.10" 17.33+£0.19% 5.30+0.179" 15.65+0.262 6.02+0.01¢" 14.00+0.589"
KC-2226  10.92+0.47-° 7.75+1.39™ 7.09+0.05%f 3.00+0.00%s 8.25+0.14%> 5.67+0.88'™
KC-2231  8.70+0.11par  12.03+0.01%" 0.00+0.00m  0.00+0.00v  0.00+0.00"  0.00+0.00s
KC-2241  7.88+0.569  5.83+0.52= 7.75+0.53°¢  3.09+0.05P 6.79+0.07°% 4.00+0.58m°
KC-2248 8.41+1.33,s  8.73t+1.45™a 0.00+0.00m 0.00+0.00v  0.00+0.00"  0.00+0.00s
KC-2286  16.57+0.68%f 7.75+1.07™s 7.72+0.05%¢ 6.00+0.291  8.45+0.55%® 18.00+1.15¢

M: Maturity stage, SDW: Shoot dry weight, RDW: Root dry weight, FLL: Flag leaf length, PL: Peduncle length, SL: Spike
length, NS: Number of spikes.
Values in each column followed by the same letter in superscript are not significantly different according to the Duncan’s

multiple range test.
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Table 5 (Continued). Mean values for traits under control and drought conditions in 23 A. fauschii genotypes at maturity stage.

Stress  Genotypes iz%or;(tdry VRvg%thc:ry IFel rallgt:]eaf :Dei(:;tjt? cle Spike length  No. of spike
KC-29 15.54+1.18% 25.79+2.03%¢ 5.88+0.557  10.85+0.18> 6.00+0.39¢" 23.67+0.67¢
KC-55 26.58+0.312  28.83+1.90¢ 9.53+0.90>  6.33+0.17hi  6.55+0.22°f  6.00%1.00'
KC-58 6.81+£0.65t  8.39+0.47m4 7.09+0.05¢f 4.00+0.00™" 5.25+0.1497 2.00+0.00°9
KC-65 9.59+0.79m4  8.48+0.53™¢ 0.00+0.00m  0.00+0.00v  0.00+0.00"  0.00+0.00s
KC-82 11.7241.90" 23.50+1.46% 0.00£0.00™  0.00+0.00v  0.00+£0.00"  0.00+0.00s
KC-621 9.18+1.06™"  8.60+2.32™a 7.70+0.08°¢  8.65+0.36%" 8.09+0.242>  9.00%0.58%
KC-839 8.32+0.997s  13.78+1.04+ 5.82+0.51%"  10.10+0.45°¢ 5.75+0.59%" 3.67+0.33"°p
KC-1749  9.61+0.30m™9  15.15+2.05"« 0.00+0.00™  0.00+0.00¢  0.00+0.00"  0.00+0.00s
KC-1772  9.5840.91m™4  3.36+0.95w 2.25+0.24! 5.59+0.05%  5.42+0.14%  21.00+1.739
KC-2009 14.34+0.19% 17.27+0.13% 0.00+0.00™  0.00+0.00¢  0.00+0.00"  0.00+0.00s
KC-2015 13.64+0.789% 10.75+2.06"° 2.39+0.07¢  4.79+0.224m 3.87+0.37™  18.00+1.00¢

Drought KC-2115  3.82+0.48 3.48+0.25%v  7.13+1.10¢f  4.00£0.33™" 8.92+0.052  2.33+0.33°p¢
KC-2120  11.41£0.34k"  11.45+1.72%° 7.13+£0.07¢" 7.09+0.059" 5.25+0.1491 2.00+0.00r¢
KC-2121  10.09+1.62™9 9.59+2.48->  11.55+0.122 3.25+0.14°" 9.00+0.142  1.67+0.33™
KC-2122  25.46+0.972  41.77+4.312 6.50+0.29%9 8.34+0.19%f 6.25+0.14%" 15.67+0.33%
KC-2123  11.84+0.65'm 9.73+1.86"° 7.58+0.38%% 2.03+0.12st 7.57+0.33> 13.67+0.88"
KC-2189  13.52+1.039% 8.33+0.10™9 5.25+0.149" 4.25+0.14™° 3.00+1.508m 1.67+0.33's
KC-2225 22.44+1.36° 12.01+1.12%n 558+0.479" 9.34+0.48¢  6.12+0.05%" 26.67+0.88°¢
KC-2226  13.17+0.41M  5.09+0.33%v 5.92+0.439  1.87+0.40! 6.89+0.36¢ 20.67+0.33¢
KC-2231  14.12+1.20% 38.08+1.46° 6.25+0.14%f9 4.67+0.10vm 4.14+0.08-" 6.3310.33'
KC-2241  13.76%+0.539% 12.57+1.86/™ 6.30+0.17¢f¢  3.48+0.03"" 6.50+0.29¢9 5.67+0.33'm
KC-2248 10.76+1.13" 7.31+£0.32°¢ 3.94+0.611  2.90+0.83"  7.42+0.43>¢ 24.33+0.88¢
KC-2286  4.85+0.36% 1.71£0.40v  5.97+0.50%  1.99+0.30st  8.50+0.192®  10.00+0.58

M: Maturity stage, SDW: Shoot dry weight, RDW: Root dry weight, FLL: Flag leaf length, PL: Peduncle length, SL: Spike

length, NS: Number of spikes.

Values in each column followed by the same letter in superscript are not significantly different according to the Duncan’s

multiple range test.

and KC-55 in the drought condition indicated the
highest root dry weights. In the control condition,
mFLL varied between 0.00 and 12.30 cm (average
4.03 cm), and the highest values were obtained in
genotypes KC-2123, KC-2121, and KC-2241. Under
the drought condition, mFLL varied between 0.00 and
11.55 cm (average 5.21cm) and the highest values
were recorded in genotypes KC-2121, KC-55, and
KC-621. The A. tauschii genotypes revealed a high
variability for mPL at both conditions. In the control
condition, mPL ranged from 0.00 to 15.65 cm (average
4.01 cm); genotypes KC-2225, KC-2121, and KC-
29 indicated the highest peduncle length. Under the
drought condition, mPL ranged from 0.00 to 10.85
cm (average 4.50 cm); genotypes KC-29, KC-839,
and KC-2225 were identified as having the highest
peduncle length. There was a high rate of variation in
mSL among the 23 4. tauschii genotypes in the control
and drought conditions. The mSL ranged from 0.00 to

9.07 cm (average 4.48 cm) and KC-2115, KC-2286 and
KC-2226 were identified as the genotypes with high
spike length in control condition. Under the drought
condition, mSL ranged from 0.00 to 9.00 cm (average
5.24 cm) and genotypes KC-2121, KC-2115, and KC-
2286 had high spike length under drought conditions.
There was variability in mNS under both conditions;
this trait varied between 0.00 and 30.00 (average 7.84)
under control condition, and between 0.00 and 26.67
(average 9.30) under drought conditions. Under control
condition, genotypes KC-621, KC-2009 and KC-2286
were identified as the genotypes with high mNS; under
drought condition, the genotypes with the highest mNS
were KC-2225, KC-2248, and KC-29 (Table 5).

Cluster analysis

Cluster analysis was performed based on the Ward’s
coefficient on the data obtained in seedling and maturity
stages for grouping of different A. tauschii genotypes.
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Figure 1. Ward’s linkage cluster analysis of A. tauschii genotypes.

The dendrogram showed that 23 A. tauschii genotypes
were classified into four different groups (Figure 1).
In the first cluster, there were ten genotypes including
KC-2226, KC-2286, KC-2189, KC-2241, KC-839,
KC-2248, KC-2121, KC-2123, KC-2122 and KC-
2231, while cluster two comprised of one genotype
KC-85, the third cluster composed of seven genotypes
KC-55, KC-2009, KC-2115, KC-2120, KC-65, KC-
1749 and KC-82 and the fourth cluster composed of
five genotypes including KC-621, KC-1772, KC-2015,
KC-2225, and KC-29. Also, the results showed that the
clustering of different genotypes did not correspond
with the collected regions. The genotypes in cluster 1
showed higher sSRDW, sPYL, mRDW, mFFL and mSL,
the genotypes in cluster 2 showed higher sSL, sNL,
sNT, sChl, sSFW, sSDW and sPRL, the genotypes in
cluster 3 showed higher sSRWC, sRL and sSRFW and the
genotypes in cluster 4 showed higher mSDW, mPL and
mNS (Table 6).

Correlation among measured traits

To determine the effects of drought stress on the
relationships among the measured traits, we used
Pearson’s correlation coefficients among the traits
in both control and drought stress conditions. The
sRWC showed a negative and significant correlation
with sNT, sSRDW, sPYL, and sPRL. The association
pattern between sSLwith sRL, sNT, sChl, sSFW and
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Table 6. Cluster analysis of the traits in A. tauschii genotypes.

Clusters
Traits
1 2 3 4

sRWC (%) 66.56 64.05 7253 69.04
sSL (cm) 6.37 6.75 6.67 6.05
sRL (cm) 26.76 2442 3290 26.79
sNL 1258 1517 1497 13.27
sNT 2.78 3.17 3.04 237
sChl (spad) 38.10 4243 39.80 39.94
sSFW (g/plant) 1.15 1.87 1.66 1.31
sRFW(g/plant) 1.13 0.80 1.25 1.18
sSDW(g/plant) 0.23 0.38 0.29 0.25
sRDW(g/plant) 0.15 0.13 0.14 0.13
sPYL (%) 27.72 15.08 12.71 14.01
sPRL (%) 13.52 4040 742 6.02
mSDW/(g/plant) 12.75 6.77 11.16 13.08
mRDW(g/plant) 13.79 6.49 1219 1211
mFFL (cm) 5.99 3.54 3.06 4.28
mPL (cm) 3.71 2.00 2.65 8.06
mSL (cm) 5.78 2.63 3.28 5.67
mNS 7.75 1.00 3.28 19.13

S: Seedling stage, M: Maturity stage, RWC: Relative water
content, SL: Shoot length, RL: Root length, NL: Number of
leaves, NT: Number of tillers, Chl: Chlorophyll content, SFW:
Shoot fresh weight, RFW: Root fresh weight, SDW: Shoot dry
weight, RDW: Root dry weight, PYL: Percentage of yellow
leaves, PRL: Percentage of rolled leaves, FLL: Flag leaf
length, PL: Peduncle length, SL: Spike length, NS: Number
of spike.
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sSDW was positive and significant. The sRL showed
a positive and significant correlation with sNL and
sRFW and a negative and significant correlation with
sPYL. The sNL showed a positive and significant
correlation with sNT, sChl, sSSFW, sRFW, sSDW and
sRDW and negative and significant correlation with
mSDW, mFFL, mPL and mSL. The sNT showed a
positive and significant correlation with sSSFW, sRFW,
sSDW, sRDW, sPYL and sPRL and a negative and
significant correlation with mPL. The sChl indicated
a positive and significant correlation with sSFW
and sSDW and negative and significant correlation
with sPRL and mRDW. A positive and significant
correlation was also observed among sSFW with
sRDW and sSDW and a negative correlation obtained
between sSFW with mSDW, mRDW, mFFL, mPL and
mSL. The sRFW showed a positive and significant
correlation with sSSDW, sSRDW and sPYL and negative
and significant correlation with mRDW and mPL. The
sSDW indicated a positive and significant correlation
with sSRDW and sPYL and a negative and significant
correlation with mSDW, mSRW, mFFL, mPL and
mSL. The sSRDW showed a positive and significant
correlation with sPYL and negative and significant
correlation with mPL and mSL. The sPYL showed a
positive and significant correlation with sPRL, mFFL
and mSL. The sPRL indicated a positive and significant
correlation with mFFL. The mSDW showed a positive
and significant correlation with mEDW, mFFL, mPL,
mSL and mNS. The mRDW indicated a positive and
significant correlation with mFFL and mPL. The mFFL
showed a positive and significant correlation with
mPL, mSL and mNS. The mPL indicated a positive
and significant correlation with mSL and mNS. The
mSL showed a positive and significant correlation with
mNS (Table 7).

DISCUSSION

After several decades of breeding activities for
tolerance against environmental stresses, drought
stress is still recognized as one of the most important
and effective factors in reducing the yield of crops,
especially wheat. Due to limited gene resources in
wheat, it seems that the use of secondary gene pool is
necessary to increase tolerance in common cultivars.
Wild relatives of wheat, especially wild species of
the genus Aegilops, have been identified as one of the
key gene sources for use in wheat breeding programs.
In many studies on these species, a significant
potential against unfavorable growth conditions
has been reported (Arabbeigi et al, 2014; Hairat
and Khurana, 2015; Ahmadi et al., 2018). Drought

stress has a negative effect on the growth and yield
of crops and its severity depends on the genotype of
the plant and the duration of stress (Qaseem et al.,
2019). Among the various agronomic traits, yield and
yield components are very important and affect the
production of crops, especially in wheat. In a wheat
breeding program, improving traits such as the spike
length and the number of spikes can increase yield
under drought stress conditions (Gaju et al., 2009).

In this study, the diversity of 23 A. tauschii
genotypes based on morphological and physiological
traits was investigated under normal conditions
and drought stress in the greenhouse. The results
indicated that different genotypes showed different
responses to drought stress. RWC and shoot length
decreased in drought stress at the seedling stage,
but root length, number of leaves, number of tillers,
chlorophyll content, shoot fresh and dry weight, root
fresh and dry weight, percentage of yellow and rolled
leaves increased in the seedling and maturity stages.
However, some studies state that the drought stress had
a negative effect on grain filling period, plant height,
peduncle length, number of spikes per plot, number of
grains per spike, thousand grains weight, grain yield,
biomass and harvest index of wheat genotypes (Liu et
al., 2015; Etminan et al., 2019; Qaseem et al., 2019;
Pour-Aboughadareh et al., 2020).

Therefore, it seems that Aegilops has a higher
ability against drought stress than wheat and
probably benefits from an efficient drought tolerance
mechanism. Actually A. tauschii is an opportunist in
nature and in competition with other plants, it uptakes
water and nutrients from the soil faster and grows
rapidly and reaches the reproductive stage (Abbas
et al., 2019). Du et al. (2020) reported that drought
stress reduces the shoot biomass of soybean cultivars,
increases the contents of soluble sugar and sucrose in
the leaves and decreases starch content in the roots.
Khakwani et al. (2012) reported a significant loss
in yield attributes by evaluation of the response of
six wheat genotypes to different levels of drought
stress and normal conditions regarding yield and
yield components parameters. Johari-Pireivatlou
(2010) considered the impact of drought stress on the
biological yield of four wheat genotypes and depicted
that resistant genotypes showed greater biological
and grain yield. Khakwani et al. (2011) reported a
significant loss in yield attributes of harvest index,
biological yield and 1000-grains weight with the
same pattern by evaluating the response of six wheat
genotypes to different levels of drought stress and
normal conditions.
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Table 7. Correlation among different traits under control and drought stress conditions.

Traits sRWC sSL sRL sNL sNT sChl sSFW sRFW sSDW sRDW sPYL sPRL mSDW mRDW mFFL mPL mSL mNS
sRWC

sSL 0.01

sRL 0.11 0.17*

sNL -0.10 0.16 0.19*

sNT -0.21* 0.18* 0.06 0.41**

sChl 0.00 0.21* 0.04 0.19* 0.07

sSFW 0.01 0.43** 0.14 0.62** 0.31** 0.27**

sRFW -0.15 0.03 0.27** 0.35* 0.30* 0.10 0.28**

sSDW -0.14 0.29** 0.13 0.73** 0.28** 0.24** 0.81** 0.34**

sRDW -0.27** 0.04 0.10 0.31** 0.37** 0.07 0.16 0.74** 0.27**

sPYL -0.30** -0.10 -0.22** -0.13 0.26** -0.11 -0.15 0.20* -0.06 0.39*

sPRL -0.24** 0.08 -0.09 0.11 0.23** -0.20* -0.01 -0.01 0.17* 0.16 0.36**

mSDW 0.01 -0.12 -0.01 -0.21" -0.10 -0.16 -0.32** -0.12 -0.41** -0.13 0.01 -0.14

mRDW 0.13 -0.11  -0.04 -0.08 -0.02 -0.26** -0.18* -0.18* -0.24** -0.10 -0.01 0.04 0.67**

mFFL 0.01 -0.07 -0.13 -0.33** -0.05 -0.08 -0.28** -0.13 -0.32** -0.17 0.21* 0.24** 0.33** 0.17*

mPL -0.04 -0.08 -0.15 -0.27** -0.20* -0.11 -0.18* -0.24** -0.21* -0.27** -0.11 0.08 0.35** 0.27** 0.46**

mSL -0.05 -0.09 -0.08 -0.25** -0.07 -0.05 -0.25** -0.08 -0.29** -0.17* 0.19* 0.15 0.23** -0.01 0.86** 0.52**

mNS -0.15 -0.07 -0.15 0.01 -0.05 -0.01 -0.16 0.01 -0.15 -0.08 0.02 -0.04 0.35* 0.06 0.20* 0.48** 0.48**

S: Seedling stage, M: Maturity stage, RWC: Relative water content, SL
content, SFW: Shoot fresh weight, RFW: Root fresh weight, SDW: Shoot dry weight, RDW: Root dry weight, PYL: Percentage of yellow leaves, PRL: Percentage of rolled
leaves, FLL: Flag leaf length, PL: Peduncle length, SL: Spike length, NS: Number of spike.

: Shoot length, RL:

Root length, NL:

Number of leaves, NT: Number of tillers, Chl: Chlorophyll
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CONCLUSIONS

Employing drought-tolerant and high-yielding
genotypes is an effective way to diminish the drought
effects. Assessment of genotypes using morphological
and physiological characters under normal and drought
conditions is a suitable method for achieving this goal.
In the present study, two irrigation regimes (normal
and drought stress conditions) were used for the
genotypes evaluation. Statistical analysis showed that
KC-621, KC-1772 and KC-2225 genotypes were able
to better tolerate drought conditions. Thus, they can be
exploited to transmit tolerance genes to commercial
wheat cultivars in breeding programs.
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