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Abstract

Drought is one of the major abiotic stresses that affects different stages of plant growth and development, especially germination
and seedling growth. In order to assess drought stress effect on germination and seedling growth of rice, an experiment was
performed at three levels of Polyethylene glycol (PEG-6000) (0, -0.6 and -0.8 MPa) on an international rice collection consisted of
93 varieties. Seven drought tolerance indices including STI, SSI, HM, RDI, SSPI, ATl and TOL were used to identify drought tolerant
genotypes. The results of variance analysis showed that the effect of genotypes (G), drought stress (D) and GxD interaction were
significant for all investigated traits. With increasing of stress level most genotypes showed similar trend of drought response, i.e.
reduction in all traits. The results also revealed that dry weight (DW) was less affected than fresh weight (FW), and the shoot
weight (SW) was affected more than the root weight (RW), indicating that shoot growth is more sensitive than root growth to
drought stress. The highest correlation (0.91) was observed between shoot fresh weight (SFW) and shoot dry weight (SDW), while
the least correlation (0.01) was found between germination rate (GR) and root fresh weight (RFW) and root:shoot length ratio
(RL:SL). Among the drought-related indices, the highest correlation was observed between STl and plant performance (Z-scores)
under both optimal and stress conditions, thus STl can be used as the most suitable indicator for screening drought tolerant
genotypes. Based on the results, genotypes #191 (RTS4), #171 (Paraiba Chines Nova) and #164 (Padi Kasalle) showed the highest
performance and STI under drought condition, so they have considerable potential to improve drought tolerance in rice breeding
programs. In addition, genotypes #136 and #140 with the lowest values of STl were found to be intolerant genotypes to drought
stress.

Keywords: Rice, PEG, Drought stress indices, Vegetative stage.

Abbreviation: ANOVA- analysis of variance; ATI- abiotic tolerance CV- coefficient of variation; D- drought stress; DW- dry weight;
FW- fresh weight; GR- germination rate; HM- harmonic mean; PCA- principal component analysis; RDI- relative drought index;
RDW- root dry weight; RDW:SDW- root to shoot dry weight ratio; RFW- root fresh weight; RFW:SFW- root to shoot fresh weight
ratio; RL:SL- root to shoot length ratio; RL- root length; SDW- shoot dry weight; SFW- shoot fresh weight; SL- shoot length; SSI-
stress susceptibility index; SSPI- stress susceptibility percentage index; STI- stress tolerance index; TOL- tolerance index

Introduction

Rice is the main source of carbohydrates for more than a yield threshold, cell expansion can take place. Drought stress
third of the world’s population (Yashitola et al., 2004). leads to inhibition of cell expansion and cell growth due to
Because of rice semi-aquatic nature and high water the low turgor pressure. Additionally, the quality and
requirements for its cultivation, the damage extent of rice quantity of plant growth depend on division, enlargement
due to water shortage is much more than other cereals and differentiation of cell. Likewise, all of these events are
(Kumar et al., 2014). Crop plants are exposed to different affected by drought stress (Jaleel et al., 2007). The damage
abiotic stresses because of undesirable environmental due to drought stress varies among various crops and their
conditions that affect their growth and performance (Kaur growth stages (Wilhite, 2001). Plant responses to drought
and Gupta, 2005). Drought or water stress is a worldwide stress depend on various factors such as time, severity and
problem and one of the major abiotic stresses that strongly duration of stress as well as plant, soil and climate
reduces crop production in arid and semi-arid tropics (Li et interactions (Reynolds and Tuberosa, 2008). Furthermore,
al., 2013). Plant growth is one of the most drought sensitive the hardness to establish well-defined drought stress
physiological processes due to the reduction of turgor conditions make screening of drought tolerant genotypes
pressure. When turgor pressure is larger than the cell wall more complicated (Ramires and Kelly, 1998). Hence,
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different indicators should be used for the phenotyping of
drought tolerance. Presently, a number of selection indices
are used in breeding programs for identification of high
performance genotypes under both stress and non-stress
conditions. Several selection criteria have been proposed to
select genotypes based on their performance in stress and
non-stress environments. Fernandez (1992) demonstrated
that these indices are either based on drought resistance or
susceptibility of genotypes. The stress tolerance index (STI)
was defined by Fernandez (1992), which can be used to
identify genotypes that produce high yield and are tolerant
to drought under both stressed and non-stressed conditions.
Fischer and Maurer (1978) suggested the stress
susceptibility index (SSI) for measurement of yield stability
that apprehended the changes in both potential and actual
yields in variable environments. Guttieri et al. (2001) used
SSI to evaluate drought tolerance in spring wheat genotypes
and found that SSI lower and higher than unit indicates
above- and below-average susceptibility to drought stress,
respectively. They suggested that SSI less than unit indicates
that a genotype is drought resistant, however SSI higher
than unit indicates that a genotype is susceptible, since its
performance reduction in drought condition is higher than
the mean performance reduction of all genotypes. Rosielle
and Hamblin (1981) defined the stress tolerance (TOL) index
as the differences in yield between the stress and irrigated
environments, and also they defined mean productivity (MP)
as the average yield of genotypes under stress and non-
stress conditions. The genotypes with low value of TOL index
are more stable in two different conditions. Jafari et al.
(2008) used another index as harmonic mean (HM) in corn
genotypes. The genotypes with high value of this index will
be more desirable.

Moosavi et al. (2008) introduced three new indices namely
ATI (abiotic-stress tolerance index), SSPI (stress susceptibility
percentage index) and SNPI (stress non-stress production
index) to identify relatively tolerant (through ATI and SSPI)
and resistant (through SNPI) genotypes under non-stress
and stress conditions. They also proposed that two new
indices i.e. ATl and SSPI are able to separate relative tolerant
and non-tolerant genotypes better than previous indices,
and SNPI indicates high and stable vyield in both
environmental conditions.

According to Fernandez (1992) genotypes can be divided
into four groups based on their performance in stress and
non-stress conditions: (Group A)- genotypes with uniform
superiority in both stress and non-stress conditions, (Group
B)- genotypes with favorably performance only in non-stress
conditions, (Group C)- genotypes with relatively higher
performance only in stress conditions, and (Group D)-
genotypes with poor performance in both stress and non-
stress conditions. As Fernandez mentioned, the best
selection index should identify Group A from the other three
groups. Three-dimensional plots among vyield in stress
condition (Ys), yield in non-stress condition (Yp) and STI,
displayed the relationships between these three variables to
discriminate genotypes of Group A from others.

As a matter of fact, in life cycle of plants, seed germination
and early seedling growth are potentially the most sensitive
and critical stages for plant establishment to abiotic stresses.
Therefore successful plant cultivation depends on the ability
of seeds to survive and germinate under abiotic conditions
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(Foolad et al., 2003). Drought stress affects significantly seed
germination and reduce seedling characteristics including
root length (RL), shoot length (SL) and other seedling growth
parameters (Pratap and Sharma, 2010). Recently several
reports have shown the reverse effect of drought stress on
germination and seedling growth in different plants such as
barely (Amini, 2013), wheat (Ezzat Ahmadi et al., 2014),
lentil (Muscolo et al., 2014), corn (Mostafavi et al., 2011)
and rice (Chutia and Borah, 2012). Turk et al. (2004)
evaluating three lentil cultivars under moisture stress
demonstrated that drought can reduce and delay
germination or completely prevent germination. Naik et al.
(2011) studied pigeon pea cultivars at two levels of osmotic
stress induced by PEG and indicated that physiological traits
would be reduced in water stress condition.

Polyethylene glycol (PEG 6000) is a neutral and flexible
polymer and does not interact with chemical and biological
materials, so it is considered as an important chemical to
induce drought stress artificially. Mimicking drought stress
by PEG in laboratory conditions (in vitro) has been used
successfully in many studies to evaluate the effect of
drought stress on plants (Jatoi et al., 2014; Zand-Esfahan et
al., 2013; Pratap et al., 2010). PEG of large molecular weight
is not toxic to plant cells and cannot penetrate to the plant
root cells. Therefore, it increases the solute potential and
prevents the water absorption by the root system,
consequently resulted to drought stress condition (Chutia
and Borah, 2012). Ahmadikhah et al. (2016) in the study of
mutagenesis in rice in order to develop drought tolerant
mutant lines, evaluated M, mutants under drought stress
induced by PEG and at field condition under restricted
irrigation regime. They observed positive correlations
between the studied traits at real drought condition in field
and the same traits under PEG-mimicked drought condition
in growth chamber. In addition, significant correlations were
found between the traits of sugar beet genotypes under
PEG- mimicked drought condition in laboratory and those
traits in farm (Alamoli et al., 2013).

Present study was conducted out to (i) evaluate the effect
of drought stress mediated by different concentrations of
Polyethylene glycol (PEG 6000) and the responses of some
seedling parameters in an international rice collection
consisted from ninety three genotypes, and (ii) study the
relationships among several drought tolerance indices
obtained from the performance data. Comparison of these
parameters in this research panel may be helpful in
developing a better understanding and provide extra
information on the mechanisms of drought tolerance.

Results
Coefficient of variation and drought responses

A wide range of variation was observed for traits in control
and both stress treatments. As seen in Table 1, root fresh
weight and root to shoot fresh weight had relatively higher
coefficient of variation in control condition (50.05% and
48.74%, respectively) and under moderate stress conditions,
-0.6 MPa (44.46% and 44.58%, respectively), while root to
shoot length and germination rate had relatively higher
coefficient of variation in severe stress condition, -0.8 MPa
(65.63% and 57.47%, respectively).



The analysis of variance showed significant differences
between genotypes (G), drought levels (D) and GxD
interaction for germination rate (GR) at 5% level of
probability (Table 1). Results showed that GR was inversely
proportional to PEG concentration; that is, the higher stress
level the lower was GR. As shown in Table 3, GR decreased
from 96.74% at control condition to 79.28% and 37.27% at -
0.6 and -0.8 MPa, respectively. Genotypes were significantly
different in GR and adversely responded to different levels
of PEG. It was observed that all genotypes showed reduction
in GR owing to drought stress increment. The GR of
genotypes varied from 37.77% (genotype #7) to 93.33%
(genotypes #168 and #167). GxD interaction was also
significant for GR. Both stress conditions caused a reduction
in mentioned trait in genotypes. Stress levels of -0.6 and -0.8
MPa decreased GR compared to non-stress condition,
especially in genotypes #13 and #138 (Fig 1). However, the
effect of -0.8 MPa on reduction of GR was greater than that
of -0.6 MPa. In both stress conditions, genotypes #168 and
#193 had higher GR than the other genotypes, and hence
according to GR values, these two genotypes were more
insistent to osmotic stress.

The results of ANOVA for root length (RL) indicated that
the effects of genotypes, drought levels and interaction
between them were significantly different (P < 0.05). All rice
genotypes had significant reduction in root length at both
stress levels as compared to control condition. This trait
decreased from 5.11 cm at 0.0 MPa to 3.34 cm and 2.29 cm
at -0.6 MPa and -0.8 MPa, respectively (Table 2). Genotypes
significantly were different for RL. Furthermore, significant
GxD interaction existed for RL. At zero potential, RL reached
its highest values and two stress levels strongly reduced the
seedling’s RL. Generally, genotype #101 among all genotypes
had least RL value at both stress levels. In contrast, genotype
#138 had the highest RL, followed by genotype #131 (Fig 2).
The results of ANOVA for shoot length (SL) revealed that the
effect of genotypes, drought levels and GxD interaction
were significantly different (Table 1). All rice genotypes
displayed significant reduction in SL at both stress levels as
compared to control condition (Table 2). SL decreased from
7.99 cm at 0.0 MPa to 4.3 cm and 2.54 cm at —0.6 and —0.8
MPa, respectively. Overall, genotype #191 among all
genotypes had the highest SL value at two stress levels,
followed by genotype #171. Contrarily, genotypes #130 and
#175 had the least SL values under stress conditions (Fig 2).
Based on ANOVA, the effect of genotypes, different levels of
drought stress and GxD interaction were significant for fresh
and dry weight of root (RFW and RDW), and also for fresh
and dry weight of shoot (SFW and SDW) (Table 1). As seen in
Table 2, the RFW decreased from 7.83 mg at 0.0 MPa
treatment to 3.77 mg and 2.28 mg at —0.6 and —0.8 MPa,
respectively. Genotypes were significantly different in terms
of RFW and negatively were affected due to the application
of different levels of PEG. It was observed that for all
genotypes, there was a reduction in RFW due to drought
stress increment. Genotype #175 among all genotypes had
least RFW value at both stress levels, followed by genotypes
#142 and #130. In contrast, genotype #251 had the highest
RFW at both stress conditions. The RDW decreased from
2.19 mg at 0.0 MPa treatment to 1.37 mg and 0.87 mg at -
0.6 and -0.8 MPa, respectively (Table 2). Genotype #131
among all genotypes had the least value of RDW and
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genotype #251 had the highest RDW. The SFW as shown in
Table 3 decreased from 29.5 mg at 0.0 MPa treatment to
12.28 mg and 7.37 mg at -0.6 and -0.8 MPa, respectively. In
addition, the SDW decreased from 4.35 mg at 0.0 MPa
treatment to 2.28 mg and 1.52 mg at -.6 and -0.8 MPa,
respectively. Genotype #108 among all genotypes had least
values of SFW and SDW at both stress levels. In contrast,
genotype #171 had the highest SFW and SDW at both stress
conditions.

The analysis of variance showed significant differences
between genotypes, stress levels and GxD interaction for
root:shoot length ratio (RL:SL), root:shoot fresh weight ratio
(RFW:SFW) and root:shoot dry weight ratio (RDW:SDR) at
5% level of probability (Table 1). As shown in Table 2, the
RL:SL increased from 0.71 at 0.0 MPa treatment to 0.80 and
1.03 at -0.6 and -0.8 MPa, respectively. In the other words,
the higher stress level the greater was the RL:SL ratio.

According to the present results, not only the RL:SL ratio,
but also RFW:SFW ratio and RDW:SDW ratio increased
under drought stress. The RFW:SFW ratio increased from
0.26 at 0.0 MPa treatment to 0.31 and 0.32 at -0.6 and -0.8
MPa, respectively. In addition the RDW:SDW ratio increased
from 0.51 at 0.0 MPa treatment to 0.63 and 0.64 at -0.6 and
-0.8 MPa, respectively. Significant differences between -0.6
and -0.8 MPa stress levels was not observed for two last
traits (Table 1).

Correlations between seedlings traits

The correlation coefficients of different traits under different
stress levels (0, -0.6, -0.8 MPa) are presented in Table 3. As
seen in the table, the highest correlation (0.85, 0.90 and
0.88) under all stress conditions was observed between SFW
and SDW. In contrast, the least correlations were found
between GR and RFW (0.01), and between GR and RL:SL
ratio (0.01). Germination rate had non-significant
correlation with all studied parameters under stress
conditions. A positive and significant correlation among RL
and SL was identified and it clearly indicated that increase in
RL helps to increase the SL. Moreover, RL had significantly
positive correlation with RL:SL ratio that followed by RDW,
RFW, SDW and SFW. Under controlled condition,
significantly positive correlation was observed between RL
with RFW:SFW and RDW:SDW ratios, whereas at both stress
conditions their correlation was not significant. SL had the
highest positive correlation with SFW and SDW followed by
RDW and RFW. In contrast, SL had negative correlation with
RL:SL ratio and RFW:SFW and RDW:SDW ratios. These
findings indicated that SFW and SDW would be increased
with increment in SL. Furthermore, results showed that
negative relationships were observed between shoot growth
traits with RL:SL ratio and RFW:SFW and RDW:SDW ratios,
while positive correlation were found among root growth
parameters with RL:SL ratio and RFW:SFW and RDW:SDW.

PCA analysis

To identify the major parameters responsible for variation
among genotypes and to evaluate the contributions of each
parameter in the control and drought-treated plants,
principal component analysis (PCA) were performed using
ten characters. Regarding the PCA analysis and taking into



Table 1. Analysis of variance for traits in rice genotypes under control and different levels of drought stress.

Traits
RL sL RL:SL RFW SFW RFW: RDW SDW RDW: GR

5.0V Df SFW SDW

S 92 10.82° 18.19° 0.983" 19.107 27.44 0.815 1156 16.27 0.573 5.364"
G 2 0.186 0.123 0.164" 0.405" 0.130" 0.277" 0.227" 0.156" 0.163" 0.024"
GxS 184  0.042 0.016~ 0.046 0.060" 0.022 0.057" 0.039" 0.023 0.044 0.010"
Error 558  0.005 0.002 0.006 0.007 0.003 0.007 0.006 0.004 0.007 0.001
Control CV (%) 33.00 26.37 28.79 50.05 24.23 44.46 35.59 26.57 27.99 5.85
Stress1 CV/(%) 36.27 25.61 37.73 48.74 325 4458 38.12 37.39 36.26 15.97
Stress2 CV/(%) 43.59 35.52 65.63 48.81 37.89 415 40.63 42.45 49.52 57.47

*Significant at the 0.05 level. Drought stress levels (Stress1: -0.6 MPa, Stress2: -0.8 Mpa), S.0.V.- sources of variation; CV%- Coefficient of variation. RL- root length; SL-
shoot length; RL:SL- root to shoot length ratio; RFW- root fresh weight; SFW- shoot fresh weight; RFW:SFW- root to shoot fresh weight ratio; RDW- root dry weight;
SDW- shoot dry weight; RDW:SDW- root to shoot dry weight ratio; GR- germination rate.
100
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Fig 1. A graphical representation of GxD interaction for germination rate of rice genotypes under control condition(C) and two
drought stress levels (S1: -0.6 MPa, S2: -0.8 MPa).

Table 2. Effect of drought stress on the studied traits.

Traits
Stress levels RL SL RL:SL RFW SFW RFW: RDW SDW RDW: GR
(cm) (cm) (cm) (mg) (mg) SFW(mg) (mg) (mg) SDW(mg) (%)
Control 5.11° 7.99° 0.71° 7.83° 29.5° 0.26° 2.19° 435° 0.51° 96.74°
Stress 1 3.34° 430° 0.80° 3.77° 12.28" 0.31° 1.37° 2.28° 0.63° 79.28°
Stress 2 2.29° 2.54¢ 1.03° 2.28° 7.37° 0.32° 0.87° 1.52° 0.64° 37.27°

Means with similar letter(s) in each trait is not significantly different at 0.05 level according to Duncan’s multiple range test, RL- root length; SL- shoot length; RL:SL- root
to shoot length ratio; RFW- root fresh weight; SFW- shoot fresh weight; RFW:SFW- root to shoot fresh weight ratio; RDW- root dry weight; SDW- shoot dry weight;
RDW:SDW- root to shoot dry weight ratio; GR- germination rate.
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Fig 2. A graphical representation of GxD interaction shoot length and root lemght of rice genotypes under control condition(C) and
two drought stress levels (S1: -0.6 MPa, S2: -0.8 MPa).
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Table 3. Correlation coefficients of different traits in rice genotypes under control, -0.6 and -0.8 MPa conditions.

Control RL sL RL:SL RFW SFW RFW: RDW SDW RDW: GR
condition SFW SDW

RL 1

sL 0.49" 1

RL:SL 0.66" 029" 1

RFW 0.54" 033" 031" 1

SFW 0.53" 0.72" 0.14" 0.53" 1

RFW:SFW 0.38" 0.04. 0.41" 0.87" 0.10 1

RDW 0.67" 0.56" 0.26" 0.70" 0.63" 0.51" 1

SDW 0.42" 0.71" -0.15" 033" 0.86 -0.04 0.63.” 1

RDW:SDW 0.46" -0.16" 0.48" 0.58" 0.02. 071" 0.66" -0.13 1

GR 0.10 0.12 0.01 0.01 0.10 -0.05 0.06 0.10 -0.08 1
Stress -0.6

RL 1

sL 043" 1

RL:SL 0.67" 0317 1

RFW 036" 0.40" 0.07 1

SFW 041" 0.74" -0.13" 0.46 1

RFW:SFW 0.09 -0.08 0.16" 0.73" -0.217 1

RDW 0.46" 0.50" 0.11 0.81" 057" 0.46" 1

SDW 036" 0.73" 017" 033" 0.91" -0.26" 053" 1

RDW:SDW 0.11 020" 030" 0.50" 030" 0.80" 0.51" 039" 1

GR 0.07 0.10 0.03 0.06 0.03 0.06 0.08 0.07 0.07 1
Stress -0.8

RL 1

sL 0.16" 1

RL:SL 0.91” 023" 1

RFW 0.22" 0.48" 0.02 1

SFW 017" 0.80" -0.13 051" 1

RFW:SFW 0.06 -0.13 0.12" 0.63" 026" 1

RDW 0.19” 0.56 -0.09 0.82" 0.48" 0.50" 1

SDW 0.13" 0.84" 0.18" 0.47" 0.89" 021" 0.57" 1

RDW:SDW 0.04 026" 0.15" 031" -0.39" 0.79" 0.40" -0.43" 1

GR -0.02 0.11 -0.05 -0.05 0.07 -0.06 0.06 0.09 0.02 1

*¥* * significant at the 0.01 and 0.05 level respectively. RL- root length; SL- shoot length; RL:SL- root to shoot length ratio; RFW- root fresh weight; SFW- shoot fresh
weight; RFW:SFW- root to shoot fresh weight ratio; RDW- root dry weight; SDW- shoot dry weight; RDW:SDW- root to shoot dry weight ratio; GR- germination rate.

Non Graphical Solutions to Scree Test Non Graphical Solutions to Scree Test Non Graphical Solutions to Scree Test

-
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a) control b) Stress 1 c) Stress 2

Fig 3. Scree plot of PCA to determine the number of PCs under control, -0.6 and -0.8 Mpa.

Table 4. Principal component analysis of traits under control condition.

PC1 PC2 PC3
Eigen value 4.61 2.55 1.03
% of total variance 46.13 25.57 10.37
Cumulative variance % 46.13 71.70 82.07
RL 0.66 0.47 0.4
SL 0.02 0.91 0.01
RL/SL 0.75 -0.28 0.43
RFW 0.79 0.42 -0.14
SFW 0.16 0.92 0.09
RFW/SFW 0.87 0.04 -0.21
RDW 0.64 0.67 0.04
SDW -0.02 0.93 0.14
RDW/SDW 0.89 0 -0.1
GR -0.14 0.15 0.8

RL- root length; SL- shoot length; RL:SL- root to shoot length ratio; RFW- root fresh weight; SFW- shoot fresh weight; RFW:SFW- root to shoot fresh weight ratio; RDW-
root dry weight; SDW- shoot dry weight; RDW:SDW- root to shoot dry weight ratio; GR- germination rate.
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Fig 4. Optimal number of clusters under control condition determined by Silhouette method.

Table 5. Principal component analysis of traits under stress condition.

PC1 PC2 PC3 PC4
Stress 1
Eigen value 3.87 2.86 1.43 1.01
% of total variance 38.76 28.69 14.38 10.1
Cumulative variance % 38.76 67.45 81.83 91.93
RL 0.44 0.17 0.84 0.04
SL 0.9 0.1 -0.04 0.06
RL/SL -0.25 0.11 0.95 0.01
RFW 0.45 0.83 0.08 0.00
SFW 0.96 0.00 0.07 -0.01
RFW/SFW -0.21 0.94 0.02 0.04
RDW 0.6 0.71 0.18 0.04
SDW 0.95 -0.09 0.03 0.05
RDW/SDW -0.35 0.87 0.13 0.04
GR 0.08 0.12 0.06 1.00
Stress 2
Eigenvalue 4 2.52 1.41 1.01
% of total variance 39.99 25.24 149 10.1
Cumulative variance % 39.99 65.24 79.43 89.53
RL 0.4 0.08 0.82 0.02
SL 0.93 -0.1 -0.07 0.09
RL/SL -0.26 0.05 0.91 -0.05
RFW 0.67 0.64 0.17 -0.07
SFW 0.92 -0.2 0.03 0.00
RFW/SFW -0.04 0.94 0.11 -0.01
RDW 0.73 0.6 0.11 0.05
SDW 0.95 -0.18 -0.03 0.03
RDW/SDW -0.35 0.8 -0.05 -0.06
GR 0.13 -0.13 -0.11 1.00

RL- root length; SL- shoot length; RL:SL- root to shoot length ratio; RFW- root fresh weight; SFW- shoot fresh weight; RFW:SFW- root to shoot fresh weight ratio; RDW-
root dry weight; SDW- shoot dry weight; RDW:SDW- root to shoot dry weight ratio; GR- germination rate.

2 3 4 5 86
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Fig 5. Clustering pattern and dendrogram of 93 rice genotypes under control condition
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Table 6. The means of clusters for traits under control and stress conditions (-0.6 MPa).

Cluster 1 Cluster 2
control
RL 9.13 5.43
SL 12.32 7.91
RL/SL 0.74 0.70
RFW 6.15 7.87
SFW 46.68 29.12
RFW/SFW 0.13 0.26
RDW 3.62 2.16
SDW 8.50 4.26
RDW/SDW 0.43 0.51
GR 10 9.66
Stress 1 (-0.6MPa)
RL 5.43 3.22
SL 6.57 4,17
RL/SL 0.85 0.79
RFW 5.23 3.69
SFW 22.15 11.72
RFW/SFW 0.24 0.32
RDW 2.17 1.32
SDW 4.67 2.15
RDW/SDW 0.48 0.64
GR 8.26 7.90

RL- root length; SL- shoot length; RL:SL- root to shoot length ratio; RFW- root fresh weight; SFW- shoot fresh weight; RFW:SFW- root to shoot fresh weight ratio; RDW-
root dry weight; SDW- shoot dry weight; RDW:SDW- root to shoot dry weight ratio; GR- germination rate.

Optimal numbar of chisters
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Fig 6. Optimal number of clusters under stress condition (-0.6 MPa) determined by Silhouette method.

Table 7. Correlation coefficients of different drought indices in rice genotypes.

Stress -0.6 Z Z STI HM RDI TOL Ssl SSPI ATI
Z 1

Zs 070" 1

STI 0.88" 0.93" 1

HM 0.85" 0.97" 0.98" 1

RDI 034" 0.34" 0.03 0.13 1

ToL 0.80" 0.14 0.45" 037" -0.76" 1

SSl 033" 0417 -0.097 -0.18 092" 0.81" 1

SSPI 0.80" 0.14 045" 037" -0.76" 1.00" 0.81" 1

AT 096" 051" 0.76 0.69" 0517 091" 052" 091" 1
Stress -0.8

Z 1

Zs 0.56 1

STI 0.78" 0.93" 1

HM 0.66 0.98" 0.97 1

RDI -0.08 0.73" 0.46" 0.63" 1

TOL 0.87" 0.10 040" 0.23 052" 1

SSl 0.05 0777 0517 -0.68" 096" 0.51" 1

SSPI 0.87" 0.10 040" 0.23 052" 1.00" 0.51" 1

ATI 0.98" 0.61" 0.83" 0.72" -0.02 0.82" -0.01 0.82" 1

** | * significant at the 0.01 and 0.05 level respectively. Zp- Z-score in control condition; Zs- Z-score in stress condition; RDI- relative drought index; SSI- stress
susceptibility index; TOL- tolerance index; HM- harmonic mean; STI- stress tolerance index; ATI- abiotic-stress tolerance; SSPI- stress susceptibility percentage index.
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Fig 7. Clustering pattern and dendrogram of 93 rice genotypes under stress condition (-0.6 MPa).

Table 8. Drought stress indices in rice genotypes.

Drought tolerance indices

Equation

References

Relative drought index

Stress susceptibility index

Tolerance index

Harmonic mean

Stress tolerance index

Abiotic-stress tolerance index

Stress susceptibility percentage index

RDI=(Ys/Yp)/(Ys/¥p)
SSI=(1-(Yo/Y )/ (1-(Vo/Y,,))
TOL=Y,~Y,

HM=(2(YxY ))/(Ys+Yy)
STI=(Y,xY,)/(7,2)

ATIS((Y oY)V o/ V)X (VY —Y)
SSPI=(Y,-Y,/2(Y,))x100

Fischer et al. (1979)

Fischer and Maurer (1978)
Rosielle and Hamblin (1981)
Jafari et al. (2008)
Fernandez (1992)

Moosavi et al. (2008)
Moosavi et al. (2008)

Ys, Yo, Y, and V,, represent yield under stress, yield non-stress for each genotype, yield mean in stress and non-stress conditions for all genotypes,

respectively.
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Fig 8. Plot of correlation between drought indices in both stress (-0.6 and -0.8MPa). RDI- relative drought index; SSI- stress
susceptibility index; TOL- tolerance index; HM- harmonic mean; STI- stress tolerance index; ATI- abiotic-stress tolerance; SSPI-

stress susceptibility percentage index.
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AXIS188.07 %

Fig 9. Principal component analysis of rice genotypes in control (0 MPa) and stress conditions (S1=-0.6 MPa and S2=-0.8MPa).

<
N G169 G168 N
G2 inG1] G149 G144 G132
@1
* Y \E‘;f G251 c
2 o4 185 e B205200 .
o 2 &g aa G80
3 &h% p’%fff G164 G191
= H 10 (\77‘ 2 1
% g @287 3 G171
Q 625 g
G174 S2
<+
1
o _| g
1
T T T T T I
-4 -2 0 2 4 6

AXIS188.07 %

Fig 10. Biplot analysis of rice genotypes in control (0 MPa), S1 (-0.6 MPa) and S2 (-0.8 MPa) conditions.

account the variance explained by each rotated component,
three main patterns were identified under normal and four
main patterns were recognized under both drought stress
conditions (Fig 3). Under normal condition (Table 4), the PCA
results showed that the first three components, with eigen
values >1, contributed 82. 07% of the total variability among
the rice genotypes. The PC1 contributed maximum
variability (46.13%) followed by PC2 (25.57%) and PC3
(10.37%). The PC1 was explained by variation among
genotypes due to RDW:SDW (0.89), RFW:SFW (0.87), RFW
(0.79) and RL:SL (0.75). The PC2 was related to diversity
between genotypes due to SDW (0.93), SFW (0.92) and SL
(0.91). The PC3 was explained by variation among genotypes
due to GR (0.80). The results of factor analysis in drought
stress condition are shown in Table 5. Principal component
(PC) analysis showed the first four PCs having Eigen value >1
explaining 91.83% and 89.43% of the total variation at first
and second drought stress levels, respectively. Under first
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stress level, the PC1l justified maximum towards the
variability (38.76%) followed by PC2 (28.69%), PC3 (14.38%)
and PC4 (10.1). The PC1 was explained by variation among
genotypes due to SFW (0.96), SDW (0.95) and SL (0.90). The
PC2 was related to diversity between genotypes due to
RFW:SFW (0.94), RDW:SDW (0.87) and RFW (0.83). The PC3
loadings were high for RL:SL (0.95) and RL (0.84). The PC4
was explained by variation among genotypes due to GR
(1.00). Under second stress level, the first PC, which
explained 39.99% of the total variation, revealed that SDW
(0.95), SL (0.93) and SFW (0.92) were the most important
contributing traits. The most important traits in the second
principal component, which contributed about 25.24% of
the total variation, were RFW:SFW (0.94), RDW:SDW (0.80)
and RFW (0.64). The third PC, which explained 14.9% of the
total variation, revealed that RL:SL (0.91) and RL (0.82) were
the most important contributing traits. The fourth PC, which



explained 10.1% of the total variation, were high for GR
(1.00).

Cluster analysis

Cluster analysis was performed using K-means clustering.
The Euclidean distance was calculated by means of
morphological data and a UPGMA dendrogram was created
using these values for ninety three rice genotypes under
normal and stress (-0.6 MPa) condition. Genotypes with
greater similarity for traits were placed in the same cluster.
Under normal condition, ninety three rice genotypes were
grouped into 2 clusters based on Silhouette parameter (Fig
4). Cluster 1 comprised of 2 genotypes #164 (p58) and #171
(p62) and cluster 2 contained other 91 genotypes (Fig 5). The
genotypes in cluster 1 showed higher values of RL (9.13 cm),
SL (12.32 cm), RL:SL (0.74 cm), SFW (46.68 mg), RDW (3.62
mg), SDW (8.50 mg) and GR (10). The 2nd cluster composed
of 91 genotypes had the highest value of RFW (7.87 mg),
RFW:SFW (0.26 mg) and RDW:SDW (0.51 mg) (Table 5).
Likewise, under stress condition (-0.6 MPa), ninety three rice
genotypes were grouped into 2 clusters based on Silhouette
mthod (Fig 6). Cluster 1 comprised of 5 genotypes #101
(p32), #164 (p58), #171 (p62), #189 (p73) and #191 (p75)
and cluster 2 consisted of other 88 genotypes (Fig 7). The
genotypes in cluster 1 showed higher values of RL (5.43 m),
SL (6.57 cm), RL:SL (0.85 cm), RFW (5.23 mr), SFW (22.15
mg), RDW (2.17 mg), SDW (4.67 mg) and GR (8.26). The
members of the 2nd cluster were specified by higher values
of RFW:SFW (0.32 mg) and RDW:SDW (0.64 mg) (Table 6).

Comparing genotypes based on the drought related indices

In order to screening of genotypes under drought condition,
drought stress indices based on Z-scores of genotypes under
both non-stress and stress conditions were measured for
calculating different sensitivity and tolerance indices. Water
stress consistently decreased the Z-score of genotypes in
both stress conditions relative to non-stress condition.
Results of different drought stress indices are presented in
Tables S2 and S3. The greater the TOL value, the larger was
the reduction in Z-scores under stress condition and hence
the higher was the drought sensitivity.

According to TOL index, genotypes #168 and #13 showed
the highest TOL at both stress conditions, and genotypes #26
and #234 at first stress level and genotypes #136 and #236
at second stress level showed the least TOL values. In the
case of SSI parameter, genotypes #136, #58, #37 and #140
displayed the least value and genotypes #169, #7 and #33
displayed the highest SSI values. According to ATI
parameter, genotypes #13, #168, #164 and #171 had the
highest value, whereas genotypes #26, #140 and #136 had
the least ATl values (Table S2).

In the case of SSPI, genotypes #168 and #13 showed the
highest values and the genotypes #136, #26 and #140
showed the least SSPI values. The last two indices (ATl and
SSPI) indicate the relative tolerance of genotypes to drought
stress. ATl and SSPI rely on survival mechanisms in stress
condition and they emphasize on stability of genotypes
rather than high performance. These two indices have high
positive correlation and both of them cannot separate group
C from group A. Based on HM index, the genotypes with the
highest HM values were #191, #171 and #164 and the
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genotypes with the lowest HM values were #140, #33 and
#136. In case of STI, genotype #191 followed by genotypes
#171 and #164 were found to be drought tolerant
genotypes, while genotypes #136 and #140 with the lowest
values of STI were found to be intolerant genotypes to
drought stress.

Correlation analysis between drought-related indices

To determine the most desirable drought tolerant criteria,
the correlation coefficients between Z,, Z;, and other
drought stress indices were calculated (Table 7). Comparison
of correlations among the indices (averaged on both stress
levels) indicates some repeatable correlations between
indices. The highest positive correlation (1.0) was observed
between TOL and SSPI at both stress conditions. Zs was
significantly and positively correlated with TOL, STI, HM, ATI
and SSPI. Also, Z, was significantly and positively correlated
with TOL, SSI, STI, HM, ATI and SSPI, indicating that these
criteria were more effective in identifying high performance
genotypes under different water conditions. Furthermore,
repeatable correlations were observed between SSI and TOL
at both stress conditions. These indices were also negatively
correlated with STI and HM. The results indicated that there
were high positive and significant correlations among Z, and
Zs with HM and STI. The ATl and SSPI indices were
significantly and positively correlated with each other, and
also with Z,, Z;, TOL, SSI, HM and STI, and negatively
correlated with RDI.

In order to further investigate the relations among
drought indices, principal component analysis were
performed (Fig 9). The correlation coefficient between any
two indices was nearly cosine of the angle between their
vectors. According to Yan and Rajcan (2002), r=cos(180°)=-1,
cos(0°)=1 and cos(90°)= 0. The most important relationships
revealed by the biplot analysis were: (i) strong positive
association between TOL with SSPI, as indicated by zero
angle and STI with HM as indicated by acute angle, (ii) a
negative association of SSI with STI and HM, as indicated by
obtuse angels between their vectors. Therefore, as seen in
Fig 4, the correlation coefficient analysis results were
supported by the results obtained from the biplot analysis.

Genotype selection by biplot analysis

In order to evaluate and identify favorable genotypes, a
biplot analysis based on Z-scores was conducted. As seen in
Fig 9, the first two principal components (PC1 and PC2) of
GGE analysis explained 88.07 and 9.25% of total variation in
data matrix of GGE, respectively, therefore they accounted
for 97.32% of GGE sum of squares together. Based on the
biplot shown in Fig 10, it is possible to assess both mean
performance and stability through a biplot. The line passing
through the biplot origin is called the average tester
coordinate (ATC), which is defined by the average PC1 and
PC2 scores of all environments (Yan and Kang 2003). The
average performance of genotypes is estimated by
projections of their markers on to the ATC horizontal axis.
Thus, genotypes #191 and #171 had the highest average
performance followed by #164, and genotype #174 had the
lowest average performance followed by #136 and #140.
Stability of each genotype is explored by its projection on to
the ATC vertical axis. The smaller the absolute length of



projection of a genotype, the more stable it is. Therefore,
genotypes such as #191 and #164 were the most stable
genotypes, and genotypes #174, #132 and #168 were the
least stable ones. However, considering both mean and
stability performance, genotypes #191, #171 and #164 could
be regarded as most tolerant and hence the most favorable
genotypes.

Discussion

Genetic diversity is one of the important decisive factors for
the selection and breeding programs. The presence of
considerable variations among rice genotypes in the present
research was confirmed by PCA. The first three principal
components accounted for 82.07% at control condition and
The first four principal components accounted for 91.83%
and 89.43% of the total variation at both stress conditions (-
0.6 MPa, -0.8 MPa) respectively, which indicated a very
strong correlation between the traits being studied. The first
PC, which solely contributed to 46.13%, 38.76% and 39.99%
of the variation at control and both stress conditions (0, -0.6
MPa, -0.8 MPa) respectively, was the most significant. Salimi
et al. (2012) indicated that under drought stress condition
the first five components contributed 78.02% of the total
variability among the soybean genotypes. Similarity 86.7%
and 88.4% of the total variation among 40 maize genotypes
at drought stress and control conditions respectively were
also noted by Mustafa et al. (2015). The 93 rice genotypes
were clustered into two groups under control and stress
conditions. Cluster analysis recognized genotypes #191,
#171 and #164 with the highest performance under control
and stress conditions, indicating that these genotypes have a
significant superiority over other genotypes.

Assessment of germination rate (GR) showed that GR was
inversely proportional to PEG concentration and all
genotypes showed reduction in GR with drought stress
increment. These results are consistent with those of other
studies reporting that high concentrations of PEG reduced
the germination rate (Sayar et al., 2010; Jamwal et al., 2012;
Ahmadikhah et al., 2016). As mentioned by Haddas et al.
(1977), reduced germination rate is related to decrease in
water availability and absorption to the seeds at seed
turgescence stage. Ayaz et al. (2001) demonstrated that
reduction of seed germination under water stress condition
is due to the occurrence of some metabolic disorders. It
seems that PEG-induced reduction in germination is the
result of decrement in the water potential gradient between
seed and its surrounding environment (Dodd et al., 1999).
Surprisingly, Sony et al. (2011) reported higher level of
germination under drought stress condition (induced by
PEG-6000) in Vigna aconitifolia. However, this finding may
not be applicable to all cases and partly depends on the
germplasm used in experiment.

All rice genotypes had significant reduction in root length
(RL) at both stress levels, so that at control condition, RL
reached its highest values and two stress levels strongly
reduced the seedling’s RL. Bahrami et al. (2012) observed
significant differences for RL between drought stress levels
and different sesame cultivars. They also reported that as
drought level increased, RL decreased. Reduction of RL
under water stress condition may be associated to a
declined cellular division and elongation during germination
stage (Fraser et al., 1990). As concluded by Farooq (2009),
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the main consequences of drought in crop plants are
reduced rate of cell division and expansion, stem elongation
and root proliferation. According to Franco et al. (2011)
roots are much more exposed to drought stress than any
other plant organ because of interfaces between plant and
stress conditions in root zone. Lum et al. (2014) observed a
reduction of RL with increasing PEG concentration in upland
rice, and similar results like decrement in root length with
increment osmotic stress obtained in seven wheat cultivars
by Jajarmi et al. (2009).

All rice genotypes displayed significant reduction in shoot
length (SL) at both stress levels. Reduction in SL due to water
deficit was reported in several experiments. Almas et al.
(2013) indicated that Artemisia shoots exposed to water
stress were less developed than the shoots grew without
water deficit. Hamayun et al. (2010) in the study of soybean
at PEG-induced drought conditions showed that plant SL
insignificantly decreased at post flowering stage.
Mohammad Khani and Heidari (2008) demonstrated that
reduction of root and shoot length might be due to low
osmotic potential as well as a reduction in wall extensibility
and cellular enlargement. The cell elongation process and
synthesis of wall carbohydrates are very sensitive to water
shortage (Wenkert et al., 1978) and the growth decline is a
result of reduction in the turgescence of these cells
(Shalhevet., 1995). Basha et al. (2015) reported that there is
a strong negative correlation between shoot length and PEG
concentration, but positive correlation between shoot
length and root length. As a consequence, increasing in root
length leads to an increase in shoot length. Moreover, they
illustrated that reduction in shoot length and plant growth in
response to drought stress is an obvious event that is related
to the tolerance level of the plant.

Assessment of the fresh and dry weight values of roots
(RFW and RDW) and shoots (SFW and SDW) showed that
seedling growth was inhibited by both levels of drought
stress, but dry weight was less affected than fresh weight.
Based on these results we could conclud that decline in the
water potential gradient between seeds and their
surrounding media negatively affect the germination of seed
and subsequent of events in seedling growth and
development. These results are in agreement with the
results obtained by Sayar et al. (2010) in durum wheat. Asrar
and Elhindi (2011) claimed that under drought condition,
reduced accumulation of dry matter occurs in all plant
organs, though different organs have different degrees of
reduction. They also reported that drought decreased shoot
and flower fresh and dry weights of marigold plant, but the
effect was more sever on shoots. In addition, Liu et al.
(2011) indicated that drought considerably declined both
shoot and root dry weight in Asian red sage plant, although
roots were less affected than shoots. As stated by Marur et
al. (1994), reduction in water caused slowing physiological
and biochemical processes, and thus seedling at water
shortage showed a weak growth, leading to a lower
accumulation of dry matter.

It is clear from the current study that drought stress
affected root and shoot growth to different degrees. Shoot
growth was more affected by water deficit stress than root
growth, leading to an increase in the root:shoot (R:S) ratio;
thus, an increase in root:shoot characteristics ratio is a
common observation under drought stress. These results are
in harmony with those of Franco et al. (2011) who reported



an increase of R:S ratio with increase of water stress
severity.

According to TOL index, genotypes #168 and #13 showed
the highest TOL at both stress conditions, and genotypes #26
and #234 and genotypes #136 and #236, respectively at first
and second stress level showed the least TOL values.
Fernandez (1992) suggested that TOL is unable to distinguish
between group C and group A. In the case of SSI parameter,
genotypes #136, #58, #37 and #140 displayed the least SSI
values and genotypes #169, #7 and #33 displayed the
highest SSI values. According to SSI, the genotypes with SSI
less than unit are drought tolerant, since their performance
reduction at drought stress condition is smaller than the
mean performance reduction of all genotypes (Siose
Mardeh, 2006). The main disadvantage of an index such as
TOL is the inability of separation of group A from group C
(Fernandez, 1992). According to ATl parameter, genotypes
#13, #168, #164 and #171 had the highest value, whereas
genotypes #26, #140 and #136 had the least ATI values. In
the case of SSPI, genotypes #168 and #13 showed the
highest values and the genotypes #136, #26 and #140
showed the least SSPI values. The last two indices (ATl and
SSPI) indicate the relative tolerance of genotypes to drought
stress. ATl and SSPI rely on survival mechanisms in stress
condition and they emphasize on stability of genotypes
rather than high performance. These two indices have high
positive correlation and both of them cannot separate group
C from group A. However, they can select genotypes with
stress tolerance potential (Musavi, 2008). Based on STI,
genotype #191 followed by genotypes #171 and #164 were
found to be drought tolerant genotypes, while genotypes
#136 and #140 with the lowest values of STI were found to
be intolerant genotypes to drought stress. The higher the STI
value the greater drought tolerance was. The main and best
advantage of STl index is its ability to discriminate group A
from other groups (Fernandez, 1992).

The highest positive correlation (r=1.0) was observed
between TOL and SSPI at both stress conditions. Z-score
under stress (Zs) was significantly and positively correlated
with TOL, STI, HM, ATl and SSPI. Also, Z-score under normal
condition (Zp) was significantly and positively correlated with
TOL, SSI, STI, HM, ATl and SSPI, indicating that these criteria
were more effective in identifying high performance
genotypes under different water conditions. A significantly
positive correlation between TOL and plant performance
under non-stress condition (Z,) and no significant correlation
between TOL and plant performance under stress, indicated
that TOL is useful for selecting genotypes with better
performance under stress, while it cannot select superior
genotypes at both stress and non-stress conditions. SSI and
TOL were also negatively correlated with STI and HM,
suggesting that these two groups of indices could rank the
genotypes in reverse direction. Also, there were high
positive and significant correlations among Z, and Zs with
HM and STI, suggesting that these parameters may be better
predictors than TOL and SSI. Mehrabi et al. (2011) also
suggested corn hybrids with high performance may be
obtained based on STI index. Jafari et al. (2009) reported
that STI showed the highest correlation with grain yield
under both optimal and stress conditions, and hence could
be used as the best selection index in maize breeding
programs for introducing drought tolerant hybrids. Finally,
they suggested that STl was more useful in order to select
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suitable corn cultivars under stress and non-stress
conditions. Our results also showed that ATl and SSPI indices
were significantly and positively correlated with each other,
and also with Zp, Zs, TOL, SSI, HM and STI, and negatively
correlated with RDI. Thus these two indices may be able to
use as the indices for screening tolerant genotypes.
Altogether, we can conclude that STl can be used as the
most suitable indicator for screening drought tolerant
genotypes, because it had highest correlation with Z, and Zs.
Farshadfar et al. (2001) believe that the most suitable
indices for selection of drought tolerant cultivars are
indicators which show a relatively high correlation with plant
performance at both stress and non-stress conditions.

To identify favorable genotypes, a biplot analysis based on
Z-scores was conducted. According to biplot analysis as
mentioned by Yan and Rajcan (2002) ideal genotypes are
those that have large PC1 scores (high performance) and
small (absolute) PC2 scores (high stability). Considering both
mean and stability performance, three genotypes (#191,
#171 and #164) had the highest average performance, and
hence could be regarded as most tolerant and the most
favorable genotypes.

Materials and methods
Plant materials and growth conditions

In this study we used ninety three genotypes of rice
provided by International Rice Research Institute (IRRI),
Philippines (Table S1). The germplasm used is part of rice
diversity panel that has previously been used to examine
various traits by Zhao et al. (2011). Plant materials were
evaluated in a factorial experiment (ninety three genotypes
and three levels of drought stress induced by PEG, described
latter in this section) in a completely randomized design
(CRD) with three replications. The research was conducted
at Biotechnology laboratory, Department of Plant Sciences
and Biotechnology, Shahid Beheshti University, Iran during
the spring and summer of 2015.

Before starting the experiment, seeds were surface
sterilized with solution of 5% sodium hypochlorite for 10
minutes with gentle shaking at room temperature. After the
sterilization, the seeds were washed three times with
autoclaved distilled water. To mimic drought stress
condition, Polyethylene glycol (PEG 6000) was used to
induce drought stress. The concentration of PEG for each
drought stress level was determined using the equation of
Michel and Kaufman (Michel and Kaufman, 1973).
Accordingly 0, 174.99, and 208.74 g of PEG were dissolved
per 1000 ml distilled water to generate drought stress levels
(0, -0.6, -0.8 MPa, respectively). Non-PEG solution was
served as the control treatment. In order to determine the
number of germinated seeds in each level of stress, 10
sterilized seeds of any genotype were placed in two layers of
roll filter paper. The papers were transferred to plastic bags,
wet with 10 ml of a treatment solution and then were
transferred to an incubator at 28°C. Germinated seeds were
counted after four days. A seed with an emerged radicle (2
mm) was considered to have germinated. To assess other
seedling parameters, 100 sterilized seeds of any genotype
were germinated with distilled water in an incubator (30°C).
After four days, stress treatment was done by adding
sufficient quantities of PEG to the Yoshida solution to obtain



water potentials of 0, -0.6 and -0.8 MPa. The control
treatment contained only Yoshida solution. Each plastic bag
containing 10 four day-old seedlings was placed in a growth
chamber at 25°C, 60% relative humidity under 16/8-hr day
light photoperiod. After ten days, five seedlings from each
replicate were randomly harvested and separated to root
and shoot sections. The growth of seedling sections
including root length (RL), shoot length (SL), root to shoot
length ratio (RL:SL), root fresh weight (RFW), shoot fresh
weight (SFW), root to shoot fresh weight ratio (RFW:SFW)
was measured. Furthermore, fresh roots and shoots were
oven-dried at 80°C for 24 h. After that root dry weight
(RDW), shoot dry weight (SDW) and root to shoot dry weight
ratio (RDW:SDW) were also measured.

Statistical analysis

For statistical analysis, the data of germination rate were
subjected to reverse root square transformation and other
data were Log-transformed. Analysis of variance was carried
out to determine differences among genotypes (G), drought
levels (D) and GxD interaction using the general linear model
(GLM) of SPSS software (v.22). Differences between means
were compared using Duncan multiple range tests at the 5%
level of significance (p <0.5). Simple correlation coefficients
between morphological traits were estimated to determine
the association between traits using Pearson’s correlation
coefficient. A principal component analysis (PCA) was
performed to identify the major traits accounting for most of
the variation in rice genotypes using R software. The data
obtained in the evaluation of each trait were initially
standardized, obtaining the Z score by means of the
expression Z= (Y -Y) /S, where Z is the value of the
standardized variable corresponding to the trait, Y is
observation of trait, ¥ is the overall mean of trait in three
replications and S is phenotypic standard deviation of the
trait. A constant was added to the Z values to avoid the
occurrence of negative values. Seven drought tolerance
indices including stress susceptibility index (SSl), relative
drought index (RDI), stress tolerance index (STI), tolerance
(TOL), stress susceptibility percentage index (SSPI), harmonic
mean (HM) and abiotic-stress tolerance index (ATI), were
calculated using the equations depicted in Table 1 based on
the Z-score data. Simple correlation coefficients between
drought tolerance indices were calculated to determine the
association between indices using Pearson’s correlation
coefficient. Graphs were drawn using excel.

Conclusion

In conclusion, the results obtained from the present work
clearly suggested that drought stress mediated by PEG
greatly influences germination and seedling growth
characteristics that affect plant growth of rice genotypes.
This effect extremely depends on drought stress intensity.
Furthermore, based on the results, a lot of variation was
observed among studied genotypes for most of the assessed
traits, indicating that selection in this rice collection would
be useful in breeding programs. To identify drought tolerant
genotypes, several drought indices were assessed. Among
different indices, STI can be used as the most suitable
indicator for screening drought tolerant genotypes with high
performance under both stress and non-stress conditions. In

867

addition, biplot analysis of genotypes based on two PCs is an
acceptable method to identify superior genotypes under
both stress and non- stress environments. Considering the
results of this study, it can be concluded that genotypes
#191, #171 and #164 showing the highest performance
under non-stress and stress conditions, have a significant
superiority over other genotypes. They were also desirable
in terms of STl and HM, so they have considerable potential
to improve drought tolerance in rice breeding programs. On
the other hand, genotypes #136 and #140 with the lowest
values of STI were found to be intolerant genotypes to
drought stress
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