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ABSTRACT

Drought is a key stress factor that limits rice production globally. The present study was carried out
to identify drought tolerant rice lines at the germination and seedling stages using polyethylene
glycol (PEG) induced stress. Twenty promising high yielding BC2F lines, stacked with drought yield
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QTLs gDTY13; and gDTY,,.,, derived from the cross between Manu Ratnha X Improved White
Ponni, were subjected to drought stress. Drought was imposed during germination using three
levels (0, 10 and 15%) of polyethylene glycol (PEG 6000) concentrations. The experiment was
conducted in factorial completely randomized block design with three replications and the
observations on number of seeds germinated, root length, shoot length, germination index,
germination stress tolerance index, fresh weight stress tolerance index, dry weight stress tolerance
index and seedling vigour index were evaluated after stress treatment. A significant difference was
noted among lines for characters under drought stress. Among the lines, MIB-29-2-3-1, MIB-29-8-5-
35, MIB-43-5-3-66 and MIB-119-5-7-33 were selected which showed higher germination
percentage, root length, shoot length, germination stress tolerance index and and seeding vigour
index. The selected lines can be further evaluated in the field to develop drought tolerant rice
varieties.

Keywords: Water stress; backcross inbred rice lines; seeding vigour index; germination index; drought

resilience; rice breeding; seedling stage drought resistance.

1. INTRODUCTION

Rice (Oryza sativa L.) is the staple food of more
than half of the world’s population and is
cultivated in all continents except Antarctica. To
meet the growing population’s demand, rice
production must be increased from 55 Mt to 577
Mt by 2032 [1]. Changing climatic patterns are
affecting rice productivity and threatening global
food security. Among the different stresses,
drought is the most critical limitation to rice
production in rainfed systems, impacting 10
million hectares of upland rice and over 13
million hectares of rainfed lowland rice in Asia
alone [2]. Climatic changes including erratic
rainfall patterns and climatic anomalies are
causing a drastic reduction in rice production in
India, especially in Kerala [3]. Therefore, in the
current context of population growth and climate
change, it is essential to develop high-yielding,
drought-tolerant rice varieties.

Polyethylene glycol (PEG) is a commonly used
chemical compound known to lower the osmotic
potential of a nutrient solution, thereby inducing
water stress in a controlled manner [4]. PEG
causes osmotic stress and changes the plant
tissue water potential resulting in decreased
plant growth and biomass accumulation [5].
Drought stress in plants can be quantitatively
assessed by measuring various metabolites,
enzymes and pigments and comparing these
levels with the normal conditions. Drought stress
responses in plants include physiological
changes like decrease in turgor, increased
tolerance to desiccation and increased water
uptake; photosynthetic changes due to stomatal
closure, slower photosynthetic rate, reduced CO:
uptake and pigment degradation and metabolic
changes including increased antioxidant activity,

accumulation of osmotically active solutes,
increase in phenolic metabolites, upregulation of
leaf flavonoids, increase in reactive oxygen
species and reactive carbonyl compounds [6].
Higher molecular weight variants of PEG are
preferred for inducing drought stress as it
effectively blocks the diffusion through cell walls.
This can lead to water loss via cytorrhysis rather
than plasmolysis, as it is unable to penetrate
plant cells [7,8].

Hence, this study was conducted under different
concentrations of PEG 6000 using 20 selected
BC2F4 rice lines to identify the superior drought
tolerant backcross inbred lines that can be used
to develop drought tolerant rice varieties in the
future breeding programmes.

2. MATERIALS AND METHODS
2.1 Plant Materials

BC2F4 seeds derived from the cross between
Manu Ratna and Improved White Ponni stacked
with gqDTY;.; and gqDTY,-; [9] were evaluated
under three levels of PEG 6000 concentrations
(0%, 10% and 15%). Selected BC2F4seeds were
obtained from 20 superior BC2F3 lines subjected
to drought stress at reproductive stage in field
conditions.

2.2 Experimental Design

The experiment was conducted at
the Department of Genetics and Plant Breeding,
College of Agriculture, Vellayani using factorial
completely randomized design with two factors
and three replications. The main factor (factor A)
was 20 lines while the sub factor (factor B) was
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three (0, 10 and 15%) levels of drought stress.
Two replicates of five seeds from each line were
subjected to different levels of PEG.

2.3 Growth Conditions

The seeds were placed on germination paper in
petri plates and were subjected to three different
PEG concentrations. The required amount of
PEG 6000 was mixed with distilled water to
prepare 10% and 15% solutions, while distilled
water was used for the control treatment.

2.4 Morphological Observations

Seed germination was monitored every 24 hours
for 14 days, after which the germination
percentage was calculated. The shoot length
(SL) and root length (RL) were measured using a
scale in centimeters whereas seedling fresh
weight was measured in (g) using digital
weighing balance on the 14" day. Seedlings
were then dried for 72 hours at 80°C and
weighed in digital weighing balance to measure
seedling dry weight. The germination and
seedling characteristics of each treatment were
compared to the control to identify drought
tolerant rice lines. The different stress tolerance
indices were computed as follows.

2.5 Germination Index (GI)

The germination index (GI) was calculated using
the following equation [10]:

GI :z[g]

where n is the number of germinating seeds and
d is the respective days of germination.

2.6 Germination Stress Tolerance Index
(GSTI)

Germination stress tolerance index (GSTI) was
calculated in terms of percentage [11] as follows:

GSTI= (Pls/ Plc) x 100

where, Pls and Plc are promptness index under
stress and control condition. The promptness
index (Pl) was estimated using the following
formula [12].

Pl =(nd1 x 1.0) + (nd2 x 0.75) + (nd3 x
0.50) + (nd4 x 0.25)

where, nd1, nd2, nd3 and nd4 are number of
seeds germinated on the 1st, 2nd, 34 and 4t day
respectively.

2.7 Fresh Weight Stress Tolerance Index
(FSTI)

Fresh weight stress tolerance index (FSTI) was
estimated as follows [11]:

FSTI = (FWSs / FWCc) X 100

where, FWSs and FWC. are fresh weight (mg) of
seedlings under stress and control conditions
respectively.

2.8 Dry Weight Stress Tolerance Index
(DSTI)

Dry weight stress tolerance index (DSTI) was
estimated as follows [11]:

DSTI = (DWSs / DWC¢) x 100

where, DWSs and DWC. are dry weight (mg) of
seedlings under stress and control conditions
respectively.

2.9 Seedling Vigour Index (SVI)

According to Abdul-Baki Anderson [13] SVI was
calculated using the formula below:

SVI =(SL + RL) x Germination %
2.10 Statistical Analysis

The GRAPES 1.0.0 software [14] was used to
conduct variance analysis (ANOVA) and
significant differences were detected using the
least significant difference (LSD) test at P-
value<0.05. Mean values and standard errors
(SE) are presented.

3. RESULTS AND DISCUSSION

Analysis of variance (ANOVA) revealed
significant variations among the lines, treatments
and interactions among the back inbred rice lines
for seed germination, shoot length, root length
and various tolerance indices (Table 1).

3.1 Effect of PEG Induced Drought Stress
on Seed Germination

The effect of PEG induced drought stress on
seed germination of different lines is presented in
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Fig. 1. The number of seeds germinated (NSG)
was highest in control (4.98) while the lowest
was recorded at 15% PEG (3.10). The highest
NSG (5.00) was observed in the line MIB-43-5-3-
66 under three levels of treatment. This was
statistically on par with lines MIB-29-8-5-30
(4.83), MIB-43-5-8-25(4.83), MIB-113-3-7-7
(4.67), MIB-119-5-7-18 (4.67) and MIB-29-2-3-1
(4.67). This suggests that these lines can tolerate
drought conditions. MIB-113-3-7-70 (2.83)
showed the least value for NSG, which was on
par with MIB-29-8-5-10 (3.00). Also, the lines,
MIB-29-8-5-31, MIB-29-8-5-35, MIB-43-5-3-32
and MIB-119-5-7-33 showed good germination
with a mean value of 5.00 under 15 % PEG
concentration. This may be due to the high
resistance to drought conditions. The study
revealed that the decline in the number of seeds
germinated under moisture stress conditions
intensified as PEG concentrations increased.
Similar observation was reported by Herawati et
al. [15], Sagar et al. [16] and Hartyanto et al. [17]
in rice under PEG treatment. The decrease in
germination of seeds caused by PEG was due to
a reduction in the water potential gradient
between the seeds and their environment [18].
This could cause osmotic imbalance, membrane
impairment, decreased respiration, disrupt
enzyme and metabolic activities in seeds during
germination under drought stress [19,20]. The
imbibition of water for germination is also
reduced under higher negative osmotic potential
[21].

3.2 Effect of PEG Induced Drought Stress
on Vegetative Growth Traits

3.2.1 Root length

All lines exhibited decreased root length with
increased PEG concentrations. When compared
with the control the reduction in root length was
high at 10% (Table2/Fig. 3). MIB-29-8-5-35 had
the longest root length (9.09 cm), which was on
par with MIB-43-5-3-32 (8.71 cm), MIB-119-57-
33 (8.56 cm), MIB-29-2-3-1 (8.45 cm), MIB-29-8-

MIB-29-2-3-1

m

15% PEG

10% PEG

5-30 (7.88 cm) and MIB-84-3-3-4 (7.86 cm). This
suggested that these lines exhibit higher
tolerance to drought stress during the early
seedling stage. MIB-29-2-3-1, MIB-29-8-5-35,
MIB-84-3-3-4 and MIB-119-5-7-33 showed an
increased root length even under 15% drought
stress conditions. This indicated their potential
for tolerance against drought stress. The earlier
studies by Sagar et al. [16] and Anik et al. [22]
reported reduction in root length in PEG-treated
seeds compared to the control. Reduced root
lengths might be due to decreased cell
development and elongation rates which could
reduce the nutrient uptake under water stress
conditions leading to unbalanced and poor plant
stand [23,24].

3.2.2 Shoot length

In the study, all the lines showed a significant
reduction in shoot length under PEG treated
conditions compared to the control
(Table2/Figure4). At 10% PEG concentration, a
drastic reduction in shoot length was observed in
all lines. The longest shoot length was observed
in the genotype MIB-29-8-5-35 (6.05 cm), which
was statistically comparable to MIB-43-5-8-71
(5.46 cm), MIB-29-8-5-30 (5.35 cm) and MIB-84-
3-3-4 (5.28 cm). This revealed the potential of
these genotypes to grow well under stress
conditions. The findings were in accordance with
Fatimah et al. [25], Purbajanti et al. [26] and
Sagar et al. [16]. MIB-29-8-5-35, MIB-84-3-3-4
and MIB-119-5-7-33 showed higher shoot length
even under 15% PEG concentration. In all lines
root length was greater than shoot length,
indicating that plumule growth is more sensitive
to water stress than radicle growth. Similar
findings were reported by Sagar et al. [16]. The
radicle being the first organ to emerge from the
seed will be faster in growth than the plumule.
Additionally, the radicle will be in direct contact
with  water, while the plumule will not
have direct access to water sources due to its
later emergence and its position on the seed
[27].

MIB-113-3-7-70

15% PEG

Fig. 1. Fourteen days old backcross inbred lines of rice under different concentrations of PEG
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Table 1. ANOVA table for germination, vegetative growth and stress indices

S.0.V NSG RL SL

Mean square S.E(m) C.D Mean square S.E(m) C.D Mean square S.E(m) C.D
Line 2.086 0.289 0.577 8.625 0.504 1.427 3.029 0.272 0.769
Treatment 37.708 0.112 0.224 511.331 0.195 0.553 590.68 0.105 0.298
Line X Treatment 1.787 0.5 1 11.493 0.874 2.471 4.394 0.471 1.332
Error 0.25 1.526 0.444
S.0vV Gl GSTI FSTI

Mean square S.E(m) C.D Mean square S.E(m) C.D Mean square S.E(m) C.D
Line 0.264 0.069 0.196 655.114 4771 13.496 398.805 1.974 5.584
Treatment 8.992 0.027 0.075 75552.924 1.848 5.227 40688.918 0.764 2.162
Line X Treatment 0.207 0.12 0.34 359.068 8.263 23.376 457.156 3.419 9.671
Error 0.029 136.563 23.375
S.0V DSTI SVi
Mean square S.E(m) C.D Mean square S.E(m) C.D

Line 780.122 181 5.121 47502.798 35.58 100.65
Treatment 75908.494 0.701 1.983 5628832.15 13.78 38.982
Line X Treatment 621.369 3.136 8.87 79723.043 61.626 174.331
Error 19.665 7595.578
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Table 2. Mean performance of root length, shoot length and germination index of various lines

under different PEG concentrations
Backcross Inbred RL (cm) SL (cm) Gl
rice lines PEG concentrations (%)
0 10 15 0 10 15 0 10 15
MIB-29-2-3-1 9.20 8.07 8.07 700 378 156 1.89 1.35 1.23
MIB-29-2-3-29 12.85 9.09 1.12 8.32 430 0.37 1.95 1.34 1.34
MIB-29-2-3-21 12.12 8.07 2.60 9.81 1.12 0.60 0.88 0.87 0.73
MIB-29-8-4-4 14.73 5.74 1.43 941 292 042 1.60 1.42 0.70
MIB-29-8-5-2 10.50 10.09 0.25 9.28 5.01 0.00 1.55 1.38 0.10
MIB-29-8-5-31 9.11 4.54 1.69 994 175 048 2.12 1.12 0.93
MIB-29-8-5-35 10.61 8.24 8.41 996 5.19 3.00 1.38 1.18 1.15
MIB-29-8-5-30 10.95 7.83 4.87 997 447 160 1.79 1.74 1.03
MIB-29-8-5-10 11.16 9.91 0.00 9.32 6.49 0.00 1.60 1.33 0.00
MIB-43-5-3-32 11.53 10.3 4.29 834 493 114 1.37 1.12 0.90
MIB-43-5-3-66 6.50 5.77 4,71 6.32 264 131 1.82 1.18 0.82
MIB-43-5-8-25 8.08 4.75 4.66 10.32 1.80 0.85 1.92 1.17 1.17
MIB-43-5-8-71 8.25 7.75 5.79 9.14 573 150 1.09 1.08 0.77
MIB-84-3-3-4 11.13 4.48 4.00 10.09 2.55 3.21 1.77 0.88 0.87
MIB-84-3-11-103 10.63 9.82 0.25 759 6.33 0.13 2.00 1.02 0.20
MIB-113-3-7-7 9.66 8.03 4.21 8.19 478 1.43 2.15 1.67 0.77
MIB-113-3-7-70 10.25 7.35 0.00 9.41 4.38 0.00 1.99 1.07 0.00
MIB-119-5-7-18 8.99 3.13 3.13 7.25 151 0.45 2.07 1.30 1.00
MIB-119-5-7-33 9.59 6.02 10.08 7.52 1.68 3.68 1.55 1.28 1.07
MIB-119-5-8-10 11.18 10.58 1.68 6.88 6.51 042 1.81 1.33 0.35
Mean 10.35 7.478 3.56 870 3.89 111 1.72 1.25 0.76
NSG
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Fig. 2. Effect of PEG on Number of Seeds Ger
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3.3 Stress Indices
3.3.1 Germination Index (Gl)

A notable variation in Gl was observed with

respect to factor A and factor B as well as their

interactions. The overall mean Gl values ranged

minated (NSG) in different backcross inbred rice
ines

from 1.54 to 0.86 among the selected lines under
PEG treatment. Drought stress caused a decline
in Gl and the highest GI was observed under
control conditions while the lowest was under
15% PEG concentration. The  highest
germination index (GI) was observed in
genotypes MIB-29-2-3-29 (1.54) followed by
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Fig. 3. Effect of PEG on root length in different backcross inbred rice lines
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Fig. 4. Effect of PEG on shoot length in different backcross inbred rice lines

MIB-113-3-7-7 (1.53), MIB-29-8-5-30 (1.52),
MIB-29-2-3-1 (1.49), MIB-43-5-8-25 (1.48), MIB-
119-5-7-18 (1.46) and MIB-29-8-5-31 (1.39)
indicating their potential tolerance to drought
stress. MIB-29-2-3-1, MIB-29-2-3-29, MIB-29-8-
5-35, MIB-43-5-8-25 and MIB-119-5-7-33
showed higher Gl value even under 15% PEG
concentration. The findings of Islam et al. [24]
and Pope et al. [28] were in agreement with
these results.

3.3.2 Germination Stress Tolerance Index
(GSTI)

GSTI showed a decreasing trend with increasing
PEG concentration in the study (Table 2) Among
the lines tested, the highest GSTI values were
recorded for MIB-29-8-5-35 (75.00) followed by
MIB-29-2-3-1 (71.21) and MIB-119-5-7-33

(70.37). The lowest GSTI was observed in MIB-
43-5-8-71 (37.50). The lines MIB-29-2-3-1, MIB-
29-8-5-35, MIB-43-5-3-66 and MIB-119-5-7-33
showed a high GSTI even under 15% PEG
concentrations. This indicated the ability of these
lines to germinate under adverse drought
conditions. The findings of Sagar et al. [16],
Bukhari et al. [29] and Siddique et al. [30] also
confirmed similar trends in germination stress
tolerance and the relationship between PEG-
induced stress and plant adaptability under
drought conditions.

3.3.3 Fresh Weight Stress Tolerance Index
(FSTI)

FSTI was the highest in MIB-29-8-5-30 (81.20)
which was statistically comparable to MIB-43-5-
8-25 (79.09). The least value for FSTI was found
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in in MIB-29-2-3-21 (55.50). The lines MIB-29-2-
3-29, MIB-29-8-5-35, MIB-29-8-5-30, MIB-43-5-
8-25 and MIB-119-5-7-33 showed higher FSTI
value under 15% PEG concentrations. This
showed the potential ability of the lines to
perform well under drought conditions. Similar
results were identified by Sagar et al. [16].

3.3.4 Dry Weight Stress Tolerance Index

(DSTI)

DSTI is a parameter used to evaluate the ability
of plants to maintain high biomass production
under drought stress conditions. Higher the value
of DSTI, higher will be the stress tolerance.
There was significant variation in DSTI among
various lines, PEG concentrations and their
interactions. DSTI abruptly reduced under 15%
PEG concentration. The highest DSTI was
observed in MIB-84-3-3-4 (82.72). Meanwhile,
the lines MIB-29-2-3-1, MIB-29-8-5-35, MIB-29-
8-5-30, MIB-43-5-3-66 and MIB-43-5-8-71
maintained high DSTI value even under 15%
PEG concentration. This shows the ability of
these lines to perform well even under stressed
conditions. In contrast, the lowest DSTI was
recorded in MIB-29-2-3-21 (34.14) which was
comparable with MIB-119-5-7-18 (35.13). The
mean DSTI was found to be higher at a PEG
concentration of 10% (53.75) than 15% PEG
concentration (12.93). Similar results were given
by Sagar et al [16]. Osmotic stress reduces water

availability for plants, which leads to decreased
cell division and elongation by lowering turgor
pressure and inhibiting cell growth. Ultimately,
this results in the reduction of both biomass and
dry weight [31,32].

3.3.5 Seedling vigour index

SVI showed significant variation across the
selected lines (Fig..5), PEG 6000 concentrations,
and interactions (MIB-29-8-5-35 had the highest
mean SVI (706.17), which was comparable to
MIB-29-8-5-30 (654.36) and MIB-43-5-3-32
(613.24). The lines MIB-29-2-3-1, MIB-29-8-5-35,
MIB-29-8-5-30, MIB-43-5-3-66, MIB-84-3-3-4 and
MIB-119-5-7-33 indicated a higher value for SVI
under higher stressed condition (15%). This
showed their potential ability to tolerate the
stress. In contrast, MIB-119-5-7-18 had the
lowest SVI (334.23) which was on par with MIB-
29-2-3-21 (408.53), MIB-29-8-5-31(428.04) and
MIB-43-5-3-66 (431.14). The mean SVI was
highest under control conditions (934.77) while
15% PEG concentration produced a lower mean
SVI (188.88) than the 10% PEG concentration
(491.89). Similar results were given by Sagar et
al. [16], Violita Azhari [33] and Sathyabharathi et
al. [34]. Early seedling vigour determines rapid
and uniform seeding emergence, seedling
growth and tolerance to adverse climatic factors
[35].

SVI

2500
2000
1500

SvI

1000

sooII
0
> D

v ,-,)00

D

%o —
——
0 —

NS5 5 O A D %
5oV SV N G D '\,»:\'f > o>
oV 07 27 o o & °o<° °o<° %" <o°’ <o°’ %q’ %Q’ RS AN
Y G R B PN A IR IR

& o & & ™ N R R N

RUINANAR N O SNAING 3’3’\‘{’3’@%3’%@'@'@'
S @@@@@@@@Qs@\@\@\@\

Lines
m0%PEG W10%PEG M 15% PEG

Fig. 5. Effect of PEG on seedling vigour index (SVI) in different backcross inbred rice lines
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4. CONCLUSION

The backcross inbred rice lines exhibited
significant variation in germination, early seedling
growth and tolerance under different PEG
induced drought stress conditions. The highest
reduction in seed germination and growth traits
was recorded under 15% PEG. The lines MIB-
29-2-3-1, MIB-29-8-5-35, MIB-43-5-3-66 and
MIB-119-5-7-33 showed better performance
under 15% PEG concentration for the traits
number of seeds germinated, root length, shoot
length, germination index, germination stress
tolerance index and seedling vigour index.
These promising drought tolerant lines can be
further advanced through pedigree method to
develop high yielding drought resistant rice
varieties.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative
Al technologies such as Large Language

Models (ChatGPT, COPILOT, etc.) and
text-to-image generators have been used
during the writing or editing of this
manuscript.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. FAQO; 2023.

Available:https://www.oecd.org/en/publicati
ons/2023/07/oecd-fao-agricultural-outlook-
2023-2032_859ba0c2.html

2. Pandey S, Bhandari H, Hardy B, editors.
Economic costs of drought and rice
farmer’s coping mechanisms: A cross-
country comparative analysis. Los Bafios
(Philippines): International Rice Research
Institute; 2007.

3. Simon Swapna, Korukkanvilakath Samban
Shylaraj. Screening for Osmotic Stress

Responses in Rice Varieties under
Drought Condition. Rice Sci.2007;24
(5):253-263.

4. Kaufmann MR, Eckard AN. Evaluation of
Water Stress Control with Polyethylene
Glycols by Analysis of Guttation. Plant
Physiol, 1971; 47:456.

10.

11.

12.

13.

14.

15.

598

Robin AHK, Uddin MJ, Bayazid KN.
Polyethylene Glycaol (PEG)-Treated
Hydroponic Culture Reduces Length
and Diameter of Root Hairs of

Wheat Varieties. Agron. J. 2015;5(4):506-
518.

Shreyas Rajeswar, Narasimhan S.
PEG-induced Drought Stress in
Plants: A Review. RJPT. 2021;14(11):
6173-8.

Oertli JJ. The response of plant cells to
different forms of moisture stress, J. Plant
Physiol. 1985;121:295-300.

Evered C, Majevadia B, Thompson DS.
Cell wall water content has a direct effect
on extensibility in growing hypocotyls of
sunflower (Helianthus annuus L.), J Exp
Bot. 2007;58:3361-3371.

Anand, S. Stacking QTLS for drought
tolerance into high vyielding short duration
rice variety Manuratna. Ph.D(Ag) thesis,
Kerala Agricultural University, Thrissur;
2023.

Association of Official Seed Analysis
(AOSA). Seed vigor testing handbook.
Contribution No. 32 to the Handbook on
Seed Testing ;1983.

Ashraf MY, Hussain F, Akhter J, Gul A,
Ross M, Ebert G. Effect of different
sources and rates of nitrogen and
supra optimal level of potassium
fertilization on growth, yield and nutrient
uptake by sugarcane grown under saline
conditions. Pak J Bot, 2008;40(4):
1521-1531.

Akram HM. Drought tolerance of wheat as
affected by different growth substances
application at various growth stages.
Doctoral Thesis. Botany Department,
Punjab University, Lahore; 2007.

Abdul-Baki AA, Anderson JD. Vigor
determination in soybean seed by multiple
criteria. Crop Sci. 1973;13(6): 630-633.

Gopinath PP, Prasad R, Joseph B, Adarsh
VS GRAPES: General Rshiny based
analysis platform empowered by statistics;
2020.

Herawati R, Purwoko B S, Dewi | S,
Romeida A, Ganefianti D W, Marlin.
Analysis of polyethylene glycol (PEG) and
proline to evaluate drought stress of
double haploid new type upland rice
lines. Int. J. Agric. Technol. 2020;16(4):
785-798.


https://www.oecd.org/en/publications/2023/07/oecd-fao-agricultural-outlook-2023-2032_859ba0c2.html
https://www.oecd.org/en/publications/2023/07/oecd-fao-agricultural-outlook-2023-2032_859ba0c2.html
https://www.oecd.org/en/publications/2023/07/oecd-fao-agricultural-outlook-2023-2032_859ba0c2.html

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pavithran et al.; Int. J. Plant Soil Sci., vol. 36, no. 10, pp. 590-600, 2024; Article no.lJPSS.126046

Sagar A, Rauf F, Mia M, Shabi T,
Rahman T, Hossain AKMZ. Polyethylene
Glycol (PEG) induced drought stress on

five rice genotypes at early
seedling stage. JBAU. 2020;18(3):
606-614.

Hartyanto AASP, Triharyanto E.

Pujiasmanto B.Drought tolerance testing of
paddy variety Inpari 4 with PEG-6000 in
the germination phase. In IOP Conference
Series: Earth Environ Sci. 2024;1323(1):
012024.

Dodd GL Donovan LA. Water potential and
ionic effects on germination and seedling
growth of two cold desert shrubs. Am. J.
Bot. 1999;86:1146-1153.

Kadam N N, Tamilselvan A, Lawas LM F,
Quinones C, Bahuguna RN, Thomson MJ,
et al. Genetic control of plasticity in root
morphology and anatomy of rice in
response to water deficit. Plant Physiol.
2017;174:2302—-2315.

Bilah M, Aktar S, Brestic M,
Zivcak M, Khaldun ABM, Uddin MS,
Bagum SA, Yang X, Skalicky M, Mehari
TG, Maitra S. Progressive genomic
approaches to explore drought-and salt-
induced oxidative stress responses in
plants under changing climate. Plants
2021;10(9):1910.

Mahpara S, Zainab A, Ullah R, Kausar S,
Bilal M, Latif MI, Arif M, Akhtar I, Al-
Hashimi A, Elshikh MS, Zivcak M, Zuan
ATK. The impact of PEG-induced drought
stress on seed germination and seedling
growth of different bread wheat (Triticum
aestivum L.) genotypes. PL0S One.
2022;17(2): 0262937.

Anik TR, Islam MA, Uddin MlI, Islam MM,
Rashid M, Hossain MM, Razia S, Haque
MS, Screening and molecular analysis of
some rice (Oryza sativa L.) genotypes for
drought tolerance at seedling stage. JAPS
2021; 31(6).

Vibhuti V, Shahi C, Bargali K, Bargali S.
Seed germination and seedling growth
parameters of rice (Oryza sativa) varieties
as affected by salt and water stress. Indian
J. Agric. Sci. 2015; 85: 102-108.

Islam MM, Kayesh E, Zaman E, Urmi TA,
Haque MM. Evaluation of rice (Oryza
sativa L.) genotypes for drought tolerance
at germination and early seedling stage.
2018;44-54.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

599

Fatimah S, Amzeri A, Syafi M and
Purwaningsih Y. Screening of Red Rice
(Oryza sativa L.) Landraces for Drought
Tolerance at Early Stages Using PEG
6000. AGRIVITA Journal of Agricultural
Science. 2023:45(2);199-208.

Purbajanti ED, Kusmiyati F, Fuskhah E, R
Herawati osyida R, Adinurani PG
Vincévi¢a-Gaile Z. Selection for drought-
resistant rice (Oryza sativa L.) using
polyethylene glycol. InIOP Conference
Series: Earth Environ. Sci. 2019;293(1)
:012014.

Matsuo T, Kumazawa K, Ishii R, Ishihara
K, Hirata H. Science of the rice plant.
Physiology, Food and Agriculture Policy
Research Center: Tokyo, Japan. 1995;2.

Pope EM, Opile W, Ngode L, Chepkoech
E. Evaluation of Upland Rice Response to
Water Stress Using Polyethylene Glycol
(PEG-6000) at Germination and Early
Seedling Stage. AJRCS. 2024;9(1):37-49.

Bukhari MA, Shah AN, Fahad S, Igbal J,
Nawaz F, Manan A. Baloch MS Screening
of wheat (Triticum aestivum L.) genotypes
for drought tolerance using polyethylene
glycol. Arab. J. Geosci. 202114(24):2808.

Siddique F, Ahmed MS, Javaid RA, Hanif
A, Rabnawaz M, Arshad M, Raza | Majeed
A, 2023. Screening of elite coarse rice
lines for drought stress simulated by
polyethylene glycol (PEG) at seedling
stage PJAR. 2023;36(1);71-79.

Faroog M, Hussain M, Wakeel A, and
Siddiqgue KHM. Salt stress in maize:
effects, resistance mechanisms, and
management. A review. ASD. 2015;35:
461-481.

Roy RC, Sagar A, Tajkia JE, Razzak MA,
Hossain AKMZ, Effect of salt stress on
growth of sorghum germplasms at
vegetative stage JBAU. 2018;16: 67-72

Violita V Azhari, S. Effect of PEG-8000
imposed drought stress on rice varieties
germination. J. Phys. Conf. Ser.
2021;1940;1;012071.

Sathyabharathi B. Nisha C. Jaisneha J.
Nivetha V. Aathira B. Ashok S.
Sarankumar C. and Sampath S. Screening
of Genotypes for Drought Tolerance Using
PEG 6000 in Different Landraces of Rice
(Oryza sativa L.). International Journal of
Plant & Soil Science. 2022;34(22):1424-
1434,



Pavithran et al.; Int. J. Plant Soil Sci., vol. 36, no. 10, pp. 590-600, 2024; Article no.lJPSS.126046

35. Mahender, Anandan S K. Pradhan. physio-morphological parameters and
Early seedling vigour, an imperative trait molecular markers. Planta. 2015;241:
for direct-seeded rice: an overview on 1027-1050.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/126046

600


https://www.sdiarticle5.com/review-history/126046

