Research Article

Int J Environ Sci Nat Res

Volume 27 Issue 3 - March 2021
DOI: 10.19080/IJESNR.2021.27.556214

Copyright © All rights are reserved by Haroon Ilahi

Evaluation of Rice Hybrids Under Artificial
Drought Stress by Using Polyethylene
Glycol (PEG)
Inzamam Hussain1, Haroon Ilahi1*, Muhammad Adnan2, Fazal ur Rehman3, Diyan Ahmad4, Imad Ali4, Ijaz Amin1,
Ghani Subhan1, Aziz Ullah5, Muneeb Ur Rehman6 and Atta Ullah1
1

Department of Agriculture - The University of Swabi, Pakistan

2

Department of Agronomy, College of Agriculture, University of Sargodha, Pakistan

3

Department of Plant Pathology, College of Agriculture, University of Sargodha, Pakistan

4

Department of Agronomy - The University of Huripur, Pakistan

5

Department of Horticulture - The University of Agriculture, Peshawar, Pakistan

6

Department of Agronomy, Amir Muhammad Khan Campus, Mardan - The University of Agriculture,

Submission: February 22, 2021; Published: March 08, 2021

*Corresponding author: Haroon Ilahi, Department of Agriculture, The University of Swabi, Pakistan

Abstract
The current climate change is arising as a serious risk to the global food security because it disturbs the crop productivity by creating drought
conditions. Integrated approaches are needed to enable the crop plants to combat this alarming issue. The act of identification and development
of resistive genotypes through various techniques, served as an interesting solution to this alarming issue. Current study was conducted in
order to scrutinize the drought tolerance among various rice hybrids i.e., G-50, G-403, LP-18, WDR-73 by using polyethylene glycol (PEG). All
hybrids were grown hydroponically in petri plates by using four different PEG levels (0%, 10%, 20% and 30% PEG). After two weeks’ different
phenotypic parameters i.e., germination percentage, mortality rate, number of roots, shoot length, root length, fresh weight and dry weight were
studied in order to observe the resistance of the hybrids towards drought. After comprehensive examination we observed that among all five
hybrids, G-50 and G-403 showed better results for the above-mentioned phenotypic traits which indicates its high resistance towards drought
as compared to control and other hybrids. The hybrid G-50 and G-403 shows 15-10 % and 5-10 % enhancement in all parameters respectively.
The results suggested that the two rice hybrids i.e., G-50 and G-403 are suitable for drought affected areas in order to ensure the food security.
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Introduction
The changing climate of the world has been arising as the most
problematic issue for the society today [1,2]. Climate change, also
known as global warming, refers to an increase in average surface
temperature on earth which may be exposed through some
compelling evidence [3]. Climate change is now an increasingly
significant concern because of its large socio-economic
consequences. The climate of earth is changing continuously
because of various natural and anthropogenic agents [4]. It has
been observed from different experiments that large explosive
volcanic eruptions are the main culprits of natural climate change
over the past centuries by releasing a huge amounts of particulate
matter (ash) and gases into the stratosphere [5]. On the other
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hand, the anthropogenic climatic variability arises due to
various human activities such as industrialization, deforestation
and release of different greenhouse gases. It is predicted that
extreme climate change will increase the intensity of the extreme
events. i.e., floods, droughts, hurricanes etc. [6]. Among various
disasters arising due to changing climatic conditions the most
detrimental one to the whole world is drought. Drought is a
global problem, significantly limiting worldwide crop production
and ongoing global climate change have actually made things
more serious [7-10]. Drought is considered as one of the most
important environmental stress that influences all forms of life.
Soil microbes are considered as fertility enhancers [11], thus
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drought have dramatically adverse effects especially on plants,
its growth, development and microbes etc. Hence, it is viewed as
an important challenge to agricultural researchers. In the current
scenario, drought is arising as a major threat to the global food
security as it has made interference in the performance of rice
crop which provides nutrition to more than three billion people
and comprising 50-80% of their daily calorie intake [12]. Many
poor countries are facing the problem of food items and nutrients
deficiency problems [13]. Rice (Oryza sativa L.) is important
crop [14] and locally known as Chawal. It is served as staple food
which aims for ensuring food security sustainable livelihoods
for millions of people of more than half the world’s population.
Rice requires ample amount of water for its production but the
whole world especially Pakistan is facing water crisis day by day
due to climate change effects and per capita water consumption
due to increase of population. Under these scenario rice varieties/
hybrids development is need of the day that can withstand with
limited water resources. Different approaches have already been
used from period to period to classify drought tolerant gene
variants for this purpose and measures have been taken in the old
days to monitor tomato varieties that vary in drought resistance
[15].

Numerous studies demonstrated that one of the reliable
approaches to the selection of suitable genotypes for thorough
analysis of water shortage on plant germination indices is the in
vitro screening strategy using PEG [16]. Polyethylene glycol (PEG)
derivatives have been used to cause osmotic pressure in the petri
plates (in vitro) during the experimental phase for plants to keep
a consistent water capacity. In several studies, polyethylene glycol
(PEG) has also been used to screen drought-tolerant germplasm as
an abiotic stress enhancer [17]. PEG is a polymer and considered
as better chemical than others to induce water stress artificially
[18]. PEG induced osmotic stress is inductee to decrease cell water
potential [19]. In some crop plants, the rise in PEG concentration
triggered a decline in the percentage of germination and seedling
vigour [20]. Keeping in mind about conditions, current study was
planned to explore such type of rice genotypes that have higher
tolerance to drought.

Material and Methods
Experimental site

Present experiment was conducted in the crop physiology
laboratory of Crop Sciences Institute (CSI) at National Agriculture
Research Center Islamabad (NARC) during 2019.

Experimental design and treatments

To conduct this CRD factorial experiment, five rice hybrids
named as pearl super, G-50, G-403, LP-18, WDR-73 were taken
from Rice Research Program, CSI, NARC. These hybrids were tested
against artificial drought created through different concentration
(0%, 10%, 20% and 30%) of polyethylene glycol (PEG) in test
tubes with three number of replications.
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Methodology
Forty test tubes were taken and washed properly by using
detergents. The PEG solution (w/v) of different concentrations
were prepared as 0% (PEG solution mean only distilled water),
10% (PEG solution; 5 gram of polyethylene glycol in 50ml distilled
water), 20% (PEG solution 10 gram of polyethylene was dissolved
in 50ml distilled water) and 30% (PEG solution 15gram of
polyethylene glycol was dissolved in 50ml distilled water).

After preparation, one large filter paper was divided into 40
small equal pieces according to tube size and kept it in water
for soaking. After complete soaking of filter paper, took the one
small piece of filter paper and spread it in petri dish and placed 10
seeds of one hybrid in it and folded it and placed it inside the test
tube having labeled with the name of concern hybrid. Similarly
repeated the same process for all rice hybrids. After filling all
tubes with filter paper having rice seeds, 5ml of specific solution
(0%, 10%, 20% and 30%) was added to each tube according to
its label i.e., T1, T2, T3 and T4. After the completion of the whole
process the stands were taken into darker side in the laboratory
and kept it there to germinate.

Data collection

The data regarding germination percentage, mortality rate,
number of roots, shoot length, root length, fresh weight and
dry weight were collected after seven days of the experiment
initiation.

Statistical analysis

The data were analyzed statistically by using Fisher analysis
of variance technique and treatments means were compared by
using the least significant difference test (LSD) at 0.05 probability
[21].

Results and Discussion

Germination percentage
Germination Percentage of rice was significantly influenced
due to the treatment (Figure 1). Data indicated that hybrid G-50
showed highest germination at 20% PEG which shows it was
highly resistant to drought stress. Similarly, the remaining four
hybrids named pearl super, G-403, LP-18 and WDR-73 showed
highest germination at 20% PEG, 30% PEG, 10% PEG and 20%
PEG respectively. These results are confirmed by the findings of
[22].

Mortality rate

Mortality rate of rice was significantly influenced due to the
treatments (Figure 2). Data indicated that hybrid G-50 had lowest
mortality rate, 0% at 30% PEG which shows its resistance to
drought stress. Similarly, the remaining four hybrids named pearl
super, G-403, LP-18 and WDR-73 showed lowest mortality rate at
30% PEG, (30% & 20% PEG), 10% PEG and 30% PEG respectively.
These results are confirmed by the findings of [20].
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Figure 1: Germination % of rice hybrids seedlings at different PEG levels.

Figure 2: Mortality rate of rice hybrids seedlings at different PEG levels.

Figure 3: Number of roots of rice hybrids seedlings at different PEG levels.
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Number of roots

Shoot length

Number of roots of rice was significantly influenced due to
the treatment (Figure 3). Data indicated that hybrid G-50 showed
maximum number of roots, 3.8 at 30% PEG which shows that it
was highly resistant to drought stress. Similarly, the remaining
four hybrids, pearl super, G-403, LP-18 and WDR-73 showed
maximum number of roots, 2.3, 3, 4, 2.3 at 10% PEG, 30% PEG,
30% PEG and 20% PEG respectively. These results are confirmed
by the findings of [23].

Shoot length of rice was significantly influenced due to the
treatments (Figure 4). Data indicated that hybrid G-50 showed
maximum shoot length, 9.91cm at 30% PEG which shows that
it was highly resistant to drought stress. The remaining three
hybrids named pearl super, G-403 and LP-18 showed reduction in
shoot length under different PEG levels as compared to controls
while the hybrid WDR-73 showed greater shoot length at 10%
PEG. These results are confirmed by the findings of [24].

Figure 4: Shoot length of rice hybrids seedlings at different PEG levels.

Root length
Root length of rice was significantly influenced due to the
treatments (Figure 5). Data indicated that hybrid G-50 showed
maximum root length, 16.31cm at 10% PEG which shows that it
was highly resistant to drought stress. In the given figure hybrids
named pearl super and LP-18 showed reduction in root length
under different PEG levels as compared to controls while the

hybrids G-403 and WDR-73 showed greater shoot length 14.01cm
and12.66 at 10% PEG and 20% PEG respectively. The figure shows
that among the five hybrids the hybrid G-50 showed maximum
shoot length, 16.31 cm at 10% PEG, [25] hence showing greater
resistance under drought condition compared to remaining four
hybrids.

Figure 5: Root length of rice hybrids seedlings at different PEG levels.
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Fresh weight
Fresh weight of rice was significantly influenced due to the
treatments (Figure 6). Data indicated that hybrid G-50 showed
maximum fresh weight 225 mg at 30% PEG which shows that it
is highly resistant to drought stress. Similarly, the remaining four
hybrids named pearl super, G-403, LP-18 and WDR-73 showed

maximum fresh weight 160, 165, 205 and 250mg at 30% PEG,
30% PEG, 20% PEG and 10% PEG respectively. The figure shows
that among the five hybrids the hybrid WDR-73 showed maximum
fresh weight 250mg at 10% PEG, hence showing greater resistance
under drought condition compared to remaining four hybrids.
These results are confirmed by the findings of [23].

Figure 6: Fresh Weight of rice hybrids seedlings at different PEG levels.

Dry weight
Dry weight of rice was significantly influenced due to the
treatments (Figure 7). Data indicated that hybrid WDR-73 showed
maximum dry weight 60mg at 30% PEG which shows that it is
highly resistant to drought stress. Similarly, the two hybrids
named G-403 and LP-18 showed maximum dry weights 45 and

50mg at 20% PEG, and 30%PEG respectively. While the hybrid
G-50 showed reduction in dry weights under different PEG levels
as compared to control and hybrid, Pearl Super do not show
any response to various PEG stress levels. The figure shows that
among the five hybrids the hybrid WDR-73 showed maximum dry
weight 60mg at 30% PEG, [26] hence showing greater resistance
under drought condition compared to remaining four hybrids.

Figure 7: Dry Weight of rice hybrids seedlings at different PEG levels.

Conclusion
On the basis of above result and discussion it is concluded
that among all the five hybrids, two hybrids named as; G-50 and
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G-403 are the most drought resistant hybrids. Both of the hybrids
showed its better performance from the enhancement of its shoot
and root length as compared to control one. On the basis of its
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improved shoot and root growth in the drought condition we
recommend it as suitable for dry areas in order to ensure food
security. It is further recommended that the performance of the
resistive two hybrids can be enhanced more by working on its
genotypic aspects in the future.
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