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ABSTRACT

Drought is a climate problem which has become a major constraint on crop production and causing social and economic
devastation to local farmers worldwide. This climate issue has been the most destructive factors for rice cultivation and
therefore requires scientist to be more responsive to this problem. In this study, we investigated the effect of drought
stress at an early vegetative stage on plant growth, physiology and root anatomy of a few selected known tolerance rice
varieties. Rice seeds were first germinated on moisturized filter papers before transplanted into polybags filled with topsoils.
Drought treatment was imposed 4 weeks after transplanting until the first sign of rolled leaves were seen. In this study,
drought had no major impact on plant height but reduced dry matter accumulation was seen in all varieties. Drought exposure
had also triggered changes in the overall content of chlorophyll but not in the composition of chlorophyll a and b. Meanwhile,
plants subject to drought in some parameters had better root morphology and structure compared to normal irrigation,
especially in Kuku Belang, Apami and Huma Wangi Lenggong. However, depending on the variety, the responses varied in
different order of magnitude.
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INTRODUCTION

Rice or Oryza sativa L. is one of the best sources of
carbohydrates and energy for humans. Rice intake
accounts for approximately 60% of total diets in the
population of Southeast Asia, and 35% in East and
South Asia. The ASEAN (Association of Southeast
Asian Nations) countries like Cambodia, Indonesia,
Laos, Myanmar, Thailand, and Vietnam are among the
peoples’ largest per capita rice consumers during the
year (Dunna & Roy, 2013). In many countries, the
importance of rice has always been tied to food
security, and ongoing efforts have been made to
keep pace with people’s increasing demands.
Nevertheless, efforts are also interrupted by rapid
urbanization and industrialization where the
freshwater crisis in many parts of the world is
becoming a serious issue (Weller et al., 2016).

Meanwhile, rice production in Malaysia was
approximately 2.8 (0.4%) million tons out of the total
Asian production of 656.4 million tons. The country
generates 70% of its self-sufficiency rates compared
to its domestic demand, while the remaining 30%
have been mainly imported from Thailand, Vietnam,
and Pakistan. The import of rice in 2015 was
calculated to be around 960000 tonnes and the
numbers are expected to rise around 1.347 billion
tonnes in 2020 due to population increase (FAO,
2018). It is a cause for concern since the inability to
increase production capacity could lead to a food
crisis in the country, especially in the emergency or
pandemic situation. The effort to introduce new
paddy fields in the country seemed to be an
alternative way to increase rice production.  However,
despite the hard efforts of farmers, climate
uncertainty has become the biggest challenge to
plant productivity, as has been the case in many
other new paddy fields.
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Low rice production is believed to have been
affected by several external factors, including a lack
of technology and global climate change. Increased
environmental stress, including high temperatures,
precipitation shortfalls, and overflow, all of which
have been partly driven by climate change (Arnell
et al., 2019). Droughts have, among other things,
been persistently threatening and have caused more
crop yield damage and probably more losses than
any other environmental stress, with disastrous
consequences for the economy, society, and the
environment (Farooq et al., 2009; Naumann et al.,
2018). Drought can be referred to as prolonged
periods of an abnormal rainfall deficit resulting in
water shortage, crop damage, degradation of
streamflow and groundwater or reduction of soil
moisture, a disruptive natural disaster that may cause
a decreasing number of sectors (Fadhilah et al., 2012).
As a high water-consuming crop, around 76% of
the global rice cultivations are irrigated paddy
fields. Thus, rice production relies heavily on the
availability of freshwater, rendering it vulnerable to
drought stress in the region where water is often
scarce (Fageria, 2007; Pandey et al., 2007).

One of the strategies for enhancing crop
production in drought-prone areas is to look at the
root phenotype of drought tolerance. Root features
have been said as being important and crucial to
increasing drought tolerance in plants (Pandey &
Shukla, 2015; Messina et al., 2015). The development
of root anatomy and structure will largely determine
crop function under drought especially in rice
(Mostajeran & Rahimi, 2008; Singh et al., 2013;
Ouyang et al., 2020). To obtain new crops that are
tolerant to climate change, having different root
characteristics might be required compared to the
sensitive domestic trait. This research has therefore
been conducted to study the performance of
rice growth through morpho-physiological and
anatomical approaches among the few selected rice
varieties since the study on the response of rice to
drought stress is still inadequate, especially about
root behaviour.

MATERIALS AND METHODS

The experiment was conducted at the Glasshouse
and Nursery Complex (GNC), International Islamic
University Malaysia, Kuantan, Pahang. In this
experiment, six varieties were tested; Kuku Belang,
Apami, Pulut Malaysia 1, Merah Wangi, Huma Wangi
Lenggong, and MR297 that were obtained from the
Rice Gene Bank, MARDI Seberang Perai, Pulau
Pinang, Malaysia. These varieties were selected
because they suggested high resilience against
drought condition except for MR297 (Salleh, 2020).
The seeds were first germinated on moisturized filter

papers before transplanted into polybags filled with
100% topsoils from Kuantan series. After 28 days of
transplanting, drought was imposed by stopping the
watering until the first sign of rolled leaves were seen
on any plant (-45 kPa). In this research, it was not
re-watered for all types when subjected to drought
to detect how resilient it would be and for imitating
the actual non-rainfall in a field where the situation
without water would usually exceed 7 days.
Meanwhile, for normal watering, the water level was
maintained at 3 – 5 cm above the plant’s basal point
(Salleh et al., 2018). The domestic widely grown
MR219 variety was used as a positive control in this
study.

Plant height
The data for plant height were obtained by

measuring the plant from the basal to the youngest
tip of the leaf shoot. The measuring was done shortly
before harvesting the plant to reflect the final
achievement of height affected by the treatments.

Total biomass
For total plant biomass, the entire plant

components including leaves, culms, and roots were
harvested and washed off from any loose soil. The
specimens were then air-dried in a ventilated oven
at 68°C until the constant weight was achieved.

Total content and composition of chlorophylls
Total chlorophyll content was measured

according to Porra et al. (1989) with minor
modification. Fresh weight of leaves was homo-
genized using a pestle and a mortar in 10 mL of 80%
acetone. The extracts were centrifuged for 10 min
at 9000 rpm and the supernatant was collected,
the chlorophyll content was measured using a
spectrometer and calculated as below:

Chl a = 13.71.A (663.6-750) – 2.85.A (646.6-750)

Chl b = 22.39.A (663.6-750) – 5.42.A (646.6-750)

Chl a + b = 19.54.A (663.6-750) + 8.29.A (646.6-750)

Where A (X-750) is the difference in absorbance
between X nm and 750 nm.

Root anatomy
Root samples were cut at 5 cm from the root tips

and cut in a thickness range (50 – 100 μm) using a
sliding microtome and stained in Safranin and Alcial
blue for approximately 15 minutes. The sectioned
roots were then placed on a slide with a few drops
of distilled water before covering it with a cover slide
(Metcalfe & Chalk, 1979; Noraini, 2006). Images of
root anatomy were observed under a compound
microscope at 4x magnification (scale bar at 0.2 μm)
using Leica LAS EZ software.
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Statistical analysis
The statistical test was performed using

SigmaPlot analysis software. The data were analyzed
by using the Analysis of Variance (Two-way
ANOVA) at 5% level to determine the significant
difference among treatments. The level of
significance was accepted at p<0.05 (Tukey test).

RESULTS AND DISCUSSION

This experiment was done to evaluate the potential
resilience of few selected Oryza sativa L. varieties
when subjected to drought treatments at the seedling
stage including MR297, Kuku Belang, Apami, Huma
Wangi Lenggong, Pulut Malaysia 1 and Merah
Wangi. Previous research showed that proper
irrigation during the vegetative stage could be the
most crucial, as it could decide the later stage of rice
production (Fukai et al., 1999; Inthavong et al., 2011;
Ji et al., 2012; Trijatmiko et al., 2014). It was
previously reported that drought occurring during
the vegetative stage consequence in 21%–50.6% rice
yield reduction (Guan et al., 2010; Sarvestani et al.,
2008). During this level, in particular water and
temperature stress, the plant is in the process of
active growth but too fragile to any external
environmental influence.

For this research, there was no re-watering done
to see how robust it would be for every variety when
it was subjected to drought. After the last watering,
all plants were introduced with continuous drought
stress and stopped when the first sign of rolling

leaves was seen in any of the plants. Based on our
findings, drought had no effect on plant height at
the seedling stage (Figure 1). However, it was found
to be significant amongst varieties in both drought
stress and normal condition. Kuku Belang reported
the highest plant height in drought stress while Huma
Wangi Lenggong was the lowest. Nevertheless, data
on plant height was not correlated with a total
accumulation of dry weight. As illustrated in
Figure 2, the dry matter was substantially affected
by drought in all varieties with a reduction from 19%
to 44% relative to their normal state. The durability
towards drought in each variety was also different
with Pulut Malaysia 1 recorded the highest whilst
Merah Wangi was the most affected.

In multiple plant development, morpho-
physiological parameters including plant height and
accumulation of dry matter may be a simple but
important indicator for survival rate and growth
analysis. During drought, stomata were reported to
close to avoid continuous water loss on the path of
transpiration (Pirasteh-Anosheh et al., 2016). This
has a trading effect, however, in which carbon
assimilation for photosynthesis is decreased and
thus dry matter accumulation is reduced. Drought
during the vegetative process limits the growth of
the root system, which in turn decreases the area of
the leaves, the number of leaves per plant, the size
and the longevity (Boonjung & Fukai, 1996).
However, the resilience characteristic of rice towards
drought is variety and genotype dependent (Serraj
et al., 2011). Due to their native localization, different
responses among varieties were expected in this

Fig. 1. Effect of drought stress on plant height of few selected Oryza sativa L. varieties at early
vegetative stage. Each bar represents the mean and standard error from three biological replicates
(Tukey, n=3). The drought did not affect plant height at the seedling stage. However, it was found
to be significant amongst varieties in both drought stress and normal condition (Two-way ANOVA
at p<0.05).
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study. Kuku Belang and Huma Wangi Lenggong are
both from rain-fed upland varieties whilst Apami,
Merah Wangi, and MR297 are all lowland types.
Therefore, we propose that the lower decrease
observed in Kuku Belang and Huma Padi Lenggong
(19% & 20%, respectively) is due to their
morphological and genetic variances in upland
drought stress. The high tolerance characteristic of
upland rice germplasm has been used to improve
drought tolerance through hybridization with high-
yielding characteristics of lowland cultivars (Gu et
al., 2012).

The examination of leaf sensitivity to drought
stress was proceeded by calculating the total content
of chlorophyll from growing plant’s fully formed
leaf. Chlorophylls are responsive green pigments
incorporated in chloroplast into the thylakoid
membrane, and prolonged drought is known to
weaken the structure and contribute to photo-
synthesis cycle dysfunction. The concentration of
chlorophyll content was recognized as a source of
measurement index, which was considered to be a
non stomatal limiting factor in the state of drought
stress  (Khayatnezhad & Gholamin, 2012). It was also
suggested as a reliable parameter in screening
germplasm for drought tolerance (Li et al., 2006).
Based on the finding, drought had significantly
reduced the total chlorophyll content in leave
samples especially in MR297, Apami, and Merah
Wangi compared to their respective normal watering
(41%, 38% and 47%, respectively) (Figure 3).
However, both Apami and MR297 were still higher
in chlorophyll than few other varieties, including
Merah Wangi and Pulut Malaysia 1. The Kuku
Belang meanwhile registered the highest total

chlorophyll followed by Apami and Huma Wangi
Lenggong. According to Rahbarian et al. (2011), the
content of photosynthetic pigment including
chlorophyll a/b was reduced under water stress.
Reductions in chlorophyll content have been
reported to slow down the activity of photosynthesis
(Mafakheri et al., 2010). This may be the point
of reference for lower dry matter decreases in
Kuku Belang, Apami, and Huma Wangi Lenggong
(Figure 2).

While total chlorophyll is an indicator of a
healthy plant, the Chlorophyll a:b provides the
information of the composition between Chl a in the
Photosystem II (PSII) reaction centers and the Chl b
that is only found in the light-harvesting complex
(LHC). In the case of drought, the reduction of Chl
b was higher than that of Chl a, thus increasing the
ratio for Chl a (Jaleel et al., 2009; Jain et al., 2010).
The ratio Chl a:b is, therefore, a sensitive indicator
of changes in the relative composition of the light-
harvesting systems within a leaf. Based on Figure 4,
the numbers of Chlorophyll-a in the reaction centers
were balanced with the number of antenna presence
in the thylakoid membrane. It can therefore be seen
that, in this analysis, drought results in altered total
content but not the chlorophyll composition.

The investigation of root traits in this study
also explored the potential of high tolerance
characteristics in all varieties tested for drought
stress. Despite several studies examining different
aspects of growth and development of paddy under
drought stress, there is often a lack of a direct link
to the functionality of root development for
tolerance. It leads to less access to learning more
about what is happening in this essential organ

Fig. 2. The effect of drought stress on dry weight accumulation of few Oryza sativa L. varieties at
early vegetative stage. Each bar represents the mean and standard error from three biological
replicates (Tukey, n=3). In this experiment, drought and varieties had significantly affected the
accumulation of total dry weight (Two-way ANOVA at p<0.05)
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Fig. 4. The effect of drought stress on chlorophyll composition of Oryza sativa L. varieties at early
vegetative stage. Each bar represents the mean and standard error from three biological replicates (Tukey,
n=3). The drought had a significant effect on the chlorophyll composition in leaves at the seedling
stage. However, it was found that there was no significant amongst varieties (Two-way ANOVA at

Fig. 3. The effect of drought stress on chlorophyll content of Oryza sativa L. varieties at early
vegetative stage. Each bar represents the mean and standard error from three biological replicates (Tukey,
n=3). In this experiment, drought and varieties had significantly affected the formation of chlorophylls
in leaves (Two-way ANOVA at p<0.05).

during a drought in rice. This research focused on
the differentially modified root structure of these
selected varieties of rice affected by drought stress.
The images of root tissue were captured using
the same bar scale (0.2 μm) of which all images of

the crossed section could be observed clearly.
According to Figure 5, although a sign of shrinkage
has been seen in all drought-induced root samples,
was nonetheless showed larger in diameter (11%,
56.3%, 57.6%, 34.1%, 17.6% in MR297, Kuku Belang,
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Fig. 5. The effect of drought stress on root anatomy of Oryza sativa L. varieties at early vegetative stage. Images of root
anatomy were observed under a compound microscope at 4x magnification (scale bar at 0.2 μm) using Leica LAS EZ
software.

Figure 5 continued...
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Apami, Huma Wangi Lenggong and Pulut Malaysia
1, respectively) compared to that of their respective
normal condition with exception to Merah Wangi
(-6.4%). Also, the number and type of metaxylem in
drought stress plants were better than control except
in Merah Wangi. Metaxylem is likely to be associated
with maintaining conductivity and presumably as
an advantage in increasing the extraction of water
from deeper soil layers (Singh et al., 2013).
Meanwhile, the diameter of the xylem was also stated
to be proportional to the root diameter, maximizing
water access and productivity under water shortages
(Wang et al., 2018).

In this analysis, larger aerenchyma tissues were
found in Kuku Belang, Apami, Huma Wangi
Lenggong, and Pulut Malaysia 1 seedlings grown
during the drought as against their normal water
status. Rice is a semi-aquatic cereal that is usually
grown under flooded conditions and thus
aerenchyma tissue has been recognized as an
anatomical adaptive feature essential for survival
under flooded conditions that provides a low-
resistance diffusion route for oxygen transport (Kawai
et al., 1998; Pradhan et al., 2016). In the sense of
drought stress, however, the production of greater
root aerenchyma was suggested as an acclimation
strategy for increasing the tolerance of droughts in
plants as portrayed in this study. Root aerenchyma
was reported to reduce root respiration in the plant
by converting living cortical tissue to air volume
(Zhu et al., 2010). The increase of aerenchyma tissue
under drought also helped to reduce the root
metabolic costs, enabling better root growth and
better water extraction from drying soil (Zhu et al.,
2010).

Furthermore, the production of root hair in plants
was a sign of response to a reduction in soil moisture
and could compensate for a reduction in root
elongation by increasing the surface area in dry soil
(Mackay & Barber, 1985: Bates & Lynch, 2001;
Wasson et al., 2012). In the present study, all plants
have had varying responses in the formation of root
hairs under drought. Both Kuku Belang and Apami
showed more proliferation of root hair compared to
their control, while Huma Wangi Lenggong was
visibly almost the same as normal watering.
However, drought stress was found to seriously
affect the growth of the root hair in both MR297 and
Merah Wangi. Extreme water stress has been
reported to increase soil resistance and thus inhibit
root growth and development to deepen water
exploration in the soil (Comas et al., 2005).
Nevertheless, reduced growth of the main roots
will be offset by the development of more root
hairs (Vandeleur et al., 2009; Laur & Hacke, 2013).
Therefore, we propose that Kuku Belang and Apami
have a stronger root acclimatization cycle to
withstand a deficit of water at an early vegetative

stage. Nevertheless, to understand more on the
details that contribute to the competency of these
varieties, we do suggest a cytogenetic approach be
included in future research to look into the cell cycle
and division.

CONCLUSION

In this study, we conclude that few tested varieties
were seen as having the capacity to withstand
drought stress at an early vegetative stage. This
includes two upland varieties (Kuku Belang and
Huma Wang Lenggong) as well as one rainfed
lowland variety (Apami) based on the data in all
parameters assessed. Meanwhile, in terms of morpho-
physiology, MR297, the commonly grown low soil
type, was moderately affected. Additionally, the data
also showed poor root acclimatization in MR297
resulted in a very low growth of root hairs. Lastly,
Merah Wangi was found to be the most susceptible
to drought treatment. These results are very useful
for scientists if they consider any of the varieties to
be fundamental to the future drought tolerance
breeding program.
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