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HIGHLIGHTS

Growth, yield, physiological and biochemical parameters of Tadong
upland rice were tested with polyethylene glycol (PEG) 6000
seed osmopriming and drought stress.

Significant variability is observed in various agronomic traits in
response to different treatment levels.

The combination of 20% SMC with -4 bar PEG was the most
effective formulation for stimulating growth and enhancing the
yield of Tadong upland rice.

TLSR, 37(1), 2026
© Penerbit Universiti Sains Malaysia, 2026


https://doi.org/10.21315/tlsr2026.37.1.10
https://doi.org/10.21315/tlsr2026.37.1.10

X E Tropical Life Sciences Research
37(1), 205-226, 2026

Effect of Drought Stress and Osmopriming on the Growth and
Yield of Tadong Upland Rice in Sabah, Malaysia

'Robin Ah Hee Lim, 2Evelyn Shin Rou Koay and 2Mok Sam Lum*

'Faculty of Tropical Forestry, Universiti Malaysia Sabah, Jalan UMS, 88400 Kota Kinabalu,
Sabah, Malaysia

2Faculty of Sustainable Agriculture, Universiti Malaysia Sabah, Locked Bag No. 3,
P. O. Box No. 3, 90509 Sandakan, Sabah, Malaysia

Submitted: 25 March 2025; Accepted: 13 November 2025; Published: 31 March 2026

To cite this article: Robin Ah Hee Lim, Evelyn Shin Rou Koay and Mok Sam Lum (2026).
Effect of drought stress and osmopriming on the growth and yield of Tadong Upland Rice
in Sabah, Malaysia. Tropical Life Sciences Research 37(1): 205-226. https://doi.org/10.21315/
tlsr2026.37.1.10

To link to this article: https://doi.org/10.21315/tlsr2026.37.1.10

Abstract: Drought stress remains one of the most significant challenges facing the
development and production of upland rice. Seed osmopriming represents a method to
enhance plant growth and offers potential against drought stress. This study aimed to
investigate the effects of polyethylene glycol (PEG) 6000 seed osmopriming and
drought stress on the growth, yield, physiological and biochemical parameters of
Tadong upland rice. The growth and yield of the Tadong upland rice variety were
evaluated at five osmotic potentials using PEG 6000 for drought-induced
osmopriming and at varying levels of drought stress with three soil moisture
contents (SMC). Significant interaction effects between PEG 6000 osmotic potential
levels and drought stress levels were observed across all measured parameters of
Tadong upland rice. The combination of 20% SMC with -4 bar PEG proved optimal for
growth and yield, showing a 55.68% increase compared to 10% SMC with -2 bar
PEG, which produced the lowest yield per plant. Additional research should examine
the effects of different PEG 6000 osmotic potential and drought stress levels on other
upland rice varieties.

Keywords: Tadong Upland Rice, Polyethylene Glycol, Osmopriming, Drought, Rice Yield,
Osmotic Potential

Abstrak: Tekanan kemarau kekal sebagai salah satu cabaran paling ketara yang dihadapi
oleh pembangunan dan pengeluaran padi bukit. Osmopriming benih mewakili
kaedah untuk meningkatkan pertumbuhan tumbuhan dan menawarkan potensi
mengatasi  tekanan kemarau. Kajian ini  bertujuan untuk mengkaji kesan
osmopriming biji benih polietilena glikol (PEG) 6000 dan tekanan kemarau terhadap
parameter pertumbuhan, hasil, isiologi dan biokimia padi bukit Tadong. Pertumbuhan
dan hasil varieti padi bukit Tadong diuji pada lima potensi osmotik menggunakan
PEG 6000 untuk osmopriming akibat kemarau dan pada tahap tekanan kemarau
yang berbeza-beza dengan tiga kandungan lembapan tanah (SMC). Kesan interaksi
yang ketara antara tahap potensi osmotik PEG 6000 dan tahap tekanan kemarau
diperhatikan merentas semua parameter yang diukur padi tanah tinggi Tadong.
Gabungan 20% SMC dengan -4 bar PEG terbukti optimum untuk pertumbuhan dan
hasil menunjukkan peningkatan 55.68% berbanding 10% SMC dengan -2 bar PEG,
yang menghasilkan hasil terendah bagi setiap tumbuhan.

© Penerbit Universiti Sains Malaysia, 2026. This work is licensed under the terms of the Creative
Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).
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Penyelidikan tambahan harus mengkaji kesan potensi osmotik PEG 6000 yang berbeza
dan tahap tekanan kemarau pada varieti padi bukit yang lain.

Kata kunci: Padi Bukit Tadong, Polietilena Glikol, Osmopriming, Kemarau, Hasil Padi,
Potensi Osmotik

INTRODUCTION

Over the last few years, crop production across various ecosystems
has been adversely affected by variations in environmental conditions,
including abiotic stresses that significantly hinder growth and yield
(Kopecka et al. 2023). Apart from food safety, the main issue with global
agriculture is food security, where unstable and reduced crop yields are
produced. This issue is a major concern considering the increase in global
population and growing demand for better diets. Various techniques have
been employed, ranging from genetic modification and seed treatments
to field planting, to enhance yield; however, unpredictable and extreme
weather events such as drought present significant challenges. Drought
imposes additional stress on plants by reducing water availability,
impairing nutrient uptake and inducing physiological and morphological
changes such as leaf structure. This stress leads to significant disturbance
to crops, either reducing yield or causing direct damage to the plant.

Research indicates that drought conditions can cause a reduction in
leaf water potential and stomatal conductance, which in turn limits
photosynthesis and overall plant vigour (Jarin et al. 2024). Additionally,
drought stress has been shown to alter root architecture, promoting deeper
root systems to enhance water uptake, although this adaptation may not
fully compensate for the lack of moisture (Zhang et al. 2024). Moreover,
drought can induce oxidative stress, resulting in increased production of
reactive oxygen species (ROS), which can damage cellular components
and impair metabolic functions (Salgotra & Chauhan 2023). However, the
effectiveness of these physiological adaptations can vary significantly
among different rice cultivars, highlighting the need for targeted breeding
programmes to improve drought resilience (Zhu & Shen 2024).

The rice self-sufficiency level (SSL) in Sabah is currently estimated at
approximately 22%, reflecting the proportion of locally produced rice
relative to the total consumption demand of the state’s population
(Bernama 2024). Upland rice, cultivated locally in Sabah, has potential
due to its drought-adaptability properties and could be one of the best
options for producing rice in environments with limited water (Sarma et al.
2023). It is typically grown with annual shifting cultivation practices, along
with minimal use of agricultural inputs and a long maturation period of
cultivationandiswelladapted totheecosystem’sunpredictable constraints
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(Sohrabi et al. 2012; Rahmat et al. 2014). The poor and ineffective crop
management practices, including minimal input application, inadequate
weed management, and abiotic and biotic stresses, have resulted in low
yields of upland rice (Zenna et al. 2017). Due to its low yield, upland rice is
primarily cultivated for domestic consumption within local communities,
with surplus sold as a supplementary income source when demand is
sufficient, and production exceeds local needs (Sinton et al. 2019). In the
late 2000s, the average yield of upland rice remained low and unstable
(Sohrabi et al. 2012; Ahmad et al. 2016), which calls for immediate action
to address the shortage. The yield of upland rice can be enhanced by
employing effective technologies for efficient production, implementing
appropriate soil and plant management practices, and pursuing genetic
improvement strategies (Saito et al. 2018).

Seed priming is a technique that involves soaking seeds in a solution
followed by dehydration before sowing (Guan et al 2009; Zhang
et al. 2023). The technique can enhance early crop growth wherein the
emergence and germination of some crop seeds are improved (Waqgas
et al. 2019; Zhang et al. 2023). This technology is recognised for promoting
uniform and rapid seed emergence, enhancing germination rates and
uniformity in heterogeneously maturing seed lots, thereby resulting in
greater vigour, healthier plant establishment and improved crop yields
(Devika et al. 2021; Adhikari et al. 2022). Uniform emergence and fast
germination help farmers to “catch up” on the period lost to drought
(Singh et al. 2014). Osmopriming is broadly used as a profitable method in
which seed hydration is controlled to allow metabolic activities for pre-
germination (Waqas et al. 2019).

Osmopriming with agents like polyethylene glycol (PEG), chitosan and
calcium chloride (CaCl,) enhances seed vigour, root and shoot growth, and
physiological performance under chilling stress by modulating antioxidant
enzyme activities and increasing the accumulation of osmoprotectants
like proline, soluble sugars and proteins. These biochemical changes
reduce oxidative damage and lipid peroxidation, leading to better
germination rates and seedling establishment under adverse conditions
(Zhang et al. 2023). Similarly, osmopriming with PEG has been shown to
improve seed germination and seedling physiological traits under water
stress in Coronilla varia by enhancing water retention and protecting
cellular integrity (Ma et al. 2024). Furthermore, proline osmopriming
specifically improves root architecture, nitrogen content, and overall
growth in rice seedlings, contributing to better nutrient uptake and
biomass accumulation (Pereira et al. 2021). Collectively, these findings
highlight osmopriming as a promising and practical approach to enhance
seed performance and crop resilience against abiotic stresses in rice.
Studying the effects of seed osmopriming and drought stress on upland
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rice is essential to understanding the mechanisms that enable the plant
to resist drought. This study aimed to examine the effects of PEG 6000
seed osmopriming and drought stress on the growth, yield, physiological
and biochemical parameters of Tadong upland rice.

MATERIALS AND METHOD

Experiment Site

The seed osmopriming and drought stress pot experiment was carried out
in the insect-proof net house at the Faculty of Sustainable Agriculture
(FSA), Universiti Malaysia Sabah. The experiment period was from February
2019 to November 2021.

Tadong Upland Rice

The physical characteristics of the Tadong upland rice were described by
Rou and Lum (2020). Generally, Tadong upland rice is an endemic upland
rice variety, and the husk is brownish yellow, while the part without a
husk is reddish black in colour. The rice is extra-long and medium in
shape based on the scale by the International Rice Research Institute
(IRRI) and has a moisture content of 12.11%.

Experimental Desigh and Treatments

In this study, a 3 x 5 factorial experiment was arranged in a
Completely Randomised Design (CRD). There was a total of 15
combination treatments with several drought stress levels using
the soil moisture content (SMC) method of 30%, 20% and 10% SMC
and osmopriming different PEG 6000 osmotic potential levels of
0, =2, =4, -6 and -8 bars. Each combination treatment comprised
five replications, with a total of 75 pots used.

Drought Stress Treatments

The drought stress levels were altered by utilising SMC. The treatments
comprised soil drying slowly to specific moisture levels, followed by
irrigation to maintain constant SMC. Treatments included 30% SMC
(control) and drying to 20% and 10% SMC, with subsequent irrigation
adjustments to maintain consistent moisture levels. The 30% SMC was
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selected as the control treatment because it represented the saturation
point of the media mixture and was equivalent to 100% Field Capacity (FC).
During the treatment period, soil moisture was monitored using a Field
Scout Soil Sensor Reader to maintain intended levels. The treatment was
applied at the panicle initiation stage and continued for 20 days (Davatgar
et al. 2009). The irrigation regimes before and after the drought treatment
remained constant, with no drought application to the rice plants.

Seed Preparation and Transplanting

The Tadong upland rice seeds were obtained from Ranau, Sabah, Malaysia,
and stored in a cool room with a temperature of 10°C to 15°C. The seed
samples were taken randomly and primed with different osmotic potential
levels of PEG 6000 for 48 h at 25°C. Floated seeds to the surface were
removed. After the priming treatment, the treated upland rice seeds
were cleaned and rinsed thoroughly using distilled water and dried for
24 h at 25°C. The seeds were germinated in a germination box at a room
temperature of (24 % 2°C) under dark conditions in the laboratory and left
for 14 days. The 14-day-old seedlings of upland rice treated with different
osmotic potential levels of PEG 6000 were transplanted into the planting
pots, where each pot was transplanted with one rice seedling. The root
of the seedling was moistened before transplanting. Each seedling was
planted into the planting pot by making a hole with a depth of 10 cm,
followed by pressing the soil gently once the seedling was planted to
ensure that the seedling was properly implanted into the soil.

Planting Media Preparation

The planting media used in this study was a mixture of Ultisol soil, compost
and river sand with a ratio of 3:1:1, respectively, with a slight modification
of the method from Sudarjat et al. (2018). Soil, sand, and compost were
obtained from FSA and were air-dried under direct sunlight for a week,
ground, and sieved individually before mixing. For the soil, Ultisol from a
depth of 0 to 30 cm was obtained from FSA and included in the mixture.

Fertiliser Application

A basal fertiliser comprising 60 kg of nitrogen (N) ha™, 60 kg of phosphorus
pentoxide (P,0,) ha”, and 60 kg of potassium oxide (K,0) ha” by using
NPK 15-15-15 fertiliser was applied to each pot one day prior to the
transplanting of rice seedlings (Davatgar et al. 2009). For topdressing, 60
kg of nitrogen ha™ was divided into two equal doses and application was
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performed at the mid-tillering and panicle initiation stages, respectively,
using a urea straight fertiliser. The amount of fertiliser required for each
pot was calculated according to the area of the soil in the pot. The
application of fertiliser was performed at a depth of 3 cm from the soil
surface and 5 cm from the upland rice plants, which were then covered
by the soil to reduce the leaching of the fertiliser.

Polyethylene Glycol 6000 Treatments

In this study, five different osmotic potential levels of PEG 6000 (0, -2,
-4, -6 and -8 bars) were used for the priming of upland rice seeds (Lum
et al. 2014; Rou & Lum 2020). After priming, the upland rice seeds were
rinsed and dried at 25°C for 24 h. The amount of PEG 6000 required for
each treatment was computed as follows:

Osmotic potential = —(1.18 x 10-2) C — (1.18 x 10™%) C2 + (2.67 x
10"%) CT + (8.39 x 10°7) CT

where OP = osmotic potential of PEG 6000, C = concentration of PEG
6000 in g/kg water and T = temperature.

Parameters

The parameters of vegetative growth, yield, physiological characteristics
and biochemical characteristics were assessed. Data on vegetative
growth parameters were collected weekly during the study period,
while rice panicles were harvested at physiological maturity to produce
grains. For the vegetative growth components, the parameters studied
included plant height, culm height, tiller number, leaf number per tiller,
leaf length, leaf width, shoot dry weight, root dry weight, root-to-shoot
ratio and root length. The measurement of yield components occurred
when the paddy plants reached physiological maturity to produce
grains. The yield component parameters included panicle number per
plant, panicle length, percentage of productive tillers, grain number per
panicle, percentage of filled grains per panicle, 1,000-grain weight and
yield per plant. Physiological characteristics data collected for this study
were leaf area index, relative water content, and relative chlorophyll
content. Biochemical characteristics data collected for this study were
free proline content (FPC) in leaf and root, and membrane stability index
(MSI). Parameters on rice of physiological and biochemical characteristics
and yield were collected after harvesting the rice grains.
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Statistical Analysis

The collected data underwent Factorial Analysis of Variance (ANOVA)
using Statistical Analysis Software (SAS) Version 9.4 (SAS Institute
Incorporation 2002). The Least Significant Difference (LSD) test at the
0.05 significance level was used to compare means when necessary.

RESULTS

Vegetative Growth of Tadong Upland Rice

The results indicate that SMC significantly influenced plant height (PH)
and leaf length (LL) of Tadong upland rice (p < 0.01) (Table 1). Specifically,
PH decreased from 153.48 cm at 30% SMC to 149.12 cm at 10% SMC,
showing a clear trend of reduced cell elongation and growth under
drought stress. Similarly, LL increased in some osmopriming treatments,
with a notable rise at -2 bar PEG (69.81 cm) compared to unprimed
plants (64.72 cm), highlighting the beneficial effects of PEG priming on
seedling vigour under drought. Culm height (CH), tiller number (TN), leaf
number per tiller (LNT), leaf width (LW), shoot dry weight (SDW), root
dry weight (RDW), root-shoot ratio (RSR) and root length (RL) did not
consistently show significant differences with reduced soil moisture or
PEG treatments, indicating that these traits might be less sensitive or
more variable in response. However, there are significant interactions
between SMC and PEG treatments for CH, TN, LW, LL and RL (p < 0.05).
For PEG treatment effects, PH and LH were significantly affected (p <
0.01), emphasising the positive effect of seed osmopriming on vegetative
growth, possibly by accelerating metabolism and imbibition speed. Root
growth parameters mostly showed non-significant differences among
treatments but suggested a slight improvement with osmopriming.

TABLE 1. Growth responses of Tadong upland rice in different soil moisture
contents and polyethylene glycol 6000 at 124 DAS.

Treatment PH CH N LNT LL LW SDW  RDW  RSR RL
(cm) (cm) (cm) (cm) (8 (8 (cm)

SMC (%)

30 153.48° 141.20° 17.00°+ 3.64° 64.72° 2.07°%+ 121.43* 17.43* 0.14° 38.74*

+582 *+8.34 2.22 +0.57 *541 0128 +15.26 +£3.81 +£0.02 *4.90

20 150.42° 142.10° 16.523+ 3.48% 64.84> 2,12+ 116.32%® 14.76° 013> 35.23°
*4.64 +7.73 3.39 +0.77 +£5.26 0132 *14.76 *+3.80 +0.02 *575

(Continued on next page)
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Table 1. (continued)

Treatment PH CH TN LNT LL LW SbW RDW  RSR RL
(cm) (cm) (cm) (cm) (8) (8) (cm)
10 149.12° 139.52* 17.16*%  3.32%  69.22° 2,07 % 111.88> 16.03% 0.14%® 39.02°
+619 +637 300 +063 +7.89 0130 +1234 +519 +0.04 #5017
PEG (bar)
0 151.53*  139.14* 16.73°% 3.60° 64.87*° 2.04® 117.59* 16.02° 0.13*# 39.19°
+7.82 +863 279 +0.83 £719 014 +1538 +499 0.03 +4.88
-2 153.60° 142.33* 16.53*% 3.47° 69.81%+ 2.12°% 114.63* 16.03* 0.14°* 36.36°
+419 £639 309 +052 737 010  +10.74 +£2.93 0.02 *4.81
-4 152.20° 140.15° 18.07°% 3.47° 66.68% 2.06® 120.04* 17.17® 0.14°% 36.57°
+6.44 +7.84 2.12 + 0.52 + 4.91 + 0.14 +15.26 + 5.70 0.04 + 6.87
-6 150.83* 143.13* 15.40*  3.60° 62.91°+ 2.12°% 111.30° 14.96° 0.13*% 38.00°
+ 4.22 + 7.97 + 2.95 + 0.51 6.78 0.12 +17.51 + 3.56 0.03 + 4.76
-8 146.87° 139.95% 17.73°% 3.27° 67.03® 2.09° 119.16* 16.20° 0.13** 38.20°
+ 3.64 + 6.71 2.94 +0.88 +484 + 0.15 +12.98 + 457 0.03 + 5.82
sMC * NS NS NS *x NS NS NS NS *k
PEG *% NS NS NS *% NS NS NS NS NS
SMC x NS * * NS *k * NS NS NS *k
PEG
LSD 5% 2.82 4.02 1.48 0.39 2.73 0.07 8.00 243  0.016  2.52
sMC
LSD 5% 3.64 5.19 1.91 0.51 3.52 0.09 10.32 314  0.021 3.26
PEG

Notes: Data are means * standard deviation. Values in each column followed by different
letters indicate significant differences according to the LSD test (probability level of 5%).
SMC = Soil moisture content; PEG = Polyethylene glycol; PH = Plant height; CH = Culm
height; TN = Tiller number; LNT = Leaf number per tiller; LL = Leaf length; LW = Leaf width;
SDW = Shoot dry weight; RDW = Root dry weight; RSR = Root-shoot ratio; RL = Root length.
*Significant at 5% level of probability; **Significant at 1% level of probability; NS = not
significant

Yield Component of Tadong Upland Rice

Yield components were markedly influenced by SMC and PEG priming.
The number of grains per panicle (GNP) decreased significantly from
136.80 at 30% SMC to 133.48 at 10% SMC (p < 0.05) (Table 2). More
notably, the percentage of filled grains per panicle (PFGP) decreased
sharply under drought, from 69.24% at 30% SMC to 56.57% at 10% SMC
(p < 0.01), indicating impaired reproductive success under water stress.
Panicle number per plant (PNP), panicle length (PL) and percentage of
productive tillers (PPT) did not show significant decreases with drought,
suggesting relative stability in these yield components. PEG priming
significantly affected PNP (p < 0.05), PFGP (p < 0.01), and to a lesser
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extent of GNP, demonstrating that seed priming can mitigate yield losses
by improving grain filling and fertility. Yield per plant (YP) also varied

significantly, with the highest yield under the -4 bar PEG osmopriming

(741.35 g/m?), reflecting better drought tolerance through priming. Despite
being significant for either drought, PEG or both, a significant interaction
between drought stress and PEG treatment was observed for PNP (p <
0.05), PFGP (p < 0.05), and YP (p < 0.01), suggesting that the influence
of drought stress on these key yield components is contingent upon the
level of PEG osmopriming applied.

TABLE 2. Yield responses of Tadong upland rice in different soil moisture contents
and polyethylene glycol 6000.

Treatment PNP PL (cm) PPT (%) GNP PFGP (%) TGW (g) YP (g/m?)
SMC (%)
30 16.60%+ 30.46°+ 97.722% 136.80% 69.242+ 40.11*t 747.50%%
2.24 0.99 4.33 +13.03 9.1 2.12 100.27
20 15.962+ 30.74** 96.85°+ 144.28°+ 64.47°+ 3857°% 670.77°*
3.21 1.86 5.75 19.90 8.38 2.80 95.55
10 16.962+ 30.11°+ 98.84°+ 133.48°+ 56.57°+ 36.99°+ 557.74°+
2.96 1.71 2.43 15.78 11.20 2.48 106.75
PEG (bar)
0 16.532*+ 30.11*%* 98.80*+ 135.47°+ 66.89°+ 38.51°+ 689.32%
2.85 2.01 3.34 10.44 6.00 4.00 +118.71
-2 16.002*+ 30.46%+ 97.19°+ 135.07°+ 57.68°* 38.24°+ 568.45%+
2.75 1.49 7.03 18.62 12.69 2.85 140.43
-4 17.732+  30.17°+ 98.282+ 134.27°+ 69.60°+ 37.69°+ 741.35%%
1.94 1.20 2.53 9.74 6.95 2.31 103.06
-6 14.87°+ 31.20°+ 96.84%* 150.732+ 65.942* 39.01°+ 672.64°
2.67 1.70 4.84 22.73 12.04 2.34 + 110.74
-8 17.40°+ 30.24*+ 97.91*°+ 135.40°%+ 57.01°+* 39.332%* 621.59%+
3.16 1.25 3.09 15.08 9.70 1.91 97.66
SMC NS NS NS * *% *% *%
PEG * NS NS * wx NS Fx
SMC x * NS NS NS * NS wok
PEG
LSD 5% 1.44 0.89 2.52 8.69 4.29 1.41 42.24
SMC

(Continued on next page)
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Table 2. (continued)

Treatment PNP PL (cm) PPT (%) GNP PFGP (%) TGW (g) YP (g/m?)

LSD 5% 1.86 1.15 3.25 1.22 5.53 1.82 54.53
PEG

Notes: Data are means * standard deviation. Values in each column followed by different
letters indicate significant differences according to the LSD test (probability level of 5%).
SMC = Soil moisture content; PEG = Polyethylene glycol; PNP = Panicle number per plant;
PL = Panicle length; PPT = Percentage of productive tillers; GNP = Grain number per panicle;
PFGP = Percentage of filled grains per panicle; TGW = 1000-grain weight; YP = Yield per
plant. *Significant at 5% level of probability; **Significant at 1% level of probability; NS =
not significant.

Physiological Characteristics of Tadong Upland Rice

Relative water content (RWC) was not significantly affected by SMC but
increased with higher PEG priming pressure, peaking at 90.96% in plants
primed with -8 bar PEG (p < 0.01) (Table 3). This indicates improved
water retention and osmotic adjustment due to priming. Leaf area index
(LAI) was significantly reduced by drought stress (p < 0.01), with values
declining from 0.44 at 30% SMC to 0.38 at 10% SMC. PEG treatments also
significantly influenced LAl (p < 0.01), suggesting an osmopriming role
in maintaining leaf expansion and photosynthetic capacity under stress.
Relative chlorophyll content (RCC) decreased significantly at the lowest
SMC (20.29 at 10% SMC vs. ~23 at higher), suggesting pigment degradation
and impaired photosynthetic machinery due to drought stress. However,
a significant interaction between drought stress and PEG treatment (p
< 0.05) was observed for LAl and RCC, demonstrating that the drought-
induced changes in these physiological parameters are influenced by the
degree of PEG osmopriming applied.

TABLE 3. Physiological characteristics of Tadong upland rice in different soil
moisture contents and polyethylene glycol 6000.

Treatment LAI RWC (%) RCC (SPAD unit)
SMC (%)

30 0.442 % 0.05 88.272+ 2.62 22.82% + 8.92
20 0.442% 0.03 88.292+ 2.51 26.78*% 9.54
10 0.38°+ 0.05 88.432+ 3.47 20.29° % 10.79
PEG (bar)

0 0.442 % 0.06 88.64°* 2.63 23.67*+ 11.43

(Continued on next page)
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Table 3. (continued)

Treatment LAI RWC (%) RCC (SPAD unit)
-2 0.452+ 0.03 87.53°% 3.16 23.47*+ 11.28
-4 0.43%* = 0.05 87.44°+ 2,27 23.122+ 9.42
-6 0.41°+ 0.03 87.07°+ 1.82 21.602+ 7.37
-8 0.38°* 0.05 90.962+ 2.51 24.61* £ 11.14
SMC K NS *

PEG kel okl NS

SMC x PEG * NS *

LSD 5% SMC 0.019 1.51 5.17

LSD 5% PEG 0.025 1.95 6.67

Notes: Data are means * standard deviation. Values in each column followed by different
letters indicate significant differences according to the LSD test (probability level of 5%).
SMC = Soil moisture content; PEG = Polyethylene glycol; LAl = Leaf area index; RWC =
Relative water content, RCC = Relative chlorophyll content; *Significant at 5% level of
probability; **Significant at 1% level of probability; NS = not significant.

Biochemical Responses of Tadong Upland Rice

Root free proline content (RFPC) also showed significant decreases under
drought and priming in some treatments (p < 0.01) (Table 4). Leaf free
proline content (LFPC) increased significantly under drought stress, from
15.22 mmol/g FW at 30% SMC to about 24.62 mmol/g FW at 20% SMC (p
< 0.01). PEG priming further elevated proline levels, especially at —=2 bar
PEG (29.39 mmol/g FW), demonstrating enhanced osmolyte accumulation
critical for drought resilience. However, a significant interaction between
drought stress and PEG treatment was observed (p < 0.01). Similarly, a
significant interaction between drought stress and PEG was detected for
the membrane stability index (MSI). MSI, an indicator of cell membrane
integrity under stress, was significantly affected by both SMC and PEG
treatments (p < 0.05). Plants primed with -2 bar PEG exhibited the
highest MSI value (19.67%), indicating improved membrane protection and
antioxidant defense activated by priming.
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TABLE 4. Biochemical responses of Tadong upland rice in different soil moisture
contents and polyethylene glycol 6000.

Treatment LFPC (mmole/g FW) RFPC (mmole/g FW) MSI (%)
SMC (%)

30 15.22°+ 4.73 5.762* 0.83 17.802+ 5.72
20 24,622+ 8.81 5.312% 1.68 16.972+ 4.87
10 23.842+ 10.74 418>+ 1.34 14.58°+ 3.94
PEG (bar)

0 25.47°+ 7.59 5.21° + 1.01 12.46° + 4.33
-2 29.392+9.09 4,98°+ 1.17 19.672+ 3.97
-4 1417+ 3.18 5.20°* 1.73 14.55° + 4.85
-6 20.94°+ 11.79 6.122+ 1.06 18.052+ 4.95
-8 16179+ 2.37 3.92¢+ 1.52 17.532+ 3.85
SMC ** ** *

PEG ** ** **
SMC x PEG wK NS *

LSD 5% SMC 1.34 0.62 2.24
LSD 5% PEG 1.73 0.80 2.89

Notes: Data are means * standard deviation. Values in each column followed by different
letters indicate significant differences according to the LSD test (probability level of 5%).
SMC = Soil moisture content; PEG = Polyethylene glycol; LFPC = Leaf free proline content;
RFPC = Root free proline content; MSI = Membrane stability index. *Significant at 5% level
of probability; **Significant at 1% level of probability; NS = not significant.

DISCUSSION

Effect of Drought Stress and Seed Osmopriming on Vegetative
Growth of Tadong Upland Rice

Drought stress profoundly affects rice development throughout its life
cycle, inducing physiological and morphological changes that compromise
growth and yield potential. In this study, a significant reduction in PH was
observed under decreasing SMC, from 153.48 cm at 30% SMC to 149.12
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cm at 10% SMC (p < 0.01, Table 1). This reduction aligns with the known
drought-induced restriction of cell elongation due to lowered turgor
pressure, which subsequently decreases internode elongation and limits
node production (Patel et al. 2010; Kondhia et al. 2015).

Significant interactions between drought stress and PEG levels were
detected for CH, TN, LW, LL, and RL (p < 0.05 to p < 0.01), demonstrating
that the impact of drought on these traits is dependent on the degree
of osmopriming. For example, although PH generally decreased with
decreasing SMC—from 153.48 cm at 30% SMC to 149.12 cm at 10%
SMC—the primed plants, especially those treated with intermediate PEG
concentrations (-2 and —4 bar), maintained or enhanced growth traits such
as leaf length (up to 69.81 cm at -2 bar PEG) and leaf width, compared
to non-primed plants. This suggests that PEG priming alleviated drought-
induced growth limitations, likely by stimulating early seed metabolism
and triggering adaptive stress memory processes that improve cell
expansion and elongation under water deficit (Chen & Arora, 2013; Ahmed
et al. 2021).

Reduction in CH and plant biomass under water deficit is attributed to
diminished photosynthetic efficiency and inhibited cell division caused
by limited water uptake (Rahim et al. 2012). The observed trends in TN
and LNT, though statistically non-significant, suggest drought places
physiological constraints on shoot branching and leaf production that
may become pronounced over longer stress durations or in different
genotypes (Cerqueira et al. 2013).

Root traits, critical for drought adaptation, showed interesting patterns.
While root dry weight slightly decreased with lower moisture, the root-
shoot ratio remained statistically stable (Table 1), indicating a possible
balance in biomass partitioning to maintain water uptake efficiency
despite overall growth reduction. This finding concurs with reports that
root:shoot allocation may be genotype- and environment-specific, with
some studies noting increased root-shoot ratios as a survival strategy
under drought (Akhtar & Nazir 2013; Brunner et al. 2015; Kul et al. 2020).

Seed osmopriming with PEG 6000 clearly enhanced vegetative growth
traits. Significant increases in leaf length and maintenance of plant
height under priming treatments indicate that priming accelerates seed
metabolism and imbibition, offering seedlings a more vigorous start and
enabling better establishment under water-limited conditions (Patané et
al. 2009; Ahmed et al. 2021).
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Effect of Drought Stress and Seed Osmopriming on Yield
Component of Tadong Upland Rice

The yield components of Tadong upland rice were significantly influenced
by drought stress as well as by seed osmopriming with PEG, with notable
interaction effects between these two factors. While SMC alone affected
certain yield traits, including GNP and PFGP, the interaction between
drought stress and PEG priming revealed that the magnitude and
direction of drought effects on yield components depended on the level
of osmopriming applied. Effective grain production is sensitive to water
availability during reproductive development. Yield component analysis
revealed significant declines in grain number per panicle and percentage
of filled grains under drought. Specifically, grain number decreased from
136.80 to 133.48, and filled grain percentage dropped substantially from
69.24% to 56.57% between 30% and 10% SMC (Table 2). These decreases
suggest drought-mediated disruption to floral organ development and
spikelet fertility, which restrict carbohydrate allocation and impair grain
filling—a phenomenon well-documented in rice drought physiology
(Behera et al. 2017; Zhang et al. 2018; Mukamuhirwa et al. 2019).

Panicle length and productive tiller percentage were relatively stable
across treatments, indicating that these attributes may be less drought-
sensitive or compensatory mechanisms may preserve them. These stable
traits could provide critical yield support when other components decline
under drought (Shrestha et al. 2021). Seed osmopriming alleviated yield
reductions by enhancing grain filling and fertility, as reflected in the
highest yield per plant observed at -4 bar PEG priming (741.35 g/m?2),
exceeding unprimed controls even under stress. Priming likely activates
enhanced enzymatic activity and carbohydrate mobilisation, supporting
fertilisation and grain development during water stress (Cao et al. 2018;
Bhadouriya et al. 2021; Liu et al. 2021).

The 1000-grain weight did not significantly decline but showed a downward
trend consistent with the genetically determined maximum grain size
limits, indicating that drought mainly affected grain filling rather than
grain size potential (Dou et al. 2016; Sehgal et al. 2018). The detrimental
impact of drought on photosynthetic machinery during flowering further
exacerbates yield losses by limiting assimilates for grain growth (Fahad
et al. 2017; Bahuguna et al. 2018). The 1,000-grain weight demonstrated a
significant decline with increasing drought severity but was less influenced
by PEG treatment or the interaction, underscoring the genetic control and
physical constraints on grain size. Nonetheless, the combined positive
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effects of PEG priming on panicle number and grain filling collectively
contributed to higher overall yield per plant despite drought stress. These
findings strongly support the role of PEG osmopriming as a pragmatic
agronomic strategy for improving drought tolerance in upland rice by
enhancing the yield stability.

Effect of Drought Stress and Seed Osmopriming on Physiological
Characteristics of Tadong Upland Rice

Leaf area index exhibited a significant reduction with decreasing SMC,
declining from 0.44 at 30% SMC to 0.38 at 10% SMC (p < 0.01), reflecting
the detrimental effect of water deficit on leaf expansion and canopy
development. PEG osmopriming further modulated this response, with
primed seeds showing a tendency to maintain higher LAl under drought
conditions, suggesting that osmopriming mitigates drought-induced
restrictions on leaf growth through enhanced water uptake and metabolic
activation (Ahmed et al. 2021). The significant interaction between SMC
and PEG treatment for LAl (p < 0.05) indicates that the degree of PEG
priming influences how drought stress impacts leaf area development.
Lower leaf area constrains carbon fixation, exacerbating growth and yield
deficits (Verma et al. 2019; Hernandez et al. 2021).

Relative water content of leaves is a pivotal indicator of cellular hydration
and drought tolerance. While RWC did not show significant SMC effects,
PEG priming notably increased leaf RWC, with -8 bar PEG treatment
achieving the highest values (90.96%), implying improved tissue hydration
and osmotic adjustment that support metabolic activity during drought
(Gupta & Guhey 2011; Mishra et al. 2019).

Relative chlorophyll content was also significantly affected by the
interaction between drought and PEG priming (p < 0.05). Drought stress
alone reduced chlorophyll content, likely due to impaired pigment
biosynthesis and increased degradation under water deficit (Pandey &
Shukla 2015). However, PEG-primed plants showed relatively higher RCC
values under drought, indicating better preservation of photosynthetic
pigments and enhanced photosynthetic efficiency. This protective effect
may be attributed to PEG-induced stress memory and antioxidant
system activation, which stabilise chloroplast function and reduce
oxidative damage (Glnay et al. 2022). Reduced chlorophyll content at
low moisture underscores drought-induced pigment degradation and
impaired photochemical efficiency, critical for limiting photosynthetic
carbon assimilation (Maisura et al. 2014).
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Effect of Drought Stress and Seed Osmopriming on Biochemical
Responses of Tadong Upland Rice

Proline accumulation, particularly in leaves, is a well-recognised adaptive
response to osmotic stress, acting as an osmoprotectant, reactive
oxygen species (ROS) scavenger, and stabiliser of cellular structures (Al-
Ashkar et al. 2016). In this study, drought stress significantly elevated
LFPC, increasing from 15.22 mmol/g FW at 30% SMC to 24.62 mmol/g
FW at 20% SMC and 23.84 mmol/g FW at 10% SMC. PEG priming further
enhanced proline accumulation, with the highest LFPC observed at -2 bar
PEG treatment (29.39 mmol/g FW), suggesting that osmopriming primes
the stress memory mechanisms, enabling rice plants to pre-emptively
synthesise higher proline levels and better cope with subsequent
drought stress (Liu et al. 2021; Yang et al. 2021; Mahmud et al. 2023). The
interaction between SMC and PEG was significant for LFPC, indicating
that the effect of drought on proline biosynthesis is strongly influenced
by the priming level. Such an interaction underscores the enhanced
biochemical resilience imparted by PEG priming, which facilitates better
osmotic adjustment and cellular protection under water deficit.

The MSI was significantly modulated by the interaction between drought
and PEG osmopriming. Drought stress alone reduced MSI (from 17.80% at
30% SMC to 14.58% at 10% SMC), indicating increased membrane damage
under water deficit. However, PEG priming markedly improved MSI values,
with primed plants showing higher membrane stability at comparable
SMC levels, especially at —2 and -6 bar PEG treatments. This protective
effect is attributed to enhanced antioxidant defenses and ROS scavenging
induced by PEG priming, reducing lipid peroxidation and membrane injury
during drought (Mishra et al. 2019; Glnay et al. 2022).

Root-free proline content was highest in roots under well-watered
conditions (30% SMC) and decreased progressively with increasing drought
severity, indicating that proline accumulation in roots may not follow a
linear increase under drought stress and could be influenced by complex
physiological or cultivar-specific responses. PEG priming also significantly
altered RFPC, with the greatest proline accumulation observed at -6
bar PEG, suggesting that osmopriming enhances the root’s capacity to
produce proline and thus boosts its drought tolerance potential. This
priming effect likely stems from the activation of stress-responsive
metabolic pathways before exposure to actual drought, enabling primed
seedlings to mount a more effective biochemical defense upon stress
onset (Mahmud et al. 2023).
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CONCLUSION

The Tadong upland rice demonstrates potential for successful cultivation,
particularly in drought-prone areas. The integration of 20% SMC
combined with -4 bar PEG proved to be the most effective formulation
for promoting growth and enhancing yield. This specific combination
resulted in a noteworthy increase of 55.68%, highlighting its potential
for maximising agricultural productivity even under drought conditions.
Research indicates that various agronomic traits, including plant height,
number of grains per panicle, weight of 1,000 grains and root-free proline
content, show significant variability in response to different treatment
levels. This suggests that these traits are sensitive to changes and can
be effectively measured to assess drought conditions’ impact on paddy
performance. Furthermore, when Tadong upland rice is osmo-primed
using PEG 6000, notable improvements are observed in several important
parameters. Specifically, this treatment leads to significant increases in
plant height, relative water content, number of grains per panicle, and
root-free proline content. These findings indicate that osmo-priming not
only enhances Tadong rice’s resilience to drought but also improves its
overall growth performance and yield potential.

DECLARATION OF INTEREST

All authors affirm that their objectivity is not influenced by any financial
or personal interests, and there is no existing conflict.

ACKNOWLEDGEMENTS
This research was funded by the Ministry of Education Malaysia through

the Fundamental Research Grant Scheme (FRGS) (FRGS/1/2018/WABO1/
UMS/02/8).

AUTHORS’ CONTRIBUTIONS

Robin Ah Hee Lim: Writing original draft, conceptualisation, data
processing, reviewing, editing.

Evelyn Shin Rou Koay: Writing original draft, resources, sampling, data
processing, editing.

Mok Sam Lum: Project administration, funding acquisition,
conceptualisation, writing original draft, reviewing, editing.

221



222

Robin Ah Hee Lim et al.

REFERENCES

Adhikari B, Olorunwa O J and Barickman T C. (2022). Seed priming enhances
seed germination and morphological traits of Lactuca sativa L. under salt
stress. Seeds 1(2): 74-86. https://doi.org/10.3390/seeds1020007

Ahmad F I, Wagiran A, Abd Samad A, Rahmat Z and Sarmidi M R. (2016). Improvement
of efficient in vitro regeneration potential of mature callus induced from
malaysian upland rice seed (Oryza sativa cv. Panderas). Saudi Journal of
Biological Sciences 23(1): 69-77. https://doi.org/10.1016/j.sjbs.2015.10.022

Ahmed M G U, Khatun F and Islam Z. (2021). Effects of osmotic, thermal and plant
growth regulators seed priming on different wheat varieties. Journal of
Bio-Science 29(2): 111-122. https://doi.org/10.3329/jbs.v29i2.54960

Akhtar | and Nazir N. (2013). Effect of waterlogging and drought stress in plants.
International Journal of Water Resources and Environmental Sciences
2(2): 34-40. https://doi.org/10.5829/idosi.ijwres.2013.2.2.11125

Al-Ashkar | M, Zaazaa E |, El Sabagh A and Barutgular C. (2016). Physio-biochemical
and molecular characterization for drought tolerance in rice genotypes
at early seedling stage. Journal of Experimental Biology and Agricultural
Sciences 4(6): 675-687. https://doi.org/10.18006/2016.4(Issue6).675.687

Bahuguna R N, Tamilselvan A, Muthurajan R, Solis C A and Jagadish S V K. (2018).
Mild preflowering drought priming improves stress defences, assimilation
and sink strength in rice under severe terminal drought. Functional Plant
Biology 45(8): 827-839. https://doi.org/10.1071/FP17248

Behera S, Rout R K, Padhiary A, Nanda P K, Nayak A, Behera D and Das T. (2017).
Effect of drought stress on growth and yield attributes of paddy.
International Journal of Pure and Applied Bioscience 5(5): 1371-1377.
http://dx.doi.org/10.18782/2320-7051.5812

Bernama. (2024, 13 October). Budget 2025: Enhance padi farming sector,
eliminates poverty in Sabah. Bernama. https://bernama.com/en/news.
php?id=2351117

Bhadouriya S L, Mehrotra S, Basantani M K, Loake G J and Mehrotra R. (2021). Role
of chromatin architecture in plant stress responses: an update. Frontiers
in Plant Science 11: 1-22. https://doi.org/10.3389/fpls.2020.603380

Brunner |, Herzog C, Dawes M A, Arend M and Sperisen C. (2015). How tree
roots respond to drought. Frontiers in Plant Science 6: 1-16. https://doi.
org/10.3389/fpls.2015.00547

Cao X, Zhu C, Zhong C, Hussain S, Zhu L, Wu L and Jin Q. (2018). Mixed-nitrogen
nutrition-mediated enhancement of drought tolerance of rice seedlings
associated with photosynthesis, hormone balance and carbohydrate
partitioning. Plant Growth Regulation 84(3): 451-465. https://doi.
org/10.1007/s10725-017-0352-6

Cerqueira F B,Erasmo EA L, SilvaJ 1 C, Nunes TV, Carvalho G P and Silva A A. (2013).
Competition between drought-tolerant upland rice cultivars and weeds
under water stress condition. Planta Daninha 31(2): 291-302. https://doi.
org/10.1590/S0100-83582013000200006

Chen K and Arora R. (2013). Priming memory invokes seed stress-tolerance.
Environmental and Experimental Botany 94: 33-45. https://doi.
org/10.1016/j.envexpbot.2012.03.005

Davatgar N, Neishabouri M R, Sepaskhah A R and Soltani A. (2009). Physiological
and morphological responses of rice (Oryza sativa L.) to varying water
stress management strategies. International Journal of Plant Production
3(4): 19-32.


https://doi.org/10.3390/seeds1020007
https://doi.org/10.1016/j.sjbs.2015.10.022
https://doi.org/10.3329/jbs.v29i2.54960
https://doi.org/10.5829/idosi.ijwres.2013.2.2.11125
https://doi.org/10.18006/2016.4(Issue6).675.687
https://doi.org/10.1071/FP17248
http://dx.doi.org/10.18782/2320-7051.5812
https://bernama.com/en/news.php?id=2351117
https://bernama.com/en/news.php?id=2351117
https://doi.org/10.3389/fpls.2020.603380
https://doi.org/10.3389/fpls.2015.00547
https://doi.org/10.3389/fpls.2015.00547
https://doi.org/10.1007/s10725-017-0352-6
https://doi.org/10.1007/s10725-017-0352-6
https://doi.org/10.1590/S0100-83582013000200006
https://doi.org/10.1590/S0100-83582013000200006
https://doi.org/10.1016/j.envexpbot.2012.03.005
https://doi.org/10.1016/j.envexpbot.2012.03.005

Drought Osmopriming on Growth Yield Tadong Rice

Devika O S, Singh S, Sarkar D, Barnwal P, Suman J and Rakshit A. (2021). Seed
priming: A potential supplement in integrated resource management
under fragile intensive ecosystems. Frontiers in Sustainable Food Systems
5: 654001. https://doi.org/10.3389/fsufs.2021.654001

Dou F, Soriano J, Tabien R E and Chen K. (2016). Soil texture and cultivar effects on
rice (Oryza sativa L.) grain yield, yield components and water productivity
in three water regimes. PLoS ONE 11(3): 1-12. https://doi.org/10.1371/
journal.pone.0150549

Fahad S, Bajwa A A, Nazir U, Anjum S A, Farooq A, Zohaib A, Sadia S, Nasim W,
Adkins S, Saud S, lhsan M Z, Alharby H, Wu C, Wang D and Huang J.
(2017). Crop production under drought and heat stress: plant responses
and management options. Frontiers in Plant Science 8: 1-16. https://doi.
org/10.3389/fpls.2017.01147

GuanY J, Hu J, Wang X J and Shao C X. (2009). Seed priming with chitosan improves
maize germination and seedling growth in relation to physiological changes
under low temperature stress. Journal of Zhejiang University Science B 10:
427-433. https://doi.org/10.1631/jzus.B0820373

Glnay E, Yildiz M T and Acar O. (2022). Effects of different priming treatments on
germination and seedling growth of wheat under drought stress. COMU
Ziraat Faklltesi Dergisi 10(2):  303-311. https://doi.org/10.33202/
comuagri.1149497

Gupta R and Guhey A. (2011). Response of rice genotypes to water stress imposed
at early seedling stage. ORYZA: An International Journal on Rice 48(4):
366-369.

Hernandez J O, An J Y, Combalicer M S, Chun J P, Oh S K and Park B B. (2021).
Morpho-anatomical traits and soluble sugar concentration largely explain
the responses of three deciduous tree species to progressive water stress.
Frontiers in Plant Science 12: 1-16. https://doi.org/10.3389/fpls.2021.738301

Jarin A S, Islam M M, Rahat A, Ahmed S, Ghosh P and Murata Y. (2024). Drought stress
tolerance in rice: Physiological and biochemical insights. International
Journal of Plant Biology 15(3): 692-718. https://doi.org/10.3390/
ijpb15030051

Kondhia A, Tabien R E and Ibrahim A. (2015). Evaluation and selection of high
biomass rice (Oryza sativa L.) for drought tolerance. American Journal of
Plant Sciences 6: 1962-1972. 10.4236/ajps.2015.612197

Kopecka R, Kameniarova M, Cerny M, Brzobohaty B and Novak J. (2023).
Abiotic stress in crop production. International Journal of Molecular
Sciences 24(7): 6603. https://doi.org/10.3390/ijms24076603

Kul R, Ekinci M, Turan M, Ors S and Yildirim E. (2020). How abiotic stress conditions
affects plant roots. In Yildirim E, Turan M and Ekinci M. (eds.). Plant roots.
London: IntechOpen, 1-24. https://doi.org/10.5772/intechopen.95286

Liu H, Able A J and Able J A. (2021). Priming crops for the future: rewiring stress
memory. Trends in Plant Science 21: 1360-1385. 10.1016/j.tplants.2021.11.015

Lum M S, Hanafi M M, Rafii Y M and Akmar A S N. (2014). Effect of drought
stress on growth, proline and antioxidant enzyme activities of upland rice.
Journal of Animal and Plant Sciences 24(5): 1487-1493.

Ma L, Wei J, Han G, Sun X, Yang X. (2024). Seed osmopriming with polyethylene
glycol (PEG) enhances seed germination and seedling physiological traits
of Coronilla varia L. under water stress. PLoS ONE 19(5): e0303145. https://
doi.org/10.1371/journal.pone.0303145

223


https://doi.org/10.3389/fsufs.2021.654001
https://doi.org/10.1371/journal.pone.0150549
https://doi.org/10.1371/journal.pone.0150549
https://doi.org/10.3389/fpls.2017.01147
https://doi.org/10.3389/fpls.2017.01147
https://doi.org/10.1631/jzus.B0820373
https://doi.org/10.33202/comuagri.1149497
https://doi.org/10.33202/comuagri.1149497
https://doi.org/10.3389/fpls.2021.738301
https://doi.org/10.3390/ijpb15030051
https://doi.org/10.3390/ijpb15030051
http://dx.doi.org/10.4236/ajps.2015.612197
https://doi.org/10.3390/ijms24076603
https://doi.org/10.5772/intechopen.95286
https://doi.org/10.1016/j.tplants.2021.11.015
https://doi.org/10.1371/journal.pone.0303145
https://doi.org/10.1371/journal.pone.0303145

224

Robin Ah Hee Lim et al.

Mahmud S, Kamruzzaman M, Bhattacharyya S, Alharbi K, Abd El Moneim D
and Mostofa M G. (2023). Acetic acid positively modulates proline
metabolism for mitigating PEG-mediated drought stress in maize and
Arabidopsis. Frontiers in Plant Science 14:1167238. https://doi.org/10.3389/
fpls.2023.1167238

Maisura, Chozin M A, Lubis I, Junaedi A and Ehara H. (2014). Some physiological
character responses of rice under drought conditions in a paddy system.
Journal of the International Society for Southeast Asian Agricultural
Sciences 20(1): 104-114.

Mishra S S, Behera P K and Panda D. (2019). Genotypic variability for drought
tolerance-related morpho-physiological traits among indigenous rice
landraces of Jeypore tract of Odisha, India. Journal of Crop Improvement
33(2): 254-278. https://doi.org/10.1080/15427528.2019.1579138

Mukamuhirwa A, Hovmalm H P, Bolinsson H, Ortiz R, Nyamangyoku O and Johansson
E. (2019). Concurrent drought and temperature stress in rice — a possible
result of the predicted climate change: Effects on yield attributes, eating
characteristics, and health promoting compounds. International Journal
of Environmental Research and Public Health 16(6): 1-17. https://doi.
org/10.3390/ijerph16061043

Pandey V and Shukla A. (2015). Acclimation and tolerance strategies of rice under
drought stress. Rice Science 22(4): 147-161. https://doi.org/10.1016/].
rsci.2015.04.001

Patané C, Cavallaro V and Cosentino S L. (2009). Germination and radicle growth
in unprimed and primed seeds of sweet sorghum as affected by reduced
water potential in NaCl at different temperatures. Industrial Crops and
Products 30(1): 1-8.

Patel D P, Das A, Munda G C, Ghosh P K, Bordoloi J S and Kumar M. (2010).
Evaluation of yield and physiological attributes of high-yielding rice
varieties under aerobic and flood-irrigated management practices in
mid-hills ecosystem. Agricultural Water Management 97(9): 1269-1276.
https://doi.org/10.1016/j.agwat.2010.02.018

Pereira E G, Amaral M B, Bucher C A, Santos L A, Fernandes M S and Rossetto C
A. (2021). Proline osmopriming improves the root architecture, nitrogen
content and growth of rice seedlings. Biocatalysis and Agricultural
Biotechnology 33: 101998. https://doi.org/10.1016/j.bcab.2021.101998

Rahim H A, Zarifth S K, Bhuiyan M A R, Narimah M K, Wickneswari R, Abdullah
M Z, Abdullah M Z and Rusli I. (2012). Evaluation and characterization of
advanced rice mutant line of rice (Oryza sativa), MR219-4 and MR219-9
under drought condition. Proceedings of the Research and Development
Seminar. September 2012. Bangi, Selangor.

Rahmat Z, Wagiran A, Nazir N M, Arif S M, Zulkifli S N A, Abd Samad A, Shamsir
M S, Salleh F M and Sarmidi M. R. (2014). Potensi padi bukit sebagai
alternatif kepada padi sawah. Jurnal Teknologi 70(6): 89-92. https://doi.
org/10.11113/jt.v70.3546

Rou E K S and Lum M S. (2020). Priming effects on seed germination of tadong
upland rice collected in Sabah, Malaysia. Transactions on Science and
Technology 7(3-2): 147-158.

Saito K, Asai H, Zhao D, Laborte A G and Grenier C. (2018). Progress in varietal
improvement for increasing upland rice productivity in the tropics.
Plant Production Science 21(3): 145-158. https://doi.org/10.1080/134394
3X.2018.1459751

Salgotra R K and Chauhan B S. (2023). Ecophysiological responses of rice (Oryza
sativa L.) to drought and high temperature. Agronomy 13(7): 1877. https://
doi.org/10.3390/agronomy13071877


https://doi.org/10.3389/fpls.2023.1167238
https://doi.org/10.3389/fpls.2023.1167238
https://doi.org/10.1080/15427528.2019.1579138
https://doi.org/10.3390/ijerph16061043
https://doi.org/10.3390/ijerph16061043
https://doi.org/10.1016/j.rsci.2015.04.001
https://doi.org/10.1016/j.rsci.2015.04.001
https://doi.org/10.1016/j.agwat.2010.02.018
https://doi.org/10.1016/j.bcab.2021.101998
https://doi.org/10.11113/jt.v70.3546
https://doi.org/10.11113/jt.v70.3546
https://doi.org/10.1080/1343943X.2018.1459751
https://doi.org/10.1080/1343943X.2018.1459751
https://doi.org/10.3390/agronomy13071877
https://doi.org/10.3390/agronomy13071877

Drought Osmopriming on Growth Yield Tadong Rice

Sarma B, Kashtoh H, Lama Tamang T, Bhattacharyya P N, Mohanta Y K and Baek
K H. (2023). Abiotic stress in rice: Visiting the physiological response and
its tolerance mechanisms. Plants 12(23): 3948. https://doi.org/10.3390/
plants12233948

Sehgal A, Sita K, Siddique K H, Kumar R, Bhogireddy S, Varshney R K, Hanumantha
Rao B, Nair R M, Prasad P V and Nayyar H. (2018). Drought or/and heat-stress
effects on seed filling in food crops: Impacts on functional biochemistry,
seed yields, and nutritional quality. Frontiers in Plant Science 9: 1-19.
https://doi.org/10.3389/fpls.2018.01705

Shrestha J, Subedi S, Kushwaha U K S and Maharjan B. (2021). Evaluation of rice
genotypes for growth, yield and yield components. Journal of Agriculture
and Natural Resources 4(2): 339-346. https://doi.org/10.3126/janr.
v4i2.33967

Singh A, Dahiru R, Musa M and Sani Haliru B. (2014). Effect of osmopriming
duration on germination, emergence, and early growth of cowpea (Vigna
unguiculata (L.) Walp.) in the Sudan Savanna of Nigeria. International
Journal of Agronomy 2014: 1-4. https://doi.org/10.1155/2014/841238

Sinton F V, Lum M S, Benedick S and Jalloh M B. (2019). Evaluation of the yield of
upland rice varieties under open field trial. Transactions on Science and
Technology 6(2-2): 253-258.

Sohrabi M, Rafii M Y, Hanafi M M, Siti Nor Akmar A and Latif M A. (2012). Genetic
diversity of upland rice germplasm in Malaysia based on quantitative traits.
The Scientific World Journal 2012: 1-9. https://doi.org/10.1100/2012/416291

Sudarjat, Vijaya | and Syariful M. (2018). Different growing media effect on the
cutting quality of two dragon fruit species (Hylocerues sp.). Journal of
Agronomy 17(3): 174-179. 10.3923/ja.2018.174.179

Verma K K, Liu X H, Wu K C, Singh R K, Song Q Q, Malviya M K, Song X P, Singh P,
Verma C L and Li Y R. (2019). The impact of silicon on photosynthetic and
biochemical responses of sugarcane under different soil moisture levels.
Silicon 12(6): 1355-1367. https://doi.org/10.1007/s12633-019-00228-z

Wagas M, Korres N E, Khan M D, Nizami A S, Deeba F, Ali | and Hussain H. (2019).
Advances in the concept and methods of seed priming. In M Hasanuzzaman
and V Fotopoulos (eds.). Priming and pretreatment of seeds and seedlings:
Implication in plant stress tolerance and enhancing productivity in crop
plants. Singapore: Springer Nature Singapore Pte Ltd., 11-41. https://doi.
org/10.1007/978-981-13-8625-1_2

Yang X, Lu M, Wang Y, Wang Y, Liu Z and Chen S. (2021). Response mechanism of
plants to drought stress. Horticulturae 7: 1-36. https://doi.org/10.3390/
horticulturae7030050

Zenna N, Senthilkumar K and Sie M. (2017). Rice production in Africa. In B S
Chauhan, K Jabran and G Mahajan (eds.). Rice production worldwide. Cham:
Springer International Publishing, 117-135. https://doi.org/10.1007/978-3-
319-47516-5_5

Zhang H, Zhang X, Gao G, Ali I, Wu X, Tang M, Chen L, Jiang L, Liang T. (2023).
Effects of various seed priming on morphological, physiological, and
biochemical traits of rice under chilling stress. Frontiers in Plant Science
14: 1146285. https://doi.org/10.3389/fpls.2023.1146285

Zhang J, Zhang S, Cheng M, Jiang H, Zhang X, Peng C, Lu X, Zhang M and Jin J.
(2018). Effect of drought on agronomic traits of rice and wheat: A meta-
analysis. International Journal of Environmental Research and Public
Health 15(5): 1-14. https://doi.org/10.3390/ijerph15050839

225


https://doi.org/10.3390/plants12233948
https://doi.org/10.3390/plants12233948
https://doi.org/10.3389/fpls.2018.01705
https://doi.org/10.3126/janr.v4i2.33967
https://doi.org/10.3126/janr.v4i2.33967
https://doi.org/10.1155/2014/841238
https://doi.org/10.1100/2012/416291
https://doi.org/10.3923/ja.2018.174.179
https://doi.org/10.1007/s12633-019-00228-z
https://doi.org/10.1007/978-981-13-8625-1_2
https://doi.org/10.1007/978-981-13-8625-1_2
https://doi.org/10.3390/horticulturae7030050
https://doi.org/10.3390/horticulturae7030050
https://doi.org/10.1007/978-3-319-47516-5_5
https://doi.org/10.1007/978-3-319-47516-5_5
https://doi.org/10.3389/fpls.2023.1146285
https://doi.org/10.3390/ijerph15050839

226 Robin Ah Hee Lim et al.

Zhang W, Shi H, Cai S, Guo Q, Dai Y, Wang H, Wan S and Yuan Y. (2024). Rice growth
and leaf physiology in response to four levels of continuous drought
stress in Southern China. Agronomy 14(7): 1579. https://doi.org/10.20944/
preprints202406.1628.v1

Zhu Y and Shen Z. (2024). Response analysis of root and leaf physiology and
metabolism under drought stress in rice. Rice Genomics and Genetics 15(3):
19-27. https://doi.org/10.5376/rgg.2024.15.0003


https://doi.org/10.20944/preprints202406.1628.v1
https://doi.org/10.20944/preprints202406.1628.v1
https://doi.org/10.5376/rgg.2024.15.0003



