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ABSTRACT

Rice is an important food crop, while it is severely affected by drought stress. Viewing this point in mind we
conducted an experiment to see the physiological responses and yield potential of selected rice genotypes under
inadequate moisture condition. Two soil moisture condition: one is sufficient moisture condition (control;
95-100% field capacity (FC)) and another is deficit moisture condition (moisture stress; 40-45% FC) with five
replications was maintained. Six drought tolerant one susceptible genotype and one standard check variety were
used. Results revealed that tolerant genotypes BU Acc 37 and BU Acc 32 showed the highest RWC, WRC, rate of
photosynthesis, conductance of stomata, transpiration rate, total chlorophyll content, proline and soluble sugar
content, while susceptible genotype BU Acc 5 showed the lowest value of those parameters during water stress
condition. In contrast, the lowest WSD, WUC, accumulation of HoO, and malondialdehyde were noticed in
tolerant genotypes BU Acc 37 and BU Acc 32, whereas those were the highest in susceptible genotype BU Acc 5
under deficit moisture condition. Tolerant genotype BU Acc 37 and BU Acc 32 also showed the higher antiox-
idant enzyme activity than the susceptible genotype BU Acc 5. Regardless of genotypes, yield contributing
characteristics and yield were severely affected by deficit water stress. However, tolerant genotype BU Acc 37
showed the highest grain yield per hill, while susceptible genotype BU Acc 5 showed the lowest grain yield per
hill. Hence, better accumulation ability of osmoprotectants, and the higher activity of antioxidant enzymes in the
tolerant genotypes reduce the oxidative stress, enhance water relation and gas exchange attributes, and protect
the yield reduction of rice.

1. Introduction

increasing overtime, and by 2050 it is expected to reach about 9.1
billion, though rising of agricultural production is not same (Molotoks

Rice uses as a staple meal for nearly half of the population of the
world (Urmi et al., 2023; Saha et al., 2019). Rice is the authentic source
of minerals and fiber, and contributes 20 % of the total energy and 15 %
of the world population’s protein requirements. Asian countries produce
and consume about ninety-two percent of the total rice of the globe
(Fahad et al., 2017). Annual production of rice in Asia is 516 million
tonnes which is cultivated on 135 million ha (Saha et al., 2019).
Bangladesh ranked four in the globe based on rice production. Nearly
170 million people of Bangladesh consume rice as staple food. Based on
increasing rate, by the year of 2050, population of Bangladesh may
reach 238 million (Shelley et al., 2016). Population of the world is also
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et al., 2021). Therefore, the world agriculture production ought to be
redoubled by 60-110 % for an additional pair of 2.3 billion people
within year 2050. On the other hand, impacts of different biotic and
abiotic stresses on agricultural production increase over time (Islam
et al., 2023). The widespread abiotic stresses whose are responsible for
yield reduction are drought, salinity, flood, cold, and heat. Among these
stresses, drought is considered as the most hazardous stress which
severely collapses the production of agricultural (Urmi et al., 2023).
Drought exaggerated about 40 % of the world’s population while near
700 million people is at-risk of being displaced as a result of drought by
2023 (Urmi et al., 2023).
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Water scarcity severely reduces the growth, physiology and yield of
rice. Drought affects morphological parameters of rice by reducing
germination percentage, stem elongation, plant biomass, tiller number
per hill and leaves per hill (Islam et al., 2018). Under drought, the major
physiological alterations are reduction in relative water content (RWC),
photosynthesis, transpiration, conductance of stomatal and photosyn-
thetic pigments content (Tamanna et al., 2023). Growth and production
of crop depends on photosynthesis which is affected by deficit soil
moisture (Yang et al., 2019). Photosynthesis of rice leaf is the result of
captured solar energy, up-taking of atmospheric carbon dioxide (CO>),
and the mechanisms of leaf gas exchange (Yang et al., 2019). Reduction
of photosynthesis of crops depends on decline of turgor pressure, lower
stomatal conductance, decrease in gas exchange and CO assimilation of
leaf (Zhu et al., 2020; Gupta et al., 2020). Drought stress induces
shortening of stomatal pores, transpiration rate along with uptake of
reduced CO;, and reduces photosynthesis (Souza et al., 2013). Plant
absorbs light and transfers light energy to photosystem through leaf
chlorophyll (Rahdari et al., 2012). Water scarcity enhances the pigment
photooxidation and chlorophyll degradation and reduces the leaf chlo-
rophyll content (Anjum et al., 2011). Deficit water inhibit canopy
development and suppress photosynthesis which leads to less accumu-
lation of dry matter finally reduces the growth and yield of crops
(Tamanna et al., 2023).

Higher production of reactive oxygen species (ROS) under inade-
quate moisture condition enhances lipid peroxidation and raises the
production of malondialdehyde (MDA). Malondialdehyde is an index of
drought induces oxidative damage caused (Urmi et al., 2023). Leaves
senescence occur through breakdown of photosynthetic pigments under
excessive accumulation of ROS (Urmi et al., 2023; Hussain et al., 2018;
Noctor et al., 2018). Through signal transduction pathway plants modify
their physiological and biochemical attributes for their existence under
stress (Urmi et al., 2023; Siddiqui et al., 2019). Thus, plant shows
adaptive responses to stress by producing different osmolites, especially
proline and soluble sugar. Plant physiology, membranes integrity and
stability of enzymes are regulated by those osmoprotectants (Kurepin
et al.,, 2017; Dien et al., 2019). Therefore, accumulation of proline,
soluble sugar as well as activities of antioxidant enzymes can be used as
an indicator of stress tolerance of crops (Urmi et al., 2023; Tamanna
et al., 2023).

At present, suitable drought tolerant rice cultivar is essential for the
expansion of rice production in drought prone areas of Bangladesh as
well as of the globe. Fluctuation of hydrological level under this adverse
climatic condition is one of the major limiting factors of agricultural
production. In contrast, food demand of the globe increases due to
increasing population. In this situation, it is essential to use those less
favorable lands for crop production. Therefore, it is essential to screen
crop varieties tolerance to drought stress. It is reported that physiolog-
ical characteristics such as RWC, LWP, rate of photosynthesis, conduc-
tance of stomata, photosynthetic pigmant, proline, sugar content, ROS,
MDA and antioxidant enzymes activities are closely correlated with
drought stress tolerance of rice and those characteristics can be used as
criteria for selection for drought stress (Li et al., 2016; Panda et al.,
2021). In these circumstances, characterization of rice physiology in the
moisture stress environment is crucial for development of moisture
stress tolerance rice variety. Understanding physiology of rice under
deficit soil moisture conditions will be useful in breeding programs for
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developing a drought tolerant rice variety which is essential for drought
prone ecosystem of the globe. We speculate that better physiological
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characteristics and maximum grain yield may be found in rice genotypes
which are tolerance to moisture stress.

2. Materials and methods
2.1. Plant materials and treatments

Pre-evaluated six drought tolerant (BU Acc 7, BU Acc 12, BU Acc 24,
BU Acc 25, BU Acc 32, BU Acc 37) one susceptible genotype (BU Acc 5)
and one standard check variety (BRRI dhan43) of rice were used. The
treatment variables of this experiment were eight rice genotypes and
two sets of moisture regime: one is sufficient moisture condition (con-
trol; 95 to 100 % field capacity (FC)) and another is deficit moisture
condition (moisture stress; 40 to 45 % FC). Vinyl house was used to
conducted this experiment. Five replications and factorial completely
randomized design (CRD) was maintained in this experiment.

2.2. Pot preparation and application of fertilizer

The pot was filled with 13 kg soil which was mixed with cow dung at
1:0.25 ratios. Bulk density and particle density of the silty clay loam pot
soil were 1.36 g/cc and 2.61 g/cc, respectively. Soil pH was 5.94.
Organic carbon and total nitrogen were 0.97 and 0.093 %, respectively.
Available P, exchangeable K and available S were 18.87 mg kg™ soil,
0.127 meq/100 g soil and 20.91 mg kg ! soil, respectively. Field ca-
pacity was 30.55 % vol/vol. Fertilizers at the rate of 1.30 g of urea, 0.51
g of triple super phosphate (TSP), 0.70 g of muriate of potash (MoP),
0.19 g of gypsum and 0.081 g of zinc sulphate were incorporated in each
pot according to BRRI (2020).

2.3. Sowing of seed and treatment imposition

Distilled water was used for washing of the surface sterilized seeds.
Soil containing plastic tray were used for germination. Rice seedlings of
twenty-one-day old were transferred to plastic pots. Treatments were
imposed at 28 days after transplantation (DAT). Two sets of moisture
regime: one is sufficient moisture condition (control; 95-100 % FC) and
another is deficit moisture condition (moisture stress; 40-45 % FC) were
maintained. Soil moisture was monitored and maintained according to
Urmi et al. (2023). Irrigation water was applied by measuring cylinder.
Soil moisture meter (Stevens, Field POGO, Portland, Oregon, USA) was
used to assess the field capacity of the soil. Plant samples were collected
after four (4) weeks of treatment imposition from five replications for all
physiological data and antioxidant enzyme activity.

2.4. Assessment of water relation parameters
Different water relation parameters were calculated four weeks after

treatment imposition as describe Tamanna et al. (2023).

_ (Fresh weight (mg) — Dry weight (mg),
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Water uptake capacity = -
Dry weight (mg)

2.5. Estimation of gas exchange characteristics

Four weeks after treatment imposition, portable photosynthetic
system Li-COR, 6400 (Li-COR, Lincon, NE, USA) was used for taking
data of photosynthesis (Pn), conductance of stomata (gs), and rate of
transpiration (Tr) as described by Urmi et al. (2023). Fully expanded
uppermost leaves of each variety of all the treatments were used in gas
exchange measurements. All measurements were taken in a sunny day.

2.6. Estimation of photosynthetic pigment

Spectrophotometer (double-beam) was used to determine photo-
synthetic pigment like chlorophyll content four weeks after application
of treatment as described Urmi et al. (2023). Chlorophyll content was
determined based on fresh weight basis extracting with 80 % acetone.

2.7. Determination of osmoprotectants

Different osmoprotectants such as proline content and soluble sugar
were measured according to Urmi et al. (2023).

2.8. Oxidative stress assessment

Hydrogen peroxide (H203) was determined five times according to
the method of Islam et al. (2023) after four weeks of treatment impo-
sition. A total of 500 mg fresh leaf was macerated with 0.1 % tri-
chloroacetic acid (TCA), and the homogenate centrifuged at 10,000 x g
for 10 min. A total of 0.75 mL of 100 mM potassium phosphate buffer
(pH 7.0) and 1Mpotassium iodide were mixed with supernatant (0.75
mL). Spectrophotometer (Shimadzu, UV-1201; 1, Nishinokyo
Kuwabara-cho, Nakagyo-ku, Kyoto 604-8511, Japan) was used to
measure at 390 nm.

Malondialdehyde (MDA) was estimated five times according to the
method of Islam et al. (2023) after four weeks of treatment imposition. A
total of 500 mg of fresh leaf were ground in 0.1 % trichloroacetic acid
(TCA) and centrifuged at 15,000g for 10 min. Then, 1 mL of supernatant
was added to 4 mL of thiobarbituric acid (TBA) (prepared in 20 % TBA)
and boiled at 100 °C for 30 min. The reaction mixture was terminated in
an ice bath followed by centrifugation at 15,000g for 10 min. Finally, the
colored supernatants absorbance was measured at 530 nm and 600 nm
using spectrophotometer (Shimadzu, UV-1201; 1, Nishinokyo
Kuwabara-cho, Nakagyo-ku, Kyoto 604-8511, Japan).

2.9. Estimation of antioxidant enzymatic activity

Potassium phosphate buffer having polyvinyl pyrrolidone (1 %) with
pH 7.0 was used for homogeneous of fresh leaf tissue in pestle and
mortar under deep-freezer-cooled condition. The homogenates were
centrifuged at 4 °C for 30 min at 12,000g and the supernatant was
collected. These supernatant was used for determination of catalase
(CAT, EC: 1.11.1.6), ascorbate peroxidase (APX, EC: 1.11.1.11) and
superoxide dismutase (SOD, EC: 1.15.1.1) activity. CAT and APX ac-
tivity were measured according to Islam et al. (2023) and SOD activity
was measured according to Urmi et al. (2023).

2.10. Yield assessment

Different rice genotypes were harvested 110-130 days after trans-
planting. Yield data such as plant height, total tiller per hill, effective
tiller per hill, spike length, filled grain per panicle, thousand grain
weight and grain yield per plant were recorded from each pot. Plant
height was measured from the surface level of the soil to the tip of the
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longest spike of the plant.
2.11. Statistical analysis

Statistix version 10 software was used for statistical analysis of the
collected data. The observed data were statistically analyzed using
‘Statistix version 10" software. ANOVA technique was applied to scru-
tinize the collected data. Mean value was compered by Tukey’s test at 5
% level of significant.

3. Results
3.1. Water relation characteristics of rice

3.1.1. Relative water content

In this study, both the year, relative water content (RWC) of rice
genotypes was considerably affected by deficit moisture stress (Table 1).
However, under moisture stress condition, the highest RWC was found
in genotype BU Acc 37 (1st year: 76.4 %; 2nd year: 75.2 %) followed by
genotype BU Acc 32, BRRI dhan 43 and the lowest RWC content was
observed in BU Acc 5 (1st year: 61.4 %; 2nd year: 60.7 %). The percent
decrease of RWC is an important indicator of stress tolerance. Similar
kinds of decrease in RWC were found in rice genotypes in both years.
However, during both years, the lowest percent decrease over the con-
trol was found in genotype BU Acc 37 (1st year: 14.4 %; 2nd year: 17.8
%) next genotype BU Acc 32, while the genotype BU Acc 5 showed the
highest percent decrease (1st year: 30.0 % 2nd year: 32.0 %).

3.1.2. Water saturation deficit

In this study, regardless of genotypes, deficit moisture stress mark-
edly influenced the water saturation deficit (WSD) of the rice plants
(Table 1). However, under moisture stress, the lowest WSD was found in
genotype BU Acc 37 (1st year: 10.7 %; 2nd year: 10.3 %) next genotype
BU Acc 32 (1st year: 11.9 %; 2nd year: 11.7 %) whereas genotype BU
Acc 5 showed the highest WSD (1st year: 22.5 %; 2nd year: 21.3 %).
Genotype BU Acc 37 also showed the lowest percent increase over
control (1st year: 40.8 %; 2nd year: 40.8 %), while the genotype BU Acc
5 showed the highest (1st year: 196.1 %; 2nd year: 195.1 %).

3.1.3. Water retention capacity

Under control condition, all rice genotypes showed statistically
similar water retention capacity (WRC) (Table 1). However, under
deficit soil moisture, genotype BU Acc 37 showed the highest WRC (1st
year: 4.41; 2nd year: 4.35) after that genotype BU Acc 32, while the
lowest WRC was observed in BU Acc 5 (1st year: 3.29; 2nd year: 3.13).
Percent decrease over control was the lowest in BU Acc 37 (1st year: 9.4
%; 2nd year: 11.6 %) next genotype BU Acc 32, whereas genotype BU
Acc 5 showed the highest (1st year: 31.6 %; 2nd year: 36.5 %).

3.1.4. Water uptake capacity

In this study, water uptake capacity (WUC) of rice genotypes was
markedly increased due to deficit water stress (Table 1). At control,
statistically identical results were found among the rice genotypes
during both years. However, under deficit moisture stress, genotype BU
Acc 37 showed the lowest WUC (1st year: 0.551; 2nd year: 0.561) next
genotype BU Acc 32, while the genotype BU Acc 5 showed the highest
WUC (1st year: 0.895; 2nd year: 0.891). Genotype BU Acc 37 also
showed the lowest percent increase over control (1st year: 53.1 %; 2nd
year: 36.8 %) next BU Acc 32, whereas genotype BU Acc 5 showed the
highest (1st year: 148.6 % 2nd year: 112.1 %). These results revealed
that WUC was less in drought tolerant genotypes BU Acc 37 and BU Acc
32 and high in drought sensitive genotype BU Acc 5 under deficit soil
moisture.
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Table 1
Interaction effects of two moisture levels and different rice genotypes on water relation characteristics of rice.
Moisture Genotypes RWC (%) WSD (%) WRC wucC
level
evels Year I Year II Year I Year II Year I Year II Year I Year II
Control BU Acc 5 87.7 £ 2.62b 89.3+3.25b 7.6 +£0.41f 7.4 £ 0.25g 4.81 £0.25a 493+03la 0.36 + 0.03 h 0.42+0.05g
BU Acc 7 91.2+4.33a 90.4 £+ 3.15 7.8+ 0.36 f 72+031¢g 4.88 +0.41 a 4.89 £+ 0.25 0.35 +0.02h 0.39+0.03g
ab ab
BU Acc 12 87.6 + 3.46 b 88.1 + 2.62 7.8 +0.51f 7.54+0.45¢g 4.69 + 0.35b 496 +£0.22a 0.37 £ 0.02h 0.41 £0.03 g
be
BU Acc 24 89.5 £+ 3.61 88.6 + 2.55 7.5+0.22f 7.3+025¢g 485+0.45a 491 £0.25a 0.36 = 0.06 h 0.44£0.01g
ab be
BU Acc 25 87.7 +£2.81b 90.4 + 3.11 7.6 £0.71 f 7.1 +£0.20 gh 4.78 + 0.30 4.96 +£0.30 a 0.36 + 0.04 h 0.41 £0.03 g
ab ab
BU Acc 32 88.6 + 2.64b 90.3 £ 3.25 7.8 £0.35f 7.5+0.30¢g 483 +045a 4.93+0.30a 0.37 £ 0.03h 0.40 £0.02 g
ab
BU Acc 37 89.3 £+ 4.52 91.5+216a 7.6 £0.26 f 7.3+041¢g 4.87 £ 0.40 a 4.92+0.30 a 0.36 + 0.03 h 0.41 £0.03 g
ab
BRRI dhan43 91.6 £ 3.67 a 91.5+1.65a 7.4 +0.52f 7.3+0.26¢g 481 £0.32a 492 +0.25a 0.35+0.03 h 0.42 +£0.02¢g
Moisture BU Acc 5 61.4+162¢g 60.7 £ 2.551 225+ 1.16a 21.3+091a 3.29+036¢g 3.13+0.22h 0.895 + 0.07 0.891 + 0.06
stress a a
BU Acc 7 65.3 + 2.05 f 63.4 +3.12h 144 +0.82b 14.1 +£0.58 b 3.51 +£0.41f 351+021g 0.813 + 0.07 0.811 + 0.05
b b
BU Acc 12 62.4+155¢g 63.5+3.27 h 141 +0.72b 14.3 +0.65b 3.76 + 0.20 ef 356 +025¢g 0.761 + 0.06 ¢ 0.803 + 0.05
b
BU Acc 24 67.8 +£1.48e 68.2 +1.62fg 13.3 £ 0.61 129+ 0.52¢ 3.88+0.34e 3.71 £0.32f 0.705 + 0.07 0.711 £0.06 ¢
bed d
BU Acc 25 70.5 + 1.06 d 69.6 + 2.52 f 12.7 £ 0.34 cd 12.3 £ 0.35 4.12+0.21d 3.96 £0.25e 0.611 + 0.06 0.625 + 0.02
cd e d
BU Acc 32 71.3+2.25d 72.6 £231le 11.9 £ 0.62 de 11.7 £ 0.35 e 4.36 £ 0.18 ¢ 4.21 £0.35d 0.581 £ 0.04f 0.593 + 0.05
e
BU Acc 37 76.4+271c 75.2 +2.58d 10.7 £ 0.66 e 10.3 +£0.41f 4.41 £0.27 ¢ 4.35+0.25c¢ 0.551 + 0.04 0.561 + 0.06 f
g
BRRI dhan43 70.0 £ 2.08 71.4+£1.96 e 12.6 +0.71d 11.5+0.25e 4.35+0.35¢ 4.23 +0.30d 0.595 + 0.05 0.591 + 0.03
de e e

Significantly different mean values of individual column are shown in dissimilar letters based on Tukey’s test at 5 % level of significance. The data of five replicates +
SE are shown. RWC: Relative water content; WSD: Water saturation deficit; WRC: Water retention capacity; WUC: Water uptake capacity. SE: standard error.

3.2. Gas exchange activities of rice

3.2.1. Rate of photosynthesis

In this experiment, regardless of genotypes, deficit moisture stress
markedly affected the photosynthetic rate (Pn) of rice genotypes during
both year (Table 2). Under deficit moisture condition, genotype BU Acc
37 showed the highest Pn value (1st year: 14.9 umol m~2 s~1; 2nd year:
14.8 umol m~2 s~ 1) followed by BU Acc 32, whereas genotype BU Acc 5
showed the lowest Pn value (1st year: 6.2 ymol m~2 s™1; 2nd year: 6.4
umol m 2 s1). The lowest percent decrease over control of Pn was
observed in genotype BU Acc 37 (1st year: 19.5 %; 2nd year: 18.2 %)
next BU Acc 32, while BU Acc 5 showed the highest (1st year: 59.2 %;
2nd year: 57.0 %). As the genotype BU Acc 37 and BU Acc 32 showed
lower reduction rate of Pn under drought stress, they might be consid-
ered as drought tolerant genotypes.

3.2.2. Stomatal conductance

Table 2 showed that deficit moisture significantly reduced the sto-
matal conductance (gs) of all the genotypes. However, under deficit
moisture, genotype BU Acc 37 exposed the highest gs (1st year: 0.218
mmol m ™2 s7}; 2nd year: 0.221 mmol m~2 s™!) followed by BU Acc 25,
whereas genotype BU Acc 5 exposed the lowest gs (1st year: 0.139 mmol
m~2 s71; 2nd year: 0.140 mmol m 2 s™1). Significant variation was
found in reduction of gs of different genotypes of rice, while genotype
BU Acc 37 exhibited the lowest (1st year: 26.1 %; 2nd year: 28.0 %) next
BU Acc 32, while genotype BU Acc 5 exhibited the highest (1st year:
55.2 %; 2nd year: 55.0 %).

3.2.3. Rate of transpiration
In this experiment, transpiration rate (Tr) of rice genotypes was
decreased significantly due to deficit moisture (Table 2). But, genotype

BU Acc 37 exposed the highest Tr (1st year: 2.42 mmol m 2 s %; 2nd
year:2.46 mmol m~2s71) next to BU Acc 32, whereas genotype BU Acc 5
showed the lowest Tr (1st year: 1.29 mmol m~2 s~!; 2nd year: 1.31
mmol m~2 s7!) under moisture stress. Tolerant genotypes showed
higher stomatal conductance as well as higher Tr than the susceptible
genotype under moisture stress. As a result, tolerant genotype like BU
Acc 37 exposed the lowest rate of reduction (1st year: 52.6 %; 2nd year:
51.7 %) after that BU Acc 32, while susceptible genotype BU Acc 5
exposed the highest rate (1st year: 74.2 %, and 2nd year: 73.6 %).

3.3. Photosynthetic pigment

Table 2 shows the remarked reduction of total chlorophyll contents
of different rice genotypes under deficit moisture. However, under
deficit soil moisture, genotype BU Acc 37 exposed the maximum total
chlorophyll content (1st year: 3.03 mg g~!; 2nd year: 2.94 mg g™ ) after
that BU Acc 32 (1st year: 2.25 mg g~ '; 2nd year: 2.15 mg g 1), while BU
Acc 5 exposed the minimum total chlorophyll content (1st year: 1.13 mg
g % 2nd year: 1.15 mg g~1). Genotype BU Acc 37 also exposed the
lowest rate of reduction (1st year: 18.9 %; 2nd year: 18.6 %) after that
BU Acc 32 (1st year: 33.3 %; 2nd year: 33.6 %), whereas genotype BU
Acc 5 exposed the highest rate of reduction (1st year: 64.5 %; 2nd year:
63.8 %).

3.4. Compatible solutes accumulation

3.4.1. Proline accumulation

Regardless of genotypes, proline content was markedly increased
under deficit moisture (Table 3). Statistically the highest proline accu-
mulation was found in genotype BU Acc 37 (1st year: 3.71 ug g~ FW;
2nd year: 3.75 pg g~ FW) after that BU Acc 32 (1st year: 3.52 ug g~ * FW;
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Table 2

Effects of interaction between two moisture levels and different rice genotypes on gas exchange attributes of rice.

Saudi Journal of Biological Sciences 31 (2024) 103961

Moisture Genotypes Rate of photosynthesis Conductance of stomatal Rate of transpiration Content of total chlorophyll
levels (umol/ m/ s) (mmol/ m/ s) (mmol/ m /s)
Year I Year II Year I Year II Year I Year II Year I Year II
Control BU Acc 5 152+ 0.68e 149+1.02f 0.310 £ 0.03 0.311 £0.05a 5.01 £0.35a 4.97 £ 0.46 a 3.15+0.15bc  3.18+0.25b
ab
BU Acc 7 16.8 + 0.51 15.8 +0.82e 0.297 £ 0.02 ¢ 0.304 £+ 0.04 492 +0.35a 495+ 0.55a 3.20 + 0.20 be 3.18+0.30b
cd ab
BU Acc 12 16.5+0.81d 157+091e 0.317+0.03a 0.316+0.05a 4.99+0.3la 5.01 +£0.71a 3.55+0.25ab 3.49+0.30a
BU Acc 24 17.4 £ 0.75 175+ 1.05¢c 0.293 + 0.03 0.307 £ 0.05 5.12+0.40a 5.06 £ 0.45a 3.23 + 0.20 be 3.31 £0.21
be cd ab ab
BU Acc 25 18.1 + 0.58 17.8 £ 1.11 0.307 £0.03b  0.311 £0.04a 5.05+0.55a 5.07 £ 0.75 a 2.95+0.10¢ 3.17+£0.20b
ab ab
BU Acc 32 17.1 +£ 0.68 16.9 + 0.89 d 0.309 + 0.03 0.304 + 0.04 5.03 £0.50 a 5.04 £ 0.78 a 3.35+£0.20 3.24 £ 0.15b
cd ab ab abc
BU Acc 37 185+ 0.61a 181 +1.13a  0.295=+0.02 0.307 + 0.04 511 +£0.45a 5.09 +£0.81a 3.74+0.10a 3.61 +£0.15a
cd ab
BRRI 17.4 + 0.55 17.8 + 1.05 0.287 £0.03d  0.299 + 0.05 5.06 + 0.50 a 5.03 £ 0.73 a 3.55+0.20ab  3.35+ 0.20
dhan43 be ab be ab
Moisture BU Acc 5 6.2+ 0.45]j 6.4 + 0.58j 0.139 £ 0.01 i 0.140 £+0.01h  1.29 £0.09 f 1.31 £ 0.11f 1.13 £ 0.08 f 1.15+0.10f
stress BU Acc 7 108+ 0.74h  10.6 +0.831i 0.183+0.01h 0.178+£0.01g 1.67 £0.10de 1.66+0.21de 1.64+0.08¢ 1.61 +£0.13 e
BU Acc 12 99+ 0.711i 10.1 + 1.061i 0.188 + 0.01 h 0.183+0.02¢g 1.76 £ 0.10 1.78 +£ 0.15 1.92 4+ 0.07 de 1.88 + 0.15
cde cde de
BU Acc 24 119+0.65g 11.6+1.07h 0.199 £0.02g  0.201 £ 0.02 1.96 + 0.09 1.95+0.24cd 1.59 +0.07ef 1.56+0.13e
ef bed
BU Acc 25 12.7 £ 0.61 f 128 +1.11g 0.217 £ 0.01 0.214 + 0.03 2.16 + 0.08 2.17 £ 0.31 1.82+£0.07de  1.83 +0.10
ef de bed bed de
BU Acc 32 129+ 0.75f 128 £1.13g  0.214 + 0.02 0.213 £ 0.02 231 £0.10bc 235+ 0.25bc  2.25+0.10d 2.15+0.10d
ef de
BU Acc 37 149+0.8le 148+1.14f 0.218+0.02e 0.221+0.01d 242+0.09b 2.46 £ 0.35b 3.03 £ 0.08 ¢ 294 +0.13 ¢
BRRI 12.8 +£0.70 f 12.6 £1.36 g  0.208 + 0.02 0.211 £ 0.02 231 £0.09bc  2.33+0.30bc 217 +0.10d 2.07 £0.13d
dhan43 fg de

Significantly different mean values of individual column are shown in dissimilar letters based on Tukey’s test at 5 % level of significance. The data of five replicates +

SE are shown. SE: Standard error.

2nd year: 3.51 pg g~! FW), while genotype BU Acc 5 showed the lowest
accumulation (1st year: 2.93 pg g~! FW; 2nd year: 2.89 ug g~ ' FW).
Genotype BU Acc 37 also exposed the highest rate of increase (1st year:
145.7 %; 2nd year: 146.7 %) after that BU Acc 32 (1st year: 127.1 %; 2nd
year: 132.5 %), whereas BU Acc 5 exposed the lowest rate of increase
(1st year: 104.9 %; 2nd year: 95.3 %).

3.4.2. Soluble sugar accumulation

Regardless of genotypes, soluble sugar accumulation was decreased
significantly under deficit moisture (Table 3). However, under moisture
stress, tolerant BU Acc 37 genotype exhibited the highest soluble sugar
accumulation (1st year: 24.95 mg g’1 FW; 2nd year: 25.21 mg g’1 FW)
after that BU Acc 32 (1st year: 23.04 mg g~ FW; 2nd year: 23.45 mg g~
FW), whereas susceptible BU Acc 5 genotype exhibited the lowest accu-
mulation (1st year: 16.33 mg g~! FW; 2nd year: 16.51 mg g~ FW). The
percent decrease over control was the lowest in tolerant genotype BU Acc
37 (1st year: 13.4 %; 2nd year: 11.7 %) after that BU Acc 32 (1st year: 19.5
%; 2nd year: 17.2 %), while susceptible BU Acc 5 genotype showed the
highest percent decrease (1st year: 40.9 %; 2nd year: 40.6 %).

3.5. Accumulation of hydrogen peroxide and malondialdehyde

Fig. 1 shows that deficit soil moisture significantly increased the
content of hydrogen peroxide (H202) of rice genotypes. However, under
deficit moisture stress, susceptible BU Acc 5 genotype exposed the
maximum accumulation of HyO5 (4.42 nmol g’l) after that BU Acc 12
(4.13 nmol g~ 1), while tolerant BU Acc 37 genotype exposed the mini-
mum accumulation (2.40 nmol g’l) after that BU Acc 25 (2.45 nmol
g 1). Susceptible BU Acc 5 genotype exposed the highest rate of increase
(180 %) followed by BU Acc 12 (170 %), while tolerant BU Acc 37 ge-
notype exposed the lowest rate of increase (98 %) followed by BU Acc 32
(99 %) (Fig. 1b).

Overproduction of malondialdehyde (MDA) under moisture stress is
considered as the indicators of oxidative stress. Regardless of genotypes,
deficit moisture markedly increased MDA accumulation (Fig. 2a).
However, tolerant BU Acc 37 genotype exhibited the minimum MDA
accumulation (30.9 nmol g’l) after that BU Acc 32 (32.6 nmol g’l),
while susceptible BU Acc 5 genotype exhibited the maximum MDA
accumulation (43.3 nmol g’l) after that BU Acc 7 (40.0 nmol g’l).
Tolerant genotype BU Acc 37 also exhibited the lowest rate of increase
(71 %) after that BU Acc 32 (87 %), whereas susceptible BU Acc 5
exhibited the highest rate of increase (135 %).

3.6. Activity of antioxidant enzyme

Ascorbate peroxidase (APX) was markedly increased under deficit
moisture in all rice genotypes (Fig. 3b). However, catalase (CAT) and
superoxide dismutase (SOD) activity of all rice genotypes were markedly
decreased under deficit moisture (Fig. 3a&c). Drought stress tolerance of
rice genotypes also realizes by percent increase or percent decrease
compare to control. Here, tolerant genotype BU Acc 37 exposed the
maximum rate of APX activity increase (78.1 %) after that BU Acc 32
(66.5 %), while susceptible genotype BU Acc 5 exposed the minimum
rate of increase (34.9 %). The lowest percent decrease of CAT and SOD
activity was observed also in tolerant genotype BU Acc 37 (22.2 % and
14.5 % of CAT and SOD, respectively) followed by BU Acc 32 (26.3 %
and 15.5 % of CAT and SOD, respectively), while the highest percent
decrease was saw also in susceptible BU Acc 5 (44.8 % and 43.3 % of
CAT and SOD, respectively).

3.7. Rice yield

3.7.1. Plant height
Deficit moisture markedly reduced the height of rice (Table 4). Under
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Table 3

Effects of interaction between two moisture levels and different rice genotypes on osmoprotectants content of rice.
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Moisture levels Genotypes Content of proline (ug/ g FW) Content of soluble (mg/ g FW)
Year I Year II Year I Year II
Control BU Acc 5 1.43+£0.11h 1.48 + 0.15 gh 27.65 + 1.15 cd 27.81 £2.15¢
BU Acc 7 1.52 + 0.11 gh 1.55+0.09g 27.11+1.09e 27.55 £ 1.85 cd
BU Acc 12 1.51 £ 0.12 gh 1.52+0.07 g 27.61 +1.15d 27.60 + 1.74 cd
BU Acc 24 1.49 £ 0.11 gh 1.48 £ 0.15gh 2795+ 1.20c 27.88 £ 1.68 ¢
BU Acc 25 1.53+0.10g 1.50 £ 0.15g 27.66 + 1.15 cd 27.75 £ 1.95 cd
BU Acc 32 1.55+0.10 g 1.51 +0.10 g 28.62 + 1.11 a 28.32 +£2.08 a
BU Acc 37 1.51 + 0.08 gh 1.52+0.10¢g 28.81 +1.20 a 28.55 +2.15a
BRRI dhan43 1.52 + 0.08 gh 1.50 £ 0.10 g 28.28 +1.20 b 28.15 +£2.07b
Moisture BU Acc 5 293 +0.25f 2.89 +£0.22f 16.33 £ 1.151 16.51 +1.551
stress BU Acc 7 3.03+0.22e 3.04 £ 0.15e 17.25 +1.20 k 17.34 + 1.65 k
BU Acc 12 3.11 + 0.22 de 3.15+0.25d 17.81 +1.15j 17.85 £ 1.55]j
BU Acc 24 3.18 £0.20d 3.11 £ 0.25d 18.73 £ 1.151 18.45 +1.501
BU Acc 25 3.31+0.25¢ 3.30 £ 0.30 ¢ 21.99 +1.25h 2215+ 1.32h
BU Acc 32 3.52+0.25b 3.51 +0.25b 23.04 +1.22g 23.45 £1.55f
BU Acc 37 3.71+0.15a 3.75+0.20a 24.95 +1.25f 25.21 £1.30e
BRRI dhan43 3.38+0.15¢ 3.35 + 0.20 be 2228 +1.20h 23.06 +1.28g

Significantly different mean values of individual column are shown with dissimilar letters based on Tukey’s test at 5 % level of significance. The data of five replicates

+ SE are shown. SE: Standard error.

control condition, genotype BU Acc 25 exposed the maximum height
(168.5 cm), while BRRI dhan43 exposed the minimum height (100.7 cm).
Under deficit moisture, genotypes BU Acc 25 exposed the maximum
height (143.7 cm), whereas BRRI dhan43 exposed the minimum (88.8
cm). However, tolerant BU Acc 37 genotypes showed the lowest reduction
of plant height (8.7 %) followed by genotype BU Acc 32 (14.8 %), while
susceptible genotypes BU Acc 5 showed the highest reduction (28.4 %).
Other genotypes showed moderate plant height reduction.

3.7.2. Total tillers per hill

Deficit moisture markedly reduced the total tillers number of rice
genotypes (Table 4). At control condition, all rice genotypes showed
statistically similar results. However, under deficit soil moisture,
tolerant genotype BU Acc 37 exposed the maximum total tillers number
(18.0) after that BU Acc 32 (16.5), while the minimum was detected in
susceptible genotype BU Acc 5 (9.3). Tolerant genotypes BU Acc 37 also
exposed the lowest rate of reduction of total tiller (7.8 %) followed by
BU Acc 32 (11.0 %), while susceptible genotypes BU Acc 5 exposed the
highest rate of reduction (48.9 %).

3.7.3. Effective tillers per hill

Deficit moisture markedly reduced the effective tillers number of rice
genotypes (Table 4). However, under deficit moisture condition, the
maximum number of effective tillers per hill was found in tolerant ge-
notype BU Acc 37 (15.6) followed by BU Acc 32 (13.8), while genotype
BU Acc 5 exposed the minimum (8.5). Tolerant genotypes BU Acc 37
also exposed the lowest reduction rate of effective tillers per hill (8.8 %)
followed by BU Acc 32 (9.0 %), whereas susceptible genotypes BU Acc 5
exposed the highest reduction rate (44.0 %).

3.7.4. Panicle length

Deficit moisture stress significantly reduced the length of panicle of
all rice genotypes (Table 4). Tolerant genotype BU Acc 37 exhibited the
longest panicle (25.1 cm), while susceptible genotype BU Acc 5
exhibited the shortest panicle (16.6 cm) under deficit moisture. Tolerant
genotypes BU Acc 37 exhibited the lowest rate of panicle reduction (6.7
%) followed by BU Acc 32 (10.4 %), while susceptible genotypes BU Acc
5 exhibited the highest rate of panicle reduction (29.7 %).

a b
Control M Moisture stress 200
5 -
- : ab = 175
= g
& 4 | 150
&0 =
TE 3 | g 125
£ ; 100
O: 2 4 § 75
T o £ 50
R 25
0 - 0
5 A N o S
?55, ?55, Y&C\ Yy&% Yy&% ?S;J ?5;) < é‘%
AN [S
IR SHIPS USRI & ~
Genotypes Genotypes

Fig. 1. Hydrogen peroxide (H,0,) content (a) and percent increase of H,O, over control (b) in leaves of different rice genotypes with deficit moisture stress. Means of
five replicates are shown through vertical bar. Standard error is shown by error bar. Significantly different mean values are shown in different letters (Tukey’s test at

p < 0.05).



K.R. Das et al.

Saudi Journal of Biological Sciences 31 (2024) 103961

a b
Control ™ Moisture stress 160 -
50 a
= w § 140
E § 120
,IS(D 30 E 100
(=]
£ o %
£ 20 8 60
g g 40
s 10 =
X 20
0 0

Genotypes

&

Genotypes

Fig. 2. Melondealdehyde (MDA) content (a) and percent increase of MDA over control (b) in leaves of different rice genotypes with deficit moisture stress. Means of
five replicates are shown through vertical bar. Standard error is shown by error bar. Significantly different mean values are shown in different letters (Tukey’s test at

p < 0.05).

3.7.5. Filled grains per panicle

Filled grains per panicle of rice genotypes were markedly reduced by
deficit moisture stress (Table 4). However, tolerant genotype BU Acc 37
exposed the maximum filled grains number per panicle (94.8), whereas
susceptible genotype BU Acc 5 showed the minimum filled grains
number per panicle (40.5) under deficit moisture. Tolerant genotypes
BU Acc 37 also exposed the lowest rate of filled grain reduction per
panicle (2.6 %) followed by BU Acc 32 (6.1 %), while susceptible ge-
notypes BU Acc 5 showed the highest rate of reduction (52.2 %).

3.7.6. Thousand grain weight

Thousand grain weight of rice genotypes was significantly decreased
under deficit moisture condition (Table 4). However, tolerant genotype
BU Acc 37 exhibited the highest 1000-grain weight (21.8 g), after that
BU Acc 32 (21.2 g), whereas susceptible genotype BU Acc 5 showed the
lowest (17.07 g) under deficit moisture condition. Tolerant genotype BU
Acc 37 also exhibited the lowest rate of 1000-grain weight reduction
(1.88 %) after that BU Acc 32 (2.6 %), whereas susceptible genotype BU
Acc 5 exhibited the highest rate of reduction (14.8 %).

3.7.7. Grain yield

Grain yield of different rice genotypes showed significant variation
under deficit moisture condition. However, tolerant genotype BU Acc 37
showed the highest grain yield per hill (31.1 g) after that BU Acc 32
(22.2 g), while susceptible genotype BU Acc 5 showed the lowest grain
yield per hill (5.9 g). Tolerant genotype BU Acc 37 exposed the lowest
rate of grain yield reduction per hill (12.9 %) next BU Acc 32 (16.8 %)
and the highest reduction percent of grain yield per hill was observed in
susceptible genotype BU Acc 5 (77.2 %).

4. Discussion

Rice production is extremely squeezed due to scarcity of water. Plant
hydrological state can be examine through different water relations
characteristics of plant. In this study, water relations attributes of rice
genotypes were markedly declined under deficit moisture condition
(Table 1). Deficit moisture condition reduces the water absorption ca-
pacity of roots which reduces the water flow consequently hamper the
water relations characteristics of rice. Impacts of moisture stress on
water relation characteristics also regulated by intensity and period of
deficit moisture condition and species of crop (Urmi et al., 2023).

Among the water relations attributes, relative water content (RWC) is
the most important attributes of crops because it represent the difference
between water potential and turgor potential (Gupta et al., 2020).
Leaves of deficit moisture stressed plants exhibit higher reductions in
RWC and water potential. Table 1 showed that better water relations
were observed in tolerant rice genotypes BU Acc 37 and BU Acc 32
rather than vulnerable BU Acc 5 genotypes. Urmi et al. (2023) also re-
ported that sensitive rice genotypes show higher decrease in RWC than
tolerant rice genotype under moisture stress. Tamanna et al. (2023)
shows the well association of different water relation attributes with
stress tolerance of different genotypes. Deficit moisture stress reduces
the water retention capacity by occurring higher damage in cell struc-
tures of crops (Urmi et al., 2023; Imtiaz et al., 2020). Deficit moisture
condition increases the water saturation deficit while decreases osmotic
potential of crops (Zhang et al., 2015). Water uptake ability and rate of
water loss of different genotypes are different that’s why significant
variation was observed in water relations characteristics of different
genotypes.

Table 2 showed remarkable variation of different gas exchange at-
tributes under sufficient and deficit moisture condition, while genotypes
BU Acc 37 and BU Acc 32 showed satisfactory results under moisture
stress. Lower stomatal aperture under deficit moisture condition pre-
vents the entry of carbon dioxide into leaves, enhances the formation of
extra electrons like reactive oxygen species (ROS) and reduces photo-
synthesis (Farooq et al., 2009; Mishra et al., 2018). Moisture stress re-
duces the photosynthetic rate of crops by lowering the leaf number and
size, inducing stomatal closure, reducing carboxylation enzymes activ-
ities, synthesis of ATP, damage of photosynthetic apparatus (Gupta
et al., 2020; Zhu et al., 2020). Light capturing ability, photosynthetic
pigments production, Rubisco activity and photosynthesis decrease
under deficit moisture because of lower number and reduce size of leaf
(Panda et al., 2021; Farooq et al., 2009). Diffusion of CO; into leaves
increases through higher stomatal conductance (Table 2) which enhance
photosynthetic rates (Tamanna et al., 2023; Mishra et al., 2018). Os-
motic imbalance like unavailability of fluid in cell membrane occurs
under deficit soil moisture stress which enhances electrolyte leakage and
reduces Pn, gs and Tr (Baroowa and Gogoi, 2016; Alzarqaa et al., 2014).
Tolerant rice genotypes have higher water uptake and use ability by the
mechanism of lower transpiration rate and showed better performance
of Pn, gs and Tr than the susceptible genotype (Table 1 & 2).

Chlorophyll is most widely used physiological indicators which
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Fig. 3. Activities of different antioxidant enzyme of different rice genotypes
under deficit moisture stress. (a) activity of catalase (CAT), (b) activity of
ascorbate peroxidase (APX), and (c) activity of superoxide dismutase (SOD).
Means of five replicates are shown through vertical bar. Standard error is shown
by error bar. Significantly different mean values are shown in different letters
(Tukey’s test at p < 0.05).

directly regulates crop photosynthesis (Croft et al., 2017; Ashraf and
Harris, 2013). Water scarcity gradually reduces the content of chloro-
phyll because drought stress hampers chlorophyll synthesis by
damaging mesophyll chloroplasts (Abdelaal et al., 2020). Table 2
showed that chlorophyll contents of rice genotypes were decreased
under deficit moisture. However, decreasing rate of chlorophyll contents
was lower in tolerant genotypes than susceptible which also reflect on
higher Pn, gs and Tr of tolerant genotypes. Urmi et al. (2023) found
superior level of chlorophyll content consequently better performance in
tolerant variety of rice under moisture stress condition. Moisture stress
decreases the light harvest capacity and utilization of CO5 by mesophyll
cells, consequently decrease chlorophyll content (Sarwar et al., 2013).

Numerous adaptive mechanisms are developed by plants to resolve

Saudi Journal of Biological Sciences 31 (2024) 103961

the physiological damage under moisture stress (Panda et al., 2021;
Urmi et al., 2023). Under moisture stress condition, accumulation of
osmolytic cytosolutes is considered as stress tolerance indicator (Gao
etal., 2020; Panda et al., 2021). Results of this study showed substantial
variation among the rice genotypes regarding to proline as well as sol-
uble sugar accumulation under deficit moisture. However, tolerant BU
Acc 37 and BU Acc 32 genotypes showed significantly higher proline
accumulation (Table 3). Therefore, genotypes BU Acc 37 and BU Acc 32
might be considered as drought tolerant promising genotype because
proline is one of the most important osmolytic cytosolutes which miti-
gates moisture stress by osmotic regulation (Urmi et al., 2023). Proline
stabilizes the mitochondrial electron transport system II, plays as elec-
tron receptor, scavenge ROS, increase antioxidant enzyme activity and
protected plants against deficit moisture stress (Hare et al., 1998; Yaish,
2015; Saha et al., 2019). Soluble sugar content of different rice geno-
types was markedly decreased under deficit moisture, while, minimum
decreasing rate was observed in tolerant genotypes BU Acc 37 and BU
Acc 32; and maximum was found in susceptible genotype BU Acc 5
(Table 3). Some studies show higher accumulation of soluble sugar
under deficit moisture. Plants accumulate higher amount of soluble
sugar for drought-induced damage repairing. Therefore, long time
deficit moisture stress will affect the synthesis of sugar by destroying the
structure of plants (Li et al., 2015; Gao et al., 2020). Sugar is converted
to energy and carbon for survival of crops during extended deficit
moisture condition (Siaut et al., 2011).

Scarcity of available water disrupts the mitochondrial and chloro-
plastic electron transport pathway and enhances overproduction of ROS
(Melandri et al., 2020; Islam et al., 2020; Panda et al., 2021; Urmi et al.,
2023). Overproduction of ROS enhances the accumulation of malon-
dialdehyde (MDA) via lipid peroxidation (Islam et al., 2016; Islam et al.,
2019). This research showed that, rice genotypes were significantly
different from each other regarding the accumulation of HyO3 and MDA
(Figs. 1 & 2). Similar with these findings, Urmi et al. (2023) also observe
that drought-sensitive rice cultivar accumulates significantly higher
amounts of HyO9 and MDA than the tolerant cultivar. It is reported that
less accumulation of HyO3 and MDA are the sign of higher tolerance
against stresses (Panda et al., 2021; Urmi et al., 2023). Highly toxic
radical Hy0, enhances cell death (Gill and Tuteja, 2010a). Over-
production of HyO2 and MDA cause oxidative damage to crops by
denature the proteins, lipids and deoxyribonucleic acid (Gill and Tuteja,
2010b). Overproduction of HyO2 and MDA increase osmotic suffering
and electrolyte leakage by reducing cell membrane integrity [(Table 1;
Shukla et al. (2012)].

Plant possesses different defense systems such as enzymatic and non-
enzymatic antioxidant systems to overcome different stress condition.
These antioxidant enzyme systems scavenge ROS and mitigate oxidative
stress (Melandri et al., 2020; Panda et al., 2021; Urmi et al., 2023).
Findings of these research also similar to the findings of Melandri et al.
(2020), Mishra and Panda (2017), Gao et al. (2020) and Urmi et al.
(2023) where, regardless of genotypes, deficit moisture stress signifi-
cantly increased the APX activity, while significantly decreased the CAT
and SOD activity (Fig. 3). Lower activity of CAT and SOD were observed
in rice genotypes might be because of long period of drought. Many
other researchers also found the increasing activity of CAT and SOD
during short-period of drought, whereas lower activity of those enzyme
under long period of drought (Gao et al., 2020; Urmi et al., 2023).
Significantly different levels of enzymes activity were observed between
tolerant and susceptible genotypes of this research. However, the
highest percent increase of APX activity and the lowest percent decrease
of CAT and SOD activity were observed in tolerant genotype BU Acc 37
followed by BU Acc 32 (Fig. 3). Merwad et al. (2018) reported that plant
species, stress intensity and extent of unavailability of water influence
the enzymes activity.

Table 4 showed that regardless of genotypes, deficit moisture stress
significantly reduced the effective tiller number, panicle length and
grains of each panicle, weight of thousand grains consequently yield.
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Interaction effects of two moisture levels and different rice genotypes on yield attributes and yield of rice.

Moisture Genotypes Height of plant Total tillers/ Effective tillers/ Length of panicle Filled grain per Weight of thousand- Grain yield (g/
levels (cm) hill hill (cm) panicle grain (g) hill)
Control BU Acc 5 158.0 + 7.3 b 18.2 + 1.06 16.2 + 1.10 ab 23.6 +1.45b 84.7 £ 55e 20.0 + 1.10 ef 25.8 +1.35d
ab
BU Acc 7 102.6 + 5.6 f 189+1.25a 16.a+1.21ab 247 £+1.32b 88.3 +5.8d 18.5+1.08 h 254 +1.26d
BU Acc 12 118.2 + 5.2 de 18.2 +1.34 15.9 + 1.08 ab 24.6 +1.55b 83.0 + 4.4 ef 20.1 + 1.30 def 23.2+1.22e
ab
BU Acc 24 167.7 £ 7.9 a 19.2+1.22a 17.1+1.15a 24.0+1.45b 823+ 4.6f 21.7 £ 1.25 ab 25.2 +1.15d
BU Acc 25 168.5 + 8.3 a 18.2 +1.24 159 +£ 1.14 ab 24.2+1.25b 90.3+35¢c 20.7 + 1.25 cde 27.8+1.24c
ab
BU Acc 32 142.0 4.6 ¢ 185+ 1.08a 16.1+1.15a 23.1 + 1.30 be 81.3+2.8f 21.7 + 1.14 ab 26.8 +1.08 cd
BU Acc 37 136.7 £ 5.2 ¢ 195+ 1.22a 17.1+1.10a 269 +1.22a 97.3+2.7a 222+ 111a 359+211a
BRRI 100.7 £ 5.4 f 18.4 + 1.24 16.0 + 1.24 ab 23.7 +£1.35b 95.7 + 3.5 ab 20.3 + 1.25 def 282+ 1.24c
dhan43 ab
Moisture BU Acc 5 113.2+6.8e 9.3+1.06g 85+ 091f 16.6 £ 1.25e 40.5+2.6j 17.1 £ 1.06 i 59+ 0.8i
stress BU Acc 7 86.3+47¢g 13.7+£1.22f 125+1.31d 20.4 +1.36d 783+19¢g 17.1 £1.051i 16.8+1.25h
BU Acc 12 103.7 £ 6.9f 13.3+£1.25f 11.5+1.05e 20.2 +£1.51d 737 £1.61 19.1 £1.18 gh 16.2 +1.15h
BU Acc 24 138.2+8.2¢ 15.7 £ 1.25 12.0 + 1.15de 20.2 +1.45d 74.5 + 2.4 hi 20.9 +1.25cd 187 +1.15¢g
de
BU Acc 25 143.7 £ 7.8 ¢ 143 +£1.18 12.9 + 1.04 cd 20.8 £1.50d 83.0 £ 1.5¢€f 19.8 £+ 1.20 fg 21.2+1.20f
ef
BU Acc 32 121.0 £ 7.3 de 16.5 +£1.31 13.8+1.10c 20.7 +£1.50 d 76.3 +1.06 h 21.2 +1.17 be 222 +1.18 ef
bed
BU Acc 37 124.8 £8.3d 18.0 +£1.27 15.6 £ 1.07 b 25.1 + 1.55 ab 94.8+1.8b 21.8 £ 1.35ab 31.1+1.85b
abc
BRRI 89.8 +53¢g 16.1 +1.11 12.7 £ 1.13 cd 21.2+1.40 cd 88.3+25d 19.7 + 1.25 fg 22.1 £ 1.25 ef
dhan43 cde

Significantly different mean values of individual column are shown with dissimilar letters based on Tukey’s test at 5 % level of significance. The data of five replicates

+ SE are shown. SE: Standard error.

Imbalance of water potential gradient under deficit moisture stress
prevents the absorption of sufficient amount of water. Nutrient uptake of
plant also reduces due to less water absorption which prevents cell di-
vision as well as cell elongation and crop growth (Islam et al., 2018;
Islam et al., 2021). Plant shows early maturity under moisture stress
condition which badly affects the panicle length and grain per panicle as
well as yield of crops (Sokoto and Muhammad, 2014). Scarcity of soil
moisture at flowering stage is responsible for stigma drying. Lower
germination of pollen grain in dry stigma reduces the formation of filled
grain. Early maturity of different plant parts under deficit moisture
stress decreases assimilates flow from lower to upper parts, causes
ovules abortion which causes spikelet sterility, reduces filled grain per
panicle consequently lower grain yield (Swain et al., 2017; Singh et al.,
2017; Islam et al., 2021). Moisture stress enhances stomatal closure and
reduces water and nutrient absorption, COy uptake which impairs
photosynthesis and leads to lower grain yield (Du et al., 2015). More-
over, moisture stress decrease leaf area, chlorophyll content, hence re-
duces photosynthesis and grain yield [Table 2; Urmi et al. (2023)].
However, tolerant genotypes showed lower impact of moisture stress on
different physiological attributes and ensure higher yield than the sus-
ceptible genotypes. These variation among the genotypes might be
governed by various kind of genes which regulate their different char-
acteristics (Eskandari and Kazemi, 2010; Panda et al., 2021; Urmi et al.,
2023).

5. Conclusion

Drought stress sharply reduces the crop yield. Here, we studied the
major physiological and morphological changes of rice under inade-
quate water condition. Deficit moisture condition extensively enhanced
oxidative stress and lipid peroxidation which significantly decreased the
major physiological attributes and yield of all rice genotypes. In
contrast, among the genotypes, comparatively better physiological and
morphological expressions were observed from genotypes BU Acc 37
and BU Acc 32 which might be due to higher oxidative stress tolerance of
those genotypes through higher accumulation of osmolites and

antioxidant enzyme activities. Therefore, genotypes BU Acc 37 and BU
Acc 32 might be considered for future variety improvement.
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