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Abstract

Salinity stress affects rice growth and yield by impairing physiological processes
in coastal and irrigated areas. This study investigates on physiological and
agronomical parameters in two rice varieties BRRI dhan97 (salt-tolerant)
and BRRI dhan100 (salt-sensitive) differing in their salt tolerance to 80 mM
NaCl solution. The results revealed that the dry weight of BRRI dhan 97 was
not significantly altered by salt stress, whereas salt-sensitive BRRI dhan100
significantly decreased. Regarding photosynthetic pigments, salt-sensitive
BRRI dhan100 degraded more Chl a (55.55%), Chl b (44.84%), Chl a+b
(52.16%) and carotenoid (17.15%) than the BRRI dhan97 under salt stress.
Salinity significantly reduced relative water content in BRRI dhan100 but did not
affectin BRRI dhan97. The leaf proline concentration is higher in BRRI dhan100
(86.82ug g' FW) than BRRI dhan97 (82.01ug g' FW) in saline condition.
The shoot Na* concentration in BRRI dhan97 (760 ppm) was less than that of
BRRI dhan100 (960 ppm), whereas Na*/K* ratio was significantly higher in BRRI
dhan100 than in BRRI dhan97. The findings of this research primarily highlight
the physiological differences, including photosynthetic efficiency, osmotic
activity, and ionic stress resistance between two cultivars. This comprehensive
study might help farming communities in determining salt-resistant cultivars
at salinity-affected areas.
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BRRI - Bangladesh Rice Research Institute
RCBD - Randomized Complete Block Design
RwWC - Relative Water Content

ANOVA - Analysis of Variance

LSD - Least Significant Difference
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Introduction

Increasing unfavorable environmental conditions
are hampering crop production globally. Salt stress
is significant environmental factor that inhibit crop
production worldwide. About 33% of the agricultural
land is affected by soil salinity, and almost 52 million ha
in South Asia is salt-affected.! Saline soils are referred
by high concentrations of Na* ion with strongest anion
of chloride consequently in electrical conductivity
more than 4 dS m™'2

Generally, salt stress declined plant growth, biomass
accumulation and grain yield via osmotic, ionic and
oxidative stress in plants.>® Salt stress boosted
the Na* ion in cells, reducing the normal function
of K* ion and impact on cellular metabolism.®
Homeostasis of Na* and K* ions and the Na*/K*
ratio are vital for salt tolerance in plant, and high
Na* ion accumulation interferes K* homeostasis in
plant cells by the ability of Na* ion to compete for K*
binding sites.” Moreover, plants have developed
processes to uptake of osmolytes such as proline,
which act as osmoprotectants and have a capable
of mitigating osmotic stress through stabilization
of proteins and shielding cellular functions by
quenching reactive oxygen species (ROS).®
In higher plants, chlorophyll content normally
decreases in salt-susceptible plants.® Stomatal
closure is one of the reactions when plants are
exposed to salt stress, which leads to reduces
of photosynthesis, biomass and seedling growth.
Interference of photosynthetic processes increases
the formation of ROS, leading to degradation of cell
membrane.'® Moreover, plant growth is retarded
because of lower relative water content (RWC),
which caused by the reduction in cytoplasmic volume
and the loss of cell turgor.™

Rice (Oryza sativa L.) is the key cereal crop that
serves over half of the global population and is a
moderately salt-sensitive crop.'2'3 Hence, the current
investigation was to evaluate the effect of salt stress
on physiological and agronomical attributes of
dissimilar rice varieties.
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Materials and Methods

Growth Condition, Planting Materials, Treatments
and Design of the Experiment

A pot experiment was carried out in Bangladesh
Open University (90°38'N, 23°95'E). Two rice
(Oryza Sativa L.) varieties BRRI dhan97 and BRRI
dhan100 were used for the experiment. The BRRI
dhan97 variety is a salt tolerant and BRRI dhan100
with salt-sensitive. Thirty six day old seedlings were
transplanted into plastic pots (30.5 cm in diameter)
with 12 kg of air-dried soil, with two seedlings per pot.
The tested soil comprised with soil pH of 6.5, organic
carbon (%) of 1.686, organic matter (%) of 2.908,
total N (%) of 0.17, exchangeable K 0.27 meq/100
g soil, available P, S, and Zn respectively of 12.9,
25.01, and 9.07 ppm. Each pot received' recom-
mended fertilizer doses (Urea, TSP, MoP, Gypsum
and ZnSO, atthe rates of 138, 51,63,60and 4 kg ha”,
respectively). The study was conducted by following
factorial Randomized Complete Block Design
(RCBD) having three replications. The study
comprised of following treatments - 0 mM NaCl and
80 mM NaCl. At panicle initiation stage, plants were
irrigated with salt solution at each 2-day interval for
10 days. After 10 days, different physiological and
agronomical parameters were measured.

Morphological Trait

Determination of Biomass

Shoots were detached from root and the shoot dry
weight (oven-dried at 70°C for 72 h) were determined
using a weighing scale.

Physiological and Biochemical Traits
Determination of Photosynthetic Pigments
Leaf (100 mg, fresh weight) was completely extracted
with 10 ml of 80% acetone. The absorbance of the
extract solution was monitored at 645, 663, and 470
nm, respectively, for chlorophyll a, chlorophyll b, and
carotenoids content. The following equations were
used for calculation.™
Chlorophylla =11.75A,, 2.350 A
Chlorophyll b = 18.61 A, 3.960 A

645’
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Total chlorophyll a+b = chlorophyll a + chlorophyll b and
Total carotenoid = (1000A,,; 2.270 Chl a 81.4 Chl
b)/227

Determination of Relative Water Content (RWC)
Leaf RWC was measured by cutting the leaf; leaves
were immediately weighed to obtain the fresh
weight (FW) of leaf. The leaves were placed in 50
ml distilled water containing Petridis (110 mm) and
kept in room temperature for 4 hours as described
by Sairam.'® After 4 hours, the leaves were blotted
with tissue paper and weighed to obtain the turgid
weight (TW). Then the leaves were heated in oven
at 70°C for 48hr to get dry weight (DW). The RWC
was calculated using the following equation:

RWC (%) = [(FW-DW) / (TW-DW)] x100

Estimation of Proline Content

Proline content was estimated according to the
procedure of Bates.17 Fifty- milligram (50 mg) leaf
samples were ground with sulfosalicylic acid (3 % w/v)
by the mortar and it was centrifuged (12000 g for
15 min at 4°C). The sample was mixed with glacial
acetic acid and ninhydrin reagent and incubated
(95°C for 1 h). The reaction mixture was cooled in
an ice. The solution was mixed with 4 ml toluene
and then vortex. The chromophore absorbance was
observed at 520 nm. A standard curve was prepared
by L-proline.

Estimation of Na* and K* Content
Straw Na* and K* contents were estimated by a Na*
and K* meter (Horiba, Kyoto, Japan). The straw was
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grinded with grinder and then straw sample was
mixed with distilled water. The mixed sample was
heated at 95°C for 30 minutes and cold at room
temperature. The sample was put in sensor of the
ion meter and data values were stated as ppm.

Measurement of Grain Weight
At maturity stage, panicle were collected to
determine grain weight at 14% moisture.

Statistical Analysis

Two-way ANOVA with the statistix10 software (USA)
was used for data analyze. The LSD testat P <0.05
level of significance was used to compared the
treatment means.

Results

Plant Biomass and Grain Weight of Rice Varieties
under Salt Stress

The shoots of BRRI dhan100 showed significant
reduction by 12.62% in dry weight at 80 mM
concentration of NaCl, while BRRI dhan97 exhibited
non-significant effect compared to control plants
(Fig. 1A). The salinity stress reduced grain weight
in both rice varieties, whereas more reduction was
found in salt-sensitive rice variety (p < 0.05, Fig. 1B).
Salt stress declined the grain weight of BRRI dhan97
rice variety by 70.46% and BRRI dhan100 rice
variety by 84.49%.
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Fig. 1: Effect of NaCl stress on shoot dry weight (A) and grain weight (B) of rice varieties. Data
are mean * SD (standard deviation) and bars indicate SD. Error bars indicate LSD value at a 5%
level of significance.
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Photosynthetic Pigments of Rice Varieties under
Salt Stress

In this study, salt stress had a substantial effect on the
photosynthetic pigments of rice varieties (p < 0.05,
Figs. 2A-D). Compared with control, salt stress
decreased Chl a, Chl b, Chl a+b and carotenoid of salt
tolerant BRRI dhan97 by 14.02%, 22.95%, 16.25%

255

and 15%, respectively. In addition, under salt stress,
the Chl a, Chl b, Chl a+b and carotenoid content of
salt-sensitive BRRI dhan100 rice variety decreased
by 68.57%, 67.79% %, 68.41% and 32.15%, respec-
tively compared to control. The highest decrease
was found by BRRI dhan100 than BRRI dhan97.
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Fig. 2: Effect of NaCl stress on Chl a (A), Chl b (B), Chl a+b (C) and carotenoid content
(D) of rice varieties. Data are mean * SD (standard deviation) and bars indicate SD.
Error bars indicate LSD value at a 5% level of significance.

Relative Water Content and Osmoregulatory
Substance of Rice Varieties under Salt Stress

Salt stress did not decrease RWC in salt-tolerant
BRRI dhan97 rice variety. However, salt stress
significantly declined the RWC of BRRI dhan100
by 27.50% compared to that of the control (Fig. 3A).
Application of NaCl resulted in a significant effect

on proline content of rice varieties (p < 0.05). Salt
stress significantly increased proline content in
BRRI dhan97 and BRRI dhan100, respectively, by
153.11% and 161.74% relative to control (Fig. 3B).
However, proline content was more in salt-sensitive
rice than in salt-tolerant rice.
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Fig. 3: Effect of NaCl stress on relative water content (A) and proline content
(B) of rice varieties. Data are mean * SD (standard deviation) and bars indicate SD.
Error bars indicate LSD value at a 5% level of significance.
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Fig. 4: Effects of NaCl stress on Na* content (A), K* content (B) and Na*/K* ratio (C) in straw
of rice varieties. Data are mean * SD (standard deviation) and bars indicate SD. Error bars
indicate LSD value at a 5% level of significance.
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Na+, K* and Na*/K* ratio of Rice Varieties under
Salt Stress

The content of Na* ion in rice varieties was
significantly affected under salt stress condition
(Fig. 4A). Comparison with control, the Na* content
significantly increased by 2071% and 2241% in BRRI
dhan97 and BRRI dhan100, respectively under
salt stress. The content of K* ion in rice varieties
BRRI dhan97 and BRRI dhan100 was significantly
decreased by 57.67% and 54.22%, respectively,
compared to control plant under salt stress condition
(Fig. 4B). The Na*/K* ratio in straw was significantly
variations by salt stress in both varieties. Compared
to the control, the Na*/K* ratio of BRRI dhan97 and
BRRI dhan100 were increased by 4296.45% and
5910.27%, respectively, under salt stress. Overall,
the Na* and Na*/K* ratio increased by 8.20% and
37.56% more in BRRI dhan100, respectively than
BRRI dhan97 under salt stress (Figs. 4A and C).

Discussion

Salinity stress affected the biomass production in
both the rice cultivars. Results of the previous studies
by Jahan' and Xu' reported that salt tolerant rice
varieties, BINA dhan-8, and DJWJ, NSIC and JFX
produced higher biomass than salt-sensitive rice
varieties, BRRI dhan29, and XD2H, HKN and HHZ,
respectively. Our results are in agreement with
these findings and show that salt-tolerant BRRI
dhan97 accumulate more biomass production than
the salt-sensitive BRRI dhan100 under salt stress
conditions. Overall, salt-sensitive rice variety showed
20.05% more grain weight decline than salt-tolerant
rice variety under salt stress condition. This results
consistent with the results of Xu'® who reported that
salt-sensitive rice genotypes reduced more grain
yield than salt-tolerant under salt stress.

Chlorophyll is a pigment crucial for light capture and
photosynthesis.? The degradation of photosynthetic
pigments by salt stress was higher in BRRI
dhan100 than the BRRI dhan97, suggesting the
ability of this attribute to differentiate the response
of salt-tolerant and salt-sensitive variety. These
results are in agreement with the results of
Monsur?" who found that rice plant treated with
salt showed a significant decreased in Chl a, Chl
b and carotenoid content in salt-sensitive rice than
salt-tolerant rice. According to previous studies,
salt-stressed salt-tolerant rice varieties were
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found to retention of chl content was greater than
salt-sensitive varieties.??2® Relative water content
(RWC) was practiced in several investigations as
major physiological parameters to assess salinity
tolerance in rice.?*? These results are accordance
with the finding of Polash?” who reported that salinity
reduces the relative water content in rice genotypes.
The degradation of RWC was more in BRRI dhan29
than pokkali. Under salt stress condition, firstly plant
face an osmotic stress that reduces water uptake
from root to leaf. Moreover, ABA induced stomatal
closure affects transpiration stream that direct
low water uptake by roots, that cause low RWC
in leaves.? In this study, BRRI dhan97 probable
facilitated the water uptake that performed more
RWC comparison to the BRRI dhan100. These
outcome suggested that BRRI dhan 97 rapidly
changed osmotic adjustment to adapt osmotic stress
and protect cellular water, while BRRI dhan100
showed a higher reduction in RWC due to its delayed
response. An earlier investigation mentioned that
salt-stressed salt-tolerant plants exhibited less
decline in RWC than salt-sensitive plants.?2 Similarly,
in this study, the BRRI dhan97 performed higher salt
tolerance than BRRI dhan100 by this parameter.

Proline accumulation in many plants under salt stress
has been indicated to correlate with salt tolerance.?®3°
The uptake of proline under salt stress differ
among different rice varieties. In this study, proline
content was boosted in salt-stressed rice seedlings
compared to non-stressed plants which is higher
noticeable in BRRI dhan100 than in BRRI dhan97,
indicating that BRRI dhan100 plants was subjected
to more acute osmotic stress than BRRI dhan97.
Excess production and accumulation of proline
in BRRI dhan100 is thought symptomatic of salt
stress rather than a stress tolerance strategy. Similar
results was found by Bhusan®' and Fang® observed
that salt-sensitive rice cultivar accumulated higher
intracellular proline than salt-tolerant rice under salt
stress conditions. In contrast Joseph® observed that
salt-tolerant rice varieties uptake more proline than
salt-sensitive varieties. However, in this research,
the uptake of proline is higher in salt-sensitive
BRRI dhan100 (86.82ug g' FW) than salt-tolerant
BRRI dhan97 (82.01ug g FW) in saline condition,
suggesting that salt-sensitive BRRI dhan100 needed
to synthesize high levels of proline for osmotic
adjustment under salt stress.
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The sensitivity of rice to salinity is correlated with
accumulation of Na* to the root xylem via a apoplastic
flow, leading to enough Na+ transport from roots to
the shoot.**3% Xu'® observed that salt-stressed salt-
sensitive rice held up a high Na*/K* ratio than salt-
stressed salt-tolerant rice. However, salt-tolerant
rice have higher Na* exclusion ability than sensitive
one via SOS1-dependent exclusion mechanism.*
Moreover, lesser Na*/K* ratio in salt-tolerant rice,
which can control Na* sequestration in vacuoles and
exclude Na* ion via Na*/K* antiporters.*” In addition,
Zhang® also observed that the salt-tolerant rice JYGY-
1 has performed the minimum Na*/K* ratio through
exclusion of toxic apoplastic Na* via salt overly sensitive
1 (OsSOS1) encoded Na*/K* antiporter in plasma
membrane.

Conclusion

Salt stress significantly affects photosynthetic
pigments, Na*/K* ratio and grain weight of both rice
varieties and observed a more reduction in salt-
sensitive rice variety. Consequently, biomass
accumulation and relative water content significantly
decreased in salt-stressed salt-sensitive rice. However,
salt stress did not effect on biomass accumulation
and RWC in salt-tolerant rice variety. Proline content
increased significantly in both rice varieties, and the
increase was greater in salt-stressed salt-sensitive
rice. In conclusion, BRRI dhan97 was found to have
strong salt tolerance than BRRI dhan100 in both
agronomical and physiological traits.
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