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Abstract

Background and Objective: Thailand encounters saline soil problems scattered in many areas which affect the agricultural area and
causes a decrease in productivity especially growing rice, which is the main economic crop. Rice is the staple food of the Thai people. The
rice that was used in this research is a native rice cultivar, which has a special feature: The Malidum cultivar with black grain and the
Malidang rice grain with red color. It has high nutritional value in color grains, especially with antioxidants, which today’s consumers are
more attentive and consuming this rice. To study the impact of salinity stress in rice (Oryza sativa L.) using two cultivars (Malidum and
Malidang). Materials and Methods: Seeds germinated for 7 days. After that, the seedlings were transplanted into grown in Hoagland's
solution (modified) with NaCl added at concentrations of 0 (control), 50, 100 and 200 mM. Until the plants were 35 days old, the results
were recorded and analyzed. The experiment consisted of four replicates in each treatment. Results: The NaCl had an effect on rice
growth. The height, fresh weight, dry weight and chlorophyll A and B contents decreased when increasing the NaCl concentration
significantly at the 95% confidence level and found that when plants were exposed to increased salinity concentrations, Malidum had
apercentage reduction (compared to control) of heightand chlorophyll B was higher than Malidang, while in Malidang there was a higher
percentage reduction of fresh weight, dry weight and chlorophyll A than Malidum. In Malidang the total sugars increased to the
highest concentration at 50 mM NaCl. Conclusion: A comparison of salt tolerance between two cultivars of rice found that the Malidang
cultivar had a greater tolerance than the Malidum cultivar.
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INTRODUCTION

Riceisa cereal grain belonging to the Poaceae family with
the scientific name Oryza sativa L. Since rice is an important
economic crop in Thailand but the plantations for rice
production often suffer from saline soil problems, therefore, a
comparative study of suitable and salt-tolerant rice varieties is
necessary because it will affect the yield of rice varieties. In the
future, especially in rice varieties that are color-producing
plants that tend to be more popular. Rice is the main food
source that provides carbohydrates that are essential to the
sustenance of the world’s population’. Rice is the staple food
of many countries around the world. More than 100 countries
grow rice for agriculture and 90% of the world’s rice
production comes from Asia2. There are many countries where
rice is the main agricultural crop®. In addition, rice is an
important staple food in Indonesia, India and Japan, etc. The
rice used in this research is a local rice cultivar, which has the
distinctive feature of being colored rice in the grain. Colored
rice has a high content of free radicals and is popular for
current and future consumption.

In Thailand, it is found that agricultural areas suffer from
widespread saline soils and this affects plant growth and
agricultural productivity, especially in the Northeast of
Thailand. Itis animportant source of rice cultivation but found
that it is an area that suffers from saline soil problems. Soil
salinity is an important limiting factor that can cause crop
damage and reduce the viability of crops. Most of the salt
found in saline soils is in the form of Sodium chloride (NaCl),
which greatly reduces the productivity of most crops*.
Excessive concentrations of dissolved salts in soil negatively
affect farmland and crops. More than 100 countries are facing
soil salinity along with groundwater salinity®. Soil salinity is one
of the mostimportant ecological stressors. Soil salinity reduces
agricultural production®. Saline soils affect the growth and
productivity of many crops such as rice, tomatoes, peppers,
etc. Plant responses under salt stress are similar to plant
responses under drought stress because when plants are in
saline conditions, the plants cannotabsorb water from the soil
into the roots. Salt stressed conditions, plants will have Na*
and Cl-ionsaccumulated in the cells, which will affect the ions
exchange in the cells, causing plants to lose balance and may
be toxic to plants. A high salinity level results in symptoms
causing toxicity due to osmotic pressure, such as limited root
and shoot growth, leaf curl, cell membrane damage and leaf
tip burn’. In addition, plants in saline soils had a decrease in
the rate of photosynthesis. The amount of chlorophyll is
reduced as well when plants are under stress in some plants,
there may be an accumulation of certain substances such as
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proline or sugarin plants to adjust the osmotic balance. Global
population growth is expected to increase. This puts more
pressure on agricultural production in saline soil areas,
especially as rice is the most salt-sensitive grain®. Therefore,
this research aims to compare the growth of the two rice
cultivars as a guideline for considering salt tolerant plants.

MATERIALS AND METHODS

Study area: The research was during November, 2020 to
March, 2021. The greenhouse of the Biology Department,
Faculty of Science, Mahasarakham University.

Materials: Seeds of two rice (Oryza sativa L.) cultivars
(Malidum and Malidang) were taken from Maha Sarakham
Province, Thailand. Seeds were prepared for four treatments,
each of which had four replicates.

Methodology: Seeds were germinated for 7 days,
exposing the plants to 16 hrs of artificial light per day
(200 pumol m™ sec”'). Seven-day-old seedlings were
transplanted into Hoagland solution (modified) containing
sodium chloride at concentrations of 0, 50, 100 and 200 mMol.
During the experiment, solutions were changed every 5 days
under greenhouse conditions. Four replicates of plants
were planted for each salinity treatment until the plants were
35 days old to determine the height, fresh weight, dry weight,
chlorophyll Aand B content and total sugars in the 35 days old
plants.

Chlorophyll A and chlorophyll B content: Plants were
analyzed 35 days after exposure to 0, 50, 100 and 200 mM of
NaCl solution. Sample tissue (0.1g) was ground on ice with a
mortar and pestle with 6 mL of 80% buffered acetone. Then,
the mixture was incubated at 4°C for 3 hrs. The mixture was
centrifuged 5 min at 2500 rpm and the supernatant was
transferred to a 100 mL volumetric flask and the volume was
made to 100 mL with the addition of 80% acetone and the
solution was used for the estimation of chlorophyll. The
extracted chlorophyll solution was then measured for
absorbance at wavelengths of 645 and 663 nm with a
spectrophotometer (Shimadzu UV-Vis 1201).

Sugar content: Sample plants (50 mg) were extracted with
5 mL of 80% ethanol. Samples were boiled in a glass tubeina
water bath at 95°C for 10 min each and centrifuged at
2500 rpm for 5 min extracted three times, then the
supernatant of the three extractions was combined for sugar
determination. After that, the test tube was stood for 10 min,
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then it was vortexed for 30 sec and placed for 20 min at room
temperature by placing it in a water bath to observe the
color development. The color absorbance of the solution was
estimated by a spectrophotometer at the 490 nm wavelength.

Statistical analysis: Statistical data were analyzed using the
SPSS program and the mean was compared using Duncan’s
New Multiple Range Method®. Then, the growth results,
chlorophyll contentand total sugarin therice leaf results were
summarized for both cultivars of rice.

RESULTS

From the experiments, it was found that in the Malidum
and Malidang cultivars, the height decreased inversely with
the concentration of NaCl. The height was statistically different
at the 95% confidence level. The average height of the two
cultivars was the highest without NaCl treatment. When
considering the percentage decrease in height with increasing
NaCl, it was found that Malidang had a small percentage
reduction compared to control than Malidum for each NaCl
concentration (Table 1).

The fresh weight content of the Malidum and Malidang
cultivars was the highest without NaCl treatment. The fresh
weight of the rice two cultivars decreased inversely with the
concentration of NaCl. The fresh weight of the Malidum
cultivar was statistically different at the 95% confidence level
compared to the control. In addition, it was found that the
Malidang cultivar at 50 mM it had a 2.36 times lower fresh

weight percentage reduction compared to the control than
the Malidum cultivar. More than that, it was found that the
Malidang cultivar at the NaCl concentration of 50 mM was
not statistically different from the control. Both cultivars at
concentrations of 100 and 200 mM showed a greater than
70% reduction for the fresh weight compared to the control
(Table 2).

The dry weight content of the Malidum and Malidang
cultivars was the highest without NaCl treatment. The
experimental results were similar to fresh weight but the
Malidum cultivar found that dry weight content at the NaCl
concentrations of 50 MM and 100 mM were the same. The dry
weight of the two cultivars decreased inversely with the
concentration of NaCl. The dry weight of Malidum cultivar
was statistically different at the 95% confidence level
compared to the control but the Malidang cultivar found
that the NaCl concentration of 50 mM was not statistically
different compared to the control. The Malidang cultivar
at a concentration of 50 mM decreased by 29.41% while,
the Malidum cultivar decreased by 72.73%, equivalent to
2.47 times that of the Malidang cultivar (Table 3).

The chlorophyll A content of the Malidum and Malidang
cultivars was the highest without NaCl treatment. The
chlorophyll A content of the two cultivars decreased inversely
with the concentration of NaCl. The chlorophyll A content of
the Malidum was statistically different at the 95% confidence
level compared to the control. The Malidang cultivar found
that the NaCl concentration of 100 and 200 mM were
statistically different but the NaCl concentration of 50 MM was

Table 1: Average heights (cm) of two rice cultivars under salinity conditions with different concentrations of NaCl

Cultivar/concentration (NaCl) 0mM 50 mM 100 mM 200 mM
Malidum 47.04+4.50° 22.27+2.493° 19.20£2.09° 17.82+1.89°
Percentage reduction compared to control - 52.66 59.19 62.12
Malidang 51.67%£4.37° 37.77£1.76* 23.52+2.50° 21.40+232°
Percentage reduction compared to control - 26.9 54.48 58.58
Different characters in a row show different values by statistical significance at the 95% confidence level from the DMRT mean comparisons

Table 2: Fresh weight content (g) in two rice cultivars under salinity conditions with different concentrations of NaCl

Cultivar/concentration (NaCl) 0mM 50 mM 100 mM 200 mM
Malidum 0.39£0.06° 0.14%0.03° 0.10+0.01° 0.09+0.01°
Percentage reduction compared to control - 64.1 7436 76.92
Malidang 0.59£0.12 0.43£0.06° 0.13%£0.02° 0.11£0.01°
Percentage reduction compared to control - 27.12 7797 81.36
Different characters in a row show different values by statistical significance at the 95% confidence level from the DMRT mean comparisons

Table 3: Dry weight content (g) in two rice cultivars under salinity conditions with different concentrations of NaCl

Cultivar/concentration (NaCl) 0mM 50 mM 100 mM 200 mM
Malidum 0.11£0.02° 0.03+0.01° 0.03+0.01° 0.0610.04°
Percentage reduction compared to control - 72.73 72.73 63.64
Malidang 0.17£0.04° 0.12£0.03° 0.04+0.01° 0.03%0.00°
Percentage reduction compared to control - 2941 76.47 82.35

Different characters in a row show different values by statistical significance at the 95% confidence level from the DMRT mean comparisons
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Table 4: Chlorophyll A content (mg g~') in two rice cultivars under salinity conditions with different concentrations of NaCl

Cultivar/concentration (NaCl) 0mM 50 mM 100 mM 200 mM
Malidum 0.14£0.03° 0.07£0.02° 0.05£0.02° 0.03£0.01°
Percentage reduction compared to control - 50 68.75 78.57
Malidang 0.16£0.04° 0.11£0.03* 0.07£0.02° 0.05£0.01°
Percentage reduction compared to control - 31.25 56.25 68.75
Different characters in a row show different values by statistical significance at the 95% confidence level from the DMRT mean comparisons

Table 5: Chlorophyll B content (mg g~') in two rice cultivars under salinity conditions with different concentrations of NaCl

Cultivar/concentration (NaCl) 0mM 50 mM 100 mM 200 mM
Malidum 0.19£0.04° 0.10+0.02° 0.07£0.02° 0.04£0.01°
Percentage reduction compared to control - 47.37 63.16 78.95
Malidang 0.21£0.05° 0.15+0.03%* 0.10£0.02° 0.07£0.02°
Percentage reduction compared to control - 28.57 52.38 66.67
Different characters in a row show different values by statistical significance at the 95% confidence level from the DMRT mean comparisons

Table 6: Total sugar content (mmol g~1 fresh weight) in two rice cultivars under salinity conditions with different concentrations of NaCl
Cultivar/concentration (NaCl) 0mM 50 mM 100 mM 200 mM
Malidum 0.61£0.132 0.48+0.12° 0.50£0.11° 0.47%0.10°
Percentage reduction compared to control - 21.31 18.03 22.95
Malidang 0.59%0.12 0.69£0.15° 0.50£0.11° 0.55+0.12
Percentage reduction (-) on increase (+) compared to control - +14.49 -14.25 -6.78

Different characters in a row show different values by statistical significance at the 95% confidence level from the DMRT mean comparisons

not statistically different compared to the control. The
Malidang cultivar had a reduction percentage compared to
control less than the Malidum cultivar at all concentrations of
NaCl (Table 4).

In the same way, the chlorophyll B content of the
Malidum and Malidang cultivars were the highest without
NaCl treatment. The chlorophyll B content of two cultivars
decreased inversely with the concentration of NaCl. The
chlorophyll B content of the Malidum was statistically different
at the 95% confidence level compared to the control. The
Malidang cultivar found that the NaCl concentration of 100
and 200 mM were statistically different but the NaCl
concentration of 50 mM was not statistically different
compared to the control. The Malidang cultivar had a
reduction percentage compared to the control less than the
Malidum cultivar at all concentrations of NaCl (Table 5).

The total sugar content of the Malidum cultivar was
higher than that of the Malidang cultivar without NaCland the
highest total sugar content for Malidang was at the 50 mM
concentration. For Malidum when NaCl was added, the total
sugar content decreased with increasing concentration of
NaCl compared to that without NaCl. For both cultivars, the
total sugar content was not statistically different at the 95%
confidence level compared to the other treatments. For the
Malidang cultivar at the concentration of 50 mM, the total
sugar content was 14.49% higher than the control but it was
not statistically different (Table 6).
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DISCUSSION

In this work, salinity affected plant growth. When salinity
increased, plant growth decreased. Salinity affects plant
metabolism in many ways, for example, it reduces the rate of
photosynthesis in plants. Salt increases the osmotic stress,
making rice water less usable. Salt also affects various
metabolic processes, causing the plant to lack some essential
nutrients'®. Saline soils reduce the productivity of rice
cultivation 2, If rice is not mature, the leaves are dry and
crispy and the plants cannot absorb nutrients which also
causes the plants to lack water, currently, the cultivation of
salt-tolerant rice does not have a clear solution. It also
increases the intensity of the growth and yield of rice'3. Salinity
in rice plants causes metabolic changes, so an intensive and
comprehensive study of plant parts, such as stems, leaves and
roots, affected by salt stress should be undertaken'™. Salinity-
induced ionic and osmotic stresses reduce the rate of
photosynthesis and consequently cause oxidative stress,
which is also responsible for growth reduction'™'. Salinity
exposes plants to primary osmotic stress and secondary
ionic stress. Excess saltin the soil can have a negative effect
on plant growth. Either through the inhibition of root
uptake or the effects of specific ions. The effects of specific
ions can lead to toxicity, in one way or another. Water
solubility or ion adsorption can affect the nutritional balance
of plants' 18,
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When the NaCl concentration increased, the chlorophyll
A and chlorophyll B content in the leaves decreased to their
lowest levels at 200 mM NaCl in both cultivars. Increasing the
concentration of salt resulted in a decrease in water content
in the plant leaves and chlorophyll content. When plants lack
water, the cells wither and the stomata close, reducing the
potential for absorbing carbon dioxide, which affects the
photosynthetic process of the plant. The amounts of
chlorophyll A and chlorophyll B, the light energy receptor
in photosystem Il were reduced. The efficiency of
photosynthesis in the plant is reduced. Salinity decreased
the chlorophyll content'®22, Salt reduces the resistance of the
mesophyll®. It affects the thickness of the leaves and
decreases the intercellular space, resulting in reduced CO,
fixation.

As the NaCl concentration increased, the total sugar
contentin the leaves decreased to the lowest at 200 mM NaCl
in both cultivars. The Malidum cultivar had the highest total
sugar content at 0 mM NaCl. While, the Malidang cultivar had
the highest sugar content at 50 mM. When the concentration
of NaCl was increased, the total sugar content decreased.
Salinity may influence the sugar content in plants. In plants
exposed to salinity stress, the vacuolar content of glucose,
fructose, sucrose and fructan is greater in salinity-tolerant
varieties than in sensitive ones?* and a low concentration of
salt stress may increase the rice quality, all of which are meant
for agricultural production?.

The experimental results, when the rice was salted, it
resulted in a decrease in growth. Similar to the study in the
rice genotype (IR29), it showed decreased growth when
grown under saline conditions?®. In bean and alfalfa, growth
also decreased when plants were exposed to salt?. Plant
biomass decreases when exposed to salt stress. Salinity
impairs plant growth and development caused by water
stress. Cytotoxicity due to excessive adsorption of Sodium
(Na*) and Chloride (CI) ions and reactive oxygen species
(ROS)%. This was due to the reduction in carbohydrate
production caused by decreased carbon uptake but also
severely affected the photosynthetic activity in the leaves?. It
was also found that salted radish resulted in a decrease in the
amount of chlorophyll*. In addition, in saline soil conditions,
it will inhibit the microbial inoculants, resulting decrease
inefficient nitrogen that may affect plant growth and yield
under salt stress®'. Introducing rice cultivars between Malidum
and Malidang to farmers for use in cultivation in saline soil
areas should introduce Malidang cultivar because it was found
tohave abetter growth rate in saline soil conditions, especially
in low salt concentrations. Malidang cultivar has fewer effects
than Malidum cultivar. There is also an adaptation by
accumulating sugar to adjust the osmotic value. As a result,
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plants can better transport water. Compatible solutes such as
polyethylene glycol, mannitol, salicylic acid, sorbitol and
sucrose can be indicators of salt tolerant plants®2. Research on
rice showed that the sugar content increased when the plant
was salted®?*. A similar study on tomatoes showed an
increase in sugar content when grown in salty conditions®.
The plant physiological characteristics expressed after salt
exposure can allow evaluation of plant tolerance®. It was
similar to the research that selected salt-tolerant plants by
biomass and chlorophyll content as indicators®.

After the seeds germinate, strong seedlings should be
selected before transplanting. Plants will grow completely for
all treatments. The place for planting should have proper
ventilation for good plant growth. Plant samples should be
selected with mature leaves, (leave position 4-6) because if
the young leaves are taken to measure the amount of
substances, it may not be suitable.

CONCLUSION

The NaCl affected rice growth, the height, fresh weight,
dry weight and chlorophyll A and B contents decreased when
increasing the NaCl concentration. The research shows that
the Malidang cultivar was more salt tolerant than the Malidum
cultivar due to its better growth. It has a higher chlorophyll
content, especially when the NaCl concentration was low and
the Malidum cultivar has a higher amount of sugar
accumulation than the Malidang cultivar.

SIGNIFICANCE STATEMENT

Riceis a widely cultivated crop in the northeastern part of
Thailand but the area has been found to have saline soils,
which is a problem for rice cultivation. The objective of this
research was to study the effect of salinity on rice growth and
physiology. Including the comparison of 2 local rice cultivars
grown under salt-tolerant conditions. From the research, it
was found that salinity had an effect on growth and decreased
chlorophyll content. Malidang rice was more salt tolerant
than Malidum. In addition, it was found that at low NaCl
concentrations, Malidang rice was less affected, possibly due
to better adaptation such as accumulation of sugar in plants
to improve water transport.

REFERENCES

Jabbar, AF, HF.N. Alawadi and E.AHM. Ali, 2022.
Response of some rice cultivars (Oryza sativaL.) to spraying
with a natural honey solution and effect on growth
and yield characteristics. Revis Bionat, Vol. 7.10.21931/
RB/2022.07.04.45.



10.

1.

12.

13.

14.

15.

16.

Asian J. Plant Sci,, 22 (2): 295-301, 2023

Fukagawa, N.K. and L.H. Ziska, 2019. Rice: Importance for
global nutrition. J. Nutr. Sci. Vitaminology, 65: S2-S3.
Singanusong, R. and S. Mingyai, 2019. Value creation and
addition of rice and its significance to Thai culture. J. Nutr. Sci.
Vitaminology, 65: S75-S79.

Sharma, A, C. Rana, S. Singh and V. Katoch, 2016. Soil
Salinity: Causes, Effects, and Management in Cucurbits. In:
Handbook of Cucurbits: Growth, Cultural Practices, and
Physiology, Pessarakli, M. (Ed.), CRC Press, Boca Raton,
ISBN: 9780429170683, pp: 419-434.

Srivastava, P., Q.S. Wu and B. Giri, 2019. Salinity: An Overview.
In: Microorganisms in Saline Environments: Strategies and
Functions, Giri, B. and A. Varma (Eds.), Springer, Springer,
Cham, Switzerland, ISBN: 978-3-030-18975-4, pp: 3-18.
Channa, G.S., AR. Mahar, I. Rajpar, A. HafeezMemon and
M.A. Saand et a/, 2019. Effect of salinity on growth, yield and
ion contents of rice (Oryza satival.) genotypes. Int. J. Biosci.,
14:192-204.

Coca, LIR, M.T.G. Gonzdlez, Z.G. Unday, J.J. Herndndez,
M.MR. Jauregui and Y.F. Cancio, 2023. Effects of sodium
salinity on rice (Oryza sativa L.) cultivation: A review.
Sustainability, Vol. 15.10.3390/5u15031804.

Singh, A., 2022. Soil salinity: A global threat to sustainable
development. Soil Use Manage., 38: 39-67.

Midway, S, M. Robertson, S. Flinn and M. Kaller, 2020.
Comparing multiple comparisons: Practical guidance for
choosing the best multiple comparisons test. Peer), Vol. 8.
10.7717/peerj.10387.

Negrao, S. B. Courtois, N. Ahmadi, I. Abreu, N. Saibo and
M.M. Oliveira, 2011. Recent updates on salinity stress in rice:
From physiological to molecular responses. Crit. Rev. Plant
Sci., 30: 329-377.

Thu, T.T.P,, H. Yasui and T. Yamakawa, 2017. Effects of salt
stress on plant growth characteristics and mineral contentin
diverse rice genotypes. Soil Sci. Plant Nutr., 63: 264-273.
Aref, F., 2013. Effect of saline irrigation water on yield and
yield components of rice (Oryza sativaL.). Afr. J. Biotechnol.,
12:3503-3513.

Hoang, TM.L, T.N. Tran, T.K.T. Nguyen, B. Williams, P. Wurm,
S. Bellairs and S. Mundree, 2016. Improvement of salinity
stress tolerance in rice: Challenges and opportunities.
Agronomy, Vol. 6. 10.3390/agronomy6040054.

Razzaq, A., A. Ali, L.B. Safdar, M.M. Zafar and Y. Rui et a/, 2020.
Salt stress induces physiochemical alterations in rice grain
composition and quality. J. Food Sci., 85: 14-20.

Rahman, A, K. Nahar, J. Al Mahmud, M. Hasanuzzaman,
M.S. Hossain and M. Fujita, 2017. Salt Stress Tolerance in Rice:
Emerging Role of Exogenous Phytoprotectants. In: Advances
in International Rice Research, Li, J.Q. (Ed.), IntechOpen,
United Kingdom, ISBN: 978-953-51-3010-9, pp: 139-174.
Tester, M. and A. Bacic, 2005. Abiotic stress tolerance in
grasses: From model plants to crop plants. Plant Physiol.,
137:791-793.

300

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Silva, C, V. Martinez and M. Carvajal, 2008. Osmotic
versus toxic effects of NaCl on pepper plants. Biol. Plantarum,
52:72-79.

Chen, G,, J. Hu, L. Dong, D. Zeng and L. Guo et a/, 2020.
The tolerance of salinity in rice requires the presence of a
functional copy of FLN2.Biomolecules, Vol. 10.10.3390/biom
10010017.

Juan, M., R. Rivero, L. Romero and J. Ruiz, 2005. Evaluation of
some nutritional and biochemical indicators in selecting
salt-resistant tomato cultivars. Environ. Exp. Bot., 54: 193-201.
Shin, Y.K, S.R. Bhandari and J.G. Lee, 2021. Monitoring of
salinity, temperature, and drought stress in grafted
watermelon seedlings using chlorophyll fluorescence.
Front. Plant Sci., Vol. 12. 10.3389/fpls.2021.7863009.

Ali, Y., Z. Aslam, M.Y. Ashraf and G.R. Tahir, 2004. Effect of
salinity on chlorophyll concentration, leaf area, yield and yield
components of rice genotypes grown under saline
environment. Int. J. Environ. Sci. Technol., 1: 221-225.
Taratima, W., T.Chomarsa and P. Maneerattanarungroj, 2022.
Salinity stress response of rice (Oryza satival. cv. Luem pua)
calli and seedlings. Scientifica, Vol. 2022. 10.1155/2022/
5616683.

Gapinska, M. and S. Glinska, 2014. Salt-mediated changes in
leaf mesophyll cells of Lycopersicon esculentum Mill.
plants. J. Cent. Eur. Agric., 15:219-235.

Amirjani, M.R., 2011. Effect of salinity stress on growth,
sugar content, pigments and enzyme activity of rice. Int. J.
Bot., 7: 73-81.

Zhang, R, Y. Wang, S. Hussain, S. Yang and R. Li et a/, 2022.
Study on the effect of salt stress on yield and grain quality
among different rice varieties. Front. Plant Sci., Vol. 13.
10.3389/fpls.2022.918460.

Ahmed,S., T.Y.Heo, A.R.Choudhury, D.I. Walitang, J. Choi and
T.Sa,2021. Accumulation of compatible solutesinrice (Oryza
satival.) cultivars by inoculation of endophytic plant growth
promoting bacteria to alleviate salt stress. Appl. Biol. Chem.,
Vol. 64.10.1186/513765-021-00638-x.

Razi, S. and F.Z. Khadhir, 2021. Effects of salinity on growth
and proline content on bean and alfalfa. J. Appl. Life Sci.
Environ., 54: 132-145.

Isayenkov, S.V.and F.J.M. Maathuis, 2019. Plant salinity stress:
Many unanswered questions remain. Front. Plant Sci., Vol. 10.
10.3389/fpls.2019.00080.

Hussain, S., X. Cao, C. Zhong, L. Zhu and M.A. Khaskheli et al,
2018. Sodium chloride stress during early growth stages
altered physiological and growth characteristics of rice.
Chil. J. Agric. Res., 78: 183-197.

Jamil, M., Shafiq ur Rehman, K.J. Lee, J.M. Kim, H.S. Kim and
E.U. Rha, 2007. Salinity reduced growth PS2 photochemistry
and chlorophyll content in radish. Sci. Agric., 64: 111-118.
Win, KT., A.Z. Oo and T. Yokoyama, 2022. Plant growth and
yield response to salinity stress of rice grown under the
application of different nitrogen levels and Bacillus pumilus
strain TUAT-1. Crops, 2: 435-444.



32.

33.

34.

Asian J. Plant Sci,, 22 (2): 295-301, 2023

Sahu, M., S. Maurya and Z. Jha, 2023. /n vitro selection for
drought and salt stress tolerance in rice: An overview. Plant
Physiol. Rep., 10.1007/s40502-023-00713-z.

Nemati, I., F. Moradi, S. Gholizadeh, M.A. Esmaeili and
M.R. Bihamta, 2011. The effect of salinity stress on ions
and soluble sugars distribution in leaves, leaf sheaths and
roots of rice (Oryza sativa L.) seedlings. Plant Soil Environ.,
57:26-33.

Das, P., P. Seal and AK. Biswas, 2016. Regulation of growth,
antioxidants and sugar metabolism in rice (Oryza sativa L.)
seedlings by NaCl and its reversal by silicon. Am. J. Plant Sci.,
7:623-638.

301

35.

36.

37.

Chookhampaeng, S., W. Pattanagul and P. Theerakulpisut,
2008. Effects of salinity on growth, activity of antioxidant
enzymes and sucrose content in tomato (Lycopersicon
esculentum Mill.) at the reproductive stage. ScienceAsia,
34:69-75.

Tao, R, J. Ding, C. Li, X. Zhu, W. Guo and M. Zhu, 2021.
Evaluating and screening of agro-physiological indices for
salinity stress tolerance in wheat at the seedling stage.
Front. Plant Sci., Vol. 12. 10.3389/fpls.2021.646175.

Ali, M.N., B. Ghosh, S. Gantait and S. Chakraborty, 2014.
Selection of rice genotypes for salinity tolerance through
morpho-biochemical assessment. Rice Sci., 21: 288-298.



	AJPS.pdf
	Page 1


