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Impact of Salinity Stress on Morpho-Physiology of
Four Rice (Oryza sativa L.) Varieties

ABSTRACT

Abiotic stress, especially salinity, is one of the major restraints for attaining self-sufficiency in the
food grain production. The saline soils affect the crop growth both directly and indirectly by
interfering with plant metabolism resulting in reduction in yield potential of various crops. Rice
(Oryza sativa L.), the staple food of much of the world’s population, is categorized as a salt-
susceptible crop. Improving the salt tolerance of rice would increase the potential of saline-alkali
land and ensure food security. To investigate the effect of different levels of salinity on morpho-
physiological characters and yield of four rice variety viz. Pokkali, Narendra Ushar Dhan 3, IR 28
and IR 29. A pot experiment was conducted during Kharif 2011 and 2012 at the Department of
Crop Physiology, Narendra Deva University of Agriculture and Technology, Kumarganj, Faizabad
(U.P.) under normal soil and saline conditions with EC 6.0 and EC 10.0 dS/m. Gradual increase on
plant height as well as biomass with the advancement in the age of crop up to dough grain in all the
varities under both normal and salinity treatment. Maximum grain yield recorded in tolerant
varieties Narendra Usar Dhan 3 followed by Pokkali, whereas minimum in IR 28. Under saline
conditions regarding sink potential, the tolerant.varieties recorded less reduction in yield attributes
like length of panicle (cm), number of panicle-per plant, number grain panicle'l and grain yield plant’

as compared to normal condition.. The: salinity tolerance capacity of tolerance varieties was
associated with increased the activity of catalase and superoxide dismutase enzyme batter
accumulation of proline and total carbohydrate as compared to normal condition.
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1. INTRODUCTION

Rice is one of the important staple food crops and is consumed by approximately 50% of the global
population as their main source of energy. The world population is increasing and will reach 9.5
billion by year 2050 and world food production will need to increase by 70% [1]. Salinity stress is
one of the most vital abiotic stresses which results in significant damages of agricultural production,
particularly in arid and semi-arid areas of the world. Salinity causes by high accumulation of soluble
salt, especially NaCl in soil and water [2]. According to the FAO Land and Nutrition Management
Service, (2008), over 6% of the world's land is affected by either salinity or sodicity which accounts
for more than 800 million ha of land [3]. Saline soils are defined as those contain sufficient salt in
the root zone to impose the growth of crop plants [4]. However, since salt injury depends on
species, variety, growth stage, environmental factors, and nature of the salts, it is difficult to define
saline soils precisely. The USDA Salinity Laboratory defines a saline soil as having an electrical
conductivity of the saturation extract (EC) of 4 dS/m or more. EC is the electrical conductivity of the
‘saturated paste extract’, that is, of the solution extracted from a soil sample after being mixed with
sufficient water to produce a saturated paste. The most widely accepted definition of a saline soil
has been adopted from as one that has an EC of 4 dS/m or more and soils with EC exceeding 15
dS m™ are considered strongly saline [5].



Soil salinity, particularly due to NaCl, can be considered the single most widespread soil toxicity
problem that global rice production faces at present. Salinity influences a humber of physiological
processes like photosynthesis, nutrient uptake, water absorption, root growth, and cellular
metabolism [6,7,8]. Rice plants are relatively susceptible to soil salinity, and NaCl is a major salt
that causes this problem (Flowers 2004). In general, electrical conductivity of saturated paste
extract (EC) of 4.0 deciSiemens per meter (dS/m) is considered a lower limit to define saline soils

[9].

Salinity affects at all growth stages, yield and metabolism of rice crop responses to salinity varies
with these stages and concentration and duration of exposure to salinity. In the most commonly
cultivated rice young seedlings were very sensitive to salinity [10,11].

The detrimental effect of salinity can be attributed to the decrease in_osmotic potential of the
medium and disturbance of the ion balance on plant growth and metabolism:[12]. Salinity in the
growth medium causes significant impacts on plant growth parameters like leaf area, leaf length,
root and shoot dry weight, decrease carotenoid and induce: reduetion in chlorophyll and
photosynthetic activity [13,14].

Therefore, this study aims to compare growth and physiological responses, among four rice
cultivars differing in salinity tolerance ability in order to gain more understanding of the mechanisms
of salinity tolerant and salinity sensitive varieties are expected to be useful as potential targets for
improvement of salinity tolerant rice.

2. MATERIALS AND METHODS

A Pot experiment was conducted during Kharif 2011 and 2012 at the Department of Crop
Physiology, Narendra Deva University-of Agriculture and Technology, Kumarganj, Faizabad (U.P.)
under normal soil and saline conditions with. Electrical Conductivity (EC) 6.0 and 10.0 dS/m and
two tolerant varieties (Pokkali and Narendra Ushar Dhan 3) two susceptible varieties IR 28 and IR
29 were taken for this experimentation. Before preparation of soil

The soil was silty loam in nature with having pH 8.7, organic carbon 0.22%, EC 3.6 dS/m and ESP
71 % concentration in soil solution and normal was sandy loam in nature soil having pH 7.8,
organic carbon 0.48%, EC 1.9 dS/m and ESP 13 %. Pots were arranged in a completely
randomized design under the sun with three replicates per treatment

EC 6.0 and 10 dS/m maintained the amount of NaCl for 30 liters of water. Soil saturation being
30%, NaCl44.86-and 119.61 g, dissolved in demineralized water respectively. Spread 100 Kg soil
on a thick polyethylene sheet and spray NaCl solution so as to saturate it similar to that mentioned
in“the preparation of alkali soil. After completion of spraying, leave this soil for a few days for
equilibration. Finally mix the soil and use or filling in pots or trays for experiment. Before filling in
the pots:check for the salinity level in the soil as per standard procedure [15].

The total chlorophyll content was describe by Arnon, [16] and expressed as mg per g fresh weight.
The membrane stability index (MSI) and total carbohydrate (mg per g dry weight) were determined
according to the specified methods described by Saadalla et al, [17] and Yemm and Willis [18].
Catalase activity (unit per g Fr. Wt.) was assayed by method of Sinha; [19]. SOD was assayed
method of Asada et al; [20] and expressed as enzyme unit per g fresh weight. Free proline content
(mg per g fresh weight) in embryo axis was estimated spectrophotometrically according to the



methods of Bates et al., [21]. Observation on yield and yield components were taken at the time of
harvesting on three plants per replicate already tagged for this purpose.

3. RESULTS AND DISCUSSION

The growth parameters like plant height and dry biomass (Table 1 and Figure 1) salinity enhance
both susceptible and tolerant varieties. Minimum reduction in plant height and dry biomass was
observed in Pokkali and Narender Usar Dhan- 3 (tolerant varieties) and maximum observed in IR
28 and IR 29 (susceptible varieties) in both salinity levels at EC 6.0 and 10.0 dS/m as compared to
control. High concentrations of salinity caused osmotic stress [22] around the plant root zone.
Under salinity stress, especially NaCl stress reduces the plant cell turgor pressure, uptake of water
and nutrients, closure of stomata took place. Due to competition of sodium (Na+)-an imbalance of
mineral and water uptake the activity of photosynthesis decreased and growth was inhibited [22].

. Superoxide
. Plant Height Dry biomass | dismutase (unit Proline
S. No. Variety (cm) at
; per plant g per.g fresh content
maturity . .
weight per min)
1 Pokkali 131.13 30.36 493.55 475.69
2 Narendra Ushar 68.93 18.95 488.8 456.58
Dhan 3
3 IR 28 63.50 16.61 402.37 404.60
4 IR 29 68.35 18.81 414.15 402.71
1 Normal 100.54 24.82 385.4 365.22
2 EC 6.0 84.02 21.81 457.1 445.81
3 EC 10.0 64.37 16.92 506.7 493.66
V=1.83 V=7.38 _ _ V= 12.36
Sem+ T=1.58 VXT= T=6.39 V“JX‘}F‘E’_E%% T=10.7
- 3.16 VXT=12.8 o VXT=21.41
V=5.36 V=7.38 V=36.29
V=21.88
T=4.64 T=6.39 T=3143
0, = =
CDat 5% VXT=NS VXT=12.79 T=18.95 VXT=NS VXT=NS

Table 1-: Impact of Salinity Stress on different growth and biochemical parameters
Four Rice Varieties

When increase of salinity in soil, the osmotic stress induces stomata closure and less uptake of
water and minerals [22,23]. The activity of stomata closure restricts the supply of CO, fixation in
plants. The activity of ROS, lipids, nucleic acids and some photosynthetic enzymes is affected. The
slower plant growth and consequently low crop yields due to the week binding between chlorophyll
and chloroplast protein under salinity stress [24,25]. The less reduction of total chlorophyll content
was noticed in Pokkali and Narender Usar Dhan-3 and the minimum reduction was observed in IR
28 and IR 29 under both salinity levels in comparison to the control.
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Figure 1: Impact of Salinity Stress on Plant Height, Chlorophyll, Carbohydrate and
Catalase activity of Four Rice Varieties

Salinity siqnificantly reduced sugar content in leaves, but maximum reduction was noticed at EC
10.0 dSm™ in both the tolerant and susceptible varieties. The highest total carbohydrate (Table-1)
was observed in tolerant varieties, where the lowest was observed in susceptible varieties. At both
the levels of EC (6.0 and 10.0), IR 29 showed the minimum reduction in total carbohydrate, where
the maximum reduction was observed in Pokkali. With an increase in COs fixation in plants, the rate
of carbohydrate accumulation and photosynthetic rates are also increasing, to show a better
relation between source and sink. The negative effect on plant growth, phloem transport and
carbohydrate production under salinity stress [26]. Salinity may cause hydrolysis of reserve
polysaccharides or rapid utilization of total soluble sugars, the level of carbohydrate is decreased
[27].

The minimum accumulation of proline content (Table-1) was observed by IR 29, where, as
maximum accumulation in Pokkali at both the EC 6.0 and 10.0 dS/m with comparison to control.
Under both abiotic and biotic stress conditions, plants increase the accumulation of free proline.



Stabilizing reactive oxygen species (ROS) scavenging enzyme and active alternative detoxification
pathway the proline accumulated [28,29].

Under abiotic stress, stimulate the synthesis of hydrogen peroxides (H,O,), hydroxyl anion (OH’)
and super oxide anion (Oy) in chloroplasts and mitochondria [30]. Formation of ROS in plant cell
with increase of level of salinity, Accumulation of high level of ROS causes oxidative damage, non-
enzymatic and enzymatic system are involve to prevent the oxidative damage [30,31]. Plants
release a number of antioxidant enzymes like SOD, APX, and CAT to protect against the damaging
effect of ROS [32]. The activity of catalase and superoxide dismutase increases with an increase in
salinity in both tolerant and susceptible varities. In this study also, SOD activity (Table 1) increased
under both saline soils in both tolerant varieties, Pokkali and Narendra Usar Dhan 3, while
decreasing in sensitive varieties, IR 28 and IR 29. The minimum decrease of SOD, at both salinity
treatments (EC 6 and 10 dS/m) were observed by IR 29, where, the maximum reduction was
observed by Pokkali. The minimum reduction CAT, at both salinity treatment (EC 6 and 10 dSm'l)
were observed by IR 29, where, as maximum reduction was observed by Pokkali.

S. No. Variety Ier_lgth of No. of panicle No. grain /
panicle (cm) /plant panicle
1 Pokkali 18.72 3:76 156.49
Narendra Ushar
2 Dhan 3 17.3 3.75 157.2
3 IR 28 14.73 3.41 141.73
4 IR 29 15.95 3.4 145.21
1 Normal 19.19 4.07 180.4
2 EC 6.0 16.79 3.66 145.63
3 EC 10.0 14.04 3.02 124.45
Sems V=087T7=0.32| v=000T=0.08| Y- >3
VXT= NS VXT=0.16 VXT=5.76
V=1.08 T=0.94 | V=0.27 T=0.23 V=9.77
0
CD at 596 VXT= NS VXT=NS T=8.46 VXT=NS

Table 2-: Impact of Salinity Stress on yield component of Four Rice Varieties

Salinity “negative. effect on number of panicles per plant, number of grains per panicle, panicle
length, and grain yield per plant in IR 28 and IR 29 indicated that these varieties were more
susceptible to.salinity than Pokkali and Narendra Usar Dhan 3. The inhibition of growth of a rice
plant.is due to the high salinity concentration in the soil solution (i.e., higher osmotic pressure and
consequently low soil water potential) and high concentration of potentially toxic ions such as CI
and Na’, which might lead to ion toxicity and nutrition imbalance, consequently growth inhibition.
The other possible causes could be the shrinkage of cell contents, reduced development and
differentiation of tissues, imbalanced nutrition, damage of membranes and disturbed avoidance
mechanisms [33, 34]. The grain yield plant-1 of rice genotypes was significantly reduced under
salinity stress [34], where the grain yield of rice was significantly decreased with increasing salinity
levels [35].

The severe inhibitory effects of salinity on fertility may be due to the differential competition in
carbohydrates supply between vegetative growth and constrained its distribution to the developing



panicles, whereas the other is probably linked to reduced viability of pollen under stress conditions,
thus resulting in failure of seed set [36].
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Figure-2. Impact of Salinity Stress on seed yield per plant of Four Rice Varieties

The decreased harvest index with the increase in salinity was consistent with this hypothesis. The
reduction in yield and yield components under saline conditions might be due to reduced cell
division and differentiations leading to poor sink development. In addition, adverse effects of
salinity stress on photosynthesis and translocation.of metabolites to the reproductive sink could be
some of the possible reasons for lower yield [37]:

4. CONCLUSION

Up-regulation of the anti-oxidant system appears to play a role in salinity tolerance of rice, with
tolerant genotypes also maintaining relatively higher relative water content, membrane stability
index, chlorophyll content, carbohydrate, proline, catalase, superoxide dismutase during all the
stages in tolerant varieties than susceptible. Pokkali and Narendra Ushar Dhan 3 have desirable
yield traits for saline condition and these varieties may be used in breeding programme and can be
helpful in boosting up rice production in saline soil.

ACKNOWLEDGEMENT

Authors are grateful to Dr. A.H. Khan, Head & Chairman and Dr. A.K. Singh, Professor,
Department of Crop Physiology my Advisory Committee for providing necessary facilities to carried
out the research work.

Authors’ contributions

This work was carried out in collaboration with all authors. All authors read and approved the final
manuscript

DISCLAIMER (ARTIFICIAL INTELLIGENCE)



Author(s) hereby declare that NO generative Al technologies such as Large Language Models
(Chat GPT, COPILOT, etc.) and text-to-image generators have been used during the writing or
editing of this manuscript.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCE

1. FAO; IFAD; WFP. The State of Food Insecurity in the World. In The Multiple Dimensions of
Food Security; FAO: Rome, Italy 2013.

2. Zhao, J., W. Ren, D. Zhi, L. Wang and G. Xia. Arabidopsis DREB1A/CBF3 bestowed
transgenic tall rescue increased tolerance to drought stress. Plant Cell Rep., 2007; 26, 1521-
1528.

3. FAO. Land and plant nutrition management service. 2008; htpp://www.fao.org/
ag/agl/agll/spush.

4. Ponnamperuma, F.N. Role of cultivar tolerance in increasing rice production in saline lands.
In: Salinity tolerance in plants: Strategies for crop improvement (Eds.: R.C. Staples and G.H.
Toenniessen). John Wiley and Sons, New York. pp. 1984; 255-271.

5. Yadav, S. Mohd, I. Aqil, A. and Shamsul, H. Causes of Salinity and Plant Manifestations to
Salt Stress: A Review.” J. Environ. Biol. 2011 Sep; 32(5): 667-85.

6. Hasegawa P.M., Bressan R.A., Zhu J.K., Bohhert H.J. Plant cellular and molecular
responses to high salinity. Annu. Rev. Plant Physiol. Plant Mol. Bio. 2000; 51: 463-499.

7. Lin, C.C and Kao, C.H. Effect of NaCl stress on H,O, metabolism in rice leaves. Plant Growth
Regul., 2000; 30: 151-155.

8. Netondo, W.G., Onyanjo, C.J. and Beck Erwin. Sorghum and salinity: Il. Gas exchanges and
chlorophyll fluorescence of sorghum under salt stress. Crop Sci., 2004; 44: 806-811.

9. Flowers T.J. Improving crop salt tolerance. J. Exp. Bot. 2004; 55: 307-319.

10. Lutts, S., Kinet, J.M. and Bouharmont, J. Change in plant response to NaCl during
development of rice (Oryza sativa L.) varieties differing in salinity resistance. J. Exp. Bot.,
1995; 46: 1843-1852.

11. Ashrafuzzaman, M., M.A.H. Khan and S.M. Shahidullah. Vegetative growth of maize (Zea
mays) as affected by a range of salinity. Crop Res. Hisar., 2002; 24: 28.

12. Ram, P.C. Studies on the effect of the salt stress on the nodulation, nitrogen fixation and
related metabolic aspects in chickpea (Cicer arietinum L.) and cowpea (Vigna anguiculta Welp
P) Ph.D. Thesis HAU, Hissar. 1979.

13. Rechards, L.A. (Editor). Diagnosis and improvement of saline and alkali soils. US salinity
Laboratory Staff. USDA Handbook No. 60. US Govt. Press Washington, 1954; 84-93.

14. Levitt, J. Response of plants to environment stress. Vol, Il. Water radiation, salt and other
stresses, Academic Press, New York.1980.

15. Strogonov, B.P. Structure and function of plant cells in saline habitats. New trend in the study
of salt tolerance. IPST (in English) Jerusalem, London. 1973.

16. Arnon, D.l. Copper enzyme is isolated chloroplast, polyphenol oxidase in Beta vulgarie. Plant
Phy. 1949; 24: 1-15.

17. Saadalla, M.M.; Shanahan, J.F. and Quick, J.S. Heat tolerance in winter wheat |. hardening
and genetic effect on membrane thermo stability. Crop sci., 1990; 30:363-376.

18. Yemm E.W. and Willis, A.J. The estimation of carbohydrate in plant extracts by anthrone.
Biochem. J., 1954; 57: 508-514.

19. Sinha, S.K. Colorimetric assay of Catalase. Analytical Biochemistry. 1972: 47: 2-5.

20. Asada, K. Ascorbate peroxidase scavenging enzyme in plants. Physiologia plantarum.1992;
55: 235-241.

21. Bates L.S., Waldren R.P., Teare I.D. Rapid determination of free proline for water-stress

studies. Plant Soil. 1973; 39:205-207.



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bhowmik S. K.; Titov S.; Islam M. M.; Siddika, A.; Sultana, S. and Haque, M. D. S.
Phenotypic and genotypic screening of rice genotypes at seedling stage for salt tolerance,
African J of Biotechnology. 2009; 8 (23), pp. 6490-6494.

Gale, J. and Zeroni M. Cultivation of plants in water in controlled-environment agiculture. In:
Salinity Tolerance in Plants (Ed.): R.C Staples. 1984; pp. 363-380, Wiley, New York.

Afria, B.S. and Narnolia, R.K. Effect of cycocel and saline irrigation physiological attributes,
yield and its components in different varieties of wheat. Indian J. Plant Physiol., 1999; 4(4):
311-314.

Makino, A., and Mae, T. Photosynthesis and plant growth at elevated levels of CO2. Plant Cell
Physiol. 1999; 40, 999-1006. doi: 10.1093/oxfordjournals.pcp .a029493.

Kong-ngern, K.; Bunnag, S. and Theerakulpisut, P. Proline, hydrogen peroxide, membrane
stability and antioxidant enzyme activity as potential indicators for salt tolerance in rice (Oryza
sativa L.). Inter. J. of Botany, 2012; 8 (2):54-65.

Prasad, B. Sodicity induced changes in some of the enzymes of carbohydrate and nitrogen
metabolism in rice (Oryza sativa L.) genotypes. Thesis Submitted to N.D.U.A.T., Kumarganj,
Faizabad (U.P.) 1990.

Amar, A.F. Effect of salinity stress, increasing gradually and suddenly treatments on plant
nutrient uptake and content of some carbohydrate practices. Egyptian Journal of Soil Sci.,
1999; 1: 39, 14: 111-128.

Pandey, U.K. and Srivastava, R.D.L. Physiological studies in salt tolerance of rice genotypes
yield and yield attributes, Ind. J. Plant Physiol., 1985; 30: 308-310.

Hanson A.D. and Hits E.D. Metabolic responses of mesophytes to plant water deficits. Annu
Rev Plant Physiol. 1982; 33:163—203.

Mittler, R. Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci., 2002; 7: 405-
410.

Trotel, P., Bouchercu, A., Niograt, M.F. and Laher, F. Effect of osmo accmulated proline in
leaf discs of rape (Brassica napu L.) incubated in a medium of low osmomorlity. PIl. Sci., 1989;
118: 31-45.

Apel, K. and Hirt H. Reactive Oxygen Species; Metabolism, oxidative stress and singal
transduction. Ann. Rev. Plant Biol., 2004; 55: 373-399.

Ali, Y.; Aslam, Z.; Ashraf, M.Y. and Tahir, G. R. Effect of salinity on chlorophyll concentration,
leaf area, yield and yield components of rice genotypes grown under saline environment.
Inter. J. of Envir. Sci. & Tech., 2004; 1 (3): 221-225.

Nejad, G.M.; Singh, R.K.; Arzani, Rezaie, A.A.M.; Sabourid, H. and Gregorio, G.B. Evaluation
of salinity tolerance in rice genotypes. Inter. J. of Plant Prod., 2010; 4 (3): 1735-8043.
Mahmood, A.; Latif, T. and Khan, M.A. (2009). Effect of salinity on growth, yield and yield
components in basmati rice germplasm. Pak. J. Bot., 2009; 41 (6): 3035-3045.

Abdullah, Z. and Khan, M.A. and flowers, T.J. Causes of sterility in seed set of rice under
salinity stress. Agron Crop Sci., 2001; 189: 25-32.

Singh, P.K. and Mishra, C.H. Effect of foliar application of gibberellic acid in seed set and yield
contributing characters in hybrid rice. New Agriculturist, 2003; 14 (1/2): 71-74.



