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Abstract

An experiment was conducted in collaboration with the school of water stress management, ICAR-
NIASM, Malegaon, Baramati, during 2021-2022 to evaluate the rice (Oryza sativa L.) genotypes. 20 rice
genotypes were collected from R.A.R.S., Karjat and K.L.R.S., Panvel, including checks. Plants treated
with salt had an electrical conductivity of 6 dSm™ and 9 dSm™, respectively, with control (3 dSm™1)
(Coastal saline soil with no additional salts) during the seedling stage. The relative water content of the
fully expanded third leaf at the top seedling was measured from three independent biological replicates of
both control and stressed plants for three days after the imposition of stress from all treatments was
weighed. Among 20 rice genotypes, at 3 dSm™, FL 478 and CST 7-1 have maximum relative water
content, but there was no discernible difference between these two genotypes, where Karjat 6 had the
lowest relative water content significantly. At 6 dSm-1, Kala rata had the highest relative water content,
followed by CST 7-1 and SR 3-9. However, Karjat 6 had minimum relative water content to check FL
478 and Karjat 4. At 9 dSm!, Kala rata and CST 7-1 had significantly maximum relative water content
followed by SR 3-9 and Damodar; however, Karjat 6 showed minimum relative water content to that of
check FL 478 (78.34%) and Karjat 4.
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Introduction

Oryza sativa L. (2n=24) is a self-pollinated cereal belonging to the family Gramineae or
Poaceae, with 22 wild species and just two cultivated varieties (Vaughan et al., 2003) 24, Rice
is grown throughout humid tropical and subtropical climates (Blair et al., 2002) ©l. In India,
rice occupies a 45.76 MH area with an annual production of 124.36 MT and 2.72 tons per
hectare productivity (Anonymous, 2021) .. Konkan has a rice-dominating area of about 0.387
million ha with an annual production of 1.031 MT, and the average productivity of the Konkan
is about 2.66 tons per hectare (Anonymous, 2021) 1. More than 127000 ha of saline soil have
been found in Maharashtra state. Out of these, 70,000-hectare land is classified as coastal
salinity and 57000 ha land is classified as inland salinity. The coastal saline soils are fertile,
but their productivity is limited due to the inundation of tidal brackish water and submergence
during the rainy season (Sawardekar et al., 2003) [*7],

Natural disasters caused by climate change and biotic and abiotic stresses represent a severe
problem for the world's 60 per cent food security and economic development. Singh et al.
2004 estimated that the ultimatum for rice in 2025 will be 140 MT; contrarily, the abiotic
stress of soil salinity is the subject of this study since it contributes significantly to the decline
in global rice output. Nevertheless, many Asian countries, where rice nurseries frequently have
to establish in soils already tainted with salt, consider the increase of salt tolerance as a
breeding priority.

It may be necessary to test genotypes for salt tolerance when plants are at the seedlings stage
because there is significant time saving (Gregorio et al., 1997; Ali et al., 2014) & 1 and it
helps to develop salt tolerance with high-yielding cultivars. The present study examined the
screening salinity tolerance in selected rice genotypes by measuring the magnitude of relative
water content (%).

Materials and Methods

Plant growth environment and plant materials

The experiment included 20 rice genotypes, including checks as well-known salt-tolerant and
salt-sensitive varieties undertaken collected from the R.A.R.S., Karjat and K.L.R.S., Panvel of
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the coastal area, in collaboration with the ICAR-NIASM,
Malegaon, Baramati, 413115 during 2021-2022. The soil used
in the experiment was coastal saline soil from the Konkan
coast (Panvel). Plants were treated by salt stress and had an
electrical conductivity of 6 and 9 dS/m, with control (C)
(Coastal saline soil with no additional salts) 21 days after
emergence. Experimental design set up with saline and
without saline conditions in a Factorial Completely
Randomized Design (FCRD) in 3 replication.

Methods

Relative Water Content (RWC) was determined by the
methods described by Cornic, 1994 [l The relative water
content of the leaf was measured from three independent
biological replicates of both control and stressed plants for
three days after imposition of stress; the fully expanded third
leaf at the top of each plant from all treatments was weighed
as Fresh Weight (FW), then left saturated in distilled water
inside a closed petri dish for three hours and their Turgid
Weights (TW) was calculated. End of the imbibitions period,
leaf samples were kept in a preheated oven at 60 °C for 48 h
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to know Dry Weight (DW). Finally, the relative water content
(RWC) of the leaves was estimated using the equation,

RWC (%) = (FW — DW)/ (TW — DW) x 100

Where,

FW = Fresh weight of plant (g)
DW= Dry weight of plant (g)
TW= Turgid weight of plant (g)

Results

The relative water content of all the genotypes was measured
for three days after the imposition of salt stress. After
applying salt stress, a significant difference in relative water
content was noted between the treatments and at various day
intervals (Fig. 1, Table 1). On average, all the genotypes'
relative water content started to decline after the imposition of
salt treatments. Among the treatments, 9 EC severely
impacted the relative water content of all the genotypes (Fig.
1).
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Fig 1: Effect of salt stress on Relative water content (RWC) of rice genotypes

On 1st DAT, all the genotypes significantly differed at 3 dSm-
16 dSm! and 9 dSm™1, which exhibited 85.34%, 81.80% and
74.01% relative water content, respectively (Fig. 1). Among
the genotypes, CST 7-1 (89.97%) had significantly the highest
relative water content followed by Kala rata (89.64%) and
Karjat 6 (65.61%) had the minimum relative water content to
that of check FL 478 (89.64%) and Karjat 4 (71.75%). All
genotypes showed a significant treatment X genotype
interaction for the relative water content. At 3 dSm, FL 478
(93.59%) and CST 7-1 (93.45%) had the highest relative
water contents, although there was no discernible difference
between these two genotypes. Karjat 6 (73.08%), on the other
hand, had the relative water content that was considerably the

lowest. At 6 dSm™, the genotype pattern was similar to that at
3 dSm-1, with decreasing relative water content ranging from
68.05% at the least to 90.35% at the maximum. At 9 dSm-?,
Kala rata and CST 7-1 had much higher relative water
contents than Karjat 6, with respective values of 86.45% and
86.24 and 55.70%, respectively, as compared to check FL 478
(84.97%) and Karjat 4 (64.39%) (Table 1).

At 3 dSm?, 6 dSm? and 9 dSm? on the 2" DAT, all
genotypes showed substantially different relative water
contents of 85.11%, 77.44%, and 68.21%, respectively (Fig.
1). There was a significant genetic variation was observed
between all the genotypes. Kala rata (88.62%) and CST 7-1
(88.22%) had significantly higher relative water content,
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followed by SR 3-9 (86.91%) and Damodar (85.47%), and the
minimum relative water content was observed in Karjat 6
(61.26%) to that of check FL 478 (85.96%) and Karjat 4
(66.95%). All genotypes showed a significant treatment x
genotype interaction for the relative water content. The
highest relative water content was seen at 3 dSm in FL 478
(93.55%) and CST 7-1 (93.43%), but there was no discernible
difference between these two genotypes. Among the
genotypes, Karjat 6 (73.20%) had the lowest relative water
content significantly. At 6 dSm, Kala rata (89.14%) had
seriously the highest relative water content, followed by CST
7-1 (87.91%) and SR 3-9 (87.88%) to that of check FL 478
(85.99%) and Karjat 4 (68.05%). However, Karjat 6 had a
minimum relative water content of 62.53%. At 9 dSm™, Kala
rata and CST 7-1 had significantly maximum relative water
content, i.e. 83.98% and 83.32%, followed by SR 3-9
(82.32%) and Damodar (80.34%) however, Karjat 6 (48.04%)
showed minimum relative water content to that of check FL
478 (78.34%) and Karjat 4 (55.95%) (Table 1).

On 3rd day after treatment, all the genotypes significantly
differed at 3 dSm™, 6 dSm* and 9 dSm, which exhibited
85.24%, 74.02% and 63.40% relative water content,
respectively (Fig. 1). All of the genotypes showed
considerable genetic diversity, with CST 7-1 (86.27%) and
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Kala rata (86.21%) having much greater relative water
content than check FL 478 (82.00%) and Karjat 4 (64.59%),
which were followed by SR 3-9 (84.82%) and Damodar
(84.18%). However, the minimum relative water content was
observed in Karjat 6 (56.87%). A significant treatment X
genotype interaction for the relative water content was
observed across all genotypes. FL 478 (93.98%) and CST 7-1
(93.56%) had the maximum relative water content; however,
there was no significant difference observed between these
two genotypes, and Karjat 6 (73.24%) had significantly the
lowest relative water content at 3 dSm™?. At 6 dSm?, the
relative water content of Kala rata (86.45%) and CST 7-1
(86.24%) was much higher than that of check FL 478
(82.29%) and Karjat 4 (64.39%), which were followed by SR
3-9 (84.97%) and Damodar (82.80%). Karjat 6 (55.70%)
exhibited the lowest relative water content among the
genotypes. At 9 dSm?, Kala rata and CST 7-1 had much
higher relative water contents than check FL 478 (69.72%)
and Karjat 4 (52.43%), with maximum relative water contents
of 79.49% and 79.02%, respectively, followed by SR 3-9
(78.82%), Damodar (78.34%), and CSR 36 (76.40%). Among
the genotypes, Karjat 6 had a minimum relative water content
of 41.66% (Table 1).

Table 1: Effect of salt stress on RWC (%) of rice genotypes

Relative Water Content (%)

Genotypes 01 Day After Treatment 2 Day After Treatment 3 Day After Treatment
3EC 6 EC 9EC |Mean (Gen)| 3EC 6 EC 9EC |Mean (Gen)| 3EC 6 EC 9EC |Mean (Gen)

Bhura rata 88.21 80.61 76.87 81.89 87.61 78.34 67.65 77.87 87.69 | 76.44 57.92 74.02
CSR 27 83.38 80.86 74.04 79.43 82.77 76.40 67.65 75.60 8259 | 74.04 63.79 73.47
CSR 36 89.16 85.99 79.49 84.88 89.28 83.80 74.04 82.37 89.65 | 79.49 76.40 81.85
CST7-1 93.45 90.24 86.24 89.97 93.43 87.91 83.32 88.22 93.56 | 86.24 79.02 86.27
Damodar 91.78 88.81 82.32 87.63 91.45 84.63 80.34 85.47 91.39 | 82.80 78.34 84.18
FL 478 93.59 90.35 84.97 89.64 93.55 85.99 78.34 85.96 93.98 | 82.29 69.72 82.00
Kala rata 92.65 89.82 86.45 89.64 92.74 89.14 83.98 88.62 92.69 | 86.45 79.49 86.21
Karjat 184 88.98 85.63 78.34 84.31 88.85 82.08 72.69 81.21 89.05 | 78.34 68.05 78.48
Karjat 3 73.92 69.88 60.58 68.13 74.21 64.39 54.59 64.40 73.92 | 60.58 47.32 60.61
Karjat 4 76.95 73.92 64.39 71.75 76.87 68.05 55.95 66.95 76.95 | 64.39 52.43 64.59
Karjat 6 73.08 68.05 55.70 65.61 73.20 62.53 48.04 61.26 73.24 | 55.70 41.66 56.87
Karjat 8 75.89 70.80 57.92 68.20 76.26 64.39 52.73 64.46 75.93 | 57.92 46.46 60.10
Khara muga 80.85 76.87 69.72 75.81 79.49 72.52 64.39 72.13 79.98 | 69.72 55.95 68.55
Panvel 1 89.93 87.45 78.34 85.24 89.95 81.28 72.69 81.31 9046 | 78.34 69.07 79.29
Panvel 2 88.62 85.63 76.87 83.70 88.45 80.61 70.80 79.95 89.04 | 77.07 65.50 77.20
Panvel 3 89.62 87.98 78.34 85.31 89.62 80.86 72.69 81.06 90.07 | 78.34 66.55 78.32
Panvel 61 87.61 85.48 76.65 83.24 87.80 79.49 70.17 79.16 8749 | 77.07 64.85 76.47
Ratnagiri 5 78.67 74.37 62.53 71.86 77.59 67.65 54.59 66.61 77.79 | 6253 52.06 64.13
Ratnagiri 6 80.03 75.07 67.65 74.25 78.62 70.80 57.19 68.87 78.62 | 67.65 54.59 66.95
SR 3-9 90.47 88.33 82.77 87.19 90.53 87.88 82.32 86.91 90.66 | 84.97 78.82 84.82

Mean (Sal) 85.34 81.80 74.01 85.11 77.44 68.21 85.24 | 74.02 63.40

S.E (m)%|C.D at 5%|C.D at 1% S.E (m)+|C.D at 5%|C.D at 1% S.E (m)%|C.D at 5%|C.D at 1%

Factor A: Salinity levels | 0.109 0.306 0.405 0.108 0.302 0.399 0.102 | 0.287 0.379

Factor B : Genotypes | 0.282 0.790 1.045 0.278 0.779 1.030 0.264 | 0.740 0.979

Interaction effect (AxB) | 0.489 1.369 1.810 0.482 1.349 1.783 0.458 | 1.282 1.695

Discussion

Soil salinity reduces the plants ability to take up water, which
quickly causes reductions in the speed of cell growth in
developing tissues. Water status is the main factor affecting
the plants' growth and development. In a recent study, salinity
reduces the relative water content because the high salt
concentration in the root zone makes it harder for the root to
uptake water (Munns & Tester 2008) M. Water is essential
for all metabolic processes; lack of water may collapse all the
metabolic processes of salt-treated seedlings and influence
seedling survivability. When plants are subjected to salinity,
firstly, they face an osmotic challenge that reduces water

uptake by roots. Similar trends observed in the results of other
researchers viz; Suriya-arunroj et al. (2004) 29: Singh et al.
(2007) 9 pattanagul and Thitisaksakul (2008) [*31; Murshed
et al. (2008) [*?I; Amirjani (2010; 2012) [231; Pushpalatha et al.
(2017) ©51; Ma et al. and Polash et al. (2018) 4 in rice;
Rivelli et al. (2002) [*%l; Mandhania et al., Farooq and Azam
(2006) 119 in wheat.

Conclusion

This study suggests that salinity exhibits the relative water
content in the selected rice genotypes with different salinity
levels of 3 dSm? (Control), 6 dSm™ and 9 dSm™ at the
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seedling stage under controlled environmental conditions.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ali MN, Yeasmin L, Gantait S, Goswami R, Chakraborty
S. Screening of rice landraces for salinity tolerance at
seedling stage through morphological and molecular
markers. Physiol. Mol. Bio. PI. 2014;20:411-423.
Amirjani MR. Effect of NaCl on some physiological
parameters of rice. Eur. J Biol. Sci. 2010;3:6-16.
Amirjani MR. Effect of NaCl stress on rice physiological
properties.  Arch.  Phyto-pathology  Plant  Prot.
2012;45:228-243.

Anonymous. Agricultural statistics at glance. Directorate
of Economics and Statistics, Department of Agricultural
Cooperation, Ministry of Agriculture, Government of
India, Academic Foundation; c2021.

Anonymous. Economic survey of Maharashtra.
Directorate of Economics and Statistics, Planning
Department, Government of Maharashtra, Mumbai. 2021.
Blair MW, Hedetale V, McCouch SR. Fluorescent-
labeled microsatellite panels useful for detecting allelic
diversity in cultivated rice (Oryza sativa L.). Theoretical
and Applied Genetics. 2002;105:449-457.

Cornic G. Drought stress and high light efects on leaf
photosynthesis. In Bowyer JR(eds) Photo inhibition of
Photosynthesis: from molecular mechanisms to the feld
(ed. Baker, N. R.) Oxford; c1994. p. 297-313.

Gregoria GB, Senadhira D, Mendoza RD. Screening rice
for salinity tolerance (No. 2169-2019-1605); ¢1997.

Ma NL, Che Lah WA, Abd Kadir N, Mustagim M,
Rahmat Z, Ahmad A. Susceptibility and tolerance of rice
crop to salt threat: physiological and metabolic
inspections. PLoS ONE. 2018;13(2):1-17.

Mandhania S, Madan S, Sawhney V. Antioxidant defense
mechanism under salt stress in wheat seedlings. Biologia
Plantarum. 2006;50(2):227-231.

Munns R, Tester M. Mechanisms of salinity tolerance.
Annu. Rev. Plant Biol. 2008;59:651-681.

Murshed MG, Hossain MA, Tareq MZ, Ashrafuzzaman
M. Short-term effects of salinity on seedling growth of
rice. Bangladesh Journal of Environmental Science.
2008;14(1):66-70.

Pattanagul W, Thitisaksakul M. Effect of salinity stress
on growth and carbohydrate metabolism in three rice
(Oryza sativa L.) cultivars differing in salinity tolerance.
Indian Journal of Experimental Biology. 2008;46:736-
742.

Polash MAS, Sakil Md. A, Arif Md. TU, Hossain Md. A.
Effect of salinity on osmolytes and relative water content
of selected rice genotypes. Tropical plant research.
2018;5(2):227-232.

Pushpalatha G, Ganduri PK, Pondala RS, Marthala VR,
Sridevi Gedala. Integrated Physiological, Biochemical,
Anatomical and Molecular Studies Reveals Salt Stress
Responsive Mechanisms Associated with Popular Rice
Landraces in Eastern Part of India. Current Agriculture
Research Journal. 2017;5(3):342- 353.

Rivelli AR, James RA, Munns R, Condon AG. Effect of
salinity on water relations and growth of wheat genotypes
with contrasting sodium uptake. Funct. Plant Biol.
2002;29:1065-1074.

Sawardekar SV, Dhane SS, Jadhav BB. Limits of varietal
tolerance of salinity in rice. J Indian Soc. Coastal agric.

18.

19.

20.

21.

~ 15527~

https://www.thepharmajournal.com

Res. 2003;21(1):63-65.

Singh RK, Mishra B, Singh KN. Salt tolerant rice
varieties and their role in reclamation programme in Uttar
Pradesh. Indian Farming; c2004. p. 6-10.

Singh MP, Sing DK, Rai M. Assessment of growth,
physiological and biochemical parameters and activities
of antioxidative enzymes in salinity tolerant and sensitive
basmati rice varieties, J Agron. Crop Sci. 2007;193:398-
412.

Suriya-Arunroj D, Supapoj N, Toojinda T, Vanavichit A.
Relative leaf water content as an efficient method for
evaluating rice cultivars for tolerance to salt stress.
Science Asia. 2004;30:411-415.

Vaughan DA, Morishima H, Kadowaki K. Diversity in
the Oryza genus. Current opinion in plant biology.
2003;6(2):139-146.


https://www.thepharmajournal.com/

