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Abstract
Salinity is a key abiotic stress that limits the plant growth and productivity of crops worldwide. In this study, variations in 
the growth, physiological and biochemical parameters, and antioxidant defense systems under saline soil conditions among 
three rice cultivars (Ahlami-Tarom, Salari, and Binam) were investigated. Our results indicated that the all rice cultivars 
had normal growth and yield under control conditions. All the parameters tested were significantly different in the environ-
ments studied (stress vs. control). For all three genotypes, salinity induced a significant decrease in growth characteristics, 
chlorophyll content and grain yield. By contrast an increase in lipid peroxidation and activity of antioxidant enzymes were 
observed in all rice cultivars. Among the cultivars studied, Binam genotype with the highest increase in the activity of anti-
oxidant enzymes such as catalase, ascorbate peroxidase, and peroxidase, the lowest increase in malondialdehyde content and 
smaller drop in chlorophyll content showed better protection against salt stress, which made it possible to maintain a higher 
yield even under stress conditions. The findings of the present study suggested that the activity of antioxidant enzymes can 
act as an efficient defense mechanism to deal with salinity stress, and accordingly, the potential tolerance of Binam cultivar 
with a good antioxidant defense system increases its yield compared to other cultivars under salinity stress conditions.
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Introduction

Rice (Oryza sativa L.) is the most important source of food 
and energy for half of the world's population (Manjappa 
Uday and Hittalmani 2014). After drought, salinity is the 
second destructive phenomenon and hinders rice production 
in the world (Ghosh et al. 2016). Salinity is one of the major 
abiotic stresses that severely limits crop growth and metabo-
lism, and reduces plant productivity (Taibi et al. 2016). It is 
reported that more than 800 million hectares of cultivated 
land in the world are affected by different levels of salinity 
(Reddy et al. 2017). According to FAO statistics (2010), 

approximately 25.5 million hectares of Iran's agricultural 
lands are saline and about 8.5 million hectares are extremely 
saline.

Soil salinity occurs when excessive accumulation of 
sodium ions with dominant chloride and sulfate anions, 
which ultimately increases electrical conductivity (> 4 dS 
m−1) (Ali et al. 2013). Soil salinity affects plants through 
an initial osmotic stress followed by ions accumulation 
(Chunthaburee et al. 2016). Salinity associated with excess 
NaCl adversely affects the morphology, biomass, and bio-
chemical processes of the plants (Rahneshan et al. 2018). 
Barus et al. (2019) found that the salinity stress affected 
the growth and biochemical parameters of the all rice culti-
vars studied. Salt stress induces the reactive oxygen species 
(ROS) production in plants cells, which results in oxidative 
stress and ultimately leading to cell and plant death (Sahin 
et al. 2018). Salinity has a negative effect on crop yield 
through membrane stability distraction, increasing the lipid 
peroxidation, and decreasing the chlorophyll content and the 
yield components (Forough et al. 2018). Plants have vari-
ous mechanisms to respond to salinity stress, which varies 
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depending on different factors such as the type and amount 
of solutes, growth time and genetic potential of the plant, 
as well as environmental factors (Kordrostami et al. 2017). 
Jankangram et al. (2011) reported that most of the proteins 
identified at increased levels in the saline growth environ-
ment in the salinity-tolerant genotype Pokkali were related 
to photorespiration, photosynthesis and defense against oxi-
dative stress. Kong et al. (2021) found that the difference 
in tolerance to salt stress between indica and japonica rice 
cultivars was due to the difference in the dataset of expressed 
genes related to salinity stress. Li et al. (2018) confirmed 
that there were clear differences in the level of transcription 
between salt-tolerant genotype (Pokkali) and salt-sensitive 
genotype (IR29) in both salt and control conditions. The 
plants protect the plant cells against the oxidative damage 
through activation of antioxidants enzymes (Kumar et al. 
2021) such as catalase (CAT; EC 1.11.1.6), ascorbate per-
oxidase (APX; EC 1.11.1.1), and peroxidase (POX; EC 
1.11.1.7) (Soares et al. 2019). These enzymes are the main 
ROS-scavenging antioxidant enzymes, which contribute to 
the tolerance of plants against salinity (Kibria et al. 2017). 
Rossatto et al. (2017) demonstrated that there was a positive 
correlation between antioxidant enzymes and plant tolerance 
to salt stress. The positive role of antioxidant enzymes such 
as CAT, APX (Bagheri and Khosravinejad 2016; Forough 
et al. 2018), and POX (Yaghubi et al. 2014) in rice tolerance 
to salt stress has been reported in previous studies. Moradite-
lavat et al. (2018) found that the rice cultivars with higher 
antioxidant enzyme activity and lower lipid peroxidation 
indicated a higher ability to tolerate salt stress.

Due to the lack of sufficient information on the physi-
ological and biochemical responses of rice genotypes to 
salinity, the present study aimed to evaluate the effects of 
salinity stress on growth, yield, chlorophyll content, lipid 
peroxidation and antioxidant enzymes activities in three rice 
cultivars.

Materials and methods

Experimental site

The experiments were conducted in two farms with 
different soils (saline and control conditions) in Sari, 
Mazandaran Province, Iran (36°39′ N, 53°4′ E; − 11 m 
above sea level), during the two crop years of 2016 and 
2017. Physical and chemical analyses of experimental 
soils included analysis of soil texture by hydrometric 
method (Bouyoucos 1962), soil electrical conductiv-
ity (EC) and pH by preparation of soil suspension (soil/
water 1:5), total N by Kjeldahl method (Bremner and 
Mulvaney 1982), extractable P by sodium bicarbonate 
extraction (Olsen et al. 1954), and extractable K by flame 

photometer techniques (Toth and Prince 1949). The physi-
cal and chemical properties of the experimental soils are 
presented in Table 1.

Experimental design and treatments

The experiment was conducted in a randomized complete 
block design (RCBD) with three replications. The experi-
mental treatments included rice genotypes (Ahlami-Tarom, 
Salari, and Binam) that were evaluated in two separate 
experiments in control conditions and saline soil.

Field experiment

The rice genotypes used in the experiment were local cul-
tivars. The rice seeds were pregerminated by soaking in 
water for 24 h and incubated for 48 h in the dark. Germi-
nated seeds were sown in nursery beds. The nursery land 
was prepared one week before sowing. Land preparation 
was performed by puddling, harrowing and leveling the 
soil in the fields. The experiments were conducted in plots 
with dimensions of 18 m2 (3 m × 6 m). Three 30 days old 
rice seedlings were transplanted per hill with a constant 
spacing of 20 × 20 cm. All the experimental plots received 
100 kg ha−1 of P2O5 and K2O as triple superphosphate and 
potassium sulfate, respectively, before the seedlings were 
transplanted. Each plot received urea-N 150 kg ha−1, (½ 
as a basal fertilizer, ¼ as topdressing at tillering stage, 
and ¼ as topdressing at heading stage. To control weeds, 
Butachlor herbicide was applied at a concentration of 3.5 
L ha–1 1 week after transplanting, and the manual weed-
ing was performed at 2 and 4 weeks after transplanting. In 
order to control Chilo suppressalis, diazinon insecticide 
(5% Granule) was used at a rate of 30 kg ha−1 at the maxi-
mum tillering and heading stages.

Table 1   Physical and chemical properties of the experimental soils 
(saline and control conditions)

Soil Control conditions Saline

Soil texture Silty clay Silty clay
Sand (%) 22 18
Silt (%) 43 45
Clay (%) 35 37
PH 6.3 6.7
EC (ds.m–1) 0.42 4.92
Organic matter (%) 2.5 2.1
Total N (%) 0.22 0.18
Available P (mg kg–1) 12 15
Available K (mg kg–1) 138 155
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Measurement of photosynthetic pigments

The photosynthetic pigments (chlorophyll a and b) were 
determined according to Arnon (1949). Chlorophyll extract 
was prepared from 100 mg fresh leaves by grinding in a 
tissue homogenizer together with 10 mL of ice cold 80% 
acetone. The homogenate was centrifuged at 3000 rpm for 
2 min. The supernatant was saved and pellet was re-extracted 
twice with 5 mL of 80% acetone. All the supernatants were 
pooled and saved. The absorbance of the extract was read 
at 663.2 and 646.8 nm by spectrophotometer, and pigment 
concentrations were calculated using Arnon’s equations.

Determination of Lipid peroxidation

Lipid peroxidation was determined as described by Heath 
and Packer (1968). Approximately 0.5  g of leaves was 
homogenized with 5% (w/v) trichloroacetic acid (TCA). A 
1.0 mL aliquot of the supernatant was added to 4 mL of 
thiobarbituric acid (TBA at 0.5% in TCA at 20%), prepared 
at the time of use. The mixture was incubated at 95 °C for 
30 min and then quickly cooled in an ice bath, and centri-
fuged at 10,000 g for 10 min at 4 °C. Thereafter, the absorb-
ance of the supernatant was recorded by a spectrophotom-
eter at 532 nm, and the values corresponding to non-specific 
absorption (600 nm) were subtracted. Lipid peroxydation 
products were measured as the content of TBA-reactive 
substances. The malondialdehyde (MDA) content was 
calculated according to the molar extinction coefficient of 
155 mM−1 cm−1. The MDA content was measured as μmol 
g−1 FW.

Antioxidant enzyme extraction and assay

For extraction and assay of enzymes, the rice leaves (0.5 g) 
were homogenized in 1 mL of extraction buffer: 50 mM 
potassium phosphate (pH 7.0), 1 mM ethylenediaminetet-
raacetic acid (EDTA) in the presence of polyvinylpyrro-
lidone (PVP). The homogenate was centrifuged at 13,000 g 
for 15 min at 4 °C. The supernatant was used for determine 
the activities of catalase (CAT), ascorbate peroxidase (APX) 
and peroxidase (POX). All steps in the preparation of the 
enzyme extract were carried out at 4 °C.

CAT (EC 1.11.1.6) activity was assayed according to the 
method described by Aebi (1984). The reaction mixture 
contained 50 mM potassium phosphate (pH 7.0), 10 mM 
H2O2 and the crude enzyme. The decomposition of H2O2 
was monitored by the decrease in absorbance at 240 nm for 

(1)
Chlorophyll a(mg/g FW) =

(

12.25A663.2

)

−
(

2.79A646.8

)

Chlorophyll b(mg/g FW) =
(

21.50A646.8

)

−
(

5.1A663.2

)

.

2 min. CAT activity was calculated by using the extinction 
coefficient of 39.4 mM−1 cm−1, and expressed as μmol of 
H2O2 min−1 mg−1 protein.

APX (EC 1.11.1.11) activity was determined spectropho-
tometrically according to the method described by Nakano 
and Asada (1981), based on the decrease in absorbance at 
290 nm as ascorbate (ASC) was oxidized. The reaction mix-
ture contained 50 mM potassium phosphate buffer (pH 7.0), 
1.5 mM H2O2, 0.5 mM ascorbic acid, 0.1 mM EDTA and 
0.1 mL enzyme extract in a total volume of 3 mL. APX 
activity was calculated by using the extinction coefficient 
of 2.8  mM−1  cm−1, and expressed as μmol of ascorbate 
min−1 mg−1 protein.

POX (EC 1.11.1.7) activity was assayed spectrophoto-
metrically by the method of Velikova et al. (2000). The reac-
tion mixture contained 10 mM potassium phosphate buffer 
(pH 7.0), 3 mM H2O2, 0.2% guaiacol and 0.04 mL enzyme 
extract. The increase in absorbance was recorded at 470 nm. 
The activity of POX was calculated from the rate of forma-
tion of guaiacol dehydrogenation product (GDHP) by using 
the extinction coefficient of 26.6 mM−1 cm−1 and the activity 
was expressed as mol GDHP min−1 mg−1 protein.

Measurement of agronomical traits and grain yield

At the time of physiological maturity, after removing the 
marginal effects, plant samples were randomly selected from 
middle of each experimental plot. The number of tillers per 
hill was determined from 15 hills per plot. The number of 
grains per plant was recorded by counting from 15 plants per 
plot. The unfilled spikelets were calculated by counting the 
number of unfilled spikelet per spike. The 1000-grain weight 
was measured by counting and weighing ten samples of 100 
seeds. The grain yield was recorded through harvesting an 
area of 4 m2 (2 m × 2 m) in the middle of each plot and based 
on 14% moisture content.

Statistical analysis

The combined analysis of variance was performed using 
SAS 9.2 software. Mean values were compared using least 
significant difference (LSD) test at 5% probability level.

Results

Growth and grain yield

According to the results of combined analysis of variance 
(Table 2), the three rice cultivars were significantly differ-
ent for all the agronomical traits and yield in both saline 
and control conditions, except for 1000-grain weight in 
control conditions. The influence of year was significant 
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only on grain yield, and the interaction between year and 
genotype was not significant on any of the studied traits.

In the present study, all the rice cultivars had normal 
growth and yield in the control conditions, as shown 
in Table 3. A decrease in growth and productivity was 
observed for all rice cultivars under saline soil condi-
tions. The mean comparison of the genotype showed that 
the Salari cultivar produced higher tillers number per hill 
(32.21 tillers), grains number per plant (190.50 grains) 
and unfilled spikelet percent (18.58) among the genotypes 
under control conditions, although no significant differ-
ence was observed between Salari and Binam in terms 
of grains number per plant. Under saline soil conditions, 
the highest tillers No. hill–1 (26.50 tillers) was obtained 
for Salari genotype, while the highest grains No. plant–1 
with an average of 153.85 belonged to Binam genotype. 
The percentage of unfilled spikelets in Salari cultivar was 
significantly higher than Ahlami-Tarom and Binam under 
both saline and control conditions. Although the 1000-
grain weight of rice cultivars in control conditions did 
not have significant differences, the 1000-grain weight in 
saline soil showed a decrease of 7.3 and 7.8% for Salari 
genotype compared to genotypes of Ahlami-Tarom and 
Binam, respectively. The results suggested that salinity 
stress caused a decrease in grain yield for all rice culti-
vars. We found that under saline soil conditions, a slight 
decrease in grain yield (14.6%) was noted for the salt-
tolerant Binam whereas the Salari exhibited a dramatic 
reduction in grain yield (22.2%), when compared to con-
trol conditions (Table 3).

Photosynthetic pigments

The results showed that there was a significant difference 
between the genotypes in terms of the chlorophyll a (Chl.a) 
and chlorophyll b (Chl.b) contents in both saline and control 
conditions. For the Chl.b content there was no statistical dif-
ference between the two years of the study, while for Chl.a, 
this difference was significant. The photosynthetic pigment 
content was not affected by interaction between year × geno-
type (Table 4).

In this study, the Chl.a content in both rice fields was 
higher in the first year of the experiment than in the second 
year. This value was 10.6% higher in control conditions and 
6.8% higher in saline soil than the second year (Table 5).

Among the investigated cultivars, the highest Chl.a con-
tent in both saline and control conditions was observed in 
Ahlami-Tarom and Binam. Salari variety recorded the lowest 
Chl.a content with about 16.2% and 20.6% reduction in con-
trol conditions and saline soil, respectively. According to the 
results, Binam had the highest Chl.b content in both control 
conditions (0.030 mg.g−1 FW) and saline soil (0.026 mg.
g−1 FW). However, no significant difference was observed 
between Ahlami-Tarom and Salari in terms of Chl.b con-
tent. When the rice plants were planted in the saline soil, 
the Chl.a and Chl.b contents decreased in all rice cultivars, 
especially in Salari (12.3% and 23.1%, respectively). The 
Chl.a and Chl.b contents decreased by 7.9% and 16.7% in 
Ahlami-Tarom genotype whereas Binam demonstrated a 
slight drop in the Chl.a and Chl.b contents (7.3% and 13.3%, 
respectively) (Table 5).

Table 2   Combined analysis of variance for agronomical traits and grain yield in three rice cultivars in control conditions and saline soil

ns, **, *: non-statistically significant and significant at 1% and 5%, respectively

S.O.V df No. of tillers hill–1 No. of grains plant–1 Unfilled spikelets 
percent

1000-grain weight Grain yield

Control conditions
Year (Y) 1 14.04ns 119.60ns 0.020ns 2.96ns 336,309.34*
r(y) 4 4.08 80.13 0.53 5.63 126,703.71
Genotype (G) 2 267.05** 10,983.68** 158.25** 4.59ns 6,913,980.06**
Y × G 2 1.80ns 43.79ns 10.29ns 2.96ns 25,963.05ns

Error 8 5.64 98.67 8.21 5.46 45,722.44
C.V (%) – 9.38 6.12 22.51 10.29 3.91
Saline soil
S.O.V
Year (Y) 1 18.40ns 12.33ns 0.12ns 0.40ns 190,262.24*

r(y) 4 5.30 147.63 7.28 1.59 155,915.18
Genotype (G) 2 246.53** 7171.36** 970.52** 5.63** 6,241,994.99**
Y × G 2 7.02ns 43.80ns 27.74ns 0.99ns 48,992.42ns

Error 8 8.86 120.45 15.70 0.54 35,449.86
C.V (%) – 14.75 8.63 17.26 3.44 4.20
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Lipid peroxidation (malondialdehyde)

As shown in Table 4, there was a significant (P ≤ 0.05) dif-
ference between genotypes in terms of lipid peroxidation in 
both saline and control conditions. However, the effects of 
year and year × genotype interactions were not significant 
on MDA content.

The assay of MDA content revealed that all three cul-
tivars were prone to lipid peroxidation significantly under 
salt stress when compared to plants were under control con-
ditions. The content of MDA in saline soil was higher in 
Salari (25.7% and 17.1%, respectively) than Ahlami-Tarom 
and Binam, although no significant difference was observed 
between Salari and Binam in terms of MDA content. The 
lowest MDA content in both control conditions and saline 
soil with an averages value of 0.022 and 0.026 μmol g−1 FW, 
respectively, was observed in Ahlami-Tarom. Compared to 
the control conditions, Ahlami-Tarom, Salari and Binam 
showed an increase in MDA content by 15.4%, 22.8% and 
10.3%, respectively, in saline soil. In general, the highest 
increase in lipid peroxidation was observed in the salinity-
sensitive genotype Salari, while the salinity-tolerant geno-
type Binam had a lower increase in MDA content among the 
genotypes (Table 5).

Antioxidant enzyme activities

The results of combined analysis of variance for antioxidant 
enzymes activities in both saline and control conditions are Ta
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Table 4   Combined analysis of variance for Photosynthetic pigments 
and Lipid peroxidation in three rice cultivars in control conditions 
and saline soil

ns, **, *: non-statistically significant and significant at 1% and 5%, 
respectively
Chl.a: Chlorophyll a, Chl.b: Chlorophyll b

S.O.V df Chl.a Chl.b Lipid peroxidation

Control conditions
Year (Y) 1 0.016** 0.000002ns 0.00002ns

r(y) 4 0.005 0.000006 0.000002
Genotype (G) 2 0.018** 0.00006** 0.00004*
Y × G 2 0.001ns 0.000006ns 0.000002ns

Error 8 0.001 0.000005 0.000005
C.V (%) – 5.65 9.03 9.56
Saline soil
S.O.V
Year (Y) 1 0.007* 0.00000002ns 0.000061ns

r(y) 4 0.003 0.0000004 0.000009
Genotype (G) 2 0.023** 0.000069** 0.00010*
Y × G 2 0.002ns 0.000003ns 0.000006ns

Error 8 0.001 0.000002 0.00002
C.V (%) – 6.10 7.38 15.18
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shown in Table 6. The results showed that the main effect 
of genotype was significant on activities of CAT, APX and 
POX. The activities of enzymes were not affected by the 
main effect of year and interactions between year × genotype.

Our findings indicated that the CAT and APX activi-
ties in Ahlami-Tarom and Binam were significantly higher 
than Salari in both saline and control conditions (Table 7). 
There were striking differences in the activity of CAT and 
APX enzymes between two genotypes of Ahlami-Tarom and 
Binam with Salari cultivar in both test soils, although no 
significant difference was observed between Ahlami-Tarom 
and Salari in terms of APX activity in saline soil. The Binam 

displayed the highest POX activity among the three culti-
vars in both studied soils. Mean values for POX activity in 
Binam genotype in both control conditions and saline soil 
(0.62 and 0.77) were significantly higher when compared to 
Ahlami-Tarom (0.56 and 0.64) and Salari (0.53 and 0.61), 
respectively (Table 7).

In this research, all rice cultivars exhibited a significant 
increase in CAT, APX and POX activities when grown in 
saline soil. The CAT, APX and POX activities in saline soil 
in genotypes of Ahlami-Tarom (16.4, 2.8 and 12.5%, respec-
tively), Salari (10.2, 5.9 and 13.1%, respectively) and Binam 
(17 6, 5.3 and 19.5%, respectively) were higher than when 
rice plants were grown in control conditions. However, the 
highest increase in the enzymes activities under saline soil 
was observed in the Binam genotype when compared to the 
plants that did not grow in a saline environment, while the 
lowest increase in the CAT and APX activities was seen in 
Salari and Ahlami-Tarom, respectively (Table 7).

Discussion

Our finding showed that the higher yield in Binam geno-
type under salinity conditions can be the result of greater 
tolerance to salinity due to the increased activity of the anti-
oxidant enzyme defense system. Our results are confirmed 
by Kibria et al. (2017) who reported that the reduction in 
growth and accumulation of rice biomass in the salinity-sen-
sitive varieties was higher than in salinity-tolerant cultivars. 
Salinity has a negative effect on plant growth and grain yield 
by reducing the activity of meristem cells and destroying 
important physiological and biochemical processes of the 
plant (Kordrostami et al. 2017). The findings in our study 
are in good agreement with one previous study in rice (Saei-
dzadeh et al. 2018) that the soil salinity led to a decrease in 
yield and yield components of all rice varieties compared 

Table 5   Comparisons of 
Photosynthetic pigments, Lipid 
peroxidation and protein content 
in three rice cultivars in control 
conditions and saline soil

Means followed by similar letters in each column are not significantly different according to LSD test 
(P ≤ 0.05)
Chl.a: Chlorophyll a, Chl.b: Chlorophyll b

Traits Chl.a (mg.g−1 FW) Chl.b (mg.g−1 FW) Lipid peroxidation (μmol g−1 
FW)

Soil Control 
condi-
tions

Saline soil Control conditions Saline soil Control conditions Saline soil

Year (Y)
2016 0.66a 0.59a 0.027a 0.022a 0.026a 0.032a
2017 0.59b 0.55b 0.026a 0.022a 0.024a 0.028a
Genotype (G)
Ahlami-Tarom 0.63a 0.58a 0.024b 0.020b 0.022b 0.026b
Salari 0.57b 0.50b 0.026b 0.020b 0.027a 0.035a
Binam 0.68a 0.63a 0.030a 0.026a 0.026a 0.029ab

Table 6   Combined analysis of variance for antioxidant enzymes 
activities in three rice cultivars in control conditions and saline soil

ns, **, *: non-statistically significant and significant at 1% and 5%, 
respectively
CAT: catalase, APX: ascorbate peroxidase, POX: peroxidase

S.O.V df CAT​ APX POX

Control conditions
Year (Y) 1 0.0019ns 0.0003ns 0.0001ns

r(y) 4 0.0034 0.0015 0.0024
Genotype (G) 2 0.022** 0.0079** 0.012*
Y × G 2 0.0005ns 0.00008ns 0.0008ns

Error 8 0.0022 0.0008 0.0015
C.V (%) – 9.33 4.29 6.88
Saline soil
S.O.V
Year (Y) 1 0.008ns 0.0016ns 0.0033ns

r(y) 4 0.015 0.0019 0.0076
Genotype (G) 2 0.055** 0.0071* 0.044**
Y × G 2 0.0007ns 0.0004ns 0.0015ns

Error 8 0.004 0.0013 0.0008
C.V (%) – 11.05 5.16 4.42
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to control conditions. Kibria et al. (2017) also reported that 
the rice yield components such as number of tillers per hill 
decreased as concentration of NaCl increased. In a study 
related to salinity stress in rice cultivars, Moraditelavat et al. 
(2018) found that the all rice cultivars showed a decrease 
in the dry weight of seedlings under salinity stress. Barus 
et al. (2019) demonstrated that salt stress led to a decrease 
in growth in all three studied rice varieties. Likewise, 
Chunthaburee et al. (2016) and Ghadirnezhad Shiade et al. 
(2020) observed that salt stress caused a significant decrease 
in dry weight of all rice cultivars.

Our results show an inverse relationship between salinity 
and photosynthetic pigment content. A reduction in chloro-
phyll content was observed under salt stress conditions in 
all the genotypes, but this reduction was more pronounced 
in the salt-sensitive genotype than the salt-tolerant ones. 
We found that under saline soil conditions the highest and 
lowest reduction in chlorophyll content was observed in the 
genotypes of Salari and Binam, respectively. The chloro-
phyll accumulation was dissimilar between the rice cultivars, 
which are in-line with Cha-um et al. (2010). Kordrostami 
et al. (2017) supported that under salt stress the sensitive 
cultivars accumulated the lowest level of chlorophyll than 
the tolerant cultivars. The findings in our study that the chlo-
rophyll content exhibited a significant reduction in the saline 
soil were consistent with Kibria (2017) who reported that 
the all rice genotypes showed a decrease in chlorophyll a 
and chlorophyll b content as the NaCl concentration was 
increased to 60 mmol/L. The decrease in the chlorophyll 
content of rice cultivars under salt stress may be due to dis-
ruption of the thylakoid membrane, degradation or inhibiting 
the synthesis of chlorophyll, increasing the chlorophyllase 
enzyme activity, and as a result the destruction of chloro-
plasts due to increase in the reactive oxygen species (ROS) 
(Hosseini et al. 2012; Ashraf and Harris 2013). Salinity 
stress can directly reduce carbon fixation and productivity 

in plants by disrupting photosynthetic processes (Kordros-
tami et al. 2017). Elsheery and Cao (2008) demonstrated 
that the photo-protection mechanism against salinity stress 
in plants leads to a decrease in light absorption and as a 
result, a decrease in chlorophyll content.

MDA is the main degradation product of unsaturated fatty 
acids in biological membranes, which enhances under salt 
stress (Meloni et al. 2003). MDA has been observed as a 
marker of membrane degradation under salt stress in rice 
and other plant species (Stepien and Klobus 2005). It has 
been reported that an increase in salinity favors an increase 
in oxidative stress due to ROS production and as a result 
lipid peroxidation caused membrane damage, especially in 
salinity-sensitive cultivars (Saha et al. 2010). The findings 
in our study that increased MDA under saline soil conditions 
were consistent with Singh et al. (2007) who reported that 
the all three rice varieties (Pokkali, CSR-30, and HBC-19) 
exhibited increase in MDA under salt stress. The increase 
of MDA in some rice cultivars indicates the sensitivity of 
these genotypes to salinity (Bagheri et al. 2020). Rice culti-
vars that produce less MDA under salinity conditions have 
higher tolerance to cell membrane damage (Chutipaijit et al. 
2009). In similar results, Ghadirnezhad Shiade et al. (2020) 
reported that the amount of MDA produced in salt-tolerant 
rice cultivars was significantly lower than that of salt-sen-
sitive cultivars.

In this study, all rice cultivars showed a significant 
increase in activities of CAT, APX and POX under salin-
ity stress. However, the activity of antioxidant enzymes 
was higher in the Binam genotype than other cultivars. The 
higher activity of antioxidant enzymes in the Binam geno-
type shows the greater tolerance of this cultivar to salinity 
compared to the other two varieties of the study. The CAT 
and APX enzymes play a major role in the tolerance of 
rice to salinity stress due to their effect on removing ROS 
(Moraditelavat et al. 2018). According to Rossatto et al. 

Table 7   Comparisons of 
antioxidant enzymes activities 
in three rice cultivars in control 
conditions and saline soil

Means followed by similar letters in each column are not significantly different according to LSD test 
(P ≤ 0.05)
CAT: catalase (μmol H2O2 min−1 mg−1 protein), APX: ascorbate peroxidase (μmol ASC min−1 mg−1 pro-
tein), POX: peroxidase (mol GDHP min−1 mg−1 protein)

Traits CAT​ APX POX

Soil Control 
conditions

Saline soil Control 
conditions

Saline soil Control 
conditions

Saline soil

Year (Y)
2016 0.51a 0.62a 0.68a 0.71a 0.57a 0.66a
2017 0.49a 0.57a 0.68a 0.73a 0.57a 0.69a
Genotype (G)
Ahlami-Tarom 0.51a 0.61a 0.69a 0.71ab 0.56b 0.64b
Salari 0.44b 0.49b 0.64b 0.68b 0.53b 0.61b
Binam 0.56a 0.68a 0.71a 0.75a 0.62a 0.77a
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(2017), increase in the activity of CAT and the mainte-
nance of APX levels during salinity stress were effective 
against oxidative stress. Forough et al. (2018) observed 
that salinity stress increased the CAT and APX activities 
in the leaves of mutant genotype and reduced the nega-
tive effects of salinity. In the present study, although POX 
activity increased in all three rice cultivars under salinity 
conditions, its activity was strongly higher in Binam geno-
type than other cultivars, which suggest that this enzyme 
plays a vital role in improving the stress tolerance. Pre-
vious studies showed that there is a strong correlation 
between increased POX activity and decreased ROS activ-
ity induced by salinity stress in rice plants (Chunthaburee 
et al. 2016; Kordrostami et al. 2017). Yaghubi et al. (2014) 
showed that the salt-tolerant plants have higher POX activ-
ity than salt-sensitive plants under salinity stress, which 
is consistent with the results of this study. Similar to the 
results of the present study, Kibria et al. (2017) stated that 
the increase in POX activity occurs under salt stress.

The results of this study indicated that all rice cultivars 
under salinity stress had a decreasing trend in yield com-
ponents, yield and chlorophyll content, when compared 
with plants grown in control conditions. On the other hand, 
lipid peroxidation and the activity of antioxidant enzymes 
increased in all genotypes under soil salinity conditions. 
However, different cultivars had various responses to salinity 
stress in terms of percentage increase or decrease in studied 
traits. We found that among the rice genotypes, Binam was 
the salinity-tolerant cultivar, whereas Salari was the salinity-
sensitive cultivar. The tolerance of Binam cultivar to salinity 
could be due to the higher activity of antioxidant enzymes 
(CAT, APX and POX) and the lower drop in chlorophyll 
content under salinity stress conditions. Therefore, the 
antioxidant enzymes can play an effective role as the most 
important defense factors in tolerance to salt stress in rice.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

Aebi H (1984) Catalase in vitro. Methods Enzymol 105:121–126. 
https://​doi.​org/​10.​1016/​S0076-​6879(84)​05016-3

Ali S, Gautam RK, Mahajan R, Krishnamurthy SL, Sharma SK, 
Singh RK, Ismail AM (2013) Stress indices and selectable traits 
in SALTOL QTL introgressed rice genotypes for reproductive 
stage tolerance to sodicity and salinity stresses. Field Crops Res 
154:65–73. https://​doi.​org/​10.​1016/j.​fcr.​2013.​06.​011

Arnon DI (1949) Copper enzymes in isolated chloroplasts. Polyphe-
nol oxidase in Beta vulgaris. Plant Physiol 24:1–15. https://​doi.​
org/​10.​1104/​pp.​24.1.1

Ashraf M, Harris P (2013) Photosynthesis under stressful environ-
ments: an overview. Photosynthetica 51:163–190. https://​doi.​org/​
10.​1007/​s11099-​013-​0021-6

Bagheri AA, Khosravinejad F (2016) Study of biochemical param-
eters and antioxidant enzymes activities on Oryza sativa under 
salt stress. Quart J Develop Biol 8:1–10

Bagheri L, saadatmand S, Soltani N, Niknam V, (2020) Study of physi-
ological and biochemical responses of rice mutant lines derived 
from gamma ray irradiation and local varieties under saline field 
conditions. J Plant Environ Physiol 15(59):30–42

Barus WA, Tarigan DM, Lubis RF (2019) The growth and biochemi-
cal characteristics of some upland rice varieties in conditions of 
salinity stress. Int J Sci Tech Res 8(11):1673–1676

Bouyoucos GJ (1962) Hydrometer method improved for making parti-
cle size analysis of soils. Agron J 54:464–465. https://​doi.​org/​10.​
2134/​agron​j1962.​00021​96200​54000​50028x

Bremner JM, Mulvaney CS (1982) Nitrogen-total. In: Page AL, Miller 
RH, Keeney DR (eds) Methods of soil analysis. Part 2. Chemical 
and microbiological properties, Agronomy Monographs, ASA, 
SSSA, Madison, Wisconsin, USA. pp 595‒624

Chunthaburee S, Dongsansuk A, Sanitchon J, Pattanagul W, Theera-
kulpisut P (2016) Physiological and biochemical parameters for 
evaluation and clustering of rice cultivars differing in salt toler-
ance at seedling stage. Saudi J Biol Sci 23(4):467–477. https://​
doi.​org/​10.​1016/j.​sjbs.​2015.​05.​013

Chutipaijit S, Cha-Um S, Sompornpailnd KD (2009) Differential accu-
mulation of proline and flavonoids in indica rice varieties against 
salinity. Pak J Bot 41:2497–2506

Elsheery NI, Cao KF (2008) Gas exchange, chlorophyll fluorescence, 
and osmotic adjustment in two mango cultivars under drought 
stress. Acta Physiol Planta 30:769–777. https://​doi.​org/​10.​1007/​
s11738-​008-​0179-x

FAO (2010) Food and agriculture organization of the united nations 
desertification

Forough M, Navbpour S, Ebrahimie E, Ebadi AA, Kiani D (2018) 
Evaluation of salinity response through the antioxidant defense 
system and osmolyte accumulation in a mutant rice. J Plant Mol 
Breed 6(2):27–37

Ghadirnezhad Shiade SR, Esmaeili M, Pirdashti H, Nematzadeh GA 
(2020) Physiological and biochemical evaluation of sixth genera-
tion of rice (Oryza sativa L.) mutant lines under salinity stress. J 
Plant Proc Func 9(35):58–72

Ghosh B, Ali MdN, Saikat G (2016) Response of rice under salinity 
stress: a review update. Rice Res 4:167. https://​doi.​org/​10.​4172/​
2375-​4338.​10001​67

Heath R, Packer L (1968) Photoperoxidation in isolated chloroplasts. 
I. Kinetics and stoichiometry of fatty acid peroxidation. Arch 
Biochem Biophys 125:189–198. https://​doi.​org/​10.​1016/​0003-​
9861(68)​90654-1

Hosseini SJ, Tahmasebi Z, Pirdashti H (2012) Screening of rice (Oryza 
sativa L.) genotypes for NaCl tolerance at early seedling stage. Int 
J Agron Plant Produc 3(8):274–283

Jankangram W, Thammasirirak S, Jones MG, Hartwell J, Theera-
kulpisut P (2011) Proteomic and transcriptomic analysis 
reveals evidence for the basis of salt sensitivity in Thai jas-
mine rice (Oryza sativa L. cv. KDML 105). African J Biotech 
10(72):16157–16166. https://​doi.​org/​10.​5897/​AJB11.​1559

Kibria MG, Hossain M, Murata Y, Hoque MdA (2017) Antioxidant 
defense mechanisms of salinity tolerance in rice genotypes. Rice 
Sci 24(3):155–162. https://​doi.​org/​10.​1016/j.​rsci.​2017.​05.​001

Kong W, Sun T, Zhang C, Deng X, Li Y (2021) Comparative transcrip-
tome analysis reveals the mechanisms underlying differences in 
salt tolerance between indica and japonica rice at seedling stage. 
Front Plant Sci 12:725436

Kordrostami M, Rabiei B, Hassani Kumleh H (2017) Biochemical, 
physiological and molecular evaluation of rice cultivars differing 

https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1016/j.fcr.2013.06.011
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1007/s11099-013-0021-6
https://doi.org/10.1007/s11099-013-0021-6
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.1016/j.sjbs.2015.05.013
https://doi.org/10.1016/j.sjbs.2015.05.013
https://doi.org/10.1007/s11738-008-0179-x
https://doi.org/10.1007/s11738-008-0179-x
https://doi.org/10.4172/2375-4338.1000167
https://doi.org/10.4172/2375-4338.1000167
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.5897/AJB11.1559
https://doi.org/10.1016/j.rsci.2017.05.001


411Cereal Research Communications (2023) 51:403–411	

1 3

in salt tolerance at the seedling stage. Physiol Mol Biol Plants 
23(3):529–544. https://​doi.​org/​10.​1007/​s12298-​017-​0440-0

Kumar S, Li G, Yang J, Huang X, Ji Q, Liu Z, Ke W, Hou H (2021) 
Effect of salt stress on growth, physiological parameters, and ionic 
concentration of water dropwort (Oenanthe javanica) cultivars. 
Front Plant Sci 12:660409. https://​doi.​org/​10.​3389/​fpls.​2021.​
660409

Li YF, Zheng Y, Vemireddy LR, Panda SK, Jose S, Ranjan A, Panda 
P, Govindan G, Cui j, Wei K, Yaish MW, Naidoo GC, Sunkar R, 
(2018) Comparative transcriptome and translatome analysis in 
contrasting rice genotypes reveals differential mRNA translation 
in salt-tolerant Pokkali under salt stress. BMC Genom 19:935. 
https://​doi.​org/​10.​1186/​s12864-​018-​5279-4

Manjappa Uday G, Hittalmani S (2014) Association analysis of drought 
and yield related traits in F2 population of Moroberekan/IR64 
rice cross under aerobic condition. Int J Agric Sci Res 4(2):79–88

Meloni DA, Oliva MA, Martinez CA, Cambraia J (2003) Photosyn-
thesis and activity of superoxide dismutase, peroxidase and glu-
tathione reductase in cotton under salt stress. Environ Exp Bot 
49:69–76. https://​doi.​org/​10.​1016/​S0098-​8472(02)​00058-8

Moraditelavat M, Alamisaeed K, Karmollachaab A, Hasanvand H 
(2018) Response antioxidant enzymes, lipid peroxidation and 
cell death of rice cultivars to salinity stress. J Plant Proc Func 
6(19):293–302

Nakano Y, Asada K (1981) Hydrogen peroxide is scavenged by 
ascorbate peroxidase in spinach chloroplasts. Plant Cell Physiol 
22(5):867–880. https://​doi.​org/​10.​1093/​oxfor​djour​nals.​pcp.​a0762​
32

Olsen SR, Cole CV, Watanabe FS, Dean LA (1954) Estimation of avail-
able phosphorus in soils by extraction with sodium bicarbonate. 
Circ. 939. USDA, Washington, DC. 19 p.

Rahneshan Z, Nasibi F, Moghadam AA (2018) Effects of salinity stress 
on some growth, physiological, biochemical parameters and nutri-
ents in two pistachio (Pistacia vera L.) rootstocks. J Plant Interact 
13:73–82. https://​doi.​org/​10.​1080/​17429​145.​2018.​14243​55

Reddy INBL, Kim BK, Yoon IS, Kim KH, Kwon TR (2017) Salt tol-
erance in rice: Focus on mechanisms and approaches. Rice Sci 
24:123–144. https://​doi.​org/​10.​1016/j.​rsci.​2016.​09.​004

Rossatto T, do Amaral MN, Benitez LC, Vighi IL, Braga EJB, de 
Magalhães Júnior AM, Maia MAC, da Silva Pinto L (2017) Gene 
expression and activity of antioxidant enzymes in rice plants, cv. 
BRS AG, under saline stress. Physiol Mol Biol Plants 23(4):865–
875. https://​doi.​org/​10.​1007/​s12298-​017-​0467-2

Saeidzadeh F, Taghizadeh R, Ghorbanof E (2018) Investigation the 
effect of salinity on agronomic and biochemical traits of different 
rice cultivars under field conditions. Crop Physiol J 9(36):101–120

Saha P, Chatterjee P, Biswas AK (2010) NaCl pretreatment allevi-
ates salt stress by enhancement of antioxidant defense system and 
osmolyte accumulation in mungbean (Vigna radiata L. Wilczek). 
Indian J Exp Biol 48:593–600

Sahin U, Ekinci M, Ors S, Turan M, Yildiz S, Yildirim E (2018) Effects 
of individual and combined effects of salinity and drought on 
physiological, nutritional and biochemical properties of cabbage 
(Brassica oleracea var. capitata). Sci Hortic 240:196–204. https://​
doi.​org/​10.​1016/j.​scien​ta.​2018.​06.​016

Singh MP, Singh DK, Rai M (2007) Assessment of growth, physio-
logical and biochemical parameters and activities of antioxidative 
enzymes in salinity tolerant and sensitive basmati rice varieties. 
J Agron Crop Sci 193:398–412. https://​doi.​org/​10.​1111/j.​1439-​
037X.​2007.​00267.x

Soares C, Carvalho MEA, Azevedo RA, Fidalgo F (2019) Plants facing 
oxidative challenges—A little help from the antioxidant networks. 
Environ Exp Bot 161:4–25. https://​doi.​org/​10.​1016/j.​envex​pbot.​
2018.​12.​009

Stepien P, Klobus G (2005) Antioxidant defense in the leaves of C3 and 
C4 plants under salinity stress. Physiol Planta 125:31–40. https://​
doi.​org/​10.​1111/j.​1399-​3054.​2005.​00534.x

Taibi K, Taibi F, Abderrahim LA, Ennajah A, Belkhodja M, Mulet 
JM (2016) Effect of salt stress on growth, chlorophyll content, 
lipid peroxidation and antioxidant defence systems in Phaseolus 
vulgaris L. South African J Bot 105:306–312. https://​doi.​org/​10.​
1016/j.​sajb.​2016.​03.​011

Toth SJ, Prince AL (1949) Estimation of cation exchange capacity and 
exchangeable Ca, K and Na contents of soils by flame photometer 
techniques. Soil Sci 67:439–446. https://​doi.​org/​10.​1097/​00010​
694-​19490​6000-​00003

Velikova V, Yordanov I, Edreva A (2000) Oxidative stress and some 
antioxidant systems in acid rain-treated bean plants. Plant Sci 
151:59–66. https://​doi.​org/​10.​1016/​S0168-​9452(99)​00197-1

Yaghubi M, Nematzadeh GA, Pirdashti H, Modarresi M, Motaghian 
A (2014) The effects of salinity on antioxidant enzymes activity 
in the leaves of two contrast rice (Oryza sativa L) cultivars. Int J 
Biosci 4(11):116–125

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.

https://doi.org/10.1007/s12298-017-0440-0
https://doi.org/10.3389/fpls.2021.660409
https://doi.org/10.3389/fpls.2021.660409
https://doi.org/10.1186/s12864-018-5279-4
https://doi.org/10.1016/S0098-8472(02)00058-8
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1080/17429145.2018.1424355
https://doi.org/10.1016/j.rsci.2016.09.004
https://doi.org/10.1007/s12298-017-0467-2
https://doi.org/10.1016/j.scienta.2018.06.016
https://doi.org/10.1016/j.scienta.2018.06.016
https://doi.org/10.1111/j.1439-037X.2007.00267.x
https://doi.org/10.1111/j.1439-037X.2007.00267.x
https://doi.org/10.1016/j.envexpbot.2018.12.009
https://doi.org/10.1016/j.envexpbot.2018.12.009
https://doi.org/10.1111/j.1399-3054.2005.00534.x
https://doi.org/10.1111/j.1399-3054.2005.00534.x
https://doi.org/10.1016/j.sajb.2016.03.011
https://doi.org/10.1016/j.sajb.2016.03.011
https://doi.org/10.1097/00010694-194906000-00003
https://doi.org/10.1097/00010694-194906000-00003
https://doi.org/10.1016/S0168-9452(99)00197-1

	Effect of salt stress on growth, physiological and biochemical parameters and activities of antioxidative enzymes of rice cultivars
	Abstract
	Introduction
	Materials and methods
	Experimental site
	Experimental design and treatments
	Field experiment
	Measurement of photosynthetic pigments
	Determination of Lipid peroxidation
	Antioxidant enzyme extraction and assay
	Measurement of agronomical traits and grain yield
	Statistical analysis

	Results
	Growth and grain yield
	Photosynthetic pigments
	Lipid peroxidation (malondialdehyde)
	Antioxidant enzyme activities

	Discussion
	References




