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Abstract
Salt stress is one of the major abiotic stresses limiting profitable crop production. This study was conducted to evaluate the
morphological and physiological basis of salinity tolerance in rice genotypes. Six rice genotypes (IR74099-3R-5-1-K3, FL
478, GAORI, DONGJINBYEO, RYKUU 15 and CHING-YUEH 1) were sown in germination trays filled with artificial rice
soil formulated and then transferred to iron containers after germination. Salinity (100 mM NaCl) was imposed in equal
increments of 25 mM per day. Salt stress caused substantial decrease in shoot length, leaf area and leaf fresh weight, specific
leaf area (SLA) and seedling fresh and dry weights of all rice genotypes; although the genotypes varied in their response.
However, root length of tested rice genotypes increased with salt stress except genotype DONGJINBYEO. A substantial
decrease in K+/Na+ ratio was observed in all genotypes under salt stress due to substantial increase in Na+ contents, but
genotypes behaved differently. Salt stress also enhanced polyphenols in genotypes IR74099-3R-5-1-K3, FL 478 and GAORI
while flavonoids increased in all genotypes except RYKUU15. Rice genotypes IR74099-3R-5-1-K3 and FL 478 had
minimum decrease in seedling fresh and dry weights, and higher leaf area and SLA under salt stress. Genotypes IR74099-3R5-1-K3 and FL 478 also had 6.33 and 13.73% higher anti-oxidant activity. In conclusion, although salinity decreased the
growth of all tested rice genotypes; genotypes IR74099-3R-5-1-K3 and FL 478 were more resistant to salt stress, than other
genotypes, owing to higher buildup of polyphenols and flavonoids, and decrease in Na+ uptake and better K+/Na+ ratio, which
helped to maintain higher leaf area, SLA and growth. Physiological traits like polyphenols and flavonoids, and K+/Na+ ratio
may be used for mass screening of rice genotypes for salt tolerance. © 2013 Friends Science Publishers
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Introduction
Accumulation of soluble salts or exchangeable sodium in
the rhizosphere or on the soil surface up to toxic levels,
which affects agricultural productivity, is termed as soil
salinity. Salinity is one among the major abiotic stresses
limiting profitable crop production worldwide (Kumar et
al., 2010; Tavakkoli et al., 2011). Over 800 million hectares
(Mha) land is salt affected either by containing excessive
soluble salts (397 Mha) or exchangeable sodium (434 Mha)
worldwide (FAO, 2005; Munns, 2005). Hyper-salinization
is a severe threat to the crop production in arid and semiarid regions due to limited precipitation and higher
evaporation rate (de Azevedo Neto et al., 2006; Ahmad et
al., 2012). For that reason, it is a general perception that
salinity arises predominantly in arid to semi-arid regions of
the world but in truth not a single climatic zone of this globe
is free from it (Bhutta et al., 2004; Rengasamy, 2006).
Elevated osmotic stress, ions toxicity (due to over
accumulation of Na+ in particular), imbalance nutrition and

salinity-induced oxidative damage are the principal causes
to hamper plants growth under salinity (Pitman and Lauchli,
2002; Munns et al., 2006). Higher buildup of ions in soil
solution leads to salinity-induced osmotic stress, while
specific ion effect and imbalance nutrition is related with the
accretion of Na+ and Cl– ions at toxic levels lowering the
absorption availability of other elements like calcium (Ca2+)
and potassium (K+) etc., (El-Bassiouny and Bekheta, 2001;
Munns et al., 2006). Higher tissue Na+ contents may
damage the membranes and organelles leading to growth
diminution and unusual development prior to plant mortality
(Davenport et al., 2005; Quintero et al., 2007; Saqib et al.,
2012). Na+ ion also interferes with K+ uptake and may
disturb stomatal oscillations (Fortmeier and Schubert, 1995;
Sümer et al., 2004; Shahzad et al., 2012). According to biphasic model of salinity-induced growth reduction, osmotic
stress during 1st phase and ion toxicity during 2nd phase is
responsible for growth reduction in cereals (Munns, 1993).
Although rice (Oryza sativa L.) is considered
somewhat salt resistant but the yield of rice, in particular
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Asian rice (sativa), is largely sensitive to salt stress (Munns
and Tester, 2008) leading to sizeable decline in productivity
under salinity (Kumar et al., 2008). Na+ and Cl‒ are the
principal ions in majority of salt affected soils, which
mainly affect plants growth. The roots of rice plants readily
absorbed Na+ due to its small sized molecules which are
distributed in all plant organs to pose ion damage, osmotic
stress and imbalance nutrition (Siringam et al., 2009, 2011).
Over accumulation of Na+ and elevated lipid peroxidation is
well reported in salt sensitive rice cultivars under high
salinization (Dionisio-Sese and Tobita, 1998). Therefore
small accrual of Na+ ions in resistant rice genotypes under
salt stress may explain the basis of NaCl tolerance of rice
varieties than sensitive ones (Dionisio-Sese and Tobita,
1998). Kumar et al. (2009) reported that salt resistant rice
cultivars generate larger biomass than sensitive ones
irrigated with NaCl dominated water.
Salinity may also cause oxidative stress due to overproduction of reactive oxygen species (ROS) leading to
alteration in plant metabolism. The ROS thus produced may
damage DNA, proteins, lipids, carbohydrates and
membranes (Menezes-Benavente et al., 2004; Hichemet al.,
2009). Meloni et al. (2003) reported comparatively higher
injury to cell membranes in salt-sensitive rice cultivars
under salt stress. However, salt resistant genotypes regulate
the ion and water movements and also uphold better
antioxidant defense system to counteract the ROS (Rout and
Shaw, 2001). Higher accumulation of flavonoids and
polyphenols in plants under salt stress may help the plants to
alleviate the salinity-induced oxidative stress (Wahid and
Ghazanfar, 2006; Hichem et al., 2009). Recently, DanaiTambhale et al. (2011) quoted significantly higher buildup
of total polyphenols in tolerant rice cultivar than sensitive
one under salinity stress.
Massive genetic diversity for salt resistance had been
reported in crops like wheat (Jafar et al., 2012), maize
(Akhtar et al., 2003), sunflower (Hussain et al., 2012),
canola (Farhoudi et al., 2012) and rice (Kumar et al., 2008,
2009; Quinet et al., 2010) etc. Nonetheless, rice is not only
the leading cereal crop of the world but also a staple diet of
more than half of the world population (IRRI, 2011).
Therefore, tailoring of salt resistant genotypes of rice will
help in feeding the escalating world population. Mass
screening and physiological characterization of rice
genotypes may help in tailoring salt resistant rice genotypes.
This study was conducted to evaluate the performance of
different rice genotypes under salt stress on morphological
and physiological basis with the hypothesis that rice
genotypes differ for their salt resistance potential.

Crop Science Section, Rural Development Administration,
Suwon and analytical work was conducted in Functional
Plant Bioresearch Laboratory, Department of Crop Science
and Biotechnology, Dankook University, Cheonon Campus,
South Korea.
Sprouted seeds (25 in number) of six rice genotypes
IR74099-3R-5-1-K3, FL 478,GAORI, DONGJINBYEO,
RYKUU 15 and CHING-YUEH 1 were sown in
germination trays (5 seeds in one hole) filled with artificial
rice soil. Experimental soil comprised vermiculite,
diatomaceous earth, clay, coco peat, charcoal and watersoluble humic acid having moisture contents 25±8%, bulk
density 0.50±0.10 Mg m-2, pH 5.4, EC (2 dS m-1, ammonia
nitrogen (NH4-N) 350 ppm, and available phosphorous
(P2O5) 350 ppm. After achieving the constant emergence
count, 15 rice seedlings were maintained in each replicate
with three seedlings per hole. Germination trays were
shifted in iron containers having 25 mM NaCl solution (salt
stress) or tap water (control). Solution concentration was
increased to 50, 75 and 100mM NaCl on 16, 17, 18th day
after sowing, respectively in salt stress treatment. The
experiment was conducted under completely randomized
design (CRD) with factorial arrangement and replicated four
times.
Observations
Plants were harvested on 23rd day after sowing to record
root and shoot lengths, leaf fresh weight and seedling fresh
weight of ten seedlings selected at random from each
replicate were taken immediately after harvest and then
averaged. The samples were put in an oven at 70°C for 72 h
to record seedling dry weight. Leaf area of rice seedlings
was measured at harvesting with a leaf area meter (Area
Meter AM-200 ADC Bio-scientific limited). Specific leaf
area (SLA) was computed as ratio of leaf area to leaf dry
weight.
One gram plant sample was dissolved in 10 mL of
80% methanol to prepare extract to estimate total
polyphenols, flavonoids and antioxidant activities. Total
polyphenols were determined by reacting phenolic
compounds with phosphomolybdate blue using Folin–
Ciocalteu procedure (Shen et al., 2009). Colorimetric assay
described by Zhishen et al. (1999) was used to determine
total flavonoids contents. Diluted methanolic extract (1 mL),
catechin standard solutions (as blank) and 5% NaNO2 (0.3
mL) were added to 4 mL of distilled water. After 5 min,
10% AlCl3 (0.3 mL) was added, 2 mL 1 M NaOH was
added after 6 min, and volume was made up to 10 mL with
distilled water. The absorbance was determined at 510 nm
against an appropriate blank. Antioxidant activities of the
extracts were measured by scavenging the 1,1-diphenyl-2picrylhydrazyl (DPPH) free radicals in a process guided by
its discoloration (Lee and Lee, 2004). Sample stock
solutions (0.50 mg mL-1) were diluted to final
concentrations of 100 µg mL-1, 33 µg mL-1 and 11 µg mL-1

Materials and Methods
Site Description and Experimental Details
This experiment was conducted in a phytotron (with 26 and
18ºC for 16 and 8 h light and dark period, respectively) at
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in methanol; 150 µM DPPH methanol solution (150 µL)
was added to 100 µL of sample solutions, and allowed to
react at room temperature. After 30 min, absorbance values
were taken at 518 nm using microplate reader to estimate
IC50 value (concentration need to inhibit activity of free
radical below 50%).
Dried ground 0.5 g plant sample was digested in 100ml polystyrene bottle by adding 25 mL of 1 N for 24 h,
filtered through Whatman No. 1 filter paper and collected in
a 100 mL polystyrene bottle. At the same time, 25 mL 1 N
HCl blank was also prepared using the same procedure.
Sodium (Na+) and potassium (K+) contents (mg g-1 dry
weight) of seedlings was determined from digested sample
with flame photometer (Jenway PFP-7). After that K+/Na+
ratio was also computed.

and 16.67%) while RYKUU 15 and DONGJINBYEO
indicated the most (29.41 and 23.51%) decrease in dry
weight under saline conditions than control (Table 3).
Three genotypes (IR74099-3R-5-1-K3, FL 478 and
GAORI) indicated increase, while other three genotypes
(DONGJINBYEO, RYKUU 15 and CHING-YUEH 1)
observed slight decrease in total polyphenols accumulation
under salt stress (Table 4). Moreover, genotypes IR740993R-5-1-K3 and FL 478 indicated 77.84 and 56.42% higher
flavonoids contents under salt stress than control, whereas
RYKUU 15 observed 22.13% decrease in flavonoids
buildup in saline environment (Table 4). Likewise,
genotypes IR74099-3R-5-1-K3 and FL 478 indicated higher
anti-oxidant activity as evident from 6.33 and 13.73%
decrease in IC50 value under salinity than control while all
other genotypes indicated decrease in anti-oxidant activity
under salt stress with maximum reduction in RYKUU 15
(Table 4).
A significant increase in seedling Na+ contents on the
expense of seedling K+ contents was noted under salt stress,
although the genotypes behaved differently in this regard
(Table 5). Genotypes IR74099-3R-5-1-K3 and CHINGYUEH 1 respectively indicated minimum (13.39%) and
maximum (44.04%) decrease in K+ contents under salt stress
(Table 5). Moreover, IR74099-3R-5-1-K3 indicated the
least (299.15%) and DONGJINBYEO indicated the most
(1050.27%) increase in Na+ contents under saline conditions
(Table 5). Salt stress substantially decreased the K+/Na+ ratio
of all genotypes, with varying degree, and genotype
IR74099-3R-5-1-K3 indicated the minimum decrease in this
regard (Table 5).

Statistical Analysis
The collected data were statistically analyzed according to
Fisher’s analysis of variance technique under completely
randomized design (CRD) with factorial arrangement; and
least significant test (LSD) at 0.01 probability level was
used to compare treatments means (Steel et al., 1997).

Results
All the tested rice genotypes indicated substantial increase
in root length except DONGJINBYEO under salt stress
compared with control; and maximum increase (38.04%)
was noted in RYKUU 15. Salinity caused substantial
reduction in shoot length of all genotypes; however, the
tested genotypes varied greatly in this regard. Genotypes
CHING-YUEH 1 and FL 478 indicated a minimum (5.29
and 8.18%, respectively) while GAORI showed a maximum
(20.42%) decrease in shoot length under salt stress (Table 1).
Salinity substantially reduced the leaf area and leaf
fresh weight of all genotypes with varying degree (Table 2).
Genotypes FL 478 and IR74099-3R-5-1-K3 indicated the
least (36.73 and 42.62%, respectively) decrease in leaf area
while all other genotypes indicated more than 70% decrease
in leaf area under salt stress (Table 2). Likewise, genotypes
FL 478 and IR74099-3R-5-1-K3 showed lesser and
RYKUU 15 indicated more decline in leaf weight under salt
stress (Table 2). Salt stress also caused drastic reduction in
specific leaf area (SLA) of all genotypes, and genotypes FL
478 indicated minimum (10.92%) and DONGJINBYEO
observed maximum (57.82%) decline in SLA under salt
stress (Table 2).
Salt stress significantly decreased the seedling fresh
and dry weights of all genotypes, although genotypes
behaved differently in this regard. Genotypes IR74099-3R5-1-K3 and FL 478 indicated the minimum (5.48 and
7.14%) while RYKUU 15 and DONGJINBYEO showed
the maximum (41.42 and 34.91%) decrease in seedling
fresh weight under salt stress (Table 3). Likewise, genotypes
FL 478 and IR74099-3R-5-1-K3 observed the least (10.53

Discussion
Results of this study elaborated that salt stress significantly
decreased the growth of all tested rice genotypes; however,
rice genotypes behaved differently in this regard (Tables 13). Kumar et al. (2009) quoted that salt resistant rice
cultivars generate larger biomass than sensitive ones
irrigated with NaCl dominated water. Decreased shoot
length and leaf area might be due to impaired cell division
and elongation due to salinity induced osmotic stress.
Drastic reduction in leaf area under salt stress might be
associated with salinity-induced decrease in seedling fresh
and dry weights as leaves are the units of assimilatory
system (Tables 2-3). Higher seedling fresh and dry weights
recorded in genotypes IR74099-3R-5-1-K3 and FL 478
under salinity might be associated with their higher leaf area
(Tables 2-3). Salt-induced osmotic stress (Bandeoglu et al.,
2004), altered metabolism, inability of apoplastic
acidification and lack of turgor seems the possible reasons
of salinity-induced decrease in rice growth (Munns and
Tester, 2008); increase in Na+ uptake also contributed for
that (Munns et al., 2006; Table 5).
Applied salinity caused an increase in Na+ contents
at the expense of K+ contents in all rice genotypes under
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Table 1: Effect of salinity on root and shoot length of different rice genotypes
Rice genotypes
IR74099-3R-5-1-K3
FL 478
GAORI
DONGJINBYEO
RYKUU 15
CHING-YUEH 1
LSD (p 0.01)

Root length (cm)
Control
Salinity
Increase over control (%)
14.06±0.55 h
18.89±1.13 de
34.35
18.24±0.47 de 19.15±0.71 cde
4.99
17.69±0.35 ef
20.46±0.86 bc
15.66
21.480.94 ab
18.20±0.71 de
-15.27
16.30±0.57 fg
22.50±0.45 a
38.04
15.46±1.37 gh
19.72±0.91 cd
27.55
1.55

Shoot length (cm)
Control
Salinity
Decrease over control (%)
26.65±0.66 g
23.53±0.73 h
11.71
29.60±0.51 f
27.18±0.63 g
8.18
39.11±0.98 a 31.11±1.07 ef
20.46
32.67±0.82 cd 27.96±0.53 g
14.42
39.59±0.95 a
34.90±1.05 b
11.85
32.91±0.76 c 31.17±0.56 de
5.29
1.52

Table 2: Effect of salinity on leaf area and fresh weight and specific leaf area of different rice genotypes
Leaf area per seedling (cm2)
Control
Salinity
Decrease
over control
(%)
IR74099-3R-5-1-K3 13.07±0.34 c
7.50±0.35 f
42.62
FL 478
20.20±0.20 a 12.78±0.59 cd
36.73
GAORI
11.70±0.59 e 2.55±0.05 h
78.21
DONGJINBYEO 12.16±0.10 de 2.74±0.27 h
77.47
RYKUU 15
12.60±0.28 cd 3.62±0.26 g
71.27
CHING-YUEH 1
14.88±0.56 b 3.87±0.23 g
73.99
LSD (p 0.01)
0.69
Rice genotypes

Specific leaf area (cm2 g-1)
Decrease
Control
Salinity

Leaf fresh weight (g)
Decrease
Control
Salinity
over control
(%)

0.09±0.00 f 0.06±0.01 g
0.16±0.01 a 0.11±0.00 e
0.12±0.00 d 0.05±0.00 h
0.11±0.01 e 0.06±0.01 g
0.15±0.00 b 0.05±0.01 h
0.13±0.01 c 0.06±0.01 g
0.006

33.33
31.25
58.33
45.45
66.67
53.85

over control
(%)

151.43±9.40 a 128.79±8.32 b
126.54±1.09 bc 112.72±2.21 d
98.46±6.56 e 55.30±6.86 hi
110.61±2.03 d 46.65±6.66 i
86.89±2.74 f 75.78±5.27 fg
116.98±6.71 cd 64.98±8.87 gh
11.23

14.95
10.92
43.84
57.82
12.79
44.45

Table 3: Effect of salinity on seedling fresh and dry weights of different rice genotypes
Rice genotypes

Seedling fresh weight (g)
Control
Salinity
Decrease over control (%)
IR74099-3R-5-1-K3
0.73±0.04 de 0.69±0.01 ef
5.48
FL 478
1.12±0.01 a
1.04±0.01 bc
7.14
GAORI
1.03±0.02 bc
0.74±0.04 d
28.16
DONGJINBYEO
1.06±0.02 b
0.69±0.02 ef
34.91
RYKUU 15
1.16±0.01 a
0.68±0.01 f
41.42
CHING-YUEH 1
1.01±0.01 c
0.68±0.03 f
32.67
LSD (p 0.01)
0.04
Means not sharing the same letter for a trait differ significantly from each other at p 0.01

salt stress leading to decreased K+/Na+ ratio (Table 5).
The roots of rice plants freely absorbed Na+ due to its
small sized molecules which are finally distributed in all
plant organs to pose ion damage, osmotic stress and
imbalance nutrition (Siringam et al., 2011). However
different rice genotypes behaved differently in this regard
due to their divergent genetic makeup; and the more salt
resistant genotypes IR74099-3R-5-1-K3 and FL 478
maintained higher K+/Na+ ratio against the sensitive ones
i.e. RYKUU15 and DONGJINBYEO. Over accumulation
of Na+ is well reported in salt sensitive rice cultivars
under high salinization and therefore small accrual of Na+
ions in tolerant rice cultivars under salinity explain the
basis of NaCl resistance (Dionisio-Sese and Tobita,
1998).
Minimum decrease in seedling fresh and dry weight
was observed in genotypes IR74099-3R-5-1-K3 and FL 478
(Table 3). Moreover, the same genotypes also maintained
higher leaf area and SLA (Table 2) and K+/Na+ ratio under
salinity (Table 5). Higher leaf area might result in superior
biomass production due to interception of more radiations as
leaves are the units of assimilatory system of plants.

Control
0.12±0.01 e
0.19±0.00 a
0.16±0.00 c
0.17±0.00 b
0.17±0.00 b
0.16±0.00 c

Seedling dry weight (g)
Salinity
Decrease over control (%)
0.10±0.01 f
16.67
0.17±0.00 b
10.53
0.13±0.00 d
18.75
0.13±0.01 d
23.53
0.12±0.00 e
29.41
0.13±0.01 d
18.75
0.009

Decrease in tissue content of Na+ and increased one of K+ is
important indicator of salt resistance (Marschner, 1995; Hu
and Schmidhalter, 1997). The ability of plants to limit Na+
transport into shoot is important for the maintenance of
growth rates and protection of the metabolic process in
elongation cells from the toxic effect of Na+ (Razmjoo et
al., 2008).
Nonetheless, salinity leads to oxidative stress due to
over-production of ROS and tolerant plant genotypes
regulate the ion and water movements and also uphold
better antioxidant defense system to counteract the ROS
(Rout and Shaw, 2001). Higher accrual of polyphenols in
plants subjected to salt stress plays an imperative
physiological role to rectify the salinity-induced oxidative
stress (Hichem et al., 2009). Therefore, higher buildup of
total polyphenols and flavonoids observed in tolerant
genotypes IR74099-3R-5-1-K3 and FL 478 seemed the
adaptive mechanism of plants under salt stress (Table 4).
The same tolerant genotypes (IR74099-3R-5-1-K3 and FL
478) also observed higher antioxidant activity under saline
environment primarily due to higher buildup of total
polyphenols and flavonoids (Table 4). Recently, Danai-
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Table 4: Effect of salinity on seedlings total polyphenols and flavonoids contents and antioxidant activity of different rice
genotypes
*Total polyphenols (mg GAE g-1 DW)
**Total flavonoids (mg CE g-1 DW)
***Antioxidant activity (IC50; µg mL-1)
Increase
Decrease
Control
Salinity
Increase
Control
Salinity
Control
Salinity
over control
over control
over control
(%)
(%)
(%)
IR74099-3R-5-1-K3 126.62±1.62 j 175.09±1.08 d
38.28
21.08±0.55 ef 37.49±1.12 b
77.85
155.23±2.79 a 145.41±4.59 b
6.33
FL 478
150.60±1.45 g 240.20±1.25 a
59.50
21.07±0.78 f 32.95±1.12 c
56.38
143.90±3.24 b 124.14±2.64 e
13.73
GAORI
138.83±0.55 i 183.52±1.12 c
32.19
29.08±0.64 d 29.06±0.70 d
-0.07
160.71±5.54 a 160.30±3.41a
-0.26
DONGJINBYEO 165.41±2.29 e 147.77±1.68 h
-10.66
22.92±1.32 e 27.82±0.81 d
21.38
132.15±2.27 d 141.66±1.34 bc
-7.20
RYKUU 15
188.06±0.71 b 166.27±0.96 e
-11.59
43.19±1.15 a 33.63±1.32 c
-22.13
131.73±2.63 d 157.25±1.51 a
-19.37
CHING-YUEH 1 155.35±0.65 f 147.69±1.20h
-4.93
18.93±1.00 g 19.54±0.53fg
3.22
130.61±2.61 de 135.57±7.87 cd
-3.80
LSD (p 0.01)
2.39
1.85
7.31
Means not sharing the same letter for a trait differ significantly from each other at p 0.01
*GAE: Gallic acid equivalent, **CE: Catechin equivalent and ***IC50 is the concentration needed to inhibit activity of free radical below 50%
Rice genotypes

Table 5: Effect of salinity on seedling K+ and Na+ contents, and K+/Na+ ratio of different rice genotypes
K+ contents (mg g-1)
Na+ contents (mg g-1)
Control
Salinity
Decrease
Control
Salinity
Increase
over control
over control
(%)
(%)
IR74099-3R-5-1-K3 14.26±0.57 f 12.35±0.51 g
13.39
3.53±0.25 d 14.09±0.40 c
299.15
FL 478
22.11±0.31 b 18.36±0.51 d
16.96
2.73±0.22 ef 13.85±0.44 c
407.33
GAORI
24.29±0.94 a 20.63±0.57 c
16.58
2.69±0.21 ef 15.13±0.71 b
481.04
DONGJINBYEO
22.08±0.57 b 18.85±0.56 d
14.63
1.85±0.13 g 21.28±0.61 a 1050.27
RYKUU 15
19.17±0.27 d 15.85±0.57 e
17.32
2.19±0.17 fg 14.18±0.27 c
547.49
CHING-YUEH 1
25.32±0.57 a 14.17±0.33 f
44.04
3.15±0.11 de 21.59±0.51 a
585.40
LSD (p 0.01)
1.06
0.74
Means not sharing the same letter for a trait differ significantly from each other at p 0.01
Rice genotypes

Control

K+/Na+ ratio
Salinity

4.05±0.24 d 0.88±0.04 e
8.14±0.62 c 1.33±0.06 e
9.09±0.76 b 1.37±0.06 e
11.98±1.04 a 0.89±0.03 e
8.81±0.80 bc 1.12±0.08 e
8.04±0.30 c 0.66±0.02 e
0.94

Decrease
over control
(%)
78.27
83.66
84.93
92.57
87.29
91.79

Davenport, R., R.A. James, A. Zakrisson-Plogander, M. Tester and R.
Munns, 2005. Control of sodium transport in durum wheat. Plant
Physiol., 137: 807–818
de Azevedo-Neto A.D., J.T. Prisco, J. Eneas, C.E.B. de Abreu and E.
Gomes-Filho, 2006. Effect of salt stress on antioxidative enzymes
and lipid peroxidation in leaves and roots of salt-tolerant and salt
sensitive maize varieties. Environ. Exp. Bot., 56: 87–94
Dionisio-Sese, M.L. and S. Tobita, 1998. Antioxidant responses of rice
seedlings to salinity stress. Plant Sci., 135: 1–9
El–Bassiouny, H.M.S. and M.A. Bekheta, 2001. Role of putrescine on
growth, regulation of stomatal aperture, ionic contents and yield by
two wheat cultivars under salinity stress. Egyptian J. Physiol. Sci., 2–
3: 239–258
FAO, 2005. Global network on integrated soil management for sustainable
use of salt-affected soils. FAO Land and Plant Nutrition
Management
Service,
Rome,
Italy,
http://www.fao.org/ag/agl/agll/spush
Farhoudi, R., M. Hussain and D.J. Lee, 2012. Modulation of enzymatic
antioxidants improves the salinity resistance in canola (Brassica
napus). Int. J. Agric. Biol., 14: 465–468
Fortmeier, R. and S. Schubert, 1995. Salt tolerance of maize (Zea mays L.):
the role of sodium exclusion. Plant Cell Environ., 18: 1041–1047
Hichem, H., D. Mounir and E.A. Naceur, 2009. Differential responses of
two maize (Zea mays L.) varieties to salt stress: Changes on
polyphenols composition of foliage and oxidative damages. Ind.
Crops Prod., 30: 144–151
Hu, Y. and U. Schmidhalter, 1997. Interactive effects of salinity and
macronutrient level on wheat. J. Plant Nutr., 20: 1169–1182
Hussain, M., M. Farooq, M. Shehzad, M.B. Khan, A. Wahid and G. Shabir,
2012. Evaluating the performance of elite sunflower hybrids under
saline conditions. Int. J. Agric. Biol., 14: 131–135
IRRI, 2011. International Rice Research Institute, Philippines. Available
from the website:http://www.irri.org.
Jafar, M.Z., M. Farooq, M.A. Cheema, I. Afzal, S.M.A. Basra, M.A. Wahid,
T. Aziz and M. Shahid, 2012. Improving the performance of wheat by
seed priming under saline conditions. J. Agron. Crop Sci., 198: 38–45

Tambhale et al. (2011) reported a higher buildup of total
polyphenols in tolerant rice cultivar than sensitive one under
salinity stress.
In summary, although salinity decreased the growth of
all tested rice genotypes; genotypes IR74099-3R-5-1-K3
and FL 478 were more resistant to salt stress, than other
genotypes, owing to higher buildup of polyphenols and
flavonoids, less Na+ uptake and better K+/Na+ ratio, which
helped in maintaining leaf area, SLA and growth.
Physiological markers like as polyphenols and flavonoids
accumulation, and K+/Na+ ratio and morphological trait like
leaf area may be used for mass screening of rice genotypes
for salt resistance.

References
Ahmad, K., M. Saqib, J. Akhtar and R. Ahmad, 2012. Evaluation and
characterization of genetic variation in maize (Zea mays L.) for
salinity tolerance. Pak. J. Agric. Sci., 49: 521‒526
Akhtar, S., A. Wahid and E. Rasul, 2003. Emergence, growth and nutrient
composition of sugarcane sprouts under NaCl salinity. Biol. Plant.,
46: 113–116
Bandeoglu, E., F. Eyidogan, M. Yuceland and H.A. Oktem, 2004.
Antioxidant responses of shoots and roots of lentil to NaCl-salinity
stress. Plant Growth Regul., 42: 69–77
Bhutta, W.M., M. Ibrahim, J. Akhtar, A. Shahzad, T.U. Haq and M.A.U.
Haq, 2004. Comparative performance of sunflower (Helianthus
annuus L.) genotypes against NaCl salinity. Santa Cruz do Sul, 16:
7–18
Danai-Tambhale, S., V. Kumar and V. Shriram, 2011. Differential response
of two scented indica rice (Oryza sativa) cultivars under salt stress. J.
Stress Physiol. Biochem., 7: 387–397

117

Hussain et al. / Int. J. Agric. Biol., Vol. 15, No. 1, 2013
Kumar, V., V. Shriram, T.D. Nikam, N. Jawaliand M.G. Shitole, 2008.
Sodium chlorideinduced changes in mineral elements in indica rice
cultivars differing in salt tolerance. J. Plant Nutr., 3: 1999–2017
Kumar, V., V. Shriram, T.D. Nikam, N. Jawaliand M.G. Shitole, 2009.
Antioxidant enzyme activities and protein profiling under salt stress
in indica rice genotypes differing in salt tolerance. Arch. Agron. Soil
Sci., 55: 379–394
Kumar, V., V. Shriram, P.B. KaviKishor, N. Jawaliand M.G. Shitole, 2010.
Enhanced proline accumulation and salt stress tolerance of transgenic
indica rice by over expressing P5CSF129A gene. Plant Biotech.
Rep., 4: 37–48
Lee, D.-J.and J.Y. Lee, 2004. Antioxidant activity by DPPH assay. Kor. J.
Crop Sci., 49: 187–194
Marschner, H., 1995. Mineral Nutrition of Higher Plants. Academic Press,
London, UK
Meloni, D.A., C.A. Oliva and J. Cambraia, 2003. Photosynthesis and activity
of superoxide dismiotase, peroxidase and glutathione reductase in
cotton under salt stress. Braz. J. Plant Physiol., 15: 12–21
Menezes-Benavente, L., S.P. Kernodle, M. Margis-Pinheiro, J.G.
Scandalios, 2004. Salt-induced antioxidant metabolism defenses in
maize (Zea mays L.) seedlings. Redox Rep., 9: 29–36
Munns, R., 1993. Physiological processes limiting growth in saline soils:
some dogmas and hypotheses. Plant Cell Environ., 16: 15–24
Munns, R., 2005. Genes and salt tolerance: bringing them together. New
Phytol., 167: 645–663
Munns, R., R.A. James and A. Läuchli, 2006. Approaches to increasing the
salt tolerance of wheat and other cereals. J. Exp. Bot., 57: 1025–1043
Munns, R. and M. Tester, 2008. Mechanisms of salinity tolerance. Annu.
Rev. Plant Biol., 59: 651–681
Pitman, M.G. and A. Lauchli, 2002. Global impact of salinity and
agricultural ecosystems. In: Salinity: Environment-Plants Molecules,
pp: 3–20. Lauchli, A. and V. Luttge (eds.). Kluwer, Dordrecht, The
Netherlands
Quinet, M., A. Ndayiragije, I. Lefevre, B. Lambillotte, C.C. Dupont-Gillain
and S. Lutts, 2010. Putrescine differently influences the effect of salt
stress on polyamine metabolism and ethylene synthesis in rice
cultivars differing in salt resistance. J. Exp. Bot., 61: 2719–2733
Quintero, J.M., J.M. Fournier and M. Benlloch, 2007. Na+ accumulation in
shoot is related to water transport in K+-starved sunflower plants but
not in plants with a normal K+ status. J. Plant Physiol., 164: 60–67

Razmjoo, K., P. Heydarizadeh and M.R. Sabzalian, 2008. Effect of salinity
and drought stresses on growth parameters and essential oil content
of Matricaria chamomile. Int. J. Agric. Biol., 10: 451–454
Rengasamy, P., 2006. World salinization with emphasis on Australia. J.
Exp. Bot., 57: 1017–1023
Rout, N.P. and B.P. Shaw, 2001. Salt tolerance in aquatic macrophytes:
possible involvement of the antioxidative enzymes. Plant Sci.,
160: 415–423
Saqib, Z.A., J. Akhtar, M.A. Ul-Haq and I. Ahmad, 2012. Salt induced
changes in leaf phenology of wheat plants are regulated by
accumulation and distribution pattern of Na+ ion. Pak. J. Agric.
Sci., 49: 141–148
Shahzad, M., K. Witzel, C. Zorb and K.H. Muhling, 2012. Growthrelated changes in subcellular ion patterns in maize leaves (Zea
mays L.) under salt stress. J. Agron. Crop Sci., 198: 46–56
Siringam, K., N. Juntawong, S. Cha-um, C. Kirdmanee, 2011. Salt stress
induced ion accumulation, ion homeostasis, membrane injury and
sugar contents in salt-sensitive rice (Oryza sativa L. spp. indica)
roots under iso-osmotic conditions. Afr. J. Biotechnol., 10: 1340–
1346
Shen, Y., L. Jin, P. Xiao, Y. Lu, J. Bao, 2009. Total phenolics,
flavonoids, antioxidant capacity, in rice grain and their relation to
grain color, size and weight. J. Cer. Sci., 49: 106–111
Steel, R.G.D., J.H. Torrie and D.A. Deekey, 1997. Principles and
procedures of statistics: A Biometrical Approach, 3rd edition, pp:
400–428. McGraw Hill Book Co. Inc. New York, USA
Sümer, A., C. Zörb, F. Yan and S. Schubert, 2004. Evidence of Na+
toxicity for the vegetative growth of maize (Zea mays L.) during
the first phase of salt stress. J. Appl. Bot., 78: 135–139
Tavakkoli, E., F. Fatehi, S. Coventry, P. Rengasamy and G.K.
McDonald, 2011. Additiveeffects of Na+ and Cl– ions on barley
growthunder salinity stress. J. Exp. Bot., 62: 2189–2203
Wahid, A. and A. Ghazanfar, 2006. Possible involvement of some
secondary metabolites in salt tolerance of sugarcane. J. Plant
Physiol., 163: 723–730
Zhishen, J., T. Mengeheng and W. Jianming, 1999. The determination of
flavonoid contents in mulberry and their scavenging effects
onsuperoxide radicals. Food Chem., 64: 555–559
(Received 26 July 2012; Accepted 28 September 2012)

118

