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Rice is one of the most important staple food crops in world and relatively susceptible to salinity. Effects of NaCl were studied on 
six rice cultivars viz. Ratnagiri-24, Ratnagiri-711, Ratnagiri-4, Palghar-2, Karjat-2 and Karjat-184 under control (0 mM) and increas-
ing levels of salinity (50 mM, 100 mM, 150 mM and 200 mM) at seedling level. Differential responses of rice cultivars were observed 
in relation to salinity levels. As the level of salinity increases, an apparent reduction in germination %, shoot length, root length, 
root/shoot ratio, seed vigor index and photosynthetic pigments in all the cultivars were revealed. Of all the cultivars, these param-
eters were less affected in Ratnagiri-24 and Ratnagiri-711. The levels of proline were high under salt stress (200 mM), however, it 
remained exceptionally higher in Karjat-2 followed by Palghar-2 as compared to rest of the cultivars. Proline exhibited highly signifi-
cant correlations with most of the physiological parameters (p < 0.05). Based on these parameters, rice cultivars can be classified 
into three groups. Group I includes Ratnagiri-24 and Ratnagiri-711 as highly salt tolerant while group II consist of Ratnagiri-711, 
Palghar-2 and Karjat-2 as moderately salt sensitive. Group III comprises highly salt sensitive cultivar Karjat-184. 
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Rice (Oryza sativa L.) is one of the most important staple foods 
in the world, and Asia alone accommodates approximately two bil-
lion rice consuming populace [1]. Several rice-growing countries, 
both in tropics and in temperate regions, are facing high soil salin-
ity as a major problem [2] and rice is relatively susceptible to it [3]. 
Salinity alters a wide array of metabolic processes in rice plants 
and induces changes in constituents and activities of several en-
zymes [4]. The detrimental effects of salinity such as decrease in 
plant’s water uptake, specific ion toxicities and induction of oxida-
tive damage to plant cells is catalyzed by reactive oxygen species3 
results into reduction in growth and yield of rice plants [5]. 

Increased salt tolerance of crops including rice is needed to sus-
tain food production in various regions of the world [12]. As salin-
ity problems are increasing around the world, great effort has been 
devoted to understand the physiological aspects of tolerance to 
salinity in plants, as a basis for plant breeders to develop salinity-
tolerant genotypes. In spite of this great effort, only a small num-
ber of cultivars, partially tolerant to salinity have been developed 
[13]. Therefore, screening of cultivars using salt tolerance indices 
may help to assist in the evaluation of relative field performance 
of different rice genotypes and characterization of contributing 
physiological traits that may be employed as reliable indicators for 
breeding and selection for salt tolerance. Germination and seedling 
development are very important for early establishment of plants 
under stress condition and therefore selecting cultivars for rapid 
and uniform germination under saline conditions can contribute 
towards early seedling establishment [14]. Therefore, the objec-
tive of this study was to generate information on the variability of 
the physiological and biochemical parameters that can be used to 
classify rice cultivars for salinity tolerance.

Chl: Chlorophyll; Cm: Centimeter; DAS: Day After Sowing; S.E.: 
Standard Error; SVI: Seed Vigor Index

Salt-tolerant species have many defense mechanisms to cope 
with stress [6]. In rice, salinity tolerance is predominantly asso-
ciated with the maintenance of ion homeostasis, particularly low 
Na+/K+ ratio, through exclusion, compartmentation, and partition-
ing of Na+ [7]. In addition to ion homeostasis strategies, a variety 
of protective mechanisms have evolved in plants to allow them to 
acclimatize to salinity conditions for survival and growth by accu-

mulating amino acids, sugars, polyols, betaines and proline [4,8]. 
It is well known that proline protects plants from stress through 
different processes, including the adjustment of cellular water, de-
toxification of ROS, protection of membrane integrity, and stabili-
zation of enzymes and proteins, thus, it can be beneficial to plants 
in adapting to stress [9-11].



Materials and Methods
Plant material and NaCl stress treatment
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Six cultivars of rice viz. Ratnagiri-24, Ratnagiri-711, Ratnagiri-4, 
Palghar-2, Karjat-2 and Karjat-184 were procured from Dr. B. S. 
Konkan Krishi Vidyapeeth, Dapoli, India. The seeds were soaked in 
water for 24 hours and allowed to germinate in petriplates (Borosil, 
India) lined with germination papers. Seeds were treated with 10 
mL NaCl (50 mM, 100 mM, 150 mM and 200 mM) and without NaCl 
(0 mM – control – 10 mL distilled water). 

The plates were incubated at 25°C for two days in dark and after 
initiation of rooting, the plates were transferred in light. The experi-
ment was performed in triplicate and each replicate contained 20 
seeds.

Physiological parameters

Germination percentage was calculated after two days at radicle 
emergence while the observations on root length (cm) and shoot 
length (cm) of seedlings were recorded from 10 seedlings on 15th 
day after sowing (DAS). Seed Vigor Index (SVI) was calculated as 
SVI = (germination percentage × means of total seedling length in 
cm)/100.

Chlorophyll determination

Chlorophyll concentration (Chl-a, Chl-b and Total Chl) was de-
termined according to Arnon [15]. The leaves (0.1g) were crushed 
in 10 ml 80% Acetone and filtered through muslin cloth. The sam-
ples were centrifuged at 5000 rpm for 15 minutes at 4°C (Bioera, 
High speed refrigerated programmable centrifuge, India). The ab-
sorbance of extract recorded at 663 and 645 nm on UV-VIS spectro-
photometer (Systronics PC based double beam spectrophotometer 
2202, India). 

Proline determination

The proline was determined according to Bates L [16]. The 
whole seedling (0.5g) was ground and extracted with 10 mL of 3% 
sulfosalicylic acid. The extract was filtered through a Whatman fil-
ter paper (No. 2). The reaction mixture contains 2 mL filtrate, 2 mL 
acid ninhydrin and 2 mL glacial acetic acid. The reaction mixture 
was heated in boiling water bath for 60 minutes. The reaction was 
terminated by placing the tubes on ice and the chromophore was 
extracted using 4 mL of toluene. The absorbance of the chromo-
phore phase was read at 520 nm using a spectrophotometer (Sys-
tronics PC based double beam spectrophotometer 2202, India). Ref-
erence standards of proline (100 to 1000 µg mL-1) were prepared in 
2N sulfuric acid. The amount of proline is expressed as μmoles g-1 
fresh weight.

Statistical analysis

The data were subjected to analysis of variance (ANOVA), Dun-
can’s Multiple Range Test (DMRT), Pearson Correlation analysis and 

Hierarchical clustering analysis using Minitab 17. The values were 
expressed as mean ± standard error (S.E.) of three replications. 
Differences were considered significant at p < 0.001, p < 0.01 and 
p < 0.05 level of probability. Graphical representations were per-
formed in Microsoft office excel 2007. 

Results 
Effect of NaCl stress on germination and physiological  
parameters

Differential responses of rice cultivars were noticed in relation 
to physiological parameters at seedling stage. As the concentra-
tion of NaCl increased (50 - 200 mM), an apparent significant de-
crease in seed germination was noticed in all the cultivars (Table 
1). Likewise, significant reduction in shoot length (cm) was ob-
served with increasing NaCl concentration in all the cultivars. On 
the contrary, root lengths (cm) of Ratnagiri-24, Ratnagiri-4 and 
Karjat-2 were increased at 50 mM and then decreased at higher 
levels of salinity. Compared to other varieties, rice cultivars Rat-
nagiri-24 and Ratnagiri-711 exhibited lesser reduction in root 
length, shoot length and seed vigor index along with decreased 
root/shoot ratio at high salinity levels (Table 1).

Cultivar NaCl 
(mM)

Germina-
tion (%)

SL 
(cm)

RL 
(cm)

R/S 
ratio

SVI

Ratnagi-
ri-24

0 
(Con-
trol)

100.00 ± 
0.0a

5.25 ± 
0.1a

5.19 ± 
0.2ab

0.99 ± 
0.1c

10.28 ± 
0.2a

50 96.67 ± 
1.7a

4.59 ± 
0.2a

5.95 ± 
0.3ab

1.29 ± 
0.1bc

10.05 ± 
0.2a

100 95.00 ± 
0.0ab

3.43 ± 
0.2b

6.06 ± 
0.1a

1.77 ± 
0.1ab

8.77 ± 
0.1b

150 93.33 ± 
1.7ab

2.48 ± 
0.4bc

4.30 ± 
0.7bc

1.73 ± 
0.0ab

5.39 ± 
0.0c

200 91.67 ± 
5.8b

1.60 ± 
0.1c

3.12 ± 
0.2c

1.95 ± 
0.2a

4.40 ± 
0.1d

Ratnagi-
ri-711

0 
(Con-
trol)

98.33 ± 
1.7a

4.30 ± 
0.1a

6.00 ± 
0.2a

1.29 ± 
0.0bc

10.31 ± 
0.2a

50 98.33 ± 
1.7a

3.92 ± 
0.1a

5.57 ± 
0.8a

1.42 ± 
0.0ab

8.96 ± 
0.3ab

100 96.67 ± 
3.3ab

3.21 ± 
0.3b

5.68 ± 
0.3a

1.77 ± 
0.0ab

9.00 ± 
0.7ab

150 91.67 
±1.7ab

2.86 ± 
0.2b

5.01 ± 
0.2a

1.75 ± 
0.1abc

7.34 ± 
0.2b

200 90.00 ± 
1.7a

1.33 ± 
0.0c

2.81 ± 
0.2b

2.11 ± 
0.1a

3.85 ± 
0.1c

Ratnagi-
ri-4

0 
(Con-
trol)

98.33 ± 
1.7a

6.15 ± 
0.2a

8.37 ± 
0.9ab

1.36 ± 
0.1b

15.40 ± 
1.3a

50 95.00 ± 
2.9a

5.61 ± 
0.1a

9.01 ± 
0.8a

1.61 ± 
0.1ab

13.31 ± 
1.1ab

100 91.67 ± 
1.7ab

3.82 ± 
0.5b

5.92 ± 
0.3bc

1.55 ± 
0.2ab

9.85 ± 
0.9bc

150 90.00 ± 
5.8ab

2.77 ± 
0.2b

5.37 ± 
0.4cd

1.94 ± 
0.1ab

8.09 ± 
1.0cd
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200 83.33 ± 
6.0b

1.34 ± 
0.2c

2.92 ± 
0.3d

2.18 ± 
0.3a

4.11 ± 
0.9d

Pal-
ghar-2

0 
(Con-
trol)

98.33 ± 
1.7a

5.68 ± 
0.2a

6.47 ± 
0.3a

1.14 ± 
0.1a

11.95 ± 
0.4a

50 96.67 ± 
1.7a

4.56 ± 
0.2ab

5.98 ± 
0.1a

1.31 ± 
0.0a

10.18 ± 
0.2a

100 91.67 ± 
4.4ab

4.28 ± 
0.2b

6.67 ± 
0.0a

1.56 ± 
0.1a

10.06 ± 
0.7a

150 88.33 
±1.7ab

2.21 ± 
0.4c

4.03 ± 
0.3b

1.82 ± 
0.4a

5.50 ± 
0.5b

200 76.67 ± 
6.0b

0.77 ± 
0.1d

1.94 ± 
0.3c

2.53 ± 
0.6a

2.08 ± 
0.3c

Karjat-2 0 
(Con-
trol)

93.33 ± 
1.7a

5.86 ± 
0.1a

7.11 ± 
0.1ab

1.21 ± 
0.0b

12.11 ± 
0.3a

50 93.33 ± 
1.7a

4.04 ± 
0.2b

7.35 ± 
0.3a

1.82 ± 
0.0b

10.61 ± 
0.8a

100 91.67 ± 
3.3a

2.51 ± 
0.2c

5.40 ± 
0.2bc

2.15 ± 
0.0b

7.25 ± 
0.2b

150 88.33 ± 
6.0a

1.98 ± 
0.1cd

3.84 ± 
0.3cd

1.94 ± 
0.1b

5.09 ± 
1.0c

200 71.67 ± 
3.3b

0.85 ± 
0.2d

2.72 ± 
02d

3.21 ± 
0.3a

3.08 ± 
0.5c

Kar-
jat-184

0 
(Con-
trol)

96.67 ± 
1.7a

6.14 ± 
0.2a

7.88 ± 
0.1a

1.28 ± 
0.0b

13.56 ± 
0.3a

50 95.00 ± 
2.9ab

3.79 
±0.3b

6.92 ± 
0.3a

1.82 ± 
0.2ab

10.16 ± 
0.1b

100 93.33 ± 
1.7ab

2.69 ± 
0.6b

7.87 ± 
0.8a

2.93 ± 
0.7a

9.83 ± 
0.6b

150 93.33 ± 
1.7ab

2.72 ± 
0.3b

5.92 ± 
0.4a

2.18 ± 
0.2ab

8.09 ± 
1.1b

200 86.67 ± 
3.3b

0.60 ± 
0.2c

2.03 ± 
0.4b

3.38 ± 
0.3a

2.41 ± 
0.5c

Table 1: Effects of NaCl stress on physiological parameters  
in rice cultivars. 

The values are means of three replicates ± SE. Different letters 
show significant difference at P < 0.05 by Duncan’s Multiple Range 
Test. SL: Shoot Length; RL: Root Length; R/S ratio: Root/shoot ra-
tio and SVI: Seed Vigor Index. 

Ratnagiri-24 and Ratnagiri-711 displayed lesser reduction in 
shoot length (3.65 fold decrease) and root length (2.07 fold de-
crease) as compared to Ratnagiri-04 (4.81 and 5.45 fold decrease), 
Palghar-2 (4.91 and 4.52 fold decrease), Karjat-2 (5.02 and 4.32) 
and Karjat-184 (5.54 and 5.85 fold decrease) (Table 1). Similarly, 
rice cultivars Ratnagiri-24 and Ratnagiri-711 exhibited lesser root/
shoot ratio and seed vigor index at higher salinity levels as com-
pared to other rice cultivars (Table 1). 

Chlorophyll content

The contents of Chl-a, Chl-b and total Chl (mg-1 g fresh weight) 
in leaves were significantly decreased with increasing NaCl con-
centrations in all the cultivars (Figure 1). The rate of decrease at 
high levels of salinity (200 mM) was more in Ratnagiri-4, Karjat-2 
and Karjat-184 compared to other cultivars (Figure 1). Moreover, 
amount of Chl-a (Figure 1a) was found to be more damaging as 
compared to Chl-b (Figure 1b). Percent reduction in Chl-a (26.20) 
(Figure 1a) was more in Ratnagiri-04 while Chl-b (Figure 1b) 
was found to be more damaging in Karjat-2 (31.23% reduction) 
at higher level of salinity (200 mM) when compared with rest of 
the cultivars. Similarly, the reduction in total Chl was more in Rat-
nagiri-04 (32.34%) at higher levels of salinity as compared to rest 
of the cultivars (Figure 1c). 

Figure 1: Effects of NaCl on physiological parameters in rice 
varieties. 

a) Chlorophyll a, b) Chlorophyll b and c) Total Chlorophylls. Bars 
represent standard error from three replications. Means followed 

by the same letter(s) are not significantly different at P = 0.05 
according to Duncan test. Note the scale difference. 

Proline content

Increment of salinity levels generally results in a reduction of 
seedling growth and physiological parameters with concomitant 
increase in osmolytes. Proline contents were substantially differ-
ent in rice cultivars. Initially, in control, the levels of proline were 
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at par in Ratnagiri-24 and Ratnagiri-711. While it was low in Karjat-184, comparably, Pal-
ghar-2 exhibited high proline content followed by Karjat-2 (Figure 2). As the levels of 
NaCl elevated, significant increase in leaf proline (µmoles-1gm Fresh weight) was noticed 
in all the cultivars. A slight increment in proline accumulation was noted in Ratnagiri-24 
(4 fold) and Ratnagiri-711 (2 fold) at 200 mM NaCl over control (Figure 2). Remarkably 
it was 5.5, 7.0 and 7.5 folds higher in Palghar-2, Ratnagiri-4 and Karjat-2 than that ob-
served for the control (Figure 2). Notably, Karjat-184 exhibited a dramatic increase in 
proline accumulation (16 folds) while it was marginally fluctuated in Ratnagiri-24 and 
Ratnagiri-711. 

Figure 2: Effects of NaCl on proline concentration in rice 
varieties. 

a) Proline. Bars represent standard error from three replica-
tions. Means followed by the same letter(s) are not signifi-

cantly different at P = 0.05 according to Duncan test. Note the 
scale difference. 

Pearson’s correlations

Pearson Correlation coefficient analysis revealed very high significant correlations 
among most of the physiological parameters and osmolyte concentrations (Table 2). 

Parameters Parameters

G SL RL RL/SL SVI Chl-a Chl-b TChl Pro-
line

SL 0.98*** 1.0

RL 0.98*** 0.97*** 1.0

RL/SL -0.97*** -0.94ns -0.92ns 1.0

SVI 0.98*** 0.99** 0.99** -0.92ns 1.0

Chl-a 0.98*** 1.0* 0.98*** -0.94ns 0.99** 1.0

Chl-b 0.99*** 0.99** 0.99** -0.94ns 0.99** 0.99** 1.0

TChl 0.98s*** 0.99** 0.98*** -0.94ns 0.99** 1.0* 1.0* 1.0

Proline -0.96*** -0.99** -0.97*** 0.91ns -0.99** -0.99** -0.99** -0.99** 1.0

Glybet -0.82ns -0.92ns -0.84ns 0.80ns -0.88ns -0.91ns -0.89ns -0.90ns 0.93ns

GB/Pro 0.93ns 0.98*** 0.93ns -0.90ns 0.96*** 0.98*** 0.97*** 0.97*** -0.99**

Table 2: Pearson’s correlation coefficients among physiological parameters from 
six rice cultivars exposed to 50 to 200 mM NaCl.

Note: Correlations were determined by Pearson Correlation coefficient (r) anal-
ysis. Pearson Correlation coefficient (r) indicates the strength of a relationship 
between two variables. *, ** and *** indicate significance at p < 0.001, p < 0.01 
and p < 0.05 respectively whereas N.S.: not significant at 0.05 level of probability. 
Where, G: Germination; SL: Shoot Length; RL: Root Length; R/S: Root to Shoot 
Ratio; SVI: Seed Vigor Index; Chl a:  Chlorophyll a, Chl-b: Chlorophyll-b, TChl: Total 
Chlorophylls.

Hierarchical cluster analysis

Hierarchical cluster analysis (HCA) based on physiological parameters and 
osmolytes was conducted to classify cultivars for their salinity tolerance (Figure 
3). The six rice cultivars were classified into three main clusters. Cluster I rep-
resented the salt-tolerant group Ratnagiri-24 and Ratnagiri-711. Ratnagiri-4, 
Palghar-2 and Karjat-2 were classified into Cluster II as moderately sensitive 
while Cluster III denoted the highly sensitive group, includes Karjat-184.

 

Figure 3: Cluster analysis of six rice cultivars based on  
physiological parameters.

Cluster analysis of the six rice cultivars based on physiologi-
cal parameters in salt stress condition by Hierarchical cluster 

analysis of the Minitab 17 package. 

Discussion

Increasing soil salinity is vulnerable to crops and therefore screening of cul-
tivars for salt tolerance at seedling stage may be employed as reliable indica-
tors for breeding and selection for salt tolerance. Detrimental effects of salinity 
on various physiological processes of crops such as seed germination, seedling 
growth and vigor, vegetative growth, flowering and fruit set causes reduced 
economic yield and quality of produce [17]. Reduction in growth parameters 
such as germination percentage, root length, shoot length, root shoot ratio at 
increasing salinity levels (Table 1) were consistent with previous researchers 
[18,19] who reported that physiological parameters were inversely related to 
level of salt concentration at the seedling stage in rice. This is mainly due to 
due to the fact that Na+ and Cl- sequestered in the vacuole could decrease the 
internal osmotic potential and cause partial dehydration of cytoplasm. As a re-
sult, dehydration impairs the cellular metabolism and ultimately reduced the 
growth of the seedlings [20]. Therefore, understanding the responses of plants 
at these stages is particularly important for elucidating the mechanisms of salt 
resistance or sensitivity in plants and their survival [18].

Photosynthetic pigments in salt-stressed seedlings were significantly re-
duced, in all the cultivars which are in agreement with previous results [19,21] 
who also reported significant reduction in chlorophyll contents at increasing 
levels of salinity. The photosynthetic pigments in Ratnagiri-24 and Ratnagi-
ri-711 seedlings grown under salt stress were found to be stabilized better than 
those in Ratnagiri-4, Palghar-2, Karjat-2 and Karjat-184 (Figure 1). The results 
on variability in stability of photosynthetic pigments under stress conditions 
in different cultivars (Figure 1) are consistent with [6] who demonstrated that 
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Conclusions

High levels of proline may display a salt defensive response 
mechanism in terms of pigment stabilization, protecting photosyn-
thetic machinery of the plant organelles by stabilizing ultrastruc-
ture of the chloroplast [12]. Proline concentration has been shown 
to be generally higher in stress-tolerant plants (Ratnagiri-24 and 
Ratnagiri-711) than in stress-sensitive plants when under stress 
[6]. Conversely, proline in Ratnagiri-4, Palghar-2, Karjat-2 and Rat-
nagiri-184 (Figure 2) may be too low to prevent plant cells, organ-
elles and tissues from being damaged by prolonged exposure to 
salt-stress conditions from reactive oxygen species. Based on the 
findings, it is interesting to note that increased levels of proline in 
these cultivars did not correspond to the extent of improved salin-
ity resistance (Figure 2). Excessive levels of proline in salt sensitive 
cultivars (Figure 2a, b) may be a response of leaf damage or may be 
a symptom of stress is in agreement with the results presented by 
[22] who demonstrated that over-accumulation of proline was re-
lated to a symptom of salt injury rather than an indicator of salt re-
sistance. Increased proline accumulation did not contribute to im-
proved salt tolerance in rice were consistent with [8] who reported 
that under salt stress the highly susceptible rice cultivars accumu-
lated the highest level of proline than the tolerant cultivars. Proline 
might be most effective in alleviating degradation of photosynthetic 
pigments probably because the high ratio of osmolytes function in 
protecting macromolecules and stabilizing protein structures [23].

The multivariate cluster analysis for salt tolerance has been 
utilized to classify the group of salt-tolerant rice (Figure 3) [6,29]. 
The results suggest that cluster analysis is a useful tool for classi-
fication of rice cultivars into different salt tolerance groups based 
on physiological and biochemical parameters in response to salin-
ity stress.

Rice cultivars placed in Cluster I were however, more tolerant 
to salinity in terms of relatively low damage of physiological traits. 
Clusters II and III, indicated moderately salt tolerant and sensitive 
groups. These results suggest that cluster analysis and multivari-
ate analysis are useful tools for classification of rice cultivars into 
different salt tolerance groups based on their changes in physi-
ological and biochemical characteristics in response to salinity 
stress.

In summary, the results presented above indicated that in-
creasing levels of salt stress are toxic to germinating seeds and 
hampers the growth parameters of rice cultivars. Accumulation of 
compatible solute such as proline may help to alleviate the detri-
mental effects of NaCl. Understanding of variability and correla-
tion between salinity profiles at seedling stage will be an impor-
tant step for salinity tolerance genotype in Indian rice cultivars. 
Salt tolerant cultivars can be further explored in field studies and 
the manipulation of specific candidate gene using molecular tech-
niques may be a powerful tool for enhanced salinity tolerance in 
rice cultivars.
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salt tolerant genotypes maintained better photosynthetic pigments 
stability as compared to salt sensitive genotypes under salt stress. 
Therefore, chlorophyll concentration can be used as a sensitive in-
dicator of the cellular metabolic state; thus, its decrease signifies 
toxicity in tissues due to the accumulation of ions [6]. 

Proline showed significant negative correlation with all the 
physiological parameters except with the ratio of root length to 
shoot length. In a number of studies a positive correlation be-
tween the proline with stress tolerance has been recorded [4,24]. 
These results indicate that proline help plant cells against the rav-
ages of salt stress by stabilizing the structure of key proteins such 
as Rubisco and thereby promoting the photosynthetic capacity 
during salt stress [11,25]. Several reports indicated that enhanced 
accumulation of Proline in cytosol is positively correlated with 
higher tolerance to salt stress [24,26,27]. Recently, Hasanuzza-
man., et al. [28] showed that the exogenous application of Proline 
resulted into increased tolerance to salt-induced oxidative dam-
age in salt sensitive and salt tolerant varieties by upregulating 
their antioxidant defense. 
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