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Abstract 
 

Seeds of three different varieties (Shaheen Basmati, Basmati-385 and NIAB-IR 9) of rice were exposed to increasing 
concentrations (0, 50, 100 and 150mM) of NaCl to investigate the effect of  salinity on seed germination and seedling 
growth, ion content, photosynthetic pigments and total protein content . There was a regular decrease in seed germination 
and seedling growth raised in Petri dishes for ten days with increasing salt concentration. Highest germination was observed 
in NIAB-IR 9 and Shaheen Basmati as compared to Basmati-385. However, Basmati-385 showed better performance at 
seedling growth than NIAB-IR 9 and Shaheen Basmati. Plants grown in sand culture under salt stress rapidly accumulated 
sodium (Na) ion in salt-stressed tissues while potassium (K) and calcium (Ca) ions were quickly decreased.  Basmati-385 
accumulated excessive Na and decreases more K as compared to other varieties. However, leakage of Ca was more 
pronounced in Shaheen Basmati than others. Chlorophyll (Chl a), Chlorophyll b (Chl b) and total carotenoid content in salt 
stressed plants were significantly decreased depending on NaCl concentration. Salt stress affected Chl a more than Chl b. 
Chl a was more disrupted by salinity in Basmati-385 than others. A marked reduction in the protein content of the rice plants 
under stress was observed with increasing salt concentrations. The effect was more prominent in Shaheen Basmati as 
compared to Basmati-385 and NIAB-IR 9. It was concluded on the basis of physiological and biochemical characteristics 
that Shaheen Basmati is more sensitive to salt stress as compared to Basmati-385 and NIAB-IR 9. 

 
Introduction 
 

Rice (Oryza sativa) is a model monocot system 
(Sinclair & Sheehy, 1999), the world’s most important 
agricultural species and a crop grown under extensive 
irrigation regimes (Yeo & Flowers, 1983; Sahi et al., 
2006). In Asia, more than two billion people are getting 
60-70 percent of their energy requirement from rice and 
its derived products (Thiyagarajan & Selvaraju, 2001). In 
Pakistan, rice is the premium food grain crop and is 
grown on an area of 2.2 million hectare for domestic 
consumption and export abroad with foreign exchange 
return of 33 million US $ (Zia et al., 1998; Bashir et al., 
2010).  

Abiotic stress is a major factor around the world in 
limiting plant growth and productivity (Osakabe et al., 
2011 & Jamil et al., 2010). Exposure of plants to a 
stressful environment during various developmental 
stages appears to induce various physiological and 
developmental changes (Islam et al., 2008). Soil salinity, 
particularly due to NaCl, can be considered as the single 
most widespread soil toxicity problem that global rice 
production faces at present (Hong et al., 2007). Some 
toxic effects of salt stress include decreased germination 
and seedling growth (Zeng & Shannon, 2000; Ashraf, 
2010), and suppressed leaf expansion which ultimately 
reduces photosynthetic area and dry matter production 
(Mansour & Salama, 2004). K+ in plant tissues evidently 
decreases when plants are exposed to salt stress, 
especially rice genotypes (Basu et al., 2002). 
Translocation of salt into roots and to shoots is a outcome 
of the transpirational flux required to maintain the water 
status of the plant and unregulated transpiration may 
cause toxic levels of ion accumulation in the shoot (Yeo, 

1998). Lower transpiration rate, coupled with reduced ion 
uptake by the roots, or reduced xylem loading, may cause 
poor supply via the xylem. So it is possible that an 
inadequate supply of ions to the expanding region may 
restrict cell division and/or expansion when plants are 
grown at high levels of NaCl (Berstein et al., 1995). 

Many reports show salt induced reduction in 
photosynthetic pigments in many plant species such as 
rice (Cha-um et al., 2007). Plants also show the high 
chlorophyll degradation symptom, chlorosis, as a 
common morphological and physiological characteristic 
in response to salt stress (Harinasut et al., 2000). 
Chlorophyll content of salt stressed rice can be described 
as a function of the leaf sodium content (Yeo & Flowers, 
1983). The response of plants to excess NaCl is complex 
and involves changes in their morphology, physiology 
and metabolism (Hilal et al., 1998). Keeping in mind all 
these observations, experiments were designed to study 
the effect of NaCl stress on germination percentage, 
seedling growth, ion content (Na, K and Ca), protein 
content and photosynthetic pigments i.e. Chl a, Chl b and 
carotenoids 
 
Materials and Methods 
 

Seeds of Shaheen Basmati, Basmati-385 and NIAB-
IR 9 were obtained from NARC Islamabad. Seeds were 
hand sorted to eliminate broken, small & infected seeds. 
Seeds were surface sterilized in 5 percent (v/v) sodium 
hypochlorite solution for 10 minutes then rinsed 
repeatedly with distilled water & air dried at an ambient 
temperature of 25ºC in the laboratory. 

 
Germination and seedling growth: Twenty seeds of 
each variety were placed on 2 layers of filter paper lined 
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with plastic Petri dish containing 20mL NaCl treatments 
of (control), 50mM, 100mM and 150mM solutions. Seeds 
were allowed to germinate in incubator at 27±2°C under 
dark condition. The Petri dishes were arranged with three 
replications for each salt treatment. The seed germination 
was investigated after every 12 hrs for 4 days. A seed was 
considered to have germinated when ≥ 2mL radical had 
emerged. Emerged seedlings in the 4 treatments were 
sampled according to their developmental stages and then 
placed under white fluorescent light (16h light period 
/day) at 25°C and 60 percent relative humidity, in a 
growth chamber. Ten seedlings from each 3 replicates 
were randomly selected at 15th day after experiment for 
the measurement of growth parameters. Lengths of shoot 
and root were measured with a scale. For fresh weight 
(FW), the shoots and roots were excised and weighed 
separately on electric balance in grams. For dry weight 
(DW), the excised shoots and roots were dried in 
incubator at 80°C for 48 hours and then weighed in 
grams. 
  
Sand culture experiment: Two week old seedlings of 
each variety (that were grown in Petri dishes in distilled 
water) were transplanted separately into plastic pot of 
12cm diameter and with a small hole in the bottom. The 
pots were filled with 700g washed and dried sand. All the 
pots were irrigated for 2 weeks with Hoagland nutrient 
solution. Nutrient solution was refreshed on weekly 
intervals and pH (5.8) was adjusted after every 3 days. 
Two weeks after transplanting, salt stress of 0 (control), 
50mM, 100mM and 150mM NaCl concentrations was 
imposed for 4 days in full strength Hoagland solution. 
The plants were treated under different stress levels in 
different pots with 3 replicates. The plants were harvested 
18 days after the start of the experiment. Fresh and dried 
samples of plant leafs were assessed for different 
biochemical tests. 
 
Elemental analysis: Well ground leaf samples (weighed 
25mg) were digested by a mixture of concentrated 

sulphuric acid and hydrogen peroxide mixed in 2:1 (v/v) 
ratio. After digestion, the volume of the each sample was 
made up to 20 ml with distilled deionized water. All 
cations (Na+, K+, and Ca2+) were estimated with a flame 
emission spectrophotometer. This method was adopted, 
with little modification, from Awan & Salim (1997).  
 
Photosynthetic pigment concentrations: Dried samples 
of leaves were analyzed for photosynthetic pigment 
contents. These pigments were extracted with 96 percent 
methanol as described by Lichtentaler & Wellburn 
(1985). The supernatant was separated and the 
absorbances were read on UV-visible spectrophotometer. 
The absorbance spectra of Chl a, Chl b and total 
carotenoids (Cx+c) of the extracts were measured at 666, 
653 and 470 nm respectively. Total amount of pigments 
was determined with equations recommended by 
Lichtentaler & Wellburn (1985). 
 
Determination of protein content: Protein content was 
determined using the micro-Kjeldahl technique. Dried 
plant material weighed 115mg was taken and transferred 
to digestion flask. 1.0g of digestion mixture (copper 
sulphate, iron sulphate and potassium sulphate) was added 
and followed by addition of 10ml of concentrated H2SO4. 
The solution was heated until the solution became clear. 
After cooling, it was diluted upto 25ml with distilled 
water. The digest was transferred to the distillation 
assembly and 10ml of 50% NaOH solution was added to 
it. The distillation was completed in 6 minutes with the 
change of color of boric acid to yellow due to the 
formation of ammonium borate indicating the trapping of 
nitrogen in the form of ammonium hydroxide. The boric 
acid having the trapped ammonia was titrated with 0.1N 
H2SO4. Titration was done by methyl red indicator for 
which about 40ml of boric acid was taken in a volumetric 
flask and methyl red indicator was added, a pink colored 
was appeared. During titration, the color of boric acid 
having ammonia changed again into pink. The protein 
was calculated by using the formula: 

 
(Titrant volume for sample – Titrant volume for blank) × 1.4007 × 1 Protein = Dry weight of sample x 6.25 

 

where: 6.25 = Protein factor, 1.4007 = Nitrogen factor                 
 

Statistical analysis: Analysis of variance was performed 
by using MS-Excel (Add-In) Statistical software. Mean 
values of all parameters including germination and early 
seedling growth, ion content, photosynthetic pigments, 
and total protein content were compared by LSD using 
Tukey’s t (Li, 1964). 
 
Results   
 

Seed germination: The different treatments showed 
different germination pattern in control and seeds stressed 
with NaCl. Increasing salt levels had detrimental effects on 
germination percentage.  Decrease in germination was 
recorded with increase in salinity from 0 to 150mM. 
Overall high percentage was observed in Shaheen Basmati 
as compared to other varieties (Fig. 1). Application of salt 
stress significantly delayed the time to achieve 50% 
germination (Fig. 2). Under optimal conditions the rice 
seeds in control and 50mM treatment started to germinate 
after 1 day’s imbibitions. At second day, the seeds started 
germination in all the treatments (Fig. 2).  

Seedling growth: Rice seedlings growth was 
significantly (p≤0.05) influenced by the levels of salt it 
contained. The growth of rice seedling was evaluated by 
root and shoot- lengths, fresh and dry weights. The 
maximum rice seedling growth occurred at 50mM salt 
concentration after control. The data showed that the 
length and weight of roots and shoots were reduced with 
the increasing salt concentrations (Figs. 3-8). These 
results indicated that NaCl inhibited the growth of rice 
seedling and led to a decrease in biomass. Salt-stress 
caused decreases in root-lengths more than shoot length 
(Fig. 3). Reduction in root and shoot length was more 
pronounced in Shaheen Basmati while Basmati-385 was 
least affected (Figs 3 & 4).  Rice seedlings grown at the 
low levels of NaCl (0mM) reached relatively higher fresh 
and dry weights and did not imply toxicity symptoms, 
however, the plantlet fresh and dry weight was 
significantly reduced at higher levels of salinity (150mM) 
indicating the symptoms of salt toxicity as growth 



SALINITY EFFECT ON PHYSIOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF RICE 

 

9

depression (Figs. 4 & 5). Basmati-385 and NIAB-IR 9 
were better in response in term of fresh and dry weights at 
higher levels of salinity than Shaheen Basmati (Figs. 4 & 
5).  The concentration of NaCl that significantly reduced 

weight was 150mM in comparison to the control (Figs. 3-
8). Shaheen Basmati was more affected than other 2 
varieties in term of seedling growth (Figs. 3-8). 
 

 

 
 

Fig. 1. Effect of different concentration of salt on germination percentage of 
NIAB-IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is expressed 
as mean + S.D. (n=5) statistically significant at p<0.05. 
 

 
 

Fig. 2. Effect of different concentration of salt on germination rate of 
NIAB-IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is 
expressed as mean + S.D. (n=5) statistically significant at p<0.05. 
 

 
 
Fig. 3. Effect of different concentration of salt on root length of NIAB-
IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is expressed 
as mean + S.D. (n=5) statistically significant at p<0.05. 

 
 
Fig. 4. Effect of different concentration of salt on shoot length of NIAB-
IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is expressed 
as mean + S.D. (n=5) statistically significant at p<0.05. 
 

 
 
Fig. 5. Effect of different concentration of salt on fresh root weight of 
NIAB-IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is 
expressed as mean + S.D. (n=5) statistically significant at p<0.05. 
 

 
 
Fig. 6. Effect of different concentration of salt on fresh shoot weight of 
NIAB-IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is 
expressed as mean + S.D. (n=5) statistically significant at p<0.05. 
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Fig. 7. Effect of different concentration of salt on dry root weight of 
NIAB-IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is 
expressed as mean + S.D. (n=5) statistically significant at p<0.05. 
 

 
 
Fig. 8. Effect of different concentration of salt on dry shoot weight of 
NIAB-IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is 
expressed as mean + S.D. (n=5) statistically significant at p<0.05. 

Na+, K+ and Ca2+ content: NaCl salinity exhibited 
significant effects on ion concentrations of rice plants. 
Sodium (Na) ion accumulation in rice plants was directly 
enhanced relating to NaCl salt concentrations in the 
Hoagland solution. In contrast, potassium (K) ion and 
calcium (Ca) ion in salt-stressed plants were significantly 
reduced. Higher sodium (Na) ion accumulation was 
observed in Basmati-385 while similar kind of intake was 
measured in NIAB-IR-9 and Shaheen Basmati.  Higher 
reduction of K Concentration was observed in Basmati-
385.  Leakage of Ca was more pronounced in Shaheen 
Basmati than other (Fig. 9). This implied a competition 
between Na and K absorption in rice plants under stress, 
resulting in a Na / K antagonism. The reduction in K 
uptake caused by Na is likely to be the result of the 
competitive intracellular influx of ions. 
 

Total chlorophyll content and carotenoids: Chl a, Chl b 
and total carotenoid content in salt stressed plants were 
significantly decreased depending on NaCl concentration. 
When grown without salt stress, the sand culture rice 
plants significantly showed higher concentrations of 
major pigments as compared to plants under salt stress. 
After salt stress, the pigment concentrations of the rice 
plants were several folds lower than plants grown without 
salt-stress (Fig. 10). Results indicated that salt stress 
affected Chl a more than Chl b (Fig. 10). The affect was 
more severe on the Chl a of Basmati-385 as compared to 
NIAB-IR 9 and Shaheen Basmati. The carotenoid content 
was less in Shaheen Basmati at higher NaCl concentration 
than Basmati-385 and NIAB-IR 9 (Fig. 11). 
 

Total protein content: It was high in control treated 
plants and significantly diminished in plants grown under 
salt stress. At 150 mM salt stress, protein content was 
reduced in all varieties; it showed that rice plants were 
severely affected at high salt concentration (Fig. 12). The 
affects was more severe in Shaheen Basmati than other 
two varieties in term of protein content (Fig. 12). 
 
Discussion 
 

Rice plants are relatively susceptible to soil salinity 
as an abiotic stress (Flowers & Yeo, 1989; Gao et al., 

2007). A decrease in both percentage and rate of seed 
germination (Fig.1) was observed, when exposed to 
increased salinity level (Figs.1 & 2). Rice seedlings 
growth was significantly influenced by the levels of salt it 
contained (Figs. 3-8). Seed germination and early 
seedling growth of rice has been shown to be highly 
sensitive to salt stress because of marked effects of 
osmotic stress and specific ion toxicity on these growth 
stages in this plant species (Mohammad & Sen, 1990; 
Duan et al., 2004). Salt causes inhibition of seed 
germination which could be attributed to specific ion 
toxicity (Huang & Redmann, 1995). Salinity reduces 
shoot and root growth by reducing turgor in expanding 
tissues resulting from lowered water potential in root 
growth medium (Alam et al., 2004). A disturbance in 
mineral supply, either on excess or deficiency, induced by 
changes in concentrations of specific ions the growth 
medium might have directly affected growth (Lazof & 
Bernstein, 1998). 

The increase in Na+ ion content and decrease in K+ 
ion uptake disturbs ionic imbalance as observed in most 
species exposed to salt stress (Fig. 9). The diminution of 
K+ concentration in tissue may also be due to direct 
competition between K+ and Na+ at plasma membrane, 
inhibition of Na+ on K+ transport process in xylem 
tissues and/or Na+ induced K+ efflux from the roots. K+ 
and Ca+ + have been reported to be the major cautions in 
cell organization as well as the major contributors to 
osmotic adjustment under stress conditions in several 
plant species (Santos-Diaz & Alejo-Ochoa, 1994; Hirschi, 
2004). In the present study, the level of K+ and Ca+ + in 
the salt-stressed rice cells gradually decreased while that 
of Na+ was dramatically increased (Fig. 9). The decrease 
in K+ and Ca+ + content under stress condition has been 
previously reported in other species particularly in the 
salt-sensitive lines (Lutts et al., 1996, 2004). According to 
Weimberg (1987), high levels of Na+ inside the cells 
inhibit the K+ uptake and as a result it causes an increase 
in the Na+/K+ ratio. Many of the deleterious effects of 
Na+ seem to be related to the structural and functional 
integrity of membranes (Kurth et al., 1986). 
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Fig. 9. Effect of different concentration of salt on ion content of Basmati-
385(A), NIAB-IR 9(B) and S.B (Shaheen Basmati) (C). Each value is 
expressed as mean +S.D. (n=3) statistically significant at p< 0.05. 
 

Fig. 10. Effect of different concentration of salt on chlorophyll content of 
Basmati-385 (A), NIAB-IR 9 (B) and S.B (Shaheen Basmati) (C). Each value 
is expressed as mean + S. D. (n=3) statistically significant at p<0.05. 

 
 
Fig. 11. Effect of different concentration of salt on total caroteniods of 
Basmati-385 (A), NIAB-IR 9 (B) and S.B (Shaheen Basmati) (C). Each value 
is expressed as mean + S. D. (n=3) statistically significant at p<0.05. 

 
 
Fig. 12. Effect of different concentration of salt on total protein content 
of NIAB-IR 9, S.B (Shaheen Basmati) and Basmati-385. Each value is 
expressed as mean + S. D. (n=3) statistically significant at p<0.05. 
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This study shows that photosynthetic pigments (Figs. 
7 & 8) and protein concentrations (Fig. 9) of leaves were 
reduced by salinity. A decrease in chlorophyll 
concentration in salinized plants could be attributed to 
increased activity of the chlorophyll-degrading enzyme 
chlorophyllase (Reddy & Vora, 1986). Ion accumulation 
in leaves also adversely affected chlorophyll 
concentration (Dubey, 1994). The decrease in carotenoids 
under salt stress leads to degradation of β-carotene and 
formation of zeaxanthins, which are apparently involved 
in protection against photoinhibition (Sharma & Hall, 
1991). A decrease in Chl and protein content with the 
increase of NaCl was also reported by Khan (2003), 
Azooz et al., (2004) and Dager et al., (2004). Water 
deficit impedes protein synthesis perhaps at the ribosomal 
level; some proteins are apparently formed and 
inactivated quickly whereas others appear to be relatively 
stable (Lutts et al., 1996). In many plant tissues a reduced 
water potential causes a reduction of total protein 
synthesis and a rapid dissociation of polyribosomes 
(Jones, 1996; Bardzik et al., 1971).  

It was concluded that salinity effect physiological and 
biochemical characteristics of different rice varieties but 
the response was different at different stages of plant 
growth.  Shaheen Basmati was better at germination but 
poor at seedling stage and other biochemical parameters. . 
It was also concluded on the basis of above mention 
results that Shaheen Basmati is more sensitive to salt 
stress as compared to Basmati-385 and NIAB-IR 9. 
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