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ABSTRACT: The aim of this research was to assess the changes in some morphological traits in two 
contrast rice (Oryza sativa L.) cultivars in response to salinity stress. Experiment design was completely 
randomized design in a factorial arrangement with two genotypes (improved cultivar of Ghaem and 
traditional cultivar of Sangejo) and four salinity levels (0, 40, 80 and 120 mM NaCl) with three replicates. 
Salt stress treatments were initiated 16 days after planting. At 16 days after planting or at the 13 stage 
according to Zadoks method, salt stress treatment was initiated. Morphological traits including leaf 
length, leaf number and seedling height were measured during the 14-day period after salt stress. 
Chlorophyll content of leaves was measured using SPAD chlorophyll meter. According to the results, salt 
stress showed a significant effect (P<0.01) on leaves number, leaf length, seedling height and SPAD 
value. The leaves number of both cultivars showed a decreasing trend in all salinity treatments. Also, 
salinity treatments reduced leaf length and plant height, although there was no significant difference 
between treatments in Ghaem cultivar. SPAD values in both cultivars increased with increasing salinity 
to 40 mM NaCl and then decreased with more reduction in Ghaem cultivar. In conclusion, it seems that 
Sangejo cultivar was more tolerant to salt stress as compared to newly released cultivar of Ghaem.  
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INTRODUCTION 
 

 Salinity as a abiotic stress is one of the major challenges in agriculture which suppress plants genetic potential, 
limits food production and threaten global food security (Sanjari et al., 2008). Estimates showed that up to 20% of 
the world's irrigated land, which produces one third of the world's food influenced by salt stress (FAO, 2007). Rice, 
the main grain crop and carbohydrate source of many countries, is not in general salt tolerant (Alamgir and Ali, 
2006). However a wide range of variation in stress responses due to salinity between and within rice varieties has 
been reported (Yeo et al., 1988,1990). (Zeng and Shannon, 2000) found that seedling emergence and early 
seedling growth stages were most sensitive to salinity. 
 Excessive amounts of salts, especially sodium chloride (NaCl), in the soil induce osmotic and ionic effects, 
leading to changes in plant metabolism (Qadir et al., 2008).General symptoms of damage by salt stress are growth 
inhibition, accelerated development and senescence and death during prolonged exposure (Zho, 2007).  
 Because of the inherent sensitivity of rice plant to salt stress (Francois and Mass, 1994), there has been a 
great interest in developing and improving cultivars that are resistant to salinity. Meanwhile, it has been predicted 
that the demand for rice in the world will increase from 560 million tons to 780 million tons by the year 2020 
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(Shabbir et al., 2001). Since, in the recent years, salinity is the major problem in decreasing rice growth and yield 
performance in Iran, this research aimed to evaluate changes in some morphological traits of two contrast rice 
(Oryza sativa L.) cultivars in response to salinity stress.  
 

MATERIALS AND METHODS 
 

 This research was performed at the Genetics and Agricultural Biotechnology Institute of Tabarestan, Sari 
Agricultural Sciences and Natural Resources University in 2010. Experiment design was completely randomized 
design in a factorial arrangement with two genotypes (improved cultivar of Ghaem and traditional cultivar of 
Sangejo) and four salinity levels (0, 40, 80 and 120 mM NaCl) with three replicates. The seeds of two contrast 
cultivars were disinfected with 10% H2O2 for 20 min, washed thoroughly and then imbibed in distilled water for one 
day. After the imbibitions, approximately 50 seeds were planted into plastic trays covered with Yoshida solution 
(Yoshida et al., 1976). This solution was constantly aerated and renewed 2-3 times a week to minimize pH shift 
and nutrient depletion. At 16 days after planting or at the 13 stage according to (Zadoks, 1974) method, salt stress 
treatments were initiated. Seedlings were treated with Yoshida solution containing 40, 80 and 120 mM NaCl and 
maintained for 14 days in these conditions. Control seedlings were kept in Yoshida solution without NaCl. Some 
morphological traits including leaf length, leaf number and seedling height were measured during a 14-day period 
after salt stress. After treatment for 14 days, chlorophyll content of leaves was measured using a hand held 
chlorophyll meter (SPAD-502, Minolta, Japan). All statistical analysis was performed using the SPSS statistical 
program. When significant differences were found at 5% level least significant difference (LSD) test were 
performed.   
 

RESULTS AND DISCUSSION 
  

 

 

 

 

 

 

 

 

 

 

 

 

Variance analysis of mentioned morphological traits is shown in Table 1. Salt stress showed a significant effect 

(P<0.01) on leaves number, leaf length, seedling height and leaf chlorophyll content (SPAD value. Also, there was 

a significant difference (P<0.01) between salinity levels. No seedling survived in 120 mM NaCl treatment for 

Ghaem cultivar, therefore its results were recorded for six days. There was a significant effect on the studied 

morphological traits due to the interaction of salinity × cultivar (Table 1).  

 Results showed that the maximum leaf number (5.27) was obtained from control treatment in both Sangejo 

and Ghaem cultivars. By contrast, the minimum leaf number (nearly 1) obtained when Ghaem cultivar exposed to 

80 mM of NaCl. The maximum leaf number of both cultivars was recorded at control treatment and decreased as 

salinity increased (Figure 1). However, low levels of salinity have little effect on leaf number. (Similarly, Munns, 

2002) reported that the salinity reduced the leaf number per plant. At first, older leaves affected by salinity, then 

burn marks become visible on the leaves margins . (Oertli, 1968) also stated that inhibition of leaf growth and leaf 

death by salinity could be caused by excessive salt accumulation in the apoplast of leaves. Salt accumulation in the 

expanding leaves has been correlated with photosynthetic decline, metabolic damages and sequential death of 

leaves (Yeo and Flowers, 1986). So, leaf and physiological growth traits may be important criteria for selecting a 

tolerant cultivar (Alamgir and Ali, 2006).  

Table 1.  ANOVA for the effect of salinity stress on some morphological traits in two rice cultivars 

Mean squares (MS) df Source of Variation  

Leaf  chlorophyll Plant height Leaf number Leaf length   

618.394 
**
 438.697 

**
 

**
 23.392 

**
  243.011 3 Salinity (S) 

1076.154 
**
 1472.823 

**
 

**
 4.412 

**
  672.995 1 Cultivar (C) 

208.894 
**
 160.109 

**
 

**
 .413 

**
  72.946 3 S × C 

2.276 6.718 .028 3.189 16 Error 

4.98 9.62 7.14 9.23  C.V. % 

*, **Significant at P< 0.05 and P< 0.01 levels, respectively. NS: Non-significant 
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Figure 1. Leaf number in two rice cultivars (A) Ghaem cultivar and (B) Sangejo cultivar during 14 days of salt stress 

 

 According to the results, the maximum and minimum of leaf length (28.93 and 17.7 cm, respectively) were 

observed in Sangejo cultivar in control treatment and Ghaem cultivar in 80 mM NaCl treatment, respectively. Leaf 

length of Ghaem cultivar in all salinity treatments had no significant difference with those in Sangejo cultivar at 80 

mM of NaCl (Figure 2). This result is consistent with the results of previous studies such as (Witkwski and Lamont, 

1991) who reported leaves tend to be smaller and thicker in saline conditions because plants might reduce water 

loss by reducing their evaporation surface. Also, (Yeo et al., 1991) determined that leaf elongation in rice declined 

after exposure to salinity. Leaf growth reduction is most rapid response to salinity (Munns and Termat, 1986). 

Adverse effect of high levels of salinity on leaf area may be attributed to a combination of a decrease in cell number 

and cell size (De-Herralde et al., 1998). A case study on sugar beet crop showed that final leaf size depends on 

both cell division and cell elongation. Leaf initiation, which is governed by cell division, was shown to be unaffected 

by salt stress, but leaf extension was found to be a salt-sensitive process (Papp et al., 1983). (Hu and 

Schmidhalter, 2004) concluded that the reduction of leaf elongation by salinity may either be related to decreases 

in cell wall extensibility or increases in yield threshold, but (Cramer, 2003) reported that this parameter was not 

significantly affected by salinity. He also showed that the effects of salinity on leaf elongation rates of three grass 

species indicated that the inhibition of elongation was related either to the yield threshold or to hydraulic 

conductance or both. On the other hand, the inhibition of leaf growth and leaf death by salinity may be attributed to 

excessive salt accumulation in the apoplast of leaves (Oertli, 1968).  
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Figure 2.  Leaf length in two rice cultivars of salt stress (A) Ghaem cultivar and (B) Sangejo cultivar during 14 days 

 

 The results of interaction effects between salinity levels and cultivars on morphological traits showed that the 

seedling height varied from 40.88 cm (control treatment in Sangejo cultivar) to 24.70 cm (80 mM NaCl in Ghaem 

cultivar) (Figure 3). In the previous studies,( Meibodi and Ghareyazie, 2002) showed that salinity reduces plant 

height due to reduction in cell division and cell elongation. Since the decrease in osmotic potential is the first effect 

of adding NaCl to the nutrient solution, which disrupts the absorption of water by plants, so increases total soluble 
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carbohydrates and inorganic ions. Accumulation of mineral and organic salts production is costly for plant, so the 

plant should spend a lot of energy to produce and assemble them which lead to reduction of plant growth (Nemati 

et al., 2008). Similarly, decrease in osmotic potential under salt stress has been shown in previous studies on 

sorghum (Netondo et al., 2004) and wheat (El-Henawy et al., 2005). Generally, there is a negative correlation 

between the sodium concentration and shoot growth rate. However, there were different effective mechanisms on 

sodium accumulation among of plant shoots in different plant species (Tester and Dovenport, 2003). Moreover, the 

inhibition of cell elongation by salinity may not be related to the physical hardening of cell wall structures. On the 

other hand, cell elongation stimulated by increasing cell wall space acidification (Hu and Schmidhalter, 2004).  
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Figure 3. Plant height in two rice cultivars (A) Ghaem cultivar and (B) Sangejo cultivar during 14 days of salt stress 

  

 Leaf SPAD values in both cultivars increased with increasing salinity to 40 mM NaCl and then dramatically 

decreased with more reduction in Ghaem cultivar.  

 There are several indicators to measure the salinity damage, but for these indicators, is necessary to measure 

the yield which is costly and time consuming. Therefore, chlorophyll stability is recommended as an appropriate, 

easier and less costly indicator (Modhan et al., 2000). SPAD-502 chlorophyll meter records optical density 

measurements at two wavelengths, convert them into digital signals, and then into a SPAD value (Minolta, 1989). 

Such values have been positively correlated with destructive chlorophyll measurements in rice (Monje and Bugbee, 

1992). Also, some reports showed that the SPAD chlorophyll meter value increased with increasing salinity (Wang, 

et al., 2000; Wang et al., 2001). (Pope et al., 1983) reported that increasing of SPAD value mainly caused by 

changes in leaf thickness and chlorophyll accumulation in smaller area. Nevertheless, reduced chlorophyll content 

in high salinity levels may be related to chloroplast degradation (Drazkiewicz, 1994).  

 In conclusion, the results of this study indicate that plant height, leaf length, leaf number and SPAD value in 

Sangejo cultivar (tolerant cultivar) less affected by salinity as compared to Ghaem cultivar (susceptible cultivar). 

Further researches on the other mechanisms such as physiological and biochemical approaches are necessary to 

confirm these results. 
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