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ABSTRACT  
 

Salt stress is one of the environmental stresses which affect negatively the agricultural production of 
the world. In this study, the effects of salt stress on free proline, soluble sugars and soluble proteins 
accumulation were investigated in two sugarcane (Saccharum sp.) cultivars: CP66-346 (salt-tolerant) and 
CP65-357 (salt-sensitive). Young plants of these cultivars were exposed, in a hydroponic system, to four 
concentrations of NaCl (0, 17, 34 and 68 mM). These concentrations correspond to an electric conductivity of 
1; 2.83; 4.26 and 6.63 mS/cm, respectively. Free proline, soluble sugars and proteins accumulation were 
quantified after 2 weeks of stress. Proline and soluble sugars concentrations increased significantly in leaves 
and roots under salinity. Furthermore, NaCl caused an increase in soluble proteins concentration in leaves and 
roots of the tolerant cultivar CP66-346 and a decrease in leaves and roots of the sensitive CP65-357. Salt-
tolerant CP66-346 plants accumulated more soluble sugars in leaves than CP65-357, while both cultivars 
accumulated similar quantities of proline in leaves. These results provided evidence that soluble sugars could 
contribute mainly to counteract the negative water potential of the outside medium and that protein synthesis 
stimulation was implicated in sugarcane salt tolerance. Proline appeared as a symptom in salt-stressed 
sugarcane plants rather than as an indicator of tolerance 
© 2011 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Salinity is a major environmental factor 
limiting the crop productivity in the arid and 
semi-arid areas of the world (Dasgan et al., 
2002). This complex abiotic stress, which 
affects osmotic and ionic components, poses a 

threat to agriculture (Munns et al., 2006). It 
induces a wide range of metabolic 
perturbations in higher plants; but it is not 
always possible to distinguish the 
perturbations associated with the osmotic 
component from those due to ion toxicity. 
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These metabolic perturbations result in growth 
reduction and alteration of nutritional balance. 
However, in order to survive in the presence 
of salt, plants have developed several 
adaptative mechanisms that are not yet well 
established (Lutts et al., 1996) and there is a 
substantial variation in salt-tolerance among 
different species (Munns et al., 2002) and 
among cultivars of the same species (Al-
Karaki, 2000; Ghoulam et al., 2002). Proline 
accumulation is frequently reported in plant 
confronted with salt stress (Shafi et al., 2011); 
however, its physiological significance is still 
not well-understood. Most usually, it was 
considered to act as a compatible osmoticum 
and therefore to be involved in salt resistance 
mechanisms (Ehsanpour and Fatahian, 2003; 
Sakhanokho and Kelley, 2009). However, 
proline could be just a sign of stress as 
reported by Gandonou et al. (2005) and 
Prajuabmon et al. (2009). Salt stress usually 
results to soluble sugars increase (Watanabe et 
al., 2000). These solutes seemed also to be 
involved in osmotic adjustment. Tolerant 
varieties always accumulate more soluble 
sugars in leaves and growing tissue than 
sensitive ones (Watanabe et al., 2000). 
Soluble proteins concentration is reduced 
under salt stress and this reduction is related 
to the inhibition of their synthesis or the 
stimulation of their hydrolysis (Irigoyen et al., 
1992). Contrary to other glycophytes such as 
rice, corn and wheat, little is known about the 
physiological mechanisms involved in 
sugarcane salt tolerance. Sugarcane plant is 
considered as moderately sensitive to salinity 
(Maas and Hoffmann, 1990); some studies 
analyzed salt effects on plant growth and 
metabolism (Rozeff, 1995; Lingle et al., 
2000), without, however, highlighting the 
physiological mechanisms implied in salt 
tolerance.  

In the present study, we compared NaCl 
effects on proline, soluble sugars and soluble 
proteins accumulation in leaves and roots of 

plants of two sugarcane cultivars which differ 
in their response to salt stress. Our aim in this 
study was to analyse the implication of 
organic solutes accumulation in sugarcane 
plant salt tolerance. 
 
MATERIALS AND METHODS 
Plant material and culture conditions 

Sugarcane (Saccharum sp.) cultivars are 
obtained from the “Centre Technique des 
Cultures Sucrières” (CTCS), Morocco. CP65-
357 and CP66-346 are American cultivars 
(Canal Point) largely cultivated in Morocco. 
According to our previous report, CP66-346 is 
more salt tolerant than CP65-357 at whole 
plant level (Gandonou et al., 2011b). Stalk 
segments were cut in single bud sets 
(approximately 5 cm), surface disinfected 
with ethanol 70%, placed between humidified 
journal papers and transferred in drying oven 
at 30 °C for germination. After 6 to 8 days, 
plants were transferred to pots containing tap 
water for 8 days in culture room characterized 
by a temperature of 28 ±2 °C, a photoperiod 
of 14 h/10 h, light intensity between 1100 and 
1200 lux with artificial lamps, brand Philips, 
TL 40 w/54-765 and a relative humidity of 
50%. Then, tap water was replaced by 
modified Hoagland solution (Hoagland and 
Arnon, 1950) in which macro-elements 
concentrations have been reduced to half and 
added with Fe-EDTA of Murashige and 
Skoog (1962). The medium was prepared with 
distilled water and pH was adjusted to 6.5 
with concentrated NaOH. Plants were 
cultivated in this medium for 7 days. 
 
Salt treatment 

After these 7 days in culture, stress was 
applied to the plants, three NaCl 
concentrations were used: 17; 34 and 68 mM 
corresponding respectively to an electric 
conductivity of 2.83; 4.26 and 6.63 mS/cm. 
The control corresponds to an electric 
conductivity of approximately 1 mS/cm. 
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Electric conductivities were adjusted every 
two days with a conductivity meter  (Model 
4150 Brand Jenway, UK) when water was 
reduced by evapo-transpiration. Each pot 
contains 10 plants and 2 - 3 pots per NaCl 
concentration were used. Stress was 
maintained for 2 weeks. 
Extraction and soluble solutes 
determination 

Soluble proline extraction and 
determination were done as reported in our 
previous paper (Gandonou et al., 2005). 100 
mg of leaves (youngest fully expanded leaf) 
and roots were used. Proline was quantified 
spectrophotometrically (515 nm) and 
expressed on fresh matter basis. L-proline was 
used as standard. 

For soluble sugars determination, 
methods published by Watanabe et al. (2000) 
and used in our previous report (Gandonou et 
al., 2006) were used. The youngest fully 
expanded leaf and roots were used. Soluble 
sugars were quantified spectrophotometrically 
(620 nm) and expressed on fresh matter basis. 

As far as soluble proteins determination 
was concerned, the method reported in our 
previous paper (Gandonou et al., 2011a) was 
used. The youngest fully expanded leaf and 
roots were used. Soluble proteins were 
quantified spectrophotometrically (595 nm) 
and expressed on fresh matter basis. 
 
Statistical analysis 

All the experiments were repeated twice 
independently with similar results. Data are 
expressed as mean ± standard error with a 
reading of three or four samples per treatment. 
The analysis of the main effects of stress 
intensity and/or cultivars was based on a 1-
way or 2 ways analysis of variance 
(ANOVA). All statistical analyses were 
performed by SAS 92 program (SAS Institute, 
1992). 

 

RESULTS 
Free proline accumulation 

In the presence of NaCl, free proline 
concentration increased significantly in roots 
(p<0.01, Table 2) and in leaves (p<0.05) in 
both sugarcane cultivars (Figures 1a, b). 
Statistical analysis revealed a significant 
difference between cultivars only for roots 
proline content (Table 1). These results 
indicate that both cultivars accumulated the 
same amount of proline in leaves and that the 
salt-sensitive CP65-367 accumulated more 
proline in roots than the salt-tolerant CP66-
346. 
 
Soluble sugars accumulation 

NaCl caused a dose dependent 
increase in soluble sugars content in leaves of 
the salt-tolerant CP66-346 and in roots of salt-
sensitive CP65-357 (Figures. 2a, b).  
Statistical analysis revealed a significant 
effect of NaCl concentration only in roots 
(p<0.01, Table 1). However, this analysis 
revealed a significant difference between 
varieties for leaves (p<0.001, Table 1) and 
roots (p<0.05, Table 1) soluble sugars content. 
It appears that salt-tolerant cultivar 
accumulated more soluble sugars in leaves 
than the salt-sensitive one, especially at the 
higher NaCl concentrations. An opposite 
tendency was observed for roots.   
 
Soluble proteins accumulation 

Soluble proteins concentration 
decreased significantly in leaves (p<0.05, 
Table 2) and none significantly in roots of the 
salt-sensitive CP65-357 while a non 
significant increased was observed in leaves 
and roots of the salt tolerant CP66-346 in the 
presence of NaCl (Figures. 3a, b) as shown by 
a one-way ANOVA (Table 2). 
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b) Roots 

 

 
Figure 1: Proline concentration [in µmol g-1 (f. m.)] in leaves (a) and in roots (b) of two sugarcane cultivars (CP65-357, salt-sensitive and CP66-346, salt-tolerant) as 
affected by different concentrations of NaCl after 2 weeks (n=3; vertical bars are S.E.). 
f. m. = Fresh matter. 
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b) Roots 
 

 
 

Figure 2: Soluble sugars concentration [in µmol g-1 (f. m.)] in leaves (a) and in roots (b) of two sugarcane cultivars (CP65-357, salt-sensitive and CP66-346,  
salt-tolerant) as affected by different concentrations of NaCl after 2 weeks (n=3; vertical bars are S.E.). 
f. m. = Fresh matter. 
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b) Roots 

 

 
 

Figure 3: Soluble proteins concentration [in mg g-1 (f. m.)] in leaves (a) and in roots (b) of two sugarcane cultivars (CP65-357, salt-sensitive and CP66-346,  
salt-tolerant) as affected by different concentrations of NaCl after 2 weeks (n=3; vertical bars are S.E.). 
f. m. = Fresh matter. 
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Table 1: Results of 2-ways analysis of variance of proline and soluble sugars accumulation in 
leaves and roots of sugarcane plants. 

 

 
F- ratios are given for the main effects of the following levels of classification: stress intensity (i.e. NaCl concentration of 
stressing media) and cultivars and interaction between these levels of classification  

ns: not significant; *: significant at p=0.05; **: significant at p=0.01; ***: significant at p=0.001 

 
 

Table 2: Results of 1-way analysis of variance for soluble proteins content of plants of two 
sugarcane varieties (CP65-357, salt-sensitive and CP66-346, salt-tolerant). 
 

           CP65-357                              
Leaves                Roots 

            CP66-346 
  Leaves                Roots  

Number of observations  (n) 12 12 12 12 
Degree of freedom  (df) 3 3 3 3 
F value 4.42* 1.36 ns 2.15 ns 3.94 ns 
Probability (p) 0.0412 0.3239 0.1725 0.0537 
Least Significant Difference (LSD) 0.2446 0.4248 0.4655 0.3367 
F- ratios are given for the main effect of stress intensity (i.e. NaCl concentration of stressing media).  
ns: not-significant; *: significant at p = 0.05). 

 
  

DISCUSSION 
Proline accumulation was frequently 

reported in salt-stressed plants (Misra and 
Saxena, 2009; Shafi et al., 2011). It was often 
considered as a compatible osmoregulator that 
can be involved in salt resistance mechanisms 
(Alvarez et al., 2003; Ehsanpour and Fatahian, 
2003; Sakhanokho and Kelley, 2009). 
However, our results in sugarcane stressed 
plants showed that proline accumulation was 
similar in leaves of both cultivars while the 
salt-sensitive cultivar CP65-357 accumulated 
more proline in roots than the salt-tolerant 
cultivar CP66-346. We therefore, suggested 
that proline overproduction is a response to 

the osmotic stress due to the presence of salt 
in the plant culture medium. Our results tend 
to demonstrate that proline is not an indicator 
of salt tolerance in sugarcane plants and that 
the salt tolerance of cultivar CP66-346 was 
not related to proline accumulation. These 
results corroborated data reported in durum 
wheat (Almansouri et al., 1999), Acacia 
species (Yokota, 2003), and other sugarcane 
varieties (Wahid, 2004). However, other 
studies have reported that proline plays an 
important role in salt tolerance because 
tolerant genotypes accumulated more proline 
in leaves than salt sensitive genotypes. It is the 
case of Populus species (Watanabe et al., 

Parameters      Stress      Cultivar Interaction 
(stress X cultivar) 

    5.27*         0.00 ns 0.45 ns             Leaves 
Proline            

            Roots 
   
  8.56**  

 
   51.10***  

 
0.58 ns 

 1.78 ns  25.79***  1.88 ns       Leaves 
Solule sugars 

       Roots  
 7.41**  

 
      8.45* 

 
5.98**  
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2000) and green gram (Misra and Gupta, 
2005). 

NaCl induced an increase in soluble 
sugars content both in leaves and in roots of 
both cultivars. Tolerant cultivar CP66-346 
accumulated more soluble sugars than the 
sensitive CP65-357; this tendency is reversed 
in the roots. Salt stress effects result mainly in 
an increase of soluble sugars content in both 
leaves and the roots in many plants and the 
most tolerant cultivars accumulate more 
soluble sugars. Thus, Watanabe et al. (2000) 
reported that in the genus Populus, most salt-
resistant species accumulate more soluble 
sugars in leaves than sensitive ones in the 
presence of salt stress. Similar results were 
found in sunflower (Ashraf and Tufail, 1995). 
On the other hand, in Carthamus tinctorius, 
Ashraf and Fatima (1995) reported that two 
salt resistant accessions showed different 
responses: one of them accumulates more 
soluble sugars than the sensitive accessions, 
whereas the other accession accumulates 
similar amount of sugars than the sensitive 
accessions though it is more tolerant. Soluble 
sugars are known for their role in the osmo-
regulation in plants exposed to osmotic stress. 
According to Cram (1976), among the organic 
osmotica, sugars contribute with more than 
50% to the total osmotic potential in 
glycophytes subjected to salt stress. The fact 
that, in our study, the most tolerant variety 
accumulates more soluble sugars in leaves 
indicate that soluble sugars play a key role in 
sugarcane salt tolerance. These results are in 
agreement with those reported by Wahid 
(2004) in sugarcane using other varieties. 

Our results indicate that the content of 
soluble proteins increases in leaves and roots 
of tolerant cultivar CP66-346 whereas it 
decreases in the sensitive CP65-357; 
suggesting that these components could play a 
role in sugarcane plants salt tolerance. In 
general, salt stress results in a reduction of 
soluble proteins contents which are often due 
to an inhibition of their synthesis and/or the 
increase of their hydrolysis (Irigoyen et al., 
1992). Thus Perez-Alfocea et al. (1994) 

reported that salinity caused a reduction in 
soluble proteins of tomato species 
independently from their level of salinity 
tolerance. In our previous study related to salt 
stress effects on sugarcane calli (Gandonou et 
al., 2011a), we have reported that soluble 
proteins content increased significantly in the 
salt-sensitive cultivar (CP65-357) while it 
decreased in the salt-tolerant one (NCo310). 
Probably, the increase observed in the tolerant 
cultivar CP66-346 was due either to a 
stimulation of the synthesis of existing 
proteins, or to the synthesis of novel proteins.  

The present study revealed that proline 
appeared as a symptom of salt stress in 
sugarcane plants and was not an indicator of 
sugarcane plant salt tolerance. For the first 
time in sugarcane, we have demonstrated that 
soluble proteins synthesis could be stimulated 
by salt stress and that these proteins could 
play a role in salt tolerance. Complementary 
investigations are required to assess the 
molecular basis of salt tolerance mechanisms. 
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