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ABSTRACT 

 
The present study was aimed to check the physiological and biochemical influence of NaCl stress on the calli of tissue 

culture responsive variety CP 77/400 in vitro. Four level of NaCl stress i.e. 50mM, 100mM, 150mM and 200mM was 

used in the experiment against the Control. The calli was exposed for 21 days (3 weeks) to different level of salinity 

and significant effects (P≤ 0.05) on the physiological and biochemical properties of the cells were observed. Relative 

growth rate was significantly affected and was 0.28 g week-1 at 200mM concentration as compared to other NaCl 

levels. Water content decreased as the level of salinity stress increased. At 200mM concentration water content was the 

lowest (66.000%) of all concentrations used. Electric Conductivity (EC) was higher at 200mM concentration (133.06 

dSm-1). Calli cells respond to NaCl stress by increasing the accumulation of proline and sugar content and both were 

statistically significant (P≤ 0.05). Proline accumulation was maximum at 200mM (36.748 µM g-1 FW) concentration 

in comparison to control. Similarly sugar accumulation increased significantly at 200mM NaCl Concentration (1.69481 

µM g-1 FW).  
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INTRODUCTION 

 

 Sugarcane (Saccharum officinarum L.), a well-known and highly reputable member of the family Poaceae is 

grown worldwide to meet the sugar demand.  Seventy percent of the world’s sugar is harvested from the sugarcane 

crop (Lakshmanan et al., 2005) while the remaining 30% is achieved from other sources- sugar beet etc. Sugarcane 

stores about 0.7 mole sugar in its internodes. In addition to sugar, sugarcane is also used for ethanol production. 

Sugarcane mud is used as a natural fertilizer (Lingle and Weigan, 2000). Currently cultivated sugarcane (Saccharum 

officinarum L.) is developed by interspecific cross of 5 different kinds of sugarcane species (Khan et al., 2013).  

Saccharum  officinarum L. has a chromosome number 10. 

 The increasing level of salinity is amongst the severe threats to sugarcane crop. Significant losses to sugarcane 

crop as a result of salt stresses have been reported. Sugarcane yield is reduced to more than 50% as result of salinity 

stress (Wiedenfeld, 2008). Reactive Oxygen Species (ROS) is the metabolic agitation due to osmotic effects of salt 

or ionic toxicity of salt stress or dehydration stress (Neill et al., 2002; ImLay, 2003). Pakistan is ranked fourth with 

respect to cultivating area of sugarcane however still its cane production is smaller as compared to other sugarcane 

producing countries (Mian and Saeeda, 2003). In Pakistan low cane yield is also associated with the increasing level 

of salinity in the cultivated land (Akhtar et al., 2003). 

 Plant adopts certain strategies to compete with stresses. In order to develop effective strategies against salinity 

stresses a comprehensive study about sugarcane physiology and biochemistry is necessary. Sugarcane genetic 

transformation with gene conferring salt tolerance is amongst the strategies however successful transgenic 

approaches depends on the effective and productive tissue culture protocols for the crop. Using tissue culture in vitro 

mutants for a crop can be developed and also the already available varieties can be screened for salt tolerance.   

 In vitro techniques offers control environment for studying Physiological and biochemical effects of salt 

stresses both at cellular (Ahmad et al, 2007) and plant level (Lokhande et al., 2011; Kumar et al., 1994; Wahid et 

al., 1997). The present study is aimed to screen the tissue culture responsive CP 77/400 variety for NaCl stress.  

 

MATERIAL AND METHODS 

 

 The research was conducted at Genomics and Bioinformatics Lab (GBL), Institute of Biotechnology and 

Genetic Engineering (IBGE), The University of Agriculture, Peshawar. 
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Sugarcane Genotypes 

CP-77/400 was collected from the Sugarcane Crop Research Institute (SCRI), Mardan, Pakistan were used in 

the experiment. The present research was facilitated by Institute of Biotechnology and Genetic Engineering, The 

University of Agriculture Peshawar. 

 

Callus Induction Media Preparation 

 MS basal salt media (Murashige and Skoog, 1962) having 5mg L
-1 

2,4.D and 5% Coconut water (Ullah et al., 

2016), solidified with 6-7% agar (pH 5.8) was used for callus induction. Media was sterilized through autoclave and 

poured in petri plates.  

 

Sterilization of Explant 

Healthy young meristems were collected from sugarcane variety (CP 77400) and were thoroughly washed with 

tape water.  The explant were than rinsed  thoroughly with 70 % ethanol for 5 minutes followed by washing with 

distilled water for 3 to 5 times in a laminar flow hood. Finally, the explants were dried on sterilized filter papers 

before the inoculation on to sterilized MS media supplemented with 10% CW+5mgL
-1

 2,4-D as previously reported 

by (Ullah et al., 2016). 

 

Environmental Conditions  
The callus cultures were kept in dark for one week and were then exposed to light. The temperature of the 

growth room was maintained at 28 ± 2
o
C with 70-80% relative humidity in the culture room. 

 

In vitro Salt Stress 

The induced calli after four sub cultures were cultured on salt stress callus induction media having different 

concentration of NaCl (50mM, 100mM, 150mM and 200mM). The treated calli were exposed to salt stress against 

the control media for a week and the growth was observed regularly. 

 

Parameters 

Relative Growth Rate (RGR) 

RGR was estimated after 21 days of the culture according to the method of Amin et al., (2013), Shah et al. 

(1990) and Patade et al. (2012). Petri plates with MS media were weighed before and after inoculation of the callus 

to estimate the initial weight of the callus. The callus was then incubated at 28±2 
o
C for 3 weeks. The relative 

growth rate was calculated by the formula; 

RGR week
-1

 = (fresh weight (FW)-initial FW)/3 

 

Water Content 

Fresh callus of weight 500 mg was taken and placed in oven for 50 hours at 75
 o

C. Dried callus was again 

weighed. Water content (WC) was determined according to (Patade et al., 2012) formula; 

WC% = [(FW – DW)/ FW] × 100 

 

Electric Conductivity 

Electrolytic conductivity of diluted sap was measured to check the increase in ionic concentration of the cells. 

Homogenized tissues (200 mg) were centrifuged at 10,000 rpm for 12 min. The supernatant (cell sap) was collected 

and the volume was adjusted to 10 mL by adding deionized water. Electrical conductivity was then measured in 

(dSm
-1

) by Electric Conductivity Meter (ECM). 

 

Proline and Sugar Analysis 

 Callus was weighted 500 mg and crushed using mortar and pastel. Sample was added to test tubes along with 

5mL Methanol: Chloroform: H2O in ratio of 12:5:1. The Sample was centrifuged for 5 minutes at 5000 rpm.  

Supernatant was transferred to other test tube. Then with pressure 2mL chloroform and 3 mL Distilled water 

(D.H2O) was poured and shaken well.  

 

Proline Estimation 
Accumulated proline was calculated according to the procedure of (Bates et al., 1973). In laminar air flow hood 

0.5 mL sample was taken and mixed 0.5 mL of methanol: D.H2O along with the addition of 1mL acetic acid. 

Sample was heated for 45 min at 100
0
C after addition of 1mL ninhydrin solution. After cooling 5 mL toluene was 
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added. Upper layer of sample was evaluated at 520 nm with UV-visible spectrophotometer and absorbance was 

measured under a blank (toluene). 

 

Estimation of Total Soluble Sugars 

 Total sugars were determined by the method of DuBois et al. (1956). 1mL dH2O with 1mL sample was taken in 

a test tube, after which 5mL sulphuric acid and 1mL phenol was mixed with sample. All the test tubes were then 

placed in the fume hood. Test tubes were cooled at room temperature and placed on the shaker for 12 minutes. Total 

soluble sugar content was calculated at 490nm against D-glucose (blank) using Spectrometer. 

 

Statistical analysis 

Collected data was subjected to the analysis of variation and least significance difference by using statistix 8.1. 

 

RESULTS 

 

Callus induction  

Already optimized callus induction medium 5mgL
-1

 2.4,D+10% coconut water by was used for CP 77/400 

variety. Previously CP 77/400 have been analyzed for its tissue culture capacities and has been recommended for 

sugar transgenic programs. Similar efficient callogenesis was observed (80%) as reported previously (as shown 

Figure). Based on its capabilities, CP 77/400 was selected for in vitro screening of salinity stress. 

 

 
Fig. 1. Callus induction in CP 77/400 on MS medium Supplemented with 5mg/L 2.4,D+10% coconut water. 

 

Salt stress analysis 

Effects on relative growth rate (RGR) 
Reduction in growth was observed when calli were subjected to increasing level of salt stress (Table 1). 

ANOVA suggested significant differences (P≤ 0.05) in RGR at different concentration of NaCl. Maximum RGR i.e 

1.19 g week
-1

 was observed at control followed by 0.94 g week
-1 

at 50mM concentration. Lowest was observed at 

200mM i.e 0.28 g weeks
-1

 concentration of NaCl.  

 

Table 1. Relative Growth Rate (RGR) and Water content of CP 77/400 calli after 20 days of NaCl stress. Values are 

means ± S.D. 

Salt Treatments RGR (g week
-1

) Water Content (%) 

Control 1.19
a
 ± 0.08 90.55

a
 ± 1.81 

50mM 0.94
b
 ± 0.04 88.66

a
 ± 0.34 

100mM 0.74
c 
± 0.09 85.33

b
 ± 1.73 

150mM 0.48
d 
± 0.05 74.88

c 
± 1.28 

200mM 0.28
e
 ± 0.09 66.00

d
 ± 1.00 

Mean values in the column having different letters are significantly (P≤ 0.05) different from each other using LSD; The ± 

represents standard deviation. 

 

Effects on water content 

 Water content of calli was affected significantly (P≤  0.05) upon exposure to different level of salt stresses 

(Table 2). However at Control and 50mM salt concentration no statistically significant (P≥ 0.05) decrease in water 
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content has been observed. Maximum water content was observed at Control i.e 90.55% followed by 88.66% at 

50mM concentrations. While at 200mM, lower water content has been observed i.e 66.00%. Overall salt stress 

affected the water content of the calli depending upon the concentration of the salt. 

 

Electric Conductivity (EC) 

 ANOVA suggested significant differences (P≤ 0.05) in electric conductivity of cell cap at different 

concentrations of NaCl (Table 8).  Low EC (60.344 dSm
-1

) has been observed at control followed by 77.789 dSm
-1

 

at 50mM. . Maximum EC has been observed when NaCl concentration of 200mM was used in callus induction 

media. 

 

Table 2. Electric conductivity (EC) of CP 77/400 calli after 20 days of NaCl stress. Values are means ± S.D. 

Treatments Electric Conductivity (dSm-1) 

 Control             60.34
e
  ± 1.19 

 50mM             77.78
d
 ± 1.17 

100mM             95.23
c
 ± 1.83 

150mM            108.01
b
 ± 1.32 

200mM            133.06
a
 ± 1.55 

Mean values in the column having different letters are significantly (P≤ 0.05) different from each other using LSD; The ± 

represents standard deviation. 

 

Accumulation of Free Proline 

Plants accumulate proline in order to compete with the salt stresses which results adverse effects on its growth 

condition and viability of the cells. At control, 50mM and 100mM the differences in proline accumulation was 

statistically no significant (P≥ 0.05) showing 14.51, 16.34 and 17.40 µM g
-1

 FW accumulation frequencies 

respectively. However proline accumulation at 150mM (21.40 µM g
-1

 FW) and 200mM (36.74 µM g
-1

 FW) showed 

significant differences (P≤ 0.05) from each other as well as with Control, 50mM and 100mM NaCl concentration 

used. Lower proline accumulation was observed at control i.e 21.40 µM g
-1 

FW followed by 50mM concentration 

(16.34 µM g
-1

 FW) while maximum accumulation of 36.74 was observed at 200mM concentration (Table 3).  

 

Accumulation of Total Soluble Sugar 
An Increase in sugar accumulation has also been observed however the degree of increase was small as 

compared to proline content where the increase was intensive (Table 4). Sugar accumulation at 50mM and 100mM 

was statistically non-significant (P≥ 0.05) from each other. Sugar accumulation at 150mM concentration showed 

non-significant (P≥ 0.05) differences with 50mM and 200mM NaCl concentration (Table 4). Lower sugar 

accumulation was observed at control i.e 1.14 µM g
-1

 FW followed by 1.39 µM g
-1

 FW at 50mM  Nacl 

Concentration while maximum sugar accumulation (1.69 µM g
-1

 FW) was observed at 200mM NaCl concentration 

(Table 4) suggesting that an increase on NaCl concentration results in higher sugar accumulation.  

 

Table 3. Total soluble sugar and free proline content of 20 days salt stressed CP 77/400 calli. Values are means ± 

S.D. 

Treatments Sugar contents (µM g
-1

 FW) Proline Content (µM g
-1

 FW) 

Control 1.14
d
  ± 0.20 14.51

c
   ± 0.01 

50Mm 1.39
c
  ± 0.13 16.34

bc
 ±  1.30 

100mM 1.51
bc

 ± 0.11 17.40
bc

 ± 1.35 

150Mm 1.60
ab

 ± 0.09 21.40
b
  ± 1.45 

200Mm 1.69
a
   ± 0.02 36.74

a
  ± 2.35 

Mean values in the column having different letters are significantly (P≤ 0.05) different from each other using LSD; The ± 

represents standard deviation. 

 

DISCUSSION 

 

Tissue culture science from the last few decades has emerged as an indispensible technology to meet the 

increasing demands of disease free germplasm through micropropogation (Vasil et al., 1982). In addition it is 

practiced to develop in vtiro mutants for various biotic and abiotic factors. Tissue culture technologies are exploited 

for the in vitro screening of salt tolerant crops a quick and efficient technology in comparison with formal practices 

for the development and conservation of germplasm of best varieties of sugarcane. The present study was aimed to 
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screen the tissue culture responsive variety CP 77/400 physiologically and biochemically for its tolerance to salt 

stresses by subjecting it to various level of salt stresses. 

Enormous physiological and biochemical impact in response to increasing level of NaCl was observed after 21 

days of exposure to stress.  Salt stress enhanced the electric conductivity of cell sap due to increase level of ion 

concentrations which results an adverse effect on the growth and osmotic pressure. Increase in ionic content due to 

salt stress was also reported (Amin et al., 2013). The presents study reveals hyper ionic content in response to 

increasing level of NaCl and low relative growth rate (RGR). Similar results were reported previously (Tester and 

Davenport 2003) which confirmed both ionic and osmotic stresses due higher concentration of Na
+ 

and Cl
-
 ions. 

Metabolic imbalances and ionic toxicity causing destruction of cellular growth in late phase due to salt stresses has 

also been reported by (Munns and Tester, 2008). This refers metabolic imbalances and ionic stresses being salt stress 

induced. Sugarcane being a hard crop competes with the salinity stresses but beyond certain limits it loses its 

competences against salt stresses and its growth is affected adversely. These results about growth retardation and 

sensitivity of undifferentiated, actively growing tissue in response to increasing level salinity stresses are in parallel 

to the results revealed by Errabii et al. (2007).  Cell utilizes much of its energy to counter salt stress which results in 

a depletion of energy for the normal growth of the cells (Cushman et al., 1990). Similar growth retardation in 

sugarcane was also observed (Nasir et al., 2000) in response to NaCl stress which confirms the results of the present 

study. The present study also reveals the gradual decline in water content due to increasing level of NaCl stress 

which supports the results (Ahmad et al., 2007) suggesting water loss as an outcome of salt stress. In comparison to 

growth the decrease in water retention was not high which suggest that plant cells have active osmotic adjustment 

mechanism for overcoming water loss due to salt stresses. Patade et al. (2012) also reported the efficiency of cells in 

maintaining the water content. Exposure to NaCl stress results in higher accumulation of Na
+ 

and Cl
-
 which results 

in hyper electric conductivity. Electric conductivity was elevated upon increasing the NaCl concentration in the 

growth media. An increase in electric conductivity due to accumulation of high Na
+
 and Cl

-
 ions was also reported 

by Karpe et al. (2012).     

Accumulation of free proline is amongst the common strategies of the cells to compete with the salt stresses. 

Building up free proline in response to salt stresses provides protection to cytoplasm against dehydration Proteins 

degradation inside cells occurs in salt stresses which results in the accumulation of free proline (saied et al., 2009). 

The present study confirms the accumulation of free proline in the cells in response to NaCl stress. Shah et al. 

(1990) and Patnaik and Debata (1997) also reported the accumulation of free proline due to salt stresses. Protecting 

cytoplasmic dehydration by accumulating free proline was also reported by Hasegawa et al. (1986) which confirmed 

our results of free proline accumulation in response to stress. Cells compromise its growth and utilize its resources 

on accumulation of free proline which results retardation in growth. Associating growth retardation with free proline 

accumulation due to salt stress is also reported by Shah et al. (1990) and Cano et al. (1996). 

Sugar is associated with numerous biochemical processes such as respiration, photosynthesis and translocation. 

Under salt stress condition, plant reduces its osmotic potential in order to enhance water uptake by accumulating 

mineral ions and synthesizes sociable solutes as water deficiency or drought stress effect. The present study 

confirmed the increase of sugar content in response to NaCl stress. Similar results were previously reported by 

Munns and Weir, (1981). However the reports of Morgan, (1922) contradicted the increase of sugar accumulation as 

a result of NaCl stress. Kerepsi and Galiba (2000) confirmed the present result and contradicted (Morgon, 1992) for 

sugar accumulation being not affected as result of salt stress.   

 

Conclusion 

Based on in vitro screening of CP 77/400 for salt stress analysis it is clear that salinity influences both 

physiological and biochemical processes of the cell. Cells upon exposure to salinity stress consume its energy on 

competing against the stress and compromise its growth.  As a result retardation in growth occurs. Cells also direct 

the accumulation of sugar and free proline for its survival and to avoid destruction caused by salinity stress. 
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