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Abstract 

 

The effect of salinity (NaCl) was assessed on banana (Musa spp.) cv., Sindhri Banana (Basrai) propagating plantlets in aseptic condition. 

Four different NaCl levels [0 (control) 50, 100 and 150 mM] were maintained at shoot multiplication stage for 6-weeks. Salinity reduced the 

number of plantlets per explants and plant biomass significantly. A proportional relationship was observed for Na+ and Cl- but K+, Ca2+ and NO3
- 

were observed to be inversely proportioned with NaCl stress. Similarly, total proteins as well as carbohydrate contents were decreased 

significantly. Increasing mode of secondary metabolites (proline, betaine contents and reducing sugars) were showing a negative relationship of 

saline stress with plant micro-propagation efficiency. Among photosynthetic pigments, total carotenoids were increased while chlorophyll 

contents (Chl a & b) decreased. Similarly, nitrate reductase activity also reduced. Overall, vegetative propagation of banana was affected 

significantly by NaCl stress under in-vitro conditions. 

 

Introduction 

 

Banana is one of the most important table fruit as well as 

staple food crop all over the world. Its yield has been losing 

because of a number of environmental stresses. Salinity is one 

of the major growth limiting abiotic factors, decreasing 

propagation rate of plant under natural as well as artificial 

conditions. Meanwhile, plant propagation rate has been 

considered quite higher under in-vitro than ex-vitro conditions 

(Kozai, 1991; Jeong et al., 1995; Chen et al., 2006).  

Today, agricultural land area is losing its fertility 

because of soil salinity increasing with the passage of time in 

arid to semi-arid regions of the world. It is resulting either by 

natural processes or crop irrigation with saline water (Luchli 

& Epstein, 1990). Normal plant growth is assumed, when 

cultured under normal and balance nutritional conditions. 

While, if any of the nutritional components (may be 

inorganic or organic) is not properly supplied (deficient or 

exceeded) than it leads to abnormal expression in them 

(Hake & Grimes, 2009).  

Most of the salinity problems are caused by excess NaCl. 

It imposes diffrent three types of problems, like as to exceed 

external osmotic pressure than internal. Disruptions of 

balanced nutritional ions in cells could develop toxic effects 

on membranes and enzymes directly. Moreover, plant growth 

depends on proper metabolic processes. Metabolic dysfunction 

is caused by ion toxicity, osmotic stress and nutritional 

deficiency (Greenway & Munns, 1980; Zhu, 2001; Hussain, 

2008). Under stressed conditions, plants have to synthesis and 

accumulate various compatible solutes such as free amino 

acids (proline, betaine etc), sugars and polyols. These are 

playing a pivotal role to compensate developed osmotic stress 

due to salinity in different organisms including plants 

(Hasegawa et al., 2000; Ashraf & Foolad, 2007).  

The fluctuations in metabolites are observable in growing 

plantlets through micro-propagation (Alvard et al., 1993). 

Among physical conditions, salinity is a critical factor, 

limiting plant propagation efficiency in ex-vitro as well as In-

vitro. So plant tissue culture system has been acting as a useful 

tool to assess effectiveness of various salts on plant growth 

related characters. However, salt tolerance mechanisms 

involved at the whole plant level growing under natural 

conditions could be quite different from In-vitro cultures but 

goal is possible (Adams et al., 1992; Lacerda et al., 2001; 

Grennan, 2006; Lopez et al., 2006; Wang, 2006). 

The aim of the present study was to assess, aseptic NaCl 

stress responses of banana (Musa spp) cv. Sindhri Banana 

(Basrai). During study differential growth was observed 

among cultures. These findings may be useful for marking 

various vegetative parameters as well as bio-chemical contents 

showing differential characters in stressed banana plantlets. It 

could be of great value for developing salt resistance in banana 

crop through modern studies for future. 

 

Materials and Methods 

 

Meristematic micro-stem cuttings (explants) of young 

banana (Musa spp.) cv., Sindhri Banana (Basrai) were 

excised from banana suckers. They were stirred in 70 % 

ethanol for 1 min and then 30 % commercial Robin Bleach® 

[5.25 % Sodium hypo-chlorite (NaOCl)] for 30 min. After 

washing with sterile distilled water, explants were cultured 

on MS1 [MS0 (Murashige & Skoog, 1962) basal medium, B5 

vitamins (Gamborg et al., 1968), 3 % sucrose, 10 µM IAA, 

15 µM BA, 3.60 g L-1 phytagel] nutrient medium for 

organogenesis, shoot induction [MS2a (MS0, 15 µM BA, 1.0 

g L-1 phytagel)], shoot multiplication [MS2b (MS0, 15 µM 

BA, 2.0 g L-1 phytagel)] as by Haq & Dahot (2007). Almost 

4-weeks old multiplying plantlets were sub-cultured again on 

shoot multiplication (MS2b) medium supplied with 0 (MS2b), 

50 (MS2c), 100 (MS2d) and 150 mM NaCl (MS2e) in light 

conditions (~1000 lux).  

Data was collected after 6-weeks of culture. The growing 

plantlets were removed and washed with running tap-water. 

The numbers of plantlets per explant, pseudostem diameter, 

and plant height, plant biomass from each culture were 

measured. Fresh weight (F.Wt) was measured by weighing a 

cluster of developed plantlets. Dry weight (D.Wt) was taken 

after drying them at 72°C for 48 hours. The relative water 

contents (RWC) and leaf area were measured.  
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Chlorophyll contents were determined by agitating 0.5 g 

young fresh leaflets in 10 mL acetone (80 %) as described by 

Arnon (1949). Betaine contents were determined as by Grieve 

& Grattan (1983) while proline and ascorbic acids by using 

methods of Bates et al., (1973) and Shalata & Neumann 

(2001). Total carbohydrates were extracted (Ciha & Brun, 

1978) and quantified (Dubois et al., 1956). Reducing sugars 

(Miller, 1959), protein (Bradford, 1976) and phenolics 

(Ozyigit et al., 2007) were also determined. For nitrates, 

method of Morris & Riley (1963) was followed while nitrate 

redutase activity (NRA) was determined by following Klepper 

et al., (1971) method. Briefly, 100 mg young leaf tissue was 

homogenized in a buffer [0.1 mM potassium phosphate, 0.05 

M KNO3, 1 % iso-propanol (v/v) and pH 7.5] at 30ºC in dark. 

After 1 h, 1.0 mL sulfanilamide (1%) and 1.0 mL 1-Naphthyl 

ethylene-diamine dihydrochloride (0.02 %) were also added. 

The mixture was quantified by taking absorbance at 540 nm 

against NaNO2. 

Chloride contents were extracted by boiling dried plant 

material in dH2O at 121°C for 5min. The volume of the extract 

was maintained to 50 mL the chloride contents were evaluated 

by Chloro-counter, by following the instruction in the 

instrument-operating manual (Marius Instrumenten, Utrecht, 

and The Netherlands). For Na+, K+, Ca2+ contents determination 

dried plant material was digested by acidic digestion as 

described by Wolf (1982). Sample extract was subjected to 

cationic analysis as described by Malavolta et al., (1989). 

Statistical significance of data was performed at 5 % by using 

COSTAT computer package (CoHort Software, Berkeley, USA). 

 

Results and Discussion  

 

Plant growth related aspects are being limited by a 

number of biotic and abiotic factors while salinity has been 

remaining a continuous major abiotic constraint (Flower, 

2004; Munns et al., 2006; Ulfat et al., 2007). In present work, 

aseptic propagation of banana (Musa spp.) cv., Sindhri banana 

(Basrai) under different NaCl stresses was assessed at shoot 

multiplication stage as shown in Fig. 1 (Haq & Dahot, 2007). 

Differential modes in growth were observed in these stressed 

cultures (Table 1). Various morphological parameters such as 

number of plantlets per explant (6.01±0.13 plantlets) and their 

heights (3.94±0.15 cm) were decreased with increase in NaCl 

levels (Fig. 1, Table 1a) significantly. Leaf area, plant biomass 

and relative water contents were also decreased significantly. 

Salinity causes to decrease in photosynthetic pigments (Chl a, 

b and total chlorophyll) in plants (Table 1b). From data it was 

observed that Chl a is more sensitive than Chl b to salinity. 

The polyphasic abundance of chlorophyll represents a 

promising tool for reduction of plant tolerance to various 

environmental stresses. More than 50 % aseptic micro-

propagation efficiency reduced under NaCl stress. 

Salinity has been adversely affecting quality and 

quantity of vegetative characters of multiplying plantlets 

(Table 1). Meanwhile, accumulation of various metabolites 

(ascorbic acids and total carotenoids) as presented in Table 1, 

enables plants improve its functioning under salt stressed 

conditions (Noctor et al., 2002). These are non-enzymatic 

antioxidants that enable the cells against cell’s oxidative 

stress and also perform an additional role in protection of 

oxidizing carotenoids (Imai et al., 1999; Foyer & Noctor, 

2000; Conklin, 2001).  

Proline contents increases significantly under NaCl stress 

(Table 1c). Among other organic osmolytes, proline is 

responsible for protecting plant tissues from stress injury. 

However, inorganic ions are known to act as first line of 

defense to combat with NaCl stress before the activation or 

synthesis of organic components (Hartzendorf & Rolletschek, 

2001). Apparently, proline contents increases with the increase 

in salt (NaCl) stress from low to higher as well as low to 

higher amounts of Na+ in growing tissues. Each of them may 

be acting as an indicator for salt stress. Meanwhile, K+ 

concentration decreased significantly (Table 1c). It is 

responsible for imparting salt tolerance to plant tissue, but 

proline accumulation seems to be a symptom of cell’s injury 

rather than to an indicator for salinity resistance (Lutts et al., 

1999; Ottow et al., 2005). Incline to decline of proline is also 

an indication of a critical point for growth, either plantlet is 

under stress or non-stress conditions (Watanabe et al., 2001). 

Proline may be overproduced only when degree of stress has 

reached above to that of critical point for plant growth. 

Potassium ions are known to be a major component of 

osmotic adjustment under NaCl stress (Shannon, 1992; Ottow 

et al., 2005). The presence of a high concentration of K+ in 

control one, is supposed to be acting as a natural inorganic 

osmo-regulator (Watad et al., 1991; Hasegawa et al., 2000; 

Chen et al., 2003). Perhaps, it is allowing Na+ to enter in 

tissues, situation of lowering of K+ content is because of Na+ 

shock (Table 1d). So optimum K+ concentrations narrows with 

increasing Na+ (Lutts et al., 1999; Lacerda et al., 2001). 

Under saline stressed conditions, nitrate flux is blocked by 

reduction in nitrate reductase activity (NRA) biosythesis or its 

degradation (Ferrario et al., 1998; Huchzermeyer et al., 2004). 

Nitrate assimilation also reduced and its causes are evolved in 

parallel to expressed phenomena of plant growth (Table 1c). In 

agreement with observations of Silveira et al., (2001), when 

plants are subjected to NaCl stress, they present a possible 

relationship of homeostasis between nitrate assimilation and 

plant growth (Frechill et al., 2001; Zhu, 2001). Even plants 

have shown slower growth rates, may be compatible with 

general metabolic processes of nitrate assimilation rates (Table 

1c). Among peroxidases, soluble and ionically bounded forms 

were affected negatively. Both of them were decreased under 

NaCl stress, while covalently bounded form also decreased 

non-significantly. However, total carotenoids were increased 

in the culture from low to higher saline stress (Table 1b), 

which could be beneficial for developing tolerance in micro-

propagating plantlets under stressed conditions. 

In our work it was observed that saline (NaCl) stresses are 

acting as critical phenomena for banana micro-propagation 

efficiency. Plant biomass has been decreased due to decrease 

in plant growth rate. Meanwhile, presence and biosynthesis of 

certain bio-chemicals are considered as very important for 

aseptic developing plantlets especially when under NaCl 

stresses (Fig 1, Table 1). Their biosynthesis is activated 

because of the feeling or sensing of applied stress. High salts 

concentrations develop specific osmotic stress on propagating 

plantlets. Synthesis of osmo-sensors (proline, betaine and 

reducing sugar) is biologically very important for detection, 

tolerance and adaptation against specific stress and acts as 

osmo-regulators for adjusting osmotic pressure in cells. They 

are the extent to which a plant can regulate the uptake and 

compartmentation of salts or to delay its toxic effects on the 

photosynthesizing apparatus, where assimilation of certain 

body need metabolites are going on. For future research, 

breeders and genetic engineers should focus their research on 

naturally adopted facts to saline conditions. 
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Fig. 1. Micro-propagating banana (Musa spp.) cv., Sindhri Banana (Basrai) plantlets after 6-weeks, on shoot multiplication (MS2b) medium 

supplied with different NaCl [0 mM (a), 50 mM (b), 100 mM (c) & 150mM (d)] stresses. 

 
Table 1. Some morpho-biochemical traits of banana (Musa spp.) cv Sindhri Banana (Basrai) micro-

propagated under different NaCl stresses for 6-weeks. 

Parameters MS2b MS2c MS2d MS2e Significance 

a. Morpho-metrics 

# of plantlets 

Plant height (cm) 

P. diameter (cm) 

Fresh weight (g) 

Dry weight (g) 

6.01 ± 0.13a 

3.94 ± 0.15a 

0.26 ± 0.01a 

0.67 ± 0.03a 

0.034 ± 0.01a 

4.23 ± 0.124b 

2.86 ± 0.677a 

0.24 ± 0.02ab 

0.43 ± 0.02b 

0.028 ± 0.002ab 

3.25 ± 0.231c 

1.64 ± 0.043b 

0.21 ± 0.01ab 

0.33 ± 0.021bc 

0.024 ± 0.001ab 

2.76 ± 0.148c 

1.48 ± 0.023b 

0.17 ± 0.01b 

0.21 ± 0.015c 

0.018 ± 0.001d 

*** 

** 

* 

*** 

** 

b. Chlorophyll contents (mg g-1) 

Chlorophyll a 

Chlorophyll b 

Chlorophyll ab 

Total Carotenoids 

Chl a,/Chl b 

0.439 ± 0.004a 

0.225 ± 0.003a 

0.766 ± 0.103a 

4.43 ± 0.09c 

1.955 ± 0.023a 

0.432 ± 0.006a 

0.212 ± 0.005ab 

0.641 ± 0.003b 

5.62 ± 0.10b 

2.043 ± 0.08a 

0.411 ± 0.003b 

0.201 ± 0.005ab 

0.609 ± 0.002c 

5.76 ± 0.16b 

2.048 ± 0.04a 

0.362 ± 0.003c 

0.188 ± 0.004b 

0.553 ± 0.003d 

6.14 ± 0.1a 

1.923 ± 0.026a 

*** 

* 

*** 

*** 

ns 

c. Organic contents  (mg g-1) 

Protein contents  

Reducing sugars 

Total sugars 

Proline (μM/mg) 

Betain (μM/mg) 

Phenol 

AA (µmol g-1) 

RWC (%) 

NRA (μM NO2/mg) 

3.142 ± 0.003a 

0.372 ± 0.007a 

2.905 ± 0.006a 

2.925 ± 0.021a 

2.165 ± 0.01a 

0.214 ± 0.005a 

1.94 ± 0.08c 

65.62 ± 2.75a 

1.464 ± 0.006a 

2.201 ± 0.004b 

0.418 ± 0.005b 

1.695 ± 0.025b 

3.126 ± 0.004b 

3.312 ± 0.006b 

0.263 ± 0.003b 

2.22 ± 0.12bc 

39.22 ± 2.54b 

1.305 ± 0.003b 

1.995 ± 0.057b 

0.433 ± 0.001b 

1.563 ± 0.009b 

3.254 ± 0.006c 

3.562 ± 0.008c 

0.271 ± 0.003b 

2.61 ± 0.06b 

28.04 ± 2.74bc 

1.196 ± 0.006c 

1.582 ± 0.099c 

0.484 ± 0.006c 

1.365 ± 0.095b 

2.351 ± 0.002d 

3.684 ± 0.01d 

0.292 ± 0.002c 

3.14 ± 0.08a 

15.35 ± 2.07c 

1.014 ± 0.003d 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

d. In-organic contents (mg g-1) 

Na+ 

K+ 

Ca2+ 

Cl- 

NO3
- 

K+/Na+ 

2.52 ± 0.051a 

3.122 ± 0.005a 

2.285 ± 0.02a 

3.392 ± 0.002a 

1.546 ± 0.006a 

1.07 ± 0.002a 

4.18 ± 0.136b 

2.182 ± 0.002b 

1.895 ± 0.03b 

5.174 ± 0.007b 

1.521 ± 0.011ab 

0.605 ± 0.032b 

5.06 ± 0.09c 

1.965 ± 0.002c 

1.612 ± 0.007c 

8.681 ± 0.009c 

1.497 ± 0.006b 

0.389 ± 0.007c 

6.58 ± 0.065d 

1.658 ± 0.002d 

1.345 ± 0.004d 

9.213 ± 0.012d 

1.257 ± 0.006c 

0.252 ± 0.002d 

*** 

*** 

*** 

*** 

*** 

*** 
The values are the means of three replicates (each replicate comprised on at least three cultured banana) ± standard error with 

DMR test at 5%. P diameter: Pseudostem diameter.  In case of root induction there was simple half strength MS medium while 

salinity levels are same as for shoot multiplication medium. AA: Ascorbic acid 
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