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The effect of NaCl and PEG was assessed on plant micro-propagation rate in banana (Musa spp.) cv., 
Basrai. Well micro-propagated plantlets were cultured on four different stresses of NaCl and PEG-4000 
including control level: MS2b (MS0 + 3.0 mg l-1 BAP), MS2c (MS0 + 100 mol m-3 NaCl), MS2d (MS0 + 5% PEG) 
and MS2e (MS0 + 100 mol m-3 NaCl + 5 % PEG) for 6-weeks. Efficiency of plant micro-propagation was 
reduced significantly among the stressed cultures. Similarly, photosynthetic pigments like chl a was 
decreased non-significantly but chl b, chl ab were decreased significantly. Total carotenoids were 
increased in the saline as well as PEG stressed cultures. Cell size of epidermis and aerenchyma was 
increased (p < 0.05), while parenchyma decreased. Proline and glycinebetain contents were increased 
(p < 0.05) in each stressed culture but were high in MS2 than in MS3 and MS4 cultures. Meanwhile, 
proteins, sugars, phenolics and nitrates were observed to be in the reversed (p < 0.05) phenomena. In 
conclusion, NaCl treatment was observed to be most toxic than the PEG or PEG with NaCl on the 
banana micro-propagation. 
 
Key words: Musa spp., micro-propagation, NaCl (sodium chloride), PEG (polyethylene glycol), chlorophyll 
contents, proline, reducing sugars. 

 
 
INTRODUCTION 
 
Banana (Musa spp.) crop is a delicious fruit with 25% 
carbohydrates. Being an important staple food crop, it 
provides a valuable source of income for domestic’s 
trade. Today, the rate of the world’s banana production 
has been approximately 44 tons hectare-1 (Frison et al., 
1997; Roux et al., 2001; FAO, 2005). Commercial yield of 
banana is being lost by a number of variable 
environmental stresses.    
 
 
 
*Corresponding author. E-mail: rao.ikram@yahoo.com. Tel: 
+92-345-2914291.  
 
Abbreviations: MS, Murashige and Skoog; NaCl, sodium 
chloride; PEG-4000, polyethylene glycol 4000; Chl, chlorophyll; 
IAA, indole acetic acid; BA, benzyleaminopurine; NaOCl, 
sodium hypochlorite; B5 vit,  B5 vitamins. 

Among the abiotic stresses, excessive saline conditions 
of the soil causes loss  of  both  vegetative  potential  and 
reproductive plant growth in crops (Neumann, 1997). 
Inherent tolerance in crops and good management 
practices may enable partial amelioration of damage from 
soil salinity (Cherian and Reddy, 2003; Badiane et al., 
2004; Flowers, 2004; Davenport et al., 2005). Similarly, 
drought requires proper understanding for better plant 
growth. It causes deficit water supply to the growing 
plants. Meanwhile, salinity causes inhibitory effects on 
plant growth because of the toxicity of excessive Na+ and 
Cl- to the absorbance of water. It can be attributed to 
decrease in availability of the water required or imposed 
by developed osmotic stress (Kefu et al., 2003; Djibril et 
al., 2005; Munns et al., 2006).  

However, both drought and salinity are involved in 
limiting plant growth. These are becoming  widespread  in  
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the world and may convert more than 50% arable soil to 
saline soil in 2050 (Alam et al., 2002; Wang et al., 2003; 
FAO, 2005). With the passage of time, many crops have 
evolved  certain  mechanisms  in  metabolism  to  combat  
water deficit stressed conditions (Sadeghian and Yavari, 
2004). Among the stressed plant cultures, one of such 
mechanism is ubiquitous, that is the accumulation of 
various organic metabolites especially during seed 
germination than in vegetative growth (Bewley and Black, 
1994). Similarly, polyethylene glycol (PEG) induces water 
stress when supplied in plant growth cultures (Ruf et al., 
1967; Kaufman and Eckard, 1971). It reduces the 
osmotic potential in nutrient culture medium. This inert 
osmoticum is not taken in the plant cell and phyto-toxicity 
(Lawlor, 1970).  

Presently, aseptic plant cultures is gaining much 
importance for the development of abiotic stress resistant 
plants and also in elucidating physiological and bioche-
mical operating mechanisms that involve under stressed 
conditions. These aspects are to keep plants survival 
under severe abiotic stresses at the cellular level against 
drought and salinity (Jain, 2001). Plant tissue culture 
provide a control and homogeneity stressed condition for 
the measurements of cell behaviors under stress con-
ditions at the whole plant level; not for a single regulatory 
system (Lutts et al., 2004). 

During this study, effects of both ionic and water deficit 
stresses under in-vitro condition through the application 
of NaCl and PEG or both were observed in micro-
propagating plantlets of banana (Musa spp.). After 6-
weeks of stress, a number of morpho-bio-components 
were studied. Differential phenomena were observed in 
the stressed cultures than in the control. This conducted 
work may be useful in the future for the improvement of 
salt or drought resistant plants or their selection.  
 
 
MATERIALS AND METHODS 
 
Apparently, healthy suckers of Basrai cultivar (Musa spp.) were 
collected from open-air banana fields. Inner portions of the sucker 
(meristem) were excised. They were sterilized with ethanol (90%) 
treatment for 1 min. They were washed with water and than stirred 
for 30 min in 30% Robin bleach (5.25% NaOCl). Organogenesis in 
the sterilized explants was induced by culturing them on MS2 (MS 
(Murashige and Skoog, 1962) basal medium, B5 vitamins (Gamborg 
et al., 1968) and 3% sucrose plant nutrient medium, supplemented 
with 10 µM IAA and 8 µM BA. After 3-weeks of culture, they were 
sub-cultured on MS2a [MS, BA (15 µM), phytagel 1.0 g l-1)] medium 
for shoot induction for 2-weeks. This organogenesis culture was 
sub-cultured on MS2b [MS, BA (15 µM), phytagel (2.0 g l-1)] nutrient 
medium for multiplication of induced shoots (Haq and Dahot, 
2007a).  

Plantlets from (MS2b) cultures were sub-cultured on differentially 
stressed micro-propagation cultures. They were represented as 
MS2b (control), MS2c (MS2b + 100 mol m-3 NaCl), MS2d (MS2b + 5% 
PEG-4000) and MS2e (MS2b + 100 mol m-3 NaCl + 5% PEG-4000) 
cultures. Each established cultures were supplied with 3% sucrose 
(as carbon source) and 20 µM L-cystein. The 5.7 to 5.8 pH was 
adjusted before autoclaving (121°C and 20 lbs for 15 min). Among  
the established cultures, each treatment was compromised on 7- 
replicates. These cultures were maintained under  light  conditions  

 
 
 
 
with ~2000 lux light intensity for 18/6 h for 6 weeks at 25 ± 1°C. 

The micro-propagated plantlets from all the cultures excised and 
entangled medium was washed with tap-water. They were dried 
with   filter-paper   and   data  was  collected.  Numbers  of  plantlets  
propagated in the single explant were counted. Shoot height and its 
biomass were also measured. Photosynthetic pigments were 
determined as by Lichtenthaler (1987). Anatomy of leaf was also 
studied according to Gielwanowska et al. (2005) and Johansen 
(1940) methods. Both glycine-betain (Grieve and Gratter, 1983) and 
proline (Bates et al., 1973) contents were determined spectro-
photometrically, by using fresh leaf tissues. Phenol contents were 
determined by using fresh leaves from each culture (Ozyigit et al., 
2007). 

Plant material was dried at 72°C in electric oven for 2-days. It 
was used to study various bio-chemical characters. Protein contents 
(Bradford, 1976) Total carbohydrates (Dubois et al., 1956; Ciha and 
Brun, 1978), reducing sugars (Miller, 1959) and nitrate contents 
(Morris and Riley, 1963) were determined. 

Data significance was calculated using COSTAT computer statis-
tical software, including LSD at 5% level of difference among the 
cultures. 
 
 
RESULTS AND DISCUSSION 
 
Versatile soil composition has been observed in nature. 
Some environmental factors are available in soils that are 
involved in plant growth inhibition. Similar experiment 
was conducted to assess the effect of NaCl and PEG 
separately as well as in combination on plant micro-
propagation efficiency of banana (Musa spp.) cv., Basrai.  
In this experiment, 4-weeks old plantlets of the 3rd sub-
culture with well propagation on MS2b nutrient were sub-
cultured on three differentially stressed cultures which 
were MS2c (100 mol m-3 NaCl),  MS2d (5% PEG) and  
MS2e (100 mol m-3 NaCl + 5% PEG) including MS2b (best 
shoot multiplication culture) for 6 weeks. A number of 
variations among the bio-metrics of the multiplying plant-
lets were observed in comparison to the control culture 
(MS2b).  

Maximum shoot multiplication was observed on MS2b 
medium supplemented with BA (Haq and Dahot, 2007b, 
c), while, multiplication rate was decreased significantly in 
all the stressed cultures in the order, MS2c> MS2d> MS2e. 
These stresses not only reduced the multiplication shoots 
among the cultures, but also the shoot height, shoot fresh 
weight as well as the shoot dry weight were also 
decreased (p < 0.05). Including growth rate of the cul-
tures, photosynthetic pigments were also affected (Haq et 
al., 2008; Cha-um et al., 2010). Chlorophyll a was 
decrease non-significantly, while chlorophyll b and total 
chlorophyll contents were also decreased but signifi-
cantly. Total carotenoids were increased significantly in 
all the stressed cultures (Table 1; Figure 1). A significant 
increase in the epidermal cells and decrease in 
aerenchymatous cells (p < 0.05) was observed, while a 
non-significant change in the size of mesophyll cells 
occurred (Table 1; Figure 2). 

Generally, all the abiotic stresses on plants cause injury 
in the chloroplasts that result to decrease in the amount 
of   photosynthetic  pigments  under  both  salinity  and/or  
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Table 1. Comparative growth-related characteristics under different NaCl and PEG stressed conditions in the micro-propagated 
banana (Musa spp.) cv., Basrai. 
 

#s Characters MS2b 

(0 mol m-3 
NaCl) 

MS2c 
(100 mol m-3 

NaCl) 
MS2d 

(5% PEG) 

MS2e(5% PEG+ 
100 mol m-3 

NaCl 

Significance 

A. Micro-propagation efficiency 
a. # of plantlets / explant a8.33±0.333 b5.33±0.333 c4.00±0.577 d2.67±0.333 *** 
b. Plant height (cm) a3.57±0.120 b2.57±0.120 c1.93±0.145 c1.63±0.088 *** 
c. Fresh weight (g) a6.391±0.170 b2.484±0.087 c1.164±0.065 c1.367±0.091 *** 
d. Dry weight (g) a0.502±0.042 b0.158±0.007 bc0.09±0.005 c0.075±0.002 *** 
B. Chlorophyll contents (mg g-1 F.Wt) 
a. Chlorophyll a a0.978±0.036 a0.817±0.002 a0.669±0.012 a0.653±0.006 ns 
b. Chlorophyll b a0.399±0.006 a0.428±0.009 ab0.436±0.01 b0.461±0.013 * 
c. Chlorophyll ab a1.111±0.307 b1.254±0.005 c1.106±0.003 c1.124±0.021 *** 
d. Total carotenoids a258.62±8.88 a343.01±12.14 a329.83±7.57 b319.86±13.60 ** 
C. Anatomical features 
a. Epidermal cells (µm)2 a111.80±1.74 ab114.26±3.57 bc134.23±6.5 c147.44±10.57 * 
b. Parenchyma cells (µm) 2 a58.42±2.224 a63.77±0.387 a61.00±1.162 a57.88±2.505 ns 
c. Aerenchyma cells (µm) 2 a89.15±1.999 b91.68±2.696 b104.71±2.83 b86.18±3.534 ** 
D. Biochemical contents 
a. Protein contents (mg g-1) a2.517±0.021 b2.051±0.004 c2.039±0.004 d1.967±0.082 *** 
b. Total sugars (mg g-1) a0.643±0.249 a0.944±0.018 b0.837±0.019 c0.713±0.034 *** 
c. Reducing sugars (mg g-1) d0.794±0.007 c0.957±0.027 b1.281±0.012 a1.723±0.028 *** 
d. Proline (mg g-1) b0.833±0.006 b0.628±0.031 b0.637±0.035 a0.615±0.010 *** 
e. Glycinebetaine (mg g-1) c0.635±0.021 b1.007±0.019 a1.012±0.008 b1.451±0.060 *** 
f. Phenol (mmol g-1) c0.116±0.007 b0.180±0.013 a0.243±0.012 a0.262±0.010 *** 
g. Nitrates (µ mol g-1) a1.126±0.061 a1.124±.006 b0.948±0.062 b0.797±0.047 ** 

 
 
 

A B C D 
 

 
Figure 1. Almost 6-weeks old micro-propagated plantlets of banana (Musa spp.) cv., Basrai on different stressed 
cultures under in vitro conditions. A, MS2b (control); B, MS2c (100 mol m-3 NaCl); C, MS2d (5% PEG); D, MS2e, (100 mol 
m-3 NaCl + 5% PEG). 

 
 
 
water deficit conditions concentrations of the free amino 
acids like as proline and glycinebetain. Within the meso-
phyll cells, both proline and photosynthetic pigments are 
synthesized from the same precursor. Under stressed 
conditions, this inter-connection is performed in an oppo- 
site manner;  photosynthetic  pigments  decreases,  while 

 proline   contents  increase  under  salinity  (NaCl), water 
deficit (PEG) and salinity + water deficit conditions 
(Aspinal and Paleg, 1981).  

Reducing sugar contents were also increased under 
the stressed conditions, while total proteins and carbo-
hydrates decreased (p < 0.05). Phenolics increased 
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Figure 2. Anatomical aspects (cell sizes) of banana (Musa spp.) cv., Basrai cultured on different 
plant nutrient media supplemented with different salt and drought stressing agents. Epidermal, 
aerenchymatous and mesophyll cells in the plantlets cultured on MS2b (control), MS2c (100 mol m-3 
NaCl), MS2d (5% PEG) and MS2e, (100 mol m-3 NaCl + 5% PEG). 

 
 
 
(p < 0.05), while nitrate contents were decreased 
significantly.  

The accumulation of certain contents in  the stress  cul- 
tures may be for the safety of the cell at that moment or 
for the future. After the applied stress, the accumulated 

bio-components indicated a source of carbon, nitrogen 
and energy for recovering stressed tissues, when stress-es 
were relaxed (Blum and Ebercon, 1976; Slama et al., 2007). 

All the abiotic stresses such as water deficit stress 
(drought) or saline stress are probably involved in limiting  



 

 
 
 
 
plant growth significantly (Hartmann et al., 2005). Both 
stresses (salinity and drought) are metabolically as well 
as physiologically related phenomena, as both induce 
osmotic stress on the affected plants (Djibril et al., 2005; 
Vanden and Zeng, 2006). In this experiment, almost all 
the parameters were considered to be affected signifi-
cantly in the micro-propagating plantlets of banana (Musa 
spp.) cultivar Basrai. Both photosynthetic pigments and 
organic contents developed differential characteristics in 
the stressed cultures in comparison with the control.  
 
 
REFERENCES 
 
Alam MZ, Stuchbury T, Naylor RE (2002). Effect of NaCl and PEG 

induced osmotic potentials on germination and early seedling growth 
of rice cultivars differing in salt tolerance. Pak J. Biol. Sci. 5: 1207-
1210. 

Aspinal D, Paleg LG (1981). Proline accumulation. In: Physiology and 
Biochemistry of Drought Resistance in Plants (Physiology Aspects), 
Academic Press, New York, pp. 205-240. 

Badiane FA, Diouf D, Sané D, Diouf O, Goudiaby V, Diallo N (2004). 
Screening cowpea [Vigna unguiculata (L.) Walp.] varieties by 
inducing water deficit and RAPD analyses. Afr. J. Biotechnol. 3: 174-
178. 

Bates LS, Waldren RP, Tear ID (1973). Rapid determination of free 
proline for water stress studies. Plant Soil, 39: 205-207. 

Bewley JD, Black M (1994). Seeds: Physiology of Development and 
Germination. (New York: Plenum Press). 

Blum A, Ebercon F (1976). Genotype responses in sorghum to drought 
stress. III. Free proline accumulation and drought resistance. Crop 
Sci. 16: 379-386. 

Bradford MN (1976). A rapid and sensitive method for the quantitation 
of microgram quantities of protein utilizing the principle of protein-dye 
binding. Anal. Biochem. 72: 248-254. 

Cha-um S, Siringam K, Juntawong N, Kirdmanee C (2010). Water 
relations, pigment stabilization, photosynthetic abilities and growth 
improvement in salt stressed rice plants treated with exogenous 
potassium nitrate application. Int. J. Plant Prod. 4: 187-197. 

Cherian S, Reddy MP (2003). Evaluation of NaCl tolerance in the callus 
cultures of Suaeda nudiflora Moq. Biol. Plant. 46: 193-198. 

Ciha AJ, Brun WA (1978). Effect of pod removal on nonstructural 
carbohydrate concentration in soybean tissue. Crop Sci. 18: 773-776. 

Davenport R, James RA, Zakrisson-Progander A, Tester A, Munns R 
(2005). Control of sodium transport in durum wheat. Plant Physiol. 
137: 807-818. 

Djibril S, Mohamed OK, Diaga D, Diégane D, Abaye BF, Maurice S, 
Alain B (2005). Growth and development of date palm (Phoenix 
dactylifera L.) seedlings under drought and salinity stresses. Afr. J. 
Biotechnol. 4: 968-972. 

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F (1956). 
Colorimetric method for determination of sugars and related 
substances. Anal. Chem. 28: 350-356. 

FAO (2005). Global network on integrated soil management for 
sustainable use of salt affected Soils. Rome, Italy: FAO Land and 
Plant Nutrition Management Service.  

Flowers TJ (2004). Improving crop salt tolerance. J. Exp. Bot. 55: 307-
319. 

Frison EA, Orjeda G, Sharrock SL (1997). PROMUSA: A global 
programme for Musa improvement. In: Proceedings of a meeting held 
in Gosier Guadeloupe, (Eds.) Frison EA, Orjeda G, Sharrock SL, pp. 
8-11; International Network for the Improvement of Banana and 
Plantain, Montpellier, France, The World Bank, Washington, USA. 

Gamborg OL, Miller RA, Ojima K (1968). Nutrient requirements of 
suspension cultures of soybean root cells. Exp. Cell Res. 50: 151-
158. 

Gielwanowska I, Szczuka E, Bednara J, Gorecki R (2005). Anatomical 
features and ultrastructure of Deschampsia antarctica (Poaceae) 
leaves from different growing habitates. Ann. Bot. 96: 1109-1119. 

Ikram-ul-Haq et al.        4391 
 
 
 
Grieve CM, Grattan SR (1983). Rapid assay for determination of water-

soluble quaternary-amino compounds. Plant Soil, 70: 303-307. 
Haq I-U, Dahot MU (2007a). Effect of Permanent and Temporary 

Immersion Systems on Banana Micro-propagation. Pak. J. Bot. 39: 
1763-1772. 

Haq I-U, Dahot MU (2007b). Morpho-physiological aspects of micro-
propagating banana under different hormonal conditions. Asian. J. 
Plant Sci. 6: 496-501. 

Haq I-U, Dahot MU (2007c). Effect of immersion systems on chlorophyll 
contents in micro-propagating banana. Afr. J. Biotechnol. 6: 1095-
1101.  

Haq I-U, Faheeda S, Dahot MU, Shahrrukh, Um-e-aiman (2008). In-
vitro multiplication of banana (Musa spp.) under different NaCl 
stresses. Pak. J. Biotechnol. 4: 25-30. 

Hartmann T, College M, Lumsden P (2005). Responses of different 
varieties of Lolium perenne to salinity. Annual Conference of the 
Society for Experimental Biology, Lancashire. 

Jain SM (2001). Tissue culture-derived variation in crop improvement. 
Euphytica, 118: 153-166. 

Johansen DA (1940). Plant microtechnique. New York, USA, McGraw-
Hill. 

Kefu Z, Hai F, San Z, Jie S (2003). Study on the salt and drought 
tolerance of Suaeda salsa and Kalanchoe claigremontiana under 
isoosmotic salt and water stress. Plant Sci. 165: 837-844. 

Kaufman MR, Eckard AN (1971). Evaluation of water stress control by 
polyethylene glycols by analysis of guttation. Plant Physiol. 47: 453-
456. 

Lawlor DW (1970). Absorption of Polyethylene glycols by plants and 
their effects on plant growth. New Phytol. 69: 501-513. 

Lichtenthaler HK (1987). Chlorophylls and caroteniods: pigments of 
photosynthetic biomembranes. Methods Enzymol. 148: 350-382. 

Lutts S, Almansouri M, Kinet JM (2004). Salinity and water stress have 
contrasting effects on the relationship between growth and cell 
viability during and after stress exposure in durum wheat callus. Plant 
Sci. 167: 9-18. 

Miller GL (1959). Use of dinitrosalicylic acid reagent for the 
determination of reducing sugar Anal. Chem. 31: 426-429. 

Morris AW, Riley JP (1963). The determination of nitrate in sea water. 
Anal. Chem. Acta 29: 272-279. 

Munns R, James RA, Lauchli A (2006). Approaches to increasing the 
salt tolerance of wheat and other cereals. J. Exp. Bot. 57: 1025-1043. 

Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassay with tobacco tissue cultures. Physiol. Plant. 15: 473-497. 

Neumann P (1997). Salinity resistance and plant growth revisited. Plant 
Cell Environ. 20: 1193-1198. 

Ozyigit II, Kahraman MV, Ercan O (2007). Relation between explant 
age, total phenols and regeneration response in tissue cultured 
cotton (Gossypium hirsutum L.). Afr. J. Biotechnol. 6: 3-8. 

Roux N, Dolezel J, Swennen R, Zapata-Arias FJ (2001). Effectiveness 
of three micropropagation techniques to dissociate cytochimeras in 
Musa spp. Plant Cell Tissue Org. Cult. 66: 189-197. 

Ruf RH, Eckard ER, Gifford RO (1967). Compounds of osmotic 
adjustment of plants to rapid changes in root medium osmotic 
pressure. Soil Sci. 104: 159-162. 

Sadeghian SY, Yavari N (2004). Effect of water deficit stress on 
germination and early seedling growth in sugar beet. J. Agron. Crop 
Sci. 190: 138-144. 

Slama Ghnaya T, Hessini K, Messedi D, Savoure A, Abdelly C (2007). 
Comparative study of the effects of mannitol and PEG osmotic stress 
on growth and solute accumulation in Sesuvium portulacastrum. 
Environ. Exp. Bot. 61: 10-17. 

Vanden BL, Zeng YJ (2006). Response of South African indigenous 
grass species to drought stress induced by polyethylene glycol (PEG) 
6000. Afr. J. Bot. 72: 284-286. 

Wang W, Vinocur B, Altman A (2003). Plant responses to drought, 
salinity and extreme temperatures: towards genetic engineering for 
stress tolerance. Planta, 218: 1-14. 


