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Abstract 
 
The apple (Malus domestica Borkh) rootstock M 4 shoots were grown in vitro for 4 weeks on Murashige and Skoog 
(MS) medium containing three NaCl concentrations (35, 100 and 200 mM) in combination with two CaCl2 
concentrations (5 and 10 mM). Inclusion of 10 mM CaCl2 in the medium, in the presence of 35 mM NaCl, significantly 
increased the number of shoots and the fresh mass compared to 5 mM CaCl2. The number of shoots, length of shoots, 
and the fresh mass of cultures were very low in the presence of 100 and 200 mM NaCl, independently of CaCl2 
concentration of the medium. By increasing NaCl and CaCl2 concentrations in the culture medium, contents of N, Na, 
Cl, proline and soluble sugars in plantlets increased, whereas K, Mg, Β, Zn and chlorophyll content decreased in 
comparison to the control.  
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⎯⎯⎯⎯ 
 
The progressive salinization of agricultural land is 
considered as the major environmental factor limiting 
plant growth and productivity of the arid and semi-arid 
regions (Flowers et al. 1986). The effect of salinity on 
water relationships, nutritional imbalance and ion 
toxicity is well documented (McKensie and Leshen 
1994). Salinity causes a range of deleterious effects such 
as inhibition of photosynthesis, pigment synthesis, 
damage to plasma membrane permeability and other 
metabolic disturbances (Salisbury and Ross 1992, Ashraf 
and Parveen 2002, Karimi et al. 2005). It is well known 
that Ca2+ is involved in cell elongation, cell division, 
structural stability and permeability of cell membranes, 
regulation of cation-anion balance and activation of 
enzymes (Marschner 1995). Rengel (1992) reported that 
the deleterious effects of Na+ in plants may be 
ameliorated by increasing the Ca2+ external 
concentration. This amelioration has been attributed to 
maintenance of the plasma membrane integrity (Läuchli 
1990) and alterations of K+ and Na+ transport (Subarrao 
et al. 1990). Among the organic solutes found in higher 
plants acting as osmoregulators, proline is conspicuous  
 

(Yoshiba et al. 1997). Mattioni et al. (1997) reported that 
proline accumulates in the cytosol in response to salt 
stress. The objective of the present research was to study 
the effect of increasing rates of NaCl and CaCl2 on 
growth, and contents of minerals, chlorophyll, proline 
and sugars in the apple rootstock M 4 cultured in vitro. 

The explants employed were shoots of the apple 
(Malus domestica Borkh) rootstock M 4 of about 25 mm 
in length, preserved from previous in vitro cultures and 
maintained in the growth room. Each explant was 
transferred and grown in a 15 × 100 mm glass test tube 
containing 3 cm3 of the MS culture medium (Murashige 
and Skoog 1962). The culture medium was supplemented 
with 45 kg m-3 sorbitol, 1 g m-3 benzyladenine, and 1 g m-3 
gibberellic acid. Three NaCl concentrations (35, 100 and 
200 mM) were combined with two CaCl2 concentrations 
(5 and 10 mM). MS medium was used as a control. The 
pH of the media was adjusted to 5.8 before autoclaving at 
121 °C for 15 min. The tubes were maintained in the 
growth room at 22 ± 1 °C and 16-h photoperiod (cool 
white fluorescent tubes, irradiance of 45 μmol m-2 s-1, 
400-700 nm). After 4 weeks in culture, the number of  
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shoots, length of shoots, and fresh mass (f.m.) of cultures 
were measured. Leaf chlorophyll content was estimated 
in leaves by using a SPAD meter (Minolta 502, Osaka, 
Japan). Fresh leaves were cut into small pieces, placed in 
glass vials containing 10 cm3 of 80 % (v/v) ethanol, and 
heated at 60 °C for 30 min. The extract was then filtered 
and diluted with 80 % (v/v) ethanol up to 20 cm3 (Khan 
et al. 2000). Soluble sugars and proline were assayed 
following the acid ninhydrin reagent method and the 
anthrone method, respectively (Khan et al. 2000, 
Plummer 1987). For determination of the mineral 
composition, leaves and stems of each plantlet were 
harvested and rinsed twice with distilled water. These 
organs were then dried at 68 °C for 48 h, ground to pass a 
30-mesh screen and dry ashed at 530 °C for 16 h. 
Potassium, Ca, Mg, Na, and Zn concentrations were 
determined by atomic absorption spectroscopy (Perkin-
Elmer 2380, Wellesley, MA, USA). Nitrogen was 
determined by the Kjeldahl’s procedure and boron by the 
azomethine-H method (Wolf 1974). Chloride was 
extracted from the dried tissue with distilled water and 
measured by titration with AgNO3 (Richards 1954). Each 
treatment included fifteen replicates (tubes). The 
experiment was repeated twice, and the reported data are 

the means of the two experiments. The statistical design 
employed was the randomized complete block one. 
Differences between means were evaluated by using 
LSD test at P < 0.05. Furthermore, the standard error of 
the means was calculated. 

By increasing NaCl and CaCl2 concentrations of the 
culture medium, the number of shoots, length of shoots, 
fresh mass of plantlets and the chlorophyll content 
(SPAD units) of leaves were significantly decreased in 
comparison to the control (Table 1). Inclusion of 10 mM 
CaCl2 in the medium, in the presence of 35 mM NaCl, 
significantly increased the number of shoots and the fresh 
mass, whereas it decreased the length of shoots compared 
to 5 mM CaCl2. The number of shoots, length of shoots, 
and the fresh mass of plantlets were very low in the 
presence of 100 and 200 mM NaCl, independently of the 
CaCl2 concentration of the medium. Proline and soluble 
sugar contents of leaves significantly increased in the 
presence of 100 and 200 mM NaCl in comparison to the 
control. At the end of the experiment, explants grown on 
media supplemented with 100 mM NaCl showed 
symptoms of leaf burn in restricted parts of the leaf 
blade, whereas those grown on media supplemented with 
200 mM NaCl showed severe leaf burn symptoms.  

 
Table 1. Effect of NaCl and CaCl2 concentrations of the culture medium on the number of shoots per explant, length of shoots, fresh 
mass, chlorophyll content (SPAD units), proline and sugar concentrations of the apple rootstock M 4 grown in vitro for  
4 weeks. Values are the means of 30 replications ± SE. 
 

NaCl CaCl2  Number of new  Length of new  Fresh mass  SPAD units Proline Sugars 
[mM] [mM] shoots shoots [mm] [g plant-1]  [μmol g-1(f.m.)] [μmol g-1(f.m.)]

    0   0 3.5 ± 0.13 1.18 ± 0.05 0.36 ± 0.04 34.00 ± 3.67 18.1 ± 2.21 26.3 ± 2.91 
  35   5 1.9 ± 0.07 0.78 ± 0.04 0.24 ± 0.02  23.84 ± 2.89 22.4 ± 2.46 27.6 ± 2.86 
  35 10 2.8 ± 0.10 0.64 ± 0.04 0.28 ± 0.03 27.99 ± 2.96 21.2 ± 2.48 27.9 ± 2.79 
100   5 0.9 ± 0.04 0.58 ± 0.03 0.17 ± 0.02 10.77 ± 1.87 39.2 ± 2.84 32.5 ± 2.96 
100 10 0.6 ± 0.03 0.38 ± 0.02 0.18 ± 0.02 11.12 ± 1.92 37.8 ± 2.81 31.9 ± 2.92 
200   5 0.4 ± 0.02 0.37 ± 0.02 0.10 ± 0.01   5.62 ± 0.34 47.6 ± 2.25 39.4 ± 2.86 
200 10 0.3 ± 0.02 0.40 ± 0.03 0.14 ± 0.01   5.96 ± 0.36 43.8 ± 2.36 38.6 ± 2.95 
LSD0.05  0.3 0.06 0.03   1.98    3.12   3.32 

 
 
Table 2. Effect of NaCl and CaCl2 concentrations of the culture medium on N, K+, Ca2+, Mg2+, Na+, Cl-, B and Zn2+ content in the 
apple rootstock M 4 grown in vitro for 4 weeks. Values are the means of 30 replications ± SE. 
 

NaCl CaCl2  N K+ Ca2+ Mg2+ Na+ Cl- B Zn2+ 
[mM] [mM] [mg g-1(d.m.)]      [μg g-1(d.m.)]  

    0 0 2.96 ± 0.19 2.36 ± 0.13 0.47 ± 0.04 0.15 ± 0.02 0.67 ± 0.06 0.11 ± 0.01 44 ± 3.11  128 ± 6.11
  35   5 3.11 ± 0.23 1.98 ± 0.12 0.79 ± 0.06 0.11 ± 0.01  1.89 ± 0.12 3.21 ± 0.25 40 ± 3.04   89 ± 5.21
  35 10 3.14 ± 0.25 1.89 ± 0.11 0.85 ± 0.08 0.12 ± 0.01 1.92 ± 0.14 3.74 ± 0.28 41 ± 3.10   87 ± 5.19
100   5 3.88 ± 0.29 1.56 ± 0.10 0.54 ± 0.05 0.11 ± 0.01 2.84 ± 0.18 5.22 ± 0.41 38 ± 2.99   75 ± 5.04
100 10 3.90 ± 0.30 1.44 ± 0.09 0.72 ± 0.06 0.12 ± 0.02 3.12 ± 0.23 6.12 ± 0.42 39 ± 3.09   78 ± 5.11
200   5 4.59 ± 0.30 1.38 ± 0.09 0.52 ± 0.05 0.10 ± 0.01 3.38 ± 0.26 8.26 ± 0.47 37 ± 3.11   46 ± 4.92
200 10 4.56 ± 0.31 1.20 ± 0.07 0.60 ± 0.07 0.09 ± 0.01 3.81 ± 0.31 8.92 ± 0.45 39 ± 3.01   50 ± 4.86
LSD0.05  0.11 0.17 0.04 0.02  0.09 0.43   2.75     5.2 
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D’Onofrio and Morini (2002) reported that the presence 
of CaCl2 in the culture medium apparently mitigated the 
effects of salt stress. The previous researchers also 
reported that NaCl at 5 mM, in the presence of 0.3 or 
1 mM CaCl2 was favourable both to somatic embryo and 
root formation of Cydonia oblonga grown in vitro. 
Rengel (1992) demonstrated that Ca2+ ameliorates the 
Na-inhibition of growth for most plants but different 
species and different cultivars respond differently to 
supplemental Ca2+ when salinized. Furthermore, 
Bernstein et al. (1993) reported that supplemental Ca2+ 
can increase the length of the growth zones of salt-
stressed sorghum plants. Furthermore, Na+-Ca2+ 
interactions on photosynthesis have been observed. In 
Vaccinium ashei, supplemental Ca2+ increased 
photosynthetic rate in salt-stressed plants treated with 
Na2SO4 (Cramer 2002). Furthermore, Zhu et al. (1997) 
reported that an increase in cytosolic free Ca2+ 
concentration could act at a transcriptional level inducing 
osmotic regulated gene expression of enzymes involved 
in the biosynthetic pathway of proline. Chinnusamy et al. 
(2005) reported that proline serves as a storage sink for 
carbon and nitrogen and a free radical scavenger. It also 
stabilizes subcellular structures (membranes and proteins), 
and buffers cellular redox potential under stress.  

By increasing NaCl and CaCl2 concentrations of the 
culture medium, N, Na+ and Cl- concentrations of 
plantlets increased, whereas K+, Mg2+, Β and Zn2+ 
concentrations decreased in comparison to the control 
(Table 2). Ca2+ concentration of plantlets of all 
treatments was significantly higher in comparison to the 
control. However, higher Ca2+ concentration was found 
at 35 mM NaCl in comparison to 100 and 200 mM. 
Salinity may reduce N accumulation in plants due to an 
antagonistic effect of Cl- to NO3

- uptake (Grattan and 
Grieve 1999). Mattioni et al. (1997) reported that proline 

accumulates in the cytosol in response to salt stress 
acting as osmoregulator. Furthermore, other soluble N-
containing compounds such as other amino acids, 
polyamines and soluble proteins could protect plant 
tissues against osmotic stress (Kozlowski 1997, Rai 
2002). In our experiment, the increased N concentration 
of cultures grown on media containing NaCl and CaCl2 
could be ascribed to accumulation of these N-containing 
compounds acting as osmoregulators. The decrease of K+ 
concentration of plantlets in the presence of NaCl and 
CaCl2 may be attributed to Na+ and Ca2+ competition 
(Epstein 1998). Furthermore, salinity may increase 
energy consumption, required for osmotic regulation and 
competition of transported ions. This may subsequently 
lead to a reduction of metabolically important ions such 
as K+ (Kwon et al. 1995). Nutrient imbalances may result 
from the effect of salinity on nutrient availability, 
competitive uptake, transport or partitioning within the 
plant or may be caused by physiological inactivation of a 
given nutrient resulting in an increase in the plant’s 
internal requirement for that essential element (Grattan 
and Grieve 1999). Calcium is important nutrient element 
in the resistance of plants to salinity. The protective 
effect of Ca2+ in salinized plants is due to its role in 
maintaining membrane integrity. In the presence of 
adequate concentration of Ca2+, plants exclude Na+ and 
withstand the effects of relatively high NaCl 
concentration  
(Al-Yassin 2004). The presence of Ca is necessary to 
maintain K+/Na+ selectivity and to prevent the harmful 
displacement of Ca2+ by Na+ from the cell membranes 
and intercellular pools (Smith 1978). Sodium can enter 
cells through ion channels. In some cases these channels 
are more selective for Na+ than K+. Increase of the 
external Ca2+ concentration reduces Na+ conductance 
through these channels (Roberts and Tester 1997). 

 
 
References 
 
Al-Yassin, A.: Influence of salinity on Citrus: a review paper. - 

J. Cent. Eur. Agr. 5: 263-272, 2004. 
Ashraf, M., Parveen, N.: Photosynthetic parameters at the 

vegetative stage and during grain development of two 
hexaploid cultivars differing in salt tolerance. - Biol. Plant. 
45: 401-407, 2002. 

Bernstein, N., Läuchli, A., Silk, W.K.: Kinematics and 
dynamics of sorghum (Sorghum bicolor L.) leaf 
development at various Na/Ca salinities. I. Elongation. - 
Plant Physiol. 103: 1107-1114, 1993. 

Chinnusamy, V., Jagendorf, A., Zhu, J.: Understanding and 
improving salt tolerance in plants. - Crop Sci. 45: 437-448, 
2005. 

Cramer, G.R.: Sodium-calcium interactions under salinity 
stress. - In: Läuchli, A., Lüttge, U. (ed.): Salinity. 
Environment-Plants-Molecules. Pp. 205-227. Kluwer 
Academic Publishers, Dordrecht 2002. 

D’Onofrio, C., Morini, S.: Increasing NaCl and CaCl2 

concentrations in the growth medium of quince leaves: I. 
Effects on somatic embryo and root regeneration. - In Vitro 
cell. dev. Biol. Plant 38: 366-372, 2002. 

Epstein, E.: How calcium enhances plant salt tolerance. - 
Science 40: 1906-1907, 1998. 

Flowers, T.J., Hajibagueri, M.A., Clipson, N.C.W.: Halophytes. 
- Quart. Rev. Biol. 61: 313-337, 1986. 

Grattan, S.R., Grieve, C.M.: Salinity-mineral nutrient relations 
in horticultural crops. - Sci. Hort. 78: 127-157, 1999. 

Karimi, G., Ghorbanli, M., Heidari, H., Khavari Nejad, R.A., 
Assareh, M.H.: The effects of NaCl on growth, water 
relations, osmolytes and ion content in Kochia prostrata. - 
Biol. Plant. 49: 301-304, 2005. 

Khan, A.A., McNeilly, T., Collins, C.: Accumulation of amino 
acids, proline, and carbohydrates in response to aluminum 
and manganese stress in maize. - J. Plant Nutr. 23: 1303-
1314, 2000. 

Kozlowski, T.T.: Responses of Woody Plants to Flooding and 



T.E. SOTIROPOULOS 

180 

Salinity. - Heron Publishing, Victoria 1997. 
Kwon, T., Abe, T., Sasahara, T.: Enhanced saline stress 

resistance in threonine and methionine overproducing 
mutant cell line from protoplast culture of rice (Oryza 
sativa L.). - J. Plant Physiol. 145: 551-556, 1995. 

Läuchli, A.: Calcium, salinity and the plasma membrane. - In: 
Leonard, R.T., Hepler, P.K. (ed.): Calcium in Plant Growth. 
Pp. 26-35. The American Society of Plant Physiologists, 
Rockville 1990.  

Marschner, H.: Mineral Nutrition of Higher Plants. - Academic 
Press, London 1995.  

Mattioni, C., Lacerenza, N.G., Troccoli, N., De Leonardis, 
A.M., Di Fonzo, N.: Water and salt stress-induced 
alterations in proline metabolism of Triticum durum 
seedlings. - Physiol. Plant. 101: 787-792, 1997. 

McKensie, B.D., Leshen, Y.A.: Stress and Stress Croping in 
Cultivated Plants. - Kluwer Academic Publishers, London 
1994. 

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

Plummer, D.T.: Practical Biochemistry. -  McGraw-Hill, New 
York 1987. 

Rai, V.K.: Role of amino acids in plant responses to stresses. - 
Biol. Plant. 45: 481-487, 2002.  

Rengel, Z.: The role of calcium in salt toxicity. - Plant Cell 

Environ. 15: 625-632, 1992. 
Richards, L.A.: Diagnosis and improvement of saline and alkali 

soils. - In: Agricultural Handbook. Vol. 60. Pp. 157-160. 
U.S. Department of Agriculture, Washington 1954. 

Roberts, S.K., Tester, M.: Permeation of Ca2+ and monovalent 
cations through an outwardly rectifying channel in maize 
root stellar cells. - J. exp. Bot. 48: 839-846, 1997. 

Salisbury, F.B., Ross, W.C.: Plant Physiology. - Wadsworth, 
Inc., Belmont 1992. 

Smith, T.K.: Role of calcium in serine transport into tobacco 
cells. - Plant Physiol. 62: 941-948, 1978. 

Subarrao, G.V., Johansen, C., Jana, M.K., Kuman Rao, J.V.: 
Effects of the sodium/calcium ratio in modifying salinity 
response of pigeonpea (Cajanus cajan). - J. Plant Physiol. 
93: 471-478, 1990. 

Wolf, B.: Improvement in the azomethine-H method for the 
determination of boron. - Commun. Soil Sci. Plant Anal. 5: 
39-44, 1974. 

Yoshiba, Y., Kyiosue, T., Nakashima, K., Yamaguchi-
Shinozaki, K., Shinozaki, K.: Regulation of levels of 
proline as an osmolyte in plants under water stress. - Plant 
Cell Physiol. 38: 1095-1102, 1997. 

Zhu, J., Hasegawa, B., Bressan, R.A.: Molecular aspects of 
osmotic stress in plants. - Crit. Rev. Plant Sci. 16: 253-277, 
1997. 

 
 




