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Abstract: Growth and physiological responses of cucumber microshoots were studied under the influence of
osmotic stress. Microshoots were grown on Murashige and Skoog (MS) proliferation media containing 1.0
mg.l  Kn. Osmotic stress was induced by incorporating different concentrations (0.0, 25, 50, 75 and 100) of1

sorbitol to the proliferation medium. Vegetative and root growth of cucumber microshoots were negatively
affected by osmotic stress. Sorbitol-induced osmotic stress reduced leaf cell sap osmotic potential. Total protein
content declined significantly with increasing the concentration of sorbitol, while more proline accumulated.
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INTRODUCTION osmotic-stress tolerance in intact plant is not necessarily

Plants are continuously exposed to several biotic and this confirms the possibility that sensitivity or tolerance
abiotic stress conditions resulting in altered growth and shown by in vitro culture is due to the effect of osmotic
limited crop productivity [1-3]. Osmotic stress is one of stress on some processes that has no match in the whole
the major environmental factors that limit crop growth and plant [12].
productivity [4, 5]. Therefore, the need for evaluation of Shoot apex culture has been widely used to evaluate
the existing and/or newly developed germplasm of crop plant physiological responses to salinity and osmotic
plants for their responses and tolerance to drought stress [13]. With regards to the whole plant, a similar
conditions has become urgent [6]. The application of response to salt stress could be expected in plantlets
plant tissue culture techniques in stress physiological grown through in vitro shoot apex culture [14], because
studies, particularly salt and water stress, can be justified such explants can be considered mini-replicas of a plant
by the fact that in vitro system has the advantage of with anatomical organization and ability to root and grow
relatively little space needed to culture and rigorously into whole plant.
control physical environment and nutrient status Although, various in vitro studies focused on
parameters, which are difficult to regulate with traditional aspects of plant regeneration in cucumber [15-19], little is
experimental system [7-9]. Furthermore, any complex known about physiological parameters affecting
organ-organ and plant-environment interaction can be cucumber in vitro cultures. Recently, the responses of
controlled or removed [10] and the level of stress can be cucumber microshoots grown on rooting medium to
accurately and conveniently controlled [10, 11]. Smith and drought conditions were reported [3, 13]. Reports about
McComb [12] reported that the growth responses of Beta the response of cucumber microshoots grown on
Vulgaris to NaCl-induced osmotic stress of whole plants proliferation medium to water stress are lacking. The
and in vitro culture were very similar; this demonstrates purpose of this work was to determine the influence of in
that apparent salt tolerance in callus culture can be vitro-induced osmotic stress on growth and physiology
reflected in whole plant and vice versa. On the other hand, of cucumber microshoots grown on proliferation media.

matched by tolerance in callus as in Phaseolus vulgaris;
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MATERIALS AND METHODS Free proline was extracted and colorimetrically estimated

Modified MS medium [15] was used in all et al. [22]. Total protein content in leaves was determined
micropropagation steps and in subsequent experiment. according to Lowry et al. [23], using bovine serum
The media were supplemented with 1% Bacto agar, 3% albumin as a standard. 
sucrose and 0.1 g.l  myoinositol. The pH was adjusted to Treatments were arranged in a completely randomized1

5.7 prior to autoclaving at 121 °C and 15 psi for 20 min. design (CRD) with 15 replicates. Collected data were
Seed germination and shoots were maintained at 16 hr subjected to the analysis of variance (ANOVA) and
photoperiod using fluorescent light providing a means were separated according to the least significant
photosynthetic photon flux density of 40µmolm s . difference (LSD) at 0.05 level of probability using SAS2 1

Seeds of cucumber (Cucumis sativus L. cv Sultan) program.
were decoated after soaking in distilled water for 15
minutes. The decoated seeds were soaked in 70% (v/v) RESULTS AND DISCUSSION
ethanol for 1 minute and then immersed in 1% sodium
hypochlorite with 6 drops of Tween-20 per 100 ml for 20 The control and the 25 mM sorbitol gave
minutes. Finally the seeds were rinsed three times with significantly the tallest shoots (Table 1). Shoot length at
autoclaved distilled water. The sterilized decoated seeds the 25 and 50 mM was not significantly different. Sorbitol
were germinated on modified MS (Murashige and Skoog, at less than or equal to 75 mM resulted in progressive
1962) bioregulators free medium supplemented with 1% significant reductions in shoot length down to 6.97cm at
agar (Bacto) and 3% sucrose (Sigma). Cultures were the 100 mM sorbitol. Significantly highest percent
maintained at 22 °C for 6 days. reduction in shoot length was obtained by the 100 mM

The cotyledonary nodes (included both cotyledons, sorbitol, while the 25 and 50 mM produced significantly
an intact apical bud and 0.5 cm length of intact similar percent reductions in shoot length (Table 1).
hypocotyls) from 6 day old seedlings were dissected and Shoot fresh weight decreased significantly for each
inoculated on modified MS medium containing 2 mg.l increase in sorbitol above 25 mM. The corresponding1

Kn for 3 weeks in order to obtain well-developed plantlets reduction percentages were significantly increased for
with higher number of nodal explants. Thereafter, single each increase in sorbitol.
node stem cuttings were taken and inoculated on MS Each increase in sorbitol, was accompanied with a
medium containing 1 mg.l  Kn. Two weeks later, well significant reduction in shoot dry weight (Table 1) and a1

developed plantlets were obtained. significant increase in corresponding reduction
Microshoots (3 cm long) were inoculated on percentages (Table 1). Shoot dry weight was reduced by

proliferation medium containing 1.0 mg.l  Kn. The 39.48% at the 100 mM sorbitol. The least percent shoot1

medium was supplemented with different concentrations dry weights were observed at the 75 and 100 mM sorbitol.
(0.0, 26, 50, 75 and 100 mM) of sorbitol. Cultures were However "the control, 25 and 50 mM" as well as "25, 50
grown in 250 ml screw capped bottles containing 45 ml and  75  mM  produced  similar  percent  dry  weights
medium. Kinetin is an effective cytokinin in shoot (Table 1). Progressively significant percent reductions in
proliferation in several species [21]. percent shoot dry weights were associated with each

Data were recorded after one month for shoot length, increase in sorbitol (Table 1). 
root number and length and their fresh and dry weights. The 100 mM sorbitol produced significantly least
Dry weights were determined for shoots and roots after number of adventitious roots (4 roots) (Table 2).
drying the samples to a constant weight at 78 °C. Significantly similar adventitious root numbers were

Osmotic potential were measured on leaf samples. produced from "the control and 25 mM", or "the 25 and 50
Leaf tissues were packed into 1 cm  disposable syringes mM" or "the 50 and 75 mM". Reduction percentages in3

and frozen at-20°C, allowed to thaw at room temperature adventitious root number were significant for each
for 30 minutes; cell sap was expressed from the culture increase in sorbitol (Table 2). Sorbitol at the 75 and 100
samples by depressing the syringe plunger. Osmotic mM, significantly reduced adventitious root length as
potential was measured on 10 µl samples of the extract sap compared to the other sorbitol concentrations. The
[8]  using  a  Wescor  5500  Vapor  Pressure  Osmometer. control  and  the  25  mM sorbitol resulted in significantly

in fresh leaf samples by acid-ninhydrin method of Bates
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Table 1: Effect of in vitro-induced osmotic stress on vegetative growth of cucumber microshoots grown on proliferation medium containing 1 mg.l  Kn1

Sorbitol (mM) Shoot length (cm) Shoot Fresh Weight (g) Shoot Dry Weight (g) Percent

0  9.35 a 2.31 a 0.190 a 8.23 a

25  9.07 ab 2.24 a 0.178 b 7.95 ab

50  8.77 b 2.05 b 0.160 c 7.80 ab

75  8.21 c 1.87 c 0.142 d 7.55 bc

100  6.97 d 1.65 d 0.115 e 6.99 c

Means within columns followed by different letters are significantly different according to LSD test (P<0.05).

Table 2: Effect   of   in   vitro-induced   osmotic  stress  on  adventitious  root  growth  of  cucumber  microshoots  grown  on  proliferation  medium

containing 1 mg.l  Kn1

Sorbitol (mM) Root Number Root Length (cm) Root Fresh Weight (g) Root Dry Weight (g) Percent

0 5.97 a 7.50 a 0.202 a 0.0126 a 6.24 a

25 5.64 ab 7.22 a 0.184 b 0.0113 b 6.15 ab

50 5.07 bc 6.80 b 0.142 c 0.0086 c 6.04 abc

75 4.62 c 6.24 c 0.122 d 0.0070 d 5.73 bc

100 4.00 d 6.06 c 0.094 e 0.0052 e  5.54 c

Means within columns followed by different letters are significantly different according to LSD test (P<0.05).

longest adventitious roots (Table 2). Significantly least
reduction percentages in adventitious root length (about
3.73%) produced by the 25 mM sorbitol. In contrast, the
significantly highest percent reductions were observed at
the 75 and 100 mM (Table 2).

Each increase in sorbitol was accompanied with a
significant reduction in adventitious root fresh and dry
weights and a significant increase in their corresponding
reduction percentages (Table 2). Fig. 1: Effect of in vitro-induced osmotic stress on leaf

No significant differences were found between "the osmotic potential of cucumber microshoots grown
control, 25 and 50 mM" sorbitol regarding percent on proliferation medium containing 1 mg.l  Kn.
adventitious root dry weights. The same trend was Columns with different letters are significantly
obtained for "25, 50 and 75 mM" as well as "50, 75 and 100 different according to LSD test (P<0.05).
mM" (Table 2).

The results indicated that the vegetative and root At 0 and 25 mM sorbitol, leaves had almost similar
growth of microshoots grown on proliferation medium osmotic potential. When microshoots were grown on
were negatively affected by in vitro-induced osmotic medium containing 75 and 100 mM sorbitol, leaf osmotic
stress. These findings are in general agreement with those potential was the least (Figure 1). Reduction in osmotic
of other authors [6, 8]. In vitro induced water deficit potential on osmo-stressed medium was reported under
significantly reduced cherry growth and rooting [6]. As sorbitol and mannitol-induced water stress in
well, in vitro shoot growth and root production were chrysanthemum [8]. These findings are in general
significantly decreased during proliferation and rooting agreement with the present results in cucumber.
phases of Chrysanthemum morifolium by induced Increasing water deficit by elevated osmoticum in the
osmotic stress [8]. medium, significantly reduced leaf cell sap osmotic

Cucumber responses to water stress were also potential of cherry microshoots [6].
studied in vivo. Janoudi et al. [24] found that stressed In general, protein content was adversely affected by
cucumber plants have lower stomatal conductance and in vitro-induced osmotic stress. The 0 mM sorbitol had
CO assimilation rate. Serce et al. [25] observed a the highest protein content (9.5 mg.g  FW) while2

reduction in dry weight when cucumber plants where microshoots grown in the presence of 75 and 100 mM
exposed to water stress. sorbitol,  had  the  least   content   of   protein   (Figure  2).
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Fig. 2: Effect of in vitro-induced osmotic stress on
protein content of ‘Sultan’ cucumber microshoots
grown on proliferation medium containing 1 mg.l 1

Kn. Columns with different letters are significantly
different according to LSD test (P<0.05).

Fig. 3: Effect of in vitro-induced osmotic stress on
proline content of ‘Sultan’ cucumber microshoots
grown on proliferation medium containing 1 mg.l 1

Kn. Columns with different letters are significantly
different according to LSD test (P<0.05).

Reduction  in  protein  content  and  accumulation of
proline   were    also    noticed    in   osmotic-stressed
alfalfa plants [26]. Wilting of aspen shoots was also
accompanied by a rapid reduction in total protein content
[27].

Proline contents accumulated significantly for each
increase  in  sorbitol  concentration  above  25 mM
(Figure 3); highest proline accumulation was found at the
100 mM sorbitol (13.5 µmol.g  FW). Proline is one of the1

most important compatible osmolytes that accumulates in
plant cells in response to environmental stresses in order
to increase the cellular osmotic potential [28-30]. Plants
exhibit several other mechanisms at the molecular and
cellular levels to overcome osmotic stress conditions and
resulting oxidative stresses [31-33].
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