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Abstract 
The formation of sugars in plants is an essential aspect of metabolism and is altered by different 

ways although the mechanism is not clarified.  Here, we used pot experiment for cultivation of 
vegetable Basella alba and examined the effects of low and high temperature on sugar, reducing 
sugar and non reducing sugar level in leaf.  Cold acclimation (8oC) causes the accumulation of 
sugar for 24, 48 and 72 h however, the higher accumulation was observed after 72 h of the 
treatment.  Reducing and non reducing sugars were also increased time dependently in response to 
cold.  Whenever the plants were exposed to high temperature (45oC), the similar stimulatory and 
more pronounced effects on sugar accumulation were obtained for 24, 48 and 72 h periods and the 
accumulation of sugars in leaf were found time dependently up to 72 h compared to the respective 
controls.  The reducing and non reducing sugars in leaf were accumulated similarly in response to 
high temperature.  The increased sugar accumulation might be due to the oxidative stress caused 
by such extreme alteration of temperature and may play the critical role in survival of this species 
of plant in such adverse environment. 
 
Keywords: adaptive response, cold acclimation, high temperature, metabolic effects, sugar 
accumulation 
 
 

Introduction 
 
Temperature fluctuation is a common 

phenomenon of the atmosphere and is involved in 
changes of various metabolic functions (Janska et al., 
2010).  Changes in environmental temperature affect 
the plant kingdom either by suppression of their total 
growth and development or by augmenting diverse 
physiological, metabolic and superficial changes.  
Plants regularly face adverse growth conditions, 
such as drought, salinity, chilling, freezing and high 
temperatures (Jonak et al., 1996).  These stresses can 
delay growth and development, reduce productivity 
and in extreme cases, cause plant death.  Plant stress 
responses are dynamic and involve complex cross-
talk between different regulatory levels, including 
adjustment of metabolism and gene expression for 

physiological and morphological adaptation.  A 
direct comparison of the metabolic profile of 
Arabidopsis thaliana acclimated to either low or 
high temperatures showed a significant overlap, but 
also major differences in metabolic adjustments 
(Kaplan and Guy, 2004; Kaplan et al., 2004).  A 
greater number of metabolite levels changed 
specifically in response to cold than to heat, pointing 
towards a strong impact of cold on plant metabolism 
and the plants survive in this environment either by 
alteration of their metabolic activities or by 
performing special mechanical approach.  The 
adverse environment created by extreme low and 
high temperature causes the synthesis of compounds 
essential to survive in such environment although the 
mechanism is not clarified.  However, in this critical 
environment, plants survive by a new mechanical 
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approach where alteration of metabolic fate is 
observed.  It has been shown that exposure of 
draught-stressed plants to heat induces unique 
metabolic responses highlighting the complexity of 
metabolic adjustments in natural environments 
(Rizhsky et al. 2004; Urano et al., 2009).   

Accumulation of sugar in plant is an essential 
step in sugar metabolism.  The roots of plants are 
involved in the acquisition of water and nutrients, 
anchorage of the plant, synthesis of plant hormones 
and other essential macromolecules for their 
growth.  The synthesis of these compounds is 
essential to develop the growth of the plants as well 
as may play the critical role in the regulation of the 
development of other organisms. However the 
metabolic pathways regarding the formation of 
these compounds are affected in response to the 
diversification of temperature particularly very low 
and high temperature and the phenomena is not 
well understood.   

Basella alba is a widely cultivated, cool season 
common vegetable with climbing growth habit in 
Bangladesh.  It is a fast growing, productive, leafy 
vegetable and is a succulent, branched, smooth, 
twining herbaceous vine, several meters in length.  
Basella alba has dark-green, oval or almost round 
leaves.  Its higher growth is observed during 
summer; however, some species of this vegetable 
also grow in winter season.  Therefore, both 
seasons might be involved in regulating metabolic 
alterations in this species of vegetable.  Recent 
investigations reveal that Basella alba has been 
found to have medicinal importance (Premalatha et 
al., 2005; Roshan et al., 2012).  It has been used 
from a long time back for the treatment of many 
diseases like dysentery, diarrhea, anemia, cancer 
etc.  The present studies have been undertaken to 
find the role of cold acclimation and exposure of 
high temperature on the regulation of metabolic 
activities regarding the accumulation of sugars in 
this species of vegetables. 
 

Materials and Methods 
 
Plant Materials and Low Temperature 
Treatment 

For this experiment, two plastic pots were used; 
each pot size was 70 cm in diameter and 24 cm in 
height.  An adequate amount of soil was taken in 

each plastic pot and the plastic pots were seeded 
with Basella alba.  For the germination of seeds, 
the following points were carried out: i) the strong 
seeds were selected; the seeds were added to 
normal water and the floating seeds were 
discarded; ii) the seeds were kept in normal water 
with temperature below 37oC for overnight; iii) the 
seeds which were swollen by water absorption, 
were expected to be effective for germination; iv) 
the seeds were seeded in the pots prepared with soil 
and the efficiency of seed germination was 65%-
75%.  After 30 days of germination, the two 
different pots were described as control and low 
temperature induced plant.  Control pot was used 
for 24, 48 and 72 h treatments in the room 
temperature without cold acclimation.  The second 
pot was used for 24, 48 and 72 h duration in the 
temperature controlled cooling chamber and given 
cold exposure (8oC) with full aeration.  After the 
treatments, leaves were collected consecutively 
from each pot for 24, 48 and 72 h duration and kept 
in -80oC.  

 
Plant Materials and High Temperature 
Treatment  

In separate experiments, another two plastic 
pots were prepared with soil and seeded similarly 
with Basella alba.  After 20 days of germination, 
the two different pots were described as control and 
high temperature induced plant.  Control pot was 
used for 24, 48 and 72 h treatments in room 
temperature, however, the temperature was 
maintained 30oC by using air cooling system (AC) 
already fixed in the room and without giving any 
high temperature.  The second pot was used 
similarly for 24, 48 and 72 h duration in the plastic 
chamber and was exposed to 45oC with full 
aeration along with sufficient water.  To maintain 
this temperature, electric bulbs (2×200 W) were 
connected to the chamber.  After the treatments, the 
leaves were collected consecutively from each pot 
for 24, 48 and 72 h duration and kept in -80oC.  

 
Assay of Sugar Metabolites in Leaf 

Approximately, 3~4 g of cold exposed and their 
respective control leaves after 24, 48 and 72 h 
periods were used for determination of sugar, 
reducing sugar and non reducing sugar while 
approximately 2~4 g of high temperature induced 
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leaves and their respective controls were used 
similarly.  The sugar and reducing sugar content in 
leaf was determined colorimetrically as described 
by Jayaraman (1981).  Briefly, leaves were plunged 
into boiling ethyl alcohol and allowed to boil for 10 
minutes (10 mL of ethanol was used for each gram 
of leaf).  The extract was cooled, crushed in a 
mortar with pestle and was filtered through two 
layers of muslin cloth and re-extracted the crude 
leaf for three minutes in hot 80% ethanol, using 2 
to 3 mL of ethanol for each gram of leaf sample.  
The second extraction ensured complete removal of 
alcohol soluble substances.  The extract was cooled 
again and passed through muslin cloth.  Both the 
extracts were filtered through Whatmann No. 41 
filter paper.  The volume of the extract was 
evaporated to about ¼ of the volume over a stream 
bath and cooled. The reduced volume of the extract 
was transferred to a 100 mL volumetric flask and 
made up to the mark with distilled water.    

Aliquot of leaf extract (1 mL) was taken into a test 
tube, 4 mL of anthrone reagent (0.2% in concentrated 
H2SO4) was added and mixed well.  The tubes were 
heated in a water bath and cooled.  To prevent water 
loss, glass marbles were placed on top of each tube.  
A blank was prepared by taking 1 mL of water and 4 
mL of anthrone reagent in a tube and treated 
similarly.  The absorbance of the blue-green solution 
was measured at 680 nm in a colorimeter.  The 
amount of free sugar was calculated from the standard 
glucose concentration (10 mg dL-1) and was 
expressed as mg 100 g-1 of leaf.   

For determination of reducing sugar content in 
leaf, aliquot of the extract (10 mL) was pipetted 
into test tubes and 3 mL of DNS (dinitrosalicylic 
acid) reagent (1g of DNS, 200 mg of crystalline 
phenol and 50 mg of sodium sulphate were placed 
in a beaker and mixed with 100 mL of 1% NaOH 
solution) were added to each of the tubes and 
mixed well.  The tubes were heated for 5 minutes 
in a boiling water bath to develop the color and 1 
mL of 40% Rochelle salt was added when the 
contents of the tubes were still worm and cooled 
with tap water.  A blank was prepared by taking 10 
mL of water and 3 mL of DNS reagent in a tube 
and treated similarly.  The absorbance of the 
solutions was measured at 575 nm in a colorimeter.  
The amount of reducing sugar was calculated from 
the standard glucose concentration (10 mg dL-1).  

Non reducing sugar content in leaf was determined 
from the difference of total sugar and reducing 
sugar content in the different treated plants and 
their respective controls.  

 
Statistical Analysis 

Results of the experiments were expressed as 
mean and standard error of different groups. The 
differences between the mean values were 
evaluated by ANOVA followed by paired t-test 
using SPSS software. 
 

Results 
 
Low Temperature Induced Sugar Accumulation 

 
Sugar level in leaf of Basella alba after 24, 48 and 
72 h of treatment 

To investigate the role of cold acclimation on 
sugar accumulation in leaf of Basella alba, we 
determined sugar level after 24, 48 and 72 h periods 
of cold exposure.  Figure 1 shows the effect of cold 
on sugar content after 24 h of treatment.  Plants 
treated with cold had sugar content 83.40±0.48 mg 
where as for control, 59.55±0.32 mg 100 g-1 of leaf 
was observed.  The results indicated that sugar 
content of Basella leaf had been increased by 
40.0% significantly (P<0.01) for cold treatment 
when compared to the respective control.  Cold 
acclimation similarly causes the enhanced sugar 
accumulation in prolonged time (48 h) and they 
may survive in such critical environment either by 
accumulation of sugar in their tissues or by other 
phenomenon.  Figure 1 also shows that the sugar 
content was increased significantly (P<0.05) by 
14.3% when they were exposed to cold compared 
to the respective control where the values were 
63.96±1.06 mg and 73.16±2.44 mg 100 g-1 of leaf 
respectively for control and cold acclimation.  After 
72 h of treatment, low temperature causes the 
synthesis of sugar 96.64±1.61 mg while the value 
for the control leaf was recorded to be 65.22±0.67 
mg 100 g-1 of leaf showing the higher accumulation 
of sugar after 72h period and enhanced significantly 
(P<0.01) by 48.1% when compared to the 
respective control.  The results are also illustrated 
in Figure 3A when expressed as percentage of 
control.  Therefore, the faster increase in sugar in 
leaf in response to cold acclimation might be 
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involved in regulation of sugar metabolism by 
which the plants survive in such a critical 
environment.   

 
Reducing sugar level in leaf of Basella alba 24, 48 
and 72 h of treatment 

After 24h of treatment, the reducing sugar 
content in leaf of Basella alba was 8.40±0.08 mg 
100 g-1 of leaf while for the respective control plant, 
the value was found to be 9.27±0.40 mg.  Although 
reducing sugar content in leaf was slightly (9.3%) 
reduced however, no significant changes in 
reducing sugar level in cold exposed leaf were 
noted.  Whenever, they were exposed to cold for 48 
h period, the different and enhanced reducing sugar 
level were observed and the value was 13.81±0.68 
mg and the respective control plant showed 
6.94±0.27 mg of reducing sugar.  The results 
illustrated in Figure 2, indicate that the sugar level 
was increased significantly (P<0.05) by 98.9% 
when compared to the control.  Similar stimulatory 
effects (97.7%) (P<0.01) on reducing sugar were 
observed whenever the plants were exposed to cold 
for 72 h period compared to the respective control 
where 17.20±0.08 mg and 8.70±0.11 mg reducing 
sugar in leaf of Basella alba were found 
respectively.  The results are also illustrated in 
Figure 3B when expressed as percentage of control.  
However, the effects were pronounced than the 
previous 24h period demonstrating the higher 
accumulation of reducing sugar in response to cold 
for the prolonged time.    

 
Non reducing sugar level in leaf of Basella alba 
24, 48 and 72 h of treatment 

As shown in Table 1, the non reducing sugar in 
leaf of Basella alba was recorded to determine the 
effect of cold on sugar accumulation in plant.  After 
24 h of treatment, the leaf non reducing sugar level 
was calculated as 50.28±0.22 mg for control and 
for low temperature induced plant, the value was 
74.99±0.52 mg 100 g-1 of leaf.  Cold acclimation 
causes a significant (P<0.01) increase (49.1%) in 
non reducing sugar level when compared to the 
respective control.  Plants exposed to cold for 48h 
period, the non reducing sugar level in leaf was 
59.34±1.89 mg, while for the respective control 
plant for the above mentioned time, the value was 
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Figure 1 Low temperature induced sugar accumulation in 
leaves of Basella alba.  The plants exposed to cold (8oC) for 
24, 48 and 72 h in cold chamber, however, the respective 
controls were used without any cold acclimation.  The leaves 
of plants of different treatments and their respective controls 
were used for determination of sugar. The results are 
meansSE for 3 values in each group. 
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Figure 2 Low temperature induced reducing sugar 
accumulation in leaves of Basella alba.  The plants exposed to 
cold (8oC) for 24, 48 and 72 h in cold chamber in cold 
chamber, however, the respective controls were used without 
any cold acclimation.  The leaves of plants of different 
treatments and their respective controls were used for 
determination of reducing sugar.  The results are meansSE for 
3 values in each group. 

 

 
recorded as 57.01±0.85 mg 100 g-1 of leaf.  The 
results indicated that non reducing sugar level in leaf 
had been increased by 4% when compared to 
control; however, the amount of sugar was lower 
than that of 24 h period.  In response to low 
temperature for 72 h, the leaf non reducing sugar 
was 79.44±1.53 mg and the respective control leaf 
had 56.51±7.09 mg for the above mentioned time.  
The results (shown in Table 1) demonstrated that 
prolonged exposure of cold is involved in 
accumulation of non reducing sugar in leaf of this 
species of plant and increased by 40.5% significantly 
(P<0.01) when compared to the respective control. 
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Figure 3 Sugar and reducing sugar level in leaves of Basella 
alba.  The plants exposed to cold (8oC) for 24, 48 and 72 h in 
cold chamber in cold chamber, however, the respective 
controls were used without any cold acclimation.  After the 
treatments, the leaves of the plants and their respective controls 
were used for determination of sugar (A) and reducing sugar 
(B).  The results are expressed as percentage of the respective 
controls.  The results are meansSE for 3 values in each group. 
 

 
 

Table 1 Non reducing sugar level in leaf of low 
temperature induced Basella alba.  The plants exposed 
to cold for 24, 48 and 72 h in the cold chamber and the 
cold exposed leaves were used for determination of 
sugar content.  The respective controls were also used 
however no cold acclimation was given.  The data are 
meansSE for 3 values in each group. 
 

Treatment 
Non reducing sugar level 

(mg 100 g-1 of leaf) 

Control (24 h) 50.28±0.22 

Cold acclimation (24 h) 74.99±0.52 

Control (48 h) 57.01±0.85 

Cold acclimation (48 h) 59.34±1.89 

Control (72 h) 56.51±7.09 

Cold acclimation (72 h) 79.44±1.53 

 
High Temperature Induced Sugar 
Accumulation 
 
Sugar level in leaf of Basella alba 24, 48 and 72 h 
of treatment  

To examine the role of high temperature on the 
regulation of sugar accumulation in leaf of Basella 
alba, plants in the pot were exposed to 45oC in 
plastic chamber equipped in the laboratory for 24h 
period.  As shown in Figure 4, the sugar content for 
control plant was 72.83±0.61 mg while for high 
temperature induced plant, the amount of sugar was 
145.97±2.45 mg 100 g-1 of leaf.  High temperature 
was found to cause the synthesis of sugar in leaf by 
100.4% significantly (P<0.01).  Whenever plants 
were exposed to high temperature for 48h, the sugar 
accumulation was enhanced than the previous 
exposure.  In this case, the plant exposed to high 
temperature had the sugar content 483.43±17.36 
mg after 48h of treatment while for the respective 
control; the value was 94.21±1.59 mg 100 g-1 of 
leaf.  The results indicated that the sugar content in 
leaf had been increased by 413.1% significantly 
(P<0.01) when compared to the control plant.  To 
find the optimum effect of high temperature on 
sugar accumulation in leaf, the extended time was 
72 h. For control plant kept in ambient temperature, 
the sugar content in leaf was found to be 
125.49±3.21 mg while for the high temperature 
induced plant, the amount of sugar content was 
943.23±16.14 mg in leaf.  The results demonstrated 
that the sugar content in leaf had been increased 
significantly (P<0.001) by 651.6% when they were 
exposed to 45oC compared to the respective control.  
Figure 6A also shows sugar level for 24, 48 and 72 
h periods when expressed as percentage of control.  
Therefore, it is assumed that short term exposure 
has mild effect on sugar accumulation in leaf; 
conversely as the time extended, the accumulation 
assumed to be higher and increased time 
dependently.  Although sugar content in leaf had 
been influenced in response to low temperature, 
however, high temperature induced sugar 
accumulation was found to be several folds higher 
for these periods.  
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Reducing sugar level in leaf of Basella alba 24, 48 
and 72 h of treatment  

To understand whether reducing sugar content 
in leaf is affected by high temperature, the plants in 
the pot similarly were kept in hot chamber and high 
temperature was given to the plants for 24h.  
Reducing sugar content in leaf was reduced by 
23.1% non significantly (P=0.034) when compared 
to the respective control where the amount of 
reducing sugar was 6.91±0.06 mg and for the 
treated plant, the  reducing sugar level was 
5.31±0.28 mg 100 g-1 of leaf.  On the contrary, 
whenever they were exposed to 48h, a dramatically 
faster increase (92.1%) (P<0.05) of sugar 
accumulation was recorded for the plant at 45oC 
temperature, the value of which reached 33.25±3.04 
mg 100 g-1 of leaf and the respective control leaf 
showed sugar level 17.30±0.91 mg 100 g-1 of tissue 
(Figure 5).  Similar trends in accumulation of 
reducing sugar in leaf were detected whenever they 
were exposed to high temperature for 72 h period 
(Figure 5).  Several folds of reducing sugar (76.3%) 
(P<0.01) were increased by 45oC for this period 
when compared to the control plant where 
33.17±1.85 mg for the treated plant and 18.81±1.21 
mg 100 g-1 of leaf for control plant were recorded.  
The results are also illustrated in Figure 6B when 
expressed as percentage of the respective control.  
Taken together, a faster increase in accumulation of 
reducing sugar in leaf was mediated by high 
temperature for prolonged exposure.  The enhanced 
reducing sugar level in leaf in response to both low 
and high temperature might be due to the higher 
oxidative stresses during this prolonged exposure. 

 
Non reducing sugar level in leaf of Basella alba 
24, 48 and 72 h of treatment 

To examine the role of high temperature on the 
regulation of sugar accumulation in leaf of 
vegetable, the plants in the pot were exposed to hot 
chamber for 24 h period.  As shown in Table 2, the 
non reducing sugar for control was 65.92±0.65 mg 
while for high temperature treatment, the value was 
140.65±2.16 mg 100 g-1 of leaf.  The amount of non 
reducing sugar was increased by 113.3% 
significantly (P<0.01) in response to high 
temperature.  Whenever, the plant was exposed to 
high temperature for 48h, the different non  
reducing  sugars  were  noted.   In  this  case, the 

Table 2 Non reducing sugar level in leaf of high 
temperature induced Basella alba.  The plants exposed 
to high temperature for 24, 48 and 72 h in the high 
temperature producing chamber and the leaves for the 
respective treatment were used for determination of 
sugar content.  The respective controls were also used 
however, no high temperature was given.  The data are 
meanSE for 3 values in each group.   
 

Treatment 
Non reducing sugar level 

(mg 100 g-1 of leaf) 

Control (24 h) 65.92±0.65 

High temperature  (24 h) 140.65±2.16 

Control (48 h) 76.91±1.13 

High temperature (48 h) 450.17±20.41 

Control (72 h) 106.67±3.63 

High temperature (72 h) 910.05±16.55 
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Figure 4 High temperature induced sugar accumulation in 
leaves of Basella alba.  Leaves were exposed to 24oC for 24, 
48 and 72 h period, The respective controls were kept in the 
room where the temperature remains 30oC and was maintained 
by air cooling system.  After the treatments the leaves of the 
plants and their respective controls were used for determination 
of sugar. The results are meansSE for 3 values in each group. 
 
 

0

5

10

15

20

25

30

35

40

C 24h C 48h C 72h

R
ed

u
ci

n
g

 s
u

g
ar

 c
o

n
te

n
t 

 (
m

g
/1

00
g

 o
f 

le
af

)

 
 
Figure 5 High temperature induced sugar accumulation in 
leaves of Basella alba.  Leaves were exposed to 24oC for 24, 
48 and 72 h period, The respective controls were kept in the 
room where the temperature remains 30oC and was maintained 
by air cooling system.  After the treatments the leaves of the 
plants and their respective controls were used for determination 
of sugar. The results are meansSE for 3 values in each group. 
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Figure 6 Sugar and reducing sugar level in leaves of Basella 
alba during high temperature acclimation.  The plants were 
exposed to 45oC for 24, 48 and 72 h period in the high 
temperature producing chamber.  The respective controls were 
kept in the room where the temperature remains 30oC and was 
maintained by air cooling system.  After the treatments, the 
leaves of the plants and their respective controls were used for 
determination of sugar (A) and reducing sugar (B).  The results 
are expressed as percentage of the respective controls.  The 
results are means of   SE for 3 values in each group.  
 
 
 

plants exposed to high temperature had sugar 
content 450.17±20.41 mg while for the control leaf; 
the value was 76.91±1.13 mg 100 g-1 of leaf.  The 
results indicated that the leaf non reducing sugar 
level had been found to be influenced by 485.3% 
significantly (P<0.01) when compared to the 
respective control.  To get the maximum response 
of high temperature on the regulation of reducing 
sugar level, the exposure time was extended to 72 
h.  After the treatment, high temperature had been 
shown to cause the synthesis of non reducing sugar 
910.05±16.55 mg while the value for the control 
leaf was recorded to be 106.67±3.63 mg showing 
the higher accumulation of non reducing sugar after 
72 h period and enhanced significantly by 753.1% 
(P<0.001) when compared to the respective control.  
The increased sugars in leaf in response to high 
temperature might be a regulatory factor for the 
growth of leaf and be an index for characterization 

of adaptive response during acclimation to high 
temperature.   
 

Discussion  
 

In the present study, pronounced accumulation 
of sugar, reducing sugar and non reducing sugar in 
leaf were found during both cold acclimation and 
high temperature treatment for the plant Basella 
alba.  The plants exposed to cold for 24 h had 
significant increased sugar in their leaves and with 
the extension of time (48 and 72 h), similar 
increased results were observed when compared to 
the respective control plants.  Reducing sugar and 
non reducing sugar were similarly increased during 
cold acclimation however the mechanism of 
accumulation of sugars in leaves is not clarified.  
There is increasing evidence that chilling causes 
elevated levels of Active Oxygen Species (AOS), 
which contribute significantly to chilling (Wise and 
Naylor, 1987).  AOS such as super oxide (O2-), 
hydrogen peroxide (H2O2), hydroxyl radicals (OH¯) 
and singlet oxygen (1O2) are present in plants at 
25oC as a result of normal aerobic metabolism.  
Therefore, accumulation of sugars in leaves of 
Basella alba during cold acclimation might be 
correlated to the above mechanisms enhanced by 
such adverse environmental circumstances.  Sugars 
are the major source of energy for various 
metabolic regulations. Plants accumulate 
carbohydrate as storage substances that can be 
mobilized during periods of limited energy supply 
or enhanced energetic demands.  For example, most 
plant species use starch as their main storage 
carbohydrate, several angiospers, mainly from 
regions with seasonal cold, accumulate fructans 
(Hendry, 1993). These fructans have been 
identified to stabilize membranes (Vallurn and Van 
den Ende, 2008) and might indirectly contribute to 
osmotic adjustment upon freezing and dehydration 
by the release of hexose sugars (Spollen and 
Nelson, 1994; Olien and Clark, 1995).  The 
accumulation of sugars in leaves of Basella alba, 
therefore, might play a critical role in delivering the 
energy supply during such environmental adverse 
situation and there by the plants survive.  It has 
been revealed that sugars appears essentially in 
plant during cold acclimation as shown for example 
by the inability of an Arabidopsis sucrose synthase 
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mutant to cold acclimation (Welling and Palva, 
2006) or the requirement for light in low-non 
freezing temperature-induced cold acclimation 
connected to sugar accumulation (Wanner and 
Junttila, 1999; Yadegari et al., 2007).  Precise 
function of sugars is not known, but their high 
abundance in cold acclimated plants suggest a role 
in osmoregulation and less abundant sugars might 
also have a role in cry protection or as signaling 
molecules (Welling and Palva, 2006).  It has been 
shown that cold acclimation causes the changes of 
pronounced modifications of leaf cells particularly 
the cytoplasm as previously reported (Stefanowska 
et al. 1999).  Cold induced modifications in 
cytoplasm ultra structure are likely to represent 
processes related to plasma membrane turnover 
during acclimation.  Plants respond to stress by a 
progressive adjustment of their metabolism with 
sustained, transient, early and late responsive 
metabolic alterations.  For example, raffinose 
accumulates to high levels over the course of 
several days of salt exposure, drought or cold, 
where as central carbohydrate metabolism changes 
rapidly in a complex, time-dependent manner.  
Some metabolic changes are common to salt, 
drought and temperature stress, whereas others are 
specific.  For example, levels of amino acids, 
sugars and sugar alcohols typically increase in 
response to different stress conditions (Usadel et 
al., 2008) 

High temperature induced metabolism regarding 
accumulation of sugars in leaf was performed in the 
present study.  The stimulatory effects on sugar 
accumulation in response to high temperature 
acclimation were observed.  Although similar 
enhancing effects on sugar accumulation were 
noted during 72 h treatment, the efficiency on sugar 
deposit seems to be higher than low temperature 
induced mechanisms.  Although the mechanism is 
not clarified regarding this phenomenon in plant 
however, recent investigations might be involved in 
this respect.  Todaka et al. (2000) and Kampa et al. 
(2008) found that salt and drought stress generally 
leads to a depletion of starch content and to the 
accumulation of soluble sugars in leaves.  Sugars 
that accumulate in response to stress can function 
as osmolytes to maintain cell furgor and have the 
ability to protect membranes and protein from 
stress damage (Kaplan and Guy, 2004).  Hydrolysis 

of starch by the β- amolytic path represents the 
predominant pathway of starch degradation in 
leaves under normal growth conditions and may 
also be involved in stress-induced starch hydrolysis.  
Osmotic stress was shown to enhance total β -
amylase activity and to reduce light-stimulated 
starch accumulation in Arabidopsis plants (Valerio 
et al., 2011).  The non reducing disaccharide 
trehalose accumulates to high amounts in some 
desiccation tolerant plants, for example, 
Myrothamnus flabellifolius (Bianchi et al., 1993; 
Drennan et al., 1993).  At sufficient levels, 
trehalose can function as an osmolyte and stabilize 
proteins and membranes (Paul et al., 2008).  In 
most angiosperms however, trehalose is present in 
trace amounts and abiotic stress increases the levels 
of trehalose only moderately (Garg et al., 2002; 
Kempa et al., 2008).  Although starch content was 
not determined in the leaf of Basella alba, 
investigations reveal that accumulation of starch in 
matured leaves is reduced at the higher temperature 
(Lafta and Lorenzen, 1995).  The decrease in starch 
and the increase in sucrose levels at high 
temperature in their studies lead to an increase in 
sucrose-6-phosphate synthase activity.  Therefore, 
increase reducing sugars in leaf of Basella alba 
because of the effect of high temperature stress 
might be coincided with their findings. Basella alba 
is a common vegetable commercially available in 
market of Bangladesh.  Their cultivation has been 
observed in both summer and winter.  
Accumulation of sugar in such plants might be a 
metabolic fate and the sugar deposit is not the 
permanent process.  Such deposition of sugar might 
be metabolized and be an energy source for the 
plants so that the plants survive in the critical 
situation. 

 
Conclusions 

 
Temperature variations particularly low and 

high temperature, have been applied to the plant 
Basella alba to find the sugar accumulation during 
this critical environment.  In fact, in such an 
adverse situation, plants survive, however 
accumulation of sugar was observed in leaves of 
this species of plant.  Sugar, reducing sugar and non 
reducing sugars might be the major energy source 
during these critical circumstances.  To make an 
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adaptive response to the environment, these 
accumulated sugars play a critical role. Although 
several factors might be involved in this respect, 
however, these two environmental effectors are 
found to be predominantly involved. Our 
investigations will give the concept to find the new 
strategy for survival of the plant species in the 
critical situation like cold and draught. 
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