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Abstract

Environmental stresses severely restrict the developmental rates of plants;
one prominent environmental stress is drought stress. Drought stress remains
an ever-growing environmental problem that severely limits crop production
worldwide and causes important agricultural losses particularly in arid and semi-
arid areas. Drought stress targets bananas which are one of the most important
crops grown and consumed. Tissue culture is a novel technique that enabled
the evaluation of tolerance to environmental stresses because it allowed their
manipulation in vitro. The study investigated the adverse effects of drought
stress on growth, yield and endogenous phytohormones of the banana (Musa
acuminata); and focused on the progress towards the development of stress-
tolerant lines through tissue culturing based on in vitro selection. Drought stress
was induced by applying Polyethylene Glycol (PEG) solutions with elevated
strengths of (1, 2 & 3%). Tolerance effect was acquired by pre-treating the
plantlets with trehalose using different concentrations (20, 60 & 100 mM), to test
which concentration provides the most eminent outcome. Results exposed that

trehalose has positive significant effects combating drought stress.
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Introduction

The banana and plantains (Musa spp.) are belonging to the
family Musacea. Banana (Musa acuminata) is grown in wide scale in
tropical and subtropical regions. The plantains originated in Malaysia
through a complex hybridization process [1]. Bananas are crops of
vital importance to hundreds of millions of people in developing
countries. Inhabitants of many countries make their living directly
or indirectly from Musa crops as a source of food or export earnings
[1]. It is one of the most important cash crops in the world and has
high acceptability amongst consumers. In addition, it is considered
as main source of food that is rich in carbohydrate, minerals,
phosphorus, calcium, potassium and vitamin-C. Furthermore, it is a
chief producer of tannins, latex and fibers.

Environmental stress severely restricts the distribution and
productivity of plants [2]; particularly drought is a major abiotic factor
that limits crop productivity [3]. Drought stress remains an ever-
growing environmental problem that severely limits crop production
worldwide and causes important agricultural losses particularly in
arid and semi-arid areas [4]. Water stress enforces a serious threat
to banana productivity. The consequences of water deficit include
its adverse effects on plant phenology, development, assimilate
partitioning, carbon assimilation, growth, and plant reproduction
processes. Drought induced osmotic stress triggers a wide range of
perturbations ranging from growth and water status disruption to
the modification of ion transport and uptake systems [5-7]. Upon
water deficit exposure, plants exhibit physiological, biochemical and
molecular responses at both cellular and organismal [8,9].

Utilization of tissue culture techniques for quantifying stress
tolerance of various crops has been increasing rapidly. Tissue
culturing systems are useful for the evaluation of tolerance to

environmental stresses because stress conditions can be easily
controlled in vitro [10]. Moreover, in vitro cultures provide a uniform
population of synchronously developing plant cells without involving
regulatory mechanisms that naturally are repaired at the organismal
level [11]. Also, In vitro culture techniques minimize environmental
variations due to defined nutrient media, controlled conditions and
homogeneity of stress application. In addition, the simplicity of such
manipulations enables the study of large plant population and stress
treatments in a limited space and a short period of time. Simulation
of drought stress under in vitro conditions during the regeneration
process constitutes a convenient way to study the effects of drought on
the morphogenic responses [12]. Tissue culturing is also an efficient
procedure to study the effect of abiotic stress on the cell metabolism
[3,13-15].

Drought stress-induction is one of the most popular approaches
takes use of high molecular weight osmotic agents, such as
Polyethylene Glycol (PEG) [16,17]. These agents have no detrimental
or toxic effects on the plant [18]; however, they inhibit the plant’s
growth by lowering the water potential of the culture medium in a
way similar to soil drying, so that cultured explants are unable to take
up water [19].

Plants subjected to abiotic stress use various defense mechanisms
to cope with the stress. A common strategy is the synthesis and
accumulation of osmoprotectants or compatible solutes like proline,
glycine betaine, polyamines or trehalose. Tolerance to abiotic stresses
can be acquired by pre-treatment with such a protective compound
[20]. Trehalose, also known as mycose or tremalose, is a natural
alpha-linked disaccharide formed by an a,a-1,1-glucoside bond
between two a-glucose units. It can be synthesized by bacteria, fungi,
plants, and invertebrate animals. It is widely dispersed in biological
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systems of fungi, yeast, bacteria, higher and lower plants, as well as
invertebrates and insects.

Materials and Methods

This study was carried out in the Biotechnology Laboratory of the
Horticulture Research Institute of the Agricultural Research Center,
Egypt.

In vitro raised shoots resulting from proliferation of Grand Nain
banana shoot-tips were used as experimental materials. Before a
subculture, explants were transferred to %> MS medium supplemented
with trehalose in different concentrations (0, 20, 60 and 100 mM).
After two days of growing on trehalose medium, the stress treatments
were applied.

Media specifically formulated to induce drought stress
supplemented with modified MS salts and vitamins [21], 3% sucrose,
BA at 22 uM and 0.0, 1.0, 2.0 or 3.0% PEG. The pH of the prepared
medium was adjusted at 5.7 prior to addition of agar at 5 g/L. The
medium was distributed into the culture jars (325 ml.), where each
jar contained 30 ml. of the medium. The culture jars were autoclaved
at 121°C at 15 Ib/inch2 for 20 min. Cultures were allowed to grow for
8 weeks at 27°C of day and night temperature. Light was provided
by white fluorescent tubes giving intensity of about 1500 Lux at the
explants’ level; then data including number of the proliferated shoots,
average shoot length (cm), number of roots, average root length (cm)
and wet weight (gm) were recorded.

After the stress treatment, proliferated shoots were re-cultured
each at the same concentration of PEG on a free growth regulators
modified MS medium and allowed to grow for another 8 weeks under
growth room conditions, then tests were carried out and data were
recorded. The measured growth parameters included plant height
(cm), number of leaves, number of roots, average length of roots
(cm), and fresh weight (gm). Samples of shoot and root tissues were
subjected to further chemical analysis.

Extraction and determination of trehalose

The trehalose contents of the shoots and roots were determined
by using HPLC. The trehalose extraction was carried according to
Ferreira et al. [22]. It was carried out by boiling 0.5 gm of ground
tissues in 2 ml of ethanol. Ethanol was then evaporated at 60°C and
the residue was dissolved in 5 ml of the mobile phase (5 mM H,SO,)
of the HPLC. This solution was then centrifuged at 10,000 rpm for 10
min in a micro-centrifuge and filtered. Then the extract was incubated
in a water bath for 1 h to hydrolyze the sucrose in the extract, because
the sucrose retention time is the same as that of trehalose. Then,
sample of this extract was analyzed by the method described by [23]
using HPLC (Hewlett Packard, HP 1090 liquid chromatography).
Trehalose content was determined by comparing its chromatogram
with that of different concentration of commercial trehalose.

Determination of antioxidant properties

Radical scavenging ability using DPPH (2, 2-diphenyl-1-
picrylhydrazyl) radical: The antioxidant activity of plant methanol
extracts was determined based on the radical scavenging ability in
reacting with a stable DPPH free radical according to Blois [24].
Briefly, 0.1 mM of DPPH in methanol was prepared and 1 ml of
this solution was added to 3 ml of methanolic plant extract (50- 150

pg/ml) .The mixture was shaken vigorously and allowed to stand at
room temperature for 30 min in the dark. Then the absorbance was
measured at 517 nm. The radical scavenging activities of BHT and
BHA were also determined as positive controls. Lower absorbance
of the reaction mixture indicated higher free radical scavenging
activity. Purple colored stable free radicals were reduced to the yellow
colored diphenyl picryl hydrazine when antioxidant was added.
The corresponding blank readings were taken and the capability
to scavenge the DPPH radical was calculated using the following
equation:

DPPH’ scavenging effect (%) = [(AO - A1/ A0)] x100

Where: A0 = the absorbance of the control reaction (containing
all reagents except the test compounds)

Al= the absorbance in the presence of the tested extracts

Statistical analysis

Statistical analysis was carried out according to Snedecor and
Cochran [25] using analysis of variance and the significance was
determined using L.S.D values at P = 0.05.

Results

Multiplication stage (1%t experimental stage)

Number of proliferated shoots/ explants: Concerning number
of shoots the results as illustrated in Figure 1 revealed that trehalose
untreated explants which were sub cultured on free PEG medium
produced the highest number of shoots (10.3). On the other hand,
increasing concentrations of PEG in the culture media led to
decreasing number of shoots gradually. The most harmful effects of
PEG were noticed in trehalose untreated explants where the number
of shoots decreased dramatically with increasing concentrations of

W0 mM trehalose

W 20 mM trehalose

Number of shoots

60 mM trehalose
B 100 mM trehalose
0% 1% 2% 3%

PEG concentrations (%)

Figure 1: Effect of pretreatment with different concentrations of trehalose
(mM) on number of proliferated shoots/explants of Grand Nain banana sub
cultured on media containing different concentrations of PEG (%).

L.S.D. at 0.05 for trehalose & PEG treatments is 1.2

L.S.D. at 0.05 for interaction between trehalose x PEG is 2.4
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Figure 2: Effect of pretreatment with different concentrations of trehalose
(mM) on average shoot length (cm) of Grand Nain banana sub cultured on
media containing different concentrations of PEG (%).

L.S.D at 0.05 for trehalose & PEG treatment is 0.4

L.S.D at 0.5 for Interaction between trehalose & PEG is 0.9
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Figure 3: Effect of pretreatment with different concentrations of trehalose
(mM) on number of roots of Grand Nain banana sub cultured on media
containing different concentrations of PEG (%).

L.S.D. at 0.05 for trehalose & PEG treatments is 4.1

L.S.D. at 0.05 for interaction between trehalose x PEG is 8.1

PEG in the culture media. At the highest PEG concentration (3%),
pretreated explants with higher concentrations of trehalose (60 and
100 mM) significantly increased number of shoots (8.0 and 6.0,
respectively) compared with trehalose untreated explants which
represented 3.7.

Average shoots length (cm): The average shoot length results are
illustrated in Figure 2 where they cleared out that explants pretreated
with the highest trehalose concentration (100 mM) and sub cultured
on free PEG medium produced the highest average shoot length (3.2).
On the other hand, increasing concentrations of PEG in the culture
media led to decreasing average shoot length gradually. Generally,
the lowest harmful effects of PEG were observed at pretreatments
with higher concentrations of trehalose (60 and 100 mM) which
significantly increased average shoot length compared with trehalose
untreated explants and pretreatment with the lowest trehalose
concentration (20 mM) at different concentrations of PEG.

Number of roots: The effect of pretreatment with different
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Figure 4: Effect of pretreatment with different concentrations of trehalose
(mM) on average root length (cm) of Grand Nain banana sub cultured on
media containing different concentrations of PEG (%).

L.S.D. at 0.05 for trehalose & PEG treatments is 0.6

L.S.D. at 0.05 for interaction between trehalose x PEG is 1
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Figure 5: Effect of pretreatment with different concentrations of trehalose
(mM) on fresh weight (gm) of Grand Nain banana subcultured on media
containing different concentrations of PEG (%).

L.S.D. at 0.05 for trehalose & PEG treatments is 1.9

L.S.D. at 0.05 for interaction between trehalose x PEG is 3.8

concentrations of trehalose on number of roots of Grand Nain
banana sub cultured on media containing different concentrations of
PEG are represented in Figure 3. Plantlets sub cultured on PEG free
medium revealed insignificant differences between various trehalose
pretreatments. On the other hand, adding PEG to the culture media
decreased number of roots with different levels. Decreasing number
of roots were more aggressive for trehalose untreated explants which
represented the lowest average number of roots (12.2) as compared
with trehalose pretreated explants at different concentrations (16.6,
17.3 and 20.3 for 20, 60 and 100 mM trehalose, respectively).

Average root length (cm): Concerning average root length, the
results represented in Figure 4 illustrated that explants pretreated
with higher concentrations of trehalose (60 and 100 mM) and sub
cultured on free PEG media produced the highest average root
length (6.8 and 6.3, respectively). On the other hand, increasing
concentrations of PEG in the culture media led to decreasing average
root length gradually. Plantlets sub cultured on medium containing
the highest PEG concentration (3%) revealed insignificant differences
between various trehalose pretreatments.

Fresh weight (gm): Concerning fresh weight, the results in
Figure 5 showed that, explants pretreated with higher concentrations
of trehalose (60 and 100 mM) and sub cultured on free PEG media
produced the highest fresh weight (10.7 and 9.5, respectively). On the
other hand, increasing concentrations of PEG in the culture media
led to a gradual decrease in fresh weight. Plantlets sub cultured on
medium containing the highest PEG concentration (3%) revealed
insignificant differences amongst various trehalose pretreatments.

Elongation stage (2" experimental stage)

Plant height (cm): The results for plant height illustrated in
Figure 6 pointed out that trehalose unpretreated explants were the
shortest (9.2 cm) under long term non-stress conditions compared

Figure 6: Effect of pretreatment with different concentrations of trehalose
(mM) on growth of Grand Nain banana subcultured on media containing
different concentrations of PEG (%).
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Figure 7: Long term effect of pretreatment with different concentrations of
trehalose (mM) on plant height (cm) of Grand Nain banana recultured on
media containing different concentrations of PEG (%).

L.S.D. at 0.05 for trehalose & PEG treatment is 0.8

L.S.D. at 0.05 for interaction between trehalose x PEG is 1.5
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Figure 8: Long term effect of pretreatment with different concentrations of
trehalose (mM) on number of leaves of Grand Nain banana recultured on
media containing different concentrations of PEG (%).

L.S.D. at 0.05 for interaction between trehalose x PEG is 1.4

L.S.D. at 0.05 for trehalose & PEG treatments is 0.7
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Figure 9: Long term effect of pretreatment with different concentrations
of trehalose (mM) on average root length (cm) of Grand Nain banana re-
cultured on media containing different concentrations of PEG (%).

L.S.D. at 0.05 for trehalose & PEG treatments is 0.8

L.S.D. at 0.05 for interaction between trehalose x PEG is 1.5

with explants received different concentrations of trehalose prior
subject to drought stress (10.3,10.7 and 11.0 cm for 20, 60 and 100 mM
trehalose, respectively). On the other hand, adding PEG to the culture
media decreased plant height. Generally ,low harmful PEG effect
affected the plant height where it was observed that pretreatments
with 20 and 60 mM trehalose produced longest plants under the
highest PEG concentration (3%) ; it resulted in 10.7 and 10.0 cm,
respectively, compared with trehalose non-pretreated explants and
pretreatment with the highest concentration of trehalose (100 mM

trehalose) which recorded 9.0 and 9.1, respectively.

Number of leaves: During long term stress conditions, the effects
of increasing PEG concentrations in the culture media on number of
leaves were insignificant as shown in Figure 7. Explants pretreated
with the lowest trehalose concentration (20 mM) prior culture under
drought stress conditions produced relatively more leaves than
explants pretreated with the highest trehalose concentration (100
mM) especially on the medium contained higher concentration of

PEG (3%) 6.0 and 4.0, respectively.

Number of roots: Elevating PEG concentrations in the culture
media decreased number of roots gradually as illustrated in Figure
8. Explants pretreated with the highest trehalose concentration (100
mM) before culturing under long term drought stress conditions
were the most negatively affected ones. Whereas, explants received
the lowest trehalose concentration (20 mM) produced largest number
of roots (10.3) in the presence of the highest PEG concentration (3%)

in the culture medium.

Average root length (cm): Excessive PEG concentrations in the
culture media negatively affected the average root length as shown
in Figure 9. Explants pretreated with the low trehalose concentration

HOmM trehalose
20 mMtrehalose

60 mM trehalose

Fresh weight (gm)

100 mM trehalose
0% 1% 2% 3%

PEG concentrations (%)

Figure 10: Long term effect of pretreatment with different concentrations of
trehalose (mM) on fresh weight (gm) of Grand Nain banana re-cultured on
media containing different concentrations of PEG (%).

L.S.D. at 0.05 for trehalose & PEG treatments is 0.4

L.S.D. at 0.05 for interaction between trehalose x PEG is 0.9
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Figure 11: Long term effect of pretreatment with different concentrations
of trehalose (mM) on growth of Grand Nain banana recultured on media
containing different concentrations of PEG (%). The figure illustrated the
results of long term exposure to drought stress, where lower concentration
of trehalose (20mM) enhanced growth of banana plantlets under drought
conditions.

(20 mM) produced the longest roots length (8.4 cm) in the presence
of the highest PEG concentration (3%) in the culture medium.

Fresh weight (gm): Data illustrated the long term effect of
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Table 1: Long term effect of pretreatment with different concentrations of
trehalose (mM) on root and shoot content of trehalose (mg/100gm) of Grand Nain
banana re-cultured on media containing different concentrations of PEG (%).

) Trehalose (mM)
Tissue PEG (%) 0 20 60 100
0 2145 270.5 191.5 197.6
Root
3 254.3 304.4 225.1 195.9
0 248.0 286.4 223.9 238.1
Shoot
3 283.2 328.2 224.0 2154

L.S.D. at 0.05 for trehalose treatments is 8.9

L.S.D. at 0.05 for PEG treatments & tissue types is 6.3

L.S.D. at 0.05 for interaction between trehalose x PEG x tissue is 17.8
pretreatment with different concentrations of trehalose on fresh
weight (gm) of Grand Nain banana re-cultured on media containing
different concentrations of PEG which are represented in Figure 10.
The data extracted revealed that the fresh weight decreased in the
presence of PEG in the culture media. The pretreated explants with
low trehalose concentration (20 mM) were the heaviest (3.1 gm) with
the high PEG concentration (3%) in the culture medium.

Trehalose content (mg/100gm): Data presented in Table 1 shows
the long term effect of pretreatment with different concentrations
of trehalose on root and shoot content of trehalose of Grand Nain
banana re-cultured on media containing different concentrations of
PEG (Figure 11). Plants accumulated more trehalose under drought
stress conditions. On the other hand, shoot tissues contained higher
concentrations of trehalose in comparison with the root tissues.
Plantlets pretreated with the low trehalose concentration (20 mM)
contained highest values of trehalose under both control (0% PEG)
or stress conditions (3% PEG) ; which recorded the highest trehalose
content in shoot tissues on the medium that contained 3% PEG
(328.2 mg/100gm); where it was followed by root tissues on the same
medium which contained 304.4 mg/100gm trehalose.

DPPH’ scavenging effects (%): Data presented in Table 2 shows
the long term effect of pretreatment with different concentrations of
trehalose on DPPH’ scavenging effects (%) of root and shoot extracts
of Grand Nain banana re-cultured on media containing different
concentrations of PEG. The scavenging effects of extracts on DPPH’
radicals decreased under drought stress with insignificant differences
between root and shoot extracts. The shoot extracts with the less
considerable decrease of the scavenging effects on DPPH’ radicals as
an affect of drought stress was obtained in explants pretreated with 20
mM trehalose to record the highest value (49.3%) in comparison to
other trehalose pretreatments which decreased dramatically to reach
43.2,40.5 and 33.5 within 0, 60 and 100 mM trehalose pretreatments,
respectively.

Discussion

Trehalose is a non-reducing disaccharide (1,1 a-D glucopyranosyl
a-Dglucopyranoside) and occurs in a broad range of organisms
[26,27]. In yeast, bacteria and certain fungi, it is an important storage
carbohydrate and stress protector [27,28]. In higher plants, trehalose
is synthesized using a pathway that is common to most organisms
[29]. This pathway consists of two steps. First, Trehalose 6-Phosphate
(T6P) is synthesized from glucose-6-phosphate and Uridine
Diphosphate (UDP)-glucose. This step is catalyzed by Trehalose

Table 2: Long term effect of pretreatment with different concentrations of
trehalose (mM) on DPPH’ scavenging effects (%) of root and shoot extracts of
Grand Nain banana recultured on media containing different concentrations of
PEG (%).

) Trehalose (mM)
Tissue PEG (%) 0 20 60 100
0 51.5 46.4 47.4 46.2
Root
3 47.8 43.9 42.7 44.6
0 56.1 55.9 52.9 445
Shoot
3 43.2 49.3 40.5 335

L.S.D. at 0.05 for trehalose treatments is 2.8

L.S.D. at 0.05 for PEG treatments & tissue types is 2.0

L.S.D. at 0.05 for interaction between trehalose x PEG x tissue is 5.5
6-Phosphate Synthase (TPS). The free sugar trehalose is generated
by the action of Trehalose-6-Phosphate Phosphatase (TPP) [30].
Trehalose directly interacts with nucleic acids, facilitates melting of
double stranded DNA and stabilizes single-stranded nucleic acids
[31]. In the current study, the growth parameters markedly decreased
due to PEG induced drought stress. Results showed the enhancement
of Banana plantlets growth when high drought stress is preceded by a
treatment with trehalose. For short term exposure to drought stress,
the higher trehalose pretreatment concentrations (60 and 100 mM)
markedly succeeded in combating drought stress.

There is much debate about the function of trehalose in higher
plants. Although the involvement of trehalose metabolism in stress
tolerance is indisputable [29], some research supports the hypothesis
that trehalose is a putative signaling molecule in higher plants
while others support the hypothesis that trehalose functions as a
direct stress protectant. There is evidence for both hypotheses [20].
The preliminary obtained results are partially agreeing with Stolker
[20] who revealed that the protective effect of trehalose seems to be
primarily caused by its function as a protector against the damage to
lipids and membranes by physical interaction. Relatively high levels
of trehalose are necessary to significantly increase the survival after
a case in point of drought stress. If trehalose would have a signaling
function, one would expect to see the effect of trehalose at the lower
trehalose concentrations.

For long term exposure to the highest PEG concentration, a
positive correlation between enhancement growth, trehalose content
and DPPH’ scavenging effects (%) was observed in trehalose pretreated
shoots at the lowest concentration (20 mM). This observation can
be explained by the findings of Stolker [20] who suggested that, the
protective action of trehalose against drought stress might be through
its preservative action on membranes by scavenging of Reactive
Oxygen Species (ROS).

When plants are exposed to abiotic stress, this triggers many
common responses like cellular dehydration and an increase in
Reactive Oxygen Species (ROS) [32-34]. Oxidative stress is closely
associated to these unstable but very reactive radicals [35]. Examples
of cellular ROS are the Superoxide Radical (O, ), Hydrogen Peroxide
(H,0,), singlet oxygen (‘O,) and the hydroxyl radical (HOs). These
ROS cause oxidative damage to multiple cellular components like
proteins, DNA, RNA and lipids [36]. One of the effects of lipid
peroxidation is an increase in the leakage of electrolytes since
membrane permeability to electrolytes increases [37]. All types of
abiotic stresses, for example high salinity, chilling, freezing and
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drought stress, induce oxidative stress in plant cells [38-40]. ROS are
produced continuously, even under non-stress conditions, and are
scavenged by antioxidant defense systems. Under stress conditions,
the balance between the production of ROS and the antioxidant
defense system is disturbed [41]. Since all types of abiotic stresses
result in the rapid accumulation of ROS in plant cells, this might
indicate that the oxidative stress defense responses are an essential
component in cross-protection. Earlier, ROS were seen as toxic by-
products of aerobic metabolism but in recent years is has become
evident that they also play an important signaling role in controlling
the response to abiotic stress and programmed cell death [37].
At low concentrations, ROS induce defense genes while at high
concentrations cell death is initiated [42]. Although the role of ROS
in the defense against abiotic stress is well accepted, it is not known
what its targets and molecular functions are in the biochemical and
transcriptional changes [37].

Trehalose is found to be a direct and indirect scavenger of ROS
[20]. To verify if the protective function of trehalose is because of
a reduction in level of ROS, explants were treated with trehalose
before being subjected to drought stress. After the long term drought
treatment, antioxidant activity determined using free radical
scavenging activity by DPPH method. The proton radical scavenging
action is known as an important mechanism of antioxidants. The
model of scavenging the stable DPPH’ radical is a widely used method
to evaluate antioxidant activity in a relatively short time compared
with other methods. The effect of antioxidants on DPPH’ radical
scavenging was thought to result from their hydrogen donating
ability [43]. DPPH is a stable free radical and accepts an electron or
hydrogen radical to become a stable diamagnetic molecule [44]. The
decrease in absorbance of the DPPH’ radical caused by antioxidants,
because of the reaction between antioxidant molecules and the
radical, progresses, which results in the scavenging of the radical
by hydrogen donation. It is visually noticeable as a discoloration
from purple to yellow. Hence, DPPH is usually used as a substrate
to evaluate the antioxidative activity of natural antioxidants [45].
The demonstrated modified spectrophotometric method makes use
of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and its specific
absorbance properties. The absorbance decreases when the radical is
reduced by antioxidants [46].

For long term exposure to drought stress, lower concentration of
trehalose (20 mM) worked as a signal that stimulated biosynthesis of
trehalose which reflects on the enhancement of growth parameters
and the decrease of the harmful effect of drought stress. This
observation partially disagrees with the findings of Stolker [20]
who mentioned that, the protective effect of trehalose seems to be
primarily caused by its direct function as a protector against the
damage of lipids and membranes. Relatively high levels of trehalose
are necessary to significantly increase the tolerance to drought and
high salinity stress. It seems that using higher trehalose concentration
for combating drought stress needs to be consequent whereas lower
trehalose concentration is more effective on long term where it
stimulates the biosynthesis of trehalose.

Stolker [20] mentioned that, it was hypothesized that the
protective function of trehalose is related to ROS scavenging
activity. Overall there is a trend for more staining with increasing

trehalose concentration or a higher level of superoxide radicals with
increasing trehalose concentration. This result does not correspond
to observations in other research that has shown that trehalose is as
active asa scavenger of ROS and promotes activity of other antioxidant
enzymes [47,48]. The function of trehalose as a direct and indirect
scavenger of ROS is only shown indirectly. Trehalose pre-treatment
results in reduced electrolyte leakage after drought stress. This suggests
that the protective function of trehalose can indeed be through the
scavenging of ROS. ROS cause lipid peroxidation in membrane that
led to increased permeability of the membrane to electrolytes. No
conclusions can be drawn from the direct visualization of ROS by
staining of oxygen radicals after a stress treatment [20]. On the other
hand, our data showed the effective free radical scavenging activity by
DPPH method in detection of such relation.

The increased tolerance to drought and high salinity stress
after trehalose treatment could be the result of shared steps in the
stress response pathways of these stresses [20]. For future research,
gene expression analysis could be used subsequently to see if genes
are differentially expressed after a trehalose pre-treatment. Such
an experiment could result in a better understanding of the exact
function of trehalose in the signal transduction pathway of the
different abiotic stresses. Understanding the stress response of plants
to different types of abiotic stress is the first step in obtaining stress
tolerant plants [20].In this research it was conclusive that pre-treating
the plantlets with low concentration of trehalose is more affective in
combating drought stress.
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