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INTRODUCTION

Orchids, the doyen among all ornamental plants have 
a broad range of  diversity in shape, size and colour 
of  blossoms and their stunning beauty has enchanted 
and captivated people since early times. Orchidaceae is 
considered as the largest family in the plant kingdom which 
comprised of  20 000 to 30 000 species (Godo et al., 2010). 
There are more than 150 000 artificial hybrids that have 
been cultivated worldwide (Yue et al., 2006). Such situation 
is a result of  the greater degree of  similarity among 
genera and species (Paek et al., 2011). Aranda orchids are 
intergeneric hybrids between member species and species 
hybrids of  two natural genera in family Orchidaceae, 
Vanda and Arachnis (Lee 1991). Over the past five and 
half  decades, more than 170 first generations of  Aranda 
hybrids have been bred artificially and appear as foundation 
of  orchid industry in the tropics (Lee 1987; Gantait and 

Sinniah 2012). As reviewed by Zainol (2003), Aranda orchid 
hybrids have contributed with great impact to the early 
growth of  the Malaysian cut flower industry in 1970s till 
mid 1990s. However, after 1990s the number of  Aranda 
hybrid cultivated for cut flower production is decreasing 
due to the lack of  suitable varieties (Zainol 2003). Presently, 
Aranda Broga Blue Bell a hybrid resulting from the cross 
between Mokara Wangsa Gold and Vanda coerulea have been 
developed to refresh the cut flower industry.

Drought stress is considered as one of  the most significant 
abiotic factors that result in reduction of  growth and 
development of  many plants (Khodarahmpour 2011). 
During drought stress, the absorption of  water molecules 
from soil become more difficult for the plants since the 
water potential in the rhizosphere is lower compared to 
that of  root cells. Moreover, the efficiency and rate of  
photosynthesis are also greatly reduced. This is due to 
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the reduction of  total leaf  surface, early leaf  senescence, 
damaged photosynthesis apparatus and inability of  plant to 
produce sufficient food (Noctor et al., 2002). The effects of  
such abiotic stress are not uniform and vary from prolonged 
duration with extremely low precipitation, to short duration 
with the absence of  rainfall where survival of  the affected 
vegetations depends completely on the underground soil 
water (Lafitte et al., 2006). Polyethylene glycol (PEG) is 
widely used to stimulate in vitro drought stress condition in 
plants (Kaufman and Eckard 1971). According to Lawlor 
(1970), PEG is a non-penetrating inert osmotic agent that 
reduces the osmotic potential of  nutrient solution and at the 
same time does not absorbed by the cell and not phytotoxic. 
Wahid and Rasul 2005 reported that various abiotic stresses 
for example drought stress and saline environment tend to 
heighten the production of  reactive oxygen species (ROS) 
with a concomitant increase in the oxidative load in plants. 
The antioxidant enzymes such as SOD, CAT and APX are 
involved in the ROS scavenging systems.

The main abiotic stress that often affect the growth and 
survival of  epiphytes such as orchids are insufficient water 
availability and prolonged drought period. Moreover due 
to drastic climate changes in recent years, habitats of  
epiphytes were directly influenced. Hence, studies focused at 
elucidating both biochemical and physiological responses of  
plants under drought stress are important and have gained 
considerable interest. Vandaceous orchids such as Aranda 
Broga Blue Bell which categorized under epiphytic orchid 
can grow well under high light intensity with high watering 
frequency. However, this orchid tends to dehydrate fast if  
watering frequency is not adequate especially during low 
precipitation. Thus, the present study was conducted with the 
objective of  using in vitro cultures to elucidate the biochemical 
and physiological responses against drought condition 
induced by PEG 400 in PLBs of  Aranda Broga Blue Bell.

MATERIALS AND METHODS

Plant material
PLBs of  Aranda Broga Blue Bell were used for in vitro 
drought simulation study. The PLBs were cultured in 
Vacin and Went (1949) media supplemented with 15% 
(v/v) fresh coconut water, 2% (w/v) banana pulp and 
2% (w/v) potato extract. The PLBs were grown at 25oC 
under 16 h photoperiod using cool white fluorescent lamps 
(150µmol.m-2.s-1). PLBs were subcultured every four weeks 
and newly developed PLBs in the range of  3 to 4mm were 
used as explants for the following experiments.

In vitro drought treatment
Four weeks old PLBs (3- 4mm) were selected and cultured 
on Vacin and Went medium (1949) supplemented with 
various concentration of  PEG 400 [0 (control), 5, 10 and 

15% (v/v)]. The pH of  the medium was adjusted to 4.9 
prior to autoclaving. Viability, morphology, relative water 
content, total chlorophyll content and total soluble protein 
of  treated PLBs were evaluated after 7 days. Meanwhile, 
antioxidant enzymes activities such as SOD, CAT and 
APX of  treated PLBs were also determined in response 
to PEG-induced drought stress.

Determination of viability and morphological changes 
of PLBs
Effects of  PEG 400 on viability of  PLBs were determined 
by calculating the percentage of  viable PLBs from the total 
number of  treated PLBs. Non-viable PLBs were identified 
as bleaching or brown in colour while green PLBs were 
considered as viable.

Determination of relative water content
The determination of  total water content was adapted from 
the protocol used by Lokhande et al. (2010). The fresh weight 
(FW) of  the PLBs was determined immediately after selected 
from the four weeks old PLBs culture and blotted with tissue 
paper to remove the excess water. Dry weight (DW) was 
measured after drying the PLBs at 60oC in the hot air oven for 
48 h. The percentage of  the tissue water content (TWC %) 
of  the PLBs was determined using the following equation:

	
TWC (%)

FW DW
DW

= −




× 100

Total chlorophyll content
The chlorophyll determination assay was adapted and 
modified from the protocol used by Harborne (1973). For 
the extraction of  chlorophyll samples, 0.5g of  fresh PLBs 
from each treatment samples were crushed with 1.0g of  
calcium carbonate (CaCO3) powder and 5mL of  80% (v/v) 
acetone solution using a pre-cooled chilled mortar and 
pestle (4oC). The extract was filtered with Whatmann No. 1 
filter paper, followed by washing the mortar and pestle with 
80% (v/v) acetone solution. The extraction volumes were 
added up to 25mL using volumetric flask with 80% (v/v) 
acetone solution. The absorbance readings of  the 
chlorophyll extracts were measured at 646nm and 663nm 
using spectrophotometer and the readings were taken 
3  times for each sample. The total chlorophyll contents 
(µg/mL) were calculated using equations described by 
Harborne (1973):

Chlorophyll a = 12.21 A663nm – 2.81 A646nm
Chlorophyll b = 20.13 A646nm – 5.03 A663nm
Total chlorophyll content (µg/mL) = 17.30 A646nm – 7.18 A663nm

The results were expressed as µg/g = µg/mL × 
Extraction volume (mL)

Fresh weight (g)
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Enzyme extraction
Extraction of  antioxidant enzymes from PLBs were based 
on the methods described by Samantary (2002) and Monnet 
et al. (2006). The extracts are used for determination of  total 
soluble protein content and antioxidant enzymes activities. 
PLBs were homogenized using pre-cooled mortar and 
pestle in 10mL extraction buffer with 2mM EDTA ferric 
sodium salt and 2% (w/v) polyvinylpyrrolidone (PVP). The 
solution was then transferred into 1.5mL Eppendorf  tubes 
and centrifuged in a pre-cooled microcentrifuge (4oC) at 
9000 rpm for 30 min. Then the supernatant was transferred 
into 1.5mL Eppendorf  tubes and stored at 4oC.

Measurement of total soluble protein
Total soluble protein in the enzyme extract was determined 
according to the method described by Bradford (1976). 
The absorbance reading was recorded at 595nm and total 
soluble protein content was quantified by using Bovine 
Serum Albumin (BSA) as a standard.

Superoxide dismutase (SOD) assay
The determination of  SOD (EC 1.15.1.1) activity was based 
on the methods used by Samantary (2002) and Monnet et al. 
(2006). The assay mixture contained 9.9mM L-methionine, 
50mM potassium phosphate buffer (pH 7.8), 57µM NBT-
2HCl, 1% (w/v) Triton-X, and 100µL of  enzyme extract. 
The reaction was started with the addition of  1.3µM 
riboflavin and exposition under two 15W fluorescent lamps 
(Philips Tornado Energy Saver, Extra Bright, 950 lumen, 
631mW-1, Philips Electronics) for 15 min. The lamps were 
placed 8cm away from the reaction samples. The reaction 
was stopped by switching off  the lamps. Tubes containing 
mixtures which is entirely lacking of  the enzyme developed 
maximal purple colour. A non-irradiated mixture was used 
as the blank. The reduction in NBT-2HCl was calculated 
by monitoring the change in absorbance at 560nm. One 
unit (U) of  SOD was defined as the amount of  the enzyme 
required to inhibit the photoreduction of  NBT-2HCl 
by 50%.

Catalase (CAT) assay
The determination of  CAT (EC 1.11.1.6) activity was 
derived from the method used by Cakmak and Marschner 
(1992) and Monnet et al. (2006) with slight alterations. 
Total of  3.1mL reaction mixture contains 100mM of  
potassium phosphate buffer (pH7.0) and 100µL of  enzyme 
extract. The reaction was started with the addition of  
6mM hydrogen peroxide (H2O2) into the plastic cuvettes. 
The rate of  decomposition of  H2O2 was recorded using 
spectrophotometer at 240nm for every 30 s up to 3 min. 
One enzymatic unit of  CAT is defined as the amount 
of  enzyme required to decompose 1.0µmol of  H2O2 at 
pH 7.0 and 25oC, with the H2O2 concentration falling from 
10.3mM to 9.2mM (Claiborne 1985; Prabhakar et al., 2007).

Ascorbate peroxidase (APX) assay
APX (EC 1.11.1.11) activity was assayed according to 
the method described by Nakano and Asada (1981) with 
minor modifications. The 3.1mL assay contained 100mM 
potassium phosphate buffer (pH 7.0) and 100µL of  enzyme 
extract. The reaction was initiated with the addition of  6mM 
hydrogen peroxide (H2O2). The rate of  decomposition of  
H2O2 was recorded using spectrophotometer set at 290nm 
for every 30 s up to 3 min. One enzymatic unit of  APX is 
defined as the amount of  enzyme used to reduce hydrogen 
peroxide in one gram of  fresh weight tissue.

Statistical analysis
Each replicates containing 10 PLBs and for each treatment 
3  replicates were used for the experiments. Every 
experiment was conducted twice. The data were analyzed 
by one-way analysis of  variance (ANOVA) using statistical 
software SPSS 20.0 (IBM Corp., Armonk, NY) and the 
means were compared by using Tukey’s test at P≤0.05.

RESULTS

Effects of in vitro drought stress to morphology and 
viability of PLBs
During preliminary study, PEG 400 and PEG 6000 was 
use to induce drought stress to evaluate the response of  
PLBs corresponding to different concentrations of  PEG 
treatment (0, 5, 10, 15%) (Data not shown). PEG 400 was 
further adopted in the following experiment. The present 
study revealed that PLBs of  Aranda Broga Blue Bell 
incubated on Vacin and Went (1949) medium supplemented 
with 5% PEG 400 did not display any significant difference 
in terms of  morphology and viability when compared to 
control (0% PEG 400) (Fig. 1). Both control (Fig. 1a) and 
5% PEG 400 (Fig. 1b) treated PLBs maintained green 
and healthy after 7 days of  in vitro drought treatment. On 
the other hand, unfavorable condition created by higher 
concentration of  PEG 400 significantly reduces the viability 
of  treated PLBs and the lowest viability percentage was 
recorded at 15% PEG 400 treated PLBs (Fig. 2). Majority 
of  the PLBs cultured in medium containing 10 and 15% 
PEG 400 turned brown or bleached (Fig. 1c and 1d) and 
the growth and development of  PLBs were stunted.

Effects of in vitro drought stress to relative water 
content of PLBs
In the present study, the highest relative water content was 
recorded in PLBs incubated in control medium where the 
uptake of  water molecules by plant cells occurred without 
interference from drought-inducing chemical, PEG 400 
(Fig. 3). PLBs grown on medium supplemented with 
PEG 400 showed a reduction in relative water content. 
PEG 400 treatment at 15% significantly produce the lowest 
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increases, PLBs displayed lower concentration of  total 
soluble protein.

Effects of in vitro drought stress to SOD, CAT and 
APX antioxidant activity of PLBs
Antioxidant activities of  PLBs displayed prominent impact 
when PEG 400 was added in culture media. Based on 
Fig. 6, control treatment and PLBs cultured in 5% PEG 400 
resulted in relatively low total SOD activities. The SOD 
activities of  PLBs treated with 10 and 15% PEG 400 were 
then significantly induced to overcome mass production 
of  ROS. Similar pattern of  antioxidant activity was also 
exhibited by CAT activity (Fig. 7). As concentration of  
PEG 400 increases, CAT activity of  treated PLBs increases. 
Nevertheless, control treated PLBs produced higher CAT 
activity compared to 5% PEG 400 treated PLBs. Besides 

Fig  3. The relative water content of PLBs of Aranda Broga Blue Bell 
cultured on Vacin and Went (1949) medium supplemented with various 
concentrations of PEG 400 after seven days of treatments. Means with 
the identical alphabets are not significantly different.

relative water content of  treated PLBs compared to the 
control treatment PLBs.

Effects of in vitro drought stress to chlorophyll content 
and total soluble protein of PLBs
Chlorophyll and total soluble protein content of  PLBs 
has been significantly reduced when PEG 400 was 
added to the culture media. As shown in Fig. 4, culturing 
PLBs in control medium without PEG 400 recorded 
the highest total chlorophyll content followed by PLBs 
treated with 5%, 10% and 15% PEG 400. According to 
the statistical analysis, data obtained from all treatments 
were significantly different except for media containing 
10% and 15% PEG 400. Similar to chlorophyll content, 
the highest total soluble protein was observed in PLBs 
cultured in control treatment (Fig. 5). In vitro drought 
stress by PEG 400 significantly reduces total soluble 
protein of  treated PLBs and as the concentration 

Fig  2. The percentage of viable PLBs of Aranda Broga Blue Bell 
cultured on Vacin and Went (1949) medium supplemented with various 
concentrations of PEG 400 after seven days of treatments. Means with 
the identical alphabets are not significantly different.

Fig  1. Morphological changes in PLBs of Aranda Broga Blue Bell 
on Vacin and Went (1949) medium supplemented with (a) 0; (b) 5; 
(c) 10; (d) 15% (v/v) of PEG 400 after seven days of treatment. The 
bar represents 0.1cm.

dc

ba

Fig  4. The total chlorophyll content of PLBs of Aranda Broga Blue Bell 
cultured on Vacin and Went (1949) medium supplemented with various 
concentrations of PEG 400 after seven days of treatments. Means with 
the identical alphabets are not significantly different.
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that, present study also implied that the activity of  APX 
was observed highest in PLBs treated with 5% PEG 400 
(Fig. 8). Unfortunately, high level of  PEG 400 at 10% and 
15% did not increase the activity of  APX.

DISCUSSION

In vitro drought stress using high concentration of  PEG 400 
significantly reduces the morphology and viability of  
PLBs. PEG 400 at the lowest concentration tested, which 
is 5% did not lead to any negative impact towards the 
treated PLBs as the results obtained was not significant 
compared to control. Browning and bleaching of  PLBs 
were observed when PLBs were treated with PEG 400 at 
concentration higher than 5% (Fig. 1). This may probably 
due to the effects of  oxidative damage as a result of  

drought stress which further caused the degradation of  
chlorophyll, a photosynthetic pigment that gives plant their 
green appearance (Ashraf  and Harris 2013). According 
to Ishtiaq et al. (2013), browning of  explants is a process 
called phenolic oxidation which is due to the production of  
phenolic compounds where it is directly triggered by biotic 
and abiotic stresses. It can be concluded that PLBs grown 
on medium supplemented with PEG  400 synthesized 
specific phenolic compounds to adapt themselves in 
water deficit condition. The severity of  in  vitro drought 
stress effects depends on the concentration of  PEG 
400 and the duration of  treatment. PLBs were unable to 
withstand higher concentration of  PEG 400 and at 10% 
and 15% PEG 400 treatment, browning and bleaching of  
PLBs were observed, subsequently causing reduction in 
viability (Fig. 2). Although the durations of  in vitro drought 

Fig  5. The total soluble protein content of PLBs of Aranda Broga Blue 
Bell cultured on Vacin and Went (1949) medium supplemented with 
various concentrations of PEG 400 after seven days of treatments. 
Means with the identical alphabets are not significantly different.

Fig  6. The superoxide dismutase activity of PLBs of Aranda Broga 
Blue Bell cultured on Vacin and Went (1949) medium supplemented 
with various concentrations of PEG 400 after seven days of treatments. 
Means with the identical alphabets are not significantly different.

Fig  7. The catalase activity of PLBs of Aranda Broga Blue Bell 
cultured on Vacin and Went (1949) medium supplemented with various 
concentrations of PEG 400 after seven days of treatments. Means with 
the identical alphabets are not significantly different.

Fig  8. The ascorbate peroxidase activity of PLBs of Aranda Broga 
Blue Bell cultured on Vacin and Went (1949) medium supplemented 
with various concentrations of PEG 400 after seven days of treatments. 
Means with the identical alphabets are not significantly different.
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condition were uniform for every treatment, PLBs treated 
with high concentration of  PEG 400 showed significant 
morphological changes and unable to develop properly. 
Similar to studies reported by Soni et al. (2011), several 
physiological response of  moth beans cultivars to 15% 
PEG treatment was observed such as leaf  shrinking, 
yellowing of  root tips and leaf  curling after 7 days. Ishtiaq 
et al. (2013) reported that the tissue browning severely 
inactivated the growth and development of  the in vitro 
explants. Besides that, oxidation of  secondary metabolites 
also resulted in browning of  culture medium in which it 
blocks the absorption of  nutrients and leads to death of  
explants.

One of  the typical characteristics of  polyethylene glycol 
is that it is able to reduce water potential of  the rooting 
medium and water potential of  the plant (Lawlor 1970). 
The addition of  PEG 400 into the medium decreased 
the water potential which later results in progressive 
reduction in relative water content of  PLBs. In the 
present study, relative water content was recorded highest 
in PLBs incubated in control medium, where the water 
potential of  the medium was higher compared to the 
water potential of  PLBs (Fig. 3). Therefore, as in normal 
conditions, the rate of  absorption of  water molecules 
from growth medium by unstressed PLBs was relatively 
high. According to Ackay et al.(2010), both peanut 
cultivar Florispan and Gazipasa significantly exhibited 
greater water deficit at -0.8 MPa compared to -0.4MPa 
PEG treatment. Similar to studies reported by Ozkur 
et al.(2009), Caper (Capparis ovata Desf.) seedlings treated 
with PEG 6000 for 7 days have shown decrease in relative 
water content compared to control.

Significant decrease in total chlorophyll content of  
the PLBs treated with PEG 400 may be caused by the 
increased degradation of  chlorophyll pigments due to 
drought induced metabolic imbalance (Fig. 4). Reduction 
in chlorophyll and other photosynthetic pigments have 
been reported in some earlier studies on different plants 
including wheat (Arfan et al., 2007), castor bean (Pinheiro 
et al., 2008) and sunflower (Akram and Ashraf  2011) in 
response to abiotic stress. According to Ashraf  and Harris 
(2013), early stages of  drought stress stimulate the stomatal 
closure as a response to the production of  abscisic acid. The 
closure of  stomata inhibits the entry of  carbon dioxide and 
accumulates oxygen molecules. Therefore, such situation 
increased the rate of  photorespiration which leads to the 
oxidative damage of  chloroplast components especially 
chlorophyll.

Results obtained displayed that there were strong 
correlations between total protein content and total 
chlorophyll content of  PLBs of  Aranda Broga Blue Bell 

under in vitro drought conditions induced by PEG 400. 
Present study revealed that total chlorophyll content 
of  PLBs decreased as the intensity of  in vitro drought 
simulation increased. In other words, degradation 
of  photosynthetic pigments implied that the rate of  
photosynthesis also decreased. Evidently, water deficit 
condition negatively affects photosynthesis process and 
materials needed for protein synthesis are not provided 
(Mohammadkhani and Heidari 2008). Therefore, reduction 
of  total soluble protein in PLBs cultured on medium 
supplemented with PEG 400 was due to the shortage of  
important materials for protein synthesis (Fig. 5). Besides 
that, the enhanced protein degradation was also due to 
the activity of  proteinases, an enzyme that responsible in 
lowering the protein content in a cell. Vacuole is the site 
of  production of  proteinase and in normal condition, 
rate of  protein synthesis and protein degradation is 
balanced. However, water stress leads to the breach of  
tonoplast and results in the leakage of  proteinase into 
other cellular compartments. Such situation will definitely 
initiate uncontrolled protein degradation. In addition, the 
changes in total soluble protein against drought stress were 
consistent with previous studies on soybean (Bensen et al., 
1988) and maize (Riccardi et al., 1998).

One of  the biochemical effects of  drought stress condition 
is the overproduction of  reactive oxygen species (ROS). 
Chloroplast, peroxisome and mitochondria are the major 
sites of  production of  these free radical molecules. SOD is 
the first line of  plant defense system against uncontrolled 
oxidation during unfavorable conditions. Cruz de Carvalho 
(2008) reported that scavenging activity of  SOD includes 
the conversion of  highly reactive singlet oxygen molecules 
into more stable hydrogen peroxide. In the present 
investigation, SOD activity was significantly the highest in 
stressed as compared to control PLBs (Fig. 6).

Present study also revealed the role of  CAT in completing the 
scavenging activity of  SOD. Unlike SOD, CAT is capable to 
completely detoxify hydrogen peroxide. However, the activity 
of  this antioxidant enzyme is limited within the peroxisomes. 
In the present experiment, CAT activity in PLBs cultured 
on medium with 5% PEG 400 was significantly lower 
than CAT activity in unstressed PLBs (Fig. 7). Perhaps this 
might be due to the low affinity of  CAT towards hydrogen 
peroxide. Cruz de Carvalho (2008) stated that the enzyme 
CAT has low affinity for hydrogen peroxide and effective 
only in high concentration of  hydrogen peroxide. In fact, 
high concentration of  PEG 400 in culture medium induced 
excessive production of  hydrogen peroxide in PLBs which 
was favorable to the enzyme CAT.

Another antioxidant enzyme, APX has high affinity for 
hydrogen peroxide and can be found in all reactive oxygen 
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species production site. Shigeoka et al. (2002) claimed that 
the APX exist as isoenzymes and has an important role 
in metabolism of  hydrogen peroxide in higher plants. In 
addition, APX is known to localize in at least three different 
cellular compartments including chloroplast, mitochondria 
and peroxisome. Lower APX activity of  treated PLBs at 
10% and 15% PEG 400 (Fig. 8) could be due to the impact 
of  drastic degradation of  chloroplast as shown in Fig. 4. 
This also implied that the APX isoenzyme in chloroplast 
plays a greater role in regulating the hydrogen peroxide 
level. Present study also showed that the controlled 
production of  antioxidant enzymes also occurred in control 
PLBs. These enzymes played a major role in maintaining 
the optimum level of  reactive oxygen species which were 
involved in plant signaling and defense mechanism (Cruz 
de Carvalho 2008).

CONCLUSION

It can be concluded that PLBs of  Aranda Broga Blue Bell 
is very sensitive towards in vitro drought conditions induced 
by PEG 400. Physiological and biochemical response of  
the PLBs to various concentrations of  PEG 400 treatment 
has been revealed. In summary, Aranda Broga Blue Bell 
PLBs is drought tolerant to low concentration of  PEG 400 
but could not withstand more than 10% of  PEG 400 
treatment. Future research could be focused in generating 
a mutant that has high tolerance level under in vitro drought 
condition. The drought tolerance PLBs could be grown 
into complete orchids and tested for in vivo drought stress 
conditions in future.
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