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Dendrobium sylvanum orchid is categorized as lowland habitus orchid and able to
survive wihtout any shade. Orchid cultivation takes a very long time so it needs fast-
er cultivation and producing large quantities. Therefore, it is necessary to do orchid
culture by using tissue culture processes and then given gamma ray irradiation to
bring up new characters in the orchid .The purpose of this research was to discover
the impact of gamma ray irradiation in vitro to the diversity of D. sylvanum. The
doses of gamma ray used in this research were 0 Gy, 15 Gy, 30 Gy, 45 Gy, and 60
Gy. The results obtained indicated that mutation mostly occurred on the treatment
with 15 Gy (4.4 cm of plant height, 2.67 of leaves, 2.36 cm of leaf length, 0.49 cm
of leaf width, and 5.33 of root strands) compared to the other doses and the control
plants. The new finding in this research is the gamma ray dose that can optimally
stimulate the mutation in D. sylvanum. This information is useful to generate the
new variety in orchid cultivation in Indonesia. This research provides innovation in
orchid cultivation and new variety that is possible to arise after the mutation.
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INTRODUCTION

Dendrobium is one of the genera of orchid
plants which becomes the favorite in the Indonesi-
an community and the second most favorite in the
world. Dendrobium is the most favorite commodi-
ty because the nature of this flower is relatively
more sustained compared to the other types of
orchid and it has variation of colors, which make
its market potential bigger. Dendrobium genus has
been adequately distributed in the Asian regions,
such as Indonesia and Philipines. In the regions
of Borneo, there are 143 species of Dendrobium
orchid and most of them are discovered in the
forests (Sabran et al., 2003). Dendrobium orchid
could also be found in Eastern part of Indone-
sia, such as Papua and Maluku (Widiastoety et a/,
2010). One of the species of Dendrobium which
becomes the favorite is Dendrobium sylvanum. D.
sylvanum orchid could only be found in the areas
of Papua New Guinea, New Ireland, Bougain-
ville, and Solomon Island. Therefore this species
required more cultivation. Flower of D. sylvanum
has intermediate shape in greenish brown color
with pink tinge and purple line. The flower is re-
latively last longer and in one blooming period, it
could produce about 30-40 of flower buds.

The flower produced by D. sylvanum orchid
has high economic value, therefore, the demand
for this orchid continues to increase. In order to
fulfill the market demand, quantity cannot be put
as the only determining factor, but the quality of
the orchid has to be considered as well. In Indo-
nesia, the production of orchid is expected to in-
crease. The obtained data shows 16,166,628 pots
produced in 2005 had increased to 19,284,219
pots in 2010. This condition is in accordance with
the quality standard of domestic and internatio-
nal markets (Dirjen Hortikultura, 2005).

The effort conducted to improve the gene
and to multiply the quantity of plant can be done
through the in vitro tissue culture technique. This
technic is able to accelerate the multiplication of
plant in vegetative or generative manner as well as
facilitate the mutant selection. Then, the process
continues with gamma ray irradiation (mutation)
which is aimed to improve the characteristics of
the plant, either qualitatively or quantitatively,
therefore, the desired characteristics of plants’
biochemistry, physiology, and morphology can
be produced. In the breeding of plant, irradiation
mutation has important role to improve the de-
sired characteristics without changing the other
characters, moreover, the plant provided with the
exposure of gamma ray irradiation is having he-
terozygote characteristic that is able to produce

a high variety after the irradiation process. The
factor which is able to influence the gamma-ray
irradiation is the difference of irradiation dose
that will be given to the plant. A high dose could
kill the materials of the plant which will be muta-
ted, causing sterilization and death of the plant as
well, while, plants exposed to the low dose could
still be recovered from the received damage and
will not cause death on plant (Soedjono, 2003).

The similar research conducted by Suwar-
no et al. (2012) showed that the application of
higher dose will accelerate the initiation of leaf
and root, however, the growth and height of Ph-
laenopsis amabilis become blocked. In addition, in
the research of Dehgahi et a/ (2017), it was men-
tioned that the life sustainability of plant and the
weight of PLBs (Protocorm Like Bodies) are on the
contrary with the dose of gamma ray irradiation
applied, namely controlled treatment of vitality
and weight of plant, which are multiplied by ten-
fold through 200 Gy of irradiation dose which
only has fivefold of vitality.

The purpose of this research was to disco-
ver the impact of gamma ray irradiation in vitro
to the diversity of D. sylvanum. This research was
expected to provide contributions in biology or
agriculture field, especially in cultivation of D.
sylvanum orchid through gamma ray irradiation.

METHODS

Media Production and Sterilization

The tools used in this study were glass-
ware, scalpel, scissor, forceps, petri-dish, Beaker
glass, and so on. The tools used in the planting
process were sterilized to prevent contamination.
Sterilization was performed using autoclave on
180°C for * 3 hours. After that, 40 gr/1 of granu-
lated sugar, 250 ml of coconut juice, 100 gram/1
of banana juice, thiamine 20 ppm, 14 gram/1 of
gelatin powder, and 2 gram/1 of active charcoal
were made. Distilled water was added until the
volume became 2000 ml, then the solution was
stirred until it became homogenous by using
magnetic stirrer. The level of media pH was set
to reach 5.4 by adding HCI if the pH is higher
than 5.5 and adding the NaOH if the pH was less
than 5.5.

Sterilization of Orchid Seeds Explants

Orchid seeds used as explants needed to be
sterilized in prior to prevent contamination in the
planting of plant tissue culture. The orchid seeds
were sterilized by immersing them into the spirits
and then they were burned on a Bunsen burner.
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The Planting of Orchid Seeds

After the sterilization of explants materi-
als, the orchid seeds were divided into four parts
with scalpel and distributed equally on VW me-
dia that has been made in prior. The tissue culture
media which had been planted were tightly sealed
using the plastic wrap.

Irradiation of Gamma Ray on Plantlet

The growing orchid plantlet that was then
irradiated using 4000 A of Gamma Chamber
with 5 different doses of 0 Gy, 15 Gy, 30 Gy,
45 Gy, and 60 Gy. After that, the plantlet was
sub-cultured to ensure the sufficient nutrition of
plantlet.

Acclimatization

Plantlets were then moved into the new
growing media as acclimatization places. The
media used were charcoal and fern. Acclimatiza-
tion was conducted for 3 months.

RESULTS AND DISCUSSION

The acclimatization stage was a transfor-
mation stage from the controlled and sterilized
condition in which the plant was cultured in a
culture media bottle to maintain its temperatu-
re and humidity (Widiarsih & Ita, 2013). The
acclimatization stage caused stress on the plant
treated by gamma ray irradiation. The stress on
the plant was due to the change of environment
from anaerobe condition. This condition occurs
because the plantation medium located in cul-
ture room was in a stable condition. The plant
was transferred to aerobe condition by using non-
sterile medium that causes the death on treatment
without gamma ray irradiation (control) after the
first acclimatization week. Some acclimatized or-
chid plants with low doses of radiation were able
to perform recovery on the following week. Ho-
wever, the plants with higher doses were having
a longer recovering process and as a result they
were unable to survive.
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Figure 1. Height of D. sylvanum

Figure 2. The results of the culture process af-
ter the plants are given gamma ray irradiation (a)
Control D. sylvanum (b) D. sylvanum with 15 Gy
(¢) D. sylvanum with 30 Gy (d) D. sylvanum with
45 Gy (e) D. sylvanum with 60 Gy.

According to the results obtained (Figure
1), it is known that the highest height of plants
was obtained from 15 Gy dose of gamma ray ir-
radiation (4.4 cm). The average height of plants
with 15 Gy is better compared to the control plant
with 3.35 cm . While the highest dose (60 Gy)
resulted in the lowest growth of plants with only
0.43 cm in height. Before acclimatization was
performed on plant, explants with 45 Gy and 60
Gy of doses were mostly unable to survive until
the end of research. The death of explants occur-
red due to the contamination of mosh on exp-
lants after sub-cultured process. The treatment of
gamma ray irradiation through the application of
0-30 Gy doses was not generating any negative
impact towards the growth of explants.

The result of this study shows that the
height of the plant with 15 Gy dose is better com-
pared to the control plant. Similar results were
also obtained in the research of Wardhani et al.
(2007) in which the plant with 20 Gy of dose pro-
vides better vitality compared to the plant without
irradiation treatment (control). Besides, simi-
lar research was also produced by Yadav (2016)
in which the effect of gamma ray provision on
Canscora decurrens at low doses, i,e, 10, 15, and
25 Gy had generated better results compared to
controlled treatment. These doses were called as
stimulation (positive development) because they
were able to produce heights of plant, quantity of
nodus, the number of leaves and significant length
of root. On the treatment with higher doses, i.e.
30, 35, 40, 45, and 50 Gy, the significant decrease
of growth in Canscora decurrenns occurred, the-
refore, these doses were determined as inhibitor
(negative development) (Yadav, 2016).

The provision of gamma ray generates
effect that might happen spontaneously, thus, it
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causes a mutagen. In this research, the effect of
gamma ray irradiation has been tested on diffe-
rent growth parameters (heights of plant, num-
ber of leaves, width and length of leaves, and the
number of roots). The exposure of gamma ray
produces positive impact at low doses but gene-
rates negative impact on high doses that cause in-
hibition as well as decreasing level of growth and
maturity of plant. Besides the irradiation applied
on the plant, the effect produced by the exposure
of gamma ray irradiation on microalgae also oc-
curs as performed by Ermavitalini ef a/. (2017) in
which gamma ray with 10 Gy dose reveals dece-
leration phase in microalgae growth. The gamma
ray radiation caused the cells on microalgae to
experience oxidative stress which then triggered
the cell to perform defensive process to main-
tain the growth and reduce the generated stress
effect. The gamma ray irradiation provides diffe-
rent levels of sensitivity in one type of plant with
another. High dose of gamma ray irradiation will
cause the damage and affect the working system
of plant’s meristem cells as well as causing the
death of plant.

The provision of gamma ray irradiation
generates significant impact towards the post-
irradiation growth of plant. Gamma ray irradia-
tion could inhibit the growth of plant since the
irradiation is the radiation applied with radioa-
ctive, therefore, it could generate mutation. This
condition occurs because higher dose of irradia-
tion applied will make the growth rate of plant
lower. The obtained heights of plant on 45 Gy
dose of irradiation treatment, are 0.53 cm, and
the lowest heights of plant acquired on 60 Gy
of dose with 0.42 cm of result. This result is in
line with the research conducted by Anshori et
al. (2014) in which the growth of the heights of
Curcuma domestica Val. plant acquires its lowest
value on 40 Gy of dose caused by high number
of the death plant. This condition is determined
by the existence of high radio-sensitivity level of
turmeric rhizome towards irradiation dose. Gam-
ma ray irradiation which causes random mutati-
on on plant will construct physiological damage
in the metabolism of cell development, therefore,
the potential of the growth will become faster or
slower (Anshori et al., 2014).

Higher irradiation dose application will
make the growth of the vegetative state continue
to decrease. In a research of Rashid et al. (2013),
the gamma ray irradiation on ginger plant had
resulted in the decrease of the growth of sprout
along with higher and longer exposure of gamma
ray.

The Improvement on the Number of Leaves
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Figure 3. The improvement of the number of D.
sylvanum leaves

The obtained results indicate that the tre-
atment of gamma ray irradiation provides signi-
ficant impact on the number of leaves. This result
means that through the gamma ray irradiation,
the increasing number of leaves can be stimula-
ted. According to Figure 3, it is shown that the
highest average of leaf quantity improvement is
obtained in 15 Gy with 2.67 and the lowest num-
ber of leaves is in 60 Gy with 0.47. The 15 Gy
irradiation generates more leaves compared to
the control plants. This result is similar with the
research of Wardhani et al. (2007) that the highest
improvement of number of leaves is obtained in
10 Gy of dose with 1.16, 10 G in which 10 Gy of
dose is higher compared to control plants. This
result is also in line with the research of Suwarno
et al. (2013) that showed that the optimum num-
ber of leaves was obtained from 20 Gy of dose
with 7 and control with 5.14.

In 45 Gy and 60 Gy, the leaves experi-
ences inhibition on its growth because a higher
dose will generate more inhibition on the growth
of plant. Similar condition occurred in the rese-
arch of Suwarno et al. (2013) in which 45 Gy of
dose indicated significant difference towards the
speed of initiation. Physical damages generated
through the gamma ray irradiation are the death
of cell, the inhibition of cell division, and the oc-
currence of mutation, therefore, the leaves will be
smaller compared to the control plants (without
gamma ray irradiation). Gamma ray irradiation
with high dose will disrupt the processes of pro-
tein synthesis, the balance of plant hormone, and
the gas exchange on leaf (Borzouei et al., 2010).
The small number of leaves obtained from the tre-
atments with 45 Gy and 60 Gy is caused by high
dose of irradiation which is able to cause dama-
ge or change of chromosome that will affect the
growth rate of leaves. The smaller number of lea-
ves as a result of gamma ray irradiation compared
to the control plants is a common phenomenon
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that occurs in the plant with mutation treatment.
The research conducted by Devy & Sastra (2006)
showed that gamma ray irradiation on cultured
ginger resulted in plants that was not able to form
leaf even when they were already had sprout. In
addition, similar research conducted by Widiar-
sih and Ita (2013) mentioned that 60 Gy dose on
Phalaenopsis amabilis orchid resulted in smallest
average number of leaves (0.34).

Length and Width of Leaf
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Figure 4. Length and width of D. sylvanum leaves

According to Figure 4, the results show
that the highest average length of leaf of D. syi-
vanum orchid is obtained in the treatment of 15
Gy with 2.36 cm. This provides a real differen-
ce towards average length of plant’s leaves on
control plants. The lowest average of length of
leaves is acquired in 60 Gy with 0.26 cm. The re-
search of Tongpong et al. (2009) stated that 0-30
Gy provision on Anubias congenis plant produced
better development of width and length of leaves
compared to the provision of higher doses. In the
time the Anubias congensis plantlet was exposed by
severe gamma ray radiation, the width and length
of leaves experienced decreases on the growth
and the development. Plantlets with 105.99 Gy
and 120.30 Gy showed statistically significant
decrease on the number of new sprouts, as well
as the width and length of leaves compared to the
control plants.

Results of observation show that the
highest average of D. sylvanum orchid leaves
width found in 15 Gy of dose with 0.49 cm and
the lowest average is in 60 Gy of dose with 0.05
cm. The results of treatment with 15 Gy shows
the significant difference towards the width of
leaves on control plants. The treatment of gamma
ray irradiation with high dose will cause a dis-
ruption of plant’s development. This condition is
seen from the narrowing form of leaf on gamma
ray irradiation with high dose, namely 45 Gy of
dose with 0.1 cm of width, and 60 Gy of dose

with 0.05 cm of width.

The Number of Roots
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Figure 5. The number of roots of D. sylvanum.

Figure 6. Results of acclimatization of D. sylva-
num orchids after gamma ray irradiation (a) Con-
trol D. sylvanum (b) D. sylvanum with 15 Gy (c) D.
sylvanum with 30 Gy (d) D. sylvanum with 45 Gy
(e) D. sylvanum with 60 Gy.

Gamma ray irradiation with 15 Gy produ-
ces the average number of roots which is adequa-
tely high compared to the both other treatments
and the control group. It can be seen that 15
Gy of dose generates 5.33 root strands and the
lowest number of roots is obtained from 45 Gy.
This condition is assumed due to the light expos-
ure resulted from gamma ray irradiation with 15
Gy dose, therefore, the plant in this dose is able
to recover itself faster compared to the other
doses, and able to grow normally. In a research
conducted by Gonzales (2007), 10 Gy dose on
ground orchid had resulted in decreasing num-
ber of root and inhibition on the growth of plant.
Gamma ray irradiation caused the decline of the
cell that affects the development of plant root. Ot-
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herwise, research by Suwarno et al. (2013) stated
that 10 Gy dose administered to Phalaenopsis ama-
bilis did not provide a significant result towards
the number of roots compared to the plant wit-
hout irradiation treatment.

In addition, Cahyo (2015) also stated that
the treatment of 20 Gy on Dendobrium lasianthera
(JJ. Smith) produced the highest average number
of roots compared to others doses. Meanwhile,
in the treatment of gamma ray irradiation with
45 Gy and 60 Gy of doses, the average number
of roots waere lower compared to the treatment
with 15 Gy and control group. On 30 Gy and 60
Gy doses, 1.67 leaves was obtained. The research
conducted by Suwarno et al. (2013) stated that 30
Gy dose of gamma ray irradiation on Phalaenopsis
amabilis orchid produced more significant accele-
ration of the root initiation compared to the plant
without the irradiation. It means that the provisi-
on of gamma ray irradiation does not inhibit the
speed of root initiation.

Meanwhile, 45 Gy dose of gamma ray
irradiation resulted in lower average number of
roots compared to the 15 Gy dose and the control
group. This condition also occurred in the rese-
arch by Tongpong et al. (2009) in which 40 Gy
dose on Anubias congensis showed no effect on
the development on the plant’s root. This result
was assumed to occur due to the excessive dose
of gamma ray irradiation that causes the damage
to cell of plb (Protocorm Like Bodies), therefore,
numerous deaths were found on plb, while the
plb which is able to survive experiences sluggish
growth. Faster root initiation has correlation
with the leaf initiation. After leaf is formed, the
part of radicle will differentiate to form root by
absorbing the content of micro and macro ele-
ments available in the media (Suwarno, 2013).

The meristem cells which continue to be
exposed by gamma ray irradiation with high dose
will experience severe damage and then the plant-
let growth will be inhibited and unable to form
roots and leaves. The research of Devy & Sastra
(2006) stated that the gamma ray irradiation was
able to inhibit the root development on ginger
plant as a result of disruption on the activities of
endogen auxin which occurred after the exposure
of the irradiation, therefore, the concentration of
endogen auxin will decrease and the root will not
be formed.

The benefits of this study can be used for
further research such as doses to be used in irra-
diation, and for orchid farmers can help in gene-
rating new characters from mutations produced
by orchids after gamma ray irradiation treatment.

CONCLUSION

According to the results of this research,
it can be concluded that through gamma ray ir-
radiation, the variety of Dendrobium sylvanum or-
chid is able to be influenced on its growth. The
occurrence of mutation on the treatment of 15
Gy of dose indicates the most optimal result from
the entire measurements, including the height of
plant, the number of leaf, the length of leaf, the
width of leaf, and the number of roof compared
to the controlled treatment as well as the treat-
ments with the other irradiation doses.
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