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ABSTRACT

This project was a collaborative FNCA project involving Malaysia, Thailand, Indonesia and Japan. The 
objective was to jointly produce new orchid mutants that resistant/tolerant to insect infestation. It focused 
on commercial hybrids or species of Dendrobium orchids; namely Dendrobium Sonia 17 Red from 
Thailand, Dendrobium jayakarta from Indonesia and Dendrobium mirbellianum from Malaysia. In this 
project, tissue culture orchid materials (protocorm-like-bodies or PLBs) were exchanged among the 
participated countries early in the project. The Malaysian research team had irradiated these PLBs with 
two ionizing mutagens; gamma rays and ion beams (JAEA). Following irradiation, regenerated plantiets 
were randomly selected from each dose and subjected to in vitro infestation with mites and thrips, to 
analyse their resistance towards these pests. The main aim of in vitro infestation was to pre-select 
potential mutants for secondary screening at flowering stage. Potential insect resistant orchid mutants 
were then selected and subsequently planted in the glasshouse. Secondary screenings were carried out 
at flowering stage by challenge-infestation with the target insects. This project, which was completed in 
December 2009, has successfully generated two D. jayakarta mutants tolerant to thrips, and one D, 
mirbellianum tolerant to both mite and thrips.
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INTRODUCTION

Orchid is one of the largest families of flowering plants in the world comprising of an estimated 20,000 to
25,000 species and untold number of hybrids of some 700 different genera (Zaharah & Rozlaily, 1991). 
They can be found growing at almost every latitude and stratosphere, where plants can normally grow. 
The range of different characteristics in shapes, sizes and colors have made orchids the plant for all types 
of interests and sought for by collectors. Dendrobium orchids have been the major orchid cut-flower 
export for Malaysia as well as for other Southeast Asian countries like Thailand and Philippines. Thailand 
is the major orchid producer with an export value of US$ 80 million in 2006, or approximately 80% of the 
country’s total ornamental export value. The export value of orchids from Malaysia, which is mainly in the 
form of cut flowers, is estimated at RM 150 million per year, representing approximately 40% of the total 
floriculture production. Japan is the main importer for orchids from Malaysia (www.tiois.doae.go.th).

The successes of hybridization technology in producing vast number of orchid hybrids with attractive 
characteristics and the introduction of the in vitro technology to mass-propagate clonal planting materials 
have been a tremendous boost for the orchid growing industry. Wide range of successful cultivars with 
attractive combinations of spray length, bud number, flower color and form, vase life, fragrance, 
seasonality, and compactness have been produced through hybridization. At the same time, tissue 
culture has been widely used as the standard method of germinating seeds and propagating seedlings for 
the industry, Through the meristem cloning technique, thousands of plants can be cloned and grown in a 
relatively short period of time. The combinations of these two technologies have so far been very reliable 
in supporting the orchid industry in the region. Commercially attractive hybrids and varieties have been 
able to be mass propagated and supplied to the growers for the market.

Although new orchid hybrids are consistently released every year to meet the current demand by 
customers, the only problem that remains unsolved in this industry until today is the problem of insect 
infestations. Insect infestations in the orchid flowers have caused a lot of losses not only to growers but 
also exporters due to strict quarantine regulations. In fact, since 9th Malaysia Plan, government through

http://www.tiois.doae.go.th


Agriculture Department has put an emphasis on the production of new cut flowers which are resistant to 
pests and diseases (Mohd Khuzairi 2006). For export, sometimes the presence of even one insect can 
cause the whole export consignment to be rejected by importing countries. There were cases when the 
whole orchid consignment had to be shipped back to the exporting countries due to the presence of 
insect pests. Unfortunately, none of the commercial varieties released so far especially cut flower 
varieties, has been resistant to insect pests. Growers normally have to rely heavily on pesticides to curb 
the infestation. Based on visits and communications with local commercial growers, we found out that 
pesticides are applied on average twice a month, and sometimes once a week if the infestation is serious.

Through studies and consultations with the local orchid growers, we have also identified that mites and 
thrips are the main orchid pests in Malaysia. Mites are commonly found in the lower surface of leaves and 
suck the sap of the leaf. The leaves become pale yellow with numerous small spot which reduces the 
quality of the leaves. This pest can usually be controlled with 0.03% sulphex spray. Thrips normally infest 
young flower buds and newly expanded leaves. Blooms of infested plants may become prematurely 
brown, whilst the infested petals may either become spotted, streaked, silvery or discolored. Symptoms 
on leaves include chlorotic spots, wilting and eventually dropping. Plant growth can also be stunted, and 
in a severe infestation case, the whole plant will die (Jones 2008).

The strategy that can be adopted to overcome the problem is to breed for insect resistant orchid. Insect 
resistant orchid hybrid may minimize the use of chemicals and overcome the strict quarantine 
requirements of importing countries. One way to generate insect resistant variety is through mutation 
induction (mutagenesis). Mutagenesis is considered as an alternative approach to induce resistance as 
hybridization is limited by the unavailability of a resistant genotype and problem of sexual compatibility. 
Insect resistance has been successfully induced by using mutagenesis approach in varieties of plants 
such as mungbean and rice (Khattak et al. 1987; Liu et al. 2004). Mutation induction by irradiation has 
effectively changed certain characteristics of these plants to be ‘unattractive’ to insects.

Through collaboration with Thailand, Indonesia and Japan, under the FNCA Mutation Breeding Program, 
a project on ‘Induction of Insect Resistance in Orchids’ was carried out, with the main objective to develop 
new varieties of Dendrobium orchids that resistant to insects. Two important insects to Malaysian orchids 
were studied; thrips and mites. This paper discusses the process and procedure for developing insect 
resistant orchids, as well as achievements made throughout the six-year project.

MATERIALS AND METHODS 

Plant materials

Irradiated PLBs of Dendrobium ‘Sonia Red 17' were obtained from Thailand (courtesy of Associate 
Profesor Dr Chitrapan Piluek, Kasetsart University, Bangkok), whilst non-irradiated PLBs of D. jayakarta 
was obtained from Indonesia (courtesy of Ms Ismiyati Sutarto, BATAN, Indonesia). For D. mirbellianum, 
PLBs were initiated from mature seeds of self-pollinated flowers. The seed capsules were surface 
sterilized by dipping them in 90% ethanol and flaming. They were cut open with sterile tools and the 
seeds were germinated on half-strength (Vz MS) medium (Murashige and Skoog, 1962) at 26°C with 16h 
photoperiod until PLB s were formed. These PLBs were maintained in culture on Vz MS medium at the 
same temperature and photoperiod, and subcultured every 4 weeks on fresh media.

Ion beam Irradiation

PLBs of D. mirbellianum and D, jayakarta that were uniform in size were transferred into sterile 6.0cm 
Petri dish, covered with sterile Kapton film 0.8mm in thickness and sealed with Nescofilm. These PLBs 
were then irradiated with 220MeV 12C 5+ ion beam at JAEA , Takasaki at doses 0, 0,4, 0.8, 1.0 and 2.0 Gy 
for D. mirbellianum and 0, 1.0 Gy and 2.0 Gy for D. jayakarta. Two to three days after irradiation, clump 
of PLBs were transferred onto fresh Vz MS medium. After four periodic subcultures, the irradiated PLBs



were allowed to regenerate into whole piantlets, transferred into pots and grown to maturity until 
flowering. For in vitro insect resistance study, plantlets were placed individually in culture vials.

Gamma irradiation

PLBs of D.Sonia Red 17 from Thailand have been irradiated with gamma ray at doses of 0, 60, 70, 80 
and 90 Gy .The PLBs were multiplied, regenerated into complete plantlets, and transplanted in the 
glasshouse. Irradiation of D. jayakarta PLBs using gamma rays (JL  Shepherd) was carried out using two 
approaches;

i. A single dose of 35 Gy (acute radiation)
ii. Fragmented dose (10 Gy every week for 3 weeks)

The irradiated PLBs were cultured on 1/z MS agar. Surviving PLBs were multiplied on the same medium 
until the fifth generation. After five periodic subcultures, the irradiated PLBs were allowed to regenerate 
into whole plantlets and transferred to glasshouse.

In vitro mites and thrips infestation and screening

Irradiated orchid plantlets used for in vitro screening were put in individual vials. Plantlets of about 4 cm 
with 4 open leaves were used in this study. Three female and two male adult mites were then put in the 
vials containing the plantlets. Observations on the pattern of mite infestation and the multiplication of 
mites were made every week according to Zhang (2001). For thrips, the same procedure was applied and 
5 thrips were harvested from heavily infested plants.

For symptom analysis, each leaf was divided into five regions. Infestation was detected using a 
dissecting microscope. Scoring was done for the first 3 consecutive weeks and after 9 weeks, by 
estimating the area of infestation as shown in Figure 1. The infestation levels were scored as follow; 1: no 
infestation, 2; less than 5 % infestation, 3: 5-10 % infestation, 4: 11-25 % infestation and 5; more than 25 
%  infestation. In cases where the infestation occurred on different leaves, the areas of infestation were 
combined to get the total infestation area,

After 3 months of infestation, surviving plants showing no or less symptom of infestation were isolated 
and transferred into small pots for hardening and left to grow in the greenhouse until flowering. Fertilizers 
were applied to the plants for growth, but not pesticides. Secondary screening at the flowering stage by 
infestation with the target insects were carried out on these potential mutants.

Figure 1 Illustrated scoring index for insect infestation on in vitro orchid leaf



R E S U LT S  AND D ISCUSSIO N

Ion beam irradiation

Initial radiosensitivity data has shown that the optimum dose for ion beam irradiation of orchid PLBs was 
in the range of 0.8 to 1.0 Gy (Sakinah et al. 2005). This data was obtained through studies on orchid 
mutagenesis using ion beams under bilateral project between Nuclear Malaysia and JAEA. Therefore, for 
D. mirbellianum, PLBs irradiated at doses of 0.4, 0,8, 1.0 and 2.0 Gy were used for this project, whilst 
those from other doses will be used for in vivo screening of other characteristics such as flower colour 
and morphology. For ion beam irradiated D. jayakarta, a number of plantlets from all doses (0, 1 and 2 
Gy) were also infested with mites and thrips.

Mites culturing and rearing

Work on multiplying adult mites in large number has been carried out. It was observed that the complete 
life cycle of mites (from adults to adults) under Malaysian weather was approximately 9 weeks. They 
favour warm to hot dry conditions to multiply. Under normal environment, a female mite would produce 
approximately 5 eggs per day. In this study, of the five mites used to inoculate an in vitro orchid plant, two 
were male mites. Male mites were morphologically smaller than female mites.

In vitro screening for mite tolerance

In vitro screening on ion beam irradiated D. mirbellianum plantlets, has shown that after one week of 
inoculation with mites, majority of the tested plants from all doses of irradiation, showed a low level of 
infestation. Plants irradiated at doses above 1 Gy in particular, only showed less than 5% infestation. In 
week 2 and 3, more infestation on the plants’ leaves was observed, especially those irradiated at doses 
below 0.8 Gy. However, there was no significant difference in the number of surviving adult mites, the 
number of eggs and the number of larvae produced after 3 weeks of inoculation on in vitro plants. This 
suggested that the irradiated plants did not produce toxin that can kill mites, but rather develop internal 
resistance to mite infestation.

The severity of infestation on the infested D. mirbellianum plantlets was monitored for 9 weeks, or until a 
complete life cycle of mites (Table 1). At this stage, it was also observed that all non-irradiated plants 
tested showed a minimum 5 % of the infestation symptom on their leaves. Some of these control plantlets 
were also severely damaged and died. Irradiated plantlets did also exhibit infestation symptoms at 
various scales, ranging from very mild to heavily infested, but there were also plantlets that showed no 
sign of infestation and completely healthy. The percentages of non-infested plantlets were gradually 
increased with the increase in treated irradiation doses. The percentages of non-infested plantlets were 
34 %, 24.56 %, 50 % and 60 % for those irradiated at 0,4, 0.8, 1.0 and 2.0 Gy, respectively. These results 
showed an increase in resistance towards mite infestation on irradiated seedlings.

In vitro screening for thrips resistance

Thrips have been known to cause injury to leaves and buds in infested orchid plants. Among the 
symptoms observed are browning or blotching of the leaves and bud destruction 
(http:www.ct.gov/caes/cwp/view.asp). Another symptom is severe flower break as a result of virus 
infestation transmitted by thrips (Pataky 1990).

An experiment was carried out to screen in vitro irradiated plantiets against thrips. Due to a limited 
number of thrips, only a small number of irradiated plants were used in this experiment. Based on this 
work, thrips were seen to cause rapid and severe damages on the infested plants as compared to mites. 
After only 2 weeks of infestation, all control or non-irradiated plants showed symptoms of infestation. Of 
these, 100% of D. mirbellianum and 83.3% of D. jayakarta, exhibited severe damage on more than 25% 
of their leaf areas, A number of irradiated D. jayakarta and D. mirbellianum plantlets displayed early 
tolerance to these infestations. Overall from the in vitro screening, 2 D. mirbellianum and 5 D. jayakarta
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piants were selected as potential tolerant to thrips. Table 2 shows detailed results on the number of 
infested plants and the severity of infestation with thrips, after 2 weks of infestation.

Table 1. Severity of mite infestation on D. mirbeliannum after 9 weeks of infestation with mites

Dose # of No. of plants at different infestation scale (%}
(Gy) plant

samples

0 52
1

0 (0)
2

0 (0)
3

0(0)
4

9 (17.31)
5

43 (82.69)

0.4 50 17 (34.0) 5(10.0) 2 (4.0) 1 (2.0)) 25 (50.0)

0.8 57 14(24.56) 2 (3.51) 1 (1,75) 6 (10.53) 34 (59.65)

1.0 26 13 (50.0) 2 (7.69) 2 (7.69) 2 (7.69) 7 (26.92)

2.0 10 6 (60.0) 1 (10.0) 1 (10.0) 1 (10.0) 1 (10.0)

Note;
1 : no infestation 
4: 11 -25% infested leaves

2 : < 5% infested leaves
5 : > 25% infested leaves

3:5-10% infested leaves

Table 2 Severity of thrips infestation on orchid plantlets after 2 weeks of infestatior

Orchid species  

Dose (Gy)

# of 
infested 
plants

No. of plants with infestation symptoms at different 
scale

1 2 3 4 5

D. mirbellianum 
(ion beams)

0 5 0 0 0 0 5

0.4 5 2 2 1 0 0

0.8 5 0 2 0 3 0

1.0 5 0 3 0 2 0

D. jayakarta 
(gamma irradiated) 

0 6 0 1 0 0 5

10 5 2 0 1 0 2

30 5 1 1 1 0 2

D. jayakarta 
(ion beam) 

1.0 5 1 1 0 1 2

2.0 5 1 0 1 1 2

Note;
1 : no infestation 2 :<  5% infested leaves 3 : 5-10% infested isaves
4 : 11-25% infested leaves 5 : > 25% infested leaves



Glasshouse screening for thrips resistance

Based on the in vivo thrips screening at plant flowering stage, all samples of D. jayakarta plants from the 
control and the fragmented dose (gamma, 3x10 Gy) populations, were found to be susceptible to insects. 
Two lines from a single dose (gamma, 30 Gy) population exhibited minor damages on their flowers, and 
thus could be considered potential resistant lines. These plants have been tagged and maintained in the 
glasshouse (Figure 2).
For mite tolerant D. mirbellianum plants, the same index was applied and one plant was found tolerant to 
thrips (Figure 3). All the thrips and mite tolerant mutants are now being propagated in the nursery, to 
achieve large number of clones.

Figure 2 D.jayakarta mutants tolerant to thrips

Figure 3 D. mirbeliannum mutant tolerant to both mites and thrips

CONCLUSION

This project was officially ended in December 2009, and some achievements made throughout the project 
were as follows;

t. The optimum ion beam irradiation dose for PLBs was 0.8 -  1.0 Gy.
2. The method for in vitro rearing of mites was established and from this study, the complete life 

cycle of mites in Malaysian conditions was found to be 9 weeks.
3. An in vitro insect infestation procedure was developed for preliminary selection of insect tolerant 

mutants at tissue culture stage.



4. In vitro mite infestation study on regenerated D. mirbellianum orchids has showed an increase in 
resistance towards mite infestation on ion beam irradiated plantlets. The percentages of mite 
resistant mutant plantlets gradually increased with increasing irradiation doses.

5. Through in vitro mite infestation study, a total of 50 potential mite tolerant plantlets were
identified. Of these 50 plants, one plant was found tolerant to thrips when secondary screening 
was carried out at flowering stage (in vivo).

6. Through in vitro infestation with thrips, 2 D. mirbellianum plantlets and 5 D. jayakarta plantlets
were tolerant. These plants are being propagated in the glasshouse, and secondary screening for
thrip tolerance will be carried out once the plants are flowered.

7. In vivo thrip screening at flowering stage have identified 2 clones of D. jayakarta which were 
tolerant to this insect.

8. All identified mutants are currently being propagated to achieve large numbers of clones, and will 
be transferred to a private collaborator for pre-commercialization studies.
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