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Abstract 

Vanda Orchid is one of the most popular ornamental plants. Orchids have slow growth. One way to 

overcome this weakness is by using gamma-ray irradiation. This research aimed to study the 

morphological characters of various radiation doses resulting from the crossing of the Vanda Orchid. 

This study was carried out by observing the characters of vegetative growth for each plant on 0 Gy, 10 

Gy, 20 Gy, 30 Gy, 40 Gy, and 50 Gy doses of gamma irradiation treatments. The observed variables 

were the increase in plant height, leaf length, root length, number of roots, number of leaves, leaf width, 

and leaf color. The results showed that the dose of gamma-ray irradiation were able to increase plant 

height. 10 Gy and 20 Gy, gamma-ray irradiation doses, resulted in discolored yellowing of orchid leaves. 

The discoloration of orchid leaves to light green occurs at irradiation doses of 30 Gy, 40 Gy, and 50 Gy. 

The morphological characteristics of Vanda sp. hybrid results gamma irradiation are high at dose 10-40 

Gy. 
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Introduction 

Orchid is one of the prevalent ornamental 

plants. Hadi et al. (1) stated that orchids have 

great diversity in both the tropics and sub-

tropics. Indonesia has a vast potential for 

orchids. There are around 5000 types of orchids 

and more than 200 of them can be 

commercialized. One of the most popular types 

of orchids in Indonesia is Vanda Orchid. Vanda 

Orchid has a unique and attractive shape. 

Hartati and Darsana (2) stated that the 

morphological characterization of orchids is 

necessary to preserve germplasm and select a 

variety of natural orchid germplasm with 

superior properties. 

The process of making new orchid 

varieties is conventionally carried out by 

crossing techniques which are carried out with 

human assistance. Developed countries have 

done the process of making new varieties with 

better technology. One technology for making 

varieties is done with the help of irradiation 

rays. Irradiation can make plants into mutants, 

so the expected varieties could be obtained. 

Irradiation is a faster method that can produce 

mutant plants that have certain advantages. 

Efforts to obtain superior varieties are 

often made by crossing various existing 

varieties. This method is considered inefficient 

because it requires quite longer time. One of the 

technologies for making varieties is done with 

the help of irradiation rays. Haris et al. (3) states 

that, induction of plants with gamma rays can 

improve the quality and quantity of plants 

because they can change the nature of plants. 

Irradiation is an effective source for producing 

genetic diversity in plants (4). Mahendra et al. 

(5) states, gamma-ray irradiation has the benefit 

of combining the advantages of organic and 

inorganic materials. This study aimed to 

determine the differences in morphological 
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characteristics between the crossing Vanda sp. 

irradiation results. 

 

Materials and Methods 

The research was carried out in two 

places. The radiation was carried out at BATAN 

Jakarta, then the F1 hybrid from Vanda celebica 

and Vanda dearei were acclimatized in the 

greenhouse at the village of Plosorejo Matesih, 

Karanganyar, from July 2018 to January 2019.  

The study was conducted by observing 

each individual in the control (0 Gy), 10 Gy, 20 

Gy, 30 Gy, 40 Gy, and 50 Gy treatment plants. 

The data obtained during the observations were 

analyzed in the descriptive method by 

comparing each plant in the various doses of 

radiation treatment with the control treatment. 

Observation variables consisted of plant height, 

plant length, root length, number of roots, 

number of leaves, leaf width, and leaf color. 

 

Results and Discussion 

Plant height 

The growth measurements of mutant 

orchid plants are showed in table 1. Mutant 

plants did not show any changes in height 

compared with control plants. Gamma-ray 

irradiation is thought to cause stunted root 

growth due to stress. Physiological changes can 

be an imbalance of the hormone auxin in plants 

(6). Auxin is a hormone that regulates various 

developmental processes such as stem 

extension, apical dominance, and root initiation 

(7). High-dose irradiation interferes with 

protein synthesis, hormone balance, leaf gas 

exchange, water exchange, and enzyme 

activity. High irradiation doses changed the 

ratio of auxin and cytokinin to phytohormones, 

thereby changing cell differentiation patterns 

(8). 

The increase in plant height occurs in 10 

and 30 Gy irradiation, with 9.84 cm and 9.25 cm 

respectively, then decreases were at 20, 40, and 

50 Gy. Physiological damage caused by gamma 

irradiation can include cell death, inhibition of 

cell division, increased frequency of tissue 

formation, and changes in reproductive 

capacity. Increasing the dose of gamma-ray 

radiation can cause a decrease in plant height 

due to gamma rays that damage the plant 

chromosome structure, thus affecting plant 

growth (9). 

Table 1. The average of plant height, leaf length, root length, number of roots, number of leaves, leaf 

width in various doses of gamma irradiation 

Dose 
Plant height 

(cm) 

Leaf length 

(cm) 

Root length 

(cm) 

Number of 

roots 

Number of 

leaves 

Leaf width 

(cm) 

0 Gy 8.80 35.90 38.05 7.75 12.00 1.98 

10 Gy 9.84 33.76 32.60 6.60 13.60 2.14 

20 Gy 8.88 31.00 35.18 6.00 12.83 2.11 

30 Gy 9.25 34.97 39.22 6.75 14.00 2.03 

40 Gy 8.37 31.50 23.63 5.33 14.33 1.97 

50 Gy 8.00 31.30 25.64 5.80 13.40 1.86 

 

Leaf length and width 

Leaves are important parts of a plant. 

Leaf length can affect photosynthesis in plants. 

Gamma-ray irradiation at certain doses causes 

changes in plant phenotypes. Gamma rays can 

generate free radicals in cells, which can destroy 

essential components of plant cells and affect 

plant morphology, anatomy, biochemistry, and 

physiology differently depending on the level of 

irradiation (10). The most prominent and easily 

detectable parts of the plant after irradiation are 

the leaves (11). The leaf length of mutant plants 

is shorter than control plants. Table 1 showed 

that the average leaf length of the control plant 

about 35.90 cm. Mutant plants with the highest 

average leaf length was found in 30 Gy with 

34.97 cm, and the shortest average leaf length 

was found in 20 Gy treatment with 31 cm. 

The increasing width of the orchid leaves 

will affect the photosynthesis process and 

absorption of essential plant elements. The 

wider the leaf of the orchid, the easier it is for 

the plant to absorb water and nutrients. Based 

on Table 1, the leaf width of the mutant orchids 

is significantly differed than that of non-

irradiated. The widest leaves of mutant orchids 

were in 10 Gy dose with an average of 2.14 cm. 

The optimal dose for leaf width was known at a 

dose of 10 Gy, and the size of the leaf width 

decreased along with the increase of irradiation 

dose. Each irradiated individual plant with 

gamma rays has a different sensitivity to 
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irradiation dose. Generally, the higher the 

irradiation dose caused stunted leaf growth. 

Root length  

The root is the place where plants grow. 

The increase in root length is expected to make 

plants stronger. Irradiation on orchids is 

expected to increase the length of orchid plants. 

Based on table 1, it is known that control plants 

had the highest root length compared to all 

irradiated plants. The root length of mutant 

plants incread along with the increase of 

irradiation doses until its peak at the dose of 30 

Gy, then decreasing at dose 40 Gy. Gamma-ray 

irradiation at low doses can increase growth, 

whereas high doses showed slow growth (12). 

Gamma-ray irradiation can cause random 

mutations that can cause physiological damage 

in the metabolism of cell development so that 

its growth potential can be faster or slower (13). 

Mutant plants with the highest root length were 

found in the dose 30 Gy, and the lowest root 

length was found in 40 Gy.  

Number of roots and leaves 

Gamma-ray irradiation inhibits the 

number of roots. All mutant plants have fewer 

roots than non-irradiated plants. The same thing 

was found in Lestari et al. (14) study, that 

increasing the dose of irradiation caused the 

number of roots of Dendrobium sylvanum and 

Phalaenopsis sp. to decrease. The average 

number of roots of non-irradiated plants was 

7.75. The highest number of roots was in 

irradiated plants with a dose of 30 Gy, while the 

lowest was in a dose of 40 Gy. The low number 

of roots due to the dose of gamma-ray 

irradiation causes chromosomal changes to 

affect the growth of the radicles. 

Leaves are essential parts of plants in 

photosynthesis. The increasing number of 

leaves will affect the absorption of water and 

nutrients needed for plants. In contrast with the 

number of roots, mutant plants at all doses had 

more leaves than control. The number of leaves 

increased with the increase in irradiation dose, 

and the peak was at 40 Gy. Based on Table 1, 

the highest number of leaves were found in the 

dose 30 Gy and 40 Gy, 14 and 14.33, 

respectively. Changes in cells in plant organs 

caused by gamma-ray irradiation can interfere 

with plant physiological processes (15). 

Leaf color 

Gamma irradiation can cause cell change 

in certain organ plants. Leaf color changes can 

be identified using the Munsell Color Chart. 

The results of observations of changes in leaf 

color are shown in Table 2. Non-irradiated 

plants had light green leaves color. The same 

result was shown in mutant plants at 20 Gy, 30 

Gy, 40 Gy, and 50 Gy. While mutant plants 

dose, 10 Gy showed yellowing on leaves. The 

20-50 Gy dose gamma irradiation in this study 

did not cause discoloration of the orchid leaves, 

in contrast to Astutik (15) which showed that 

the color of the leaves darkened with increasing 

irradiation doses. Color changes occur in 

mutant orchid by irradiation of 10 Gy, which 

showed a yellowish color. Leaf discoloration of 

orchid plantlets occured due to damage in 

chlorophyll after irradiation (14). 

Table 2. Color change of vanda leaf with 

various dose treatment of gamma irradiation 

Dose Leaf Color 

0 Gy 7.5 Gy 6/6.5 

10 Gy 2.5 Gy 6/6.5 

20 Gy 7.5 Gy 6/6.5 

30 Gy 7.5 Gy 6/6.5 

40 Gy 7.5 Gy 6/6.5 

50 Gy 7.5 Gy 6/6.5 

 

Conclusion 

The increased gamma-ray irradiation 

dose in Vanda sp. hybrid can increase the 

diversity of plant height, leaf length, root length, 

and the number of roots. A 10 Gy gamma-ray 

irradiation dose increased plant height and 

changed the color of the yellowing orchid 

leaves. Irradiation doses of 20 Gy, 30 Gy, 40 

Gy, and 50 Gy resulted in the color of orchid 

leaves became light green. 
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