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Abstract 
 

Ornamental and landscaping plants have their own demand. Color variations, shape and 
flower shelf life are among the important value-added characters in improvement of new 
varieties of ornamental plants. Mutation induction using ionizing radiation is an alternative 
way for obtaining plant with desirable traits. Improvement of ornamental plant Amaryllis 
'Orange Biogamma' was carried out by exposing bulbs with gamma rays at dose 0, 10, 15, 20, 
25, 30, 40 and 50 Gy using BioBeam GM8000 gamma irradiation chamber at the Malaysian 
Nuclear Agency. Effect of radiation on the growth of bulbs was observed. Data on shoot and 
root length was recorded after 6 weeks. From the observation, the increasing dose has caused 
a reduction in shoot length and inhibited the root production. This paper will discuss the 
effects of acute gamma irradiation on the plant morphology. The result and observation 
obtained is useful for future work on lily improvement and will be included into BioBeam 
GM8000 irradiation database.  

Abstrak 
 
Tanaman hiasan dan landskap mempunyai permintaan yang tersendiri. Kepelbagaian warna, 
bentuk dan daya ketahanan bunga adalah antara ciri penting dalam menambah nilai sesuatu 
varieti baru tanaman hiasan. Mutasi aruhan menggunakan sinaran mengion adalah cara 
alternatif bagi mendapatkan pokok dengan ciri yang dikehendaki. Pembaikbakaan ke atas 
tanaman hiasan Amaryllis ‘Orange Biogamma’ dijalankan dengan mendedahkan bebawang 
kepada sinar gama pada dos 0, 10, 15, 20, 25, 30, 40 dan 50 Gy menggunakan kebuk 
penyinaran gama BioBeam GM8000 di Agensi Nuklear Malaysia. Kesan sinaran ke atas 
pertumbuhan bebawang diperhatikan. Data panjang pucuk serta panjang akar pada bebawang 
direkodkan selepas 6 minggu. Didapati, peningkatan dos sinaran telah menyebabkan 
pengurangan panjang pucuk dan merencat penghasilan akar bebawang. Kertas kerja ini akan 
membincangkan lebih lanjut berkenaan kesan sinaran gama akut ke atas morfologi pokok. 
Hasil kajian ini amat berguna dalam kajian pembaikbakaan pokok lili di masa hadapan, selain 
dapat melengkapkan pangkalan data penyinaran akut kemudahan BioBeam GM8000.  
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INTRODUCTION 
 
 

Amaryllis or Hippeastrum puniceum (Barbados Lily) is one of the popular plants for 
landscaping. The genus Hippeastrum includes 75 species, and most are hybrids from tropical 
South America. Amaryllis bulbs have been hybridized by inter crossing different native 
species from several continents. The amaryllis group of flower bulbs is among the great 
advancements of hybrid bulb improvement in color, size, flower form, flower number, flower 
bloom stalks and repeated blooming cycles. Mostly hybrids those grown today are of several 
species from South America and South Africa. Only two colours are commonly found in 
local landscapes: pink and white with crimson veins.  

Mutation breeding programme for the ornamental plants at Nuclear Malaysia aims to improve 
plant and flower characteristics. Characters of interest are new flower/leaf colors and 
morphology and long flower shelf-life to meet the continuous demand of commercial growers 
and consumers for value-added varieties (Zaiton et al, 2012). Improvement of amaryllis using 
gamma irradiation has been carried out in Nuclear Malaysia in the 2000s to generate new 
varieties for the local landscaping demand. The attempt has successfully produced Amaryllis 
‘Orange Biogamma’ through a combination of biotechnology and nuclear technology. 
According to Affrida et al (2009), this new variety has a great potential to be used as a 
landscaping plant as well as a potted plant due to its attractive colour. It has striking orange 
(32A) petal with round light yellow area at the middle (based on The Royal Horticultural 
(RHS) Colour Chart). The flower average size is about 12 cm horizontally and 15 cm 
vertically with orange stamen. The average stalk length is 55 cm as shown in Figure 1.  

 
 

Figure 1: Amaryllis ‘Orange BioGamma’ 
 

The objective of this study is to observe early effects of acute gamma irradiation from 
BioBeam GM8000 on the plant morphology. The result and observation obtained will be 
included into BioBeam GM8000 irradiation database.  Recurrent irradiation of the mutant 
will hopefully produce plant with desirable traits such as longer flower shelf-life and 
improved growth performance. 
 



 

MATERIALS AND METHODS 
 
The Amaryllis “Orange Biogamma’ bulbs in diameter 10-12 cm were used for irradiation 
(Figure 2). Roots and aerial parts were detached and subsequently washed with running tap 
water. Bulbs were placed in BB13-5 container (which result in dose rate of 15.7 Gy/min) and 
irradiated at doses 0, 10, 15, 20, 25, 30, 40 and 50 Gy using gamma irradiation chamber 
BioBeam GM8000 at Malaysian Nuclear Agency. The source of gamma rays was Cesium-
137. After irradiation, the bulbs were immediately planted in sand trough at the shade house 
and maintained according to the normal practise. The growth of bulbs was observed and 
recorded every two weeks after planting. Shoot and root length of the bulbs were measured at 
week 6th. After measurement all bulbs were planted back into single pot in well drained soil 
and data on survival will recorded until 11 weeks.  
 

 
 

Figure 2: Bulbs used for irradiation 
 

RESULTS AND DISCUSSION 
 

 
Ten bulbs were irradiated for each dose. The shoot length and root length of the bulbs were 
measured at sixth week to see the effect of gamma irradiation. From the observation, all bulbs 
survived the irradiation after 6 weeks. Figure 3 shows that shoot length decrease 
tremendously at 10 Gy with average of 9.55 cm when compare to control. At dose more than 
10 Gy, there is no significant different on shoot length between doses. Whilst, for roots 
length, there are big reduction of root length at 10 Gy compare to control with average 5.01 
cm. The root production was decreased at dose 15 Gy with average of 3.28 cm and decreased 
to 0.91 cm at dose 20 Gy. At higher dose than 20 Gy, there is no significant different in root 
length of bulbs that exposed at dose 25, 30, 40 and 50 Gy. The increasing dose of radiation 
has caused a reduction in shoot length and inhibits the root production.  
 



 

 
 

Figure 3: The average of shoot and root length of irradiated bulbs after 6 weeks 
at different doses  

 
Number of survived bulbs were counted 11 weeks after planting back (at each treatment) and 
expressed as percentage of the total number of bulbs planted (Table 1). All treated bulb that 
irradiated at 40 Gy and 50 Gy could not generate new root and the bulb rotten after 11 weeks. 
However, some variations were observed and can be categorized into four groups as shown in 
Figure 4. Shoots derived from treated bulbs not able to grow normally compared to the 
control after irradiation and not all the surviving bulbs were able to generate any shoot and 
root for dormant bulb.  
 
Table 1: Number of survived plant characteristic observed after 11 weeks. 
 

Irradiation 
Dose 
(Gy) 

 Number of bulbs 
Plant survived 

(%) 
Bulb with 

more bublets 
and normal 

root 

Bulb with 
normal shoot 

and root 

Bulb with 
short leaf 

and no root 
Dormant bulb 

0 100 10 - - - 
10 50 - 1 3 1 
15 60 - - 2 4 
20 50 - - 1 4 
25 50 - - 2 3 
30 40 - - 1 3 
40 0 - - - - 
50 0 - - - - 

 



 

 
 

Figure 4: Types of bulbs growth variations a) Multiple bulblets with normal roots b) Normal 
shoot and root c) Slower shoot and root generation d) Dormant  

 

 
 

Figure 5: Changes in plant morphology were observed such as variegated leaf and dwarf 
plant at dose 25 Gy after 6 months. 

 
Plant morphology changes were observed such as variegated leaf and dwarf plant after 6 
months (Figure 4). Results from this preliminary study are useful for subsequent work 
especially in bulbous plant. In the future, we consider exposing more Amaryllis ‘Orange 
Biogamma’ bulbs with different sizes using dose less than 30 Gy to screen more 
morphological changes because size and age of bulb respond differently to irradiation. 
 

CONCLUSION 
 

This study was designed to determine the optimum dose of acute gamma radiation for 
bulbous plant. Based on the 50% plant survived after 11th week, the optimum dose is 
estimated between 20 Gy and 25 Gy.  
 

REFERENCES 
 
1. Affrida, A. H., Zaiton, A., Shakinah, S., Shuhaimi, S., Mohamed Najli, M.Y. & Mohd 

Nazir. B., (2009), Biotechnology-gamma generated new variety of Amaryllis. In 
Proceedings of National Conference on New Crops and Bio-resources. The Royale Bintang 
Resort & Spa Seremban, Negeri Sembilan. 

 

a b c d 



 

2. Ahmad, Z., Abu Hassan, A., Salleh, S., Ariffin, S., Shamsudin, S. and Basiran, M. N. 
(2012), Improvement of Malaysian Ornamental Plants through Induced Mutation. Pertanika 
J. Trop. Agric. Sci. 35 (3) 634 – 636. 

 
3. Navabi,Y., Norouzi, M., Arab, M., Daylami, S. D. (2016), Mutagenesis via Exposure to 

Gamma-rays in Tuberose (Polianthes tuberosa). Electronic Journal of Biology, Vol.12 (2): 
168-172. 

 


	Figure 3: The average of shoot and root length of irradiated bulbs after 6 weeks
	at different doses

