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Abstract 

This five-year project was in collaboration with Japan Atomic Energy Agency (JAEA) under the Bilateral 
Cooperative Research Program and was partly funded by Ministry of Agriculture and Agro-Based Industry (MOA) 
under Agriculture R&D Fund. The main objective was to produce new chrysanthemum varieties with good 
horticultural traits especially for cut flower production. In this project, tissue culture samples of chrysanthemum 
(red and pink varieties) were sent to JAEA for ion beam irradiations. Plant regeneration and multiplication were 
carried out at Nuclear Malaysia whilst field screenings for morphological characteristics were done at MARDI 
Cameron Highlands. Through this project, a number of stable chrysanthemum mutants with various new features 
have been generated and of these, 8 mutants were selected based on their uniqueness and/or suitability for cut 
flower production. In preparation for future commercialization process, five of these mutants have been filed for 
plant variety protection with Department of Agriculture Malaysia and a similar process in Japan is also under 
consideration. In addition, molecular marker work to fingerprint these mutants has also been initiated and future 
research may also include development of markers for selected horticultural traits and isolation of unique mutant 
genes. 

Abstrak 
Projek selama lima tahun ini adalah kerjasama dengan Japan Atomic Energy Agency (JAEA) di bawah Program 
Penyelidikan Kerjasama Bilateral dan dibiayai sebahagiannya oleh Kementerian Pertanian dan Industri Asas Tani 
(MOA) di bawah Dana R&D Pertanian. Objektif utama kajian adalah untuk menghasilkan varieti baru kekwa 
dengan ciri hortikultur yang baik terutamanya untuk pengeluaran bunga keratan. Untuk projek ini, sampel kultur 
tisu kekwa dari varieti merah dan merah jambu telah disinarkan di JAEA menggunakan sinaran alur ion. 
Pembangunan dan pembiakan anak benih dilakukan di Nuklear Malaysia, manakala penyaringan untuk ciri 
morfologi dijalankan di MARDI Cameron Highlands. Melalui projek ini, pelbagai mutan stabil dengan ciri baru 
telah berjaya dihasilkan dan daripada jumlah ini, 8 mutan telah dipilih berdasarkan kepada keunikan dan/atau 
kesesuaiannya sebagai bunga keratan. Lima mutan telah difailkan untuk perlindungan varieti baru dengan Jabatan 
Pertanian Malaysia dan proses serupa di Jepun juga sedang dipertimbangkan, sebagai persediaan untuk proses 
pengkomersilan selanjutnya. Selain itu, kajian penanda molekul untuk pengesahan mutan juga telah dimulakan dan 
kajian di dalam perancangan termasuklah pembangunan penanda molekul untuk ciri hortikultur terpilih dan 
pencirian gen mutan yang unik.   
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INTRODUCTION 
 
Chrysanthemum is one of the leading temperate cut flowers in the international market. In Malaysia, 
chrysanthemum was grown since early 1980’s and become lead temperate cut flowers for export besides orchids. 
The main countries importing chrysanthemum cut flowers from Malaysia are Japan, Singapore, Hong Kong, Taiwan 
and Thailand. In 1998, the total number of chrysanthemum production in Malaysia was approximately 12.3 million 
cuttings or 38.7% of the total temperate cut flower production (http://agrolink.moa.my/doa). Since then, the 
production has been steadily increasing and in 2005, the export to Japan only was approximately 92,981,000 
cuttings. Among the most popular chrysanthemum varieties planted in Malaysia are Reagan Yellow, Reagan Dark 



Splendid, Jaguar Red, Vyron, White Spider, Fiji Pink, Cleopatra Royal, Yellow Standard, Red Japanese Standard, 
Rivalry and Ice Follies White.  
 
High royalty cost for foreign mother plants and the lack of new local-owned varieties are among the problems faced 
by chrysanthemum growers in Malaysia. Currently, the practice adopted by growers at Cameron Highlands is to 
import mother plants from Holland, propagate locally and sell the cut flowers to importing countries. These growers 
then have to pay between RM 0.09 to RM 0.13 per cutting as royalties to the companies in Holland (Utusan 
Malaysia, 15 January 2007). In 2005, approximately RM 8.3 to RM 12 million of royalties was paid to the Dutch 
companies. 
 
Therefore, it is very timely that new varieties to be developed to reduce growers’ dependence on Holland’s cultivars 
as the mother plants in the production of cut flowers for export. Growers not only can reduce their expenditure on 
imported mother plants but export royalties as well, since the new cultivars to be developed will be different 
(phenotype and genotype) to that from Holland, and thus considered as new varieties . This will help increase 
growers’ income and subsequently, the national revenue from floriculture industry. 
 
Mutation breeding by radiation (mutagenesis) is an agricultural application of nuclear technology. It has been widely 
utilized to improve the well-adapted plant varieties by one or two major traits and developed new varieties with 
better agricultural characteristics (Kumar et al 2006). Previous study has shown that chrysanthemum is one of the 
most successful examples in mutation breeding work with a vegetative propagated ornamental.  Mutation breeding 
is also a common practice to speed up the production of new chrysanthemum varieties in Japan, Holland and many 
other countries.  
 
Recent studies however showed that mutations induced by gamma and x-rays have some limitations in their mutant 
variation types, therefore new radiation methods have been explored for creating wider mutation spectrum. Ion-beam 
was found to be effective for expanding the types of mutation in ornamental plants especially in terms of colour, 
yield, quality and various types of resistance (Nagatomi 2003; Okamura et al, 2003; Sugiyama et al, 2008). This 
study was carried out to utilize the use of ion beams in inducing mutation in chrysanthemum and to subsequently 
develop new varieties with improved traits. This paper discusses the production of chrysanthemum new varieties 
through ion beam irradiation technologies from the bilateral collaborative project with Japan Atomic Energy Agency 
(JAEA). 
 

MATERIALS AND METHODS 
 
Plant materials 
Chrysanthemum var. Reagan Red was used in the earlier phase of this project. This variety has been identified as a 
suitable mother plant for based on recommendation from MARDI and free from royalty. Another variety, Pink was 
introduced in the second phase of this project as recommended by JAEA in order to generate more colour variation 
in the mutant flower.   
 
Surface sterilization and initiation of cultures 
Surface sterilization procedure, initiation of cultures and optimization of culture media were carried out according to 
Shakinah (2012). Tissue culture materials (petal/ray floret and nodal cultures) were used for irradiation work. Sterile 
fresh ray florets were detached from the flowers and cut into two sections. Only the lower parts of the floret were 
used in the study. Stem of in vitro seedlings were cut into single node (~0.5 cm long). Terminal shoot and all leaves 
were removed. The nodes were cultured onto petri dish containing half strength of MS medium without any growth 
regulators. 
 
Ion Beam Irradiation 
Ion beam irradiation was performed at Japan Atomic Energy Agency, Takasaki, Japan. For irradiation, ray floret and 
nodal explants were placed on 6-cm sterile petri dishes containing their respective medium and covered with a sterile 
8 µm-thick polyimide film (Kapton® Toray, Japan). The ion beam was generated by an azimuthally varying field 
(AVF) cyclotron from carbon-12 (12C6+) source with the energy of 320 MeV.  Twelve doses of ion beam at 0, 0.5, 
0.8, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0, 15.0, 20.0 and 30.0 Gy were used in the study. 
 
 



Subculturing and data collection 
Following ion beam irradiations, explants were transferred onto fresh medium. Sub-culturing was carried out at two 
weeks interval for shoot regeneration. Data on the percentage of lethal dose and percentage of regeneration dose 
were observed after 8 weeks of irradiation. The plants generated from the irradiated cultures were sub-cultured at 
one month interval from M1V1 (mutation one, vegetative stage one) generation to M1V4 (mutation one, vegetative 
stage four) generation to minimize chimeras.  
 
Screenings of irradiated population 
In vitro plantlets were hardened in a plastic box containing perlite for 3 weeks prior to transplanting in the 
glasshouse. Screenings were carried out at MARDI Cameron Highlands. Further screenings and propagation were 
carried out at Bio Design Facility, Nuclear Malaysia. Plants with unique mutant traits were selected for further 
evaluation and propagation. Data was taken according to The Guidelines for the Conduct of Tests for Distinctness, 
Uniformity and Stability (DUS) by Department of Agriculture, Malaysia (2007). 
 
Identification of potential/stable mutants 
Plants with unique mutant traits were selected for further evaluation and identified as variants or potential mutant 
lines. These variants were propagated for another 3 vegetative cycles to confirm the stability of the mutated traits. 
Those that showed consistent features after 4 generations were identified as mutants.  
 

RESULTS AND DISCUSSION 
 
Determination of optimum irradiation doses 
Optimum irradiation doses for both varieties of chrysanthemum were successfully established. For Reagan Red, the 
optimal doses for in vitro shoot regeneration were found to be in the range of 3.5 to 4.0Gy for nodal explants and 1.0 
to 2.0 Gy for ray floret cultures. For Pink variety, the optimum dose range for shoot regeneration from ray florets 
was between 0.5 -1.0 Gy and for nodal was 1.0 - 2.0 Gy. Therefore, pink variety was slightly more sensitive to ion 
beam irradiation than Reagan Red variety. 
 
Identification of mutants 
From a series of morphological screenings, a total of 13 Reagan Red mutants and 4 pink mutants with various 
characters have been identified. These mutant germplasms are being maintained in tissue culture. However, 4 
mutants of Reagan Red and 4 mutants of pink varieties were specifically selected based on their uniqueness and/or 
suitability for cut flower production. The four mutants of Reagan Red were TIARA Red (irradiated at 2.0 Gy; 
purplish red, spatulate ray floret), Golden Eye (0.5 Gy; small yellow/orangish red ray floret), Yellow Sun (0.5 Gy; 
small and sparse orangish red ray floret, button-like flower), IB0.5 28 (0.5 Gy; high ray floret number), whilst the 
pink varieties were; Majestic pink (0.5 Gy; variegated leaves, daisy-eyed double, light pink flower), P12E1 0.8 (0.8 
Gy; semi double, purple flower), P1E5 2.0 (2.0 Gy, daisy-eyed double, light pink flower) and P11E3 3.0 (3.0 Gy, 
daisy-eyed double, light pink flower). Some of the mutants are shown in Figure 1. 
 
In order to plant commercially, these mutants need to undergo pre-commercialization studies to evaluate factors that 
are critical for commercialization such as large scale growth performance, post harvest quality and customer 
acceptance. As a start, 5 mutants have been filed under Plant New Variety Protection Act with Department of 
Agriculture (DOA) and a similar registration process in Japan is also being considered. Besides, a preliminary 
survey on public perception and acceptance of these mutants has also been conducted and the feedback received 
from respondents was very encouraging. In addition, molecular analysis of these mutants has also been initiated, in 
order to develop molecular markers to fingerprint these mutants and/or their useful traits. 
 



  

  
 
Figure 1: Some of the chrysanthemum mutants developed; (A) TIARA Red, (B) Majestic Pink, (C) Golden Eye and 
(D) P12 E1 0.8. 
 

CONCLUSION 
 

This project has successfully achieved its objectives to establish optimum ion beam irradiation parameters on 
chrysanthemum samples and to develop new varieties with unique traits which may be of commercial potentials. 
Five of these mutants have been registered as new varieties with DOA as a preparation for future commercialization. 
It is hoped that these mutants will be well accepted by growers and end users in floriculture industry, and eventually 
become available commercially. 
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