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ABSTRACT:  The aim of this study was to evidence the efficiency of irradiation by gamma ray from 
60

Co source 

on chrysanthemum’s artificial seeds, through that select a number of potential mutants from two varieties of 

Chrysanthemun morifolium Ramat’s artificial seeds (Bronze and purple chrysanthemum). The experimental 

result showed that LD50 for the Bronze Doa variety was 50 Gy and Purple Farm variety was 100 Gy. Irradiated 

in vitro artificial seeds were transferred into fresh MS medium and placed in the growth room with three 

replications at each of dose. The completed in vitro plants were transplanted into ex vitro condition in green 

house, After 30 days in the greenhouse, survival rate of plantlets were and growth in 20 Gy and 40 Gy for Purple 

chrysanthemum, while the number of survival Bronze chrysanthemum plantlets were reduced gradually toward 

the increasing of gamma doses. In this study, on farm, through screening 18 phenotypic mutants of both 

chrysanthemums were recorded and collected including 6 potential mutants that selected for next research based 

on their phenotypic differences to the originals, their aesthetic and low mosaic. These 6 potential mutants 

together with their original varieties were micro-propagated to induce the potential mutant lines for estimation on 

farm of mutant characteristic segregation rates.  

I. INTRODUCTION 

Chrysanthemum morifolium Ramat is in great demand and widespread in Vietnam as well as 

in the world. Most of current cultivated chrysanthemum varieties in Dalat city  were imported from 

Holland and other neighboring countries. Therefore, it’s necessary to domestically create new 

varieties for chrysanthemum cultivation in Dalat to overcome the commercial barriers related to 

copyright and local agriculture improvement. Mutation breeding in general and Radiation breeding 

in particular allow to obtain new chrysanthemum varieties/lines that differentiated from the 

originals in single or multiple phenotypic characteristics such as the color or shape, which 

determine their decorative values in relatively short time. The traditional breeding methods like 

crossing, screening from nature have been limited in species scope. In most cases of 

chrysanthemum, main effect of mutagens on exposed materials were changing color of the 

inflorescence, the changes of plant habit or changes in the shape and size of leaves and 

inflorescence or the number and of ligulate florets were observed at less frequently.  [Banerji and 

Datta 1990, Zalewska 2001, Zalewska 2010]  

In mutation radiation breeding, both in vivo materials such as shoots, leaves, cutting and/or 

whole plants and in vitro materials such as callus, tissue, suspensions of cells, protoplasts etc. have 

been used for irradiation treatment. In this study, artificial seeds were used as material for gamma 

irradiation to induce mutants base on previous researches of self authors with the purpose of genetic 

diversity and stability estimation of induced mutant lines subsequently.  
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II. OVERALL GOAL AND MAIN CONTENTS 

The aim of this study was to demonstrate the mutant generation effects of gamma rays on 

chrysanthemum artificial seeds to establish the scientific base for application this technique in 

similar objects.  

Four main activities: 

+ Experimental determine gamma irradiation LD50 for the Bronze chrysanthemum and Purple 

chrysanthemum artificial seeds. 

+ Investigate the effects of Gamma rays from 
60

Co source on the development of the two 

studied objects’ in vitro artificial seed in the first regeneration series of in vitro plants immediately 

after irradiated. 

+ Investigate the effects of Gamma rays from 
60

Co source in the development of both 

researched objects’ plantlets in ex vitro in greenhouse. 

+ Transplant the irradiated materials on farm and screening for the mutants, select the 

potential mutants for next research. 

 

III. MATERIAL AND METHOD 

The objects of investigation are two varieties of chrysanthemum belong to Chrysanthemum 

morifolium Ramat species, which one possesses copper and another possesses purple color 

inflorescence, these two varieties are different in structure petals (pictures below). 

Materials for irradiation were in vitro artificial seeds that were made from meristems as 

embryo role and covered by Na-arginate adding free Murashige ans Skoog [1962]  medium (MS 

medium) without growth regulators. 

To determine LD50 for the Copper chrysanthemum and Purple chrysanthemum, the artificial 

seeds were acute irradiated by gamma ray from gamma cell in Nuclear Research Institute with 

experimental doses of 10, 20,…, 90 and 100Gy. Irradiated materials were injected into fresh MS 

medium (MS + 30g/l of saccharose, 5.7-5.8 pH) and placed in the growth room (22
0
C, 16 hours 

1000lux-illumination/day) with three replications at each of dose. LD50 were calculated by survival 

rates of materials after 30 days via the experimental diagram.  

  
Bronze chrysanthemum.                             Purple chrysanthemum. 

Base on the previous research (Le at all., 2012), chosen doses for irradiation with purpose of 

mutants induction are 20%; 40%; 60%; 80% and 100% of LD50 because the sample were easily 

prepared and the use of irradiation facilities was available for large quality of sample and human 

resource for mutant screening was enough, as well as expected research’s aim was collection of 

stable mutants.  
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After LD50 were determined, the materials of 100 seeds/dose/variety were irradiated once 

more time with purpose of mutant induction.  

These irradiated artificial seeds were regenerated and propagated in vitro through three 

generations by micro-cutting technique. In the third generation, after four weeks for growth, the in 

vitro plants were injected into the fresh MS medium for 2 weeks for rooting and complete formed 

plantlets induction.  

The completed in vitro plantlets were transferred to ex vitro condition and injected into foam 

trays filled with substrate of treated soil, investigate to screen the arisen phenotypic changes if any 

during greenhouse stage and record the survival rate of plantlets after 30 days.  

Next to the greenhouse stage, the survival plantlets were transplanted into soil-beds in plastic 

house with the modified modality of commercial cultivation protocol for chrysanthemum of CANTI 

(plants were only exposed to natural photoperiod, without supplementary illumination).  

Planted chrysanthemum in plastic house were followed and recorded for criteria of survival 

rate, arisen phenotypic mutant characteristics such as color and shape and structure of 

inflorescences and leaves, stem’s height etc. compared to the controls (non-irradiated originals) 

during the cultivation until completely blooming. The recorded phenotypic mutants will be 

collected for micro-propagation.  

Potential phenotypic mutants will be selected from all of screened phenotypic mutants if they 

possess the obviously different from the controls about color or structure of inflorescences, good 

aestheticism and low mosaic. 

IV. RESULT AND DISCUSSION 

After gamma irradiation treatment, LD50 was for the Bronze chrysanthemum was 50Gy and 

Purple chrysanthemum was 100Gy (Figure 1) 

  

 

 

 

 
Figure  1:  The LD50 of 

Bronze chrysanthemum and 

Purple chrysanthemum. 

 

Because the sample were prepared easily and the irradiation was available to irradiate with 

large quality of sample and human source for screening was enough, as well as this research’s aim 

was choosing stable mutants so the irradiation would be implemented with 5 doses 0,2 LD50; 0,4 

LD50; 0,6 LD50; 0,8 LD50; and LD50. Therefore, in order to create mutants Bronze chrysanthemum 

were irradiated with 5 doses 10-20-30-40-50Gy, and Purple chrysanthemum were irradiated with 5 

doses 20-40-60-80-100Gy.  

Compare to the result of LD50 determination experiment, survival rates of materials in 

irradiated doses after 30 days in vitro regeneration of irradiated artificial seeds for mutant induction 

purpose were similar.   
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These irradiated artificial seeds were regenerated and propagated in vitro through three 

generations by micro-cutting technique. 

In the first generation, the artificial seeds growth to planlets; further development process, the 

number of leaves and height increased continously. After 4 and 6 weeks the leaves and roots 

growths were varied among different dose as well as with the control plantlets (Table 1).  

Table 1: Effect of gamma ray on the first regeneration                                                                                                  

of in vitro plantlets_ Bronze chrysanthemum. 

Ordial No Dose (Gy) Height (cm) Number of 

leaves 

Number of roots 

1 0 5.31 ± 0.055 6.3 ± 0,21 5,55 ± 0.25 

2 10 4.73 ± 0.29 5.45 ± 0,28 4,99 ± 0.25 

3 20 4.66 ± 0.28 5.75 ± 0,62 5,02 ± 0.38 

4 30 4.38 ± 0.25 5.65 ± 0,38 5,04 ± 0.39 

5 40 4.11 ± 0.36 5.19 ± 0,64 4,94 ± 0.26 

6 50 3.88 ± 0.39 4.64 ± 0,75 4,45 ± 0.23 

 

  

Figure 2: Effect of gamma ray on the first 

regeneration of in vitro plantlets_ Bronze 

chrysanthemum. 

Figure 3: Effect of gamma ray on the first 

regeneration of in vitro plantlets_Purple 

chrysanthemum. 

Table 2:   Effect of gamma ray on the first regeneration                                                                                               

of  in vitro plantlets_Purple chrysanthemum. 

Ordial No Dose (Gy) Height (cm) Number of leaves Number of roots 

1 0 4.50 ± 0.2 4.50 ± 0.13 4.70 ± 0.26 

2 10 4.0 ± 0.3 4.14 ± 0.46 4.23 ± 0.55 

3 20 4.02 ± 0.3 4.1 ± 0.45 4.45 ± 0.52 

4 30 3.93 ± 0.33 4.09 ± 0.4 4.18 ± 0.28 

5 40 3.87 ± 0.39 3.62 ± 0.55 3.95 ± 0.27 

6 50 3.73 ± 0.35 3.41 ± 0.5 3.66 ± 0.5 
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On the first generation, it is assumed that physical damage from irradiation treatment has 

reduced, so that the phenotype alteration plantlet was due to mutation. During observation, it was 

observed that several leaves from irradiated chrysanthemum explants had morphological changes 

and become abnormal, blade-shape, dwarf. These morphological changes were caused by mutation. 

Pogany and Lineberger mentioned that the change or mutation occurred near the apical dome, the 

changes can be integrated into cell division sequence from that apical bud, but if mutation occurred 

in peripheral of meristem tissue where cell division rate was low, the phenotype changed only on a 

sector of shoot, leaf or part/segment of one leaf.  

On the sixth week at the first generation, second and thirth generation were done by  in vitro 

microcutting method into the fresh MS medium. The completed regenerated in vitro plants were 

planted out into a permanent place on foam trays filled with substrate of treated soil, estimate the 

number of survival plantlets after 30 days. After that, they were transferred into soil-beds, 

chrysanthemum were growth exposed to natural photoperiod, applying the standard method. 

Estimate the first set of flowers, in the control flower, there were differences in flower color, shape; 

the color varied from light to deep or lighter, etc. 

Finally, after estimating the 18 mutants of both chrysanthemums were selected, and 6 

potential mutants were chosen in 18 mutants that were different from the their originals about color 

or petal’s shape as well as having aesthetic quality and low mosaic. These 6 potential mutants 

together with their original varieties were micro-propagated to induce the potential mutant lines for 

estimation on farm of mutant characteristic segregation rates.  

From the study, it demonstrated that by using tissue culture technique in combination with 

gamma rays, flower color mutants being been isolated and multiplied In vitro as well as rooted 

cutting to produce new varieties of chrysanthemum. 

V. CONCLUSION 

In this study, on farm, through screening 18 phenotypic mutants of both chrysanthemums 

were recorded and collected including 6 potential mutants that selected for next research based on 

their phenotypic differences to the originals, their aesthetic and low mosaic. These 6 potential 

mutants together with their original varieties were micro-propagated to induce the potential mutant 

lines for estimation on farm of mutant characteristic segregation rates.  
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