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ABSTRACT: From collected New Zealand strawberry runners, micropropagation was executed to establish 

500 shoot clusters for investigation effect of Gamma ray irradiation doses on survival rate. LD50 at 52Gy was 

recorded 45days after re-injection and used as base for choosing 5 irradiation doses of 20, 40, 60, 80, 100Gy 

for creation potentially existent mutant materials. 30 shoot clusters were irradiated at each chosen dose. 

Irradiated material was propagated by in vitro techniques to achieve 300 plantlets/chosen dose. There was no 

recorded alteration in survival rate and other morphological characteristics of irradiated materials compared to 

the control in nursery period. These materials were transplanted to plastic greenhouse to screen the mutant.  

Keywords:  strawberry, irradiation dose, plantlet. 

 

I. INTRODUTION  

Mutation breeding plays an important role in improvement of cultivars. Spontaneous 

mutants used to be the main source for mutation breeding before but artificial mutants have been 

induced nowadays by developed techniques in radiation, chemical and genetic engineering. 

Generation of mutants by irradiation was considered as process which does not anything different 

from what nature does but more quickly and can induce new traits in plant. Using gene transfer 

techniques to improve the crops has been the controversy due to its side effects. 

Thus, inducing mutants by irradiation still be chosen in many breeding program although we 

don’t know which gene regions/plant’s traits may be affected. 

Strawberry is consumed in large quantities in the world market due to the richness of 

vitamin C and flavonoids. Strawberry is cultivated in temperate or semi-tropical climate regions, in 

Vietnam it is cultivated in some small area with the elevation above 1450m and mainly in Dalat 

city. Strawberry cultivars become the important in crop structure here, but it is difficult to identify 

their origins and some of them become degraded due to long time cultivation. Lacking of breed 

authority is one of technical barriers to export. Developing mutant strains/cultivars with strange 

characteristics or good quantity is necessary to adapt the demand of product diversification in local 

crops structure. 

In strawberry breeding, following group of traits are focused on: cultivation trait (size, 

yield), quantity strait (fruit hardness, sweetness, acidity), organoleptic trait (fruit color, shape, 

odour) and disease resistance ability (Capocasa, 2008). With the actual condition of CANTI, firstly 

task implementary group focus on screening mutants in yield and yield component factors, 

organoleptic trait. Irradiated materials were propagated to execute this task and also stored in in 
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vitro condition for screening mutant in other traits as disease resistance, fruit quantity etc. when it 

become suitable. 

Thus, we registered and have implemented this task with the purpose of screening the 

mutants as materials for subsequently breeding. 

II. EXPERIMENTS 

Strawberry cultivation areas of Da Lat city investigation were executed in January, 2014 to 

collect initial input materials for the task. 

Available sample sterilization, callus/shoot induction, in vitro propagation protocol for 

strawberry from Radiation breeding Lab. - CANTI were applied to implement the related works in 

this task. 

In vitro materials (shoot clusters) were irradiated using the Gamma cell in Radiation 

Technology Lab. - NRI to experimentally identify the LD50 and achieve potentially mutant-carrying 

materials.  

Choosing doses for irradiation to create potential mutant-carrying materials in actual 

condition of task implementation: the criteria of material to be irradiated, the ability to use the 

irradiation facility, human resource and expenditure for carrying out the task were estimated and 

compared to the counterparts from “The basic process for irradiation with breeding purpose using in 

vitro and in vivo materials”, which was established from the cooperative research task via protocol 

with Japan and inspected in 2012. 

Irradiated in vitro plantlets were moved to nursery but still kept in plastic bags with the low 

illumination. Step by step remove the shadow net to increase the illumination intensity. After 

adapting to the nursery condition, plantlets were transfer to ex vitro condition and transplanted by 

slots, each slot corresponded to an irradiation dose for mutant screening. These experimental 

activities were implemented in the nursery-plastic house system in CANTI campus. 

The survival rates, shoot coefficients, average number of roots/plantlet, length of roots, 

number of leaves/plantlet and plants’ height, suddenly morphological alteration were recorded. Data 

analysis was carried out using Microsoft Excel 2007 software. 

III. RESULTS AND DISCUSSION 

1. Initial materials collection 

The result from strawberry cultivation area investigation showed that there has been many 

strawberry cultivars used to introduce to Da Lat and 7 of them have been cultivated commercially: 

Old American hard; New American hard; American odor; Japanese; Korean and New Zealand 

strawberry cultivars. New American hard and New Zealand strawberry cultivars have been mainly 

cultivated. In addition, there are several origin-unknown strawberry cultivars also cultivated as 

ornamental plants. Comparing to other commercial cultivars, New Zealand cultivar possesses 

medium yield and fruit hardness, high level of fruit odor and sweetness. Demands of yield, fruit 

hardness and number of fruits improvement in this cultivar from the farmers are recorded. 

500 runners of New Zealand strawberry was collected, 43 of them were identified that have 

the same mother plant were used as input material for in vitro propagation, remaining part were 

planted for breed-keeping and material preventive. 

 



VINATOM-AR 14--17 

 

The Annual Report for 2014, VINATOM 

 
163 

 

Picture 1: New Zealand strawberry was cultivated in plastic house by farmers. 

2. Sample sterilization, callus/shoot induction, in vitro propagation 

In the first propagation ware (January to April, 2014): from the collected initial materials, 

400 shoot clusters were induced. 200 of them were used as materials for LD50 experimental 

establishment, the remaining were the materials for subsequently propagation. 

In the second propagation ware (April to June, 2014): from 200 remaining shoot clusters in 

the first propagation ware, 500 standard shoot clusters were created and used as materials for 

irradiation to establish the materials which may carry the mutants. 300 shoot clusters were 

irradiated and 200 shoot clusters were kept in vitro for preventive. 

3. Shoot clusters irradiation for LD50 experimental establishment 

Three batches of irradiation were implemented in June, 2014. 10 doses of Gamma 

irradiation 0, 20,40, 60, 80, 100, 150, 200, 250, 300 Gy were applied to samples with 20 shoot 

clusters/dose.  

4. LD50 experimental establishment and choosing doses for irradiation to create 

potential mutant-carrying materials 

Irradiated materials were re-injected to MS medium for observing survival rates after 45 

days. The results were shown in the Table 1 below. 

Table1: Effect of Gamma irradiation doses on survival rate in the LD50                                           

establishment experiment. 

 Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 150 200 250 300 

Survival rate (%) 100 100 60 40 35 25 15 5 0 0 
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Picture 1: Chart of corellation between irradiation doses and survival rates. 

Results from Table 1 and Chart 1 show that the survival rates recorded 45 days after re-

injected and irradiation doses were inversely proportional. From the experimental Chart, LD50 was 

about 52Gy. 

The survival rates were zero in 250 and 300Gy and is 5% in 200Gy. This is the base for 

recommendation that over 200Gy Gamma irradiation doses should not applied for mutant breeding 

in New Zealand strawberry shoot clusters. 

With the purpose of mutant materials creation, the task implementation group chose 5 doses 

of 20, 40, 60, 80, 100Gy for irradiation to create potential mutant-carrying materials with the 

quantity of sample was 30 shoot clusters/dose.  

5. Irradiation to create potentially mutant-carrying materials 

Three batches of irradiation were implemented in the end of June, 2014 to establish 

potentially mutant-carrying materials with the quantity of 30 shoot clusters/dose. 

6. In vitro propagation and plantlet establishment from irradiated materials 

Irradiated materials were re-injected to MS medium to remove the shoot clusters which may 

die due to seriously damages by radiation for 45 days. Survival rates of irradiated materials in this 

case are shown in Table 2 below. 

Table2: Effect of Gamma irradiation doses on survival rate for establishment                                                   

of potentially mutant-carrying  materials. 

 Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 

Survival rate (%) 100.00 96.67 56.67 46.67 36.67 30.00 

The results from Table 2 is equivalent to results in LD50 investigation experiment.  

In next step, remaining alive materials were separated to smaller shoot clusters and 

transferred to medium for shoot cluster propagation, this was repeated again after 25 days to 

achieved the shoot clusters which were relatively uniform in size. These materials was transferred 

to same but fresh medium to induce the shoots for 25 day. Induced products from whole this 

process and shoot coefficients separated by applied doses are shown in the Table 3 below: 
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Table 3: Induced products from whole this process and shoot coefficients. 

 Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 

Number of shoot clusters after 1
st
 separation 75 71 60 42 34 28 

Number of shoot clusters after 2
nd

  separation 150 142 120 84 68 56 

Number of induced shoots 1079 1036 828 513 381 302 

Number of induced shoots/ shoot cluster 7.19 7.30 6.90 6.11 5.60 5.39 

In the period of shoot cluster and shoot propagation, there was no suddenly morphological 

alteration was recorded. In general, shoot height; number and size of leaves were decreased when 

increasing the applied dose. In the dose of 20Gy, the shape of shoots was the same to the control but 

the shoot coefficient was little higher. With the irradiated materials, shoot coefficient and applied 

doses were inversely proportional. 

Induced shoots were transferred to root induction medium to establish the in vitro complete 

plantlets. 300 - 1075 in vitro complete plantlets were generated and ready to transfer to ex vitro 

condition in nursery.  

 

 

 

 

 

Picture 2: Strawberry plantlets at 30 days 

after transferred to root induction medium. 

 

Traits of achieved in vitro complete plantlets after 30 days in root induction medium are 

shown in Table 4 below. 

Table 4: Traits of achieved in vitro complete plantlets. 

Trait 
Gamma irradiation doses (Gy) 

0 20 40 60 80 100 

Average number of 

roots/plantlet 
5.1±1.6 4.9±2.1 5.0±1.3 5.2±1.3 5.1±1.8 4.1±1.0 

Average length of 

roots 
3.5±1.2 3.6±0.5 3.7±0.2 3.7±0.2 3.4±0.2 2.4±0.1 

Average number of 

leaves/plantlet 
5.7±0.3 5.8±0.4 5.8±0.5 5.7±0.4 5.8±0.2 5.7±0.2 

Average height of 

plantlets (cm) 
4.2±0.1 4.4±0.1 4.3±0.8 4.3±0.1 3.5±0.1 3.2±0.1 

(α =0.05) 
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Results from Table 4 show that there was no effect of irradiation on the average number of 

leaves/plantlet (F<FCrit). With higher doses of 80 and 100Gy, average height of plantlets and length 

of roots significantly reduced comparing to other doses and the control (F>FCrit). Average number 

of roots/plantlet actually was affected by radiation when high dose of 100Gy were used (F>FCrit). 

In the period of inducing the in vitro complete plantlets, there was no suddenly 

morphological alteration was recorded in irradiated plantlets comparing to the control. 

7. Nursery stage 

Results of observing and recording the criteria of survival rate, plant’s height, average 

number of leaves and suddenly morphological alteration after 30 days in nursery were shown in 

Table 5. 

Table 5: Traits of plantlets after 45 days in nursery. 

Trait Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 

Survival rate (%) 100 100 100 100 100 100 

Average number of 

leaves/plantlet 
5.9±0.5 5.9±0.4 5.9±0.3 5.8±0.4 6.0±0.2 6.0 ±0.4 

Average height of 

plantlets (cm) 
5.3±0.2 5.3±0.2 5.2±0.2 4.9±0.2 4.0±0.8 3.9±0.3 

(α =0.05) 

From Table 5, it can be recognized that in the nursery stage, there was no effect of former 

irradiation on survival rate of plantlets and the average number of leaves/plantlet (F<FCrit). 

However, the plant’s average height reduced when increasing irradiation dose (F>FCrit). 

There was no suddenly morphological alteration was recorded when comparing irradiated 

plantlets and the control in nursery stage. 

  

 

  

  100 Gy 80 Gy 60 Gy 40 Gy 20 Gy Control   

Picture 3: Irradiated and control materials after 45days transplanted in nursery. 
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8. Transfer irradiated materials to plastic house 

After spending the nursery stage, the plants were transplanted to plastic house and arranged 

by slots, each slot corresponded to an irradiation dose together with the control slot. 

 

Picture 4: Irradiated and control materials were transplanted in plastic house. 

IV. CONCLUSION 

Using Gamma ray irradiation, LD50 for in vitro shoot clusters was established at 52Gy. 

Survival rates of irradiated materials and applied irradiation dose were inversely proportional. 

Upper limit of applied doses to achieve alive materials was 200Gy.  

Five doses of Gamma ray 20, 40, 60, 80 and 100Gy were chosen to induce potentially 

mutant-carrying materials base on the actual condition for task implementation. 

All of registered products and intermediate products were induced fully.  

Task implementation complied with registered contents and progress schedule. Some 

contents were done with larger scale comparing to inspected proposal. 

REFERENCES 

[1]  Broertjes C, van Harten AM, Applied Mutation Breeding for vegetatively propagated crops. 

Elsevier, Amsterdam, 312 p., 1988. 

[2]  Capocasa F, Diamanti J, Tulipani S, Battino M, Mezzetti B, Breeding strawberry (Fragaria 

X ananassa Duch) to increase fruit nutritional quality. Biofactors; 34(1):67-72, 2008.  

[3]  Etsui Amano, Radiation sensitivity of plants. Fukui Univ, 2001.  

[4]  IAEA, Manual on Mutation Breeding, Tec-Rep. Ser. 119, IAEA,Vienna, Austria, 1977. 

[5]  IAEA, In vitro technology for Mutation Breeding. IAEA TECDOC-392, IAEA Vienna, 

Austria, 1986.  

[6]  Institute of Radiation Breeding – Nias, 1962-2009. Gamma field symposia Number 1-48. 

Hitachi-Ohmiya, Ibaraki-ken, Japan. (http://www.nias.affrc.go.jp/eng/gfs). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Capocasa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19706973
http://www.ncbi.nlm.nih.gov/pubmed?term=Diamanti%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19706973
http://www.ncbi.nlm.nih.gov/pubmed?term=Tulipani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19706973
http://www.ncbi.nlm.nih.gov/pubmed?term=Battino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19706973
http://www.ncbi.nlm.nih.gov/pubmed?term=Mezzetti%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19706973
http://www.nias.affrc.go.jp/eng/gfs


VINATOM-AR 14--17 

The Annual Report for 2014, VINATOM 

 
168 

[7]  Kasumi Masakazu, The Effects of Gamma-ray Irradiation to Strawberry (Fragaria  

ananassa Duch.) Calli on Shoot Regeneration, Achene Formation and Morphological 

Variations of Regenerants. Journal of the Japanese Society for Horticultural Science. 

VOL.71;NO.3; pp. 419-423, 2002.  

[8]  Novak FJ, A training manual Joint FAO/IAEA program, IAEA lab – Seibersdorf Autria, 

194 p., 1991. 

[9]  Qing-Yao Shu, B. P. Forster, Heisuke Nakagawa, Plant Mutation Breeding and 

Biotechnology. CABI Publishing, 2012. 

[10]  Van Harten A.M., Mutation breeding in vegetatively propagated Crops, Plant breeding 

section, Joint FAO/IAEA, 1997. 

[11]  Wu Weimin, Zhao Mizhen, Wang Zhuangwei, Qian Yaming, Yuan Ji, The study of the 

irradiation effect on runner plants of strawberry with 
60

Co-gamma ray. Acta Horticulturae 

842: VI International Strawberry Symposium, 2006. 

[12]  Zhang Hui-Qin et al, Effects of gamma radiation on shoot regeneration from leaf and bud 

growth of strawberry.  Journal of Fruit Science, 2007. 

 

http://sciencelinks.jp/j-east/result.php?field1=author&keyword1=KASUMI%20MASAKAZU&combine=phrase&search=SEARCH
http://www.amazon.com/s/ref=ntt_athr_dp_sr_1/185-6104380-5060815?_encoding=UTF8&field-author=Qing-Yao%20Shu&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2/185-6104380-5060815?_encoding=UTF8&field-author=B.%20P.%20Forster&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_3/185-6104380-5060815?_encoding=UTF8&field-author=Heisuke%20Nakagawa&search-alias=books&sort=relevancerank
http://www.bookdepository.co.uk/search/advanced?searchPublisher=CABI+Publishing
http://www.actahort.org/books/842/index.htm

