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 Nuclear technology approach has been widely implemented in agriculture as a 

complementary method to conventional breeding by crossing and hybridization. The 
Gamma Green House (GGH) located at Malaysia Nuclear Agency provides chronic 

radiation services to Plant Breeders locally and regionally. The GGH facility produces a 

low dose rate of gamma ray and living plants can be exposed in longer period of time. 
The biological effects produced by the radiation depend upon the total amount of 

radiation energy absorbed or delivered to an organism. A study on the effect of chronic 

radiation towards Malaysian local rice variety was carried out using the GGH facility. 
The traditional upland rice (Oryza sativa) variety Kuku Belang was exposed to chronic 

radiation to investigate the responds of the plants towards gamma irradiation. Seedlings 

in pots at age of 14 days were exposed to gamma ray in GGH at different dose rate 
from 0.02 Gy/hour to 0.66 Gy/hour for 60 days. Data of survival rate and growth 

performance such as plant height and tiller number were recorded every 7 days. Effect 
of radiation, were observed in the growth rate, plant height, number of tiller and 

number of filled grain produced.  At 160 Gy, the rice seedling showed the highest 

survival rate, with maximum plant height and highest number of filled grain. This could 
be due to radiation hormesis that are stimulating to the growth and development of the 

plants. This study has contributed to the information of low dose response on local rice 

varieties through chronic radiation of Gamma Green House facility in Malaysia.   
 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: Nur Aziliana, M.Y., Shamsiah, A. Faiz, Abdul Rahim, H., Rusli, I., Khairuddin, A.R., Site Noorzuraini, A.R., The 

effect of chronic irradiation on Malaysia Upland Rice (Oryza sativa) Kuku Belang. Aust. J. Basic & Appl. Sci., 9(31): 1-6, 2015 

 

INTRODUCTION 

 

 Mutation breeding using nuclear technology has 

been widely used and proven to improve many crops 

around the world.  There are estimated 800 rice 

varieties that have been registered under Mutant 

Varieties Database from International Atomic Energy 

Agency, IAEA (2014).   Induced mutation will 

increase genetic variability, highly effective, 

economical and recognized methods for enhancing 

natural and genetic resources and developing an 

improved cultivars of cereals, fruits and other crops 

(Lee et al., 2002).  These changes are random events, 

inheritable, and the stability depends on cell damages 

after irradiation at molecular levels. Mutation 

breeding using nuclear technology act as a 

complementary method to cross breeding and 

hybridization in enhancing variability for crop 

improvement thus generating genetic variation. This 

variation could provide us with better crops 

characteristics that can benefit the farmers and 

improve their standard of living.  Previous research 

activities in mutation have reported survival rate, 

tiller production and number of filled grain as 

important traits that affected by mutagens treatment 

(Harding, 2012; Mohammad et al., 2002; Hikma 

Ellya, 2013). By exposing crops to mutagen with 

optimal radiation, the method could improve crops 

varieties and thus assisting breeders in the future 

for significant characteristic of crops to be improved.  

The Gamma Green House located at Malaysia 

Nuclear Agency employs chronic gamma irradiation 

to produce a low dose rate of gamma ray.  Gamma 

rays are the most energetic form of electromagnetic 

radiation and are considered the most penetrating in 

comparison to other radiation (IAEA, 1977).  

Investigation by McQuade and Friedkin (1960) 

indicated that some specificity in the spectrum of 

mutations with incorporated radioactive isotopes. 

The biological effects produced by radiation depend 

upon the total amount of radiation energy absorbed 

or delivered in an organism.  Chronic gamma 
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irradiation is a successful technique for variety 

development in creating somaclonal variation which 

affects essential structural genes for useful 

expression without altering other important traits 

(Azhar,2009).  Despite the advantage of chronic 

mutation and the availability of the facilities,  

studies conducted on traditional Malaysia rice 

varieties to improve agronomic characteristic through 

induced mutation are lacking.   

 The upland rice is less utilized however some of 

it are cultivated by famers in Sabah and Sarawak 

(East Malaysia) despite of its low grain yield.  It has 

good characteristics that can be improved such as 

better tillering capacity and resistance to lodging 

(IRRI,1975). It has been reported that research on 

upland rice has been neglected because of the low 

and unstable grain yields, although it is widely grown 

in the interior parts of the country (Mariam et al., 

1991). Local upland rice has not been fully exploited 

and has generally remained unimproved.  Currently, 

no information available on Malaysian upland rice 

improvement by radiation induced mutagenesis.  This 

study was carried out with traditional upland rice 

(Oryza sativa L.) variety Kuku Belang to investigate 

the responds of the plants towards chronic gamma 

irradiation with the facility of the Gamma Green 

House. 

MATERIALS & METHODS 
 

 A total of fifteen traditional upland rice Kuku 

Belang variety (O.sativa) seedlings obtained from 

Malaysian Agricultural Research and Development 

Institute (MARDI) were exposed to chronic gamma 

irradiation in Gamma Green House (GGH) of 

Malaysian Nuclear Agency. The seedling were 

placed in pots at seven points (also known as ring) 

distances from Caesium-137 source in GGH. The 

growing plants received dose rates ranging from 0.02 

Gy/day (ring 12, 12 meter from the radioactive 

source) to 0.67 Gy/day (ring 2, 2 meter from the 

radioactive source) for 20 hours every day.  The 

treated seedling were designated in three replicates. 

The total radiation doses received by the rice plants 

were from 20 to 600 Gy for 60 days. The tiller 

number and plant height were recorded every week 

after planting in GGH. After 60 days, the plants were 

removed from GGH and transferred to glasshouse 

until maturity. At maturity (102 days) the number of 

filled grains per panicle, number of empty grains and 

weight of 1000 grains were recorded. Control plants 

were grown outside the gamma house under 

conditions very similar to those irradiated plants.  In 

order to determine the effect of gamma irradiation, 

analysis of variance were then performed using the 

Statistical Analysis Software (SPSS) Version 16. The 

mean differences between the doses were further 

tested using Tukey’s method at 5%. 

 

RESULT & DISCUSSION 

 
Table 1: Effect of chronic gamma irradiation on growth and yield of rice (O. sativa) cv Kuku Belang in Gamma Green House. 

Treatment Ring Survival rate in GGH Plant height (cm) No. of 

tiller 

Filled 

grain 

per 

plant 

1000 

seed 

weight 

  Days of exposure to gamma radiation      

  7th 14th 21st 28th 60th 

(GGH) 

80th 

(Glasshouse) 

  (gram) 

Gamma ray 
(Gy) 

          

20 12 100 80 80 80 73.21 103.79 4 183 25.2 

30 10 100 100 93 93 79.37 103.18 6 337 23.8 

40 8 100 100 80 80 83.54 109.99 9 316 19.3 

70 6 100 93 93 93 83.15 108.61 6 155 25.4 

160 4 100 93 93 93 100.87 109.37 8 381 25.9 

280 3 100 93 93 93 84.83 95.40 10 160 21.4 

600 2 100 87 80 60 51.55 79.37 3 133 16.6 

Control 0 90 80 80 80 76.00 100.00 5 260 23.0 

Mean  98.75 90.83 86.67 84.17 79.07 101.21 6.38 240 22.6 

SD  3.54 7.92 7.13 11.78 13.87 10.15 2.45 95.46 3.28 

CV  3.58 8.72 8.22 14 17.54 10.03 38.37 39.67 14.51 

 

 Seedling of O.sativa at the age of 14 days were 

exposed to chronic irradiation to observe the 

response of plants at different dose gamma ray.  The 

actively dividing cell of plant meristem will be given 

continuous exposure to radiation and consequently it 

will induce mutation in plant development.  The 

gamma rays are considered the most penetrating 

ionizing radiation and used as mutagen for plant 

mutation breeding.  Chronic induce mutation from 

GGH able to irradiate different parts of plant 

materials like seedlings in pots, cuttings, callus, 

somatic embryos and suspension cell cultures 

(Azhar, 2009). 

 From the experiment, chronic gamma irradiation 

caused inhibitory effects on rice as shown in Table 1.  

The survival rate is reduced gradually when the 

accumulation doses increased up to 600 Gy at 28
th

 

days. However, the plants located closest to the 

radiation source (ring 2) survived and continued 

growing even after removed out from the GGH.  The 

highest survival rate was 93% (Dose 280, 160, 70 

and 30 Gy) while the lowest survival rate was 60% at 
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600 Gy.  Lethal dose (LD50/60)   could not be 

estimated based on the dose received on 60 days 

where the survival rate is above 50%.  Cell will 

repair any DNA breakage that could cause fatality of 

the organisms (Singh et al., 2010). High exposure in 

ring 2 can caused blockage in the cellular DNA 

which caused plant growth to slow or stop and 

eventually die. 

 

 
 

Fig. 1A: Effect of chronic gamma irradiation towards survival rate. 

 

 It has been shown that a linear dependency 

exists between seedling height and the dosage 

mutagens supplied. In concept with this observation, 

our findings show that decreases in plant height were 

because of increases in gamma rays supplied. 

However, the plant height are not significantly 

reduced in all doses of gamma ray received. The 

maximum plant height was observed in 160 Gy while 

plants that received 600 Gy have the lowest height.  

Based on the result shown, the plant growth was 

stunted when it received the highest amount of 

radiation dose.  This radiation injury could be due to 

the inhibition of DNA synthesis or other 

physiological damage that not just appeared in plant 

height but could also be manifested in the form of 

plant survival and the number of plant organs 

(Nwachukwu, et al., 2009).  In another experiment, 

plant height reduction also been observed in an acute 

induced mutation work by Aqsa Tabasum, et al., 

(2011) & Abdul Haris, et al.,( 2013).  In another 

work, mutagenesis has proved very effective in 

reducing plant height (Balotch et al., 2003; 

Chakravarty, 2010).  
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Fig. 1B: Effect of chronic gamma irradiation towards plant height. 

 

 Based on our findings, the number of tiller 

produced per plant was significantly influenced by 

the dose received.  This could be observed in dosage 

received by plants at 280 Gy which produced ten 

number of tillers in comparison to control.  Increase 

in tillering with increasing dose might be due to 
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radiation hormesis or also known as radiation 

homeostasis. This amount of dose received could be 

beneficial or stimulating for plants growth thus 

creating variation.  Another similar findings was also 

observed in macro mutation of rice in M2 generation 

by Satish Kr. Chakravarti et al., (2012) where 

different gamma ray treatment in acute mutation 

found to induce tiller production.  In support to that, 

low doses of radiations in some cases stimulated the 

growth of M1 plants in field crops (El-Keredy, 

1994). 

 

 
 

Fig. 1C: Effect of chronic gamma irradiation towards tiller number. 

 

 The number of filled grain was highest at 30 and 

160 Gy.  Although at 280 Gy highest number of tiller 

recorded, it does not produce the highest number of 

filled grain. The higher the dose received the lower 

the grain fertility.  Aborted pollen grains or embryo 

and reduced accumulation of food in developing 

seeds are among the effect of mutation induction 

(Sparrow, 1961).  The grain fertility decrease with 

increase in dose was observed in Purusothaman 

(1969), Awan and Bari (1979) and Wang et al 

(1993). 

 

 
 

Fig. 1D: Effect of chronic gamma irradiation towards number of filled grain. 

 

 1000 grain weight per plant showed no 

significance in different dose received.  The 1000 

grain weight depends on the width and length of the 

rice grain.  The highest 1000 grain weight was 

recorded at 160 Gy.  The response of cells of higher 

plants such as rice to gamma ray is influenced by 

various biological, environmental and chemical 

factors. These factors modify the effectiveness and 

the efficiency of mutagens in cells of rice.  This 

finding also agrees to Yoshida (1981), where 1000 

grain weight is a stable varietal character and does 

not represent individual grain. 
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Fig. 1E: Effect of chronic gamma irradiation towards thousand grain weight. 

 

Conclusion: 
 Gamma irradiation has significantly affected the 

number of tiller and number of grain in upland rice 

studied. Meanwhile, the different continuous low 

dose absorbed by rice plants in terms of survival rate, 

plant height and 1000 grain weight per plant results 

are not significant.  The result of dose response of 

O.sativa cv Kuku Belang to chronic gamma 

irradiation can be used as reference for plant breeder 

to study the effect of chronic gamma radiation from 

GGH on other rice varieties. It is necessary to do 

further evaluation on the next generation to observe 

the spectrum and frequency mutation and the 

chimeric on M1 generation resulted from 

mutagenesis through chronic gamma irradiation of 

GGH.  

 

 
 

Fig. 2: The plant closest to the source of radiation (Ring2,2m from source) were found to be stunted, with 

narrow leaves and have long flowering initiation while the plant further from the radiation source (Ring 

8,8m from source) were found to be tall with broad leaves and early flowering when transferred to glass 

house. 
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