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Abstract 

Nuclear technology has long been applied by plant breeders worldwide to improve crop in their home country. One 
of the potential crops for mutation breeding in Malaysia is Hibiscus cannabinus L. or commonly known as kenaf 
which is mainly planted for fiber production. One of preliminary procedures for an execellent mutation breeding 
program is the radiosensitivity study to determine the optimal doses for irradiation. In this study, kenaf seeds from 
V36 variety were selected as materials to be used for radiosensitivity test. A total of 10 different doses of acute 
gamma rays (0, 100, 200, 400, 800, 1000, 1200, 1500, 1700 and 2000 Gy) from Ceasium-137 source were applied 
to the seeds of kenaf. The irradiated seeds including the control were planted in trough for 30 days. The gamma 
irradiation effects were analysed on several parameters such as seedling survival percentages, plant height, root 
length, shoot fresh weight, root frest weight, shoot dry weight and root dry weight. In general, it was found that 
survival rates as well as the other parameters were decreased as the doses of gamma rays increased. From the 
radiosensitivity curve, the values for LD50 and LD25 were estimated at 810 and 310 Gy, respectively. The 
radiosensitivity data obtained from this study is very useful in determining suitable doses for subsequent mutation 
induction on kenaf. 

Abstrak 

Teknologi nuklear telah lama diaplikasikan oleh pembiak baka tanaman di seluruh dunia dalam menambah baik 
tanaman. Salah satu tanaman yang berpotensi untuk biak baka mutasi di Malaysia ialah Hibiscus cannabinus L. 
atau lebih dikenali sebagai kenaf yang ditanam bagi penghasilan gentian. Prosedur awal bagi satu program biak 
baka mutasi yang baik adalah ujian radiosentiviti bagi menentukan dos optimum untuk penyinaran. Dalam kajian 
ini, biji benih kenaf varieti V36 telah dipilih sebagai bahan untuk digunakan dalam ujian radiosensitiviti. Biji kenaf 
didedah kepada sinaran gama akut dari sumber Ceasium-137 pada 10 dos berbeza iaitu 0, 100, 200, 400, 800, 
1000, 1200, 1500, 1700 and 2000 Gy. Biji benih yang telah disinarkan termasuk biji benih kawalan disemai 
sehingga 30 hari. Kesan sinaran gama terhadap peratusan bilangan anak benih hidup, tinggi pokok, panjang akar, 
berat basah pucuk, berat basah akar, berat kering pucuk dan berat kering akar telah direkod. Secara amnya, 
peratusan anak benih hidup dan nilai bagi parameter-parameter yang lain didapati menurun apabila dos sinaran 
meningkat. Daripada graf radiosentiviti, nilai bagi LD50 dan LD25 masing-masing dianggarkan pada 810 dan 310 
Gy. Data radiosensitiviti yang diperoleh daripada kajian ini adalah sangat berguna untuk menentukan dos yang 
sesuai bagi mutasi aruhan ke atas kenaf.  

 

INTRODUCTION 

Kenaf (Hibiscus cannabinus L.) is originated from Africa in the family of Malvaceae and usually planted for fiber, 

energy and feedstock (LeMahieu et al., 2003; Mariod et al., 2010; Berti et al., 2013). In recent years, kenaf has been 

commercialized internationally in various industries for various products and purposes. Due to the ASEAN Free 



Trade Area (AFTA), Malaysian government has decided to replace local tobacco with kenaf and it can be 

considered as a new commodity to the country (Basri et al., 2014).     

Plant variety or cultivar is one of important key factors other than sowing dates, irrigation, weed control etc in crop 

management to ensure a crop is suitable as a valuable source of economy (Alexopoulou et al., 2015). According to 

the study by Petrini et al. (1994), kenaf variety with late maturity produce higher yield in term of biomass compared 

to early maturity variety. Thus, development of new varieties of kenaf with of late maturity is an interesting area to 

be studied.  

One of the methods that can be used to alter plant’s genetic is mutation breeding. This technique can improve crop 

development by generating and utilizing genetic variability through the application of mutagenic agents (Oladosu et 

al. 2016), either by physical, chemical or biological. The most widely used technique is irradiation. Mutation 

induction through irradiation is usually done using gamma rays. One of the advantages of using gamma rays is its 

high penetration rate into tissues of multicellular layers (Yunus et al. 2013). In addition, gamma ray application is 

simple, with great reproducibility and high mutation occurrence. It also has less disposal problem (Chahal and 

Gosal, 2002). Through mutation induction, natural and genetic resources can be improved and it is considered as an 

effective and economical method to develop new cultivars of many types. 

Lethal dose (LD) is an important measurement to determine the optimum dose for irradiation. It is a measurement 

that will determine the percentage of population dies because of radiation. Usually, LD50 and LD25 is used as a bench 

mark in radiosensitivity test in determining suitable doses for subsequent mutation induction of plant. LD50 means 

50% of the irradiated samples die because of irradiation (Albokari et al, 2012) and at the same time, the other 50% is 

survived. The same meaning applied to LD25 where 25% of the irradiated population dies after irradiation whilst the 

other 75% is survived. LD50 normally creates high frequency of mutation while LD25 can be considered as well 

where large number of undesirable mutation can be minimized in order to determine the suitable dose for mutation 

induction. 

In this study, the effect of gamma rays on the growth characteristic of kenaf and determination of LD50 and LD25 was 

investigated.  

 

 

METHODOLOGY 

Kenaf seeds of V36 variety used in this study were obtained from Lembaga Kenaf and Tembakau Negara (LKTN). 

Germination and moisture content tests were conducted in the laboratory on the seeds prior to irradiation to ensure 

that they are in good condition. Irradiation was done using BioBeam facility at Malaysian Nuclear Agency. A total 

of 10 different doses of acute gamma rays (0, 100, 200, 400, 800, 1000, 1200, 1500, 1700 and 2000 Gy) from 

Ceasium-137 source were applied to the seeds of kenaf. After irradiation, these seeds were planted in troughs 

containing sand and peat only. Five troughs in shade house were prepared as replicates for each treatment and each 

replicate contains 10 seeds per each dose. Each seed was planted at a distance of 5cm between one another in the 

same dose and 10 cm between different doses. The seed were grown for 30 days and watered manually twice a day. 

Data for survival rate was recorded at 7th and 14th day after planting. At 30th day after planting, data for final plant 



height, root length, fresh weight and dry weight of stem and root were recorded. Analysis of variance was performed 

using Statistical Analysis System (SAS) version 9.2 to measure significant differences (p≤0.05) or (p≤0.01) among 

characteristics data. The mean differences between the doses were then determined using LSD test. Linear 

regression analysis was used to estimate LD50 and LD25 using survival data as measurement.  

 

RESULTS AND DISCUSSION 

1. Seedling survival 

From the result obtained, it was found that the germination rate of the seeds received from LKTN was above 80%. 

The moisture content was approximately 13% which indicates that the seeds are in good quality. The effect of 

gamma irradiation was investigated in this study. The survival rate for irradiated and non-irradiated as illustrated in 

Fig. 1 shows different trends at 7th and 14th day as compared to 30th day of planting. Based on statistical data, there 

was no significant effect of dose treatment in comparison with the control for seedling survival until 14th day as 

shown in Fig. 1. Almost all treatments including the control showed survival rate around 80% at 7th and 14th day 

after planting. However, after 14th days, it was noticed that seedling survival were significantly affected when higher 

doses were applied. Doses above 800 Gy were found to cause lethal effect to the seedlings of kenaf. It also showed 

that the survival rate began to decrease as the dose increase for 30 day old seedling. Treatment at 1700 and 2000 Gy 

totally inhibit the growth of all seedlings. According to Omar et al (2008), DNA damage and inability to repair them 

is the reason why the seeds could grow at early stage but failed to survive after certain growth period.         

 

Figure 1:  Survival rate (%) of irradiated and non-irradiated kenaf seedlings at 7th, 14th and 30th days of planting 
Note: Means with different letters are statistically different between treatments by the LSD test (p≤0.05) 
or (p≤0.01). 
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2. Seedling height 

Data on plant height was also recorded in this study. As shown in Fig. 2, reduction in plant height was observed as 

the treatment dose increased. This finding was similar to many works done previously by other scholars (Ellyfa et 

al, 2007; Omar et al, 2008; Roongtanakiat et al, 2012; Khah and Verma, 2015). According to Khah and Verma 

(2015), this reduction was possibly due to the disturbance of protein synthesis, hormone balance, enzyme activity 

and water exchange after the seeds were irradiated. Interestingly, it was found that seedlings irradiated at lower 

doses i.e 100, 200 and 400 Gy exhibited higher plant height in comparison with the control. According to Pitirmovae 

(1979), stimulation of cell division that affect the synthesis of nucleic acid at low dose of gamma irradiation might 

rouse the growth of plant. The highest plant height recorded in this study was obtained at 200 Gy with an average 

40.4 cm while the shortest plant was about 4.4 cm which was irradiated at 1500 Gy, both recorded at 30th day after 

planting. As shown in Fig. 2, all treatments showed significant effect to the development of kenaf height. As in 

survival rate data, doses above 1700 Gy killed all the seedlings before 30th day and therefore no data could be 

recorded. 

 

 

Figure 2: Plant height (cm) of irradiated and non-irradiated kenaf at 30th days of planting 
Note: Means with different letters are statistically different between treatments  
by the LSD test (p≤0.05) or (p≤0.01). 
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The data for root length was also taken at 30th day after planting. The trend was almost the same as observed in plant 

height in which the higher the dose treatment, the shorter the root length. As illustrated in Fig. 3, the highest root 

length obtained was 11.6 cm at 200 Gy while the shortest root length was 5.4 cm which was irradiated with 1500 

Gy. This finding was in agreement with the previous study on turmeric by Ilyas and Naz (2014) where further 

increment of treatment dose subsequently resulted in root length reduction. As in plant height, stimulation of cell 

division at lower doses might explain why plants treated with 100, 200 and 400 Gy produced higher root length as 

compared to the controls. From the statistical data, it showed that all treatments show significant effect on root 

length as indicated by different letters in Fig. 3.   

 

Figure 3: Roots length (cm) of irradiated and non-irradiated kenaf at 30th day after planting 
Note: Means with different letters are statistically different between treatments 
by the LSD test (p≤0.05) or (p≤0.01). 

 
4. Fresh and dry weight 

Fresh weight and dry weight for stem and root were recorded and illustrated in Fig. 4 and Fig. 5. Based on the 

results obtained, the same trend could also be observed as in plant height and root length data. It was found that seed 

treated with 200 Gy produced the highest fresh stem weight which was approximately 3.54 g and highest average 

fresh root weight which was 0.30 g, as shown in Fig. 4. The lowest fresh weight for stem was produced by plant 

irradiated at 1500 Gy which was 0.22 g while the lowest root fresh weigh was produced by plant irradiated at 1000 

Gy which was 0.02 g. Statistically, doses at 100 and 200 Gy have significant effect on the weight of kenaf stems and 

roots compared to control. However, it shows that the fresh weight for stems and roots irradiated from 800 to 1500 

Gy have no significant effect among them; thus, the data almost remained unaffected but able to influence the 

negative growth of plants compared to control.  
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Figure 4:  Fresh weight (g) of stems and roots of irradiated and non-irradiated kenaf at 30th day after planting 
Note: Means with different letters are statistically different between treatments by the  LSD  
test (p≤0.05) or (p≤0.01). 

 

In the case of dry weight, statistical data shows that treatment with 100 and 200 Gy gave significant effect on dry 

weight of kenaf stem in comparison with the control with the highest mean dry weight of stem was produced by 

plant irradiated at 200 Gy which was 0.37 g as illustrated in Fig. 5. The lowest stem dry weight was produced by 

plant irradiated at 1500 Gy which was 0.06 g. However, there was no significant effect of treatment dose between 

800 to 1500 Gy for the stem dry weight. For root dry weight, it showed that treatment dose at 100 Gy gave the 

highest point which was 0.06 g. However, from statistical data, there was no significant effect observed on samples 

irradiated between 100 to 400 Gy. On the other hand, the lowest root dry weight was recorded at plant irradiated at 

1500 Gy which is 0.003 g. Similar observation as stem dry weight was seen in samples irradiated between 800 to 

1500 Gy in which no significant interaction among them and in addition, it also showed no significant different 

when compared to control.   

 

[Y VALUE]c 

[Y VALUE]ab 
[Y VALUE]a 

[Y VALUE]bc 

[Y VALUE]d 
[Y VALUE]d [Y VALUE]d [Y VALUE]d 

0 0 

[Y VALUE]c 

 
[Y VALUE]ab 

 [Y VALUE]a [Y VALUE]bc 
[Y VALUE]d [Y VALUE]d [Y VALUE]d [Y VALUE]d 0 0 

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

0 200 400 600 800 1000 1200 1400 1600 1800 2000Fr
es

h 
W

ei
gh

t (
g)

 

Dose (Gy) 

Stems
Roots

(Died) (Died) 



 

Figure 5: Dry weight (g) of stems and roots of irradiated and non-irradiated kenaf at 30th day after planting 
Note: Means with different letters are statistically different between treatments by the LSD test  
(p≤0.05) or (p≤0.01). 
 

5. Determination of LD50 and LD25 

In this study, LD50 and LD25 was determined by plotting survival rate data against treatment dose using a linear 

regression equation. As illustrated in Fig. 6, LD50 was calculated around 810 Gy while LD25 was around 310 Gy. 

These values can be used in the next study for mutation induction of kenaf. The LD50 value may be used if the aim 

of the study is to get higher mutation frequency whilst LD25 is preferable in some studies to get minimum 

undesirable traits.  
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Figure 6: LD50 and LD25 of irradiated kenaf at 30th day after planting 

CONCLUSION 

The experimental results indicated that gamma irradiation has significant effect to the growth of kenaf. Based on 

these findings, it was found that survival rate, plant height, root length, fresh weight and dry weight for both stem 

and root were affected by gamma irradiation. In general, when the irradiation doses increased, the measurement for 

majority of the characters were decreased. The estimated LD50 and LD25 which were 810 and 310 Gy respectively, 

obtained from this experiment might be useful for the study of kenaf mutation breeding in the future.   
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