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Abstract 

Kenaf (Hibiscus cannabinus L.) is one of the world’s most economically important fiber crops particularly in Asian-

Pacific region. Mutation induction is a method to increase genetic divergence associated with selection, 

recombination, or a combination of these approaches in plant breeding. The present study was aimed to evaluate the 

effects of selected gamma irradiation doses (200 Gy and 300 Gy) on the kenaf morphological traits in M1 

generation. Irradiated and non-irradiated of kenaf seed from V36 variety were planted in the field at Beseri, Perlis. 

Soil condition at the field, morphological changes and 10 morphological traits of irradiated plants were observed 

and evaluated against the controls. Cluster analysis result on M1 progenies showed that the mutation observed were 

classified into eight genotypic groups. The first two components from principal component analysis explained about 

77.99% of variation. Number of seed per pod, weight of seed per plant and dry stem biomass play important role to 

explain the variation since they showed positive correlated values for the first component analysis. Thus, this study 

is important in determining the effectiveness of these doses in generating mutations. In addition, it can also be used 

to generate a new source of germplasm in kenaf with enhanced quality traits such as high yielding and high fiber 

content. 

Abstrak 

 

Kenaf (Hibiscus cannabinus L.) adalah salah satu daripada sumber ekonomi yang amat penting bagi tanaman 

gentian terutamanya di kawasan Asia Pasifik. Mutasi aruhan adalah salah satu metadologi untuk meningkatkan 

kepelbagaian genetic termasuk proses pemilihan, rekombinan, atau kombinasi antara proses tersebut dalam biak 

baka tumbuhan. Kajian terkini bertujuan untuk menilai kesan dos penyinaran gama (200 dan 300 Gy) terhadap ciri-

ciri kuantitatif kenaf pada generasi M1.  Biji benih kenafvarieti V36 yang telah dan tidak disinar telah ditanam di 

ladang di Beseri, Perlis. Keadaan tanah di ladang, perubahan morfologi dan 10 ciri-ciri kuantitatif tumbuhan yang 

disinar telah diperhatikan dan dinilai berbanding kawalan. Keputusan ‘cluster analysis’ terhadap progeni M1 

menunjukkan bahawa mutasi yang diperhatikan boleh diklasifikasikan kepada 8 kumpulan genotip. Dua komponen 

pertama daripada ‘principal component analysis’ telah menerangkan 77.99% variasi. Nombor biji per pod, berat 

biji per pokok dan biomas kering batang memainkan peranan penting untuk menerangkan variasi kerana 

menunjukkan nilaiberkolerasi positif untuk analisis komponen pertama. Oleh itu, kajian ini amat penting untuk 

menentukan keberkesanan dos tersebut untuk menghasilkan mutasi. Di samping itu, dapat juga menghasilkan sumbe 

rgermplasma baru dengan ciri-ciri kualiti yang telah ditingkatkan seperti hasil tinggi dan kandungan gentian yang 

tinggi. 
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INTRODUCTION 

Kenaf (Hibiscus cannabinus L.) which belongs to Malvaceae family is a herbaceous annual plant and, is one of the 

important source of raw materials for the traditional production of rope, canvas and carpet (Dempsey 1975; Li 



1990). The chromosome number of kenaf is in the multiple number of 18 with 2n=36 to 2n=180 (Wilson, 2003; 

Coetzee, 2004). It characterized by a large, bell shaped, yellow flower with widely open corella and the flower are 

about 8 to 10 cm in diameter with five petals (H’ng et al., 2009). Kenaf flower can be adapted for both self and cross 

pollination(Pate and Joyner, 1958, Jones et al., 1955). The percentage of crossing was around 2-24% due to insect 

activity (Rahmatollah et al., 2014). There are two types of fibre in Kenaf, which are bark and core. The bark 

constitutes 25-30% of the whole plant while the core which contains relatively short fiber made up around 70-75% 

(Wong et al., 2008). Additionally, high protein content in the kenaf leaves offers potential as a high protein livestock 

feed (Hollowell et al., 1996). Due to its growth height and fibre content, kenaf represents a multipurpose crop 

producing biomass for energy and natural fibre for industrial uses (Dauda et al., 2013). 

 

Malaysia’s National Economic Action Council (NEAC) has identified kenaf as a new commodity crop to be 

cultivated in Malaysia (Basri et al, 2014). The government encourages the farmer to replace tobacco plantation into 

kenaf plantation. The National Kenaf and Tobacco Board (LKTN) is responsible to enhance the development of the 

downstream industry and promote the production of kenaf products. Many research related on kenaf have been done 

by research institution and university in Malaysia since year 2000 mainly in the development of new varieties, 

agronomic practices, harvesting and mechanization, fiber processing and downstream application development such 

as animal feed and biocomposite. 

For successfully cultivation of kenaf, development of new kenaf varieties that produce high biomass is essential. 

Unfortunately, the yield of kenaf in Malaysia is still very low which is around 5 to 10 tonnes per hectare.  The 

highest yield achieved was about 9.8 tonnes per hectare from V36 (Basri et al, 2014). Furthermore, there are lacks of 

kenaf variety suitable to be planted in Malaysian climate. Photoperiod insensitive and late flowering have been 

identified as the most essential traits required for growing kenaf plants in a tropical country like Malaysia based on 

previous research (Hossain et al., 2011; Wong et al., 2001; Daud, 2006).In order to overcome the problem on the 

lack of new varieties, development of new kenaf variety with selected target traits is crucial. Mutation induction is 

the best way to develop new variety with the desirable traits in a short time compared to conventional breeding. This 

technique is used nowadays by plant breeders to develop new varieties by generating and utilizing genetic variability 

through both chemical and physical mutagenesis (Q. Y. Shu et al., 2012).Additionally, mutation induction becomes 

an important tool in plant breeding to broaden existing germplasm and improve cultivars in certain specific traits 

(Kurobane et al., 1979). 

 

Hence, the ultimate aim of this research is to generate new varieties of kenaf with late flowering and high fiber traits 

through mutation breeding. Irradiated kenaf plants will be planted until fifth generation (M5) to see the stability of 

the selected traits. This paper describes variations in morphological traits for kenaf V36 variety in M1 irradiated 

generation.  

.  



 

MATERIAL AND METHODS 

 

Plant material 

Seeds of kenaf variety V36 was obtained from National Kenaf and Tobacco Board (LKTN).  

 

Experimental location 

The experiment was done at LKTN kenaf plot in Beseri, Perlis. It was conducted from October 2015 to February 

2016. The climate was hot humid tropic with average temperature around 24 °C to 36 °C (Jabatan Meteorologi 

Malaysia, 2016).  

 

Determination of germination rate and moisture content 

Germination test and seed moisture content need to be conducted before irradiation process. The germination 

percentage of seed must be higher and the moisture content must be around 10-14% respectively.  

 

Irradiation of kenaf seed at selected doses 

Approximately 3 kg of  kenaf seeds were irradiated at 2 selected doses 200 Gy; and 300 Gy. The irradiation process 

was conducted using Biobeam GM 8000 (Germany) at Malaysian Nuclear Agency.  

 

Soil sampling and determination of soil chemical characteristics 

 

Soil sample were taken at several points by random sampling at LKTN kenaf plot in Beseri.  At each point, about 2 

soil depths were taken which were 10 cm and 20 cm from soil surface using auger at 3 random spots surrounding the 

point.  The soil chemical characteristics such as N, P, K, and pH were analyzed using soil nutrient tester (Model 

TPY 6A, China) in the lab. Moisture content also was taken at each point using soil moisture meter (Hand held 

meter MST 3000, German).  

 

Planting the irradiated and non-irradiated seeds and agronomic practice 

The irradiated (200 Gy and 300 Gy) and non-irradiated kenaf seeds of V36 variety were planted in Beseri field plot. 

The fertilizers used were NPK green at 450 kg/ha after 1 day of planting and NPK blue at 450 kg/ha after 45 days of 

planting. Additionally, pesticide and herbicide were also applied to control insects and weeds. The M1 generation 

and its control plants were harvested at 135 days after planting. 

 

 



Data collection  

About 43 plants that differed from the control were selected and 10 morphological traits were recorded during 

harvesting period. These traits include i) plant height (cm); ii) number of pod per plant; iii) number of node per 

plant; iv) length of internode (cm); v)stem girth at bottom (cm); vi) middle (cm); v) top (cm); vi) number of seed per 

pod; vii) weight of seed per pod; viii) dry stem biomass per plant (g). 

Data analysis 

Dendrogram was constructed based on unweighted paired group method with arithmetic average (UPGMA) and 

euclidian distance using NTSYS version 2. The correlation matrix of the 10 quantitative characters was used to 

conduct principal components analysis (PCA) using SAS version 9.2. The eigen values as a proportion of the total 

variance gave the relative contribution (%) of each principal component to the observed variation. Variables that had 

extreme high or low coefficients for each component were noted. 

 

RESULTS 

 

 

Soil chemical analysis 

 

The average result of soil N, P, K, pH and moisture content (%) is shown at Table 1.The pH of the soil was slightly 

acidic and the macronutrient content N, P, K were in optimum range for planting the crop. 

 

Table 1: The concentration of N, P, K, and pH in the soil  

 

Soil 

depth 

N(ppm) P(ppm) K (ppm) pH 

Moisture 

content 

(%) 

10 cm 2.67 16.81 54.78 6.38 
57.02 

20 cm 2.19 19.82 46.33 6.30 

 

 

Morphological trait of kenaf M1 progenies  

 

High variability among all morphological traits was observed (Table 2). The most widely varied morphological 

characters were seed weight per plant , number of pod per plant, dry stem biomass and number of seed per pod with 

57.10%, 44.23%, 33.03%, and 31.32% coefficient of variance (CV) respectively. 

 

Table 2: Mean, range, Coefficient of Variance (CV), and standard deviation among morphological traits of M1 

progenies. 

 

 

Traits Mean Range CV (%) 

Standard 

deviation 

Plant height 261.14 220-347 10.40 27.16 

Pod per plant 92.28 35-125 44.23 40.81 



Node per plant 52.24 24-83 25.11 13.12 

Internode length 5.17 3-8.7 24.70 1.28 

Stem girth at bottom 
20.35 

14.36-

30.5 16.47 3.35 

Stem girth at middle 14.63 8.33-18.2 19.87 2.91 

Stem girth at top 4.90 2.1-7.2 24.49 1.20 

Number of seed per 

pod 17.42 45748.00 31.32 5.46 

Seed weight per plant 
28.94 

2.81-

73.69 57.10 16.53 

Dry stem biomass 162.74 86-383 33.03 53.76 

 

 

 

Clustering analysis from morphological traits 

 

 

The similarity coefficient as shown in the dendrogram varied from 0.12 to 1.73 (Figure 1). All the mutant progenies 

were grouped into 8 genotypic groups.  The mean of morphological trait among each group was recorded at Table 3. 

 

Figure 1: Cluster analysis from morphological traits of Kenaf V36 varieties and M1 progenies 
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Table 3: Mean of 8 groups of Kenaf  V36 varieties and M1 progenies  

Traits Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 

Plant height 258.65 271.20 262.36 255.50 248.50 275.00 236.50 266.00 

Pod per plant 53.56 122.80 102.73 70.00 102.75 215.00 160.50 43.00 

Node per plant 47.78 62.70 56.18 34.50 49.25 75.00 44.50 49.00 

Internode length 5.44 4.78 5.54 4.15 5.13 3.60 4.52 7.60 

Stem girth at bottom 17.54 22.86 19.18 20.20 23.39 20.26 26.85 16.40 

Stem girth at middle 14.55 14.30 16.09 14.33 12.80 14.78 12.88 11.40 

Stem girth at top 12.10 4.46 12.87 8.50 5.11 5.80 5.70 5.10 

Number of seed per 

pod 12.69 18.80 17.45 20.75 20.50 18.00 21.50 20.00 

Seed weight per plant 14.13 39.65 32.72 36.34 26.68 44.64 25.27 24.52 

Dry stem biomass 114.30 197.50 143.00 153.25 193.75 198.00 232.00 383.00 

 

 

Principal component analysis from morphological traits 

All morphological traits showed the highest cumulative percentage (≥70%) except for plant height (53.55%), 

number of pod per plant (66.96%), stem girth bottom (56.47%), seed weight per plant (67.98%), and dry stem 

biomass (53.09%) (Table 4). 

Table 4: Principle component analysis (PCA) explanation for 3 components of morphological traits. 

Traits PC1 PC2 PC3 Final communality Percentage 

Plant height 0.056 0.703 -0.194 0.536 53.551 

Pod per plant 0.476 0.567 -0.349 0.670 66.956 

Node per plant 0.258 0.794 -0.089 0.704 70.421 

Internode length 0.046 -0.087 0.863 0.755 75.520 

Stem girth at bottom 0.560 0.152 -0.478 0.565 56.465 

Stem girth at middle -0.312 0.810 0.352 0.877 87.655 

Stem girth at top 0.635 0.464 0.460 0.830 82.963 

Number of seed per pod 0.849 -0.279 0.037 0.800 80.014 

Seed weight per plant 0.746 0.317 0.152 0.680 67.977 

Dry stem biomass 0.678 0.210 -0.165 0.531 53.088 

Eigenvalue 2.85 2.57 1.53     

Cumulative (%) 41.01 78.00 100.00     

Variation (%) 41.01 36.99 22.00     

 

 

 



DISCUSSION 

 

Gamma induced mutation is the fast and quick method to develop a new variety which has superior genotype 

compared to its parent. Screening and selection of desired mutants is the most critical step before developing a new 

potential mutant. Assessment of important morphological traits in M1 progeny is very important to determine the 

effectiveness of the dose in generating mutation. Girija and Dhanavel (2013) reported role of wide variety of 

morphological traits in the induction of mutations Cowpea in M1 generation.   

 

Based on the results obtained, yield component traits showed high variations among kenaf M1 progenies. Seed 

weight per plant, number of pod per plant, dry stem biomass and number of seed per pod showed the coefficient of 

variation more than 30% (Table 2). Variations in these traits are very promising for breeding purposes. The wide 

range observed for many of the parameters shows the complexity in describing the different among kenaf M1 

progenies. Wide variability for morphological and agronomical characters in collections of Hibiscus cannabinus has 

been reported (Siepeet al., 1997). 

 

The dendrogram for morphological traits was constructed based on the matrix of average of taxonomic distance 

using the UPGMA method.Cluster analysis on morphological traits in kenaf V36 variety and M1 progenies show 

that the genotypes were classified into 8 groups. Kenaf V36 parental variety with 11 other mutant genotypes were 

fall into group 1 and this group accounted for the highest number of genotypes. This group exhibit lowest number of 

seed weight per pod and dry stem biomass with 14.13 g and 114.30 g respectively. Meanwhile, group 8 and 7 

recorded the highest number of dry stem biomass with 232 g and 383 g respectively. Seed weight per plant showed 

the highest value in group 6 with 44.64 g respectively. This is due to highest number pod per plant recorded in this 

group.   From this dendrogram, a wide genetic diversity in terms of morphological traits was obtained from M1 

progenies. About 8 groups were classified among Single brunch Naz varieties to the M1 mutation progenies (Ghanei 

et al., 2013). 

 

Principle component analysis is (PCA) another multivariate analysis for verifying the result from cluster analysis. A 

total of 78% of the total variance was explained by the first two principal components (Table 4). In first principle 

component, all the traits showed the positive correlation except stem girth at the middle. Number of seed per pod, 

seed weight per plant and dry stem biomass showed the highest correlation value with 0.849, 0.746, and 0.678 

respectively. Meanwhile, plant height, number of node per plant and stem girth at middle showed the highest 

correlation value at second principle component. Seed weight per plant, number pod per plant, stem girth at top and 

dry stem biomass have important role to explain the variation since they showed highest and positive correlated 



value among for each two principle component. Internode length recorded the lowest and negative correlated by two 

principle components and was therefore redundant in the variation observed. 

 

Mutation breeding has been used to induce mutations in the genetic inheritance for many years in the field of plant 

breeding. Such research can introduce directly or indirectly a new variety as a new source of germplasm in breeding 

programs and subsequently be exploited in classical methods (Arefi and Norozi, 2008).Kenaf has been reported to 

have a wider range of adaptation to environmental factors than other fibre plants cultivated for commercial use 

(Dempsey, 1975). Thus, performance of the accessions especially in relation to the quantitative traits may be 

location specific. Breeding for desirable traits will therefore be specific to environment. 

 

 

CONCLUSION 

 

In this study, the most widely varied traits were seed weight per plant, number of pod per plant, dry stem biomass 

and number of seed per pod with 57.10%, 44.23%, 33.03%, and 31.32% coefficient of variance (CV) respectively. 

The 8 groups were distinguished by 10 morphological traits recorded in this study. The variation was seen as a 

manifestation of environmental response in addition to the genotypic constitution. The study on effect of 

morphological trait in M1 kenaf progeny of V36 variety explores the effectiveness of gamma irradiation to create 

genetic variability. It will be very useful for varietal improvement of kenaf in Malaysian tropical environment 
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