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Hibiscus cannabinus L. is commonly known as kenaf grows natively in east-central
Africa and used in production of ropes, canvas, board making, oil absorption and
animal feed. Kenaf is not only tolerant to many types of soil and other planting
conditions; it is also resistant to pests and diseases. However, several diseases have
been reported infecting the kenaf plant. Many studies were conducted on disease
infected the leaves and roots but there is insufficient research effort to identify the
causal agent of the disease on initial growth of kenaf causing loss of germination in
seeds. The study was aimed to isolate and characterize the causal pathogen of seed-
borne disease on kenaf seed in Malaysia using morphological and molecular
techniques and to confirm the pathogenicity. The second objective was to identify the
potential diazotrophic bacteria in order to control the infection of seed-borne fungus.
For isolation of the seed-borne fungus, the seed source was obtained from National

Tobacco and Kenaf Board (LKTN) in Perlis. Twenty-one of fungal isolated from the



seeds were obtained and tested for their pathogenicity. This study found that the
fungus B4d showed highest isolation frequency and pathogenic to the seed.
Morphological characterization of fungus B4d indicated that the colony was fast
growing fungus. The conidia were dark brown in colour, two-celled, thin cell walled
and oval shape with longitudinal striation when mature. In immature stage, the
conidia were hyaline, smooth, single-celled and have thick cell walled. The average
size of conidia was 24 um (length) x 15 um (width) while the average length/width
ratio was 1.11 (n=50). The morphological findings described the fungus B4d as
Lasiodiplodia theobromae. Identification of fungus B4d was also done through
molecular characterization using 18S Internal Transcribed Spacer (ITS) regions of
ribosomal deoxyribonucleic acid (rDNA). BLAST result indicated that the fungus
was 100% similar to that of L. theobromae (JQ809341). Phylogenetic tree grouped
the fungus in the same group with L. theobromae and distinct from other anamorph
in the genus Botryosphaeria. The dual culture assay was conducted to determine
diazotrophic bacteria that can suppress the L. theobromae growth. Among 61
bacterial strains isolated from kenaf roots, three strains were exhibited potent
antagonistic effect against L. theobromae. Percentage inhibition radial growth
(PIRG) values showed significant difference (P<0.05) on antagonism activity of the
fungi. Three bacterial isolates recorded PIRG value more than 60% on L.
theobromae. The highest PIRG value was shown by IRPP1b followed with RFC1la
and RKBP3d, respectively. Selected diazotrophs have been identified. Molecular
technique using 16S rDNA markers analysis confirmed the bacterial species were
Burkholderia cepacia (JF820823), Burkholderia vietnamiensis (JF833110) and
Bacillus subtilis (JF833115). Selected antagonistic bacteria were used in seed

treatment in glasshouse. Treatments of seeds with diazotrophic bacterial suspension



significantly reduced the infection of L. theobromae (P<0.05). This study showed
that B. cepacia has more potential to reduce the fungal infection was 83% followed
by B. vietnamiensis (78%) and B. subtilis (67%), respectively. The germination rate
of kenaf seeds was increased by the time of inoculation with bacterial isolates.
Therefore, B. cepacia, B. vietnamiensis and B. subtilis have a good potential in
suppressing the growth of L. theobromae and increase the germination rate of kenaf

seeds.
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Hibiscus cannabinus L. adalah dikenali sebagai kenaf yang tumbuh asli di timur
tengah Afrika dan digunakan dalam penghasilan tali, pembuatan papan, penyerap
minyak dan makanan ternakan. Kenaf bukan sahaja rentan kepada pelbagai jenis
tanah dan keadaan penanaman; ia juga rentan kepada haiwan perosak dan penyakit.
Kajian telah dijalankan pada penyakit yang menjangkiti daun dan akar namun masih
kurang kajian ke atas pengenalpastian agen penyebab penyakit pada awal
pertumbuhan kenaf yang menyebabkan kegagalan percambahan biji benih. Kajian
bertujuan untuk mengasingkan dan mengkaji ciri-ciri patogen penyebab penyakit biji
benih kenaf di Malaysia menggunakan perincian morfologi dan teknik molekular
serta pengesahan kepatogenannya. Objektif kedua adalah mengenalpasti bakteria
diazotrofik berpotensi untuk mengawal jangkitan kulat biji benih. Untuk pengasingan

kulat, biji benih diperolehi daripada Lembaga Tembakau dan Kenaf Negara (LKTN)



di Perlis. Terdapat 21 isolat kulat diasingkan daripada biji benih dan kepatogenannya
diuji. Kajian mendapati kulat B4d menunjukkan frekuensi pengasingan dan
kepatogenan paling tinggi ke atas biji benih. Ciri morfologi kulat B4d menunjukkan
koloni kulat ini bertumbuh dengan cepat. Koloninya berwarna coklat, sel dubel,
dinding sel nipis dan berbentuk oval dengan jalur menegak semasa matang. Pada
peringkat pra-matang, konidia adalah lutcahaya, licin, sel tunggal dan dinding sel
tebal. Purata saiz konidia adalah 24 um (panjang) x 15 um (lebar) manakala purata
panjang/lebarnya ialah 1.11 (n=50). Kajian morfologi menerangkan B4d ialah
Lasiodiplodia theobromae. Pengenalpastian kulat B4d turut dilakukan melalui ciri-
ciri molekul menggunakan 18S ‘Internal Transcribed Spacer (ITS)’ ribosom asid
deoksiribonukleik (rDNA). Keputusan BLAST menunjukkan kulat ini 100% sama
dengan L. theobromae (JQ809341). Hubungan filogeni menghimpunkan kulat ini
dalam kumpulan yang sama dengan L. theobromae dan berbeza daripada anamof lain
di dalam genus Botryosphaeria. Kajian kultur dual dijalankan untuk menentukan
bakteria diazotrofik yang boleh menghadkan pertumbuhan L. theobromae. Di antara
61 isolat bakteria dari akar kenaf, tiga strain menunjukkan kesan antagonis
menentang L. theobromae. Nilai peratus perencatan pertumbuhan radial (PIRG)
menunjukkan perbezaan signifikan (P<0.05) pada aktiviti antagonis ke atas kulat.
Tiga isolat bakteria merekodkan nilai PIRG lebih daripada 60% ke atas L.
theobromae. Nilai PIRG tertinggi direkodkan oleh IRPP1b, diikuti dengan RFCla
dan RKBP3d. Bakteria diazotrofik yang terpilih dikenal pasti. Teknik molekular
menggunakan analisis 16S rDNA mengesahkan bahawa spesies bakteria tersebut
adalah Bukholderia cepacia (JF820823), Bukholderia vietnamiensis (JF833110) dan
Bacillus subtilis (JF833115). Bakteria antagonis yang terpilih ini digunakan untuk

rawatan biji benih di dalam rumah kaca. Rawatan biji benih dengan bakteria



diazotrofik mengurangkan jangkitan L. theobromae (P<0.05). Kajian ini
menunjukkan B. cepacia lebih berpotensi mengurangkan jangkitan kulat sebanyak
83%, diikuti dengan B. vietnamiensis (78%) dan B. subtilis (67%). Kadar
percambahan biji benih kenaf meningkat dengan masa inokulasi isolat bakteria. B.
cepacia, B. vietnamiensis and B. subtilis berpotensi baik dalam mengehadkan

pertumbuhan L. theobromae dan meningkatkan kadar percambahan biji benih kenaf.
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CHAPTER 1

INTRODUCTION

Kenaf is a fibrous plant which belongs to the Malvaceae family. The plant is
generally grouped together with genus Hibiscus with more than 400 species grown
worldwide. Kenaf is known to be similar to roselle (Hibiscus sabdariffa L.) has been
recognized as kenaf in several places. Kenaf has more than 129 common names
(Dempsey, 1975) such as mustard (India), Stokroos (South, Africa), Java jute

(Indonesia), ambary (Taiwan) (Li, 1980).

Kenaf was cultivated around the world to made variety of products such as ropes and
oil absorbent. Kenaf produce natural fibres which have a good quality and suitable as
a board raw material. Kenaf has been used as well as oil absorbents, filtration
medium, ropes and carpets. Kenaf seeds are suitable for biomass production such as

animal feed.

In Malaysia, kenaf is cultivated in several states including Kelantan, Terengganu,
Perlis and Pahang. The current policy introduced by the Government is to plant kenaf
as a replacement crop of tobacco nationwide. Like any other fibre crops, kenaf is also
affected by biotic and abiotic stresses that can limit their productivity. Kenaf was
previously considered as resistant crop because they require minimum pesticide
application during their cultivation period. Recent years, kenaf has been reported to

be infested by a few pests and diseases.



Seed-borne disease affects a wide range of plant host and several pathogens
including Rhizoctonia solani, Fusarium monoliforme, Ustilago maydis, Aspergillus
flavus, Alternaria sp. (Gwary et al., 2006) and Botryosphaeria sp. These pathogens
can cause many types of symptoms on seeds such as blacken of seeds, discoloration,
shrivelling and un-germinated. This will reduce seed germination and affects the
seedling growth (Mamatha et al. 2000). Seed-borne pathogens infect externally and
internally from the cracks or wounds present on the seed (Singh, 1996). Severe
infection reduces the emergence of radical and later infection causing rotten of seed
and cotyledon. Chemical treatment is common method used by seed production
companies in order to control the infection of seed-borne pathogens. However, these
treatments sometimes affect the seeds quality. Hence, a new approach using
beneficial microorganisms has been implemented to control the pathogens for
example diazotrophic bacteria such as Bacillus spp., and Pseudomonas spp (Anjaiah

et al., 2003; Ongena et al., 2005)

Seed-borne pathogens have recently been reported in kenaf seeds in Malaysia.
However, there are no official reports or research efforts been taken to identify the
causal agent and the effect of seed-borne fungal pathogen on seed germination.

Therefore, the objectives of this research were:

1. To isolate, identify and characterize the seed-borne fungal of kenaf seeds in
Malaysia using morphological and molecular characterization.

2. To characterize diazotrophic bacteria against seed-borne fungal pathogen.
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