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Bakanae disease caused by Fusarium (F.) species (spp.) was first reported to 
have a significant effect on Malaysian rice varieties in 1985 from the rice growing 
areas of Kedah, Kelantan and Perak. A total of five Fusarium spp. i.e. F. 
fujikuroi, F. proliferatum, F. sacchari, F. subglutinans and F. verticillioides were 
isolated and found to be associated with Bakanae disease in Malaysia. It was 
essential to identify the causal agent using morphological characteristics along 
with molecular techniques. There was little information on the infection 
processes and mechanisms of pathogenesis of Fusarium species in relation to 
development and symptoms expression of Bakanae disease in infected plants. 
Gibberellic acid (GA3) produced by the causal pathogen has been identified to 
be responsible for internode elongation, but a number of secondary metabolites 
produced by the causal pathogen in relation to disease development and 
symptoms expression were still unknown. Therefore, the aims of this research 
were to identify the causal Fusarium species in Selangor rice growing areas, to 
establish the role of phytohormonal imbalances and metabolites production by 
the fungus and pathogenesis-related (PR) protein activities in relation to disease 
symptoms expression in infected plants and to evaluate the symptoms 
expression analysis of Bakanae disease by pre-seed treatment with pure 
(synthetic) phytohormones and metabolites in susceptible rice variety MR 211.  
A total of 12 isolates from Tanjung Karang and from Sekinchan areas were 
obtained. All isolates were identified as Fusarium proliferatum by PCR with 
Pro1/2 primer and further confirmed by sequencing (Acc. JQ807850) in both 
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directions. Seed inoculation was found to be the most suitable method 
compared to soil inoculation for pathogenicity test. SEM micrographs showed 
conidia of F. proliferatum germinated on seed surface of susceptible variety MR 
211, 24 h after inoculation followed by colonization and symptoms initiation after 
5 days after inoculation. Based on the varietal screening, MR 211 was identified 
as susceptible, whereas G-27 was moderately resistant and BR3 was resistant. 
In phytohormone analysis, highest up-regulation of IAA (94.1%) and a marginal 
percentage of GA3 (9.35%) occurred mostly in leaf tissues, whereas they were 
down regulated in root tissues (GA3 = -37.61%; IAA= -16.32%) and in the stem 
(GA3 = -29.75%; IAA= -39.21%) of infected susceptible variety MR 211 after 7 
days of inoculation at a disease score of 1 (stunted plant with yellowing leaves). 
This indicates that up- and down regulation of phytohormones was associated 
with the expressed symptoms in elongation and the stunting effect coincides 
with chlorosis of leaves. In disease score 3 (abnormal elongated internodes with 
chlorotic or brownish leaves), the up-regulation of all analyzed phytohormones 
were observed to be high in stem tissues of susceptible variety MR 211 with GA3 
= 77.46%, IAA = 87.38% and ABA = 98.55% compared to leaf and root tissues. 
In infected plants with disease score 5 (leaf and stem browning with elongated 
internodes, fungal mass seen on the infected plants or dead plant), the amounts 
of GA3 and IAA were down-regulated in susceptible MR 211 and this down 
regulation was reflected in the growth and development of leaves and roots and 
resultant senescence. Among the metabolites evaluated, moniliformin (MON) 
and fusaric acid (FA) were found to be associated with symptoms development 
and expression in susceptible variety MR 211. MON was found at disease score 
3 (83.67 ng/g) and at disease score 5 (112.81 ng/g) in infected MR 211 plants. 
FA was found at all three disease score levels in infected susceptible MR 211 
plants, but higher amounts were observed at disease score 1 (354.41 µg/g) and 
at disease score 5 (372.38 µg/g). No MON or FA was detected in resistant BR3 
plant samples. The association of phytohormone GA3 and secondary 
metabolites FA and MON in relation to Bakanae symptoms expression were 
further confirmed when seeds of susceptible variety MR 211 were treated with 
synthetic GA3 phytohormone and synthetic FA and MON metabolites in the 
glasshouse. It was observed that GA3 was responsible for plant height 
elongation and leaf chlorosis, whereas FA was associated with plant height 
retardation, root growth retardation and chlorosis of leaves, and moniliformin 
was found to be associated with leaf and stem browning, crown rot and root 
necrosis in susceptible variety MR 211. Among the PR-proteins chitinase activity 
was found to be more prominent in the disease susceptibility/resistance 
mechanism against F. proliferatum than ɓ-1, 3 glucanase activities. Chitinase 
activity increased from disease score 1 to disease score 5 in resistant variety 
BR3, whereas no activity was observed in susceptible variety MR 211. This is 
the first report that F. proliferatum is the pathogen causing Bakanae disease in 
rice plants and that metabolites FA and MON along with phytohormone GA3 
produced by F. proliferatum in diseased plants are associated with a variety of 
disease symptoms expression. 
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Penyakit Bakanae disebabkan oleh Fusarium (F.) spesis (spp.) pertama kali 
dilaporkan mempunyai kesan yang ketara kepada varieti padi Malaysia pada 
tahun 1985 dari kawasan penanaman padi di Kedah, Kelantan dan Perak. 
Terdapat lima spesis Fusarium, F. fujikuroi, F. proliferatum, F. sacchari, F. 
subglutinans dan F. verticillioides telah disaringkan dan didapati berkaitan 
dengan penyakit Bakanae di Malaysia. Ia adalah penting untuk mengenalpasti 
agen penyebab dengan menggunakan ciri morfologi dan teknik molekular. 
Terdapat sedikit maklumat mengenai proses jangkitan dan mekanisma 
patogenesis spesies Fusarium berhubung dengan perkembangan penyakit 
Bakanae dalam tumbuhan yang dijangkiti. Asid giberelik (GA3) yang dihasilkan 
oleh patogen telah dikenalpasti menyebabkan pemanjangan buku, tetapi 
beberapa metabolisma sekunder yang dihasilkan oleh patogen berhubung 
dengan perkembangan penyakit masih tidak diketahui. Oleh itu, tujuan kajian ini 
adalah untuk mengenalpasti spesis Fusarium yang menyebabkan penyakit di 
kawasan penanaman padi sekitar Selangor, mengenalpasti peranan 
ketidakseimbangan hormonfito, dan penghasilan metabolit oleh kulat dan 
hubungan kepatogenan (PR) aktiviti protein patogenesis yang berkaitan dengan 
gejala penyakit yang ditunjukkan dan untuk menilai analisis gajala penyakit yang 
ditunjukkan oleh penyakit Bakanae melalui rawatan pra-cambah dengan 
hormonfito asli (sintetik) dan metabolit dalam biji benih variati yang peka MR 
211. Sebanyak 12 saringan; dari kawasan Tanjung Karang dan kawasan 
Sekinchan telah disaringan. Semua saringan telah dikenalpasti sebagai F. 
proliferatum hasil daripada saringan PCR ini telah diperkuatkan dengan Pro1/2 
dan seterusnya disahkan oleh penjujukan (Acc. JQ807850) di kedua-dua hala. 
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Untuk ujian patogenisiti, inokulasi benih dikenalpasti sebagai kaedah yang 
paling sesuai berbanding dengan inokulasi tanah. Pemerhatian mikroskop SEM 
menunjukkan konidia F. proliferatum bercambah pada permukaan biji benih MR 
211 padi yang peka, selepas 24 jam inokulasi diikuti dengan penjajahan dan 
gejala permulaan selepas 5 hari inokulasi. Berdasarkan pemeriksaan varieti, MR 
211 telah dikenalpasti sebagai peka, manakala G-27 adalah sederhana tahan 
dan BR3 adalah spesis rintang penyakit. Dalam hasil analisis hormonfito 
menunjukkan, peratusan  IAA tertinggi (94.1%) dan peratusan terendah ialah 
GA3 (9.35%) kebanyakannya berlaku dalam tisu daun, sedangkan mereka turut 
dikawal selia dalam tisu akar (GA3 = -37.61%; IAA= -16.32%) dan dalam batang 
(GA3 = -29.75%; IAA = -39.21%) daripada varieti peka penyakit MR 211 selepas 
7 hari inokulasi pada skor penyakit 1 (tumbuhan terbantut beserta daun 
kekuningan). Ini menunjukkan bahawa regulasi hormonfito ke atas dan ke 
bawah dikaitkan dengan gejala yang dinyatakan di dalam pemanjangan dan 
kesan pertumbuhan terbantut bertepatan dengan gejala warna klorosis pada 
daun. Pada penyakit skor 3 (pemanjangan luar biasa antara buku dangan 
klorosis atau keperangan daun), regulasi meningkat semua hormonfito yang 
dianalisis diidapati tinggi dalam tisu batang variety peka dengan GA3 = 77.46%, 
IAA = 87.38% dan ABA = 98.55% berbanding tisu daun dan akar. Dalam 
tumbuhan yang dijangkiti dengan skor penyakit 5 (daun dan batang keperangan 
beserta pemanjangan buku, jisim kulat dilihat pada pokok yang dijangkiti atau 
pokok mati), jumlah GA3 dan IAA telah turun dikawal selia dalam varieti peka  
MR 211 dan regulasi turun ini digambarkan dalam pertumbuhan dan 
pembangunan daun dan akar dan terhasilnya penuaan. Antara metabolit dinilai, 
moniliformin (MON) dan asid fusarik (FA) telah didapati berkaitan dengan 
pembangunan gejala dalam pelbagai varieti peka MR 211. MON ditemui pada 
penyakit skor 3 (83.67 ng/g) dan pada penyakit skor 5 (112.81 ng/g) dalam 
tumbuhan MR 211 yang dijangkiti. FA ditemui di semua tiga tahap skor penyakit 
dalam tumbuhan peka MR 211, tetapi jumlah yang lebih tinggi diperhatikan pada 
penyakit skor 1 (354.41 ɛg/g) dan pada penyakit skor 5 (372.38 ɛg/g). Tiada 
MON atau FA dikesan pada sampel tumbuhan  rintang penyakit BR3. Pertalian 
hormonfito GA3 dan metabolit sekunder FA dan MON berhubung dengan gejala 
Bakanae telah disahkan lagi apabila benih varieti peka MR 211 telah dirawat 
dengan hormonfito sintetik GA3 dan sintetik FA dan metabolit MON dalam 
rumah kaca. Diperhatikan bahawa GA3 bertanggungjawab untuk pemanjangan 
tinggi tanaman dan warna kuning pada daun, sedangkan FA dikaitkan dengan 
perencatan ketinggian tumbuhan, pertumbuhan akar terencat dan warna kuning 
pada daun, dan moniliformin ini didapati berkaitan dengan daun dan warna 
coklat pada batang, reput pangkal dan nekrosis pada akar dalam varieti peka 
MR 211. Antara PR-protein, aktiviti kitinase didapati lebih menonjol dalam 
mekanisma sesuatu penyakit/rintangan terhadap F. proliferatum berbanding 
aktiviti ɓ -1, 3 glucanase. Aktiviti kitin di dapati pada kadar yang semakin 
meningkat daripada penyakit skor 1 kepada penyakit skor 5 dalam varieti rintang 
BR3, manakala tiada aktiviti diperhatikan dalam varieti peka MR 211. Ini adalah 
laporan pertama F. proliferatum adalah patogenik untuk menyebabkan penyakit 
Bakanae dalam tanaman padi dan metabolit FA dan MON bersama-sama 



© C
OPYRIG

HT U
PM

v 
 

dengan GA3 dihasilkan oleh F. proliferatum dalam tumbuhan berpenyakit 
Bakanae dikaitkan dengan pelbagai gejala penyakit. 
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Therefore, justification of doing research on this new emerging but destructive 
disease were that identification of the causal pathogen and infection process of 
the causal pathogen in the development of Bakanae disease had not been 
extensively studied before. Moreover, mechanism of pathogenesis with respect 
to the role of phytohormones, fungal metabolites, pathogenesis-related (PR) 
proteins and their interactions in Bakanae disease symptoms expression had not 
been established.   
 

Hence, the objectives of this research were to: (1) identify the causal Fusarium 
species in Selangor rice growing areas (2) establish the role of phytohormonal 
imbalances and metabolites production by the fungus and pathogenesis-related 
(PR) protein activities in relation to disease symptoms expression in infected 
plants and (3) evaluate the symptoms expression analysis of Bakanae disease 
by pre-seed treatment with pure (synthetic) phytohormones and metabolites in 
susceptible rice variety MR 211.  
 

 The hypothesis of this research project was that the mechanism of Bakanae 
disease development was reliant on phytohormones imbalance, as well as on 
phytohormones, metabolites and PR-proteins interactions.  
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