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ABSTRACT

Bacterial wilt, caused by Pseudamanas solanacearum (Smith,

1896) Smith 1914, is an important disease of many crop plants.
The lack of a truly effective method of oontrol for the
disease, especially in the tropics, has been attributed to the
many strains of the pathogen and the lack of information on the
ecology and the variation in the pathogen population. The
present study was therefore conducted to elucidate same aspects
of the ecology and variation of the pathogen in Malaysia
which would be useful in understanding the pathogen for the

farmilation of more effective oontrol measures.



A study of the distribution of bacterial wilt caused by P.

solanacearun in Malaysia showed that the disease was

widespread. It was cbserved in all areas (the Narthern, Central
and Southern parts of Peninsular Malaysia, and East Malaysia)
sampled. The disease occurred an many crop plants, weeds and
arnanentals. A total of 243 isolates of the pathogen was
cbtained fram 25 different plant species belonging to 9
families. The pathogenicity of all isolates was confirmed on
its respective host and/ar tomato. The study indicated the
need for strict quarantine measures to be taken to exclude the
introduction of exotic strains into the country and the need to

reconfirm the status of same of the known host of the pathogen.

The eawviraumental oonditions in Malaysia were oonducive
for the growth of the pathogen and the development of the
disease, being dbserved throughout the year regardless of dry
or wet weather conditions. The disease also occurred in many
types of mineral (clayey, loamy and sandy) and organic (peat
and muck) soils. The type of hosts and its varietal
susceptibility also played important roles in determining the

oaxrrence of the disease in nature.

CQultural characteristics of isolates of P. solanacearum on

a tetrazolium medium and a medium containing 0.1% L-tyrosine

showed that isolates differed in oolony size, fluidity and

xvii



production of formazan and melanin. However, these could ot be

used to differentiate strains within race 1.

Greenhouse pathogenicity studies revealed the presence of
pathovars of race 1 which differed in their pathogenicity to
ginger, groundnut and tobacco. Tamato and Irish potato were
the universal hosts of all Malaysian isolates but all isolates
were non-pathogenic to Heliconia sp. Biovar determination study
indicated that isolates were bhiovar 2, 3, and 4. The majority
of the isolates were biovar 3 followed by biovar 4 and 2.
Determmination of race based an host range, origin and biovar
showed that isolates were in race 1 and 3. Race 1 was the

predoninant race and was widespread, while race 3 was confined
to the highlands.

Attempts were made at isolating virulent and temperate

bacteriophages of P. solanacearum. Only one virulent

bacteriophage was obtained fram diseased brinjal (Solanum
melongena L.) plants and their rhizosphere soils. However,
temperate bacteriophages were cbtained fram lysogenic strains

of the pathogen. Forty-three percent of the P. solanacearum

isolates were lysogenic and fram these 14 temperate bacterio-

phages were isolated. Reaction of 68 P. solanacearum isolates

to all the phages showed that nane of the phages were specific
to race or biovar. However, 13 lysotypes were distingushed and

all isolates could be typed.
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Thirty-eight percent of the isolates tested for
bacteriocin production were bacteriocinogenic. Studies of the
concentration of bacteriocin produced and the sensitivity of P.

solanacearum isolates to the bacteriocin, showed that a few

avirulent hacteriocinogenic strains produced relatively high
concentrations of bacteriocin and were able to inhibit the

growth of a Jlarge mmber of the wvirulent P. solanacearnum

isolates tested. This bacteriocin and its avirulent pruducer
oould therefore be useful in the development of biological
control measures for the pathogen. However, a few isolates
were not inhibited by any of the bacteriocin produced by

the 30 avirulent bacteriocinogenic strains tested.

A study on the population of the virulent strain (race 1,
biovar 3) in sterilized and non-sterilized soil showed that
the pathogen was not capable of long term survival in the soil.
Population density trends of the virulent strain in the
presence of the avirulent bacteriocinogenic strain at ratios of
1:0, 1:1, 1:10 and 1:100 showed similar trends. This indicated
that the avirulent strain was not effective in controlling the
population of the virulent strain in the soil at the ratios
tested or that the method of soil application was mnot
effective.

Greenhouse study on the population dynamics of the
virulent strain (race 1, biovar 3) of P. solanacearum showed




that the bacterial population in the soil decreased
significantly after planting with a non-host crop. This
indicates that the non-host crops viz. Ipamoea aguatica Forsk.,

Brassica rapa L. and Raphanus sativus L. var. hortensis Baker

could be used in crop rotation programs.
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ABSTRAK

Peryakit layu bakteria yang disehabkan oleh Pseudamanas
solanacearum (Smith, 1896) Smith 1914, adalah satu penyakit

yang penting bagi banyak tanam-tanaman. Kekurangan @ra
kawalan yang benar-benar berkesan untuk mengawal penyakit ini
telah diselmhkan oleh adanya lanyak strain-strain bagi patogen
ini dan kekurangan pengetaluan mengenai ekologi dan variasi di
dalam populasi patogen ini. Pari itu kajian ini telah
dijalankan untuk mamberi penjelasan mengenai beberapa aspek
ekologi dan variasi patogen ini di Malaysia untuk meEmahami
patogen ini supaya dapat perumsan cara kawalan yang lebih
berkesan.



Kajian taburan penyakit layu lmkteria yang disebabkan oleh

Pseudanonas solanacearum di Malaysia, menunjukkan penyakit ini

berlaku dengan berluasan. Penyakit ini dijumpai di semua
kawasan (di utara, pertengahan dan selatan Semenanjung Malaysia
dan Mlaysia timur) yang dikaji. Penyakit ini juga terdapat
pada banyak pokok tanaman, rumput-rumpai dan pokok perhaisan.
Sejumlah 243 asingan patogen ini telah diperolehi daripada 25
spesies tumbuh-tumbuhan daripada 9 famili. Patogenisiti bagi
semua asingan dipastikan kepada perumah asalnya dan/atau
tamato.

Keadaan alam sekitar di Malaysia adalah sesuai untuk
pertutbuhan patogen ini dan pengembangan penyakit < layu
bakteria. Penyakit ini berlaku sepanjang tahun dengan tidak
mengira sama ada musim panas atau hujan. Penyakit ini juga
berlaku pada banyak jenis tanah, daripada jenis bertanah liat
kepada jenis berpasir dan tanah organik. Jenis perumah dan
kepekaan varietinya juga memainkan peranan yang penting di
dalam menentukan kejadian penyakit ini.

Ciri-ciri kultura asingan-asingan P. solanacearum di atas

media tetrazolium dan media yang mengandungi 0.1% L-tyrosine
telah menunjukkan lehawa asingan-asingan berbeza dari segi
ukuran garis pusat dan kecairan koloni; dan pengeluaran

formazan dan melanin. Walau bagaimanapun variasi yang terdapat

xxii



tidak boleh digunakan untuk mambuat perbezaan antara strain-
strain di dalam ras 1.

Kajian patogenisiti di rumahkaca menunjukkan adanya
patovar-patovar ras 1 yang berbeza dari segi patogenisitinya
terhadap halia, kacang tanah dan tembakau. Tamato dan kentang
adalah perumah umm bagi sema asingan-asingan dari Malaysia,
tetapi semua asingan-asingan tidak patogenik kepada Heliconia
sp. Kajian penentuan biovar memunjukkan bahawa asingan-asingan
adalah biovar 2, 3, dan 4. Biovar 3 adalah biovar yang
terbanyak di Malaysia, diikuti oleh biovar 4 dan 2. Penentuan
ras berdasarkan kepada bidang perumah, asal dan biovar
menunjukkan bahawa asingan-asingan adalah ras 1 dan 3. Ras 1

adalah ras yang terbanyak dan luas sebarannya. Ras 3 pula

terhad sebarannya kepada kawasan pergunungan.

Beberapa percuhaan telah dibuat untuk mengasingkan virulen

dan temperat hakteriofaj bagi P. solanacearum. Hanya satu

bakteriofaj virulen telah diasingkan daripada pokok-pokok

terong (Solanum melongena) yang berpenyakit dan tanah-tanah

rizosferanya. Walaupun demikian temperat hakteriofaj telah
diasingkan daripada strain-strain lisogenik patogen itu. Empat

puluh tiga peratus daripada asingan P. solanacearum adalah

lisogenik dan daripadanya 14 bakteriofaj temperat telah
diasingkan. Tindakbalas 68 asingan P. solanacearum kepada

semua faj menunjukkan bahawa tiada faj yang terhad kepada
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sesuatu ras atau biovar. Walau bagaimanapun, 13 lisotip-
lisotip telah dibezakan dan semua asingan boleh ditipkan.

Tiga puluh lapan peratus daripada asingan-asingan yang
diuji untuk pengeluaran kakteriosin didapati lakterisinogenik.
Satu kajian kepekatan bakteriosin yang diperolehi menunjukkan
bahawa ada sebilangan kecil strain-strain avirulen yang
bakteriosinogenik berupaya mengeluarkan bakteriosin yang agak
pekat kalau dibandingkan dengan yang lain-lain. Strain-strain
itu juga boleh menghalangi pertumbuhan sebilangan besar

asingan-asingan P. solanacearum yang virulen. Dari itu,

bakteriosin dan pengeluarnya yang avirulen mungkin berquna di
dalam langkah-langkah kawalan biologi bagi patogen ini. Walau
bagaimanapun, ada sebilangan kecil asingan-asingan yang
kehidupannya tidak terhalang oleh kesama bakteriosin yang

dikeluarkan oleh 30 strain bakteriosinogenik yang diuji.

Kajian populasi strain virulen (ras 1, biotip 3) di dalam
tanah steril dan tidak steril menunjukkan patogen ini tidak
boleh hidup lama di dalam tanah. Trend ketumpatan populasi
bagi strain virulen, dengan strain avirulen yang
bakteriosinogenik pada nisbah 1:0, 1:1, 1:10 dan 1:100
mermnjukkan trend yang serupa. Ini menunjukkan behawa strain
avirulen tidak berkesan di dalam pengawalan populasi virulen
didalam tanah pada nisbah yang diuji atau kaedah penggunaannya

tidak berkesan.
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