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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

 

ACTINOMYCETES AS PLANT GROWTH PROMOTER OF RICE PLANTS 
AND BIOCONTROL AGENT AGAINST BACTERIAL LEAF STREAK 

DISEASE 
 

By 

ERNEEZA MOHD HATA 

January 2019 
 
 

Chair  : Kamaruzaman Sijam, PhD 
Faculty  : Agriculture 
 
 
Bacterial leaf streak (BLS) disease caused by Xanthomonas oryzae pv. 
oryzicola (Xoc) is one of the most important rice bacterial diseases. Genotypic 
and phenotypic similarity of this pathogen to the causal agent of bacterial leaf 
blight (BLB), Xanthomonas oryzae pv. oryzae (Xoo), has driven an interest on 
BLS study. Bacterial leaf streak control measures are focusing on the 
development of resistant varieties and application of copper-based fungicide. 
Actinomycetes possess a remarkable potential as biological agent. This study 
was conducted with the following objectives; 1) to characterize the causal 
pathogen of BLS disease, Xoc and to differentiate it from other Xanthomonas 
oryzae pathovar, Xoo, 2) to characterize and determine the potential of 
actinomycetes as biocontrol agent against Xoc and as plant growth promoter 
and 3) to evaluate the efficacy of actinomycetes treatment on rice growth 
promotion and BLS suppression through the induction of defense-related 
enzymes.  
 
 
Five Xoc isolates were discovered in this study and successfully differentiated 
with Xoo. BLS symptoms were pronounced during early infection stage, yellow 
small streak lesions can be observed in rice leaves. Xoc can be detected and 
differentiated with Xoo by multiplex PCR method. Molecular characterization by 
gyrase subunit B gene amplification had successfully identified all five isolates 
as Xanthomonas oryzae pv. oryzicola (accession number in GeneBank 
database (MH560793-MH560797). All isolates developed hypersensitivity 
reaction on Nicotiana tabacum. Isolate TKC1 is the most virulent isolate, 
produced 6.78 cm lesion length in pathogenicity assay compared to other four 
Xoc isolates. 
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Out of 20 Xoc antagonistic actinomycetes, 60% were belonged to various 
species of Streptomyces. Rhizospheric actinomycetes, SS8 demonstrated the 
highest (p≤0.05) antagonistic activity with inhibition value of 17.67 mm, 
followed by TKSC3 (14.00 mm). Isolate SS8 and TKSC3 were identified as 
Streptomyces sp SW4-2S and Streptomyces shenzhenensis, respectively by 
16s rRNA amplification. Both isolates also possess potentials as hydrolytic 
enzyme producer and plant growth promoter based on  in vitro  assessment. 
 
 
In vitro  assessment with 12 hours seed bacterization with single or consortium 
treatment of TKSC3 and SS8 isolates revealed significant (p≤0.05) 
improvement in rice seed germination and seedling vigor performance. TKSC3 
and SS8 were both root colonizing and endophytic streptomycetes with 
average population ranged from 0.66 to 6.52 x 103 CFU/g in seedling roots at 
10 days after seed bacterization treatment. Consortium treatment 
(TKSC3+SS8) exhibited the highest values in plant growth parameters, total 
chlorophyl, soil and leaf nutrient contents in glasshouse experiment. 
Consortium treatment (TKSC3+SS8) also demonstrated the highest BLS 
disease suppression efficiency at 81.02% with the lowest AUDPC value of 
95.79. Single and consortium treatments of actinomycetes successfully 
suppressed BLS disease by enhancing defense-related enzymes accumulation 
in the rice plant. Peroxidase, polyphenol oxidase, phenyl ammonia lyase and 
β,1-3 glucanase enzymes activity were increased in actinomycete-treated 
plants compared to untreated plants which started at 2 days post inoculation. 
This study confirmed that actinomycetes possess huge potentials as plant 
growth promoter and biocontrol agent against Xoc pathogen.   
 



© C
OPYRIG

HT U
PM

iii 
 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

 

ACTINOMYCETES SEBAGAI PENGGALAK PERTUMBUHAN POKOK PADI 
DAN AGEN BIOKAWALAN TERHADAP PENYAKIT JALUR DAUN 

BAKTERIA 
 

Oleh 

ERNEEZA MOHD HATA 

Januari 2019 
 
 

Pengerusi : Kamaruzaman Sijam, PhD 
Fakulti  : Pertanian 
 
 
Penyakit Jalur Daun Bakteria (BLS) yang disebabkan oleh Xanthomonas 
oryzae pv. oryzicola (Xoc) adalah antara penyakit padi yang penting yang 
disebabkan oleh bakteria. Persamaan genotip dan fenotip antara patogen ini 
dengan agen penyebab penyakit hawar daun bakteria (BLB), Xanthomonas 
oryzae pv. oryzae (Xoo) telah mendorong minat dalam kajian penyakit BLS. 
Langkah kawalan untuk penyakit BLS lebih difokuskan kepada pembangunan 
varieti rintang dan penggunaan fungisid berasaskan kuprum. Actinomycetes 
memiliki potensi yang luar biasa sebagai agen biologi. Oleh itu kajian ini 
dijalankan berdasarkan objektif berikut; 1) untuk mencirikan patogen punca 
penyakit BLS, dan membezakan antara Xoc dan Xoo, 2) untuk mencirikan dan 
menentukan potensi actinomycetes sebagai agen biokawalan terhadap Xoc 
dan sebagai penggalak pertumbuhan padi dan 3) untuk menilai keberkesanan 
rawatan actinomycetes ke atas pertumbuhan padi dan pengawalan penyakit 
BLS melalui induksi rintangan enzim. 
 
 
Lima isolat Xoc telah ditemui dalam kajian ini dan berjaya dibezakan dengan 
Xoo. Simptom-simptom BLS jelas kelihatan ketika peringkat awal jangkitan, lesi 
jalur kecil berwarna kuning dapat dilihat pada daun pokok padi. Xoc dapat 
dikesan dan dibezakan dengan Xoo melalui kaedah PCR multipleks. Kaedah 
pencirian molekular melalui amplifikasi gen gyrase subunit B berjaya 
mengenalpasti kesemua lima isolat sebagai Xanthomonas oryzae pv. oryzicola 
(nombor kemasukan data GenBank (MH560793-MH560797). Kesemua isolat 
menunjukkan reaksi hipersensitif terhadap Nicotiana tabacum. Isolat TKC1 
merupakan isolat yang paling virulen, menghasilkan 6.78 cm panjang lesi 
berbanding empat isolat lain dalam ujian kepatogenan. 
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Daripada dua puluh actinomycetes antagonis Xoc, 60% daripadanya adalah 
daripada pelbagai spesis Streptomyces. Actinomycetes daripada rizosfera, 
SS8 menunjukkan aktiviti antagonis yang tinggi (p<0.05) dengan nilai 
perencatan sebanyak 17.67 mm, diikuti dengan TKSC3 (14.00 mm).  Isolat 
SS8 dan TKSC3 masing-masing dikenalpasti sebagai sebagai Streptomyces 
sp SW4-2S dan Streptomyces shenzhenensis melalui amplifikasi 16s rRNA. 
Kedua-dua isolat menunjukkan potensi sebagai pengeluar enzim hidrolisis dan 
penggalak pertumbuhan pokok berdasarkan penilaian in vitro. 
 
 
Penilaian in vitro menunjukkan pembakteriaan biji benih selama 12 jam melalui 
rawatan tunggal atau konsortium daripada isolat TKSC3 dan SS8 memberi 
penambahbaikan yang signifikan (p<0.05) terhadap percambahan biji benih 
dan indeks pertumbuhan. Kedua-dua TKSC3 dan SS8 berupaya mengkoloni 
pada akar dan merupakan streptomycetes bersifat endofit dengan purata 
populasi antara 0.66 ke 6.52 x 103 CFU/g  dalam akar pada anak benih yang 
telah 10 hari dirawat dengan cara pambakteriaan biji benih. Rawatan 
konsortium (TKSC3+SS8) menunjukkan nilai yang tinggi untuk parameter 
pertumbuhan pokok, jumlah klorofil, kandungan nutrien tanah dan daun melalui 
eksperimen rumah kaca. Rawatan konsortium (TKSC3+SS8) juga 
menunjukkan keberkesanan kawalan penyakit BLS yang paling tinggi pada 
81.02% dengan nilai AUDPC yang terendah iaitu 95.79. Rawatan tunggal dan 
konsortium actinomycetes berjaya mengawal penyakit BLS dengan 
mempertingkatkan pengumpulan enzim berkaitan pertahanan pada pokok padi. 
Enzim peroxidase, polyphenol oxidase, phenyl ammonia lyase dan β,1-3 
glucanase telah dipertingkatkan dalam pokok yang dirawat dengan 
actinomycetes dibandingkan dengan pokok yang tidak dirawat bermula 2 hari 
selepas inokulasi patogen. Kajian ini mengesahkan actinomycetes mempunyai 
potensi yang besar sebagai penggalak pertumbuhan pokok dan agen kawalan 
biologi terhadap patogen Xoc. 
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CHAPTER 1 

  

INTRODUCTION 

 

Rice is the most widely grown crop in the world and also staple food of more 
than 50% of the world’s population (Chauhan et al. 2017). However, rice 
production is vulnerable to various diseases and bacterial leaf streak (BLS) is 
one of the constraints. The disease is widely distributed in tropical and 
subtropical Asian countries including China, Thailand, Malaysia, India, 
Vietnam, Phillippines and Indonesia (Nino-Liu et al., 2006). Xanthomonas 
oryzae pv. oryzicola (Xoc) is known as the causal pathogen for BLS disease. 
Xoc is highly related to Xanthomonas oryzae pv. oryzae (Xoc), the causal 
agent of Bacterial Leaf Blight (BLB) disease on rice. Both are phenotypically 
and genotypically highly related and difficult to differentiate (Wonni et al., 
2014).  
 
 
Cultivation of resistant varieties is one of the strategies to overcome BLS 
disease emergence. However, consecutive years of cultivation lead to disease 
susceptibility (Ouchdouch et al., 2001). Chemical and antibiotic application has 
also become an option, but cost and effectiveness frequently become an issue. 
Apart from that, highly dependence on chemical inputs causes several negative 
impacts on the development of plant resistance and effects on the environment 
(Compant et al., 2005). 
 
 
Biocontrol agent has received a major attention due to inexpensive, long lasting 
and safe alternative in controlling plant diseases (Aghighi et al., 2004). 
Biocontrol agents are beneficial microorganisms that suppress disease 
emergence through antibiosis, lysis mechanism, plant growth promotion and 
systemic resistance induction (Berg and Hallmann, 2006). Plant growth 
promoting activities such as indole acetic acid (IAA) production, siderophore 
production, phosphate solubilisation, hydrogen cyanide, ammonia production 
and nitrogen fixation characteristics indirectly help to combat disease 
development. Therefore, biological control through the use of plant growth-
promoting bacteria is the highlight among the potential solutions in disease 
control (Nelson, 2004).  
 
 
Actinomycetes especially Streptomyces species are widely recognized as 
industrially important microorganisms because of their ability to produce novel 
secondary metabolites. Actinomycetes present extensively in soil and 
rhizosphere as free living and root colonizing bacteria that enhance plant 
growth promotion, improve soil fertility and provide protection to the plant 
against pathogen (Anwar et al., 2016). According to Goodfellow and Simpson 
(1987), most actinomycetes in soil and rizosphere belong to the genus 
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Streptomyces and 75% of biologically active compounds are produced by this 
genus.  
 
 
Protection against pathogen in plant system can be achieved by plant growth-
promoting bacteria (PGPR) application. Introduction of PGPR strains at early 
plant growth stage mediate biocontrol effect indirectly by eliciting induced 
systemic resistance (ISR) against various pathogens (Heil and Bostock, 2002).  
ISR develops as a result of plant growth-promoting rhizobacteria (PGPR) 
colonization in plant roots and is mediated by a jasmonate- or ethylene-
sensitive pathway (Pieterse et al., 2014). Most PGPR-mediated ISR studies 
were related to Bacillus and Pseudomonas genus (Choudhary et al., 2007; 
Chithrashree et al., 2011).  
 
 
To date, documentation and information on Xoc strains in Malaysia was very 
limited. Apart from that, no specific and efficient treatment has been done to 
overcome the disease. Moreover, dual potentials of actinomycetes as 
biocontrol agent for BLS and plant promoter to the rice plant has yet been 
explored.  Therefore the objectives of this study were : 

1. To identify and characterize causal pathogen of BLS disease, Xoc, and 
to differentiate it from other X. oryzae pathovar, Xoo. 

2. To characterize and to determine the potential of actinomycetes as 
biocontrol agent against Xoc and as rice plant growth promoter. 

3. To evaluate the effectiveness of actinomycetes treatment in early rice 
growth promotion and BLS suppression through the induction of 
defense-related enzymes 
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