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ABSTRACT

Basal Stem Rot (BSR) disease caused by Ganoderma boninense is thriving rapidly
within oil palm plantations, especially in Indonesia and Malaysia. This study
illustrates the potential of combination of three phenolic acids at the ratio of 1:1:1
(w/w); caffeic acid (CA), syringic acid (SA) and 4-hydroxybenzoic acid (4-HBA) in
suppressing G. boninense colonization and its effect to soil microbial community.
There were four objectives being carried out in this master’s thesis. The first
objective is to evaluate the in vitro antifungal activity of phenolic acids against
Ganoderma boninense and possible development of resistance. Cell assay plates
with different concentrations of phenolic acids combination; 0.0, 0.1 mg, 0.2 mg,
0.3 mg, 0.4 mg, 0.5 mg and 2.5 mg mL-1 were prepared by incorporating the
respective phenolic acids into Potato Dextrose Agar (PDA). For antifungal assays,
the growth of G. boninense was inhibited as the concentration of phenolic acids
increased. G. boninense in 0.1 to 0.3 mg mL-1 concentrations of phenolic acids was
able to reach the maximum growth as in the control plates at the end of the
experiment. Phenolic acids with concentrations of 0.4 and 0.5 mg mL-1 gave a
significant slower growth rate of the pathogen compared to control, thus G.
boninense was unable to reach the maximum growth as controls after 14 days of
incubation. The highest concentration of phenolic acids (2.5 mg mL-1) had inhibited
the growth of G. boninense completely. While for the study on possible resistance
of G. boninense to phenolic acids, G. boninense was transferred to new cell assay
plates containing higher concentration of phenolic acids than the previous cell assay
plates. The results showed that G. boninense was incapable to develop resistance
to higher concentrations of phenolic acids (0.5 and 2.5 mg mL-1). Throughout the
incubation period where G. boninense was cultured in cell assay plates containing
phenolic acids, there were colour changes occurred to the culture and media itself
which indicated the process of phenolic acids degradation. The colour intensity of
culture was changed from light brown to dark brown when the concentration of
phenolic acids increased. The second objective is to observe the in planta
antifungal activity of phenolic acids against Ganoderma boninense through
Scanning Electron Microscope (SEM) examination. The Scanning Electron
Microscope (SEM) examination and in vitro bioassay showed that the phenolic acids
reduced the branching of mycelium and affected the growth of G. boninense
mycelium. When the infected oil palm seedling was treated with the phenolic acids,
the roots of oil palm seedling showed a reduction in disease symptoms, such as the
obstruction on xylem bundles and vessels. The third objective is to quantify the
ergosterol content (fungal biomass) of Ganoderma-infected oil palm trees after
treated with phenolic acids. There were four concentrations of phenolic acids
combination being tested in this study, which were 1.0, 2.0, 3.0 and 4.0 g. All
concentrations were capable to suppress the colonization of Ganoderma in infected
oil palm trees. However, the concentration 4.0 g was the most effective in
suppressing Ganoderma ergosterol, the fungal sterol in infected tissues.
Ganoderma Selective Media (GSM) was used to further confirm the presence of
Ganoderma besides extraction of ergosterol from the infected tissues. Ganoderma
was successfully isolated on GSM after one week of incubation from all infected
tissues. The last objective is to investigate the effect of phenolic acids to soil
microbial community. Positive changes were observed in the composition of the soil
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microbes after the application of phenolic acids although it was a slightly increase.
The application of phenolic acids into the soil had introduced the presence of some
beneficial microorganisms. Besides, the application of phenolic acids did not cause
an adverse effect on the microorganism communities in soil. This study showed
that the combination of three phenolic acids; caffeic acid, syringic acid and 4-
hydroxybenzoic acid at the ratio 1:1:1 (w/w) provided a promising result in
suppressing the colonization of G. boninense under different environmental
circumstances. Therefore, the combination of phenolic acids could be a potential
fungicide to suppress the colonization of G. boninense in oil palm plantation in near
future.

Keywords: Basal Stem Rot, Ganoderma boninense, phenolic acids, syringic acid,
caffeic acid, 4-hydroxybenzoic acid
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ABSTRAK

KEBERKESANAN ASID FENOLIK TERPILIH DALAM MENGAWAL
Ganoderma boninense DAN KESANNYA TERHADAP KOMUNITI MIKROB

TANAH

Penyakit Reput Pangkal Batang (RPB) yang disebabkan Ganoderma boninense
tersebar luas dalam ladang kelapa sawit, terutamanya di Indonesia dan Malaysia.
Kajian ini menunjukkan potensi gabungan tiga asid fenolik pada nisbah 1:1:1 (w/w);
asid caffeic (CA), asid syringic (SA) dan asid 4-hydroxybenzoic (4-HBA) dalam
membendung penularan G. boninense dan kesannya terhadap komuniti mikrob
tanah. Terdapat empat objektif yang dijalankan dalam tesis sarjana ini. Objektif
yang pertama adalah untuk menilai aktiviti anti-kulat in vitro asid fenolik terhadap
Ganoderma boninense dan kemungkinan kewujudan resistan. Plat cerakin sel
dengan kepekatan gabungan asid fenolik yang berbeza; 0.0, 0.1 mg, 0.2 mg, 0.3
mg, 0.4 mg, 0.5 mg dan 2.5 mg mL-1 telah disediakan dengan menggabungkan
asid fenolik masing-masing ke dalam Potato Dextrose Agar (PDA). Untuk ujian anti-
kulat, pertumbuhan G. boninense telah dihalang apabila kepekatan asid fenolik
meningkat. G. boninense dalam kepekatan asid fenolik 0.1 sehingga 0.3 mg mL-1
dapat mencapai pertumbuhan maksimum seperti dalam plat kawalan. Asid fenolik
dengan kepekatan 0.4 dan 0.5 mg mL-1 memberikan kadar pertumbuhan patogen
yang ketara lebih perlahan berbanding dengan kawalan, jadi G. boninense tidak
dapat mencapai pertumbuhan maksimum seperti dalam plat kawalan selepas 14
hari pengeraman. Kepekatan tertinggi asid fenolik (2.5 mg mL-1) telah menghalang
pertumbuhan G. boninense sepenuhnya. Manakala bagi kajian ke atas
kemungkinan resistan G. boninense terhadap asid fenolik, G. boninense telah
dipindahkan ke plat cerakin sel baru yang mengandungi kepekatan asid fenolik
yang lebih tinggi daripada plat cerakin sel yang sebelumnya. Hasil kajian
menunjukkan bahawa G. boninense tidak mampu untuk membentuk resistan
terhadap kepekatan asid fenolik yang lebih tinggi (0.5 dan 2.5 mg mL-1). Sepanjang
tempoh pengeraman di mana G. boninense dikulturkan dalam plat cerakin sel yang
mengandungi asid fenolik, terdapat perubahan warna berlaku kepada kultur dan
media itu sendiri yang menunjukkan proses degradasi asid fenolik. Keamatan
warna kultur telah bertukar daripada coklat terang kepada coklat gelap apabila
kepekatan asid fenolik meningkat. Objektif yang kedua adalah untuk memerhatikan
aktiviti anti-kulat in planta asid fenolik terhadap Ganoderma boninense melalui
pemeriksaan Scanning Electron Microscope (SEM). Pemeriksaan Scanning Electron
Microscope (SEM) dan bioesei in vitro menunjukkan bahawa asid fenolik
mengurangkan cabangan miselium dan menjejaskan pertumbuhan miselium G.
boninense. Apabila anak pokok kelapa sawit yang dijangkiti telah dirawat dengan
asid fenolik, akar anak pokok tersebut menunjukkan pengurangan dalam gejala
penyakit, seperti halangan pada bahagian xilem. Objektif yang ketiga adalah untuk
mengukur kandungan ergosterol (biomass kulat) pokok kelapa sawit yang dijangkiti
oleh Ganoderma selepas dirawat dengan asid fenolik. Terdapat empat kepekatan
gabungan asid fenolik yang diuji dalam kajian ini, iaitu 1.0, 2.0, 3.0 dan 4.0 g.
Kesemua kepekatan ini mampu untuk menghalang penularan Ganoderma dalam
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pokok-pokok kelapa sawit yang dijangkiti. Walau bagaimanapun, kepekatan 4.0 g
adalah yang paling berkesan dalam mengurangkan ergosterol Ganoderma, sterol
fungi dalam tisu yang dijangkiti. Ganoderma Selective Media (GSM) telah digunakan
untuk mengesahkan lagi kehadiran Ganoderma selain pengekstrakan ergosterol
dari tisu yang dijangkiti. Ganoderma telah berjaya diasingkan di GSM dari semua
tisu yang dijangkiti selepas pengeraman selama seminggu. Objektif yang terakhir
adalah untuk menyiasat kesan asid fenolik terhadap komuniti mikrob tanah.
Perubahan positif telah diperhatikan dalam komposisi mikrob tanah selepas aplikasi
asid fenolik walaupun ia menunjukkan sedikit peningkatan. Aplikasi asid fenolik ke
dalam tanah telah menarik kehadiran beberapa mikroorganisma berfaedah. Selain
itu, aplikasi asid fenolik tidak menyebabkan kesan yang buruk terhadap komuniti
mikroorganisma dalam tanah. Kajian ini menunjukkan bahawa gabungan tiga asid
fenolik; asid caffeic, asid syringic dan asid 4-hydroxybenzoic pada nisbah 1:1:1
(w/w) telah memberikan hasil yang memberangsangkan dalam mengurangkan
penularan G. boninense di bawah keadaan alam sekitar yang berbeza. Oleh itu,
kombinasi asid fenolik ini boleh dijadikan racun kulat yang berpotensi untuk
mengawal G. boninense di ladang kelapa sawit pada masa hadapan.

Kata kunci: Reput pangkal batang, Ganoderma boninense, asid fenolik, asid
syringic, asic caffeic, asid 4-hydroxybenzoic



ix

TABLE OF CONTENTS

Page

TITLE i

DECLARATION ii

CERTIFICATION iii

ACKNOWLEDGEMENT iv

ABSTRACT v

ABSTRAK vii

TABLE OF CONTENTS ix

LIST OF FIGURES xv

LIST OF TABLES xix

LIST OF SYMBOLS, UNITS AND ABBREVIATIONS xxi

LIST OF APPENDICES xxiii

CHAPTER 1: INTRODUCTION 1

1.1 Background 1

1.2 Research objectives 3

CHAPTER 2: LITERATURE REVIEWS 4

2.1 Oil palm 4

2.2 Basal Stem Rot (BSR) 7

2.2.1 Economic importance 8

2.3 Ganoderma boninense 9

2.3.1 Mode of infection and epidemiology 11

2.3.1.1 Root infection 11

2.3.1.2 Role of basidiospores 12

2.3.2 Pathogenicity 15

2.4 Detection of Ganoderma boninense 17

2.5 Management of Ganoderma diseases 21

2.5.1 Soil mounding 21

2.5.2 Surgery 21

2.5.3 Isolation trenching 22



x

2.5.4 Sanitation 22

2.5.5 Ploughing and harrowing 23

2.5.6 Planting legume cover crops (LCC) 23

2.5.7 Chemical treatment 23

2.5.8 Biological control 24

2.5.9 Resistant planting materials and screening for resistance 25

2.5.10 Fertilizer inputs 26

2.6 Plants secondary metabolites 26

2.6.1 Phenolics 29

2.6.2 Plants synthesize phenolics in response to biotic and

abiotic stress 32

2.6.3 Phenolics in plant defence 32

CHAPTER 3: EVALUATION ON THE in vitro ANTIFUNGAL

ACTIVITY OF PHENOLIC ACIDS AGAINST

Ganoderma boninense AND POSSIBLE

DEVELOPMENT OF RESISTANCE 34

3.1 Introduction 34

3.2 Materials and methods 35

3.2.1 Fungal isolates 35

3.2.2 Preparation of cell assay plates 35

3.2.3 Antifungal activity of phenolic acids against

Ganoderma boninense 35

3.2.4 Possible resistance of Ganoderma boninense to phenolic

acids 36

3.2.5 Colour changes of Ganoderma boninense culture after

treated with phenolic acids 36

3.3 Results 37

3.3.1 Antimicrobial activity of phenolic acids against

Ganoderma boninense 37

3.3.2 Development of resistance of Ganoderma boninense

to phenolic acids 38

3.3.3 Colour changes of Ganoderma boninense culture 41



xi

3.4 Discussions 42

3.4.1 Inhibition of Ganoderma boninense 42

3.4.2 Ability of Ganoderma boninense to develop resistance 43

3.5 Conclusion 45

CHAPTER 4: OBSERVATION ON THE in planta ANTIFUNGAL

ACTIVITY OF PHENOLIC ACIDS AGAINST

Ganoderma boninense THROUGH

SCANNING ELECTRON MICROSCOPE (SEM)

EXAMINATION 46

4.1 Introduction 46

4.2 Materials and methods 47

4.2.1 Fungal isolates 47

4.2.2 Plant materials 47

4.2.3 Scanning Electron Microscope (SEM) examination of

Ganoderma boninense mycelia treated with different

concentrations of phenolic acids 47

4.2.3.1 Preparation of Ganoderma boninense

culture and phenolic acids for

microscopical examination 47

4.2.3.2 Sample preparation of Ganoderma

boninense mycelia for Scanning

Electron Microscope (SEM) examination 48

4.2.4 Scanning Electron Microscope (SEM) examination of oil

palm tissues challenged with Ganoderma boninense 48

4.2.4.1 Preparation of Ganoderma boninense

inoculum using rubber wood blocks 48

4.2.4.2 Inoculation of oil palm seedlings with

Ganoderma boninense-colonized rubber

wood blocks 49

4.2.4.3 Preparation and application of phenolic

acids to infected oil palm seedlings 49



xii

4.2.4.4 Sample preparation of roots for Scanning

Electron Microscope (SEM) 50

4.3 Results 51

4.3.1 Microscopic observation of Ganoderma boninense

mycelium 51

4.3.2 Microscopic observation of roots of oil palm seedlings 52

4.4 Discussions 55

4.4.1 Effect of phenolic acids on Ganoderma boninense

growth 55

4.4.2 Synergy effect of phenolic acids to Ganoderma

boninense in infected oil palm seedlings roots 55

4.5 Conclusion 56

CHAPTER 5: QUANTIFICATION OF THE ERGOSTEROL

CONTENT (FUNGAL BIOMASS) OF

Ganoderma-INFECTED OIL PALM TREES

AFTER TREATED WITH PHENOLIC ACIDS 57

5.1 Introduction 57

5.2 Materials and methods 58

5.2.1 Experimental site 58

5.2.2 Oil palm tissues collection for screening of Ganoderma

boninense infection 58

5.2.3 Extraction of ergosterol from the oil palm tissues 59

5.2.4 Analysis and quantification of ergosterol using HPLC

and ergosterol standard 59

5.2.5 Preparation and application of phenolic acids to infected

palms 60

5.2.6 Assessment on Ganoderma viability and colonization

based on ergosterol content 61

5.2.7 Isolation of fungus on Ganoderma Selective Media (GSM) 61

5.2.8 Ganoderma Colony Forming Unit (CFU) 62

5.2.9 Statistical analysis 63



xiii

5.3 Results 63

5.3.1 Ergosterol analysis 63

5.3.2 Isolation of Ganoderma 66

5.3.3 Ganoderma colony forming 66

5.4 Discussions 66

5.4.1 Ergosterol as an estimation of Ganoderma colonization 66

5.4.2 Isolation of Ganoderma 68

5.5 Conclusion 68

CHAPTER 6: INVESTIGATION ON THE EFFECT OF

PHENOLIC ACIDS TO SOIL MICROBIAL

COMMUNITY 69

6.1 Introduction 69

6.2 Materials and methods 70

6.2.1 Preparation of culture media 70

6.2.1.1 Potato dextrose agar (PDA) 70

6.2.1.2 Nutrient agar (NA) 71

6.2.1.3 Malt extract agar (MEA) 71

6.2.1.4 Oatmeal agar 71

6.2.2 Preparation and application of phenolic acids into soil 71

6.2.3 Soil sampling 71

6.2.4 Serial dilution and plate inoculation of soil mixture

solution 72

6.2.5 Colony Forming Unit (CFU) 72

6.2.6 Isolation of soil microbes from soil samples 72

6.2.6.1 Isolation of fungi 72

6.2.6.2 Isolation of bacteria 72

6.2.6.3 Isolation of yeast 73

6.2.7 Biolog identification of soil microbes from oil palm

plantation’s soil 73

6.2.7.1 Identification of fungi 73

6.2.7.2 Identification of bacteria 73

6.2.7.3 Identification of yeast 74



xiv

6.3 Results 74

6.3.1 Soil microbial population 74

6.3.2 Microbes identification based on Biolog 78

6.4 Discussions 82

6.5 Conclusion 86

CHAPTER 7: GENERAL DISCUSSIONS AND CONCLUDING

REMARKS 87

REFERENCES 90

APPENDICES 118



xv

LIST OF FIGURES

Page

Figure 3.1 Growth diameter of G. boninense on cell assay plates

containing PDA incorporated with combination of three

phenolic acids; SA, CA and 4-HBA at different

concentrations (0.0, 0.1, 0.2, 0.3, 0.4, 0.5 and

2.5 mg mL-1). 37

Figure 3.2 Growth diameter of G. boninense after being

transferred from cell assay plates (0.1 mg mL-1) to

cell assay plates (0.2, 0.3, 0.4, 0.5 and 2.5 mg mL-1)

respectively. The concentrations tested and shown in

graph were with equal amount of each syringic acid,

caffeic acid and 4-hycroxybenzoic acid. 38

Figure 3.3 Growth diameter of G. boninense after being

transferred from cell assay plates (0.2 mg mL-1) to

cell assay plates (0.3, 0.4, 0.5 and 2.5 mg mL-1)

respectively. The concentrations tested and shown in

graph were with equal amount of each syringic acid,

caffeic acid and 4-hycroxybenzoic acid. 39

Figure 3.4 Growth diameter of G. boninense after being

transferred from cell assay plates (0.3 mg mL-1) to

cell assay plates (0.4, 0.5 and 2.5 mg mL-1)

respectively. The concentrations tested and shown in

graph were with equal amount of each syringic acid,

caffeic acid and 4-hycroxybenzoic acid. 39



xvi

Figure 3.5 Growth diameter of G. boninense after being

transferred from cell assay plates (0.4 mg mL-1) to

cell assay plates (0.5 and 2.5 mg mL-1) respectively

and from cell assay plates (0.5 mg mL-1) to

cell assay plates (2.5 mg mL-1). The concentrations

tested and shown in graph were with equal amount

of each syringic acid, caffeic acid and

4-hycroxybenzoic acid. 40

Figure 3.6 (a) The pure G. boninense culture was white in

colour. The colour intensity of the culture changed

from (b): light brown to (c): dark brown as the

concentration of phenolic acids increased.

Bar size: 2 cm 41

Figure 3.7 Brown colour patch formation on the media

surrounding the G. boninense plug on PDA amended

with 2.5 mg mL-1 of syringic acid, caffeic acid and

4-hydroxybenzoic acid respectively. Bar size: 2 cm 44

Figure 4.1 Antifungal effect of phenolic acids; combination of

caffeic acid, syringic acid and 4-hydroxybenzoic acid

at the ratio 1:1:1 (w/w) on G. boninense mycelium in

cell assay plates at day 7. (a) The mycelium of

G. boninense from a control plate cultured in the

absence of phenolic acids. (b) The mycelium of

G. boninense from a cell assay plate incorporated

with phenolic acids 0.1 mg mL-1. (c) The mycelium

of G. boninense from a cell assay plate incorporated

with phenolic acids 0.5 mg mL-1. (a)-(c): SEM images

showed the differences in mycelium morphology

(circled part). (a)-(c) Bar: 10 µm. 51



xvii

Figure 4.2 Synergy effect of phenolic acids; combination of

caffeic acid, syringic acid and 4-hydroxybenzoic acid at

the ratio 1:1:1 (w/w) on oil palm seedlings. (a) The

cross section of xylem bundles from the root of

healthy oil palm seedling without treated with

phenolic acids. (b) The cross section of xylem bundles

from the root of oil palm seedling after inoculated with

G. boninense. (c) The cross section of xylem bundles

from the root of oil palm seedling (inoculated with

G. boninense) which was treated with 1 g a.i of

phenolic acids. (a)-(c): SEM images showed the

differences in pores structure of xylem bundles

(circled part). (a)-(c) Bar: 100 µm. 53

Figure 4.3 Synergy effect of phenolic acids; combination of

caffeic acid, syringic acid and 4-hydroxybenzoic acid at

the ratio 1:1:1 (w/w) on oil palm seedlings. (a) The

cross section of xylem vessels from the root of healthy

oil palm seedling without treated with phenolic acids.

(b) The cross section of xylem vessels from the root

of oil palm seedling after inoculated with G. boninense.

(c) The cross section of xylem vessels from the root

of oil palm seedling (inoculated with G. boninense)

which was treated with 1 g a.i of phenolic acids.

(a)-(c): SEM images showed the differences in pores

structure of xylem vessels (circled part).

(a)-(c) Bar: 100 µm. 54

Figure 5.1 Integration of absorbance at 282 nm plotted

against the concentration of standard ergosterol. 60



xviii

Figure 5.2 Chromatogram showing the absence of ergosterol in

trunk tissue from the healthy palms. No peak was

found at the retention time of 7.0-8.0 min which

corresponding to ergosterol (arrowed). The first

peak is from methanol. 63

Figure 5.3 Chromatogram showing the detection of ergosterol

from trunk tissue of the infected palms at retention

time of 7.119 min. The peak corresponding to

ergosterol is arrowed. The first peak is from

methanol. 64

Figure 5.4 The difference in ergosterol concentration (µg g-1)

of oil palm infected trunk tissues before and after

12 months of treatments where the treatments were

applied twice at six months interval. No ergosterol

was detected in healthy palms tissues. Each

treatment had 10 replicates. Mean with the same

alphabet(s) are not significantly different at p<0.05. 65

Figure 5.5 Mycelia of Ganoderma from infected tissues grown

on GSM. Similar results obtained from tissues treated

with hexaconazole and different concentrations of

phenolic acids. Bar size: 2 cm. 66



xix

LIST OF TABLES

Page

Table 2.1 Loss of a single palm killed by BSR at the age of 10,

15 and 20 years 8

Table 2.2 Tolerant progeny of oil palm against Ganoderma 25

Table 2.3 Susceptibility of different parent materials against

Ganoderma 26

Table 3.1 Volume of stock solution (phenolic acids) required

for agar preparation with different final

concentrations (0.1 mg, 0.2 mg, 0.3 mg, 0.4 mg,

0.5 mg and 2.5 mg mL-1). 35

Table 6.1 Types of microorganisms isolated from soil collected

at Sawit Kinabalu’s Langkon Estate, Sabah before the

application of phenolic acids. The isolated

microorganisms were divided into groups based on

their morphology (in CFU g-1 of soil sample weight). 75

Table 6.2 Types of microorganisms isolated from soil collected

at Sawit Kinabalu’s Langkon Estate, Sabah after the

application of phenolic acids. The isolated

microorganisms were divided into groups based on

their morphology (in CFU g-1 of soil sample weight). 77

Table 6.3 Identity of microorganisms isolated from soil collected

at Sawit Kinabalu’s Langkon Estate, Kota Marudu,

Sabah before the application of phenolic acids

(CA:SA:4-HBA) at the ratio of 1:1:1 (w/w) based

on Biolog. 79



xx

Table 6.4 Identity of microorganisms isolated from soil collected

at Sawit Kinabalu’s Langkon Estate, Kota Marudu,

Sabah after the application of phenolic acids

(CA:SA:4-HBA) at the ratio of 1:1:1 (w/w) based

on Biolog. 81



xxi

LIST OF SYMBOLS, UNITS AND ABBREVIATIONS

% Percentage

°C Degree celcius

± plus-minus

µg mL-1 Microgram per milliliter

µg g-1 Microgram per gram

µg Microgram

µL Microliter

µm Micrometer

4-HBA 4-hydroxybenzoic acid

a.i Active Ingredients

ANOVA Analysis of Variance

BSR Basal Stem Rot

CA Caffeic acid

CFU Colony Forming Unit

cm Centimeter

CPO Crude palm oil

CRD Completely Randomized Design

D x P Dura x Pisifera

et al. et alia (and others)

FF Filamentous Fungi

FFB Fresh fruit bunches

g Gram

G.B Ganoderma boninense

GSM Ganoderma Selective Media

h hour

ha Hectare

HPLC High Performance Liquid

Chromatography

IF Inoculation Fluid

kg Kilogram

kPa Kilopascal



xxii

L Liter

m Meter

MEA Malt extract agar

mg Milligram

min Minute

mL min-1 Milliliter per minute

mL Milliliter

mm Millimeter

MPOB Malaysian Palm Oil Board

NA Nutrient agar

nm Nanometer

PCR Polymerase Chain Reaction

PDA Potato dextrose agar

PVC Polyvinyl chloride

RWB Rubber wood block

SA Syringic acid

SEM Scanning Electron Microscope

spp. Species

SPSS Statistical Package for Social Science

USR Upper Stem Rot


