Il
UNIVERSITI PUTRA MALAYSIA

CONTROL OF GRAY MOLD ROT DISEASE OF TOMATO CAUSED BY
Botrytis cinerea WITH EMULSION FORMULATED FROM Moringa oleifer
Lam. CRUDE EXTRACT

TIJJANI AHMADU

FP 2018 46




/ lmﬂzsngmwsu
]l

CONTROL OF GRAY MOLD ROT DISEASE OF TOMATO CAUSED BY
Botrytis cinerea WITH EMULSION FORMULATED FROM Moringa oleifer
Lam. CRUDE EXTRACT

By

TIJJANI AHMADU

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in
Fulfillment of the Requirements for the Degree of Doctor of Philosophy

December 2017



COPYRIGHT

All material contained within the thesis, including without limitation text, logos, icons,
photographs and all other artwork, is copyright material of Universiti Putra Malaysia
unless otherwise stated. Use may be made of any material contained within the thesis
for non-commercial purposes from the copyright holder. Commercial use of material
may only be made with the express, prior, written permission of Universiti Putra
Malaysia.

Copyright © Universiti Putra Malaysia



DEDICATION

The work in this thesis is dedicated to the memory of my late father Haji Ahmad T.
Yusuf (30/01/1928-15/10/1969), to my beloved Mom Juwairiyya Haji Idris and my
entire family.



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

CONTROL OF GRAY MOLD ROT DISEASE OF TOMATO CAUSED BY
Botrytis cinerea WITH EMULSION FORMULATED FROM Moringa oleifer
Lam. CRUDE EXTRACT

By

TIJJANI AHMADU

December 2017
Chairman : Assoc. Prof. Khairulmazmi Ahmad, PhD
Faculty x Agriculture

Series of laboratory experiments were conducted with emphasis on the preparation of
nano-emulsion formulations from active compounds in Moringa oleifera crude extracts
and in vitro and in vivo evaluation of their bio-efficacy against Botrytis cinerea causing
gray mold rot disease on tomato. In total, nine isolates were successfully isolated from
infected tomato sampled from Cameron Highlands, Pahang, Malaysia in 2015. The
isolates were identified based on morpho-cultural characteristics such as mycelial
texture, conidia shapes and sizes, and sclerotia forms. Conidia (n=40) measured 9.7-
17.1 x 6.6-10.5 um, were smooth one-celled, ellipsoidal, globose or ovate and borne in
clusters on branching tree-like conidiophores. To confirm the morphological
identification, the primer pair ITS4/ITS5 (ITS region) of rDNA and part of
Glyceraldehyde-3-phosphate  dehydrogenase gene (G3PDH) were used for
amplification and sequencing of the isolates (BCHO1 to BCHO09). The sequences
obtained (GenBank Accession No. KU992692-KU992700 for ITS and KY201456-
KY201464 for G3PDH) showed 99-100% homology with B. cinerea isolates in the
GenBank nucleotides database. Based on the pathogenicity assay, the isolates showed
variations in their levels of severity. In ripen tomato fruits, the per cent disease
severity ranged from 36 to 97%, with maximum per cent observed in BCHO7 (97%)
and minimum in BCHO4 (36%). Among the organic solvents used in the extraction of
the bioactive compounds, methanol gave the highest (14.16%) percentage extraction
yield compared to ethanol (10.23%), ethyl acetate (5.24%), hexane (2.3%) and distilled
water (1.71%). SEM and TEM micrographs on the effect of the crude extracts of M.
oleifera on the conidia and mycelium of B. cinerea treated with MIC concentration
revealed irreversible surface and ultra-structural changes that include lysis, shrinkage,
pore formation, aggregation and vacuolation compared to the controls. The results of
GC-MS led to the identification of 67 volatile chemical compounds with n-
Hexadecanoic acid, Malonic acid, 6-decanoic acid, (Z)-, .beta.-I-Rhamnofuranoside,5-
O-acetyl-thio-octyl-, 2-Dimethyl (trimethylsilylmethyl) silyloxymethyl
tetrahydrofuran, and 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- as the
predominant in the extract. Further chemical elucidation of the crude extracts



performed with LC-MS/MS showed the presence of phenylvaleric acid, caffeic acid
derivative, quinic acid, apigenin-6,8-di-C-p-D-glucopyranoside (Vicenin Il) , Apigenin
6 C glucoside, quercetin-3-O-glucoside dimer and kaempferol 3-0 glucoside dimer as
the major non-volatile chemical compounds, which are mostly flavones, flavonois and
phenolic acids. The results on the characterization of the formulations showed that all
formulations were stable at 25°C for two months and 54°C for one month. All
formulations have particle size of less than 100 nm, PDI from 0.108-0.415, surface
tension below 30 mN/m, viscosity less than 60 mPas, zeta potentials less than 40 mV
and pH less than 6.00. TEM micrographs of the formulations confirmed the spherical
shape of nano-emulsions and the particle size of less than 100 nm as measured with
Malvern Zsizer instrument. The results of SEM and TEM micrographs on the effect of
the formulations on the conidia and mycelium of B. cinerea confirmed the irreversible
surface and ultra-structural alterations such aggregation, abnormal growth, lysis,
reduced hyphal diameter and length, destruction of the organelles and irregular cell
wall shape compared to the controls. In vivo evaluation was conducted with healthy
tomato fruits via preventive and curative treatments. The results on in vivo indicated
93.3% to 100% disease reduction in treated fruits under preventive method compared
with 0% in the negative controls. Results on the effects of the formulations on the post-
harvest quality of the fruits showed that % weight loss was as low as 0.72%, loss in
firmness (3.09%) and CIE values (L*=37.72, a*=29.15, b*=19.98) for colour, on
tomatoes treated with F13 the formulations under preventive method. Similarly,
chemical analysis of the F13 formulations treated fruits showed that the final percent
TSS was 4.18%, AA (20.95 mg/ml), TA (0.34%) and pH (4.05). Mineral content
analysis revealed that tomatoes treated with F13 formulations gave the best results on
mineral contents with K (201.96 mg/ml), Ca (28.29 mg/ml), Mg (20.56 mg/ml) and Zn
(0.42 mg/ml).
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Eksperimen makmal telah dilakukan berterusan dengan memberi fokus terhadap
langkah penyediaan formulasi nano-emulsi sebatian aktif daripada ekstrak mentah
Moringa oleifera dan penilaian terhadap keberkesanan produk terhadap Botrytis
cinerea yang menyebabkan penyakit reput kulat kelabu pada tomato secara in vitro dan
in vivo. Kesemua sembilan pencilan berjaya disisinkan daripada sampel buah tomato
terjangkit dari Cameron Highland, Pahang, Malaysia pada tahun 2015. Pencilan telah
dikenalpasti berdasarkan ciri-ciri morfo-kultur seperti tekstur miselia, bentuk dan saiz
konidia, serta bentuk sklerotia. Ukuran konidia (n=40) adalah 9.7-17.1 x 6.6-10.5 um,
licin dan mempunyai satu sel, elipsoid, globos atau ovat dan terhasil secara
berkelompok pada konidiofor yang bercabang seperti pokok. Untuk mengesahkan
pengecaman morfologi, sepasang primer ITS4/ITS5 (kawasan ITS) daripada rDNA dan
sebahagian gen Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) digunakan
untuk tujuan amplifikasi dan penjujukan pencilan tersebut (BCHO1 - BCH09). Jujukan
yang diperolehi (Number kemasukan GenBank KU992692-KU992700 untuk ITS dan
KY201456-KY201464 untuk G3PDH) menunjukkan 99-100% homologi dengan
pencilan B. cinerea dalam pangkalan data nukleotida GenBank. Berdasarkan ujian
patogenisiti, pencilan-pencilan tersebut menunjukkan variasi tahap keparahan penyakit.
Peratus keparahan penyakit adalah di antara 36-97% pada buah tomato yang masak,
dengan peratus maksimum dicatatkan oleh BCHO7 (97%) dan minimum oleh BCHO04
(36%). Di kalangan pelarut organik yang diuji dalam pengekstrakan sebatian bioaktif,
metanol menunjukkan peratus hasil pengekstrakan tertinggi (14.16%) berbanding
pelarut yang lain. Mikrograf SEM dan TEM oleh ekstrak mentah M. oleifera terhadap
konidia dan miselia B. cinerea yang dirawat pada kepekatan MIC menunjukkan
kerosakan kekal permukaan dan stuktur ultra seperti lisis, pengecutan, pembentukan
liang, penggumpalan dan pemvakulan berbanding dengan rawatan kawalan. Dapatan
dari GC-MS telah membawa kepada pengenalpastian 67 sebatian kimia meruap dengan
asid n-Hexadecanoik, asid Malonik, asid 6-decanoik, (Z) -, .beta.-I-Rhamnofuranoside,
5-O-asetil-thio- oktil, 2-Dimetil (trimethylsilylmethyl) silyloxymethyl tetrahydrofuran,
dan 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- sebagai pradominan dalam



ekstrak. Penjelasan kimia selanjutnya mengenai ekstrak mentah yang dijalankan oleh
LC-MS/MS menunjukkan kehadiran asid fenilvalerik, derivatif asid caffeic, asid
quinik, apigenin-6,8-di-C-B-D-glucopyranoside (Vicenin II), Apigenin 6 C glucoside,
dimensi quercetin-3-O-glucoside dan kaempferol 3-0 glucoside dimer sebagai sebatian
kimia utama yang tidak meruap, yang kebanyakannya flavon, flavonois dan asid
fenolik. Keputusan pencirian formulasi menunjukkan semua formulasi adalah stabil
pada 25°C selama dua bulan dan 54°C selama satu bulan. Semua formulasi mempunyai
saiz zarah kurang daripada 100 nm, PDI dari 0.108-0.415, ketegangan permukaan di
bawah 30 mN/m, kelikatan kurang daripada 60 mPas, potensi zeta kurang daripada 40
mV dan pH kurang daripada 6.00. Mikrograf TEM dari formulasi tersebut
mengesahkan nano-emulsi berbentuk sfera dan saiz zarah kurang dari 100 nm telah
diukur menggunakan alat Malvern Zsizer. Dapatan mikrograf SEM dan TEM ke atas
kesan formulasi terhadap konidia dan miselia B. cinerea mengesahkan terdapat kesan
kerosakan kekal terhadap permukaan dan struktur ultra seperti penggumpalan,
pertumbuhan tidak normal, lisis, pengecilan diameter dan panjang hifa, kerosakan pada
organel, bentuk dinding sel yang tidak sekata berbanding dengan rawatan kawalan.
Penilaian in vitro telah dilakukan pada buah tomato yang sihat melalui kaedah
pencegahan dan pemulihan. Keputusan in vivo menunjukkan pengurangan penyakit
93.3-100% pada buah-buahan yang dirawat dengan kaedah pencegahan berbanding 0%
pada rawatan kawalan negatif. Keputusan kesan formulasi F13 menggunakan kaedah
pencegahan terhadap kualiti selepas tuai tomato menunjukkan peratusan kehilangan
berat adalah serendah 0.72%, kehilangan ketegangan (3.09%), nilai CIE warna buah
tomato terawat (L*=37.72, a*=29.15, b*19.98). Begitu juga dengan analisis kimia
terhadap formulasi F13, buah yang dirawat menunjukkan bahawa peratusan akhir TSS
adalah 4.18%, AA (20.95 mg/ml), TA (0.34%) dan pH (4.05). Analisa kandungan
mineral mendedahkan bahawa formulasi tersebut mampu meningkatkan kandungan
mineral K (201.96 mg/ml), Ca (28.29 mg/ml), Mg (20.56 mg/ml), dan Zn (0.42
mg/ml).



ACKNOWLEDGEMENTS

Alhamdulillah, Glory be to Allah the most beneficient and most merciful. I thank Al-
mighty Allah for his continuous guidance and for giving me strength, patient and
determination to complete the study. Actually this thesis represents tireless efforts by
many people and the support of various institutions of which I would like to extend my
appreciations.

First, I wish to express my profound appreciation and gratitude to my chairman
supervisory committee Assoc. Prof. Dr. Khairulmazmi Ahmad for the dedication,
guidance, hospitality, encouragement and scientific training he gave me throughout the
period of the research. | also wish to express my sincere appreciation to my co-
supervisor Dr. Siti lzera Ismail for her guidance, tireless support, suggestions,
tenacious assistance, patience and outstanding function as a never failing mentor
throughout my study. I am also indebted to my co-supervisor Prof. Dzolkifli Omar for
his fatherly and scholarly advice throughout the period of this research. Their scientific
intuition have inspired me and enriched my growth as a student and a researcher.
Words alone cannot express my feelings for everything they have done for me.
However, may Al-mighty Allah bless and reward you abundantly for your efforts. | am
looking forward for future collaboration.

I am also grateful to Dr. Nor-Ayu Asib for her suggestions and assistance with
materials in the Toxicology Laboratory. My special thanks go to Pn Nor hayati Yusuf
of the Laboratori Bioubutan Molekul, Institut Biosains and the staff of Mycology 1 & 2
Laboratories, Molecular Laboratory, Bacteriology Laboratory, Toxicology Laboratory,
Food Science Laboratory and Post-harvest Laboratory for their valuable help and
support. Just needful to offer my sincere gratitude to some of the staff viz: Mrs.
Junaina, Mr. Shamsuddeen, Mr. Muhammad Nazri, Mrs. Asmalina, Mr. Johari and Mr.
Rozali for their assistance during the conduct of my research.

My appreciations also go to Tertiary Education Trust Fund (TETFund) of Nigerian
government and the management of Abubakar Tafawa Balewa University, Bauchi for
the study fellowship given to me to comfortably and successfully complete my study.
Special and warm thanks also go to Prof. S.A. Ibrahim the Vice Chancellor Abubakar
Tafawa Balewa University, Bauchi for his encouragement and speedy approvals to all
my financial requests throughout the period of this study.

During my study, | have a number of excellent friends and colleagues, but just to
mention few that include Malam Gambo Abdullahi, Muhammd Naseer, Ali Zagi Al-
bahely all PhD students in Entomolgy; Osamah Zaid, Habu Musa, Saidu A. Paiko,
Abdul-Azeez Bashir Kutawa, Wael Sultan, M. Ibrahim Mahmud, M. Tahir Shittu and
Muhammad Buhari. | am also tempted and indebted to personally thank my friends in
the Institute of Tropical Agriculture (ITA) Usman Magaji and Sulaima Babura for their
guidance in some of my laboratory works and data analysis. | also thank Mr Agada and
Mr Azhaar of Postharvest Laboratory for their guidance and assistance to conduct



postharvest quality and chemical analysis of my samples under their supervision in
their Laboratory.

To my family, I would like to thank to all my wives (Saudat, Hajara and Halimat) and
my lovely children (Abdulmannan, Abdussamad, Abdullahi, Abdurrahman, Algasim,
Ammar, Uwais, Yunus, Amatul-hakeem, Asma’u, Juwairiyya, Aminatu, Mu’azatu and
Maimunatu) for their inseparable support, dedication in prayers, love and persistent
confidence in me. | also thank my brother Ahmad Ubandi for overseeing my family
while | am away for this study. Finally, | thank all those that have contributed to the
successful completion of this thesis and my due apologies to those that | could not
mention them here.

Vi



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follows:

Khairulmazmi Ahmad, PhD
Associate Professor

Faculty of Agriculture
Universiti Putra Malaysia
(Chairman)

Siti Izera Ismail, PhD
Senior Lecturer

Faculty of Agriculture
Universiti Putra Malaysia
(Member)

Dzolkifli Omar, PhD
Professor

Faculty of Agriculture
Universiti Putra Malaysia
(Member)

ROBIAH BINTI YUNUS, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

viii



Declaration by Graduate Student

I hereby confirm that:

This thesis is my original work;

Quotations, illustrations and citations have been duly referenced:;

This thesis has not been submitted previously or concurrently for any other degree
at any other institutions;

Intellectual property from the thesis and copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

Written permission must be obtained from supervisor and the office of Deputy
Vice-Chancellor (Research and Innovation) before thesis is published (in the form
of written, printed or in electronic form) including books, journals, modules,
proceedings, popular writings, seminar papers, manuscripts, posters, reports,
lecture notes, learning modules or any other materials as stated in the Universiti
Putra Malaysia (Research) Rules 2012;

There is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia
(Research) Rules 2012. The thesis has undergone plagiarism detection software.

Signature: Date:

Name and Matric No.: Tijjani Ahmadu (GS41575)




Declaration by Members of Supervisory Committee

This is to confirm that:

e  The research conducted and the writing of this thesis was under our supervision

e  Supervision responsibilities as stated in Rules 41 in Rules 2003 (Revision 2012-
2013) were adhered to.

Signature:

Name of Chairman
of Supervosory
Committee: Assoc. Prof. Dr. Khairulmazmi Ahmad

Signature:

Name of Member
of Supervosory
Committee: Dr. Siti Izera Ismail

Signature:

Name of Member
of Supervosory
Committee: Dr. Dzolkifli Omar




ABSTRACT

ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVAL

DECLARATION
LIST OF TABLES
LIST OF FIGURES
LIST OF MICROGRAPHS
LIST OF ABBREVIATIONS

CHAPTER
1 INTRODUCTION
2 LITERATURE REVIEW
2.1 Tomato
2.1.1  Origin and diversity
2.1.2  Cultivation and uses
2.2 Postharvest fungal rot diseases of tomato
2.3 The pathogen: Botrytis cinerea
2.3.1  Taxonomy
2.3.2  The genus Botrytis
2.3.3  Botrytis cinerea
2.3.4  Distribution and host range
2.3.5  Pathogenesis of B. cinerea
2.3.6  Symptoms of diseases caused by B. cinerea
2.3.7  Disease cycle and epidemiology
2.4 Control measures
2.4.1  Chemical control
2.4.2  Biological control
2.4.3  Use of resistant varieties
2.4.4  Physical/Cultural methods
2.4.5  Use of plant-based pesticides
25 Moringa oleife
2.5.1 Biosafety and uses
2.5.2  Phytochemical profile
2.5.3  Potentials in disease management
2.5.4  Mode of action
2.5.5  Prospects of M. oleifera as commercial
biopesticides
2.6 Formulation
2.6.1  Formulation of biopesticides
2.6.2  Emulsions
2.6.3  Nanoemulsions
2.6.4  Components of nanoemulsion
2.6.5 Preparation and characterizations of nanoemulsions

Xi

Page
iii
vii
XV
XVi
XVii
XViii

oO~NoOOOOOUTRARDNDAN [N

NNNRRPRRPRPRRRERRERRR R
NRER©O©OWOOOODUIUTA WN O

24
26
26
27
28
28
29



MORPHOLOGICAL, CULTURAL AND MOLECULAR
CHARACTERISTICS OF Botrytis cinerea
3.1 Introduction
3.2 Materials and methods
3.2.1  Sample Collection
3.2.2  Isolation of the Pathogen
3.2.3  Morphological identification
3.2.4  Effect of growth conditions on cultural
characteristics of Botrytis cinerea
3.2.5  Molecular identification
3.2.6  Pathogenicity assay
3.2.7  Experimental design and data analysis
3.3 Results
3.3.1 Isolation of the Pathogen
3.3.2  Morphological identification
3.3.3  Molecular Identification
3.3.4  Pathogenicity assay
34 Discussions
3.5 Conclusions

PROFILING OF PHYTOCHEMICAL COMPOUNDS
FROM M. OLEIFERA CRUDE EXTRACTS AND THEIR
ANTIFUNGAL ACTIVITIES AGAINST B. CINEREA
4.1 Introduction
4.2 Material and methods
4.2.1 Chemicals
4.2.2  Procurement of plant material
4.2.3  Preparation of extract
4.2.4  Antifungal bioassay
4.25  Phytochemical analysis of M. oleifera
4.2.6  Determination of in situ antifungal activity of
M. oleifera on B. cinerea cells
4.3 Results
4.3.1  Extracts preparation
4.3.2  Antifungal bioassay of the plant extracts
4.3.3  Minimum inhibitory concentration (MIC)
and minimum fungicidal concentration (MFC)
4.3.4  Preliminary phytochemical analysis
4.3.5  Active compounds profiling using Gas
Chromatography-Mass Spectrophotometry
(GC-MS)
4.3.6  Active compounds profiling using Liquid
Chromatography-Mass Spectrophotometry/
Mass Spectrophotometry (LC-MS/MS)
4.3.7  Mode of action of M. oleifera methanol leaves
extract on B. cinerea using SEM
4.3.8 TEM observation on the mode action of
M. oleifera methanol leaves extract on
B. cinerea cells
4.4 Discussions
4.5 Conclusion

Xii

31
31
32
32
33
34

35
35
38
39
39
39
40
48
53
56
59

60
60
62
62
62
63
64
66

69
70
70
70
71
72
73

76

79

81

83
85



CHARACTERIZATION OF NANO-EMULSION
FORMULATION FROM Moringa oleifera CRUDE
METHANOL LEAVES EXTRACTS

5.1 Introduction
5.2 Materials and methods
5.2.1  Materials
5.2.2  Construction of phase diagram system

5.2.3  Selection of formulation composition

5.2.4  Centrifugation of the formulations

525  Stability assessment

5.2.6  Thermostability assessment

5.2.7  Measurement of particle size

5.2.8  Measurement of surface tension

5.2.9  Measurement of viscosity

5.2.10 Zeta potentials

5.2.11 Determination of pH

5.2.12 Structural analysis of nanoemulsions
5.3 Results

5.3.1  Construction of ternary phase diagram system

of the formulations

5.3.2  Selection of points for formulations composition

5.3.3  Centrifugation of formulation

5.3.4  Stability

5.3.5  Thermo-stability

5.3.6  Particle size

5.3.7  Surface tension

5.3.8  Viscosity determination

5.3.9  Zeta potentials

5.3.10 Determination of pH

5.3.11 Structural analysis of nanoemulsions
54 Discussions
55 Conclusion

IN-VITRO AND IN-VIVO ASSESSMENT OF THE
FORMULATIONS AGAINST B. cinerea AND THEIR
EFFECTS ON POSTHARVEST QUALITIES OF TOMATO

6.1 Introduction
6.2 Materials and methods
6.2.1  Materials
6.2.2  Preparation of conidial suspension

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

In vitro evaluation of the nano-emulsion
formulations on spore germination of B. cinerea
In-vitro evaluation of the formulations on
mycelial growth of B. cinerea

Determination of the effect of the formulations
on B. cinerea cells

In vivo evaluation of selected formulations on
healthy tomato fruits

Effect of some selected formulations on the
post-harvest quality of the tomato

Xiii

87
87
88
88
89
90
90
91
91
91
92
92
93
93
93
93

93
97
98
98
99
99
101
101
101
101
101
102
104

106
106
107
107
107
107
109
109
110

112



6.2.8 Effect of some selected formulations on the
chemical content of the tomato
6.2.9  Effect of the selected formulations on mineral
content of the fruits (Calcium, Nitrogen, Potassium
and Zinc)
6.3 Results
6.3.1  Invitro evaluation of the nano-emulsion
formulations on spore germination of B. cinerea
6.3.2  SEM observations on the effect of nano-emulsion
formulations on B. cinerea cells
6.3.3  TEM observations on the effect of nano-emulsion
formulations on B. cinerea cells
6.3.4  Invivo evaluation of the effect of some selected
formulations on healthy tomato fruits
6.3.5  Effects of some selected nano-emulsion
formulations on the post-harvest qualities
of the tomato
6.4 Discussions
6.5 Conclusion
7 GENERAL CONCLUSION AND RECOMMENDATIONS
FOR FUTURE RESEARCH
7.1 General conclusions
7.2 Recommendations for future research

REFERENCES
APPENDICES

BIODATA OF STUDENT
LIST OF PUBLICATIONS

Xiv

113

114

115

115

117

120

122

127

143
146

147
147
148

150
191
247
248



Tables
2.1
2.2
31

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.1

4.2

4.3

4.4

4.5

4.6

LIST OF TABLES

Virulence factors of B. cinerea
Some commercially available bio-pesticides formulations
Disease severity alternate rating scale

Cultural characteristics of B. cinerea isolates on PDA medium at
25°C after 5 days of incubation

Measurements of conidia size in 14 days old B. cinerea isolates
grown on PDA (n=40)

Radial growth rates (mm/day) of B. cinerea isolates from tomato on
culture media

Effect of different temperatures on radial growth rates (mm/day) of
B. cinerea isolates on PDA medium after 6 days of incubation

Effect of different pH on radial growth rates (mm/day) of B.
cinerea isolates on PDA medium at 25°C after 6 days of incubation

BLAST nucleotide search results of the nine isolates of B. cinerea
for ITS region

BLAST nucleotide search results of nine isolates of B. cinerea for
G3PDH gene

Area under disease progress curve (AUDPC) in tomato fruits
inoculated with isolates of B. cinerea 5 days after inoculation (DAI)

Chemical tests for some phytochemical constituent from
methanolic leaves extracts of M. oleifera

Percentage yield of M. oleifera crude extracts from different
solvents

Antifungal (MIC) and Fungicidal (MFC) activities of M. oleifera
extracts against tested B. cinerea isolates (mg/ml)

Chemical tests for phytochemical compounds of methanolic leaves
extracts of M. oleifera

Various compounds identified in methanol leaves extracts of M.
oleifera by GC-MS

Biological activity of different compounds identified in leaves of
M. oleifera by GC-MS analysis

XV

Page
10
27
38
41

43

46

47

48

49

50

56

67

70

72

72

75

76



4.7

4.8

5.1

5.2

5.3

5.4

5.5
6.1
6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

Components identified in M. oleifera methanol leaves crude extract
by LC-MS analysis

Description of some non-volatile chemicals identified by using LC-
MS/MS

Surfactants utilized in the preparation of the formulations

Single and blend surfactant(s) used in the construction of ternary
phase diagram

Composition of the points selected in ternary phase diagrams
without active ingredient

Stability of nano-formulations after mixing active ingredients with
inert materials

Characterization of the nano-emulsion formulations
Disease severity alternate rating scale

In vitro effects of nanoemulsion formulations on spore germination
of B. cinerea using Broth micro dilution and Cavity slide methods

Effect of nanoemulsion formulations on B. cinerea colony
formation in-vitro using poisoned food method

Effects of nano-emulsion formulations in vivo on disease severity
of B. cinerea and AUDPC under preventive method of treatment

Effects of nanoemulsions on disease severity and AUDPC of B.
cinerea in vivo under curative method of application

Effects of nanoemulsions on disease severity and AUDPC of B.
cinerea in vivo under preventive method of treatment

Effects of nanoemulsions on disease severity and AUDPC of B.
cinerea in vivo under curative method of treatment.

Effect of nanoemulsion formulations on the tomato fruits firmness
under preventive method of control

Effect of nanoemulsion formulations on the tomato fruits firmness
under curative method of control

Comparative differences between preventive and curative method
of formulation application on the tomato flesh firmness

Effects of nanoemulsion formulations on percentage weight loss of
fruits under preventive method of control

XVi

77

78

88
89

97

98

100
111

116

117

122

124

125

127

128

129

130

131



6.12

6.13

6.14

6.15

6.16

6.17

Effects of nanoemulsion formulations on percentage weight loss of
fruits under curative method of control

Effects of nano-emulsion formulations on the surface colour of the
tomato fruits under preventive method of control

Effects of nano-emulsion formulations on the surface colour of the
tomato fruits under curative method of control

Comparative analysis between preventive and curative methods of
formulations application on the surface colour of tomato

Effects of nano-emulsion formulations on the percentage total
soluble solids (TSS) and ascorbic acid (AA) content of the tomato

Effects of nano-emulsion formulations on the percentage titrable
acidity (TA) content and pH of the tomato

Xvii

132

134

136

138

140

141



Figure

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.1

3.2

LIST OF FIGURES

The apothecia of B. fulkeliana showing the teleomorp phase of B.
cinerea. (A) B. cinerea Conidiophore bearing mature conidia (B)
Apothecia of Botrytinia fuckeliana (C) Asci with ascospores (D)
Germinating conidium on the surface of rose petal. Source

Host penetration by B. cinerea through conidial germination. (A)
Appressorium-like structures allowing penetration of an infected
host and (B) Hypha depicted with swollen tips. Source

Different symptoms of gray mold rot on tomato fruits induced by B.
cinerea. (A) Large gray mold lesions covered by mycelium, (B)
Gray mold from carlyx and (C) Gray mold covering large part of
tomato.

The cyclic events in different stages of B. cinerea life cycle.

Different views of M. oleifera parts. (A) Leaves, (B) Pods and (C)
Flowers.

Inducement of reactive oxygen species in F. solani spores treated
with 3,3'-diaminobenzidine (DAB) for ROS detection. (A) Spores
incubated with H20O, (B) Spores incubated with BSA (0.1
mg.mL—1) and (C) Spores incubated with Mo-CBP3. Uptake of
DARB is established by reddish-brown reaction in spores. Bars

SEM micrograph view of F. solani cells treated with Mo-CBP3. (A)
Control with mormal hyphae, (B) No development of spore
germinating peg, (C) Control spore and (D) Zooming image of a
Mo-CBP3 treated spore and changes in surface morphology.

TEM micrograph view of F. solani cells treated with of Mo-CBP3.
(A) Control and (B and C) Cytoplasmic organelles condensation
indicated by star, V=Vacuole condensation and cell wall lysis
indicated by arrows.

Ternary phase diagram showing the percentages increase in the
components of nanoemulsion formulation. Source

Gray mold rot symptoms on tomato fruits caused by B. cinerea
sampled from greenhouse in Bayern farm Kampung Raja in
Malaysia.

The Map of Penunsular Malaysia showing the location of Bayern
farm, Kampung Raja in Cameron Highlands, Pahang where the
samples were collected.

Xviii

Page

8

11

12

14

19

23

23

24

30

33

33



3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.1

3.11

3.12

Ten day-old-cultures of nine isolates of the fungus grown on PDA.

Different patterns of conidiophores formation observed in the B.
cinerea. (A) Spherical form, (B) Whole shape form, (C)
Subspherical form and (D) Clavate.

Different forms of conidia oin B. cinerea isolates. (A) Ovate, (B)
Globose, (C) Subglobose, (D) Pyriform, (E) Ellipsoidal, (F) Narrow
ellipsoidal, (G) Flat at one end and (H) Mass conidia.

Distribution of sclerotia produced on the PDA medium surface. (A)
Concentric ring, (B) Edge of the petri dish, (C) Regular, (D)
Irregular and (E) Scattered.

Effect of four different growth media on B. cinerea isolates after 10
days of incubation.

Gel electrophoresis showing representative bands of PCR product
from ITS region. Lanes, M Gene ruler DNA ladder 1 kb (Thermo
Scientific); Lane BCH1, BCH2, BCH3, BCH4, BCH5, BCHS,
BCH7, BH8 and BCH9 represent DNA from Botrytis cinerea
isolates from Cameron Highlands (BCH 1-9). The amplification
fragments were approximately 550 bp.*BCH= Botrytis cinerea
Cameron Highlands.

Gel electrophoresis showing representative bands of PCR product
from G3PDH region. Lanes, M Gene ruler DNA ladder 1 kb
(Thermo Scientific); Lane BCH1, BCH2, BCH3, BCH4, BCHS5,
BCH6, BCH7, BH8 and BCH9 represent DNA from Botrytis
cinerea isolates from Cameron Highlands (BCH 1-9). The
amplification fragments were approximately 980 bp.*BCH=
Botrytis cinerea Cameron Highlands.

Gel electrophoresis showing representative bands of PCR product
for boty transposable elements (TEs). Lanes, M Gene ruler DNA
ladder 1 kb (Thermo Scientific); Lane BCH1, BCH2, BCH3, BCH4,
BCH5, BCH6, BCH7, BH8 and BCH9 represent DNA from
Botrytis cinerea isolates from Cameron Highlands (BCH 1-9). The
amplification fragments were approximately 510 bp.*BCH=
Botrytis cinerea Cameron Highlands.

Phylogenetic tree for ITS gene sequences constructed by maximum
likelihood method showing the relationship of B. cinerea isolates
and related species from the Gene Bank.

Phylogenetic tree for G3PDH gene sequences constructed by
maximum likelihood method showing the relationship of B. cinerea
isolates and related species from the Gene Bank.

Xix

40
42

42

44

45

49

50

51

52

53



3.13

3.14

3.15

41

4.2

4.3

4.4

45

4.6

4.7

4.8

51

5.2

53

Gray mold symptoms and different severity levels induced by B.
cinerea isolates on tomato fruits.(a) Highly pathogenic, (b & c)
Moderately pathogenic, (d &e) Less pathogenic and (f) Control.

Progress curve of disease severity of the gray mold disease on ripen
tomato fruits inoculated with various isolates of B. cinerea, 5 days
after inoculation.*BCH= Botrytis cinerea Cameron Highlands.
DAI=Day after Inoculation.

Progress curve of disease severity of the gray mold disease on
unripen tomato fruits inoculated with various isolates of B. cinerea,
5 days after inoculation. *BCH= Botrytis cinerea Cameron
Highlands. DAI=Days after inoculation.

Sampling location for Moringa oleifera leaves in Ladang 2,
Universiti Putra Malaysia (UPM).

Preparation of fresh Moringa oleifera leaves sample for crude
extraction. (A) Tree branch, (B) Dry leaves and (C) Grounded
leaves.

Measurement of MIC with spectrophotometric microtitre plate
reader. (A) 96 wells microtitre plate loaded with treatments and (B)
Taking measurements with multi Skan.

Antifungal bioassay on effectiveness of various solvent extracts of
M. oleifera against B. cinerea isolates (BCH02 & BCHO07).

Preliminary analysis of phytochemical compounds using colour
tests. (A) Tannins, (B) Flavonoids, (C) Saponins, (D) Steroids/
triterpenoids, (E) Anthraguinone and (F) Phenolic compounds.

GC - MS Chromatogram of methanol leaf extracts of M. oleifera.

Chemical structures of non-volatile active compounds identified by
LC-MS/MS.

LC-MS/MS chromatogram of methanol leaves extract from M.
oleifera.

The materials used in the preparation of nano-emulsion. (A) Carrier
(Edonol SP 100 oil), (B) Surfactants (Termul 5030, Termul 1284
and Tween 20) and (C) Crude methanol leave extracts.

Construction of ternary phase diagram using chemix software
(version 3.5).

Emulsification process using low energy centrifugation process. (A)
Vortex, (A) Loading into centrifuge machine and (C) Centrifugation
at 3500rpm for 30 min.

XX

55

55

62

63

65

71

73

74

78

79

88

90

90



5.4

5.5
5.6
5.7

5.8

5.9

5.10

6.1

6.2

6.3

6.4

Shows the instruments used in the physic-chemical characterization
of the formulations

Phase diagram of Termul 5030/Edonol SP 100/Water system.
Phase diagram of Termul 1284/Edonol SP 100/Water system.
Phase diagram of Tween 20/Edonol SP 100/Water system.

Phase diagram of Termul 5030:Termul 1284(50:50)/Edonol SP
100/Water system.

Phase diagram of Termul 5030:Tween 20(70:30)/Edonol SP
100/Water system.

Phase diagram of Termul 1284:Tween 20 (70:30)/Edonol SP
100/Water system.

Tomato sterilization, treatment and inoculation processes. (A) Fruit
dipping in diluted formulation, (B) Fruits after treatment with
formulation, (C) inoculation and (D) incubation.

Effect of formulations on tomato fruits inoculated with spores. (A)
Tomato fruit treated with F13 nano-emulsion formulation as
preventive control, (B) Tomato fruit treated with F8 nano-emulsion
formulation as curative control, (C) negative control.

Effect of formulations on tomato fruits inoculated with mycelial
plug. (A) Tomato fruit treated with F13 nano-emulsion formulation
as preventive control, (B) Tomato fruit treated with F8 nano-
emulsion formulation as curative control, (C) negative control.

Effect of treatment with different nano-emulsion formulations on
mineral contents of tomato fruits. (A) Potassium (K) content
(mg/100g), (B) Calcium (Ca) content (mg/100g), (C) Magnesium
(Mg) content (mg/100g) and (D) Zinc (Zn) content (mg/100g).
SC=Standard control; NC=Negetive control.

XXi

92

94
94
95
95

96

96

110

123

125

142



Micrograph

41

4.2

4.3

5.1

6.1

6.2

6.3

LIST OF MICROGRAPHS

Effect of M. oleifera crude extract on the mycelium of B.
cinerea (BCHO7). (A) Control SEM micrograph and (B) lysis,
disruption, aggregation, pore formation and shrinkage on
treated mycelium.

Effect of M. oleifera crude extract on B. cinerea (BCHO7)
mycelium. (A) Control SEM micrographs, (B) Shrinkage and
abnormal growth on treated mycelium, (C) Abnormal growth
and aggregation, (D) Abnormal growth, (E) Lysis and
shrinkage on treated mycelium and (F) Shrinkage, abnormal
growth and pore formation on treated mycelium.

Transmission electron micrograph of cross section of B.
cinerea conidia (BCHO7) treated with M. oleifera crude extract.
(A) Control, (B) Disruption of cytoplasmic organelles, (C)
Disappearance of cytoplasmic organelles and disruption of cell
wall, (D) Disruption of cell wall, (E) Disappearance of
cytoplasmic organelles and disruption of cell wall and (F)
Vacuolation and disruption of the cell wall.

TEM micrographs showing spherical particle droplets from
representative nano-emulsion formulations. (A) Micrograph for
spherical shapes of particle droplets from F9 and (B)
Micrograph spherical particle shapes of droplets from F13.

SEM micrographs showing the effects of formulations from M.
oleifera crude extract on the conidia of B. cinerea (BCHO7).
(A) Control, (B) shrinkage, pore formation and lysis on the
treated conidia and (C) lysis, pore formation and aggregation.

SEM micrographs showing the effects of formulations from M.
oleifera crude extract on B. cinerea (BCHO07) mycelium. (A)
Control, (B) shrinkage and aggregation on the treated
mycelium, (C) lysis and pore formation, (D) shrinkage, lysi
and aggregation, (E) disruption and abnormal growth and (E)
reduced hyphal length and diameters, pore formation and
disruption.

Transmission electron micrographs showing the effect of
formulations on cross section B. cinerea conidia (BCHO7). (A)
Control, (B) Pore formation and disruption of organelles, (C)
Vacuolation and disruption of organelles, (D) Disruption of
organelles, (E) Disruption of organelles and cell wall and (F)
Celll wall degradation after exposure to formulation.

XXii

Page

79

80

82

102

118

119

121



+SD

ai

AA
ANOVA
AUDPC
Bp

Ca

CIE
CMA
cm

CRD
DAI
DNA

DS

DSl

ED
EDTA
FAO
GC-MS/MS

g
ISSR

Kb

LBC

LCB
LC-MS/MS

MEA
Mg
Min
MLDW
MLE
MLEA
MLH
ML
MLM
Mm
mN/m
mPas
NICB
Nm
No.
PBD
PCR
PDA
PDI
pH
PIRG

LIST OF ABBREVIATIONS

Standard deviation of means

active ingredient

Ascorbic Acid

Analysis of variance

Area Under Disease Progress Curve
Base Pair

Calcium

Commission Internationale de I’E- clairage
Corn Meal Agar

Centimeter

Complete Randomize Design

Days after Inoculation

Deoxyribonucleic acid

Disease Severity

Disease Severity Index

Edonol

Ethylene Diamine Tetraacetic Acid
Food and Agricultural

Gas Chromatography-Mass Spectrophotometry/ Mass
Spectrophotometry

grams

Inter Simple Sequence Repeats

Kilo base

lactophenol-cotton blue
Lactophenol-cotton blue

Liquid Chromatography- Mass Spectrophotometry/Mass
Spectrophotometry

Malt Extract Agar

Magnesium

Minutes

Moringa Leaves Distilled Water extracts
Moringa Leaves Ethanol extracts
Moringa Leaves Ethyl Acetate extracts
Moringa Leaves Hexane extracts

Millilitres
Moringa Leaves Methanol extracts
millimetre

millinewtons per meter
Millipascal-second

National Centre for Biotechnology Information
Nanometer

Number

Potato Dextrose Broth

Polymerase Chain Reaction

Potato dextrose agar

Polydispersity Index

Logarithm of hydrogen ion activity
Percentage Inhibition Radial Growth

XXiii



PSGI
RAPD
RNA
Rpm
SEM
Spp
SSR
TA
TEM
Ter.
TSS
Tw
UPM
Uv
Ver.
Viz

Percentage Spore Germination Inhibition
Random Amplified Polymerase DNA
Ribonucleic acid

revolution per minute

Scanning Electron Microscopy
species

Simple Sequence Repeats

Titrable Acidity

Transmission Electron Microscopy
Termul

Total Soluble Solids

Tween 20

Universiti Putra Malaysia

Ultraviolet

Version

videlicet, that is, namely

Volt

XXV



CHAPTER 1

INTRODUCTION

Tomato (Solanum lycopersicum Syn Lycopersicon esculentum Mill.) is an herbaceous
plant that belongs to the family Solanaceae, a nightshade family that originated from
South America (Agrios, 2005). The fruits are rich in minerals, vitamins and lycopene
(Etebu et al., 2013; Borghesi et al., 2016). Farmers at all levels of production including
small scale, medium and large commercial farmers were attracted by tomato because of
its quick maturity and high yielding potentials. Moreover, the crop has some peculiar
economic importance that includes domestic trades, exports and development of local
food and agro-allied industries (Borghesi et al., 2016).

Highlands of Peru with good climatic conditions especially the temperature of below
25°C, is believed to be the centre of diversity for tomato (Smith, 1994) and this
explains the reason why tomato production is highly successful in Cameron Highlands
of Pahang in Malaysia. Currently production of tomato in Malaysia is increasing due to
demand of continuous supply of the crop. In Malaysia, fresh tomato fruits were
produced in open-fields or under greenhouse conditions. The yield in an open-field
cultivation is about 100-120 ton/ha while the greenhouse yield is about 300-500 tons/ha
(FAO, 2012; Ismail et al., 2015). The yield of the crop is generally far below its
potentials due to the activities of large number of pests and diseases (Ana et al., 2003).
About 200 known diseases affecting tomato were reported by Agrios (2005), out of
which 70 % has been caused by bacterial and fungal pathogens (Janisiewiez et al.,
2001; Wani, 2011). In Malaysia postharvest rot diseases caused by fungal pathogens
are perhaps the most common and most widely distributed disease of tomato and this
can cause a significant reduction in postharvest yield potential of the crop. One of such
diseases is gray mold rot caused by B. cinerea. The occurrence of the disease is
worldwide, particularly widespread in Malaysia, around areas of Cameron Highlands in
Pahang, northern part of Malaysia. Enyiukwu et al. (2014) and Kader (2005) reported
that the estimated postharvest losses of tomato due to postharvest diseases worldwide
range between 30-40%. In Malaysia, occurrence of B. cinerea caused gray mold rot
disease on tomato in the greenhouses particularly in the Cameron Highlands area of
Pahang. This resulted in severe damages at both pre- and post-harvest periods with
subsequent yield losses and economic downfall. At present, the pathogen (B. cinerea)
causing gray mold rot have not been extensively studied in Malaysia despite its ranking
as second most destructive or aggressive fungal pathogen in the top 10 devastating
fungal plant pathogens worldwide (Dean et al., 2012; Kim et al., 2016).

For sustainable tomato production there is need to search for remedies to this incessant
problem threatening tomato production in Malaysia and worldwide. In a bid to control
these fungal pathogens causing losses to valuable crops at present, several
phytosanitary measures such as chemical control, physical, cultural and use of resistant
varieties have been adopted to reduce the menace of diseases on the crop but each
method was found to be associated with some drawbacks. For instance, chemical
fungicides has been recognized as the most common, popular, potent and primary
method for managing postharvest fungal decay of fruits and vegetables but their use
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has been regulated or limited due to their teratogenicity, carcinogenicity, acute and
high residual toxicity, long period of degradation, environmental pollution and possible
side effects or outcomes on human health through food chain (Ai-ying et al., 2011;
Enyiukwu et al., 2014). In line with the public opinions and concerns related to the
environmental and human safety, development of resistance by plant pathogens due to
progressive use of chemicals and increasing regulations on chemical pesticides use
(Elliott et al., 2009), it is imperative to explore new alternatives that will reduce the use
of synthetic chemicals.

In recent time, plant-based pesticides as a form of biological control that are enabling
and instrumental to manage postharvest decay of fruits and extend their shelf life
without pollution to the environment and risk to the public health were investigated as
an alternative to chemical pesticides for controlling diseases in fruits and vegetable
incited by plant pathogenic fungi. The plants contain natural phytochemicals which
could be exploited for use as biopesticides (Satish et al., 2007). For example medicinal
plants like Moringa oleifera (Pereira et al., 2015) extracts containing a quantum of
crucial phytochemicals rich in phenolic compounds, flavonoids, tannins, saponins and
alkaloids are now emerging as secure, safer and more compatible way to manage plant
pathogens. Moringa oleifera also known as a miracle plant, all plant parts having
diverse range of medicinal uses and other purposes such as water purification,
fertilizer, biogas and biopesticides (Stohs and Hartman, 2015). The flowers, roots, bark,
leaves, stem, and seeds of M. oleifera have antimicrobial qualities and/or properties
(Dwivedi and Enespa, 2012; Arora et al., 2013), antifungal (Kadhim and AL-Shamma,
2014; Batista et al., 2014), antioxidant (Verma et al., 2009), antibacterial, antiulcer
(Arora and Onsare, 2014; Belay and Sisay, 2014), anti-inflamatory, diuretic (Caceres et
al., 1992; Krishnamurthy et al., 2015) and anticancer (Pinto et al., 2015).

The active ingredients in these valuable medicinal plants need to be upgraded or
enhanced into plant-based pesticides in order to compete with the commercial synthetic
pesticides in the market. This therefore, necessitate the need for the inclusion of
pesticide formulation which will ease the handling of the active ingredients, extend
their shelf life, assist in application and increase their effectiveness on the target
organisms (Asib et al., 2015; Ribeiro et al., 2015). Emulsion is the most common
commercial formulation and currently, nano-emulsion has been introduced. Nano-
emulsion is an important delivery technology for chemical compounds that comprises a
small droplet size ranging from 5 nm to 100 nm (Ranjan et al., 2014; Asib et al., 2015),
low surface tension, low viscosity and good appearance (Ribeiro et al., 2015). It
composes of a surfactant, an oil phase and an aqueous phase in appropriate proportions
or ratios (Changez and Varshney, 2000). The nano-emulsion has a very good stability
at storage over a wide range of temperatures (-10°C to 55°C). It has an excellent long
term dilution characteristics in water since it is water based and highly capable of
solubilizing lipophilic and hydrophilic compounds leading to the use of minimal inert
ingredients. Additionally, nano-emulsions can carry active compound to the desired
site of action, protect it against adverse environmental conditions and enhance efficacy
(Asib et al., 2015; Ribeiro et al., 2015).

Despite the efficacy and environmental compatibility of nano-emulsion delivery
technology and the quantum of crucial and diverse phytochemicals in M. oleifera, there
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is no report regarding its formulation as nanomulsion biopesticide against plant
pathogens. Hence, this research aimed at the formulation of M. oleifera crude extracts
as nano-emulsion for controlling B. cinerea causing gray mold rot on tomato. Thus, it
is hoped that this work will provide new information that could be used as a
phytosanitary measure for the control of gray mold disease globally especially in
Malaysia.

The objectives of this study were:

1.

2.

To identify B. cinerea associated with gray mold disease of tomato based on
their morpho-cultural and molecular properties.

To extract and profile phytochemical compounds from M. oleifera crude
extracts and determine their MIC, MFC and antifungal activities against B.
cinerea isolates.

To formulate M. oleifera crude extracts as nanoemulsions and evaluate their
physical characteristics.

To validate the effectiveness of the formulations on selected isolate of B.
cinerea in vitro and in vivo and their effects on the postharvest qualities of the
tomato.
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