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ABSTRACT

This study established that allelopathic species from different plant groups of tree, fern,
sedge and herbaceous differ greatly with respect to types and concentrations of
allelochemical content. A total of 11 allelopathic species were evaluated for quantitative
and qualitative phenolic compounds composition in different plant groups, extraction
method, solvents and bioassay activities. The allelopathic effect towards weeds
germination and growth were also tested by developing an in vitro model system. The
main phenolic compounds identified in 11 allelopathic species were 4-Hydroxybenzoic
acid, Caffeic acid, Vanillic acid, trans-p-Coumaric acid, Ferulic acid, 3-Coumaric acid
and 2-Coumaric acid. The ratio of these phenolic compounds varies between plant
groups. Tree group was found to have the highest total phenolic content followed by a
group of ferns, herbaceous and sedges. 4-Hydroxybenzoic acid (3.00 to 1169.53 pg/g
DW), Vanillic acid (1.88 to 1594.08 ug/g DW), trans-p-Coumaric acid (1.50 to 1171.28
pg/g DW), Ferulic acid (1.68 to 1876.0 pg/g DW), 3-Coumaric acid (15.58 to 933.63
pg/g DW) and 2-Coumaric acid (230.30 pg/g DW) were detected predominantly in tree
group whereas Caffeic acid was found predominantly in herbaceous group (1.95 to
3375.23 pg/g DW). Marked differences were observed between the trees, ferns,
herbaceous and sedges. Therefore, 11 allelopathic species were further analysed over
bioassay activities to assess antimicrobial and weeds inhibitory. Antimicrobial activities
of 11 allelopathic species in this study confirmed that the antifungal assay showed lower
inhibitory than antibacterial assay. A. auriculiformis, M. cajuputi, D. linearis and H.
malayana showed great antibacterial activity towards S. aureus, S. epidermis, E. coli,
MRSA and P. aeruginosa whereas for antifungal only C. albicans and Fusarium sp
were inhibited. A high-throughput in vitro model system for investigating allelopathic
effect in weeds was developed and validated by assessing the allelopathic effects at a
different concentration, a period of time and type of weed. The most influential factor
appeared to be allelochemical extract concentration. The higher the concentration, the
greater the inhibitory effect regardless type of weed.



W\upd.a

(et g (Dldanny iy lndl o Al 2515 Slege o LY 1Y OF 2yl odn ]
S gl jamd) S a ey 1T o @ WLV 5815 1Y s oS Bt il
b el a2l udl) 53y (RN By il A5 Slognz s ol sl Al sy
et Al gl ekl shas S e OLae gy Sl ol JLsYI S s Laf ¢
(S g (higgin mnSoydebl aa =41 SIS SUL U 1l (3 83 B ) dgadll LS
s am=2y (ylesS an=3 5 (ldspdll jamy (oS jam—P s (sl jans
ol e sl sl as ez OF i) bl Ll Slesasdt) o Bgudll SLSH ods (s il e
e IS e iS¢ bt & g clilly () B5set L (IS Lol (sl 2
U 1.88) SLII jamy (S 53 o oy S 1169.53 1) 3.00) Llossss oSpyidl om
1171.58 41 1.50) eyl jam—p- iy o(GU Ol e ala/ol=s S 1594.08
=35 (U il e el [pl2s S 1876.0 () 1.68) clilgndll ammy (U O35l oo pl ol S
230.30) Syl jam-25 (OB O3l e ool Se 933,63 1) 15.58) eyl an
Sl 5502 3 o S o 06 sl a3 I iy (DU O3 o s S
(o ldly Ol Gy ST Bgp g (OUW Opll e a2 6 337523 ) 1.95)
Qs b Seeld slall Lblas vt ) 2l jamiy ULV Ll & Uiy (oltally cobandly
slall blad) jass of auhall sde 3 liL WV 3 wby Seall B3lall dais¥) wusT 5)lall Olese) s
VMo ¢ mrmysid S0l WSST a IS7 ebl Lol Seall sliall bladdly @jlas B Uas bl ol laall
Al 1Sy ey g i) Ragiially ead) Bpagiiadl Sl A L BLas lid L3y (oS
cdod i ol kil olslas bagid adl bl gyl Slislly clingtoald doglall aaa ) s gazal) 6
2B 3 Gl A Y Qe A edl ol 3k plla ks &L obgVially sladl oland) e SIS b
TR DUV BT i IS e plldl) s 2o g il & ag Silall OLaeY) e L)
ORI (N N g ST P N I SO G N VPR S VA P HE M PR
SRRl il g5 e Bl ek et SWI S SR ) LS



APPROVAL PAGE

The thesis of Razanah Binti Ramya @ Abd Rahim has been approved by the
following:

Rashidi Othman
Supervisor

Norazian Mohd Hassan
Co-supervisor

Hamzah Mohd Salleh
Internal Examiner

Shaida Fariza Sulaiman
External Examiner

Jamaludin Mohamad
External Examiner

Ismaiel Hassanein Ahmad Mohamed
Chairman



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. I also declare that it has not been previously or concurrently submitted
as a whole for any other degrees at IIUM or other institutions.

Razanah Binti Ramya @ Abd Rahim

Signature ........oovviiiiiiiii Date ....ooovviiiiiii

Vi



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION
OF FAIR USE OF UNPUBLISHED RESEARCH

EXTRACTION, CHARACTERISATION AND BIOASSAY
ACTIVITIES OF ALLELOCHEMICALS FROM 11
ALLELOPATHIC SPECIES

| declare that the copyright holders of this dissertation are jointly owned by the
student and 1HUM.

Copyright © 2019 Razanah Binti Ramya @ Abd Rahim and International Islamic University
Malaysia. All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below
1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The IHUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the 1ITUM
Intellectual Property Right and Commercialization policy.

Affirmed by Razanah Binti Ramya @ Abd Rahim

Signature Date

Vil




This dissertation is dedicated to my beloved parents

viii



ACKNOWLEDGEMENTS

In the name of Allah, the Most Beneficent, the Most Merciful
Alhamdulillah thumma Alhamdulillah.

First of all, I praise Allah, the Almighty for providing me this opportunity and granting
me the capability to accomplish this study successfully. May the Peace and Blessings
of Allah be upon His Prophet Muhammad (peace be upon him).

Special appreciation goes to my supervisor, Assoc. Prof. Dr. Rashidi Othman
for his supervision and support throughout the process of completing this research. My
journey in developing this research study began from my first degree. Assoc. Prof. Dr.
Rashidi has supported and guided me every step of the way. He continues to inspire me
to gain more knowledge for the benefit of the ummah. His encouragement, thoughtful
guidance and assistance over the past three years exceed all possible verbal
appreciation.

The phrase ‘man jadda wajada, wa man zara’a hasada, wa man yajtahid
yanjah’ has been a guiding principle in my search for knowledge. The vital lesson that
he taught was the importance of one’s parent’s blessing and niyyah (intention) in
seeking knowledge. Secondly, | would like to express my deep gratitude to my co-
supervisor, Asst. Prof. Dr. Norazian Mohd Hassan for offering valuable advice and
comments throughout the duration of this study.

My deepest gratitude goes to my beloved parents, Abah, Mr. Ramya @ Abd
Rahim Ariffin and Mak, Mrs. Rohani Rashid for their unwavering support and
encouragement during the pre and post-research phases of the study. | would also like
to express my warmest appreciation to my husband, Muhammad Redzuan Zainol
Abidin for the support and motivation along this journey, specifically during hard times.
To my family in law and siblings (Mohammad Azhar, Mohammad Azri, Rafidah,
Rauhah and Siti Raudhah), I thank you for your endless love, dua’ and encouragement.

| am also thankful to my colleagues in the INHART Laboratory and Herbarium
Laboratory research team for their useful discussions, critical comments and assistance.
Special thanks to Dr. Shirwan, Sr. Farah Ayuni, Sr. Alifah, Sr. Eyna, Br. Akram, Sr.
Ruhul, Sr, Hanie, Sr. Azlen, Sr. Masyitah, Sr. Syibrah, Sr. Hidayah, Sr. Aina, Sr. Widad
and Sr. Aliya who assisted through advice. | wish them every success in their Ph.D and
Master degrees. | am grateful to the assistance rendered me by my beloved lab officer,
Sr. Norhafizana Mat Jusoh. Last but not least, I am thankful for the support of my close
friends, Sr. Rosfazaton Mat Sarif and Sr. Akifah Alamin who were a source of constant
support, advice, and direction. Only Allah will reward all of you for your invaluable
assistance. It is my sincere hope that this study will be of benefit to all who read and
pursue its many implications.

This thesis is humbly dedicated to the Ministry of Higher Education Malaysia
who granted me the scholarship necessary to pursue a Doctor of Philosophy in Halal
Industry and International Institute for Halal Research and Training, International
Islamic University Malaysia.



TABLE OF CONTENTS

ADSITACT. ...
ADSEIACE IN ATADIC. . ...t e,
APPIOVal Page. ... .ot

DECIATAtION. ..o ettt

Copyright Page. .. ...ooiiiiii
D=0 7= £ o) o
AcCKNOWIedgement. ........ouiiii i
LSt Of TabIeS. . ettt
LSt Of FIgUIS. .. ettt
List Of ADDreviationsS. . .oo.uueeiiiit i

CHAPTER ONE: INTRODUCTION....ccciiiiuiiuiieiiiiniiniiesnesnisnsseseesnn
1.1 Allelochemicals as Natural Herbicides: Present Perspectives and
PraCtiCeS. . vttt
1.1.1 Islamic Perspectives on the Environment........................
1.2 Problem Statement...............cooiiiiiiiiiiii e
1.3 Research QUestionsS..........o.viiuiiiiiiii e,
1.4 Research AlM.......coooiiiiiiiii i e e
1.5 Research ObJectives......oovivuiiniiitiii e
1.6 Research Hypothesis..........oovviiiiiiiiiiiiic e
1.7 Significance of the Research....................ooooiiiiiiiiiin,
1.8 Research Scope and Limitation.................ooeviiiiiiiiiiiinn ...

CHAPTER TWO: LITERATURE REVIEW....ccciitiiiiiieiiiiniiniiecnnnnees
2.1 Allelopathy.....c.ooiiii i
2.1.1 Allelochemicals............cooiiiiiiiiii e,
2.1.1.1 Key Factors of Allelochemicals Production............
2.1.2 Allelopathic: a Plant’s Defence Mechanism......................
2.1.3 Nature of Allelochemical Compounds...........................
2.1.3.1 Phenylpropanoid Biosynthesis...........................
2.1.3.2 Phenolic Compounds............ccccevviiiiiiininiennnnn..
2.1.3.3 Phenolic ACidS.......coovviiiiiiiiiiiiieea
2.1.4 Phenolic EXtraction...........c.ocoiiiiiiiiiiiiiiiiiiiiciiie,
2.1 41 POlarity....ovoneieieii e
2.2 Weed: Growth and Distribution..............c..oooiiiiiiiiii..
2.2.1 Weed Management............ccoieiiuiiiiniinniiiiiniiaiaeannn.
2.3 Allelopathy: Sustainable and Environmental Friendly................

CHAPTER THREE: MATERIALS AND METHODS.....ccccctietieiieininnn
3.1 Allelopathic Species Selection...........c.oovvuviriiiiiiiniiiinieeannn,
3.2 Sample Preparation...........c.covvuiiiiiiii i
3.2.1 Extraction of Phenolic Compounds......................c...e.
3.2.2 Separation of Phenolic Compounds using Different Solvent
PoOlarity. . ..o



3.3 Fourier Transform Infrared (FT-IR) Spectroscopy Analysis......... 46
3.4 Gas Chromatography-Time of Flight Mass Spectrometry

(GCTOF-MS) ANalySiS....uuvuieriritiiaiieee e, 46

3.5 Total Phenolic Content (TPC)..........ccoeveiiiiiiiiie, 47
3.6 High Performance Liquid Chromatography (HPLC) Analysis....... 49
3.6.1 Calibration Curves...........coveieiiiiiiiieeeeee e, 49

3.7 Antibacterial ACtiVity ASSAY......euviriiriiiiiaiiiiitaiiieaeaianann o4
3.7.1 Preparation of Plant Extracts and Test Organisms............. 54
3.7.2 Preparation of Muller-Hinton Agar.............................. 55
3.7.3 Preparation of Antibiotic Solution for Bacteria................. 55
3.7.4 Preparation of Inoculum for Disc Diffusion..................... 56

3.8 Antifungal ACtiVity ASSaY......oviriiiiiiiiii i 58
3.8.1 Preparation of Plant Extract and Test Organism............... 58
3.8.2 Preparation of Potato Dextrose Agar (PDA).................... 58
3.8.3 Preparation of Antibiotic Solution for Fungal.................. 59

3.9 Invitro Model SyStem...........ooviririiiiiiie i, 59
3.9.1 Tissue Culture.......oouieiniiniiiie e, 61
3.9.1.1 Sterilisation Techniques..............cooeviiiiiiinan... 61

3.9.1.2 Subcultured Techniques............c.ccovvvvviiniinnnn... 62

3.9.2 Allelochemical Effect on Selected Weed Species.............. 62
3.10 Statistical ANalysiS.........ccovriiiiiiiiiii i, 64

CHAPTER FOUR: IDENTIFICATION OF FUNCTIONAL GROUPS IN
11 ALLELOPATHIC SPECIES USING FOURIER TRANSFORM

INFRARED (FT-IR) SPECTROSCOPY....cccttimieiieiiiniieriecnrcnssnconcenns 65
4.1 IntrodUCtion. ... ....c.oiiii i 65
4.2 ReSUILS. ..t 65
4.2.1 ldentification of 11 Allelopathic Species Functional Groups
from Water Extraction..................ooiiiiiiiiiiiiiin ... 65
4.2.2 ldentification of 11 Allelopathic Species Functional Groups
from Sequential Alkaline Extraction............................. 74
4.3 DISCUSSIONS. ...ttt ettt ettt et et aaes 94

CHAPTER FIVE: CHARACTERISATION OF PHENOLIC
COMPOUNDS IN 11 ALLELOPATHIC SPECIES USING GAS
CHROMATOGRAPHY-TIME-OF-FLIGHT MASS SPECTROMETRY

(GCTOFR-MS) e uiuiniiniiiernrersesnsessasassssssnsssssssssssassssssnsssssssssssssnseses 97
5.1 INtrodUCtion. .....o.vieei e 97
5.2 RESUIS. ..ot 97
5.2.1 Identification of 11 Allelopathic Species Phenolic
Compounds from Water Extraction.............................. 97
5.2.2 Identification of Phenolic Compound from 11 Allelopathic
Species using Sequential Alkaline Extraction.................. 103
5.3 DISCUSSIONS. .. .ttt et et 109

CHAPTER SIX: CHARACTERISATION OF TOTAL AND
INDIVIDUAL PHENOLIC COMPOUNDS IN 11 ALLELOPATHIC
6.1 IntroducCtion...........ooiuiiiii i, 114

Xi



6.2 ReSUIS. ..ot
6.2.1 Analysis of Total Phenolic Content in 11 Allelopathic
Species from Two Maceration Extracts .........................
6.2.2 HPLC Analysis of Individual Phenolic of 11 Allelopathic
N LS (e P
6.2.2.1 Phenolic Acids Composition for Water Extraction of
11 Allelopathic Species..........covvviiiiiniinniinnenn.
6.2.2.2 Phenolic Acids Composition for Sequential Alkaline
Extraction of 11 Allelopathic Species...................
6.3 DISCUSSIONS. ...\ttt et et e eee e

CHAPTER SEVEN: ANTIBACTERIAL AND ANTIFUNGAL ASSAY
ON 11 ALLELOPATHIC SPECIES EXTRACTS...ccceiitiiiiiiiinnicccnnnes
7.1 INtrodUCHION. ...
7.2 RESUILS. .ot
7.2.1 Antibacterial Activities of 11 Allelopathic Species from
Different Crude EXtracts...........coooiiiiiiiiiiiiiiii ..
7.2.2 Analysis of Antifungal Assay on 11 Allelopathic Species.....
7.3 DISCUSSIONS. ...ttt e e e

CHAPTER EIGHT: ALLELOPATHIC EFFECTS ASSESSMENT AS
NATURAL HERBICIDE VIA THE IN VITRO SYSTEM.....cccccoveveininen
8.1 IntroducCtion..........c.iiiriiii i,
8.2 RESUIS. ...t
8.2.1 In vitro Seed Number of Seedling and Seedling Growth of
Chlorisbarbata............ccoeviiiii e,
8.2.2 Effect of Allelochemical Extracts on the Pre-Emergence
Seeds of C. barbata...............ccoovviiiiiiiiie,
8.2.3 Effect of Allelochemical Extracts on the Post-Emergence of
C.barbata Seeds.........cooovviiiiiiiiii
8.2.4 Effect of Allelochemical Extracts on Glossostigma
ClatiNOIAES ... ...... ..o ceeiee e et e e et e e e e e
8.2.5 Effect of Allelochemical Extracts on the Rotala rotundifolia
8.3 DISCUSSIONS. ...ttt et et e e e e
CHAPTER NINE: GENERAL DISCUSSION AND CONCLUSIONS....
9.1 Research Aim and ObjectiVes.........c.vvviiiiniiiniiiiiiiiiniien,
9.2. Identification of Functional Groups in 11 Allelopathic Species
using Fourier Transform Infrared Spectroscopy (FT-IR).............
9.3 Characterization of Phenolic Compounds in 11 Allelopathic
Species using Gas Chromatography-Time of Flight Mass
Spectrometry (GCTOF-MS).......cooiiiiiiiiie e
9.4 Characterization of Total and Individual Phenolic Content in 11
Allelopathic SPeCIeS......ovviieiiii i
9.5 Antibacterial and Antifungal Assay on 11 Allelopathic Species
EXAraCtS. oo e
9.6 Allelopathic Effects Assessment as Natural Herbicide via the In
VItro Model System..........cooiiriiiiiiiii e
LA 07031163 1113 T § F S

xii

127
127
127

127

131
134

138
138
138
138

140



REFERENCES....cttitiiiiiiiiiiiiiiiiiiiiiitiitiiiiiieietieciasiascsascascnssnnen. 157

APPENDIX A: WATER EXTRACT OF A. AURICULIFORMIS ........... 173
APPENDIX B: WATER EXTRACT OF AL INDICA ...covviiiiiiiiiinininnn 174
APPENDIX C: WATER EXTRACT OF M. CAJUPUT I...ccuiiiiniininnnnnn 175
APPENDIX D: WATER EXTRACT OF R. APICULATA....cccieiiieinnnn. 177
APPENDIX E: WATER EXTRACT OF D. LINEARIS...cccoceiiiniiainn 179
APPENDIX F: WATER EXTRACT OF A. AUREUM .....cccevuvrinennenn. 180
APPENDIX G: WATER EXTRACT OF S. PALUSTRIS...ccccoveiiiainannee 181
APPENDIX H: WATER EXTRACT OF H. MALAYANA.....cccovtiinnnen 182
APPENDIX I: WATER EXTRACT OF D. DISJUNCTUS .....ccceveenenen. 183
APPENDIX J: WATER EXTRACT OF L. ARTICULATA....cccvvnennnnen 184
APPENDIX K: WATER EXTRACT OF E. OCHROSTACHYS ............. 185
APPENDIX L: SEQUENTIAL ALKALINE EXTRACT OF

A. AURICULIFORMIS ..ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieennen 187

APPENDIX M: SEQUENTIAL ALKALINE EXTRACT OF A. INDICA. 188
APPENDIX N: SEQUENTIAL ALKALINE EXTRACT OF

O L | = O I O 189
APPENDIX O: SEQUENTIAL ALKALINE EXTRACT OF

R.APICULATA. i iiiiiiiiiiiiiieiccnnceeicaeeneeneneas 190
APPENDIX P: SEQUENTIAL ALKALINE EXTRACT OF

D. LINEARIS. .citiiiiiiiiiiiiiiiiiiicinicnenecaeneneens 191
APPENDIX Q: SEQUENTIAL ALKALINE EXTRACT OF

A AUREUM. i 192
APPENDIX R: SEQUENTIAL ALKALINE EXTRACT OF

S.PALUSTRIS. ittt 193
APPENDIX S: SEQUENTIAL ALKALINE EXTRACT OF

L Y N e 194
APPENDIX T: SEQUENTIAL ALKALINE EXTRACT OF

D. DISJUNCTUS .ctiiiiiiiiiiiiiiiiiiiiiiieiieiiecieiecnenen 195
APPENDIX U: SEQUENTIAL ALKALINE EXTRACT OF

L. ARTICULATA. it tiiiiiiiiiiiiiiiiiicineieceeenecaenennne 196
APPENDIX V: SEQUENTIAL ALKALINE EXTRACT OF

E. OCHROSTACHYS .iuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeneeeenene. 197
APPENDIX W: TOTAL PHENOLIC CONTENT ...ccctiiiiiiiiiinineiecninnne. 198
APPENDIX X: ANALYSIS OF VARIANCE FOR WATER

EXTRACTION. ctttiiiiiiiiiiiiiiiiiiiniieiienicenenecnenenns 199
APPENDIX Y: ANALYSIS OF VARIANCE FOR SEQUENTIAL

ALKALINE EXTRACTION ..iuiiiiiiiiniiiiiiiieieiienecennen 200

Xiii



Table 2.1

Table 2.2

Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 3.1

Table 4.1

Table 4.2

Table 4.3

Table 5.1

Table 5.2

Table 6.1

Table 6.2

Table 6.3

LIST OF TABLES

Different allelopathic functions

Allelochemical interaction between allelopathic species and target
plant

Types of phenolic acid identified as allelopathic agents
Phenolic acids in allelopathic species

Comparison of methods for phenolics extraction

Different polarities of common solvent molecules
Classification of weeds

Comparison methods of weeds control in agricultural system
List of phenolic acids and retention time in sequence

FT-IR peak values of A. auriculiformis, A. indica, M. cajuputi,
R. apiculata, L. articulata, D. disjunctus and E. ochrostachys in
water extraction

FT-IR peak values of A. auriculiformis, A. indica, M. cajuputi,
R. apiculata, D. linearis, A. aureum, S. palustris, H. malayana,
D. disjunctus and E. ochrostachys in sequential alkaline extraction

Comparison of FT-IR functional groups between water and
sequential alkaline extraction

Comparison of total volatile compounds and phenolic compound
identified in water and sequential alkaline extraction

Phenolic compounds identified in GCTOF-MS between water and
sequential alkaline extraction

Total phenolic content (ug GAE/g DW) for 11 allelopathic species
in water extraction

Range of total phenolic content (ug GAE/g DW) for allelopathic
different groups

Range of individual phenolic content (ug/g DW) for allelopathic
different groups

Xiv

15

16

27

28

29

30

33

34

54

73

91

94

108

108

115

115

119



Table 6.4

Table 7.1

Table 7.2

Table 7.3

Table 8.1

Table 8.2

Table 8.3

Table 8.4

Table 8.5

Range of individual phenolic content (ug/g DW) for allelopathic
different groups

Antibacterial activity of different solvents separation extracts of 11
allelopathic species

Antifungal activity of different solvent separation extracts of 11
allelopathic species

Summary of antimicrobial assay activities of 11 allelopathic
species

Seedling rate and growth index of C. barbata

Effect of extracts of M. cajuputi, A. aureum and L. articulata on
the pre-emergence of C. barbata seeds

Effect of extracts of M. cajuputi, A. aureum and L. articulata on
the post-emergence of C. barbata seedlings after 1 week

Effect of extracts of M. cajuputi, A. aureum and L. articulata on
G. elatinoides growth

Effect of M. cajuputi, A. aureum and L. articulata extracts on
R. rotundifolia growth

XV

122

130

133

137

139

140

141

144

146



Figure 1.1
Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5
Figure 2.6
Figure 2.7
Figure 3.1
Figure 3.2
Figure 3.3

Figure 3.4

Figure 3.5
Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

LIST OF FIGURES

Factors affecting herbicides performance
Factors affecting allelopathic amounts

Probable major biosynthesis pathways leading to production of
various categories of allelopathic agents

Metabolic intermediates of the shikimate pathway. The
phenylalanine and tyrosine pathways diverge after the
biosynthesis of arogenate

The phenylpropanoid pathway. 4CL acts two steps of the
pathway and required for the biosynthesis of lignin and
soluble metabolites. HCT- Hydroxycinnamoyl CoA
shikimate: quinate hydroxyferulic acid O-methyltranferase;
SGT- sinapic acid: UDP-Glc-dependent

Chemical structure of phenol

Allelopathy mechanism of phenolic compounds

Weed development and invasion growth

List of allelopathic species in trees group

List of allelopathic species in ferns and herbaceous group
List of allelopathic species in sedges group

Extraction methods for allelochemical (phenolic compound)
by using 11 potential allelopathic species

Total phenolic compound test
Gallic acid equivalent (GAE) calibration curve

(a) Caffeic acid standard curve and (b) Caffeic acid was
detected at retention time of 3.461 min

(a) 2-Coumaric acid standard curve and (b) 2-Coumaric acid was
detected at retention time of 8.092 min

(@) trans-p-Coumaric acid standard curve and (b) trans-p-
Coumaric acid was detected at retention time of 6.073 min

XVi

14

19

21

24

25
26
32
39

41

45

48

48

50

51

51



Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

(a) Ferulic acid standard curve and (b) Ferulic acid was detected
at retention time of 7.352 min

(a) Vanillic acid standard curve and (b) Vanillic acid was detected
at retention time of 3.799 min

(@) 4-Hydroxybenzoic acid standard curve and (b) 4-
Hydroxybenzoic acid was detected at retention time of 3.300 min

(a) 3-Coumaric acid standard curve and (b) 3-Coumaric acid was
detected at retention time of 7.211 min

Preparation of antibacterial assay

Plant materials (a) Chloris barbata (b) Glossostigma elatinoides
and Rotala rotundifolia

Treatment test of weed species

FT-IR peak values of A. auriculiformis in water extraction for
petroleum ether fractional extract

FT-IR peak values of A. indica in water extraction for ethyl
acetate fractional extract

FT-IR peak values of M. cajuputi in water extraction for
(a) petroleum ether and (b) ethyl acetate fractional extracts

FT-IR peak values of R. apiculata in water extraction for
(a) petroleum ether, (b) ethyl acetate and (c) butanol fractional
extracts

FT-IR peak values of L. articulata in water extraction for ethyl
acetate fractional extract

FT-IR peak values of D. disjunctus in water extraction for ethyl
acetate fractional extract

FT-IR peak values of E. ochrostachys in water extraction for
ethyl acetate fractional extract

FT-IR peak values of A. auriculiformis in sequential alkaline
extraction (a) hexane, (b) ethyl acetate, (c) butanol and (d) ethanol
fractional extracts

FT-IR peak values of A. indica in sequential alkaline extraction
(a) hexane, (b) butanol and (c) ethanol fractional extracts

XVii

52

52

53

53

S7

60

64

66

67

68

69

71

72

73

75

77



Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Figure 4.17

Figure 4.18

Figure 6.1

Figure 6.2

Figure 7.1

Figure 7.2

Figure 8.1

Figure 8.2

Figure 8.3

FT-IR peak values of M. cajuputi in sequential alkaline
extraction (a) hexane and (b) ethanol fractional extracts

FT-IR peak values of R. apiculata sequential alkaline extraction
(a) hexane and (b) ethanol fractional extracts

FT-IR peak values of D. linearis sequential alkaline extraction (a)
hexane and (b) ethanol fractional extracts

FT-IR peak values of A. aureum sequential alkaline extraction (a)
hexane and (b) ethanol fractional extracts

FT-IR peak values of S. palustris sequential alkaline extraction
(a) hexane (b) ethyl acetate and (c) ethanol fractional extracts

FT-IR peak values of H. malayana sequential alkaline extraction
(a) hexane (b) ethyl acetate and (c) ethanol fractional extracts

FT-IR peak values of L. articulata sequential alkaline extraction
(a) hexane and (b) ethanol fractional extracts

FT-IR peak values of D. disjunctus sequential alkaline extraction
(a) hexane (b) ethyl acetate and (c) ethanol fractional extracts

FT-IR peak values of E. ochrostachys sequential alkaline
extraction (a) hexane (b) butanol and (c) ethanol fractional
extracts

Comparison of individual phenolic content in water extraction
from different solvents

Comparison of individual phenolic content in sequential alkaline
extraction from different solvents

Agar well diffusion assay showing the antibacterial activity of
S. aureus, S. epidermidis, E. coli, MRSA and P. aeruginosa

Agar well diffusion assay showing the antifungal activity of
C. albicans, Fusarium sp., M. gypseum, P. chrysosporium and
A. niger

Number of seedlings of C. barbata seeds from day 0 to day 7

Treatment of G. elatinoides at different concentrations of
M. cajuputi extract; (a) control, (b) 10 g/L, (c) 20 ¢/ L, (d) 30 ¢/L,
(e) 40 g/L and (f) 50 g/L

Number of seedling rate of G. elatinoides at different

concentrations; (a) control, (b) 10 g/L, (c) 20 g/ L, (d) 30 g/L, (e)
40 g/L and (f) 50 g/L

XViil

78

79

81

82

83

85

86

88

90

118

121

129

132

139

143

143



Figure 8.4

Figure 8.5

Treatment of R. rotundifolia at different concentrations;
(@) control, (b) 10 g/L, (c) 20 ¢/ L, (d) 30 g/L, (e) 40 ¢g/L and
(f) 50 g/L 145

Number of seedling rate of R. rotundifolia at different
concentrations of (a) control (Og/L), (b) 10 g/L, (c) 20 ¢/ L,
(d) 30 g/L, (e) 40 g/L and (f) 50 g/L 145

XiX



%

°C
MY
ML
pmol
4CL
ABA

ANOVA
ATCC

C4H
cm?
DAD

DAHP

DW
E4P
EA
EtOH

FT-IR

GAE
GCTOF-
MS

GM

LIST OF ABBREVIATIONS

Percentage
Less than
More than
Degree celcius
Microgram
Microliter
Micromole

Coumarate: coenzyme A
ligase

Abscisic acid

Analysis of variance
American type culture
collection

Butanol

Final concentration of
solution

Cinnamic Acid 4-
hydroxylase
Reciprocal wavelength

Diode array detection

3-deoxy-D-arabino-
heptulosonic acid 7-
phosphate

Dry weight

Etrythose-4-phospate
Ethyl acetate
Ethanol

Fourier transform infrared

Gram

Gallic acid equivalent

Gas chromatography-time

of flight mass
spectrometry
Genetic modified
Hour

LLE

m2st

MHA
MHB
MICC
mL
mm
MOA
MS

MS
MW

ND
NIST

OPPP

PAL
PDA
PDAD
PE

PEP
pH

Phe
ROS

RP
RT

XX

Litre

Liquid-liquid extraction
Molar

Metre squared per second
Muller-Hinton agar
Muller-Hinton broth
Minimum inhibitory
concentration

Millilitre

Millimetre
Modes of action
Mass spectrometry

Murashige and Skoog
Molecular weights

Not detected

National Institute Standard
and Technology

Oxidative pentose phosphate
pathway

Potency of antibiotic base

Phenylalanine ammonia
lyase

Potato Dextrose Agar
Photodiode array detection
Petroleum ether

Phosphoenolpyruvate

A figure to expressing the
acidity or alkalinity of a
solution on logarithm scale
which 7 is neutral, lower
values are more acid and
higher values more alkaline
L-phenylalanine

Reactive oxygen species

Reversed phase
Retention time



HEX
HPLC

IAA
USEPA

Hexane

High performance liquid
chromatography
Indole-3-acetic

United States
Environmental Protection
Agency

Weight of antibiotic to be
dissolved in V

SA
SEM

TPC
Trp

Tyr

XXi

Salicylic acid
Standard error of the mean

Total phenolic compound
L-tryptophan
L-tyrosine

Volume in ml required



CHAPTER ONE
INTRODUCTION

11 ALLELOCHEMICALS AS NATURAL HERBICIDES: PRESENT
PERSPECTIVES AND PRACTICES

In the global scenario, a principal approach to controlling weeds relies on herbicides
(Hong et al., 2004) where the cost of using these products was in excess of US$ 4.6
billion and about US$ 3 million tonnes of herbicides per year are used to control weeds
(Bhadoria, 2011). More than 350 confirmed instances of weed resistance have been
reported in 197 weed species globally and more than one-third of these are found in the
United States (David et al., 2012).

Meanwhile in Malaysia, for rice alone, an estimated US$ 4.10 million is spent
annually on herbicides for broadleaf weeds (Rezaul, 2004). The 3" National
Agricultural policy (1998-2010) aimed to maximise the utilisation of agriculture fields
and production while at the same time supporting sustainable agriculture in Malaysia
(Faridah, 2001). Furthermore, during 1991-1999 the use of herbicides accounted for
approximately RM 220-230 million/year in Malaysia (Bakar, 2004). Despite such
expenditures, the lack of weed control is among the most pressing concerns expressed
by farmers (Stokstad, 2013).

Many reports support the use of herbicides as alternative weed management, yet
the continued use of herbicides in heavy doses of chemicals creates environmental
pollution and increases the number of herbicide-resistant weeds (Bhadoria, 2011; Setia
et al., 2007). Approximately 99% of applied herbicides released into the air, water and

soil and only 1% reaches its target (Botelho & Cury, 2009). Such changes become



crucial to preserving natural resources and product quality. Since triazine herbicides and
photosynthesis inhibitors are widely implemented, inappropriate application of
herbicides has contributed to the accumulation of active compounds in the soil as well
as weed species (Soltys et al., 2013).

On top of that, from 1996 until 2014, genetic modified (GM) crops rapidly
expanded. The United State (US), Brazil and Argentina populate about 77% of total
GM crops of which 95% contain two traits (herbicide tolerance and insect resistance)
(Bonny, 2015) and currently applied to 41 million hectares as herbicide-resistant crop
(Bonny, 2008; Owen & Zelaya, 2005). Among the risks of GM are contamination of
grain, herbicide-resistant biotypes and other implications on the ecology which are
interrupting arable (crop) land biodiversity, increasing weed populations and
contributing to the evolution of herbicide-resistant biotypes that interfere with land
ecology and human health (Conner et al., 2003; Watkinson et al., 2000).

Based on the current statistics of natural product-based practices, almost 70% of
registered active pesticide ingredients have their origins in natural products research,
and only 8% of conventional herbicides are derived from natural compounds. Moreover,
only 7% of the biochemicals approved by the United States Environmnetal Protection
Agency (USEPA) are bioherbicides (Cantrell et al., 2012). These statistics underscore
the critical situation and the need for research that produces herbicides from natural
compounds. In order to solve this problem, several factors affect the performance of

herbicides as mentioned in Figure 1.1.
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Figure 1.1 Factors affecting herbicides performance (Kudsk, 2008)

Due to these highlighted issues, exploiting the allelopathy of plant-plant
interaction as a promising alternative to control weed evokes a new prospect (Duke et
al., 1986; Kato-Noguchi et al., 2013). The “eco-friendly” slogan forces scientists to
explore innovative solutions and tools for weed management. Discovery of natural
compounds for new environmentally safe herbicides known as bioherbicides produced
by living organisms, where 24 million organic compounds are found in a large group of
secondary plant metabolites (Soltys et al., 2013). In recent decades, there has been an
increase in the allelopathic or weed suppressive approach as a green alternative that
involves plant-plant interaction to produce secondary metabolites called
allelochemicals (Bhowmik, 2003; Bich & Kato-Noguchi, 2012; Dayan et al., 1999;

Durén-Serantes et al., 2002; Voltarelli et al., 2012).



