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About the Journal
Overview

Pertanika Journal of Tropical Agricultural Science is the official journal of Universiti Putra Malaysia. It
is an open-access online scientific journal. It publishes the scientific outputs. It neither accepts nor
commissions third party content.

Recognised internationally as the leading peer-reviewed interdisciplinary journal devoted to the
publication of original papers, it serves as a forum for practical approaches to improving quality in issues
pertaining to tropical agriculture and its related fields.

Pertanika Journal of Tropical Agricultural Science is a quarterly (February, May, August, and November)
periodical that considers for publication original articles as per its scope. The journal publishes in English
and it is open for submission by authors from all over the world.

The journal is available world-wide.

Aims and Scope

Pertanika Journal of Tropical Agricultural Science aims to provide a forum for high quality research
related to tropical agricultural research. Areas relevant to the scope of the journal include agricultural
biotechnology, biochemistry, biology, ecology, fisheries, forestry, food sciences, genetics, microbiology,
pathology and management, physiology, plant and animal sciences, production of plants and animals of
economic importance, and veterinary medicine.

History

Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into 3 journals
as Pertanika Journal of Tropical Agricultural Science, Pertanika Journal of Science & Technology, and
Pertanika Journal of Social Sciences & Humanities to meet the need for specialised journals in areas of
study aligned with the interdisciplinary strengths of the university.

Currently, as an interdisciplinary journal of agriculture, the revamped journal, a leading agricultural
journal in Malaysia now focuses on tropical agricultural research and its related fields.

Vision

To publish journals of international repute.

Mission

Our goal is to bring the highest quality research to the widest possible audience.

Quality

We aim for excellence, sustained by a responsible and professional approach to journal publishing.
Submissions are guaranteed to receive a decision within 90 days. The elapsed time from submission to
publication for the articles averages 180 days. We are working towards decreasing the processing time
with the help of our editors and the reviewers.

Abstracting and Indexing of Pertanika

Pertanika is over 42 years old; this accumulated knowledge has resulted in Pertanika Journal of Tropical
Agricultural Science being abstracted and indexed in SCOPUS (Elsevier), Clarivate Web of Science [ESCI],
EBSCO, DOAJ, Agricola, ASEAN CITATION INDEX, ISC, Microsoft Academic, Google Scholar, National
Agricultural Science (NAL), and MyCite.



Citing Journal Articles

The abbreviation for Pertanika Journal of Tropical Agricultural Science is Pertanika J. Trop. Agric. Sci.

Publication Policy

Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration
by two or more publications. It prohibits as well publication of any manuscript that has already been
published either in whole or substantial part elsewhere. It also does not permit publication of manuscript
that has been published in full in proceedings.

Code of Ethics

The Pertanika journals and Universiti Putra Malaysia takes seriously the responsibility of all its journal
publications to reflect the highest publication ethics. Thus, all journals and journal editors are expected
to abide by the journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or visit the
journal’s web link at http://www.pertanika.upm.edu.my/code_of_ethics.php

Originality

The author must ensure that when a manuscript is submitted to Pertanika, the manuscript must be an
original work. The author should check the manuscript for any possible plagiarism using any program
such as Turn-It-In or any other software before submitting the manuscripts to the Pertanika Editorial
Office, Journal Division.

All submitted manuscripts must be in the journal’s acceptable similarity index range:
< 20% — PASS; > 20% — REJECT.

International Standard Serial Number (ISSN)

An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media—print
and electronic. All Pertanika journals have an e-ISSN.

Pertanika Journal of Tropical Agricultural Science: e-ISSN 2231-8542 (Online).

Lag Time

A decision on acceptance or rejection of a manuscript is reached in 90 days (average). The elapsed time
from submission to publication for the articles averages 180 days.

Authorship

Authors are not permitted to add or remove any names from the authorship provided at the time of
initial submission without the consent of the journal’s Chief Executive Editor.

Manuscript Preparation

Most scientific papers are prepared according to a format called IMRAD. The term represents the first
letters of the words Introduction, Materials and Methods, Results, And Discussion. IMRAD is simply
a more ‘defined’ version of the “IBC” [Introduction, Body, Conclusion] format used for all academic
writing. IMRAD indicates a pattern or format rather than a complete list of headings or components
of research papers; the missing parts of a paper are: Title, Authors, Keywords, Abstract, Conclusions,
References, and Acknowledgement. Additionally, some papers include Appendices.

The Introduction explains the scope and objective of the study in the light of current knowledge on the
subject; the Materials and Methods describes how the study was conducted; the Results section reports
what was found in the study; and the Discussion section explains meaning and significance of the results
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and provides suggestions for future directions of research. The manuscript must be prepared according
to the journal’s Instruction to Authors (http://www.pertanika.upm.edu.my/Resources/regular_issues/
Regular_lssues_Instructions_to_Authors.pdf).

Editorial Process

Authors who complete any submission are notified with an acknowledgement containing a manuscript
ID on receipt of a manuscript, and upon the editorial decision regarding publication.

Pertanika follows a double-blind peer review process. Manuscripts deemed suitable for publication are
sent to reviewers. Authors are encouraged to suggest names of at least 3 potential reviewers at the time
of submission of their manuscripts to Pertanika, but the editors will make the final choice. The editors
are not, however, bound by these suggestions.

Notification of the editorial decision is usually provided within 90 days from the receipt of manuscript.
Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are accepted
conditionally, pending an author’s revision of the material.

As articles are double-blind reviewed, material that may identify authorship of the paper should be
placed only on page 2 as described in the first-4-page format in Pertanika’s Instruction to Authors (http://
www.pertanika.upm.edu.my/Resources/regular_issues/Regular_lssues_Instructions_to_Authors.pdf).

The Journal’s Peer Review

In the peer review process, 2 or 3 referees independently evaluate the scientific quality of the submitted
manuscripts. At least 2 referee reports are required to help make a decision.

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and
weaknesses of written research, with the aim of improving the reporting of research and identifying the
most appropriate and highest quality material for the journal.

Operating and Review Process

What happens to a manuscript once it is submitted to Pertanika? Typically, there are 7 steps to the
editorial review process:

1. The journal’s Chief Executive Editor and the Editor-in-Chief examine the paper to determine
whether it is relevance to journal needs in terms of novelty, impact, design, procedure,
language as well as presentation and allow it to proceed to the reviewing process. If not
appropriate, the manuscript is rejected outright and the author is informed.

2. The Chief Executive Editor sends the article-identifying information having been removed, to
2 or 3 reviewers. They are specialists in the subject matter of the article. The Chief Executive
Editor requests that they complete the review within 3 weeks.

Comments to authors are about the appropriateness and adequacy of the theoretical or
conceptual framework, literature review, method, results and discussion, and conclusions.
Reviewers often include suggestions for strengthening of the manuscript. Comments to the
editor are in the nature of the significance of the work and its potential contribution to the
research field.

3. The Editor-in-Chief examines the review reports and decides whether to accept or reject
the manuscript, invite the authors to revise and resubmit the manuscript, or seek additional
review reports. In rare instances, the manuscript is accepted with almost no revision. Almost
without exception, reviewers’ comments (to the authors) are forwarded to the authors. If
a revision is indicated, the editor provides guidelines to the authors for attending to the
reviewers’ suggestions and perhaps additional advice about revising the manuscript.



The authors decide whether and how to address the reviewers’ comments and criticisms and
the editor’s concerns. The authors return a revised version of the paper to the Chief Executive
Editor along with specific information describing how they have answered’ the concerns of
the reviewers and the editor, usually in a tabular form. The authors may also submit a rebuttal
if there is a need especially when the authors disagree with certain comments provided by
reviewers.

The Chief Executive Editor sends the revised manuscript out for re-review. Typically, at least 1
of the original reviewers will be asked to examine the article.

When the reviewers have completed their work, the Editor-in-Chief examines their comments
and decides whether the manuscript is ready to be published, needs another round of
revisions, or should be rejected. If the decision is to accept, the Chief Executive Editor is
notified.

The Chief Executive Editor reserves the final right to accept or reject any material for
publication, if the processing of a particular manuscript is deemed not to be in compliance
with the S.O.P. of Pertanika. An acceptance notification is sent to all the authors.

The editorial office ensures that the manuscript adheres to the correct style (in-text citations,
the reference list, and tables are typical areas of concern, clarity, and grammar). The authors
are asked to respond to any minor queries by the editorial office. Following these corrections,
page proofs are mailed to the corresponding authors for their final approval. At this point,
only essential changes are accepted. Finally, the manuscript appears in the pages of the
journal and is posted on-line.

22usI0g |einynNoLby |eoidod] Jo jeusnor

[
(o}
c
=
3
ol
(]
=5
—
=
(9}
2
Q
&l
>
Q
=4
Q
=
=
c
=
o
%)
o,
[}
3
Q
[}

2oUL10g |einyNolby |eoidold] Jo jeusnopr







Pertanika Journal of

TROPICAL
AGRICULTURAL SCIENCE

Vol. 43 (3) Aug. 2020

JJJJJJJJ

A scientific journal published by Universiti Putra Malaysia Press






EDITOR-IN-CHIEF
Mohd. Zamri-Saad, Malaysia
Veterinary Pathology

CHIEF EXECUTIVE EDITOR
Abu Bakar Salleh

Biotechnology and Biomolecular
Science

CHAIRMAN

UNIVERSITY PUBLICATIONS
COMMITTEE
Zulkifli Idrus

EDITORIAL STAFF

Journal Officers:

Kanagamalar Silvarajoo, Scholarone
Siti Zuhaila Abd Wahid, ScholarOne
Tee Syin Ying, ScholarOne

Ummi Fairuz Hanapi, ScholarOne

Editorial Assistants:

Ku Ida Mastura Ku Baharon
Siti Juridah Mat Arip
Zulinaardawati Kamarudin

PRODUCTION STAFF

Pre-press Officers:
Nur Farrah Dila Ismail
Wong Lih Jiun

WEBMASTER
To be appointed

EDITORIAL OFFICE

JOURNAL DIVISION

Putra Science Park

1stFloor, IDEA Tower Il

UPM-MTDC Technology Centre
Universiti Putra Malaysia

43400 Serdang, Selangor Malaysia.
Gen Eng.: +603 9769 1622

E-mail:
executive_editor.pertanika@upm.edu.my
URL: www.journals-jd.upm.edu.my

PUBLISHER
UPM PRESS

Universiti Putra Malaysia

43400 UPM, Serdang, Selangor, Malaysia.
Tel: +603 9769 8855, 9769 8854

Fax: +603 9769 6172

E-mail: penerbit@upm.edu.my

URL: http://penerbit.upm.edu.my

PENERBIT

PERTANIEA PRESS

EDITORIAL BOARD
2018-2020

Baharuddin Salleh
Plant Pathologist / Mycologist,
Universiti Sains Malaysia, Malaysia.

David Edward Bignell
Soil Biology and Termite Biology,
University of London, UK.

Eric Standbridge
Microbiology, Molecular Genetics,
Universiti of California, USA.

Ghizan Saleh
Plant Breeding and Genetics,
Universiti Putra Malaysia, Malaysia.

Idris Abd. Ghani
Entomology Insect Taxonomy
and Biodiversity, Integrated Pest
Management, Biological Control,
Biopesticides,

Universiti Kebangsaan Malaysia,
Malaysia.

Jamilah Bakar

Food Science and Technology, Food
Quality / Processing and Preservation,
Universiti Putra Malaysia, Malaysia.

JTAS

Journal of Tropical Agricultural Science
AN INTERNATIONAL PEER-REVIEWED JOURNAL

Kadambot H.M. Siddique,
FTSE

Crop and Environment Physiology,
Germplasm Enhancement,

The University of Western Australia,
Australia.

Leng-Guan Saw

Botany and Conservation, Plant Ecology,
Forest Research Institute Malaysia
(FRIM), Kepong, Malaysia.

Mohd. Azmi Ambak
Fisheries,

Universiti Malaysia Terengganu,
Malaysia.

Nor Aini Ab-Shukor

Tree Improvement, Forestry Genetics &
Biotechnology,

Universiti Putra Malaysia, Malaysia.

Richard T. Corlett

Biological Sciences, Terrestrial Ecology,
Climate Change, Conservation Biology,
Biogeography,

National University of Singapore,
Singapore.

Shamshuddin Jusop
Soil Science, Soil Mineralogy,
Universiti Putra Malaysia, Malaysia.

Son Radu

Food Safety, Risk Assessment, Molecular
Biology,

Universiti Putra Malaysia, Malaysia.

Srini Kaveri

Veterinary, Immunology,

INSERM, Centre de Recherche Cordeliers,
Paris, France.

Suman Kapur

Biological Sciences, Agricultural and
‘Animal Biotechnology,

Birla Institute of Technology and Science
BITS-Pilani, Hyderabad, India.

Wen-Siang Tan

Molecular Biology, Virology, Protein
Chemistry,

Universiti Putra Malaysia, Malaysia.

Zora Singh

Horticulture, Production Technology and
Post-handling of Fruit Crops,

Curtin University, Australia.

INTERNATIONAL ADVISORY BOARD

2018-2021

Alexander Salenikovich
Forestry, Wood and Forest Sciences,
Université Laval, Canada.

Banpot Napompeth
Entomology,
Kasetsart University, Thailand.

Denis J. Wright
Pest Management,
Imperial College London, UK.

Graham Matthews
Pest Management,
Imperial College London, UK.

Jane M. Hughes
Genetics,
Griffith University, Australia.

Malcolm Walkinshaw
Biochemistry,
University of Edinburgh, Scotland.

Manjit S. Kang

Plant Breeding and Genetics,

Louisiana State University Agric. Center,
Baton Rouge, USA.

Peter B. Mather

Ecology and Genetics,

Queensland University of Technology,
Australia.

Syed M. llyas

Project Director, National Institute

of Rural Development, Post Harvest
Engineering and Technology,

Indian Council of Agricultural Research,
Hyderabad, India.

Tanveer N. Khan

Plant Breeding and Genetics,

The UWA Institute of Agriculture,
The University of Western Australia,
Australia.

ABSTRACTING AND INDEXING OF PERTANIKA JOURNALS

Pertanika is over 40 years old; Pertanika has reached 40 years old; this accumulated knowledge has resulted
in the journals being abstracted and indexed in SCOPUS (Elsevier), Clarivate-Emerging Sources Citation Index
[ESCI (Web of Science)], BIOSIS, National Agricultural Science (NAL), Google Scholar, MyCite and ISC.

The publisher of Pertanika will not be responsible for the statements made by the authors in any articles published in the journal. Under no circumstances will the publisher of this
publication be liable for any loss or damage caused by your reliance on the advice, opinion or information obtained either explicitly or implied through the contents of this publication.
All rights of reproduction are reserved in respect of all papers, articles, illustrations, etc., published in Pertanika. Pertanika provides free access to the full text of research articles
for anyone, web-wide. It does not charge either its authors or author-institution for refereeing/publishing outgoing articles or user-institution for accessing incoming articles.
No material published in Pertanika may be reproduced or stored on microfilm or in electronic, optical or magnetic form without the written authorization of the Publisher.

Copyright © 2018 Universiti Putra Malaysia Press. All Rights Reserved.






Pertanika Journal of Tropical Agricultural Science
Vol. 43 (3) Aug. 2020

Contents
Foreword i
Abu Bakar Salleh
Crop and Pasture Production
Studies on Genotype by Environment Interaction (GEI) and Stability 239
Performances of 43 Accessions of Tropical Soybean (Glycine max (L.)

Merrill)
Ibidunni Sakirat Adetiloye and Omolayo Johnson Ariyo

Analysis of Qualitative and Quantitative Trait Variability among Black 257
Pepper (Piper nigrum L.) Cultivars in Malaysia
Yi Shang Chen and Cheksum Supiah Tawan

Chitosan as a Biopesticide against Rice (Oryza sativa) Fungal Pathogens, 275
Pyricularia oryzae and Rhizoctonia solani

Mui-Yun Wong, Arthy Surendran, Nur Madhihah Saad and

Farhana Burhanudin

Biotechnology

Screening and Evaluation of Biopesticide Compounds from Mirabilis 289
jalapa L. (Caryophyllales: Nyctaginaceae) and Its Combination with
Bacillus thuringiensis against Spodoptera litura F. (Lepidoptera:
Noctudiae)
Dina Maulina, Mohamad Amin, Sutiman Bambang Sumitro,
Svi Rahayu Lestari and Tri Suwandi

Bioactivity Evaluation of Melaleuca cajuputi (Myrtales: Myrtaceae) 303
Crude Extracts against Aedes Mosquito
Azlinda Abu Bakar

Forestry Sciences

Tree Community Structure and Diversity of Shorea lumutensis (Balau 315
Putih) Dominated Forest at Segari Melintang Forest Reserve, Perak

Nurul Hidayah Che Mat, Abdul Latiff, Ahmad Fitri Zohari,

Nizam Mohd Said and Nur "Agilah Mustafa Bakray

Associations of Growth and Phenology Cycle with Environmental 327
Variables on the Population Dynamics of Non-climbing Rattan Calamus
castaneus Griff.

Nur Diana Mohd Rusdi, Asyraf Mansor, Shahrul Anuar Mohd Sah,

Rahmad Zakaria, Nik Fadzly Nik Rosely and Wan Ruslan Ismail



Animal Production

Effects of Age at Slaughter and Sex on Carcass Characteristics and Meat
Quality of Betong Chicken
Piyanan Nualhnuplong and Chaiyawan Wattanachant

Food and Nutrition Development

Physicochemical Properties of Sodium Alginate Edible Film Incorporated
with Mulberry (Morus australis) Leaf Extract

Yan Ling Kuan, S. Navin Sivanasvaran, Liew Phing Pui,

Yus Aniza Yusof and Theeraphol Senphan

Horticulture

Scanning Electron Microscopy Analysis of Early Floral Development in
Renanthera bella J. J. Wood, an Endemic Orchid from Sabah
Nurul Najwa Mohamad and Nor Azizun Rusdi

Plant Physiology

Preliminary Study on the Effect of Nitrogen and Potassium Fertilization,
and Evapotranspiration Replacement Interaction on Primary and
Secondary Metabolites of Gynura procumbens Leaves

Mohamad Fhaizal Mohamad Bukhori, Muhd Kamal Izzat,

Mohd Zuwairi Saiman, Nazia Abdul Majid, Hawa ZE Jaafar,

Ali Ghasemzadeh and Uma Rani Sinniah

Soil and Water Sciences

Relationship between Groundwater Level and Water Content in Oil Palm
Plantation on Drained Peatland in Siak, Riau Province, Indonesia
Yudha Asmara Adhil, Syaiful Anwar, Suria Darma Tarigan and
Bandung Sahari

343

359

377

391

415



Foreword
Welcome to the Third Issue of 2020 for the Journal of Tropical Agricultural Science (JTAS)!

JTAS is an open-access journal for studies in Tropical Agricultural Science published by
Universiti Putra Malaysia Press. It is independently owned and managed by the university
for the benefit of the world-wide science community.

This issue contains 12 articles; all are regular articles. Articles submitted in this issue
cover the scope of animal production; biotechnology; crop and pasture production; food
and nutrition development; forestry sciences; horticulture; plant physiology; and soil
and water sciences. The authors of these articles come from different countries namely
Indonesia, Malaysia, Nigeria and Thailand.

A regular article entitled “Bioactivity Evaluation of Melaleuca cajuputi (Myrtales:
Myrtaceae) Crude Extracts against Aedes Mosquito” discussed on the insecticidal
properties of Melaleuca cajuputi crude extracts, which were in four different solvents
viz dichloromethane, ethyl acetate, hexane, and methanol, against Aedes aegypti and
Aedes albopictus mosquito. It concluded that the extract of M. cajuputi could potentially
be the plant-based product in controlling dengue Aedes vectors, particularly in the adult
mosquito. The detailed information of this article is presented on page 303.

Piyanan Nualhnuplong and Chaiyawan Wattanachant from Prince of Songkla University
investigated on the effects of age at slaughter and sex on carcass characteristics and
meat quality of Betong chickens. In order to control the quality of the meat, they found
out that the males should be slaughtered at 20 weeks, while the females should be
slaughtered when they reach the age of 24 weeks. Details of this study is available on
page 343.

Nurul Najwa Mohamad and Nor Azizun Rusdi from Universiti Malaysia Sabah observed
the morphological changes of flower initiation and early development by apical
dissection and scanning electron microscopy (SEM). This study demonstrated ten stages
of the early flower development pattern of Renanthera bella. The identification of the
essential genes that may be involved and significant for the floral development process
is needed. The further details of the study are found on page 377.



We anticipate that you will find the evidence presented in this issue to be intriguing,
thought-provoking and useful in reaching new milestones in your own research. Please
recommend the journal to your colleagues and students to make this endeavour
meaningful.

All the papers published in this edition underwent Pertanika’s stringent peer-review
process involving a minimum of two reviewers comprising internal as well as external
referees. This was to ensure that the quality of the papers justified the high ranking
of the journal, which is renowned as a heavily-cited journal not only by authors and
researchers in Malaysia but by those in other countries around the world as well.

We would also like to express our gratitude to all the contributors, namely the authors,
reviewers, Editor-in-Chief and Editorial Board Members of JTAS, who have made this
issue possible.

JTAS is currently accepting manuscripts for upcoming issues based on original qualitative
or quantitative research that opens new areas of inquiry and investigation.

Chief Executive Editor
Prof. Dato’ Dr. Abu Bakar Salleh
executive editor.pertanika@upm.edu.my
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Studies on Genotype by Environment Interaction (GEI) and
Stability Performances of 43 Accessions of Tropical Soybean
(Glycine max (L.) Merrill)

Ibidunni Sakirat Adetiloye!'* and Omolayo Johnson Ariyo?

National Centre for Genetic Resources and Biotechnology (NACGRAB), PM.B. 5382,

Moor Plantation, Ibadan, Nigeria

’Department of Plant Breeding and Seed Technology, Federal University of Agriculture (FUNAAB),
PM.B. 2240, Alabata road, Abeokuta, Nigeria

ABSTRACT

Soybean is the one most important oil-producing crop in Nigeria and the world. Genotype
by environment interaction has been a major hindrance to effective selection and production.
This study was conducted to determine the response of 43 soybean accessions to three
environments to identify accessions that are adapted to the specific location and those that
have wide adaptation. The 43 accessions were collected from the International Institute
for Tropical Agriculture (IITA), Ibadan, Nigeria, and tested during the growing seasons of
the years 2013, 2014, and 2015 in Ibadan. The data were analyzed using the additive main
effects and multiplicative interaction (AMMI) and genotype main effect plus genotype-by-
environment interaction (GGE) biplot methods. The AMMI analysis showed significant G
x E interaction and identified accessions TGm-107, TGm-1200, and TGm-802 as the most
desirable genotypes, whereas, TGm-868 and TGm-1209 were the least stable. The first
two PC of the GGE analysis were able to capture 88.8% of the total variability due to G x
E interaction. Accessions TGm-107, TGm-1200, and TGm-802 were the best performing
and stable accessions due to their shortest projections in GGE biplot.

ARTICLE INFO Keywords: Adaptation, AMMI, environments, GGE

biplot, soybean, stability
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Soybean is one of the leading oil crops in the
world, which produces significantly higher
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Ibidunni Sakirat Adetiloye and Omolayo Johnson Ariyo

soybean-producing countries in sub-Saharan
Africa. In 2014, Nigeria recorded production
0f 679,000 metric tons (Food and Agriculture
Organization [FAO], 2016). It is cultivated
by small- and large-scale farmers majorly
for human consumption and livestock feed
in various agro-ecological zones in Nigeria.
Changes in climate can have a strong impact
on agriculture, i.e. climatic conditions
determine not only crop growth but also
yield, so even little change of climatic
conditions required for production can
seriously reduce yield (Kang et al., 2009).
Therefore, it is important to understand
the effect of environmental factors on crop
growth and development. This knowledge
would reduce the G x E interactions and
improve the selection of genotypes for
specific and wide adaptations in the target
environments. The genotypic performance of
soybean germplasm in many environments
and seasons can assess the stability and
adaptations of genotypes (Gedif et al.,
2014). Interaction between genotype and
environment interaction (GEI) complicates
evaluations/trials, selection, and release
and recommendation decisions of superior
and improved genotypes, and consequently,
reduces genetic progress from the selection
because breeders need to identify different
genotypes from the evaluation (Rincent et
al., 2017; Tariku, 2017). As a result, GEI
alters the genotype rankings from one
environment to the other, and genotypes
selected from one environment may not
do well in another environment. Hence,
there is a need to conduct trials over a wide
range of environments to ascertain the

240

selection of superior and stable genotypes.
To this end, breeders usually conduct multi-
environmental trials (MET) to identify high
yielding and stable genotypes.

Many statistical models have been
employed to detect and quantify the
GEI. Currently, additive main effects and
multiplicative interaction (AMMI) analysis
models developed by Gauch (1992) and
Zobel et al. (1988); and genotype main effect
plus genotype-by-environment interaction
(GGE) biplot developed by Yan and Kang
(2003) and Yan and Rajcan (2002) are the
most frequently used statistical models.
However, before the advent of the two
models mentioned above, breeders also
used principal component analysis (PCA)
developed by Hill and Godchild (1981),
joint regression analysis developed by
Eberhart and Russel (1966) as well as
Finlay and Wilkinson (1963), and ANOVA
developed by Snedecor and Cochran (1980).

Several studies reported on stability
studies that focused on soybean. Cucolotto
etal. (2007) found four cultivars out of thirty
that combined good adaptation and stability,
while Gurmu et al. (2009) reported that
high yielding cultivars were more likely to
have lower stability and vice versa. Jandong
et al. (2011) examined seven genotypes
grown in six different soil pH regimes for
adaptability and stability and observed
specific adaptation, implying that each
genotype had specific soil requirements.
Therefore, the main objective of the study
was to evaluate Genotype x Environment
Interaction (GEI) and the level of yield
stability of the 43 accessions of soybean.

Pertanika J. Trop. Agric. Sci. 43 (3): 239 - 255 (2020)



Studies on GEI and Stability Performances of Soybean

MATERIALS AND METHODS

Forty-three (43) soybean accessions
collected from the Genetic Resources
Center, International Institute for Tropical
Agriculture (IITA) (Table 1), Nigeria were
evaluated during the three years of 2013,
2014, and 2015. The trials were laid out
in the research farms of the Department
of Seed GenBank Unit, National Center
for Genetic Resources and Biotechnology
(NACGRAB), Ibadan (7.23 '47"N 3.55
‘0" E) in 2013 and 2014; and International
Institute of Agriculture (IIA) (8.0°’N 4.0°E),
Ibadan, Nigeria in 2015, respectively.
NACGRAB is situated at moor plantation,
Apata along Abeokuta Ogun State, Nigeria
while IITA is situated at Moniya along
Oyo town in Oyo State, Nigeria. The
meteorological data of the three years are
shown as appendix I, II, and III. The 43
accessions were planted in single-row plots
with 60 cm between-row and 5 cm within-
row spacing, with three replications using a
1-m alley between blocks in a randomized
complete block design. Data were collected
on five yield characters: number of days to
50% flowering, number of days to maturity,
number of pods per plant, 100 seed weight
(gm), and seed yield per plant (g). They
were analyzed using AMMI analysis,
MATMODEL version 2.0 (Gauch & Zobel,
1996). In this analysis, each planting season
was considered an environment. Thus, there
were three environments in this study. The
analysis was done to estimate the magnitude
of the GE interaction.

The AMMI statistical model equation
used was:

Yger =M + (Ig + Be + 2)\,,1 an 8en + Pge + €ger

AMMI’s Stability Value (ASV) was also
estimated by using the formula of Purchase
(1997):

ASV = J{—SSM-’“ (IPCAL

IPCAZ

+ { ]P{:‘a‘"z'.:m ):

o )

ASV = AMMI’s stability value, SS = sum
of squares, [PCA = interaction principal
component axis.

Likewise, Yield Stability index (Y Si)
was also calculated by adding up the
ranks obtained from ASV and mean yield
according to Farshadfar et al. (2011):

YSi=RASVi+RGYi

where; RASVi = rank of AMMI stability
value of the ith genotype and RYGi =
rank of the mean of seed yield of the ith
genotype. The collected data also underwent
a GGE biplot analysis to view the GEI.
This analysis was carried out according to
Mandel’s site regression model (SREG,,;,
biplot) for MET data (Yan et al., 2001). In
this biplot, the genotype main effect is the
primary effect. The secondary effect comes
from the first principal component (PC1)
that comes from applying singular value
decomposition (SVD) of the environment-
centered data to the residual (Mandel, 1961).

According to Mandel (1961), the following
model was used for the analysis:

Y — By = bjou + Ay + Xy

GGE biplots were used to compare and
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contrast among the performances of different
genotypes in an environment as well as
a genotype in different environments. It

identifies the highest yielding genotypes
at the different mega-environments and
identifies ideal genotypes and test locations.

Table 1
The accession names and origin of 43 genotypes of soybean

S/N Accession Origin S/N Accession Origin
1 TGm-107 Nigeria 32 TGm-869 Taiwan
2 TGm-109 Nigeria 33 TGm-93 Nigeria
3 TGm-1106 Taiwan 34 TGm-94 Nigeria
4 TGm-1200 Burkina Faso 35 TGm-947 Nigeria
5 TGm-1209 Burkina Faso 36 TGm-948 Nigeria
6 TGm-1215 Nigeria 37 TGm-95 Nigeria
7 TGm-136 Nigeria 38 TGm-96 Nigeria
5 Tom-138 Uganda 39 TGm961  Nigeria
K TGm-14 Nigeria 40 TGm-97 Nigeria
10 TGm-142 Uganda .

41 TGm-98 Nigeria
11 TGm-150 Uganda o
1 TGm.27 Nigeria 42 TGm-99 Nigeria
13 TGm-553 Nigeria 43 TGm-946 Nigeria
14 TGm-569 Nigeria
15 TGm-570 Nigeria RESULTS AND DISCUSSION
16 TGm-574 Nigeria The AMMI analysis results are presented
17 TGm-577 Nigeria in Table 2. The treatments (accessions +
18 TGm-579 Nigeria environments + interactions) accounted for
19 TGm-584 Taiwan 81.23% of the total sums of squares using
20 TGm-658 Indonesia approximately 33.16% of the total degrees
21 TGm-669 Indonesia of freedom. The accessions captured 38.39%
22 TGm-682 Indonesia of the total sums of squares explained
23 TGm-686 Indonesia and 47.26% of the total sum of treatment
24 TGm-802 Burkina Faso explained, while the environments explained
25 TGm-861 Taiwan 8.1% of the total sums of squares and
26 TGm-863 Taiwan 10.0% of the treatment sums of squares.
27 TGm-864 Taiwan The interactions explained 34.73% of the
28 TGm-865 Taiwan total sums of squares and 42.75% of the
29 TGm-866 Taiwan sums of squares for treatment (Table 2).
30 TGm-867 Taiwan Therefore, the accessions accounted for
31 TGm-868 Taiwan more variation, followed by the interactions
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Table 2
Analysis of Variance for AMMI model
% % total % total
Source df SS MS interaction F SS treatment
explained explained explained
Treatments 128 30034 2346 9.29%*  81.23
Accessions 42 14193 337.9 13.38%*  38.39 47.26
Environments 2 3000 1499.8 15.61** 8.1 10
Block 6 576 96.1 3.80%*
Interactions 84 12841 152.9 6.05*%* 3473 42.75
IPCA 43 9792 227.7  76.26 9.02%*
IPCA 41 3049 74.4 23.74 2.95%*
Residuals 0 0
Error 252 6363 253
Total 386 36973 95.8

Note. *, ** significant at 5% and 1% levels, respectively.

df = degrees of freedom; SS = sum of squares; MS = mean squares

and the environment captured the least
variation. These results suggest that the
43 accessions and the three environments
used were significantly different from
each other. The significant differences
showed for genotype by environment
interaction indicated that the 43 accessions
responded to the 3 environments differently.
Furthermore, the results revealed that the
accession component had more influence
on the performance of soybean accessions,
indicating less environmental influence
for the test years and also showed that the
largest source of variation observed was
mainly due to genetic component probably
because the genotypes are evaluated in
the same geographical locations through
different years.

The seed yield, environment, year,
and first [IPCA scores are shown in Table

Pertanika J. Trop. Agric. Sci. 43 (3): 239 - 255 (2020)

3. The range of genotype mean yields was
between 12.32 g in TGm-14 and 39.15 g in
TGm-868. The environment means ranged
from 21.62 g in environment 1 to 27.67
g in environment 3. Genotype TGm-868
recorded the largest IPCA score of 3.01
while genotype TGm-107 recorded the
lowest IPCA1 score of —0.05. However,
the largest environmental IPCA1 score was
observed in environment 3 (6.07), while
the lowest was recorded for environment
2 (-2.09). Accessions with [IPCA1 scores
close to zero had less interaction across the
environments. It follows that out of the 43
accessions considered, TGm-1200 = G4
(0.10), TGm-570 = G15 (-0.07), TGm-579
=G18(0.31), TGm-686 =G23 (0.16), TGm-
802 = G24 (-0.06), TGm-865 = G28 (0.42)
and TGm-869 = G32 (0.40) had negligible
interaction with the test environments. All
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the remaining 36 accessions had high IPCA1
scores and were highly interactive with the
environments.

The AMMI biplot for the 43 accessions
of soybean is presented in Figure 1. In
AMMI analysis, the IPCA scores of a
genotype either positive or negative suggest
its stability. The higher the IPCA score, the
more adapted The IPCA scores of genotypes
in the AMMI analysis indicate the stability
of a genotype over environments. The
greater the [PCA score of a genotype, either
positive or negative, the more specifically
adapted that genotype is to a specific
environment. Also, the closer an IPCA score
is to zero, the more stable the genotype is
over all environments (Gauch & Zobel,
1996). Figure 1 indicates that G31 (TGm-
868) gave the highest yield followed by

Table 3

G26 (TGm-863) and G1 (TGm-107). The
lowest yielding among the 43 accessions
was G9 (TGm-14) due to its placement on
the top left corner in the biplot. Accessions
G1 (TGm-107), G4 (TGm-1200), and G24
(TGm-802) were most stable and high
yielding considering their IPCA score being
the closest to zero and can be considered
adaptable to all the environments.

On the other hand, G31 (TGm-868)
was the least stable as it was the farthest
from the IPCA1 score of zero, however,
due to its high mean seed yield, it can be
considered a responsive accession for a
specific environment. The most undesirable
accession was G9 (TGm-14) as it combined
low yield with instability. Accession G1
(TGm-107) was considered the most
desirable.

Seed yield of forty-three (43) soybean accessions grown in three environments, mean values and the first PCA

scores

Genotype code El E2 E3 GM (g) IPCA 1
TGm-107 Gl 34.51 35.44 40.30 36.75 -0.05
TGm-109 G2 14.83 17.33 34.40 22.19 1.36
TGm-1106  G3 25.14 19.00 36.13 26.76 0.76
TGm-1200 G4 21.13 32.67 31.97 28.59 0.10
TGm-1209 G5 29.59 18.67 6.90 18.39 -2.64
TGm-1215  G6 16.21 20.67 16.37 17.75 -0.78
TGm-136 G7 27.28 26.00 14.47 22.58 -1.95
TGm-138 G8 19.55 30.67 32.40 27.54 0.33
TGm-14 G9 17.17 14.63 5.17 12.32 -1.82
TGm-142 G10 18.37 24.33 21.57 21.42 -0.51
TGm-150 G11 24.14 16.00 6.50 15.55 -2.21
TGm-27 G12 22.48 20.92 29.67 24.36 0.19
TGm-553 G13 20.61 35.67 36.57 30.95 0.51
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Genotype code El E2 E3 GM (g) IPCA 1
TGm-569 Gl14 21.75 14.60 11.10 15.82 -1.50
TGm-570 G15 15.63 13.14 20.07 16.28 -0.07
TGm-574 Gle6 24.43 22.36 32.20 26.33 0.27
TGm-577 G17 38.09 27.67 23.37 29.71 -1.82
TGm-579 G138 16.07 27.00 28.73 23.94 0.31
TGm-584 G19 20.76 18.97 37.47 25.73 1.21
TGm-658 G20 18.75 20.67 29.83 23.08 0.48
TGm-669 G21 17.78 24.07 31.30 2438 0.57
TGm-682 G22 17.79 19.67 34.67 24.04 1.10
TGm-686 G23 23.73 21.38 30.40 25.17 0.16
TGm-802 G24 35.48 17.00 34.47 28.98 —-0.06
TGm-861 G25 23.67 17.67 24.00 21.78 —0.38
TGm-863 G26 35.69 31.00 46.83 37.84 0.72
TGm-864 G27 15.99 15.67 31.13 20.93 0.99
TGm-865 G28 12.02 16.00 23.27 17.10 0.42
TGm-866 G29 22.83 14.33 31.00 22.72 0.55
TGm-867 G30 18.88 16.15 15.00 16.68 -0.94
TGm-868 G31 22.09 34.67 60.70 39.15 3.01
TGm-869 G32 20.24 15.67 28.37 21.42 0.40
TGm-93 G33 16.46 17.67 31.97 22.03 0.97
TGm-94 G34 15.48 24.00 41.33 26.94 1.80
TGm-946 G35 22.11 22.97 22.13 22.40 —0.66
TGm-947 G36 10.79 15.87 11.83 12.83 -0.71
TGm-948 G37 23.48 14.97 31.40 23.28 0.52
TGm-95 G38 18.25 21.33 30.27 23.28 0.53
TGm-96 G39 27.73 24.67 38.33 30.24 0.61
TGm-961 G40 25.48 34.67 15.30 25.15 -2.05
TGm-97 G41 13.27 22.97 10.53 15.59 -1.28
TGm-98 G42 16.14 18.01 32.33 22.16 1.02
TGm-99 G43 27.70 25.78 38.03

Mean 21.62 21.92 27.67 30.51 0.54
PCA 1 score -3.98 -2.09 6.07

Note. E 1I(NACGRAB) =2013; E 2 (NACGRAB) =2014; E 3 (IITA) = 2015; GM = grand mean;

IPCA = interaction principal component axis
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Figure 1. AMMI biplot of yield for 43 soybean accessions in three environments

Therefore, AMMI revealed that TGm-
107 (G1), TGm-1200 (G4), TGm-802 (G24),
TGm-138 (G8), TGm-686 (G23), TGm-553
(G13), TGm-869 (G32), and TGm-574
(G16) were the most desirable as they
combine stability with high yield. This made
them the most suitable variety for cultivation
across seasons. However, accessions TGm-
868 (G31), TGm-1209 (GS), and TGm-150
(G11) had high IPCA values indicating
that they were responsive to changes in
environments, a sign of high interaction
with environments. The accessions that had
more interaction with environments were
found to be unpredictable in performance
(unstable) and hence could be recommended
for specific adaptation. Mohammadi et al.

(2009) described a genotype exhibiting
dynamic stability as one that responded
to improved conditions and management
practices with increased yield. Therefore,
it would not be logical to recommend it for
growing across environments. However,
it would be better to recommend it for
production in optimum growing conditions
or environments. The differences among
the test environments could be explained
by climatic conditions, season length, and
seasonal effects. Environment 1 (2013)
was the least in terms of yield while
environment 2 was the best in terms of
stability in this study and therefore had little
interaction effect with the 43 accessions
studied. These results were consistent with
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numerous studies (Gurmu et al., 2009; Rao
et al., 2002; Yothasiri & Somwang, 2000).
Accession TGm-868 (G31) was identified
to be the highest yielding and most unstable
accession and therefore not reliable while
TGm-107 (G1) was the best candidate in
terms of stability and yield. These results
were in agreement with the reports of Mut
et al. (2009). Studies have shown that
seed yield is heritable and conditioned
by additive gene action (Spehar, 1999).
Thus, simple selection methods could
be applied to advance yield stability and
plasticity for cultivation over a wide range
of environments. These results suggested
that seed yield could be maximized through
selecting accessions showing consistently
high yield performance across heterogeneous
growing environments.

The AMMI stability value (ASV) and
yield stability index (Y Si) are presented in
Table 4. The genotypes with a larger ASV

score, either positive or negative will be
better adapted to a specific environment
while those with a smaller ASV score
indicate a more stable genotype across
environments. Accordingly, TGm-107
with the lowest ASV (0.020 followed by
TGm-570 (0.08) and TGm-686 (0.20)
were the most stable accessions, whereas,
TGm-868 (47.10) followed by TGm-
1209 (36.27) and TGm-150 (25.35) were
identified as more adapted and sensitive to
environmental changes. Yield stability Index
(YSi) (Farshadfar et al, 2011) measures
stability and can be calculated by summing
of genotype rank of mean seed yield across
environments and rank of AMMI stability
value of genotypes. The genotypes with the
lowest value are desirable genotypes with
high mean grain yield and stability. Hence,
YSi identified TGm 107 and TGm 1200 as
the most desirable accessions among all the
43 accessions of soybean.

Table 4

Ranking of 43 accessions of soya bean by AMMI stability value (ASV) and yield stability index (YSi)
Accession Code MY RANK ASV RANK YSi
TGm-107 Gl 36.75 3 0.02 1 4
TGm-109 G2 22.19 27 9.54 33 60
TGm-1107 G3 26.76 12 3.48 26 38
TGm-1200 G4 28.59 9 1.05 8 17
TGm-1209 G5 18.39 35 36.27 42 77
TGm-1215 Go6 17.75 34 3.40 25 59
TGm-136 G7 22.58 25 19.66 39 64
TGm-138 G8 27.54 10 1.41 12 22
TGm-14 G9 12.32 43 17.09 37 80
TGm-142 G10 21.42 32 1.69 15 47
TGm-150 Gl1 15.55 41 25.35 41 82
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Table 4 (Continued)

Accession Code MY RANK ASV RANK YSi
TGm-27 Gl12 24.36 18 0.23 4 22
TGm-553 G13 30.95 4 2.87 22 26
TGm-569 Gl4 15.82 39 11.78 35 74
TGm-570 G15 16.28 38 0.08 2 40
TGm-574 Gl6 26.33 13 0.44 5 18
TGm-577 G17 29.71 7 17.52 38 45
TGm-579 G18 23.94 20 1.32 11 31
TGm-584 G19 25.73 14 7.71 32 46
TGm-658 G20 23.08 23 1.19 10 33
TGm-669 G21 24.38 17 1.87 16 33
TGm-682 G22 24.04 19 6.32 31 50
TGm-686 G23 25.17 15 0.20 3 18
TGm-802 G24 28.98 8 2.83 21 29
TGm-861 G25 21.78 30 1.00 7 37
TGm-863 G26 37.84 2 3.00 24 26
TGm-864 G27 20.93 33 5.11 29 62
TGm-865 G28 17.10 36 0.98 6 42
TGm-866 G29 22.72 24 2.34 20 44
TGm-867 G30 16.68 37 4.57 27 64
TGm-868 G31 39.15 1 47.10 43 44
TGm-869 G32 21.42 31 1.08 9 40
TGm-93 G33 22.03 29 4.86 28 57
TGm-94 G34 26.94 11 16.90 36 47
TGm-946 G35 22.40 26 2.27 19 45
TGm-947 G36 12.83 42 2.90 23 65
TGm-948 G37 23.28 21 2.18 18 39
TGm-95 G38 23.28 22 1.48 13 35
TGm-96 G39 30.24 6 2.08 17 23
TGm-961 G40 25.15 16 22.99 40 56

Note. ASV = AMMI stability value; YSi = yield stability index; MY = mean yield
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The GGE biplot was also constructed
for the 43 accessions. One of the important
characteristics of a GGE biplot is its ability
to reveal top-performing genotypes in
a specific environment and it can also
display low yielding genotypes across
environments. Figure 2 illustrates the
association of the 43 accessions of soybean
within the three test environments. Five
sectors were displayed in the biplot, which
were generated by the perpendicular line
that originated from the center of the biplot
and runs perpendicular to the side of the
polygon. Among the five sectors displayed,
two had environments included within them.
Accession(s) that fall in sectors where the
environment(s) are included indicate the

association of the accession(s) with that
specific environment(s). The accession
at the various vertices of the polygon is
expected to be responding well as they
are the furthest from the origin. However,
the responsive vertex accession is the
best performing accession at the specific
environments where it is found (Rakshit et
al., 2012; Yan & Rajcan, 2002). Accession
G17 (TGm-577) was the most suitable
accession at E1 (2013) whereas accessions
G26 (TGm-863), G1 (TGm-107), G31
(TGm-868), and G34 (TGm-94) were found
to perform well in E2 (2014) and E3 (2015).
However, G31 was the best performer and
most suitable in E2 and E3.

What-won-where Biplot for Yield

PC1=68 2%, PC2=20 6%

PC2

E3

PC1

Figure 2. Which-won-where polygon view of the GGE biplot analysis
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Figure 3 shows the biplot of stability
and mean performance of the 43 accessions
evaluated under three environments.
The small circle indicates an average
environment, which is defined by the mean
IPC1 and IPC2 scores of the environments
and the line that passes through the biplot
and the average environment may be
called the average axis (the ordinate).
Projections of accession markers onto
this axis approximate the mean yield of
the accession. Thus, the accessions were
ranked along the ordinate, with the arrow
pointing to higher mean performance.
Accession G31 was the highest yielding
accession followed by G26. The abscissa is

the double-arrowed line that passes through
the biplot origin and is perpendicular to the
ordinate (orthogonal). The double-arrowed
line illustrates that a longer projection onto
the abscissa, regardless of the direction,
indicated greater instability. Given this,
accessions G31 (TGm-868), G17 (TGm-
577), and G34 (TGm-94) had the longest
projections and were therefore the most
variable across environments and less stable
than others.

In contrast, accessions G4 (TGm-1200),
G24 (TGm-802), and G1 (TGm-107)
with shortest projections were relatively
most stable over the three environments.
Figure 4 shows the representativeness and

GGE Biplot-Genotype View for Yield

PC1=88.2%; PC2=20.8%

10

Pcz2
-10

-20

-30

Legend
O Myerage Env
* ezl Zeo

PC1

Figure 3. The mean performance and stability of the 43 genotypes of soybean across the three test environments
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discriminating ability of the environments.
The biplot explains 88.80% of the total
variation. In a biplot analysis the vector
length of an environment indicates its
discriminating power; the longer the vector
from the plot origin, the more discriminatory
the environment. The longer the projection,
the less representative the environment.
Thus, E3 (2015) was the most discriminating
environment due to its longest distance from
the origin of the biplot while E2 (2014)
was the least discriminating. Environments
with small vector angles tend to have closer
similarity and those with wide vector angles
show a minimum association. Environments
El and E2 were displayed close to each
other as the association between them was
small. However, the wider angle between E3
and E2; as well as E3 and E1 environments

indicated the absence of association among
them.

Similarly, accessions projected further
from the ATC y-axis are considered less
stable. The center of the concentric circle in a
biplot is where an ideal accession should be.
Anideal accession is considered as one with
the highest yield and stable performance
across test environments. Hence, the shorter
the distance of accession to the ideal/virtual
accession, the more suitable the accession
(Yan & Kang, 2003). GGE also picked G31
(TGm-868) as the highest yielding in the E1
and E2 environments. The accessions that
combined high yield with stability included
G1 (TGm-107), G4 (TGm-1200), and G24
(TGm-802) because of their short projection
on the genotype marker lines.

GGE Biplot-Environment View for Yield

FC2

-B0
1

E = Environment, G = Genotype

Figure 4. Discriminating ability versus representativeness of the test environments
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CONCLUSION

AMMI and GGE biplot revealed that
accessions G1 (TGm-107), G4 (TGm-
1200), and G24 (TGm-802) were the best
and stable accessions across environments.
This made them the most suitable variety
for cultivation across the years. Among
the environments, E3 (2015) was found to
be the most discriminating, and E2 (2014)
was found to be the most representative
environment. Both AMMI and GGE agreed
on the grouping of environment and the
ideal test environment, as well on winner
genotypes in this study, although, GGE
biplot is believed to be superior to AMMI
because it eliminates the environmental
components in the analysis.
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Appendix I

Ibidunni Sakirat Adetiloye and Omolayo Johnson Ariyo

Monthly meteorological data for the year 2013 at NACGRAB, Ibadan

Month Rainfall (mm) No. of rain day Temperature (°C) Humidity (%)
January 0.0 NIL 27 70
Febuary 2.1 1 29 66
March 14.2 3 29 71
April 120.1 5 29 78
May 183.4 10 25.6 78
June 223.1 10 25.0 78
July 161.7 11 24.0 87
August 151.5 9 26 87
September 232.8 12 25 81
October 248.5 16 26.0 87
November 11.9 3 27.5 85
December 0.0 NIL 26.0 78
Appendix II
Monthly meteorological data for the year 2014 at NACGRAB, Ibadan
Month Rainfall (mm)  No. of rain day Temperature (°C)  Humidity (%)
January 15.3 2 28.0 60
Febuary 0.0 Nil 25.0 79
March 127.3 28.5 78
April 261.1 24.9 85
May 121.1 23.8 86
June 185.6 13 26.2 88
July 243 14 23.5 88
August 101 10 24.2 84
September 206.4 13 24.7 88
October 211.6 14 25.9 87
November 22.0 27.5 87
December 3.0 2 26.8 80
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Appendix IIT

Studies on GEI and Stability Performances of Soybean

Monthly meteorological data for the year 2015 at I[ITA, Moniya

Month Rainfall (mm) No. of rain day = Temperature (°C)  Humidity (%)
January 12.9 2 30 85
Febuary 23.2 3 27.5 83
March 90.3 6 27.4 83
April 115.6 7 28.1 83
May 117 10 26 84
June 85.3 7 25.2 85
July 462 19 26.6 86
August 154.8 5 24.6 87
September 345.9 18 243 88
October 324.1 18 25.8 87
November 43.4 3 27.4 82
December 0.0 NIL 26.1 83
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ABSTRACT

This project comprehensively documented the morphological characteristics of ten black
pepper cultivars in Malaysia, focusing on diagnosing the morphological difference among
the cultivars via qualitative traits. These cultivars are cv. ‘Semongok Aman’, cv. ‘Kuching’,
cv. ‘Semongok Emas’, cv. ‘Semongok Perak’, cv. ‘Semongok 1°, cv. ‘Nyerigai’, cv.
‘India’, cv. ‘Lampung Daun Lebar’, cv. ‘Sarikei’, and cv. ‘Yong Petai’. The morphological
characteristics had been evaluated via field-grown vine where the randomized complete
block design (RCBD) was adopted and potted vine evaluation via completely randomized
design (CRD). Cv. ‘Semongok 1’ showed ovate shaped leaf and anthocyanin free shoot
tip; cv. ‘Semongok Aman’ had rounded shape of leaf apex and base; cv. ‘Lampung Daun
Lebar’ had an oblique shape in leaf base and ‘Nyerigai’ showed erect type branching; cv.
‘Semongok Emas’ had leaf colour of Green group 137 series (RHS code) and fruit colour
of Green group 141 series (RHS); cv. ‘India’ had a lanceolate shaped leaf. At the same
time, this study also revealed the key differences in quantitative traits that included leaf
area, length-width ratio, inflorescent length, fruit spike length, and fresh to dried berry
conversion rate. The study showed that cv. ‘India’ had a low length-width ratio (Lw-1) at

1.52 and lightest seed weight at 4.07(x 10-2)
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(ca.58.67) and the greatest number of node/
feet of the stem (ca.4.73); cv. ‘Yong Petai’
had the longest inflorescence (12.75 cm),
longest fruit spike (17.07 cm), but thinnest
fruit spike (2.90 mm); and, lastly, cv.
‘Semongok Perak’ had the conversion rate
(from fresh to dried black) (36.12 %) and
conversion rate (from fresh to dried white)
(24.21 %). The comprehensive evaluation of
both qualitative and quantitative traits of all
the black pepper cultivars has ensured the
efficiency of cultivar identification.

Keywords: Black pepper cultivar, qualitative and

quantitative traits

INTRODUCTION

Black pepper, scientifically called Piper
nigrum L., is known as the ‘King of Spice’
and is the most commonly used spice in
the world. The plant is woody perennial
climber required support, living or non-
living to promote normal growth; leaves
alternate and petiolate type, with shape
commonly elliptical, lanceolate or ovate;
inflorescence of catkin types and the flower
is minute, bracteates, bisexual or unisexual
and protogynous; the fruit of drupe type
with thin pericarp and seed spherical
shaped with diameter 3-5 mm; nodal
stem with internode ranged from 8-13 cm
when mature; shoot tip purplish-green
or whitish green (Chen, 2011; Ravindran
et al., 2000). In India, the morphological
analyses of black pepper cultivars were
comprehensively studied by Ravindran
et al. (1997) through morphometric

analysis. Whilst in Malaysia, Chen et al.
(2018) had comprehensive analysis on the
morphology of ten important cultivars while
Noorasmabh et al. (2018) had also recorded
the inflorescence characteristics of some
important pepper variety.

The plant was introduced to Malaysia
as early as 1856 (Dalton, 1912), with
cultivation focus in the state of Sarawak.
However, the diversity of the black pepper
cultivar in Malaysia is unidentified because
varietal control is not practised. The
most common black pepper cultivars
are cv. ‘Kuching’ and cv. ‘Sarikei’, both
widely planted throughout Sarawak (Sim,
1993), while Paulus (2007) reported three
important cultivars in his publication, i.e.
cv. ‘Semongok Perak’, cv. ‘Semongok
Aman’, and cv. ‘Kuching’. Through the
International Pepper Community (IPC)
exchange program, cv. ‘Lampung Daun
Lebar’ and cv. ‘Lampung Daun Kecil’
was introduced to Malaysian farmers
(Sim, 1993). A manual entitled ‘Pepper
production technology in Malaysia’ was
recently released by the Malaysian Pepper
Board, mentioning the existence of seven
cultivated varieties as common cultivars in
Malaysia, including cv. ‘Semongok Aman’,
cv. ‘Semongok Emas’, cv. ‘Kuching’, cv.
‘Semongok Perak’, cv. ‘Uthirancotta’, cv.
‘Nyerigai’, and cv. ‘PN129’ (Paulus, 2011).
A total of 47 accessions of black pepper
varieties and 46 accessions of wild Piper
were reported, conserved in form of a living
plant in the Agricultural Research Centre
(ARC) in Sarawak, Malaysia, from 1957
until 1992 (Sim, 1993).

258 Pertanika J. Trop. Agric. Sci. 43 (3): 257 - 274 (2020)



Morphological Analysis of Black Pepper Cultivars

Black Pepper Test Guideline for Plant
Variety Protection Act implementation
has been established by the Department of
Agriculture Malaysia (2009). This guideline
listed the entire important characteristic
for the diagnosis of black pepper variety.
However, the existing documentation on
cultivated black pepper in Malaysia is less
comprehensive, and none of the cultivars
is registered under the National Crop
List of Malaysia. The importance of this
study is to comprehensively document
the morphological characteristics of all
the important black pepper cultivars in
Malaysia, focusing on the diagnosis of
the distinctness among the cultivars. The
Malaysian government strategized a new
policy to ensure the sustainability of the
industry by strengthening the quality of
peppercorn. A mono-varietal farm concept
is believed able to strengthen the quality of
peppercorn. This can be achieved through
varietal control, and a pre-requisite to this
policy is comprehensive documentation on
all important cultivars in the country.

MATERIALS AND METHODS

Extensive fieldwork has been undertaken by
the first author since January 2014, to cover
all the possible black pepper cultivation areas
throughout Malaysia, to verify the diversity
of black pepper cultivars. The black pepper
farm distribution info was sourced from
the Department of Crop, Extension, and
Farmer’s Development, from the Malaysian
Pepper Board. Photography data particularly
on the leaf, inflorescence, fruit spike, and
shoot tip were comprehensively generated

for the preliminary cultivar’s diagnosis.
The preliminary diagnosis must show at
least one distinct character to be eligible
for further cultivars verification study.
The pepper germplasm centre situated at
Agricultural Research Centre Semongok
(ARC) Sarawak, Malaysia was referred for
verification on the cultivar designation.

To develop a comprehensive guide
for cultivar identification, a thorough
assessment of morphological characteristics
(qualitative or quantitative traits) had been
conducted. Both potted peppers and field-
grown vines were assessed in this study.
Vine growing morphology or vigour was
assessed on field-grown mature vines at the
three field experimental plots while leaf,
inflorescence, fruit, and seed morphology
studies were based on samples collected
from potted mature vines grown under a
controlled environment. Data collection was
carried out from January 2016 to December
2017. Microscopy assessment and data
analysis were performed at the Malaysian
Pepper Board, Kuching.

The field experiments were conducted
at three locations, namely Kampung Jagoi,
Serikin; Kampung Karu, Padawan and
Kampung Belawan, Sri Aman. The plots
were laid out in a Randomized Complete
Block Design (RCBD) (Figure 1) having
ten treatment with 5 replications, which are
T1: ‘Semongok Aman’ vine; T2: ‘Kuching’
vine, T3: ‘Semongok Emas’ vine; T4:
‘Semongok Perak’ vine; T5: ‘Semongok
1’ vine; T6: ‘Nyerigai’ vine; T7: ‘India’
vine; T8: ‘Lampung Daun Lebar’ vine;
T9: ‘Sarikei’ vine and T10: ‘Yong Petai’
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vine. Each trial plot at a different location
containing ten treatments consists of
50 vines. Whilst, a pot experiment was
conducted under a controlled environment
at the Agriculture Research Center (ARC)
Semongok, Department of Agricultural
Sarawak, using Completely Randomized
Design (CRD) (Figure 2) that consist of a
total of 50 potted vines, with 5 replicates for

each treatment, i.e. T1: ‘Semongok Aman’
vine; T2: ‘Kuching’ vine, T3: ‘Semongok
Emas’ vine; T4: ‘Semongok Perak’ vine; T5:
‘Semongok 1’ vine; T6: ‘Nyerigai’ vine; T7:
‘India’ vine; T8: ‘Lampung Daun Lebar’
vine; T9: ‘Sarikei’ vine and T10: ‘Yong
Petai’ vine. The pot was arranged Im x Im
(between vine x between row). The data
collection was initiated at 2 years old vine.

T2 T8 T6 T7 Tl
T1 T3 T7 T6 T10
T10 T4 T1 TS T9
T9 T7 T2 T1 T8
T8 T6 T9 T2 T3
T3 T5 T8 T4 T7
T4 T1 T3 T3 T2
T7 T2 T10 T8 T4
T6 T9 T4 T10 T5
T5 T10 TS T9 T6

Figure 1. Randomized complete block design (RCBD) for the field-grown vine of ten cultivars. T1: ‘Semongok
Aman’ vine; T2: ‘Kuching’ vine; T3: ‘Semongok Emas’ vine; T4: ‘Semongok Perak’ vine; T5: ‘Semongok
1’ vine; T6: ‘Nyerigai’ vine; T7: ‘India’ vine; T8: ‘Lampung Daun Lebar’ vine; T9: ‘Sarikei’ vine, and T10:
“Yong Petai’ vine. Each block is differenced by topography elevation

T1 T4 T2 T4 T7 T6 T7 TS | T7 T2
T3 T8 T3 T8 T8 T2 T8 TS | T8 T6
T10 | T10 | TI T6 T1 T2 T10 Tl T3 T8
T2 T10 | T8 T3 T5 T4 T6 T3 | T1 | T10
T4 T5 T6 T8 T5 T8 T7 T8 | T4 T7

Figure 2. Completely randomized design (CRD) pot arrangement for experimental plot under a controlled
environment. T1: ‘Semongok Aman’ vine; T2: ‘Kuching’ vine; T3: ‘Semongok Emas’ vine; T4: ‘Semongok
Perak’ vine; T5: ‘Semongok 1’ vine; T6: ‘Nyerigai’ vine; T7: ‘India’ vine; T8: ‘Lampung Daun Lebar’ vine;

T9: ‘Sarikei’ vine, and T10: ‘Yong Petai’ vine
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Morphological Analysis of Black Pepper Cultivars

Atotal of 26 morphology characteristics, listed in Table 1. A dichotomous key for

consisting of both qualitative and quantitative  diagnosing the cultivars was constructed as

traits, had been assessed in this study, as the outcome for this study.

Table 1

Morphological characteristic used for diagnosis of cultivar distinctness

Morphological character

Measurement methods

Leaf characters

Leaf shape; leaf apex and leaf base
Leaf area (cm?); blade width (w) mm;
blade length (L) mm and blade length-
width ratio (Lw™")

Leaf colour (fully expanded leaf)

Description based on UPOV standard
Measured by WinFOLIA image analysis
system

RHS colour codes used

Inflorescence characters

Inflorescence length at stigma withering
stage (cm) and Inflorescence thickness at
stigma withering stage (mm)*
Inflorescence colour

Number of flowers per inflorescence
Number of inflorescence (spike) per
branch per node

Measured by Vernier calliper

RHS colour codes used
Counted via stereomicroscope
Counted manually

Fruit characters

Fruit spike length (cm) and fruit size in
diameter (mm)

Fruit weight (single fresh berry) (g)
Fruit colour (hard dough stage)

Per cent fruit set (%)

Conversion rate % (fresh to black
pepper)

Conversion rate % (fresh to white
pepper)

Pericarp thickness (mm)

Measured by Vernier calliper

Measured by analytical balance

RHS colour codes used

Counted manually. Percent = (Number of
developed fruit)/ (Number of developed
fruit + number of underdeveloped fruit)
x 100%.

Measured by analytical balance

(Drying specification: Oven dry at 40°C;
moisture content <12%)

Measured by analytical balance

(Drying specification: Oven dry at 40°C;
moisture content <12%)

Measured by Vernier calliper (Horizontal
diameter of fresh berry - Horizontal
diameter of seed)

Seed characters
Seed diameter (mm)

Seed weight (g)

Measured by Vernier calliper (Horizontal
diameter of seed)
Measured by analytical balance
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Table 1 (Continued)

Morphological character Measurement methods
5. Vigour
Branch column By observation
Internode length (cm) Measurement by a ruler (Node to node
distance)
Number of node /1feet stem Counted manually
6. Shoot tips
Anthocyanin: Absent or present By observation on shoot tip colouration

Greenish colour = Absent of anthocyanin;
Purplish colour = Present of anthocyanin

Note. UPOV- International Union for the Protection of New Varieties of Plants; RHS - Royal Horticultural
Society

RESULTS AND DISCUSSIONS Daun Lebar’ (LDL), ‘Sarikei’ (SAR),

In this study, a total of ten black pepper and “Yong Petai’ (YP). Comprehensive
cultivars have been assessed, including Aassessment consisting of both qualitative
cultivars ‘Semongok Aman’ (SA) and quantitative traits had been carried
‘Kuching’ (KCH), ‘Semongok Emas’ (SE), out to reveal key diagnostic morphology
‘Semongok Perak’ (SP), ‘Semongok 1°(S1) for each of the cultivars. The results of the
‘Nyerigai’ (NYE), ‘India’ (IND), ‘Lampung ~ assessment are shown in Table 2.

Table 2

Qualitative and quantitative traits used to diagnose the differences among black pepper cultivars

No Morphological Cultivars
’ characteristic SA KCH SE Sp S1

Leaf
(Refer to Figure 3)

1. Leaf shape Elliptical Ovate Elliptical ~ Elliptical Cordate

2. Leaf apex Mucronate Acute Acute Acute Acute

3. Leaf base Acute Rounded  Acute Oblique  Cordate

4. Leaf area (cm?) 45.40%¢ 37.70%® 46.60 62.80¢ 132.60f

5. Blade width (w) 6.36° 5.37° 5.67° 7.47° 11.87¢

6. (cm) 10.70° 10.83¢ 13.31¢ 13.20¢ 16.67¢

7. Blade length (L) 1.70° 2.02¢ 2.35¢f 1.77% 1.412
(cm)

8. Blade length-width ~ Green Green Green Green Green
ratio (Lw") group 139 group 139  group 137  group group
Leaf colour (fully series series series NN137 139
expanded leaf) series
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Table 2 (Continued)

Morphological Analysis of Black Pepper Cultivars

No Morphological Cultivars
* characteristic NYE IND LDL SAR YP
Leaf
(Refer to Figure
3)
1. Leaf shape Elliptical Lanceolate ~ Ovate Elliptical  Elliptical
2. Leaf apex Acute Acuminate  Acute Acute Acute
3. Leaf base Oblique Rounded Oblique Acute Acute
4. Leaf area (cm?) 53.60¢° 50.90¢ 81.40¢° 36.90* 66.50¢
5. Blade width (w) 6.49° 5.75° 8.85¢ 5.26° 6.62°
6. (cm) 12.07° 13.63¢ 13.50¢ 10.93¢ 14.75¢
7. Blade length (L) 1.86¢ 2.39¢ 1.522 2.10¢ 2.24¢
(cm)
8. Blade length- Green Green group Green Green Green
width ratio (Lw™')  group 139 139 series group group 139  group 139
Leaf colour (fully  series NN137  series series
expanded leaf)
No Morphological Cultivars
" characteristic SA KCH SE SP S1
Inflorescence
(Refer to Figure
4) 7.844 7.030 7.95¢ 6.93% 12.40¢
9. Inflorescence
length (cm) 3.50¢ 3.56¢ 3.47¢ 3.73¢ 3.85¢
10.  Inflorescence
thickness (mm) Green Green Green Green Green
11.  Inflorescence group 144 group group group 145  group
colour series N144 N144 series N144
88.30% 67.57® 86.334 72.70%¢ 127.90¢
12.  Number of 12.47° 58.67" 19.57qb¢ 22.20b 17.60*

flowers per

13.  inflorescence
(average)
Number of
inflorescence
(spike) per
branch per node
(average)
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No Morphological Cultivars
" characteristic NYE IND LDL SAR YP
Inflorescence
(Refer to Figure 4)
9. Inflorescence length 7.06% 7.80¢ 7.68% 6.06° 12.75¢
(cm)
10.  Inflorescence thickness 3.10¢ 3.00° 3.75¢ 3.544 2.90°
(mm)
11.  Inflorescence colour Green Green Green Green Green
group group group 144  group group
N144 N144 series N144 145
12.  Number of flowers per  73.77% 80.40 100.53f 65.10° series
inflorescence (average) 93.57¢
13. Number of 35.83¢ 27.37¢¢ 21.47b 34.73¢%
inflorescence (spike) 16.20%
per branch per node
(average)
No Morphological Cultivars
* characteristic SA KCH SE SP S1
Fruit
(Refer to Figures 5
and 6)
14.  Fruit spike length (cm)  10.38¢ 9.37° 10.62¢ 9.27° 16.48¢
15.  Fruit size in diameter 6.68° 6.75¢ 6.76° 6.86° 7.27¢
(mm)
16.  Fruit weight (single 0.20¢ 0.17° 0.17° 0.19¢ 0.20¢
fresh berry) (g)
17.  Fruit colour (hard Green Green Green Green Green
dough stage) group group group group group
NN137 NN137 141 NN137 NN137
series series series series series
18.  Per cent fruit set (%) 70.68" 61.10% 68.75¢ 61.51% 64.24¢d
19.  Conversion rate (%) 37.35® 41.68 42.24¢ 36.12° 42.35¢
(fresh to black pepper)
20.  Conversion rate (%) 30.37% 31.08¢° 31.68¢° 24212 27.70
(fresh to white pepper)
21.  Pericarp thickness 2.00b 2.20¢ 2.16% 2.22¢d 2.46%
(mm)
264 Pertanika J. Trop. Agric. Sci. 43 (3): 257 - 274 (2020)
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Table 2 (Continued)

No Morphological Cultivars
* characteristic NYE IND LDL SAR YP
Fruit
(Refer to Figures 5
and 6)
14.  Fruit spike length (cm)  9.39° 10.38¢ 10.22¢ 8.07¢ 17.07¢
15.  Fruit size in diameter 6.48¢ 6.02° 6.30° 5.78° 7.27°
(mm)
16.  Fruit weight (single 0.142 0.142 0.15° 0.17° 0.19¢
fresh berry) (g)
17.  Fruit colour (hard Green Green Green Green Green
dough stage) group group group 139  group group
NN137 NN137 NN137 NN137
series series series series
18.  Per cent fruit set (%) 66.93%1  65.76%  55.10° 64.28¢d¢ 56.26®
19.  Conversion rate (%) 41.06%4  40.5]b 38.3]8b¢ 39.55%d 36,250
(fresh to black pepper)
20.  Conversion rate (%) 31.89¢ 28.16¢ 29.62¢d¢ 29.69¢d¢ 25.70
(fresh to white pepper)
21.  Pericarp thickness 2.25¢ 1.94# 2.06% 1.732 2.69¢
(mm)
No Morphological Cultivars
’ characteristic SA KCH SE SP S1
Seed
(Refer to Figure 6)
22.  Seed diameter (mm) 4.80¢ 4.44¢ 4.60¢ 4.60¢ 4.82¢
23.  Seed weight (g) (x 10%) 6.11¢8 5.13¢ 5.40f 4.854 5.46f
No Morphological Cultivars
" characteristic NYE IND LDL SAR YP
Seed
(Refer to Figure 6)
22.  Seed diameter (mm) 4.44¢ 3.90° 4.32° 3.84° 4.45¢
23.  Seed weight (g) 4.91¢ 4.07° 4.30° 4.56¢ 4,984
(x 10?)
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No.

Morphological
characteristic

Cultivars

SA

KCH

SE

SP

S1

24.
25.
26.

Vigour

Branch column
types

Internode length
(cm)

Number of node
/feet of stem
(average)

Horizontal
11.42¢
3.67%®

Horizontal
8.33?
4.73f

Drooping
11.40¢
3.332

Horizontal
10.10c
4,13¢df

Horizontal
8.73®
4.17¢df

Morphological
characteristic

Cultivars

NYE

IND

LDL

SAR

YP

24.
25.
26.

Vigour

Branch column
types

Internode length
(cm)

Number of node
/feet of stem
(average)

Erect
9.77%
3.83be

Horizontal
9.57%
4,309

Drooping
11.23%
4.43¢

Horizontal
9.83be
3.97bed

Horizontal
12.7f
3.332

Morphological
characteristic

Cultivars

SA

KCH

SE

SP

S1

27.

Shoot tips
(Refer to Figure
7)
Anthocyanin:
Absent or
present

Present

Present

Present

Present

Absent

Morphological
characteristic

Cultivars

NYE

IND

LDL

SAR

YP

27.

Shoot tips
(Refer to Figure
7)
Anthocyanin:
Absent or
present

Present

Present

Present

Present

Present

Note. SA - ‘Semongok Aman’; KCH - ‘Kuching’; SE - ‘Semongok Emas’; SP - ‘Semongok Perak’; S1 -
‘Semongok 1’; NYE - ‘Nyerigai’; IND - ‘India’; LDL - ‘Lampung Daun Lebar’; SAR - ‘Sarikei’, and YP - “Yong
Petai’. Means followed by the different superscript letter within the same row are significantly different at P<0.05
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The dichotomous k

diagnosis was constructed by considering

Morphological Analysis of Black Pepper Cultivars

ey for cultivar

both the qualitative and quantitative traits

of the ten black peppers.

la Leaf area <80 cm?
(fully developed
leaf from matured
and vigorous vine);
Number of flowers

5b

per inflorescence less

than 90

1b Leaf area >80 cm?
(fully developed
leaf from matured
and vigorous vine);
Number of flowers
per inflorescence
more than 90

6a

2a  Blade length less than 3 6b

11 cm long; Blade
width-length ratio
(Lw) ranged from
20t02.3

2b  Blade length more
than 12 cm long;
Blade width-length
ratio (Lw') ranged
from 1.7 to 2.0 or
>2.3

3a  Pericarp thickness
2.0-2.2 mm thick;
Seed weight 5.0-5.2
(x107) g

3b  Pericarp thickness
1.6-1.8 mm thick;
Seed weight <4.8 (x
102) g

4a Leaf base acute;
Percent fruit set
>70%

4b Leaf base rounded;

Percent fruit set 60-
70%

7a

‘Kuching’
7b

‘Sarikei’

‘Semongok
Aman’ 8a

in Malaysia:

Inflorescence
thickness 2.8-3.2 mm
thick; Internode 9-10
cm long

Inflorescence
thickness 3.2-4.0 mm
thick; Internode 10-
11 cm long

Leaf shape
lanceolate; Leaf
apex acuminate;
Plagiotropic
branching horizontal
type

Leaf shape elliptical;
Leaf apex acute;
Plagiotropic
branching erect type

Mature leaf, blueish-
green colour (RHS
colour code: Green
group137 series);
Mature unripe fruit,
pale green (RHS
colour code: Green
group 141 series)

Mature leaf, greyish
green colour (RHS
colour code: Green
group NN137);
Mature unripe fruit,
dark green (RHS
colour code: Green
group NN 137 series)

Anthocyanin absent
in shoot tip (green
whitish colour); Seed
weight, >5.4(x 10%)
g; internode length,
8-9 cm
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Identification key to black pepper cultivars

‘India’

‘Nyerigai’

‘Semongok
Emas’

‘Semongok
Perak’

‘Semongok
1 2
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8b  Anthocyanin present 9
in shoot tip (Purplish
green colour); Seed
weight, <4.8(x 10?)
gor4.8-5.0(x 10?)

g; internode length,

>11 cm

9a  Fruit spike length, ‘Lampung
7-9 cm; Fruit size in Daun
diameter, 6-7 mm Lebar’

9b  Fruit spike length, “Yong

>11 cm; Fruit size in ~ Petai’
diameter, >7 mm

Figure 3. Cultivar designation and leaf shape. A. cv. ‘Semongok Aman’- Elliptical; B. cv. ‘Kuching’- Ovate;
C. cv. ‘Semongok Emas’- Elliptical; D. cv. ‘Semongok Perak’- Elliptical; E. cv. ‘Semongok 1°- Cordate; F.
cv. ‘Nyerigai’- Elliptical; G. cv. ‘India’- Lanceolate; H. cv. ‘Lampung Daun Lebar’- Ovate; I. cv. “Sarikei’-
Elliptical; J. cv. “Yong Petai’- Elliptical. Scale bar: 1cm
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Figure 4. Inflorescence. SA - ‘Semongok Aman’; SE - ‘Semongok Emas’; KCH - ‘Kuching’; SP - ‘Semongok
Perak’; NYE - ‘Nyerigai’; SAR - ‘Sarikei’; IND - ‘India’; S1 - ‘Semongok 1’; YP - ‘Yong Petai’, and LDL -
‘Lampung Daun Lebar’. Scale bar: 2cm

Figure 5. Fruit spike. SA - ‘Semongok Aman’; KCH - ‘Kuching’; SE - ‘Semongok Emas’; SP - ‘Semongok
Perak’; S1 - ‘Semongok 1°; NYE - ‘Nyerigai; IND - ‘India’; LDL - ‘Lampung Daun Lebar’; SAR - ‘Sarikei’,
and YP - “Yong Petai’. Scale bar: 2cm
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Figure 6. Cross section of ripe and mature fruit. A. ‘Semongok Aman’; B. ‘Kuching’; C. ‘Semongok Emas’;
D. ‘Semongok Perak’; E. ‘Semongok 1°; F. ‘Nyerigai; G. ‘Lampung Daun Lebar’; H. ‘Sarikei’, and I. “Yong
Petai’. Scale bar: 2mm

Figure 7. Shoot tips. SA - ‘Semongok Aman’; KCH - ‘Kuching’; SE - ‘Semongok Emas’; SP - ‘Semongok
Perak’; S1 - ‘Semongok 1’; NYE - ‘Nyerigai; IND - ‘India’; LDL - ‘Lampung Daun Lebar’; SAR - ‘Sarikei’,
and YP - “Yong Petai’. Scale bar: lcm
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Qualitative trait analysis showed
leaf shape, leaf apex, leaf base, branch
column types (branching behaviour), and
anthocyanin colouration at shoot tip were
crucial for diagnosing morphological
differences among cultivars. Most of the
cultivars exhibited elliptical shaped leaf;
however, cultivar ‘India’ had a lanceolate
shaped leaf and the cultivar ‘Semongok
1’ exhibited cordate-shaped leaf. Thus,
leaf shape distinctness is an important key
diagnosis for the two cultivars. Leaf apex
observation showed cultivar ‘Semongok
Aman’ was substantially distinct, with
a mucronate-shaped leaf apex; thus, the
cultivar could be identified through this
trait easily. The only cultivar ‘Lampung
Daun Lebar’ showed ovate leaf shape and
oblique leaf base at the same time, another
important key diagnosis. In branch column
analysis, most cultivars showed a horizontal
type of branching, but the cultivar ‘Nyerigai’
exhibited an erect type of branching, while
both cultivar ‘Semongok Emas’ and cultivar
‘Lampung Daun Lebar’ exhibited a drooping
type. Another important key diagnosis is to
shoot tip colouration analysis, where the
arrival of anthocyanin at the shoot tip will
lead to an exhibition of a purplish colour.
Among the ten cultivars, the only cultivar
‘Semongok 1’ was anthocyanin-free at the
shoot tip, thus exhibiting a whitish-green
shoot tip. However, qualitative traits, like
leaf colour and inflorescence colour, were
less substantial for the diagnosis, because
the colour intensity is influenced greatly by
biotic and abiotic factors (Anita & Anna,
2012; Szakiel et al., 2011). Analyses in this

study showed qualitative traits are more
influential compared to quantitative traits.
This is supported by Khan et al. (2015),
Olakojo and Adetula (2014), and Stephan
et al. (2016). However, qualitative traits
alone with limited variability are insufficient
for the diagnosis of certain black pepper
cultivars. In this study, the ANOVA test
proved the variability for quantitative traits
was more substantial compare to qualitative
traits. The analysis showed seed weight
is among the most important quantitative
trait, exhibiting seven significantly different
groups among the ten cultivars. Next are
traits like blade length-width ratio, fruit
size in diameter, conversion rate (%) (fresh
to black pepper), inflorescence thickness,
number of inflorescence per branch per
node, number of flower per inflorescence,
per cent fruit set (%), number of node/feet of
the stem, and internode length that exhibited
six significant groups in the ANOVA test,
respectively. The quantitative traits of blade
width, blade length, pericarp thickness, seed
diameter, and conversion rate (fresh to white
pepper) showed five significant different
groups, also an important diagnosis key
for the ten black pepper cultivars. Thus,
the quantitative plays a pivotal role as an
additional indicator when the qualitative
traits are unable to assist the identification.

The phenetic analysis was done by
Chen et al. (2018) revealing that cultivars
‘Semongok Aman’ and ‘Semongok 1’ had
high distinctive values for identification,
thus varietal diagnostic could be very easy.
Cultivars ‘Nyerigai’, ‘India’, ‘Semongok
Perak’, and ‘Semongok Emas’ were grouped
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in the most diverse cluster among all
clusters. The four cultivars had a similarity
index as high as 92%; however, investigation
on leaf width, leaf width-length ratio, seed
weight, and conversion rate (fresh to black
pepper) could determine the characteristic
differences. Cultivar ‘Lampung Daun
Lebar’ and the cultivar ‘Yong Petai’ had a
similarity of 96%; however, the two showed
distinctive differences on leaf width, leaf
length-width ratio, spike thickness, and
spike length characteristics. The study also
reported cultivars ‘Kuching’ and ‘Sarikei’
showed the highest similarity index, thus
were among the most difficult cultivars to
diagnose morphological differences. This
finding proved the importance of both
qualitative analysis and quantitative analysis
in varietal identification of black pepper
cultivars.

CONCLUSIONS

Qualitative trait analysis has assisted the
diagnosis of ten important cultivars of black
pepper in Malaysia as mentioned above
while the quantitative traits are crucial as
an additional indicator for the diagnosis
beside played the role as an indicator of
the potential agronomic performance of the
cultivar. This study showed cv. ‘Semongok
1’ exhibited two distinct qualitative traits,
a cordate shaped leaf and anthocyanin free
shoot tip, and was among the easiest cultivar
to identify. Another cultivar with two distinct
qualitative traits is cv. ‘Semongok Aman’,
with mucronate shaped leaf apex. The
identification for this cultivar can be further
verified by quantitative traits, counting the

per cent of fruit set. This cultivar exhibited
per cent fruit set as high as 76%, averagely.
Qualitative trait analysis also discovered
the morphological distinctness of cultivar
‘Lampung Daun Lebar’. This cultivar
showed ovate leaf shape and oblique leaf
base at the same time, unique among all the
cultivars. The identification for this cultivar
was further supported by the quantitative
trait of blade length-width ratio (Lw™),
where the cultivar showed the lowest ratio
among all cultivars. Cultivar ‘Nyerigai’
exhibited a unique branching behaviour
(branch column type) of an erect type, while
others exhibited horizontal or drooping
behaviour. The only cultivar that showed a
distinctness in leaf and fruit colouration was
cv. ‘Semongok Emas’, with the leaf colour
of green group 137 series (RHS code) and
fruit colour of green group 141 series (RHS).
Cultivar ‘India’ exhibited a lanceolate
shaped leaf, an important diagnosis key for
this cultivar. Quantitative trait uniqueness
for this cultivar was seed weight; it was
the lightest seed among all. Cv. ‘Kuching’,
cv. ‘Sarikei’, cv. ‘Semongok Perak’, and
cv. ‘Yong Petai’ did not show qualitative
trait distinctness; however, quantitative
trait analysis had assisted the diagnosis.
Cv. ‘Sarikei’ had a great distinctness in
quantitative traits, including the smallest
leaf area, shortest inflorescence and fruit
spike, smallest fruit and seed size, and
thinnest pericarp. Cv. ‘Kuching’ showed
the highest number of inflorescence (spike)
per branch per node and the greatest number
of node/feet of the stem, while cv. ‘Yong
Petai’ had the longest inflorescence and
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fruit spike, but the thinnest fruit spike. Cv.
‘Semongok Perak’ only showed significant
variability in the conversion rate (from fresh
to dried berry), with the lowest rate in both
conversions to black (pericarp remained)
and white (pericarp removed) peppercorns.
The findings of this study enable efficient
identification of black pepper cultivar
in Malaysia. This is prerequisite toward
implementation of the varietal regulation
act in the country, at the same time serve as
conservation information for the crop.
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ABSTRACT

The antifungal potential of chitosan obtained from shellfish was studied in both in vitro
and in vivo conditions against Pyricularia oryzae and Rhizoctonia solani, causal agents
of the blast and sheath blight diseases in rice, respectively. A total of 100% inhibition of
mycelial growth was observed on both P. oryzae and R. solani when a 4% concentration
of chitosan was used in this study. A significant reduction in both disease incidence and
disease severity was observed between the treated and untreated rice plants. The disease
controlling efficacy of chitosan was concentration-dependent with a negative correlation.
The disease reduction (DR) capacity of chitosan in this study ranged between 47-95%.
Chitosan was able to reduce disease severity (DS) of blast by 85% and sheath blight by
95% while disease incidence (DI) of blast by 77% and sheath blight by 89%. The results
demonstrated that chitosan extracted from shellfish has the potential to be developed as
a biopesticide for sustainable control of both blast and sheath blight diseases in rice and
has broad-spectrum capacity in controlling both diseases.

Keywords: Biopesticide, chitosan, rice blast, sheath blight
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et al., 2009). However, rice production is
threatened by diseases caused by various
pathogens. Two (2) most economically
important fungal diseases of rice are blast
and sheath blight (Yin et al., 2010).

Both blast and sheath blight diseases
are caused by fungal pathogens, Pyricularia
oryzae and Rhizoctonia solani, respectively.
Depending on the environmental factors,
both diseases can cause yield loss of up to
85% (Singh et al., 2015). Several fungicides
have been successfully employed to control
these diseases. However, the emergence of
resistant fungal populations, the increasing
public awareness on the negative effects
caused by excessive application of
fungicides and their residues on human
health, and the rising demands for chemical-
free food have led to a search for safer
and more sustainable disease management
strategies (Zahid et al., 2014). Apart from
chemical control (propiconazole), several
cultural practices, namely, field sanitation,
crop rotation, and maintaining low seeding
rate can control these diseases to a certain
extent but their efficacy is inconsistent (Bag,
2009). Hence, there is a need to explore
new and ecological-friendly approaches
to minimize the application of chemical
fungicides such as the use of chitosan as an
alternative.

Chitosan [poly-(1-4)-B-D-
glucosamine], also known as deacetylated
chitin is a marine-based (shellfish)
biopolymer comprise of high molecular
weight cationic polysaccharide (Yin et al.,
2010). Chitosan is found to be one of the
few cationic polymers found in nature. This

polycationic nature and the length of the
polymer play a key role in the fungicidal
property of chitosan. Chitosan which
is positively charged by the protonated
NH?** groups interacts with the negatively
charged microbial cells creating electrostatic
forces that inhibit the growth of fungi
(Lawrie et al., 2007) by developing internal
osmotic imbalance and hydrolyzing the
peptidoglycans in the cell membrane leading
to the leakage of internal electrolytes such
as potassium ions and low molecular weight
proteinaceous constituents such as protein,
nucleic acid, and glucose (Bautista-Bafos
et al., 2000).

Chitosan is known to induce various
defense responses including the production
of pathogenesis-related proteins as well
as phytoalexin (Hassan & Chang, 2017).
Chitosan was demonstrated as non-
toxic, biodegradable, biocompatible, and
possessed antimicrobial properties as well
as used to produce an edible coating on
fruits to increasing its shelf-life (Zahid et al.,
2014). The edible nature of chitosan presents
the most desirable aspect to be utilized for
disease management in rice. Apart from
these, nano/micro-sized chitosan has been
used to protect various plants from pathogen
infection such as dragon fruit, maize, bell
pepper, and cucumber (Elsoud & El Kady,
2019). Liu et al. (2012) had also conducted
studies to evaluate the effect of various
chitosan to control sheath blight disease. In
this study, we have assessed the efficacy of
chitosan against both blast and sheath blight
diseases in rice (Oryza sativa).
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MATERIALS AND METHODS

Fungal Strains, Culture Conditions, and
Plant Materials

Stock cultures of P. oryzae and R. solani
were obtained from the Culture Collection
Unit, Department of Plant Protection,
Faculty of Agriculture, Universiti Putra
Malaysia. P. oryzae and R. solani were sub-
cultured and maintained on Potato Dextrose
Agar (PDA) with a pH of 6, at 27+1°C, and
alternating light and dark cycle.

Rice seeds of MR219 variety were
obtained from the Department of Plant
Protection, Faculty of Agriculture,
Universiti Putra Malaysia. The experiment
was conducted in the Laboratory of
Mycology, Department of Plant Protection
and greenhouse, Faculty of Agriculture,
Universiti Putra Malaysia.

Preparation of Chitosan Solution

Chitosan powder from shellfish obtained
from Pro Advance Technologies Sdn. Bhd.
was used as a stock solution by mixing
thoroughly 5 g of chitosan powder into 95
g acetic acid. The chitosan powder was
made from shellfish. Chitosan solutions
with concentrations of 1, 2, and 4% were
prepared by diluting the stock solution with
sterile distilled water.

In vitro Screening of Chitosan against
Pyricularia oryzae and Rhizoctonia
solani

Using Poison Agar Assay as described by
Bautista-Bafios et al. (2004), the preliminary
screening was tested using three different
chitosan concentrations and control with six

replications for each treatment. PDA was
poured into 90 mm diameter Petri plates.
Then, 200 pL of each concentration: 1%
(T1),2% (T2),and 4% (T3) was spread over
the PDA medium with a sterilized L-shaped
glass rod. Control plates contained PDA
added with 200 pL of acetic acid (5 mL
water mixed with 95 mL acetic acid). A
fungal plug of 7 mm diameter from a pure
culture of 10 days old P. oryzae and R.
solani were inoculated on the center of
the plates, respectively. Petri plates were
incubated at 284+2°C for 5 days (Bautista
Bafios et al., 2004).

Percent inhibition of radial growth
(PIRG) was calculated according to
Hayman et al. (2017):

PIRG(%) = [(C—T)/C] x 100

where C - mycelium average growth on the
control plate (cm); T - mycelium average
growth on the treated plate (cm).

In vivo Screening of Chitosan against
Pyricularia oryzae and Rhizoctonia
solani

Seed Preparation. Rice seeds were surface
sterilized with benomyl fungicide for 18 h
to prevent any microbial infection. The seeds
were soaked in distilled water and dried for
24 h. Germinated seeds were selected and
sowed on trays until they produced true
leaves (on the 14th day). On Day 15, the
plants were transplanted into pots containing
Skgsoil (3: 2: 1 - topsoil: sand: compost).
The water level was maintained at 1-2
cm above the soil surface during the early
growth stage and was further raised to 57
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cm at the later growth stage (Hashim et al.,
2015). Each treatment was replicated five
times and each replication consisted of four
plants in a pot.

Chitosan Application on Rice Plants.
Only the best two concentrations tested in
vitro were selected for the greenhouse study.
Leaves sprayed with 2% (T1) and 4% (T2)
chitosan until run-off was performed as
described by Liu et al. (2012) at 20 days
after transplant with the aid of a hand-held
sprayer. Control plants were sprayed with
distilled water until run-off (T3).

Inoculum Preparation. Pyricularia oryzae
inoculum was prepared as described by
Tuhina-Khatun et al. (2015). P. oryzae was
maintained on PDA and incubated in the
growth chamber at 28+2°C. Conidia spores
were harvested at 21 days. Spore density
was adjusted to 2 x 10° spores/mL using
haemacytometer and 0.05% Tween 20 was
added to the spore suspension as an adjuvant
before inoculation.

Rhizoctonia solani was maintained on
PDA and incubated in the growth chamber
at 2842°C for five days. The mycelium
was cut into plugs of 5 mm diameter using
sterilized cork borer and used as inoculum
(Tuhina-Khatun et al., 2015).

Totalnumber of infected tillers

Inoculation of MR219 Rice with
Pyricularia oryzae and Rhizoctonia solani.
Both P, oryzae and R. solani were inoculated
on the 21" day after planting. P. oryzae
was inoculated by spraying 25 mL spore
suspension of 2 X 10’ spores/mL onto
the whole plant. In the case of R. solani,
mycelial plugs were placed on the stems
at one cm below the axial of fully mature
leaf and wrapped with parafilm (Khaing et
al., 2015; Park etal., 2008). After pathogen
inoculation, the plants were covered with
plastic bags for 12 h to stimulate infection.

Experimental Design. A completely
randomized design (CRD) was implemented
in a pot experiment with five replications
for each treatment. The same experimental
design was used for both the fungi. Three
(3) treatments were conducted: T1 (2%
chitosan + pathogens), T2 (4% chitosan
+ pathogens), and T3 (0% chitosan +
pathogens) as control.

Disease Assessment. Each disease was
assessed on the seventh day after inoculation
using a disease rating scale as shown in
Table 1 (Khaing et al., 2015).

Disease incidence (DI) was calculated
based on the following equation (1)
(Maclean et al., 2002) as follows:

Disease incidence (%) =

Total number oftillers per hill

X 100% (1)

Disease severity (DS) was calculated based on the following equation (2) (Lim &

Heong, 1984):

Y. N umber of seedlings in the rating X rating number

x 100 (2)

Disease Severity (%) =

Total number of seedling assessed X highest rating
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Disease reduction (DR) was calculated based on the following equation (3):

DSc — DSt
— X

Disease Reduction (%) =
DSc

100

)

where DSc - disease severity of control plants; DSt — disease severity of treated plants.

Table 1
Blast and sheath blight disease rating scale used in this study
Points Description
“Blast disease Sheath blight disease
0 No symptoms
Small brown specks of pinpoint size Restricted dark brown oval lesions at waterline or
infection points
2 Small roundish to slightly elongated, Few oval or coalesced lesions with broad borders
necrotic grey spots, about 1-2 mm in on lower sheaths or at infection points, 5% or less
diameter, with a distinct brown margin. of tissue affected
Lesions are mostly found on the lower leaves
3 Lesion type same as in 2, but a significant Lesions on lower leaf sheaths or at infection
number of lesions on the upper leaves points, lesions coalescing, less than 10% of
tissues affected.
4 Typical susceptible blast lesions, 3 mm or Lesions mainly restricted to sheaths on the lower
longer infecting less than 4% of leaf area third of plant, lowest leaves, or other infection
points, lesions discrete or coalescing with narrow
red-brown border, 10 to 15% of leaf and sheath
tissues affected
5 Typical susceptible blast lesions of 3 mm or  Lesions coalescing with large necrotic centers and
longer infecting 4-10% of the leaf area narrow red-brown borders, 15 to 25% of tissues
affected
6 Typical susceptible blast lesions of 3 mm or  Lesions extending to blades of lower leaves or
longer infecting 11-25% of the leaf area lower leaves killed by injury to the sheath, 25 to
40% of tissues affected
7 Typical susceptible blast lesions of 3 mm or  Lesions extending to leaf blades of lower two-
longer infecting 26-50% of the leaf area thirds of plant, 40 to 60% of tissues affected
8 Typical susceptible blast lesions of 3 mm Lower and middle leaves dead or dying, 60 to
or longer infecting 51-75% of the leaf area 80% of tissues affected
many leaves are dead
9 Typical susceptible blast lesions of 3 mm Lesions reaching to flag leaf, lower leaves mostly
or longer infecting more than 75% leaf area  dead, sheath dried, culms brown, collapsing, most
affected tillers lodged, over 80% of tissues affected

Note. *Disease assessment score for blast disease (Lim & Heong, 1984); *Disease assessment score for Sheath

blight disease (Khaing et al., 2015)

Statistical Analyses

All data were subjected to analysis of
variance (ANOVA) (SAS, Cary, USA)
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according to the experimental design used
in this study and the least significant
difference (LSD) was utilized to compare
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the different means of treatment. The
correlation analysis was performed using
Microsoft Excel 2010.

RESULTS

In vitro Screening of Chitosan against
Pyricularia oryzae and Rhizoctonia
solani
Mycelial growth of P. oryzae and R. solani
was inhibited by chitosan of different
concentrations (Figure 1) and the efficacy
of chitosan to inhibit the fungal growth was
concentration-dependent. For P. oryzae, no
significant mycelial inhibition was observed
in T1 (1% chitosan) with only 0.4% of
PIRG. As the concentration of chitosan
was increased to 2% (T2), the PIRG value
increased to 26.5%. An absolute inhibition
of P. oryzae mycelial growth was observed
on plates with 4% chitosan (T3).

A similar trend was observed in the
inhibition of R. solani. Chitosan of 1%
(T1) inhibited slightly the mycelial growth

of R. solani with PIRG 3.5% while chitosan
of 2% (T2) was able to increase PIRG up to
30% and chitosan of 4% (T3) had achieved
total inhibition of mycelial growth with
PIRG 100%.

In vivo Screening of Chitosan against
Pyricularia oryzae and Rhizoctonia
solani

Disease Incidence and Disease Severity.
Disease incidence (DI) and disease severity
(DS) of rice plants infected with P. oryzae
and R. solani in separate trials were tabulated
in Table 2. Disease development in rice
plants occurred between 7 to 12 days after
the inoculation of both fungi separately. For
P, oryzae, a pinpoint-sized brown color speck
appeared on the seventh day and developed
into diamond-shaped lesions with brown
borders (Figure 2a) in five plants infected
with P. oryzae in the control treatment
(T3, 0% chitosan). There was a significant
(p<0.005) difference in both DI and DS
between the treated (T1-2% chitosan, T2-

120 -

100

80

60

PIRG (%)

40

20

BPyricularia oryzae

BRhizoctonia solani

4
Concentration of chitosan (%)

Figure 1. Percent inhibition of radial growth (PIRG) of Pyricularia oryzae and Rhizoctonia solani at 5 days
after plating using poison agar assay with different concentrations of chitosan on PDA medium. Vertical bars
indicate standard error of six replicates. Bars with the same alphabets are not significantly different. The

standard error for concentration 4% was zero
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Table 2

Disease incidence and disease severity for blast and sheath blight diseases on rice plants with or without
treatment of chitosan at 7 days after pathogen inoculation

Blast disease Sheath blight disease
Treatment Tl T2 T3 T1 T2 T3
Disease Incidence (%) 44.7+1.6°  19.4+1.5¢  84.1+53*  28.8+5.5° 6.1£5.6¢ 56.4+7.1¢
Disease Severity (%) 22.8+1.6°  10.9+0.6°  71.14£5.8* 7.8+1.7° 1.0£0.8° 22.949.92

Note. T1 = 2% chitosan; T2 = 4% chitosan; T3 = 0% chitosan. Values are mean of five replications. Values
with the same alphabets in the same row for a respective disease are not significantly different

(b)

Figure 2. Symptoms of rice blast (a) and sheath
blight (b) diseases at 12 days after inoculation

4% chitosan) and the control (T3) plants.
The control plants (T3) exhibited two
folds higher DI (84.1%) and DS (71.1%)
compared to the 2% chitosan treated (T1)
plants (44.7% and 22.8%, respectively).
The lowest DI (19.4%) and DS (10.9%)
were observed in plants treated with 4%
chitosan (T2).

A similar trend was observed for sheath
blight disease. However, the intensity of
sheath blight disease was slightly lower
than the blast disease. The appearance of
a very small dark brown lesion that was
oval-shaped was observed in the control
(T3, 0% chitosan) plants on the seventh
day and developed into irregular lesions
with white-gray centers and brown margins
(Figure 2b). The result also revealed a
significant difference in the values of DI

and DS between the treated (T1, T2) and
control (T3) plants. Rice plants treated with
4% chitosan (T2) were shown to be effective
in controlling sheath blight disease with
the minimum DI (7.8%) and DS (1.0%).
However, no significant difference was
observed in DI and DS between plants
treated with 2% (T1) and 4% (T2) chitosan.

Disease Reduction (DR). Chitosan was
shown to be effective in controlling both
blast and sheath blight diseasesin MR219
plants. For disease incidence (DI), there was
no significant difference in DR of plants
treated with 2% chitosan between blast and
sheath blight diseases (46.8 and 48.9%,
respectively) (Figure 3). The highest DR
was observed in plants pre-treated with
4% chitosan and challenged with R. solani
(89.1%) followed by those challenged
with P. oryzae (76.9%) and there was also
no significant difference in DR between
the two diseases. However, there was a
significant difference in DR between the
concentrations used (2% vs 4%) for both
blast and sheath blight diseases. Chitosan
at 4% demonstrated significantly higher
DR for DI compared to chitosan at 2% in
both diseases.
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Figure 3. Disease reduction (DR) in disease incidence (DI) of the blast and sheath blight diseases in
greenhouse condition with two different concentrations of chitosan as treatments on rice plants. Vertical bars
indicate standard error of five replicates. Bars with the same alphabets are not significantly different
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Figure 4. Disease reduction (DR) in disease severity (DS) of the blast and sheath blight diseases in greenhouse
condition with two different concentrations of chitosan as treatments on rice plants. Vertical bars indicate
standard error of five replicates. Bars with the same alphabets are not significantly different

A similar trend was observed for disease
severity (DS) (Figure 4). At 2%, there was
no significant difference in DR between
plants challenged with P. oryzae (67%)
and R. solani (61%), and at 4%, plants
challenged with P. oryzae (84.5%) and
R. solani (95.0%). However, for both
diseases, there was a significant difference
in DR between the concentrations used

(2% vs 4%). Chitosan at 4% demonstrated
significantly higher DR for DS compared to
chitosan at 2% in both diseases.

Correlation Analysis
Table 3 shows the correlation analysis (»
values). For blast disease, the r-value (-0.6)

between the treatment and DI was weak and
negatively correlated but the r-value (-0.9)
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Table 3

Correlation analysis between the treatment, disease incidence and disease severity in rice plants

Blast disease

Treatments Disease Incidence Disease severity
Treatments 1
Disease incidence -0.60 1
Disease severity -0.94 0.83 1
Sheath blight disease
Treatments 1
Disease incidence -0.99 1
Disease severity -0.98 0.99 1

between the treatment and DS was strong
and negatively correlated. The negative
r value indicates that the higher chitosan
concentration used a higher reduction in DI
and DS values in rice plants. This indicates
that chitosan demonstrated a stronger effect
in the reduction of DS than DI. In the case
of sheath blight disease, the interaction
between treatment, DI and DS was strong
and negatively correlated (» = -0.9). In
conclusion, chitosan has the potential to
control blast and sheath blight diseases in
the field.

DISCUSSION

The positive effects of chitosan have
been documented in various pathosystems
involved in a wide range of plants including
both monocotyledon (rice) and dicotyledon
(bell pepper, cucumber, dragon fruit), and
a diverse range of pathogens including
fungi, bacteria, and viruses (Zahid et al.,
2014). In this study, we studied the effects
of chitosan on rice against the infection
of two important fungal pathogens, namely
P oryzae and R. solani.

In this study, the in vitro antifungal
test revealed that chitosan was effective
against both P. oryzae and R. solani, which
inhibited the mycelial growth of both fungi
at the highest concentration used (4%).
The rate of inhibition of radial growth by
chitosan was concentration-dependent
similar to the biostimulants (Surendran et al.,
2017). Other studies reported a similar effect
when chitosan was used against various
plant pathogenic fungi in vitro. When the
concentration of chitosan was increased
from 0.75 to 6.0 mg mL"" in the PDA
medium, decrement in the radial growth
of Alternaria alternata, Botrytis cinerea,
Rhizopus stolonifer, and Colletrotichum
gloeosporioides was observed (El Ghaouth
et al., 1992). A similar effect was also
reported in Sclerotinia sclerotiorum when
chitosan concentration was increased from 1
to 4% (W/V) (Junior et al., 2016). Complete
inhibition of the fungi R. stolonifer, Fusarium
oxysporum, Penicillium digitatum, and
C. gloeosporioides was obtained at a
concentration of 3% (w/v) (Bautista-Bafios
et al., 2003, 2004).
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Similarly, in this study, the in vivo
trial results demonstrated that chitosan at
4% concentration was effective to control
both blast and sheath blight diseases with
more than 80% disease reduction. Chitosan
was used to control various Fusarium spp.
in various economically important hosts
including Fusarium oxysporum, Fusarium
graminearum, and Fusarium solani in
tomato, wheat, and peas, respectively by
reducing DI more than 50% (Al-Hetar et
al., 2011; Prapagdee et al., 2007; Sharp,
2013). It was also found that chitosan (0.2
mg/mL) had induced a delayed disease
appearance in rice plants (three weeks old)
and thus, reduced the disease symptoms in
plants (Liu et al., 2012). Boonreung and
Boonlertnirun (2013) reported that chitosan
sprayed at a concentration of 40 mg/L
for four times throughout the crop season
before the inoculation of Helminthosporium
oryzae, Curvularia lunata, and Fusarium
moniliformae reduced 12% of dirty panicle
diseases in rice. However, in this study, 4%
chitosan spray once throughout the crop
season before inoculation of P. oryzae and
R. solani was able to reduce disease severity
by 85 and 95%, respectively.

Apart from disturbing the cell wall
of the pathogens, chitosan by itself can
be a physical barrier to pathogen attack
by creating a barrier film or chelating the
minerals and make them inaccessible
to the pathogens. Chitosan is capable of
eliminating the necrotrophic pathogens by
neutralizing the mycotoxin produced by
these pathogens (Sudarshan et al., 1992).
Hence, we speculate that the inhibitory

effect of chitosan against P. oryzae (a
hemibiotroph) in this study was by creating
a barrier film or chelating minerals
and against R. solani (a necrotroph) by
neutralizing the mycotoxins produced.
These phenomena indicate that chitosan
may use a double mechanism of actions to
control both types of pathogens.

The nano-sized chitosan was able to
control blast disease caused by Pyricularia
grisea with 100% disease reduction by
inducing systemic acquired resistance
(SAR) in rice (Xing et al., 2015). Most of
the chitosan used in the above-mentioned
studies were modified into different forms
including nano-sized chitosan because some
evidence stated that the negative effect of
chitosan on plant growth, shoot length when
used in higher concentration in the natural
form has been reported (Sandford, 2003).
However, the natural chitosan obtained
from shellfish used in our study at 4%
had revealed a superior disease reduction
capacity of 95.0% against sheath blight and
84.5% against blast disease. Chitosan has
been produced from various sources ranging
from fungi to plants. However, chitosan
extracted from shellfish will incur lower
costs because it is produced from waste
products of the seafood industry (Peniche
et al., 2008).

Chitosan and its derivatives have
emerged as the best eco-friendly bio-
pesticides in the last few decades (Peniche
etal., 2008). Other than controlling various
plant diseases, chitosan also increases the
population of nitrogen-fixing bacteria and
vesicular-arbuscular mycorrhizal fungi
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(VAM) (Bautista-Bafios et al., 2006). US
Environmental Protection Agency in 2015
has concluded that chitosan produces
no negative impact on the environment
(Hassan & Chang, 2017). Due to its eco-
friendly and low production cost, chitosan
has a huge potential to be used as a
biocontrol strategy for sustainable disease
management, not only in rice but in other
crops as well.

CONCLUSION

To the best knowledge of the authors, this
is the first report on the high efficacy and
broad-spectrum capacity of chitosan at
low concentrations for the control of both
blast and sheath blight diseases of rice.
Chitosan at 4% concentration had shown
a disease severity reduction capacity of 85
and 95% in blast and sheath blight diseases,
respectively. To validate this result, field
study is required to test the consistency
of chitosan in controlling these two fungal
diseases in rice. Due to the high demand of
rice around the world, these findings could
potentially bridge the yield gap in the near
future as well as contribute to a sustainable
crop production system.
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ABSTRACT

Spodoptera litura is classified as a plant-disturbing organism. Efforts to control S. /itura by
using chemical insecticides have a detrimental impact on the environment and the potential
to harm non-target organisms. Bioinsecticides provide a safe alternative for reducing the
agricultural pest problem. The purpose of this study was to investigate the specific amino
acid from Mirabilis jalapa extract using high performance-liquid chromatography (HP-
LC) analysis and to identify their potency as a biopesticide. Mirabilis jalapa extract in
combination with Bacillus thuringiensis influences the weakening of the S. /itura immune
system to explain the cause of S. /itura death. The results showed that the M. jalapa
extract had seven sequences of the highest
amino acid compounds from M. jalapa,
namely: Glu, Asp, Lys, Val, Leu, Arg, and
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