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PERTANIKA JOURNAL OF TROPICAL AGRICULTURAL 
SCIENCE 
About the Journal
Overview
Pertanika Journal of Tropical Agricultural Science is an 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 now 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.
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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 take 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 expected within 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 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_Issues_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. 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.
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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_Issues_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.

4.	 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.

5.	 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.

6.	 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.

7.	 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.
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Foreword

Welcome to the third issue of 2021 for the Pertanika Journal of Tropical Agricultural 
Science (PJTAS)! 

PJTAS 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 11 articles; two review articles and the rest are regular articles. The 
authors of these articles come from different countries namely Indonesia, Malaysia, and 
Thailand.

A selected article entitled “Small Pteropodid Bats are Important Pollinators of Durian in 
Terengganu, Malaysia” reported the role of small pteropodid bats as pollinating agents 
to flowering durian trees. Samplings were conducted in April 2018 to record three small 
pteropodid bats, namely, Cynopterus brachyotis, Cynopterus horsfieldii, and Eonycteris 
spelaea, visiting the flowers of two durian species, Durio zibethinus and Durio lowianus 
at agricultural areas in Hulu Terengganu. Captured bats were swabbed for conspecific 
pollen load on their bodies to determine their potential role as pollinators. Based on the 
observation, E. spelaea was likely to be a more important pollinating agent since this 
species was frequently captured near the flowering trees and found to carry a significantly 
high number of conspecific pollen grains on their bodies. The detailed information of this 
article is available on page 583.

A review paper entitled “The Potential of Silicon in Improving Rice Yield, Grain Quality, 
and Minimising Chalkiness” discussed the ability to uptake silicon (Si) and its benefits 
on rice. An update on the potentials of Si in improving the rice yield and grain quality, 
including Si’s ability to minimise grain chalkiness, was presented as well. The further 
details of this study are found on page 655.

Anto Budiharjo and his teammates from Diponegoro University evaluated the 
improvement in the quality and concentration of RNA after the optimised TRIzol-
based treatment. One-month-old tomato (Solanum lycopersicum) stem was used in 
this research. Several optimisation steps, such as the increment of the initial sample 
amount, twice chloroform extraction, overnight precipitation at low temperature, and 
three times final washing with ethanol, were practised. A higher quantity and quality 
of extracted RNA was obtained. Full information of this study is presented on page 673.

i



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 PJTAS, who have made this 
issue possible. PJTAS 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
Dr. Mohammad Jawaid
executive_editor.pertanika@upm.edu.my
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zone of the reservoir and observed using 
passive and active acoustic tracking devices 
from April to December 2018. Kruskal-
Walis test showed no significant difference 
between the average size of core area for 
N. soroides and C. lucius, x2(1) = 1.320, 
p = 0.251. The home range also showed a 
similar result for N. soroides and C. lucius 
where there was an insignificant difference, 
x2(1) = 0.273, p = 0.602. However, duration 
wise, N. soroides spend more time in the 
transition zone, R1 (M = 2.71 hrs, SE = 
0.38), and C. lucius in the riverine zone, R5 

ABSTRACT

The drastic changes in hydroelectric reservoir development created a completely new 
ecosystem that affects the river, particularly in the inundated area. In this study, five 
Neolissochilus soroides and Channa lucius were surgically implanted with a unique coded 
acoustic transmitter to observe the habitat utilisation and movement activity in Tembat 
Reservoir after the inundation process. All of the individuals were released into the transition 
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(M = 7.14 hrs, SE = 6.13) and R6 (M = 3.85 
hours, SE = 6.36). From the active tracking 
survey, PCA identified three (62.32%) and 
four (71.19%) components with eigenvalues 
greater than 1 for N. soroides and C. lucius, 
respectively. Three most important habitat 
parameters for N. soroides were the size of 
river (r = 0.97), existence of canopy cover (r 
= 0.77), and substrate type (r = 0.79).While, 
for C. lucius were mesohabitat type (r = 
0.79), distance to riffle (r = 0.97), existence 
of canopy cover (r = 0.90), and elevation 
(r = 0.90). A 24-hour movement frequency 
analysis for both species revealed two active 
hours of movement at dusk and dawn for 
both species. From the study, it is known that 
N. soroides and C. lucius respond differently 
towards the inundation of the reservoir. The 
findings in this study can be implemented 
for effective aquatic management and 
conservation plan to ensure sustainable dam 
development.

Keywords: Fish movement, fish telemetry, habitat use, 

hydroelectric impacts, post-inundation

INTRODUCTION

Inundation of water catchment areas in the 
tropical rainforest for hydroelectric stations 
is known to have a devastating effect on the 
environment. Many studies have described 
the ecological implications, and the effect is 
more pronounced in tropical water catchment 
areas (Fearnside, 2014; Huang & Li, 2016). 
These areas are often subject to hydroelectric 
power development due to geographical 
landscape and topographic suitability 
(Zafirah et al., 2017). The construction and 

pre-impoundment processes, including 
forest clearing, significantly alter the initial 
aquatic environment. The most prominent 
modification is the multidimensional 
change of the natural water body in the 
catchment (Zeiringer et al., 2018). The 
aquatic landscape is usually transformed 
into an open system with less or no canopy, 
depending on the volume of the water. 
It can be divided into three longitudinal 
systems: riverine (lotic), transition, and 
lacustrine (lentic) zones (Schmutz & Moog, 
2018). The modification can also involve 
stratification of the water column in deeper 
areas where anoxic conditions can occur 
towards the bottom substrate, making the 
environment less habitable for aquatic fauna 
(Kimmel & Groeger, 1984).

The effects of impoundment on the 
native river species have gained substantial 
attention (Kano et al., 2016). In this 
newly developed lentic habitat, the fish 
assemblage can be modified qualitatively 
and quantitively through extermination of 
native fish species, reduction of habitat 
diversity, increasing densities of indigenous 
species, and introducing non-native species 
(Zhong & Power, 1996). In addition, the 
impoundment of downstream areas can 
influence the fish assemblage through 
changes in temperature, flow regime, 
sediment loads, and turbidity of the area 
(Li et al., 2016). Although in-depth studies 
of impacts on the ecology of aquatic fauna 
have been widely discussed, there is still a 
need to understand more about the utilisation 
of habitat and movement of fish fauna in a 
newly inundated riverine system, as this 
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subject is poorly documented. Identifying 
habitat use characteristics and movement 
patterns is essential for restoring fish fauna 
and management planning (Clarke et al., 
2007).

Neolissochilus soroides is a cyprinid 
found in Southeast Asia, particularly the 
Malay Archipelago and Borneo. It is a 
mahseer species indicative of high altitude, 
fast-flowing, and excellent water quality 
(Khaironizam et al., 2015). Channa lucius, 
or the forest snakehead, is a common species 
in the Tembat River and found throughout 
southeast Asia. Unlike other channid species 
common in peat swamps and stagnant water, 
C. lucius can be found in fast-flowing clear 
water at higher altitudes (Ambak et al., 
2012). These species are native to Tembat 
River and a good candidate to represent 
the black and white water species that may 
respond to the effect of the inundation 
differently.

Despite habitat degradation and 
exploitation being threats to both species, 
the species are listed as the least concern 
(LC). Nevertheless, there are currently 
no published data on the behaviour and 
movement patterns of these species. Most of 
the studies conducted on N. soroides and C. 
lucius are of their biological and aquaculture 
potential (Azrita et al., 2015; Khai et al., 
2015). The distinctive differences in life-
history requirements of both species are 
very important to recognise, especially 
in identifying areas for biodiversity 
conservation (Asaad et al., 2017). A mahseer 
species, such as N. soroides, are an umbrella 
species, which means, protecting its habitat 

will benefit many other species under its 
trophic level (Pinder et al., 2019). 

While C. Lucius, is widely tolerant to 
water quality and can be found in a very low 
pH environment, this species prefers pristine 
forested rivers. Moreover, its sedentary 
characteristics are a great indicator of 
microenvironmental change (Ambak et al., 
2012). This study provides a preliminary 
assessment of movement pattern and 
habitat utilisation for both species within 
Tembat Reservoir. The knowledge acquired 
from the study of habitat utilisation and 
movement activity can inform us how the 
dam developments impact the ichthyofauna 
of a local river. Nevertheless, this research 
is intended to be applied in the management 
of conservation and habitat rehabilitation 
efforts. Specifically, these preliminary data 
can aid in establishing protection zones, 
such as fish sanctuaries or no-take zones. 

This study aims to evaluate habitat 
utilisation and movement activity of N. 
soroides and C. lucius in the transition 
zone of a small hydroelectric reservoir 
in the Tembat River system. The specific 
objectives are: (i) to identify spatial habitat 
use through the determination of home 
range and core range area, (ii) to determine 
environmental variables associated with 
species detection, (iii) to observe the time 
spent at different locations within the river, 
and (iv) to observe the 24-hour movement 
activity pattern.

MATERIALS AND METHODS

Study Area

The study was conducted in the Tembat 
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River, Hulu Terengganu, Malaysia, with a 
pre-experimental study beginning in January 
2018 and acoustic tracking conducted from 
April to December 2018. The Tembat River 
is part of the Hulu Terengganu Hydroelectric 
Project (HTHEP), involving approximately 
90.834 km2 with two catchment areas: Puah 
and Tembat (Figure 1). The climate in this 
area is equatorial monsoon-type, with a 

high temperature and year-round rainfall. 
Almost half of the annual rainfall is recorded 
during November, December, and January, 
coinciding with the northeast monsoon 
(Tenaga Nasional Berhad Research [TNBR], 
2007). The study was conducted in the 
transition zone of the Tembat Reservoir, part 
of the riverine system.

Figure 1. The Tembat Reservoir is located in Tembat catchment Hulu Terengganu, Malaysia which the reservoir 
is adjacent to the Puah catchment. Both of the catchment is part of Hulu Terengganu Hydroelectric Project 
(HTHEP)

Fish Capture and Acoustic Transmitter 
Insertion

Five individuals of N. soroides and C. 
lucius were obtained from the Tembat River. 

Neolissochilus soroides were captured using 
traps baited with fermented palm oil kernels in 
the Tembat River. At the same time, C. lucius 
were caught by handlines baited with live 
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juvenile frogs or were fished using artificial 
lures and casting techniques. All individuals 
selected weighed more than 550 g, allowing 
the 3.7 g acoustic tag to be safely implanted. 
The transmitters were 26 mm long and 9 
mm in diameter. Each of the VEMCO V9 
transmitters is uniquely codded so that the 
passive and active receivers can identify the 
individuals. Based on Weber et al. (2009), 
the surgical insertion of the transmitters into 
the peritoneal cavity was carried out using a 
modified method. Before surgery, individuals 
were sedated in a clove oil bath. The surgeries 
lasted for 10-15 minutes and were performed 
in a container with continuous irrigation 
of anaesthetics on the gill. Non-absorbable 
sutures were used to close the incision, and 
antibiotics were applied to prevent infections. 
After the surgery, individuals were kept in a 
3 m x 1 m fibreglass tank with aggressive 
aeration for immediate recovery progress. Fish 
were released within the transition zone of 
the Tembat River on four occasions: 18 April 
2018, 19 April 2018, 31 May 2018, and 4 June 
2018. The individuals were released back into 
the river within 14-30 days after the surgery. 

Movement and Habitat Utilisation

Two methods of tracking were used in this 
study: passive and active tracking. The 
passive tracking was conducted using six 
VR2W receivers units deployed within the 
reservoir. Each receiver station is known 
as R. VR2W units were placed at 300 m 
to 800 m intervals between each unit in 

the river. As determined in a preliminary 
study, the 100% detection range of VR2W 
receivers was 66.8 m from the receiver. The 
deployment areas include a riverine (R5 and 
R6), transition (R2, R3, R4), and lacustrine 
zones (R1, R2). The receivers at each 
location recorded the arrival and departure 
times of all the uniquely coded IDs of the 
tagged fish within range, assuming that 
the signal was unobstructed. The VR2W 
receivers received pings every 30 seconds 
from the transmitters in the individuals. 
The VR2W receivers were deployed 
underwater for three months (April, May, 
and June). Data were downloaded using 
VUE® software (Halifax, Canada). 

Active tracking was conducted at least 
twice each month using VEMCO V100 
active tracker and an omnihydrophone. 
In addition, a single active tracking event 
was conducted for at least three days from 
April to December. Active tracking was 
conducted only during daylight hours as 
night tracking presents a research limitation 
as it was unsafe due to active wildlife 
movement in the Tembat catchment. 
Tagged individuals were assumed to 
be within a 5 m radius of the location 
detected when the signal strength was at 
its maximum (i.e. 70-90 dB) (Fetterplace et 
al., 2016). Ten environmental parameters, 
as listed in Table 1, were observed during 
individual detection, and the location 
coordinate was recorded using a Garmin 
64s GPS device (Kansas, United States of 
America).
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Data Analysis

Home range size estimations were analysed 
using the Fishtracker 10.1 toolbox extension 
in ArcGIS 10.5 software. Fishtracker uses 
a least-cost path to determine the travel 
speed between sequential observations 
and convert it to per-segment travel times 
(Laffan & Taylor, 2013). The movement rate 
was then used in a standard kernel density 
analysis. In this study, the sequential arrival 
and departure detection data from each 
receiver, complemented with active tracking 
data, provided the substance of the home 
range estimate. The product of this analysis 
is a surface area estimate for a home range 
and a core range.

Individual time spent at each receiver 
station (R) was observed by analysing 
the arrival and departure time logged. In 
addition, the average 24-hour movement 
activity of N. soroides and C. lucius was 
determined using bi-hourly movement 
count data from VR2W receivers. Active 
tracking was conducted from April to 
December simultaneously with passive 
tracking. During active tracking, ten 
environmental parameters were observed 
at every individual location detection. 
Principal component analysis (PCA) was 
used to reduce the dimensionality of the 
environmental variables recorded in this 
study. Matrices of ten parameters at every 
location where the individuals were detected 
using active tracking were constructed 
for both species to run the PCA. PCA 
was conducted in Statistical Package for 
the Social Sciences (SPSS) version 26.0, 
using varimax rotation with 25 maximum 

iterations. The Kaiser-Guttman criterion 
(Guttman, 1954) and the broken-stick 
criterion (Frontier, 1976) were applied as 
stopping rules for determining the number 
of principal components extracted. These 
rules are based on average test statistic 
values where eigenvalues that are larger than 
the average value expected under the null 
hypothesis are used to assess the relative 
interpretability of the ordination results. 
In this study, principal components (PCs), 
which have eigenvalues greater than one, 
were considered to represent significant 
correlations of variance and were extracted 
(Jackson, 1993). In the rotated component 
matrix, the highest environmental variables 
correlation of greater of the component were 
highly influential.

RESULTS

Home and Core Range of Neolissochilus 
soroides and Channa lucius

All of the individuals in this study were 
successfully tracked within the river 
between April and December 2018. The 
detection span for each individual ranged 
from 10 days to 244 days. Individual ID 
16285 had the shortest detection span, 
which only lasted for ten days. Therefore, 
this individual was assumed to be out of the 
detection range for the rest of the tracking 
period. The detection span for the rest of 
the individuals ranged from 193 to 219 
days (C. lucius) and 132 days to 244 days 
(N. soroides).

The 50% kernel estimation density 
(KED) core area size of N. soroides ranged 
from 15283 m2 to 86563 m2. (Figure 2), 
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while C. lucius ranged from 36545 m2 to 
89578m2 (Figure 3). Kruskal-Wallis test 
conducted to compare the core area size 
between the species was insignificant, x2(1) 
= 1.320, p = 0.251. While the 90% KED 
home range area ranged from 28078 m2 to 
155848 m2 for N. soroides, and C. lucius 

ranged from 68399 m2 to 161425 m2, which 
also tested insignificant, x2(1) = 0.273, p 
= 0.602 (Table 2). These results suggest 
that the home range and core range size 
of C. lucius and N. soroides in the Tembat 
Reservoir are similar. 

Figure 2. The kernel estimation density (KED) home range 90% (yellow) and core range 50% (red) for 
individuals of Neolissochilus soroides in Tembat Reservoir from April to December 2018
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Figure 3. The kernel estimation density (KED) home range 90% (yellow) and core range 50% (red) for Channa 
lucius in Tembat River from April to December 2018
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Time Spent in Various Zones of Tembat 
Reservoir

The average time spent by N. soroides 
and C. lucius at three different zones 
of the reservoir is shown in Figure 4. A 
one-way analysis of variance (ANOVA) 
conducted on the average time spent of N. 
soroides individuals resulted in a significant 
difference, F(5,576) = 9.867, p < 0.001. 
In which further Tukey test showed time 
spent in R2 (M = 2.71 hours, SE = 0.38) 

was significantly higher compared to R1 
(M = 1.30 hours, SE = 0.13), R3 (M = 0.22 
hours, SE = 0.09), R4 (M = 0.98 hours, SE 
= 0.27), R5 (M = 1.04 hours, SE = 0.23), 
and R6 (M = 0.46 hours, SE = 0.09). These 
results suggest that N. soroides spent more 
time at R2, which is at the transition zone 
of Tembat Reservoir. As for C. lucius, 
the average time spent between receivers 
locations also resulted in a significant 
difference, F(5,360) = 12.489, p = 0.001. 

Table 2 
The 50% KED (core area) and 90% KED (home range) by each of the individuals of both species in Tembat 
river from April to December 2018

Species ID
TL 50% KED mean

core area
90% KED 

home range 
area  (m2)

No. of 
core area

(cm) (m2)
Neolissochilus 
soroides 16089 40 7657.5 ± 3147.50 28078 2

Neolissochilus 
soroides 16090 35 4128.2 ± 1801.90 155848 10

Neolissochilus 
soroides 16170 37.5 4266.73 ± 3154.18 103964 11

Neolissochilus 
soroides 16174 43 4940.10 ± 2946.81 103725 10

Neolissochilus 
soroides 16342 41.5 6880 ± 3006.92 85822 6

Channa lucius 16285 43 71883 68399 1

Channa lucius 16289 43 10470.70 ± 9076.34 131992 7

Channa lucius 16297 41 12128 ± 4609.09 71883 3

Channa lucius 16312 43 25556.63 ± 21892.55 161425 3

Channa lucius 16330 53 12178.29 ± 8689.55 152974 7

Note. KED = Kernel estimation density 
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Tukey HSD test indicated that the average 
time spent at R5 (M = 7.28 hours, SE = 
1.09) was significantly higher compared to 
the time spent at R1 (M = 1.78 hours, SE = 
0.20), R2 (M = 1.95 hours, SE = 0.31), R3 
(M = 2.16 hours, SE = 0.97), R4 (M = 1.55, 
SE = 0.76), and R6 (M = 3.46, SE = 0.61). 
Tukey test also reveals that the average time 
spent at R6 was significantly higher than R1 

and R2. Specifically, this result suggests that 
C. lucius spent more time at R5 and R6, the 
riverine zone, compared to the lacustrine 
and transition zone of Tembat Reservoir. 
This result indicates a difference in response 
of both species towards the newly inundated 
area in Tembat reservoir where C. lucius was 
avoiding, and N. soroides was approaching 
the area. 

Figure 4. The time spent by Neolissochilus soroides and Channa lucius in the Tembat Reservoir system at 
different zones detected by the passive receivers (R1 – R6)

Habitat Parameters Associated with 
Neolissochilus soroides and Channa 
lucius in Tembat Reservoir

Based on the Kaiser-Guttman and broken 
stick model criteria, population components 
having eigenvalues greater than 1 represent 
shared variation and should be retained. For 

N. soroides, the first three components were 
identified to have eigenvalues greater than 
1: PC1, PC2, and PC3, explaining 62.32% 
of the cumulative variance. PC1, PC2, 
and PC3 accounted for 29.70%, 18.03%, 
and 14.58% of the variance, respectively. 
Meanwhile, for C. lucius, PCA identified 
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the first four principal components to have 
an eigenvalue greater than 1. PC1, PC2, 
PC3, and PC4 jointly explained 71.19% of 
the cumulative variation. PC1, PC2, PC3, 

and PC4 accounted for 29.07%, 16.03%, 
15.29%, and 10.80% of the variation, 
respectively (Table 3). 

Table 3 
The eigenvalue for each component and percentage of variance explained for Neolissochilus soroides and 
Channa lucius, and bolded is the component retained 

Component Eigenvalue Variance (%) Cumulative variance 
(%)

Neolissochilus soroides 
1 2.97 29.7 29.7
2 1.8 18.03 47.73
3 1.46 14.58 62.32
4 0.86 8.62 70.94
5 0.81 8.15 79.08
6 0.71 7.1 86.19
7 0.6 5.98 92.16
8 0.42 4.17 96.33
9 0.37 3.67 100

10 0 0 100
Channa lucius

1 2.91 29.07 29.07
2 1.6 16.03 45.1
3 1.53 15.29 60.39
4 1.08 10.8 71.19
5 0.93 9.26 80.45
6 0.58 5.77 86.22
7 0.56 5.57 91.79
8 0.44 4.42 96.21
9 0.34 3.37 99.58

10 0.04 0.42 100

In this study, the strongest association 
in each component were considered by 
the highest covariance. The N. soroides 
factor loadings matrix showed that the 
first principal component had the strongest 
association with distance to bank and 

river width (r = 0.97). Meanwhile, the 
second principal component had a strong 
association with canopy cover (r = 0.77), 
and the third principal component was 
highly associated with substrate type (r = 
0.79). The C. lucius factor loadings matrix 
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PCA indicated that the first principal 
component had the strongest association 
with mesohabitat type (r = 0.79). The second 
principal component indicated the strongest 
association with distance to riffle (r = 0.97). 

While the third principal component had 
the strongest association with the existence 
of canopy cover (r = 0.82), and the fourth 
principal component was strongly associated 
with elevation (r = 0.90) (Table 4). 

Table 4 
Loading matrix of the principal components with eigenvalue more than 1, Neolissochilus soroides with 4 
habitat parameters and Channa lucius with also 4 habitat parameters

Habitat parameters
Neolissochilus soroides

PC 1 PC 2 PC 3
Distance to bank 0.97* -0.03 0.11
River width 0.97* -0.03 0.11
Distance to riffle 0.64 0.36 0.02
Canopy cover 0.01 0.77* -0.08
Depth 0 0.66 -0.33
Submerge Large Wood 
(SLW) 0.02 0.64 0.46

Dist to lake 0.18 0.54 0.34
Mesohabitat 0.24 0.47 0.38
Substrate type 0.06 -0.07 0.79*
Bank type 0.07 0.06 0.73

Habitat parameters
Channa lucius

PC1 PC2 PC3 PC 4
Distance to bank 0.79* 0.08 0.02 -0.08
River width 0.74 0.18 -0.02 -0.43
Distance to riffle 0.70 0.17 -0.19 0.37
Canopy cover 0.55 0.2 0.24 -0.39
Depth 0.5 -0.17 -0.28 0
Submerge Large Wood 
(SLW) 0.05 0.97* -0.03 -0.07

Dist to lake -0.14 -0.96 0.11 0.05
Mesohabitat -0.13 -0.05 0.82* 0.14
Substrate type 0 -0.09 0.80 -0.11
Bank type -0.08 -0.06 0.06 0.90

Note. * Variable with the highest correlation with the principal component
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Activity Pattern of Neolissochilus 
soroides and Channa lucius

The 24-hour average movement frequency 
of N. soroides and C. lucius is shown in 
Figure 5. Both species show high-frequency 
movement during dawn and dusk. Whereby, 
N. soroides showed two high peaks of 
movement frequency at 6 a.m. (M = 3.50, 
SE = 16.52), and 7 p.m. (M = 21.6, SE = 
4.93). As for C. lucius, two high peaks of 
movement frequency were observed at 5 
a.m. (mean = 15.8, SE = 2.48), and 7 p.m. 
(mean = 12.8, SE = 1.82). 

No significant difference between 
daytime and nighttime movement for N. 
soroides were recorded. However, for 
C. lucius, three out of five individuals 
had significant differences between their 
daytime and nighttime movement: ID 
16330 [t(32.658) = 12, p = 0.021], ID 16297 
[t(-2.539) = 12, p = 0.036] and ID 16289 
[t(-2.829) = 12, p = 0.015], which may 
indicate that this species make long-distance 
movements during night time. 

DISCUSSION

Home and Core Range of Neolissochilus 
soroides and Channa lucius

The home range is commonly defined 
as where animals move from day to day 
(Hayne, 1949). This study defined the home 
range as to where the fish was detected 
and where it travels daily. In addition, the 
core area is defined to emphasise sections 
in a home range where the animal spends 
the greatest amount of time (Vander Wal 
& Rodgers, 2012). This study is the first 
study to document the movement pattern 

and home range of N. soroides and C. lucius 
in the freshwater environment in Malaysia 
using the acoustic telemetry method.

In this study, the home range size of 
N. soroides and C. lucius were similar, 
indicating that both species shared the same 
pathway. It is highly contributed to the 
morphology of the Tembat River that does 
not have many tributaries or small streams 
(TNBR, 2007). The river system runs on a 
nearly straight path and is not a complex 
river system compared to the neighbouring 
Puah catchment river system. Tembat River 
system is river order 3 and can be considered 
a small system that runs 45 km from the 
headwater (TNBR, 2007). Despite the 
similar average home range size between 
N. soroides and C.lucius, individual ID 
16089 (N. soroides) had the smallest home 
range size (27.79 m2) compared to other 
individuals. This individual was never found 
in the lacustrine zone and was recorded by 
R3, R4, R5, R6, and the upper stream of 
the R6 area. Comparing to the congeners, 
Lapointe et al. (2013) recorded the Channa 
argus home range in the Potomac River, 
USA, having approximately 60 times larger 
than C. lucius in this study. According to 
Woolnough et al. (2009), the size of the river 
system and the size of the fish influence the 
home range estimates regardless of linear 
type or areal type of home range. 

As for N. soroides, a comparable 
species would be of the mahseer species. 
Neolissochilus soroides to coexist with Tor 
species in the Tembat River and Tiang River 
(Mohamad et al., 2020; Pinder et al., 2019; 
Sharir et al., 2019). A recent study on the 
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migration of Tor putitora and Neolissochilus 
haxaganolepis were conducted in Bhutan 
[Fisheries Conservation Foundation (FCF), 
2019] recorded a larger home range size 
(more than 40 km distance) for these species 
compared to the findings in this study. 
Compared to its congener, a smaller home 
range of N. soroides and C. lucius reflects 
the smaller river system (Lonzarich et al., 
2000). Larger systems are lesser geomorphic 
confining, thus allowing larger movement to 
be made as opposed to N. soroides in Tembat 
(Lonzarich et al., 2000). 

Although there is no significant 
difference in the core area sizes, the 
variation in sizes observed cumulatively in 
the core area suggests that every individual 
movement is different in the ability or 
motivation to return to an area after moving 
throughout the river (Crook, 2004). A 
larger core area may indicate a territorial or 
predatory behaviour exhibited sporadically 
throughout the reservoir system (Figure 2 
and Figure 3). The area highlighted in red 
is likely to be essential for each species, 
respectively. This area should be closely 
monitored to determine the importance of 
N. soroides and C. lucius. Food availability 
and predation risk may affect the motivation 
for an individual to have a different location 
of core area within the Tembat reservoir 
(Crook, 2004).

Time Spent in Various Zones of Tembat 
Reservoir
Channa lucius spent more time in the riverine 
zone, where the lotic system still influenced 
the area, and habitat heterogeneity is well 
preserved. This area provides sources of 

water inflow for the Tembat Reservoir and 
is not influenced by the outflow or dam 
operation. Mesohabitat characteristics 
such as pools and riffles are still present 
within the riverine zone. Furthermore, the 
existence of a fish sanctuary developed by 
Tenaga Nasional Berhad Research (TNBR) 
at the R5 (within the riverine zone) may be 
the reason for the significantly longer time 
spent by C. lucius in this area (Mohamad 
et al., 2020). Channa lucius is known as an 
ambush predator, which preys upon juvenile 
fishes abundance at R5. R5 provides a food 
source for C. lucius and shelter as the area 
was abundant with submerging large wood. 

Neolissochilus soroides spent more 
time in the transition zone, converted into a 
nearly lentic system. The inundation of the 
Tembat River has created a trophic surge 
from the decomposed terrestrial vegetation, 
which usually increases the abundance and 
biomass of organisms utilising available 
resources (Arantes et al., 2019). These 
conditions may have become favourable to 
forage, and the availability of refuge may 
explain the significant amount of time spent 
in the area by N. soroides. The average depth 
in the transition zone, where N. soroides was 
found, was within the depth range where 
dissolved oxygen was still available (littoral 
zone). The littoral environment is known to 
have the highest biodiversity due to greater 
availability and heterogeneity of feeding 
resources, shelter, and habitat (Agostinho 
et al., 2008). 

The age of the reservoir may become 
a significant factor for the utilisation by 
N. soroides and others ichthyofauna at the 
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transition zone of the Tembat reservoir, 
as it is spatially and temporally dynamic 
(Tian et al., 2020). The freshwater fish 
community is more influenced by the type 
of mesohabitat structure available in the 
river than catchment-scale processes, such 
as the logging history of the adjacent area 
(Wilkinson et al., 2018). However, the 
period since the logging activity correlates 
positively to the abundance of common 
cyprinids (Martin-Smith, 1998). Therefore, 
nutrient and food resources will likely 
deplete, and trophic structure collapse is 
predicted. A future survey in the transition 
and lacustrine zone should be conducted 
to observe the reservoir’s impact and put 
mitigation measures into action. 

Habitat Parameters Associated with 
Neolissochilus soroides and Channa 
lucius in Tembat Reservoir

Four habitat parameters were highly 
associated with N. soroides and C. lucius 
detection in Tembat Reservoir. However, 
only one parameter was similar between 
the species: the existence of canopy cover. 
Certainly, canopy cover protects fish from 
the glaring sun, maintain water temperature, 
and refuge from areal predators, such 
as birds of prey (Ceschin et al., 2015; 
Rutherford et al., 1997). However, it is 
noteworthy that most of the vegetation 
fringing the river in the Tembat catchment 
was wiped out during logging activity before 
the construction phase. As a result, the 
remains of riparian vegetation were scarce, 
but it remained the habitat that both of the 
species were detected. Thus, indicating the 

crucial role of riparian vegetation for the 
ichthyofauna in Tembat Reservoir.  

Mesohabitat type was an important 
habitat characteristic in the detection of C. 
lucius in Tembat Reservoir. This species 
was commonly detected in the river run 
during the active daytime tracking. The river 
in the area studied was characterised by 
submerging large woods from the logging 
activity during the construction phase. It is 
assumed that C. lucius benefited from these 
structures for camouflage and shelter during 
the day. Several reports from this region 
also recorded a similar finding of C. lucius 
in submerged woody plants and aquatic 
vegetation area (Azrita, 2010; Rainboth, 
1996).

Distance to riffle was one of the 
important habitat characteristics identified 
by PCA for C. lucius. This species was 
detected at an average of 846.14 m ± 
95.43 m from the nearest riffle. Comparing 
this finding with N. soroides, which were 
detected at an average of 630.70 m ± 
64.30m, C. lucius showed preferences 
further from faster-moving water. This is 
supported by the predatory behaviour of 
Channa species that have been recorded to 
habituate slow-moving rivers (Rainboth, 
1996). Elevation was also identified by 
PCA to be highly associated with C. lucius 
detection in component 4. However, this 
parameter was the least concern in this study 
area because the range of elevation was not 
much of a difference, which was supported 
by the indifference velocity at all locations 
detected (data unpublished). 
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As for N. soroides, distance to bank 
and river width was the most important 
characteristics identified by PCA. These two 
parameters can be perceived as the size of 
the river because the distance to a bank can 
not exceed the river width. The size of the 
river plays a vital role in the detection of 
N. soroides and generally mahseer species. 
Neolissochilus soroides and other mahseer 
species are commonly found in the upper 
part of a river where the size of the river is 
relatively small (15-35 m wide) (Ambak et 
al., 2012; Khaironizam, 2010; Walton et al., 
2017). In addition, the upper river supports 
the morphology and the physiological 
needs of mahseer, such as cooler water 
temperature, a more heterogeneous habitat 
(existence of pools, riffles, and runs), and 
food sources, such as algae and mayflies on 
the coarse river bed. Finally, substrate type 
was identified as one of the vital habitat 
parameters for N. soroides. During this 
study, N. soroides were commonly found 
on substrate type sand. It was not surprising 
as most of the river beds of Tembat River 
were smothered by sand and siltation due 
to the previous land clearing at the riparian 
area. The changes of river bed substrate are 
predicted to alter the foraging behaviour for 
not only N. soroides but other freshwater 
species, including invertebrates. Mahseer 
species are also known to spawn at the upper 
river with a coarse substrate such as cobbles 
and pebbles. 

The type of habitat parameters associated 
with these two species can be a key habitat 
factor in establishing or identifying an area 
to be protected. For example, an area with 

submerged large wood should be protected 
by not removing or extracting the structure 
from the river. This area provides protection 
but also create the dynamic of hydrology 
that is essential for fish (Baillie et al., 2013). 
Based on this finding, removing riparian 
vegetation is not encouraged, and replanting 
of this area is needed. 

Activity Pattern of Neolissochilus 
soroides and Channa lucius

Channa lucius  exhibited nocturnal 
characteristics based on the movement 
behaviour detected by VR2W receivers 
deployed. During nighttime observation 
in Tembat Reservoir, C. lucius was often 
seen at the fringe of the river during dusk, 
in which it was hunting for juvenile fishes. 
Similarly, Horký et al. (2008) reported that 
Sander lucioperca, a European predatory 
freshwater species, were also found actively 
hunting for food at night. Channa lucius 
activity in the Tembat Reservoir appeared 
to be in line with its congener and other 
facultative air-breathing species that appear 
to be active at night (Boujard, 1995; Guo et 
al., 2017). Although N. soroides exhibit two-
movement activity peaks during nighttime, 
they were not considered a nocturnal species. 
There were no significant differences in the 
individual average nighttime and daytime 
movement. These findings are supported by 
studies in Khaironizam (2010) that show N. 
soroides diurnally active and foraged during 
daylight based on the findings of the gut 
content. The movement recorded during the 
survey was the movement of the individual 
from one receiver to another receiver. 
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Therefore, it was considered a long-
distance movement, as the passive trackers 
were deployed at least 200 meters from each 
other. Long-distance movement during the 
daytime may increase the risk of predation 
for fish by other species, such as birds, 
otters, and large fish (Shoji et al., 2017). This 
situation could explain the tendency in both 
species to make long-distance movements 
during nighttime to avoid predation. Time of 
day is one of the many factors that influence 
the movement of a fish for it to meet its 
metabolic or sheltering needs (Albanese 
et al., 2004). Many classical studies on the 
diel activity pattern of fish were associated 
with observations of feeding behaviour, as 
feeding is one of the main motivations of 
the fish to move from one place to another 
(Boujard, 1995; Clough & Ladle, 1997; 
Khaironizam, 2010; Weliange et al., 2006). 

CONCLUSION

Channa lucius and Neolissochilus soroides 
utilise the same areas throughout the zones 
of Tembat Reservoir, which is most likely 
due to the non-complex river system. 
However, the zones in which the species 
prefer to stay longer were different, whereby 
N. soroides in the transition zone and 
C. lucius in the riverine zone may be 
motivated by the availability of specific food 
resources for each species. Neolissochilus 
soroides detection in Tembat Reservoir was 
highly associated with the size of the river, 
and the availability of canopy, cover and 
riverbed substrate, while C. lucius were four 
mesohabitat types, the distance to riffle, the 
availability of canopy cover and elevation. 

These key habitat parameters identified 
should be applied in the conservation 
management of an altered river in Tembat 
Reservoir. The 24-hour movement activity 
pattern recorded two peak hours during 
dusk and dawn for both species, further 
investigating for foraging and predator 
avoidance behaviour. Monitoring of habitat 
utilisation by fish fauna in the system 
should be conducted as the reservoir ages, 
especially in the inundated area where the 
ecosystem changes.
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ABSTRACT

Piper sarmentosum, known as ‘kaduk’ has been traditionally used in different parts of 
the world to cure many diseases and ailments. It contains alkaloids and has been reported 
to possess many pharmacological properties like anti-cancer, anti-hyperglycaemic, anti-
tuberculosis, antioxidant, and antimalarial. This study aimed to evaluate the formulation 
of P. sarmentosum cream and exploring the antimicrobial properties in different types of 
cream formulation before in vivo study. The leaves extract of P. sarmentosum was obtained 
from the cold-soaked methanolic extraction method, evaporated, and dried to produce the 
powdered extract. Then, it was diluted into four different concentrations, 25% w/v, 50% 
w/v, 75% w/v, and 100% w/v for Staphylococcus aureus antimicrobial screening. Based 
on the S. aureus antimicrobial screening, four types of creams were formulated (Cream 
A: cream base without Piper sarmentosum extract; Cream B: Piper sarmentosum extract 
(5%) only; Cream C: Piper sarmentosum extract (5%) with parabens preservatives; Cream 
D: Piper sarmentosum extract (5%) with vitamin E) and evaluated for their physical 
appearance, pH, stability study, and antimicrobial activity against S. aureus. As a result, 
100% w/v concentration of the P. sarmentosum extract showed the highest result in the 

zone of inhibition (5.50 mm ± 0.03) towards 
S. aureus and was selected for cream 
formulation. In evaluating their physical 
appearance, all formulated creams showed 
high homogeneity and consistency with no 
phase separation and pH between 7.2 – 8.0 
± 0.07. On stability study, all creams with 
three different temperatures of 4°C, 27°C, 
and 37°C for 30 days show no colour 
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changes, high homogeneity, and consistency 
with any phase separation. The results of 
antimicrobial screening for all formulated 
creams, show that Cream D has the highest 
zone of inhibition towards S. aureus (5.53 
mm ± 0.25), followed by Cream C (4.43 
mm ± 0.13). In conclusion, P. sarmentosum 
cream formulation showed high stability 
properties and possessed anti-microbial 
properties suggesting its potentials for 
wound healing cream. 

Keywords: Cream formulation, methanolic extraction, 
Piper sarmentosum, Staphylococcus aureus	

INTRODUCTION

Piper sarmentosum (P. sarmentosum), also 
known as ‘kaduk’ belongs to the Piperacea 
family. It is widely found in tropical 
countries in Southeast Asia, northeast 
India, and China (Karthigeyan et al., 2004). 
Piper sarmentosum has been used as a 
traditional remedy, in treating diabetes 
mellitus, cough, toothache, fungal infection 
on the skin, asthma, and inflammation of 
the pleura (Rahman et al., 2011). Chan and 
Wong (2014) reported that the leaves of P. 
sarmentosum contains phenylpropanoids, 
phenylpropanoyl amides, dihydro-flavones, 
and some essential oils. In addition, 
alkaloids isolated from P. sarmentosum 
leaves, 1-allyl-2, 6-dimethoxy-3 and 
4-methylenedioxybenzene, have been 
claimed to show antibacterial activities 
against Escherichia coli and Bacillus 
subtilis.

The microorganisms commonly found 
in the wound infection are Staphylococcus 
aureus and beta-hemolytic Streptococcus, 
identified as a “transient flora” of the skin. 
Currently, S. aureus is overwhelmingly the 
most prominent cause of skin infections. 
This bacteria is usually harmless to human 
skin, but it can be infectious when there are 
injuries in the skin such as abrasions, cuts, 
surgical incisions wounds or indwelling 
catheters (Rain, 2005).

The cream, defined as a semi-solid 
emulsion, is applied to the skin. There 
are two types of cream: oil-in-water (o/w) 
cream and water-in-oil (w/o) cream. The 
oil-in-water emulsions are the most useful 
water-washable bases, while water-in-oil 
emulsions are used as an emollient and 
cleansing agent (Das et al., 2014).

Nowadays, the widespread belief that 
“green medicine” (plant-based products) are 
effectively safe to be used and less expensive. 
Therefore, the study of active compounds 
from natural resources has been actively 
pursued as it is essential in treating diseases 
(Ab Rahman et al., 2014). The situation 
prompts the concern in searching for natural 
compounds that could mimic the effects of 
synthetic cream but with fewer side effects. 
Although P. sarmentosum is commonly used 
as folk medicine, there is still little scientific 
investigation of its potential and preparation 
in being established as a treatment cream. 
Therefore, this study intends to evaluate 
the cream formulation and anti-microbial 
properties of formulated cream contain P. 
sarmentosum leaf extraction.
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METHODS

Sources of Piper sarmentosum

The identified plant material was confirmed 
and validated by a botanist from Institute 
of Bioscience, Universiti Putra Malaysia 
(UPM), Serdang, Selangor. The voucher 
(SK 2100/15) has been deposited at the 
herbarium in UPM for future reference, 
while two kilograms of the leaf powder of P. 
sarmentosum was used for this study.

Preparation of Piper sarmentosum 
Leaves Methanolic Extract

The collected samples were washed with 
tap water and dried in the oven for 48 hours. 
The dried leaves were macerated to a fine 
powder before being soaked in methanol 
at 1:10 (Wong & Kitts, 2006). The mixture 
was then filtered and concentrated using 
rotavapor (Büchi®, Germany) to remove 
methanol. The concentrated extract was 
further dried using a freeze drier to remove 
residual methanol. Finally, the powder 
form of the extract was kept in vials with 
a tight cap before being stored in a –20°C 
refrigerator until further use (Fernandez et 
al., 2012).

In-vitro Antimicrobial Screening

In-vitro antimicrobial activity was examined 
for methanolic extractions and cream 
formulations. Prior to sensitivity testing, 
the S. aureus (ATCC11632) bacteria strains, 
Mueller Hinton (MH) agar (Pronadisa,  
Europe), and Mueller Hilton broth (Oxoid™, 
United Kingdom) were prepared. All the 
equipment used throughout the process 

was autoclaved at 120°C for 20 minutes 
to minimize contamination. Kirby-Bauer 
disc diffusion method was applied as an 
antimicrobial screening procedure. The 
bacteria strain S. aureus was cultured onto 
a blood agar plate and incubated at 37°C 
for 24 hours before conducting sensitivity 
testing. A single colony was then selected 
and cultured in 5 mL Mueller Hinton broth. 
The broth was adjusted to 0.5 McFarland 
standard using a UV-Vis spectrophotometer 
(Eppendorf BioSpectrometer®, Germany). 
Then, bacterial suspension turbidity was 
adjusted to the McFarland equivalence 
turbidity standard to produce bacterial counts 
in an expected range. The spectrophotometer 
was set at 600 nm or 625 nm, and sterile 
saline was used as the control. 

Antimicrobial Screening of 
Local Piper sarmentosum Leaves 
Methanolic Extract

Piper sarmentosum methanolic extract 
powder was used to prepare four different 
concentrations of the extract. Purified 
distilled water was used to dissolve the 
powder extract to make the different 
concentrations of 25% w/v, 50% w/v, 
75% w/v, and 100% w/v solution of the 
P. sarmentosum extract. Then, different 
solution concentrations were put into vials 
and kept at -4°C prior to use. Twenty (20) µL 
from each different concentration solution 
were used to impregnate a blank sterilized 
filter paper disc before being dried in a 
37°C incubator for 24 hours prior to use for 
antimicrobial screening. Agar plates were 
inoculated with a standardized inoculum of 
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S. aureus strains. Then, filter paper discs (6 
mm diameter), containing the test compound 
at the desired concentration, are placed 
on the agar surface. The Petri dishes are 
incubated at 37°C for 24 hours. Microbial 
growth was determined by measuring 
the diameter of the zone of inhibition of 
the extract using a transparent ruler in 
millimetres (mm).

Zone of inhibition (mm) = Diameter of 
microbial growth – Diameter of disc

Note. Diameter of disc is 6 mm

Preparation, Formulation, and 
Evaluation of Piper sarmentosum 
Cream Extract

From the antimicrobial screening results, 
the best extract concentration (100% w/v) 
that gave the highest resistance toward 
Staphylococcus aureus was chosen to be 
formulated into 60 g cream.

Oil in water creams was formulated 
based on the previous study (Gidwani 
et al., 2010). The extraction seeds of 
Psoralea corylifolia were substituted with 
P. sarmentosum extracts. First, oil in water 
cream without P. sarmentosum extracts was 
formulated, followed by the formulation of 
cream with P. sarmentosum extract without 
paraben preservatives. Then, creams with 
P. sarmentosum extract with paraben and 
vitamin E preservatives were formulated. 

The formulation process was started 
by dissolving the oily and aqueous phase 
in a separate beaker in water bath at 75°C. 
The oil phase consisted of emulsifiers and 

other components and the extraction of P. 
sarmentosum (phase A). The aqueous phase 
was then dissolved, and water was added up 
to 100% of the overall formulation. Then, 
both phase A and phase B were heated up to 
75°C using a water bath. After completing 
the heating process, it was followed by 
stirring the added oily phase into the 
aqueous phase until the mixture cools 
down. Then, the label formulated cream was 
transferred into a plastic container.

Evaluation of Piper sarmentosum Cream

In the antimicrobial test, as explained 
earlier, each cream has to undergo a visual 
inspection and pH test using a digital pH 
meter and rheological studies (Dahlan et 
al., 2014). All the formulated creams were 
evaluated for their colour, homogeneity 
and consistency, and phase separation. In 
addition, the appearance and presence of any 
aggregates were tested for all the formulated 
creams. The formulated creams’ pH was 
measured three times using electronic pH 
meter (Mettler Toledo AG, United States of 
America). Stability studies were conducted 
for all types of the formulated creams. The 
evaluated parameters under stability studies 
include physical appearance and the pH 
of the cream. The stability studies were 
carried out at three different conditions 
with different temperatures, which are 4°C, 
27°C, and 37°C for one month (International 
Conference of Harmonization [ICH] 
guidelines) (Dixon, 1998). The stability 
studies were conducted right after the 
completion of the formulation process.
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Evaluation of Antimicrobial Properties 
of Piper sarmentosum Cream

The antimicrobial screening was conducted 
for the formulated cream to determine the 
ability of the cream to inhibit bacterial 
growth and to compare the activity of the 
extract in pure form and dosage form. The 
studies were carried out as same as the 
screening procedure. In addition, different 
types of cream were tested for antimicrobial 
activity by using the disc diffusion method. 
In this study, gentamicin antibiotics cream 
was used as the positive control. Meanwhile 
the negative control is the formulated 
cream without P. sarmentosum extract. The 
sensitivity of S. aureus strains towards P. 
sarmentosum extract cream was calculated 
by measuring the diameter (mm) of the zone 
of inhibition. The reading was taken at the 

end of 24 hours after incubation in a 37°C 
incubator. The plate with zone of inhibition 
(no growth around the disc) was sensitive 
to bacteria strain. The tests were conducted 
in triplicate for each formulation to ensure 
reproducibility. Appendix 1 shows the 
general formula based on two phases, which 
are oily and aqueous phases with different 
types of the formulated P. sarmentosum 
cream. 

Statistical Analysis
Statistical analysis was performed using the 
Microsoft Excel 2007 and Statistic Package 
for Social Sciences version 25 (SPSS 25.0, 
2017). ANOVA tests were used to identify 
the significant difference between groups 
followed by a post-hoc Tukey’s test. The 
statistical significance was accepted when 
the p-value is less than 0.05.

General formula Cream A Cream B Cream C Cream D
Components % w/w Weight (g)
Oily phase
Stearic acid 2.5 1.500 1.500 1.500 1.500
White beeswax 1.5 0.900 0.900 0.900 0.900
Stearyl alcohol 5.0 3.000 3.000 3.000 3.000
Cetyl alcohol 6.5 3.900 3.900 3.900 3.900
Mineral oil 5.0 3.000 3.000 3.000 3.000
Aqueous phase
Propylene glycol 5.0 3.000 3.000 3.000 3.000
Triethanolamine 2.0 1.200 1.200 1.200 1.200
Methyl paraben 0.01 0.006 0.006
Propyl paraben 0.04 0.024 0.024
Piper sarmentosum extract 5.0 3.00 3.00 3.00 3.00
Vitamin E 0.05 0.03
Water Up to 100%
Total (g) 60.00 60.00 60.00 60.00

Appendix 1
The general formula and different types of the formulated Piper sarmentosum cream
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RESULTS AND DISCUSSION	

Evaluation of Antibacterial Properties 
of Local Piper sarmentosum Leaves 
Methanolic Extract

Four different concentrations (25% w/v, 
50% w/v, 75%w/v, and 100% w/v) of the 
local P. sarmentosum leaves methanolic 
extract were tested against S. aureus using 
the Kirby-Bauer disc diffusion method. The 
antimicrobial activity of P. sarmentosum 
leaves extract could be seen through the 
average zone of inhibition of bacterial 
growth around the disc exhibited by various 
concentrations of P. sarmentosum extract 
against S. aureus strain. Figure 1 shows 
the average zone of inhibition exhibited by 
various concentrations of P. sarmentosum 
extract against S. aureus.

Figure 1 shows the zone of inhibition 
exhibited by various concentrations of 
methanolic extract of local P. sarmentosum 
leaves against S. aureus. There were 
significantly (p<0.05) lower inhibition of 
all the concentrations of P. sarmentosum 
extract discs against S. aureus compared 
with gentamicin antibiotic disc. Even 
though an increasing trend of the zone 
of inhibition could be seen between all 
the extraction concentrations, they are no 
significant differences between the groups. 
The minimum antimicrobial activity was 
exhibited by 25% w/v, while the highest was 
exhibited by 100% w/v concentration of P. 
sarmentosum extract. Figure 1 also shows 
that the sterilized distilled water does not 
affect the antimicrobial activity against S. 
aureus. 

Figure 1. Values of zone of inhibition in sterilized distilled water discs (negative control), gentamicin 
antibiotic discs (positive control), 25% w/v, 50% w/v, 75% w/v, and 100% w/v concentrations of Piper 
sarmentosum extract discs against Staphylococcus aureus (n = 3). Each bar represents the mean ± SEM of 
the zone of inhibition
Note. asignificant compared with the negative control while bsignificant compared with the positive control 
group (p<0.05)
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Preparation, Formulation, and 
Evaluation of Local Piper sarmentosum 
Leaves Extract Cream

Based on the highest antimicrobial activity 
exhibited against S. aureus, the cream was 
formulated by incorporating 100% w/v 

of methanolic extract of P. sarmentosum 
leaves. These active ingredients were chosen 
due to higher inhibition against microbial 
growth that influenced the wound healing 
process. Different types of formulated cream 
were listed in Table 1.

Table 1 
Type of creams and name for each cream

No. Formulation Name for each cream
1 Cream without Piper sarmentosum extract with parabens preservatives Cream A
2 Cream Piper sarmentosum extract without parabens preservatives Cream B
3 Cream Piper sarmentosum extract with parabens preservatives Cream C
4 Cream Piper sarmentosum extract with vitamin E preservatives Cream D

Evaluation of Piper sarmentosum Cream

Piper sarmentosum creams were evaluated 
based on the colour,  homogeneity, 
consistency, and phase separation. Creams 
with P. sarmentosum extraction has dark 
green colour. All the formulated creams 
showed slightly different colour intensity 
and presented as homogenous semi-solid 
preparation shown in Table 2.

The pH formulations creams appear 
t o  b e c o m e  m o r e  a l k a l i n e  a c r o s s 
the concentration gradient, shown in 
Table 3. 

Table 4 shows the condition of the 
creams after a month stored at different 
temperatures. There were no changes in 
colour, homogeneity, consistency, and phase 
separation of different creams with different 
temperatures (4°C, 27°C, and 37°C). 

There was a slight change in the 
temperature of the cream within one month. 
Table 5 exhibits the pH’s depreciation 
percentages of the formulated cream 
compared to the initial pH.

Evaluation of Antimicrobial Properties 
of Piper sarmentosum Creams

Different types of the formulated cream 
were tested using the antimicrobial activity 
against S. aureus. This study used the 
marketed dermatological semi-solid dosage 
of Diprogenta cream (gentamicin antibiotic 
cream) as a positive control. Therefore, it is 
important to compare the effectiveness of 
the formulated creams against a marketed 
product. Figure 2 shows the mean zones of 
inhibition exhibited by the different types 
of creams.

The methanolic extract was used in 
this study to obtain the pure extract of P. 
sarmentosum leaves. The methanolic extract 
method was chosen in this study because 
this method has been proven by Obeidat 
et al. (2012) to provide antimicrobial 
activity expression of the plant’s extract. 
The efficacy of the plant extraction process 
was dependent on the solvent of extraction. 
Nayak et al. (2009) reported that both 
methanol and acetone were proven to be 
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Table 3  
The mean pH of the prepared cream formulations

Formulation pH (Mean ± SEM)
Cream A 7.28 ± 0.01
Cream B 7.93 ± 0.01
Cream C 7.87 ± 0.01
Cream D 8.01 ± 0.07

Table 2
Physical appearance evaluation of Piper sarmentosum cream

Formulation Colour Homogeneity Consistency Phase separation
Cream A

Whitish creamy Good Good No

Cream B

Light green Good Good No

Cream C

Green Good Good No

Cream D

Dark green Good Good No

strong solvents in extracting inhibitory 
substances from medicinal plants. Lattanzio 
et al. (2006) also described that the phenolic 
and flavonoid compounds present in the 
extracts from various medicinal plants 
possess antimicrobial activity. Fernandez 
et al. (2012) presented their findings on 
P. sarmentosum leaves extraction with 
various phytochemicals  except  for 
saponins. Flavoinds and alkaloids are 
secondary metabolites classified as chemical 
classes that are generally activated with 
antimicrobial activities and soluble in polar 
solvents. 

Based on a preliminary investigation 
on antibacterial properties of methanolic 
extract of local P. sarmentosum leaves, 
100% w/v of P. sarmentosum leaves extract 
was incorporated into a cream formulation. 
The cream is chosen as the semi-solid 
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Table 4 
Condition of the various type formulated creams

Formulation Temperature Colour Homogeneity Consistency Phase separation
Cream A 4°C White creamy Good Good No

27°C White creamy Good Good No
37°C White creamy Good Good No

Cream B 4°C Light green Good Good No
27°C Light green Good Good No
37°C Light green Good Good No

Cream C 4°C Creamy dark green Good Good No
27°C Creamy dark green Good Good No
37°C Creamy dark green Good Good No

Cream D 4°C Creamy dark green Good Good No
27°C Creamy dark green Good Good No
37°C Creamy dark green Good Good No

Table 5 	
Mean initial and final pH ± SEM and depreciation percentage after a month stored at different temperatures

Formulation Initial pH 4°C 27°C 37°C

Cream A 7.28 ± 0.01
7.28 ± 0.00 7.29 ± 0.00 7.28 ± 0.01

0.00% 0.14% 0.00%

Cream B 7.93 ± 0.01
7.87 ± 0.02 7.86 ± 0.01 7.92 ± 0.01

0.76% 0.88% 0.13%

Cream C 7.87 ± 0.01
7.86 ± 0.01 7.87 ± 0.01 7.86 ± 0.05

0.13% 0.00% 0.13%

Cream D 8.01 ± 0.01
7.95 ± 0.01 7.93 ± 0.01 7.94 ± 0.03

0.75% 1.00% 0.90%

dosage in this study because it is easy to 
apply and well-absorbed by the skin. The 
formulation’s vehicle is crucial in selecting 
the dosage as it will affect the delivery rate 
of the active pharmaceutical ingredients 
and the efficacy of the dosage. The active 
ingredient in creams is dissolving typically 
in an oil and water emulsion. The proportions 
of oil and water are approximately equal. 
Therefore, the creams are suitable for 
moistening the skin or exudative skin lesions 
(Chanwitheesuk et al., 2007). 

The pH test of each formulated creams 
showed pH ranging from 7.0 to 8.0. In 
order to prevent or reduce skin irritation 
of topical and transdermal systems, it is 
important to maintain the pH of the topical 
formulations near the skin pH (Paudel et al., 
2010). Besides that, it is also important to 
maintain the skin barrier function and defend 
against infections and diseases (Schmid-
Wendtner & Korting, 2006). Cream with P. 
sarmentosum extract was evaluated for its 
stability at three different temperatures of 
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Figure 2. The zone of inhibition of the cream formulated with Piper sarmentosum methanolic extracts (Cream 
B: 4.90 ± 0.85; Cream C: 5.43 ± 0.13, and Cream D: 5.53 ± 0.25) were compared to the positive control 
cream (Gentamicin: 8.10 ± 0.10) and the negative control cream (Cream A: 0.37 ± 0.07), respectively. Each 
bar represents the mean ± SEM of the zone of inhibition
Note. asignificant compared with the negative control while bsignificant compared with the positive control 
group (p<0.05)
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4°C, 27°C, and 37°C for 30 days. Moreover, 
all the formulations are almost consistent 
in terms of their pH, colour, homogeneity, 
consistency, and phase separation even after 
a prolonged storage period at three different 
conditions (4°C, 27°C, and 37°C). All these 
tests are components of stability testing. The 
pH levels of the creams were in the range of 
7.00 to 8.00 even after 30 days of stability 
testing. There were no colour changes while 
the creams’ homogeneity and consistency 
remained stable (physical evaluation 
after formulation). The pH depreciation 
percentage of all creams showed less than 
1.00% when compared to the initial pH. The 
results showed no indication of instability 
either in discolouration or a noticeable 
change in the formulated creams. The 
stability study passes the criteria stated in 

the United State Pharmacopeia (USP) for 
Pharmaceutical Compounding-Non-Sterile 
Preparation (Allen, 2012).

In this study, all the formulated creams 
containing P. sarmentosum extract showed 
growth inhibition towards S. aureus. In 
contrast, Cream A (without P. sarmentosum 
extract), which acts as a negative control, 
shows no zone inhibition towards S. aureus. 
Cream C (cream P. sarmentosum extract 
with paraben preservative) showed a higher 
average zone of inhibition when compared 
to Cream B (cream P. sarmentosum extract 
without preservative) and Cream D (cream 
P. sarmentosum extract with vitamin E 
as preservatives). Meanwhile, marketed 
gentamicin antibiotic cream, which acts as a 
positive control, showed the highest average 
zone of inhibition towards tested bacteria 

Piper sarmentosum



537Pertanika J. Trop. Agric. Sci. 44 (3): 527 - 540 (2021)

Formulation and Antimicrobial Screening of P. sarmentosum Cream against S. aureus

strains. Based on a previous study conducted 
by Sahu et al. (2016), the preliminary 
investigation on the antimicrobial activity of 
P. sarmentosum showed that the methanolic 
extract of P. sarmentosum have the highest 
zone of inhibition towards Gram-positive 
bacteria (S. aureus and methicillin-resistant 
Staphylococcus aureus [MRSA]). Fernandez 
et al. (2012) indicated that the presence of 
flavonoids and alkaloids in the crude extract 
of P. sarmentosum is responsible for its 
antimicrobial activity.

The presence of secondary metabolites 
in the P. sarmentosum leaves extract may 
contribute to antimicrobial properties. 
Phenolics and flavonoids present in 
medicinal plants possess antimicrobial 
activity. The leaves of P. sarmentosum 
showed tannic acid, gallic acid, and quercetin 
in phenolics and flavonoids analysis. These 
compounds showed a mechanism of action 
towards the antibacterial activity of P. 
sarmentosum leaves. The mechanism of 
action, such as cytoplasmic membrane 
function, nucleic acids, and energy 
metabolism, acts by antimicrobial activities 
of naringin, quercetin, and rutin against 
human pathogenic microbes. A study by 
Syed et al. (2016) showed gallic acid and 
naringin in P. sarmentosum leaves in their 
antimicrobial activity.

In this study, a gentamicin antibiotic 
disc was used as the positive control, which 
exhibited higher antimicrobial activity 
against S. aureus strain with a larger zone 
of inhibition as compared to 100% w/v 
extract of P. sarmentosum leaves (p<0.05). 
Gentamicin antibiotic is an established 

antimicrobial agent used in clinical settings. 
Thus, it showed remarkable antimicrobial 
properties in this study. This conventional 
antibiotic was used as the positive control 
because of its higher inhibition of bacterial 
growth. Various established researches 
and lab works have been carried out to test 
the efficacy of the substances and drugs 
as antimicrobial agents. Gentamicin is an 
aminoglycoside antibiotic used to treat many 
types of bacterial infections, particularly 
those caused by Gram-negative organisms, 
including Pseudomonas, Proteus, and 
Gram-positive Staphylococcus (Ghashghaei 
& Emtiazi, 2013).  

Fernandez et al. (2012) indicated that 
the presence of flavonoids and alkaloids 
in the crude extract of P. sarmentosum is 
responsible for its antimicrobial activity. 
The other three concentrations (25% w/v, 
50% w/v, and 75% w/v) did not show a 
clear zone of inhibition of growth towards 
S. aureus. Based on a study conducted by  
Rain (2005), the antimicrobial activity of 
P. sarmentosum leaves showed a zone of 
inhibition against S. aureus (9 mm) with a 
concentration of 2000 μg/disc. This study 
did not mention the concentration of the 
extract before it was impregnated into the 
discs. Our findings were in line with a 
previous study by Fernandez et al. (2012), 
which stated that the antimicrobial activity 
of P. sarmentosum leaves would show 
better results at higher concentrations. 
Through our findings, concentrations less 
than 100% w/v may be insufficient to show 
antimicrobial activity. It is also important 
to note the possibility of contamination, 
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which may cause the inability of the three 
concentrations below 100% w/v (25% w/v, 
50% w/v, and 75% w/v) to show clear zones 
of inhibition towards S. aureus.

The P. sarmentosum leaves could 
contribute to the antibacterial activity by 
the mechanical action of these compounds. 
Recent studies by Cushnie and Lamb 
(2005) found that antimicrobial activity of 
naringin, quercetin, and rutin against human 
pathogenic microbes showed mechanism 
actions of energy metabolisms, nucleic 
acid synthesis, and cytoplasmic membrane 
function. In addition, the leaf and fruit of P. 
sarmentosum were found to have gallic acid 
that contributes to the antibacterial activity 
of extraction against S. aureus. Paudel et al. 
(2010) reported that gallic acid exhibited 
potent activity against fungal and human 
pathogenic bacteria.

CONCLUSION

The present study found that Piper 
sarmentosum leaf methanolic extract 
is a potential antimicrobial agent as it 
showed antimicrobial properties against 
Staphylococcus aureus in the in-vitro 
antimicrobial assay. The cream formulation 
possesses anti-microbial properties showed 
a similar effect as in the antimicrobial 
screening of extraction. This study exhibited 
that the P. sarmentosum leaf could be safely 
used to treat in various diseases by increasing 
physical appearance, homogeneity, and 
consistency in stability studies. However, 
the previous study did not continue for 
further isolation of alkaloids. The same 
alkaloids are essential in exhibiting the 

significant antimicrobial properties of P. 
sarmentosum extract, which need further 
investigation in the future.
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ABSTRACT

The study aimed to evaluate and correlate acidic soil components to understand the 
phenomena of this type of soil. The soil samples were collected from 64 locations in 3 
provinces of central Thailand and were tested for soil pH, element content, soil organic 
matter (SOM), and soil organic carbon (SOC). The results show that soil acidity in central 
Thailand has an average pH of 4.71 ± 0.87. The soil acidity level ranges from very strongly 
acidic in Phatum Thani and Nakhon Nayok provinces to strongly acidic in Chachoengsao 
province. Soil bulk density is about 0.34 g/cm3, and the correlation of soil pH to lead (Pb), 
nickel (Ni), nitrogen (N), carbon-to-nitrogen ratio (C/N ratio), and zinc (Zn) is as follows: 
principle component 1 (PC1) is carbon-to-nitrogen ratio > pH > zinc (C/N ratio > pH > 
Zn), and principle component 2 (PC2) is soil organic carbon > bulk density > soil organic 

matter (SOC > BD > SOM). Soil pH, SOM, 
and SOC are in similar groups. The soil 
abundance at the study site was compared 
with the ideal soil for plants, and heavy 
metal contamination in the acidic soil of the 
central region did not exceed the standard 
limit. The study found a correlation between 
SOM and SOM  (r = 0.715; p < 0.01), 
indicating soil quality and microbial activity. 

Keywords: Acidic soil, central region, soil component, 

soil property
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INTRODUCTION

Soil is the main factor for success in 
agricultural production (Amenyan, 1988). 
Highly fertile soil produces a good 
agricultural yield (Parikh & James, 2012), 
and soil with a pH below 5.5 will affect plant 
growth rate (Neina, 2019). Soil with a pH 
below 5.5 is considered acidic, so acidic soil 
covers about 3.95 million km2, or 27% of the 
world’s land surface (von Uexküll & Mutert, 
1995). In Asia, acidic soil covers about 1.04 
million km2 or 26% of the total area of acidic 
soil in the world (Van Ranst et al., 2004). 
In Thailand, sulfur is present on the soil 
surface (depth > 5 cm) in about 8,904.5 km2, 
or approximately 0.000086% of the Asian 
acidic soil area. It is distributed throughout 
the country’s central region, representing 
5,097.4 km2, or 57.2% of the acidic soil in 
Thailand (Research and Development for 
Land Management Division, 2006).

The influence of soil acidity on various 
aspects of crop production, including 
growth, biomass allocation, nutrient uptake, 
mycorrhizal colonisation (Soti et al., 2015), 
and plant stress (Haling et al., 2011), is 
minimal. However, acidic soil may have 
a positive effect on the growth of some 
plants, such as tea and palm oil (Chien et al., 
2019; Ho et al., 2019), and soil pH affects 
the mineralisation of organic material in 
the origin soil (parent soil) (Conyers et al., 
1995).

Acidic soil covers the surface of the 
central region of Thailand in the irrigation 
zones and agricultural areas of Nonthaburi, 
Phathum Thani, Phanakhonsri Ayuthaya, 
Nakhon Nayok, and Chanchoengsao 

provinces. The water supply is essential to 
agricultural production in acidic soil zones 
because it affects the ion exchange between 
a liming material, such as calcium carbonate, 
and water, forming a hydroxyl group (OH-) 

ion or the oxidation of organic sulfur (S) 
to sulfate ion ( ) accompany by an 
equivalent quantity of hydrogen anion (H+) 
(Freedman, 1995; Sparks, 2003). Without 
water, soil acidity will be a more significant 
factor in supporting agriculture in the area 
of bulk density (BD) when considering 
pores in the soil, soil organic matter (SOM), 
and soil organic carbon (SOC) along with 
organic fertility or soil biomass (Bautista et 
al., 2016) and multi-element. Therefore, it 
will also support agricultural production in 
acidic soil zones (Joris et al., 2013).

The objective of this study was to 
evaluate the relationship among acidic soil 
properties and analyse soil properties such 
as pH, percentage of wet material in the 
soil, soil electrical conductivity (EC), soil 
moisture, BD, SOM, and SOC in Thailand’s 
central region. In addition, this study also 
looks at element compounds in acidic soil 
and considers the correlation of these soil 
components. This information is essential 
in understanding the physiochemical 
phenomena of acidic soil in this zone and 
the influence of elements on plant nutrients, 
including heavy metals (Fontes & Alleoni, 
2006), so that techniques may be developed 
to improve future soil quality in the country.

MATERIALS AND METHODS

Study Sites

This study covers acid zones in 5 districts 



Evaluation of Properties and Elements in Acidic Soil of Thailand

Pertanika J. Trop. Agric. Sci. 44 (3): 541 - 563 (2021) 543

of 3 provinces: (1) In Nong Suea district 
in Pathum Thani province, 21 soil samples 
were collected from 7 zones; (2) in 
Ongkharak and Banna districts in Nakhon 
Nayok province, 21 samples were collected 
from 7 zones; and (3) in Bangnampraw and 

Muang districts in Chachoengsao province, 
22 samples were collected from 7 zones. The 
study site focused on the agriculture area on 
the acidic soil map provided by the Land 
Development Department of Thailand, as 
presented in Figure 1 and Table 1.

Figure 1. Study sites: (A) Nong Suea district in Pathum Thani province; (B) Ongkharak and Banna districts 
in Nakhon Nayok province; (C) Bangnampraw and Muang districts in Chachoengsao province 

Table 1 
Land use of study sites where soil samples were collected

Area Land use Total 
N1 2 3 4 5 6 7

A Banana 
farm

Lemon 
garden

Orchard Papaya 
garden

Rubber 
plantation

Lemon 
garden

Cassava 
field

21

N (3) (3) (3) (3) (3) (3) (3)

B Fallow Paddy 
field

Backyard 
garden

Banana 
farm

Paddy field Fallow Abandoned 21

N (3) (3) (3) (3) (3) (3) (3)

C Grass 
field

Lemon- 
grass 
field

Galangal 
field

Paddy 
field

Integrated 
farming

Paddy 
field

Coconut 
garden

22

N (3) (3) (4) (3) (3) (3) (3)

Total samples 64

Note. N = sample collected from land classified as a farm zone
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Soil Moisture, Soil Temperature, and 
Soil Electrical Conductivity

The moisture, temperature, and EC of 
soil collected from the surface (0–5 cm) 
and the data in the field survey on soil 
moisture—or percentage of wet soil (% 
Wet)—temperature, and EC were collected 
using series HH2 Delta-T Devices. These 
are automatic instruments for collecting 
data.

Soil pH Measurement and Validation

The soil pH meter used for collecting data 
in the field survey (F.pH, the pH value 
that collected from the field) was a soil 
tester manufactured by Takemura Electric 
Works LTD (Japan). The pH value of the 
samples was then tested using a solution 
technique. The soil sample from the field 
(soil surface 0-5 cm) was dissolved in water 
at a 1:1 ratio of 5 g of soil diluted in 5 mL 
of deionized water and then stirred for 30 
min. After waiting an additional 30 min 
to allow for precipitation, the liquid was 
separated from the sample for pH checking 
(L.pH, the pH value of the laboratory 
test) using a series HQ40d Portable Multi 
Meter by Hach (United States of America). 
However, regarding the variation between 
the laboratory and the field (McKean 
& Brent, 1989; Neal & Thomas, 1985), 
Shaver (1993) reported an average pH 
variation of +0.132, as well as Lataysh and 
Gordon (2004) suggested that the pH value 
in the field will be greater than that in the 
laboratory by about 0.10 pH. In this report, 
the application of the soil pH value between

 fieldwork and laboratory analysis is derived 
from the following equation:

The 0.1 value is applied according to 
Latysh and Gordon’s (2004) observation 
ratio for balancing pH value. 

Soil Organic Carbon and Total Nitrogen 

In the study, total levels of carbon and 
nitrogen in the soil were measured using 
the LECO series CHN-628 CHN Analyzer 
(United States of America). After collection, 
the percentage of carbon in the soil was 
calculated as SOM using a formula from the 
Soil Lecture Team (2006):

% SOM = 100 (% C/c) 	             [1]

where % SOM = Percentage of soil organic 
matter, % C = Value from CHN analyzer 
processing, and c = % Weight of SOC use 
52 for topsoil calculated (Soil Lecture Team, 
2006). % SOM will be used to calculate the 
weight of SOM content in the soil according 
to the formula:

SOM (mg/kg) = [% SOM × (W1/100)]  
× 106 			                [2]

where SOM = Soil organic matter (mg/kg), 
% SOM = Rate from the first equation, and 
W1 = Dry weight of the sample (mg) in the 
experiment using 2 mg/sample. 

However, SOC uses a soil sample from 
the topsoil at a depth of not more than 20 
cm, so Han et al. (2018) and Y. Liao et al. 
(2015) suggest the following calculation:
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SOC (mg/kg) = % SOM × 0.58 × 100

where SOC (mg/kg) = Soil organic carbon 
concentration, % SOM is from formula [1], 
and 0.58 is the van Bemmelen conversion 
factor of 58% C in SOM.

Elements in the Soil Content
The soil was collected from 8 points (in a 
Z shape) in the field and mixed to create 1 
sample (difference a soil to use find BD). The 
soil was dried in a hot 105°C oven for 3 days 
and then ground using a mortar and pestle. 
A net 10 mm of sifted soil was selected and 
maintained at a temperature of −4°C. The 
soil extraction used in atomic absorption 
spectrometry (AAS) analysis was a 2 g soil 
sample with concentrated nitric acid (HNO3) 

and concentrated perchloric acid (HClO4) 
in a 1:1 ratio for 10 mL (United States 
Environmental Protection Agency, 1996). 
It was then digested at about 500°C in the 
SpeedDigester K-425 BUCHI (Switzerland) 
until dried. Each residue was rinsed with 
1% HNO3, followed by sieving through 
Whatman No. 1 paper. The supernatant was 
then transferred to a 50 mL volumetric flask, 
and 1% HNO3 was added for continued AAS 
analysis (Thummahitsakul et al., 2018).

The mineral analysis set the standard of 
lead (Pb), copper (Cu), cadmium (Cd), zinc 
(Zn), selenium (Se), iron (Fe), mercury (Hg), 
potassium (K), and nickel (Ni) prepared by a 
solution of an Agilent Technologies (United 
Sates of America) concentration of 1,000 
µg/mL stock of each heavy metal and 1% 
HNO3, with a linear standard calibration 
curve to measure mineral samples. The 
Pb, Cu, Cd, Zn, Se, Fe, Hg, K, and Ni 

analyzing by AAS, an Agilent series 240AA 
instrument (United Sates of America). 

Whereas, phosphorus in the soil content 
was analysed using the Bray II method 
and measured by spectrophotometers in 
wavelength 882 (nm). Available phosphorus 
was in the form of potassium dihydrogen 
phosphate (KH2PO4) in soil samples. 

Statistical Analysis
Data were analysed using one-way analysis 
of variance (ANOVA) for variances. 
Differences in data were compared by 
post-hoc Tukey’s honestly significant 
difference (HSD) test in p < 0.05 between 
data components. Principal component 
analysis (PCA) evaluated correlation matrix 
components with factors of influence 
related to acidic soil in the central region. 
Correlation analysis considered the use of 
Pearson’s correlation (p < 0.05). Finally, all 
analyses were conducted using the programs 
Statistical Package for the Social Sciences 
(SPSS) V.22 and SigmaPlot 12.0 (free trial). 

RESULTS AND DISCUSSION

Soil Physical Properties of the Study 
Sites 
In central Thailand, the soil pH ranged from 
2.89–6.30, with an average of 4.71 (± 0.87). 
The soil pH of Chachoengsao province has 
a significantly (p < 0.05) to that of Pathum 
Thani and Nakhon Nayok provinces (Table 
2). The acidic soil of Phatum Thani and 
Nakhon Nayok is classified as extremely 
acidic (pH between 3.5–4.4), and the soil 
of Chachoengsao is classified as strongly 
acidic (pH between 5.1–5.5), according 
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to the Natural Resources Conservation 
Service (NRCS) (1994). The BD averaged 
0.34 ± 0.11 g/cm3. Chachoengsao has a 
significantly (p < 0.05) lower BD (0.28 g/
cm3), while Phathum Thani (0.37 g/cm3), but 
not significant to Nakhon Nayok provinces, 
have a BD of 0.35 g/cm3. The result indicates 
that the areas are suitable for agriculture 
because of the characteristics of loam clay 
and because BD is related to soil texture 
and parent material. The % Wet in the soil 

averaged 36.9% (± 14.4). This high value 
can be attributed to the data being collected 
during the rainy season in Thailand. The EC 
averaged 205 μS (± 133), soil temperature 
averaged 32.14°C (± 2.90), and the soil 
moisture level averaged 19.12% (± 5.21), 
as shown in Table 2. The correlation of soil 
pH in relation to EC (r = 0.274, p < 0.05), 
BD in relation % Wet (r = 0.354, p < 0.01), 
and % Wet and EC (r = 0.410, p < 0.01) are 
presented in Table 3.

Table 2
Physical properties of acidic soil in central Thailand

pH Bulk 
density 
(g/cm3)

Percentage 
of wet soil 
(% Wet)

Electrical 
conductivity 

(μS)

Temperature 
(°C)

Moisture 
(%)

Pathum Thani 4.41 ± 
0.59a

0.37 ± 
0.06a

41.8 ± 
17.35a

173 ± 66.4 33.9 ± 2.80a 19.8 ± 
4.01b

Nakhon 
Nayok

4.18 ± 
0.82a

0.35 ± 
0.08ab

38.2 ± 
8.69ab

155 ± 61.6 29.8 ± 2.45b 15.8 ± 
6.62a

Chachoengsao 5.50 ± 
0.54b

0.28 ± 
0.15b

31.1 ± 
15.50b

291 ± 192 32.6 ± 1.77ab 21.5 ± 
2.75b

Average 4.71 ± 
0.87

0.34 ± 
0.11

36.9 ± 
14.48

205 ± 133 32.1 ± 2.90 19.1 ± 
5.21

Table 3
Correlation of physical properties of acidic soil in central Thailand (n = 64)

Note.  a,b The mean difference is significant at the p-value < 0.05 level (HSD)

pH Bulk density 
(BD)

Percentage of 
wet soil 
(% Wet)

Electrical 
conductivity 

(μS)

Temperature
(°C)

BD −.030 -
% Wet −.151 .394** -
EC .274* .354** .410** -
Temperature −.048 −.085 −.070 .110 1
Moisture .245 .055 .159 .241 .216

Note. *Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level 
(2-tailed)
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Relationship between SOC, SOM, and 
C/N ratio in Acidic Soil in Central 
Thailand

SOC is one indicator of soil quality and is 
related to microorganism activity. The SOC 
content of acidic soil in central Thailand 
averaged 404 ± 303 mg/kg, and the acidic 
soil level in Phatum Thani, Nakhon Nayok, 
and Chachoengsao was not significant 
(p > 0.05) (Table 4). The SOM averaged 
9,036 ± 4,048 mg/kg, and the acidic soil 
level in Phatum Thani, Nakhon Nayok, 

and Chachoengsao was not significant (p > 
0.05). The C/N ratio averaged 3.69 ± 2.13, 
significant (p < 0.05) in Chachoengsao 
to Phatum Thani and Nakhon Nayok. 
However, when considering the correlation 
between SOC, SOM, and the C/N ratio, it 
was found that SOM was related to SOC (r 
= 0.715; p < 0.05), and SOM was related to 
the C/N ratio (r = 0.283; p < 0.05), as seen 
in Table 5. The C/N ratio increased with the 
SOM value and decreased with the SOC 
rate, as presented in Figure 2.

Table 4 
Average of SOC, SOM, and C/N ratio in acidic soil in central Thailand

Items Phatum Thani Nakhon Nayok Chachoengsao Average
SOC (mg/kg) 457 ± 251a 468 ± 405a 294 ± 201a 404 ± 303
SOM (mg/kg) 9866 ± 2627a 9615 ± 6045a 7690 ± 2207a 9036 ± 4048

C/N ratio 3.29 ± 1.22a 1.21 ± 0.89a 5.05 ± 2.04b 3.6 9 ± 2.13

Note.  a,b,c The mean in row differences is significant at the p-value < 0.05 level (HSD); SOC = Soil organic 
carbon; SOM = Soil organic matter; C/N ratio =  Carbon-to-nitrogen ratio 

Table 5
Correlation of SOC, SOM, and C/N ratio in acidic soil in central Thailand

Item SOC SOM C/N ratio
SOC 0.715** 0.118
SOM 0.715** 0.283*

C/N ratio 0.118 0.283*

Note. *Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level 
(2-tailed); SOC = Soil organic carbon; SOM = Soil organic matter; C/N ratio = Carbon-to-nitrogen ratio 
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Elements of Acidic Soil Content

The study of the mineral content of acidic 
soil in the central region found Fe present 
in the highest quantity. At the same time, 
Ni made up the smallest quantity, as 
presented in Table 6. Soil elements can 
be classified into three groups: essential 
macroelements, including N, P, and K; 
essential microelements, such as Fe, Cu, 
Zn, and Ni; and heavy metals, like Pb, 
Cd, Hg, and Se. The number of essential 
macroelements showed that N > P > K, 
and the quantity of N content in Nakhon 
Nayok > Phatum Thani > Chachoengsao 
was significant (p < 0.05). P levels in the soil 
content in Phatum Thani and Chachoengsao 
were significantly higher (p < 0.05) than 
those in Nakhon Nayok, and K levels found 
in the soil content in Phatum Thani and 
Chachoengsao were significant (p < 0.05), 

as presented in Table 7. The proportion of 
N, P, and K in acidic soil is a 13:2:1 ratio. 

The  number  of  essent ia l  p lan t 
microminerals in acidic soil content was 
Fe > Cu > Zn > Ni. The results showed 
that the quantity of Fe and Zn in Phatum 
Thani and Chachoengsao was significant 
(p < 0.05) compared to Nakhon Nayok 
province. Phatum Thani’s Cu quantity was 
higher (p < 0.05) than that of Nakhon Nayok 
and Chachoengsao provinces, and the Ni 
quantity of the three provinces differed (p 
< 0.05), as shown in Table 7. 

The quantity of the heavy metal Pb in 
Nakhon Nayok was higher than in Phatum 
Thani and Chachoengsao (p < 0.05), and 
the quantity of Hg found in Phatum Thani 
and Nakhon Nayok was not significant (p < 
0.05) compared to Chachoengsao. However, 
differences in Cd and Se levels between the 
three provinces were small. 

Figure 2. Evaluation rate of C/N ratio between SOC and SOM in acidic soil in central Thailand
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Table 6
Average total quantity of elements in acidic soil in the central region 

Elements (mg/kg) Average SD %
Pb 130 103 0.42
Cd 2.25 1.78 0.02
Hg 5.43 2.16 0.03
Se 1.83 0.70 0.01
Fe 29765 8921 96.2
Cu 40.56 40.2 0.13
Zn 13.35 12.2 0.04
Ni 0.19 0.04 0.00
N 782 377 2.53
P* 131 122 0.42
K 61 29 0.2

Total 100

*P was determined using the Bray II method. The phosphorus considers P available from potassium 
dihydrogen phosphate (KH2PO4); Pb = Lead; Cd = Cadmium; Hg = Mercury; Se = Selenium; Fe = Iron;
Cu = Copper; Zn = Zinc; Ni = Nickel; N = Nitrogen; P = Phosphorus; K = Potassium

Table 7
The quantity of elements for plants in acidic soil content classified by group and province

Phatum Thani Nakhon Nayok Chachoengsao
Essential macro-elements 
(mg/kg)
N 842 ± 237b 1,097 ± 359a 425 ± 124c

P 193 ± 151a 80.7 ± 81.4b 121 ± 102a

K 74.2 ± 25.6a 63 ± 34.5ab 47.5 ± 19.9b

Essential micro-minerals 
(mg/kg)
Fe 34,479 ± 7,755a 23,997 ± 9,368b 30,772 ± 6,430a

Cu 68.4 ±58.6a 23.3 ± 11.1b 30.2 ± 16.8b

Zn 15.2 ± 12.8a 6.49 ± 7.29b 18.1 ± 12.9a

Ni 0.18 ±0.05b 0.23 ± 0.03c 0.16 ± 0.04a
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Table 7 (Continued)

Phatum Thani Nakhon Nayok Chachoengsao
Heavy metals (mg/kg)
Pb 82.5 ± 31.3a 226 ± 135b 85.6 ± 11.8a

Cd 2.75 ± 0.89a 2.11 ± 0.99a 1.89 ± 2.73a

Hg 5.13 ± 2.61a 6.33 ± 1.77a 4.86 ± 1.81a

Se 1.90 ± 0.12a 4.86 ± 11.9b 1.20 ± 0.37c

Note. a,b,c The mean in row differences is significant at the p-value < 0.05 level (HSD); N = Nitrogen;
P = Phosphorus; K = Potassium; Fe = Iron; Cu = Copper; Zn = Zinc; Ni = Nickel; Pb = Lead; Cd = Cadmium; 
Hg = Mercury; Se = Selenium

Relationship of Some Elements to 
Acidic Soil 

The results of the correlation of acidic 
soil with elements Pb, Cu, Cd, Zn, Se, 
Fe, Hg, Ni, K, P, and N are as follows. In 
the soil, pH was tested using Pearson’s 
correlation coefficient. Levels of N (r 
= −0.606; p < 0.01), Ni (r = −0.339; p 
< 0.01), Pb (r = −0.503; p < 0.01), and 
Zn (r = 0.292; p < 0.05) are presented in 
Table 8. The correlation between N and 
soil pH is negative because, in soil, N 

forms ammonium (NH4
+) and undergoes 

nitrification by microorganisms present in 
the hydrogen (H+) in the environment, which 
is related to an increase in soil acidity. The 
correlation of N to soil pH is in accordance 
with the relationship between soil pH and 
the C/N ratio (r = 0.690; p < 0.01), so soil 
pH is possibly affected by heterotrophic 
nitrification because a neutral soil pH (pH 
6–7) is suitable for microorganism activity 
(Zhang et al., 2019).

Table 8
Correlation of soil physical properties, mineral soil content, SOC, SOM, and C/N ratio of acidic soil in 
central Thailand

pH BD Pb Cu Cd  Zn Se Fe
BD ns
Pb −.503** ns
Cu ns ns ns
Cd ns ns ns ns
Zn .292* ns −.255* .494** ns
Se ns .247* ns ns ns ns
Fe ns ns −.450** ns ns ns ns
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Factors of Acidic Soil Components

Factor analysis of the parameters of the 
16 components of acidic soil properties 
was done by PCA. Prior to this, acidic 
soil components were tested using Kaiser-
Meyer-Olkin (KMO) and Bartlett’s test. The 
KMO Measure of Sampling Adequacy was 
0.618 (Table 9), and there was a significant 
difference in the eigenvalues (p < 0.001). 
The components found in six PCs had an 

eigenvalue over 1 and explained 71.628% 
of the total variance in the data set (Table 
10). The components had a percentage of 
the variance of > 10%, as shown in PC1 
and PC2. PC1 had 24.047% of the variance 
(Table 10, Figure 3a). The C/N ratio was 
the most significant contributor, and factor 
loading was 0.853, which was selected 
first. Second were soil pH (0.712) and Zn 
(0.598), so the correlation between C/N 

Table 8 (Continued)

pH BD Pb Cu Cd  Zn Se Fe
Hg ns ns ns ns ns ns ns ns
K ns ns ns ns ns ns ns ns
Ni −.339** ns .508** ns ns −.330** ns −.423**
P ns ns ns ns ns ns ns ns
N −.606** ns .573** ns ns −.388** ns −.265*
SOM ns .273* ns ns ns ns ns ns
SOC ns .597** ns ns ns ns .254* ns
C/N 
ratio .690**

ns
−.508**

ns ns
.515**

ns ns

Hg K Ni P N SOM SOC
C/N 
ratio

K ns
Ni ns ns
P −.385** ns ns
N ns .547** ns
SOM ns ns ns ns ns
SOC ns ns ns ns ns .715**
C/N 
ratio −.251*

ns
−.424** ns −.741** .283*

ns

Note. *Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level 
(2-tailed); BD = Bulk density; Pb = Lead; Cu = Copper; Cd = Cadmium; Zn = Zinc; Se = Selenium; Fe = Iron; 
Hg = Mercury; K = Potassium; Ni = Nickel; P = Phosphorus; N = Nitrogen; SOM = Soil organic matter; SOC 
= Soil organic carbon; C/N ratio = Carbon-to-nitrogen ratio; ns = Not significant
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ratio and soil pH was r = 0.692, and the 
correlation between C/N ratio and Zn was r 
= 0.515 (Table 8). PC2 explained 14.887% 
of the variances (Table 10). SOC was the 
most significant contributor, and factor 
loading was 0.873, which was selected first. 
Second were BD (0.748) and SOM (0.717), 
so the correlation between SOC and BD 
was r = 0.597, and the correlation between 
SOC and SOM was r = 0.715 (Table 8). The 
relationship of an eigenvalue to components 
in principle analysis and component loading 
of PCs is presented in Figure 3(b). Figure 

4 shows the cluster analysis for classified 
groups as a dendrogram. This dendrogram 
construction presents two major, distinct 
clusters with four groups from SOC and 
SOM clustered together in one group and 
Pb, Se, pH, and C/N ratio in another. The 
third group comprises Fe, soil moisture, 
Cu, Zn, percentage of wet material in the 
soil, and EC. The final group contains P, 
Hg, and soil temperature. This final group 
is dissimilar to groups A, B, and C. K and 
Cd could not be grouped with the others 
(Figure 4). 

Kaiser–Meyer–Olkin Measure of Sampling Adequacy .618
Bartlett's Test of Sphericity Approximate Chi-Square 367.983
df 120
Sig. .000

Table 9 
Results of KMO and Bartlett’s test of acidic soil components in central Thailand

Note. df = Degree of freedom; Sig. = Significant

Table 10 
Results of PCA of the statically significance of acidic soil in central Thailand

PCs Component
PC1 PC2 PC3 PC4 PC5 PC6

% of variance 24.04 14.8 10.03 8.83 7.50 6.32
Cumulative %  24.04 38.9 48.9 57.8 65.3 71.6
Eigenvalue 3.84 2.38 1.60 1.41 1.20 1.01
pH .71 −.08 −.41 −.08 −.02 −.06
SOM .17 .71 −.36 −.10 −.07 .31
C/N ratio .85 −.02 −.24 −.17 .08 .09
SOC .16 .87 −.16 .04 .14 .07
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PCs Component
PC1 PC2 PC3 PC4 PC5 PC6

BD −.01 .74 .04 .23 .11 −.27
Pb −.76 −.09 −.00 −.26 .21 .06
Cu .36 .18 .51 −.03 .47 .19
Cd −.17 .10 −.02 .56 −.04 .49
Zn .59 .01 .28 −.31 .48 .09
Se −.08 .42 −.18 −.12 −.22 −.49
Fe .39 −.01 .21 .70 −.20 .01
Hg −.31 −.02 −.22 .45 .64 −.29
Ni −.67 .31 −.16 −.26 .03 .19
K −.06 .23 .55 −.01 −.01 −.33
P .21 .35 .60 −.16 −.36 .07
N −.82 .14 .18 −.03 .00 .18

Table 10 (Continued)

Note. PC = Principal analysis; underlined factor loading is weighted higher when within 10% of the variation 
of the absolute value of the highest factor loading in each PC; SOM = Soil organic matter; C/N ratio = 
Carbon-to-nitrogen ratio; SOC = Soil organic carbon; BD = Bulk density; Pb = Lead; Cu = Copper; Cd = 
Cadmium; Zn = Zinc; Se = Selenium; Fe = Iron; Hg = Mercury; Ni = Nickel; K = Potassium; P = Phosphorus; 
N = Nitrogen



Patarapong Kroeksakul, Arin Ngamniyom, Kun Silprasit, Sakawjai Tepamongkol,
Punnada Teerapanaprinya and Kewaraporn Saichanda

554 Pertanika J. Trop. Agric. Sci. 44 (3): 541 - 563 (2021)

Figure 3. Results of PCA for acidic soil components in central Thailand: (a) the eigenvalue of components 
in principal analysis; (b) the component loading of PCs, so PC1 is carbon-to-nitrogen ratio > pH > zinc (C/N 
ratio > pH > Zn), and PC2 is soil organic carbon > bulk density > soil organic matter (SOC > BD > SOM) 

Physical and Land Use of Acidic Soil in 
Central Thailand

The soil pH of the study sites in Phatum 
Thani and Nakhon Nayok is in the extremely 
acidic group; some Phatum Thani parts 
have ultra-acidic soil with a pH below 
3.5 (Attanandana, 1993; Intorpetch et al., 
2014). Nakhon Nayok has a soil pH below 
4 (Seeboonruang & Ichikawa, 2007), and 
Chachoengsao belongs to the strongly 
acidic group because soil pH in the province 
is between 4.3 and 6 (Prawach et al., 
2017). However, soil pH below 5.5 will 
affect plant growth (Sumner et al., 1991). 
Therefore, low pH levels may be an obstacle 

to agricultural production. Farmers apply 
manure and water to the soil to prepare the 
land for planting. Because the study site sits 
almost entirely inside the irrigation zone, 
the water supply is directly related to the 
percentage of wet material in the soil and 
the soil EC (Lesturgez et al., 2006; Parkpian 
et al., 1991), supporting the plant growth 
mechanism.

Influence of soil pH on Some Indicators 
of Acidic Soil 

Soil pH is essential to agricultural 
production because of its connection 
to the biogeochemistry of plant and 
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