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Journal of Tropical Agricultural Science
About the Journal
Overview
Pertanika Journal of Tropical Agricultural Science (JTAS) is the official journal of Universiti Putra Malaysia 
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes 
the scientific outputs. It neither accepts nor commissions third party content.

Recognized 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. 

JTAS 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 to authors around the 
world regardless of the nationality. 

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 three journals 
as Journal of Tropical Agricultural Science, Journal of Science & Technology, and Journal of Social 
Sciences & Humanities to meet the need for specialised journals in areas of study aligned with the 
interdisciplinary strengths of the university. 

After over 40 years, 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.

Goal of Pertanika
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 14 weeks. The elapsed time from submission 
to publication for the articles averages 5-6 months. 

Abstracting and indexing of Pertanika
The journal is indexed in SCOPUS (Elsevier), Clarivate-Emerging Sources Citation Index [ESCI (Web of 
Science)], EBSCO, DOAJ, Agricola, ASEAN CITATION INDEX [ISC], Microsoft Academic, Google Scholar, 
National Agricultural Science (NAL) and MyCite.

Future vision
We are continuously improving access to our journal archives, content, and research services.  We have 
the drive to realise exciting new horizons that will benefit not only the academic community, but society 
itself. 
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Citing journal articles
The abbreviation for Pertanika Journal of Science & Technology is Pertanika J. Sci. Technol.

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

Code of Ethics
The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its 
journal publications to reflect the highest in 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

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 ISSN as well as an e-ISSN. 

Journal of Science & Technology: ISSN 0128-7680 (Print);  ISSN 2231-8526 (Online).

Lag time 
A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks). 
The elapsed time from submission to publication for the articles averages 5-6 months. 

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
Refer to Pertanika’s Instructions to Authors at the back of this journal.

Editorial process
Authors 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 usually sent to reviewers.  Authors are encouraged to suggest names of at least three potential 
reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final 
choice. The editors are not, however, bound by these suggestions. 
Notification of the editorial decision is usually provided within ten to fourteen weeks 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.

The Journal’s peer-review
In the peer-review process, three referees independently evaluate the scientific quality of the submitted 
manuscripts. 

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

1.	 The Journal’s Chief Executive Editor (CEE) and the Editorial Board Members (EBMs) examine 
the paper to determine whether it is appropriate for the journal and should be reviewed. If 
not appropriate, the manuscript is rejected outright and the author is informed. 

2.	 The CEE sends the article-identifying information having been removed, to three reviewers 
who are specialists in the subject matter represented by the article. The CEE requests them to 
complete the review in three 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 
field.

3.	 The CEE, in consultation with the Editor-in-Chief (EiC), examines the reviews and decides 
whether to reject the manuscript, invites the author(s) to revise and resubmit the manuscript. 
The CEE may seek additional reviews. Final acceptance or rejection rests with the CEE and EiC, 
who reserve the right to refuse any material for publication. In rare instances, the manuscript 
is accepted with almost no revision. Almost without exception, reviewers’ comments (to the 
author) are forwarded to the author. If a revision is indicated, the editor provides guidelines 
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 author(s) may also submit 
a rebuttal if there is a need especially when the author disagrees with certain comments 
provided by reviewer(s).

5.	 The CEE sends the revised paper out for re-review. Typically, at least one of the original 
reviewers will be asked to examine the article. 

6.	 When the reviewers have completed their work, the CEE in consultation with the EiC and 
EBMs examine their comments and decide whether the paper is ready to be published, needs 
another round of revisions, or should be rejected. 

7.	 If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to 
the Press. The article should appear online in approximately three months. 

The Publisher ensures that the paper 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 Publisher. 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 article appears in the pages of the Journal and is 
posted online. 
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Foreword
Welcome to the Second Issue of 2020 for the Journal of Tropical Agricultural Science 
(JTAS)!

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

This issue contains 10 articles; 2 are review articles, 1 is short communication and the 
rest are regular articles. The authors of these articles come from different countries 
namely Malaysia, Mexico, Nigeria and Thailand.

Articles submitted in this issue cover various scopes of Tropical Agricultural Science 
including: animal production; aquaculture; crop and pasture production; fisheries 
sciences; genetics and molecular biology; plant physiology; soil and water sciences; 
veterinary sciences; and zoology.

An investigation to determine the antifungal potential of Andrographis paniculata, 
Backhousia citriodora, Clinacanthus nutans, Ficus deltoidea, Phaleria macrocarpa, and 
Piper betle against three economically-important fungal pathogens was conducted by 
Mui-Yun Wong and her colleagues from Universiti Putra Malaysia. The results showed 
that P. macrocarpa was most potential to be developed as a biofungicide. For the 
development of novel biofungicides, further experimental investigation into bioactive 
compounds of these herbal plants as well as trials in both glasshouse and field are 
strongly recommended. The detailed information of the article can be found on page 
107. 

Muslim Razani and his teammates from Universiti Kelantan Malaysia focused on 
somaclonal variation caused by long-term subculture. The morphology changes of the 
micropropagated Musa acuminata cv. Berangan plantlets from long-term subcultures 
(15th subculture) could be differentiated by RAPD pattern. They found out that the 
micropropagated banana cv. Berangan produced different plant heights which were not 
uniform. This phenomenon is related to the genetic changes which can be proven by 
using RAPD analysis. Further details of this study is presented on page 183.

i



A regular paper entitled “Antipyretic Effect of Mitragynine and Crude Methanolic Extract 
of Mitragyna speciosa Korth. in Mice” discussed on the antipyretic effect of mitragynine 
and methanolic extract of Mitragyna speciosa Korth. (MSM) using mice as an in vivo 
pyretic model. It concluded that both of them possessed a dose-dependent antipyretic 
effect, where intraperitoneally (i.p.) administration of MSM resulted in an opioid-like 
effect. Details of this study are available on page 207. 

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

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

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

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

Chief Executive Editor
Prof. Dato’ Dr. Abu Bakar Salleh
executive_editor.pertanika@upm.edu.my

ii
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Review article

Salt Tolerance Research in Sago Palm (Metroxylon sagu Rottb.): 
Past, Present and Future Perspectives

Leonard Whye Kit Lim* and Hung Hui Chung
Faculty of Resource Science and Technology, Universiti Malaysia Sarawak, 
94300 Kota Samarahan, Sarawak, Malaysia

ABSTRACT

The sago palm (Metroxylon sagu Rottb.) is one of the underdogs in the food crop planting 
industries for its potential which is extremely vast but the community appreciating it is 
scarce. Its capabilities to thrive well in undesirable environmental conditions, salt tolerance 
and high starch yield are one of the many advantages it possesses over other food crops like 
wheat, corn and rice. One important factor to look into for crop plantation is none other 
than its salt tolerance. The salt tolerance researches on this unique palm have commenced 
since 1977 and the pace of research was unbelievably slow in progression. Nevertheless, 
it was not until recently that this palm was being placed in the limelight once more. In this 
review, we are focusing on salt tolerance research and further detailed on the past, present 
and future of this research line. It is anticipated that consolidation of talents and resources 
can come in time and in tandem for the utilization of this cash palm to end world hunger.   

Keywords: Food crop, food security, sago palm, salt tolerance, starch yield

family Arecaceae. This palm is native to 
Southeast Asia countries like Malaysia, 
Philippines, Papua New Guinea and 
Indonesia, thriving well in tropical rain 
forests as well as low-land freshwater 
swamps (Johnson, 1977). The sago palm is 
a hapaxanthic (only flowers once per stem) 
multiple-stemmed type of palm and its 
flowers emerge from the upright terminal of 
its 10 to 15 metres stem (Kiew, 1977; Kueh, 
1977). 	

INTRODUCTION

The sago palm (Metroxylon sagu Rottb.) is 
a true palm Calamideae subfamily member 
categorized under the order Arecales and 
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The sago palm undergoes a period of 
stemless vegetative growth with 175 cm leaf 
blades extending from its base (Lim, 1991). 
Upon elongating its stem up to its maximum 
height, its once-per-lifetime inflorescence 
develops where spirally arranged flower 
pairs emerge from the third-order branches 
encompassing a male and hermaphrodite 
flower prior to fruiting (Kueh et al., 1987; 
Lim, 1991). The palm reaches the end of 
its lifecycle upon bearing fruit and usually 
the best time to harvest the heavily starch-
packed trunk is before the flowering stage 
in which the starch content is maximal 
(Hamanishi et al., 1999; Lim, 1991; Pei-
Lang et al., 2006). The trunk of the sago 
palm is not the only plant organ with high 
economic value (Ehara, 2009; Husaini et al., 
2016; Karim et al., 2008), the list goes from 
the leaf petioles, fronds, pith, sap and down 
till the fibrous residue (“hampas”), all of 
them playing major roles in industries like 
renewable energy, textile, pharmaceutical, 
food as well as polymer (Ishiaku et al., 
2002; Nuttanan et al., 1995; Purwani et 
al., 2006; Radley, 1976). In the field of 
research, the sago palm is one palm that is 
progressively moving into the limelight, 
tapping into fields like microbiology, 
plant biology, sago waste management, 
bioprocess technology, computational 
biology, genetics and phenotypic studies (as 
reviewed by Lim et al., 2019c).   

One of the most famous investigations 
in the fields of plant biology, physiology 
and genetics is no other than the salt 
tolerance research. Salt tolerance research, 
or widely known as salinity test or salt 

stress investigations, is one important field 
of research to determine the survivability 
of plants (especially essential food crops) 
against salt-inducing environment. Under 
salt stress, plants generally tend to cease 
in terms of water and essential elements 
absorption as well as photosynthesis due to 
the sudden plummet in water potential in soil 
and turgor pressure in cells (Kaku, 1996). 
Almost all crops suffer from mortality at 
a threshold NaCl level of 100 mM and 
beyond, however halophytic plants like 
the sago palm is vastly known to have 
the capability to withstand this salt stress 
using its exclusively equipped mechanisms 
(Matoh, 1999). Some halophytic plants 
like the sago palm can uptake salts from 
the root system to prevent metabolic 
interruptions via the cancelling of osmotic 
pressure gradient between cytoplasm 
and vacuoles as a result of high salt level 
(Matoh, 1999). Osmoregulating compounds, 
at this time, play their roles in restoring the 
osmotic pressure gradient and those who 
do not disrupt the metabolic activities when 
present in high concentrations are known as 
compatible solutes and they are usually low 
in molecular weight (Nakamura & Takabe, 
1999). Some of the well-known compatible 
solutes are proline, sugar alcohols, glycine 
betaine and inorganic ions (Wada, 1999). 
Besides, K+ absorption mechanism is also 
found in the sago palm, although it is rarely 
found in other crops, facilitating it in terms 
of selective K+ absorption (Tadano, 1986; 
Yoneta et al., 2006). These mechanisms 
involve various metabolic pathways and 
genes in the sago palm, in which our 
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knowledge on these are very much limited 
and still in its infancy. In this review, we 
place focus on salt tolerance research 
and further detailed on the past, present 
and future of this research line in hope to 
consolidate talents and resources in the 
utilization of this cash palm to end world 
hunger.   

Impact of Soil Salinity on Sago Palm

The sago palm naturally inhabits along 
the banks of rivers, swamps and lakes, is 
equipped with strong adaptability towards 
land from sea level up to 1.2 km elevation 
(Schuiling, 2009). The optimal growth 
habitat for this palm is below 0.4 km 
elevation where its growth performance 
(speed and yield) starts to decline at 
elevations exceeding the abovementioned 
altitude (Djoefrie, 1999). A much more 
miniature trunk diameter and diminished 
height (6 metres difference) was observed 
on sago palm trees planted at above 0.6 km 
elevation (Schuiling & Flach, 1985). 

A vast variety of soil can support the 
growth of the sago palms and they are 
divided into developed and undeveloped 
soils (Notohadiprawiro & Louhenapessy, 
1992). Developed soils like tropohemists 
and sulfihemists, tropaquepts, thaptohistic 
fluvaquents as well as troposaprists of 
peatlands are proven conducive for sago palm 
growth (Notohadiprawiro & Louhenapessy, 
1992). The psammaquents, hidraquents, 
fluvaquents, sulfaquents and tropaquents 
are undeveloped soils that can sustain 
optimal sago palm growth (Notohadiprawiro 
& Louhenapessy, 1992). Under swampy 

conditions, sago palms can thrive well in 
concentrated levels of organic matter and 
mineral nutrition, without pneumatophores 
being submerged, as well as marginally 
acidic brownish stagnant water, all in which 
favours the propagation of microbiota 
benefiting sago palm development (Bintoro 
et al., 2010). In swampy areas situated in 
close proximity to the ocean, these palms are 
hardy towards salinity, especially sodium 
ions where excess sodium ions are stored in 
the root organ. The photosynthetic activities 
of the sago palms are not affected up to the 
salt concentration of 0.2 M (Yoneta et al., 
2006). 

Moreover, soils with podzolic, alluvial, 
volcanic, hydromorphic and grumusol 
properties are all suited to the growth 
betterment of the sago palms (Djoefrie, 
1999); provided that the optimal amount 
of microbiota and nutrients (potassium, 
phosphorus and magnesium) are abundantly 
available (Haryanto & Pangloli, 1992). 
On the side note, starch synthesis can 
be easily halted under over-waterlogged 
environmental conditions (Haryanto & 
Pangloli, 1992). The peatlands, consisting 
of great level of organic matter (C-organic 
> 18%) and more than half a metre organic 
matter depth, are also supportive of the 
sago palm optimal growth (Agus & 
Subiksa, 2008). Majority of sago palms in 
Malaysia are planted on peatlands but their 
productivities are very much affected by 
the lack of minerals in soil. For instance, 
the time of harvest can be shortened by 2.9 
years if the palm was planted in mineral soil 
as compared to peat soil (Kueh et al., 1991). 
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Besides, the leaf amount of sago palm is 4% 
to 35% fewer when it is planted in peat soil 
than those planted in mineral soil (Bintoro, 
2008; Flach & Schuling, 1991). Indirectly, 
the dry starch content of sago palm is found 
to have diminished by 29.6% to 82.1% when 
planted in peat soil in comparison to mineral 
soil (Sim & Ahmad, 1991). 

The period for the initiation of maturity 
phase (rosette phase) in sago palm tends 
to be lengthy than usual when it is being 
subjected to suboptimal growth conditions, 
delaying the emergence of new leaves 
and starch synthesis (Flach et al., 1986). 
According to Bintoro et al. (2018), the high 
salt and hydrological tolerance of the sago 
palms have granted them great economic 
advantage over other food crops beside 
the high yield as they can literally thrive in 
almost all harsh environments where other 
plants can hardly survive.    

Salt-adaptation Capacity of Sago Palm

The sago palms, like other halophytic 
plants, are naturally equipped with specific 
mechanisms to orchestrate salt uptake and 
strengthen their immunity against adverse 
salt effects, enabling them to thrive with 
brackish waters (Okazaki & Sasaki, 2018). 
Back in the year 1977, Flach et al. (1977) 
was one of the first to initiate investigations 
on the salinity of sago palms and it was 
found that this palm can survive in solutions 
with up to 12.5% to 14.3% of electrical 
conductivity (which corresponds to salinity) 
to that of seawater where any concentrations 
beyond had declined in the growth of sago 
palms. 

Generally, terrestrial plants experience 
salt stress when exposed to a salt level of 
0.1% (around 20 mmol L-1) and growth 
ceases significantly when the level is beyond 
0.3% (Matoh, 2002). However, it was 
discovered that sago palm seedlings depicted 
the best growth pattern at salt concentration 
of 0.05% (around 10 mmol L-1) NaCl 
solution, especially when compared to 0% 
NaCl solution (Yoneta et al., 2004, 2006). 
It was not until the salt concentration of 
around 50 to 200 mmol L-1 (0.25% to 1.0 
%) that the growth performance started to 
deteriorate (Yoneta et al., 2004, 2006). There 
are two types of salt stress, namely ionic 
stress and osmotic stress (Okazaki & Sasaki, 
2018). The ionic stress is the primary factor 
of salinity stress where it involves the excess 
mutilation induced by salt-composing ions 
that pose specific physiological adverse 
effects (Okazaki & Sasaki, 2018). On the 
other hand, osmotic stress refers to the 
hindrance of water uptake induced by the 
osmotic pressure due to the presence of high 
salt level from the environment (Okazaki & 
Sasaki, 2018).  

The sago palm is a special food crop 
with incredibly high salt tolerance and 
the following are some of the known 
mechanisms against salt stress. Sago palm 
tends to transport excess Na+ ions from the 
roots to the leaflets and petioles when being 
subjected to 0% to 0.2% NaCl solution but 
it is not the case for sago palm seedlings as 
seedlings prefer to stockpile Na+ ions within 
the roots and progressively transporting 
these ions to the lower leaves (Ehara et al., 
2006). The transpiration rate of the sago 
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palm was also found to decrease with the 
elevating levels of NaCl in the treatment 
solution and at the same time the level of 
potassium ions in the petiole rises (Ehara 
et al. 2008). In order to sustain the high 
osmotic pressure of the cytoplasm, sago 
palm employs a brilliant strategy to surge 
the uptake of compatible solutes like glycine 
betaine, potassium ion and proline to 
function as orchestrator of osmotic pressure 
(Yoneta et al., 2006). Furthermore, the sago 
palm was also discovered to have a unique 
way to halt the absorption of excess Na+ 
ions via its special barriers (Ehara et al., 
2003, 2006).    

The Past 

The  pas t  r esearches  invo lved  the 
investigations on salt tolerance capability 
of the sago palm in terms of plant biology 
and physiology. In other words, the sago 
palm is tested on their response to NaCl 
physically and chemically. One of the first 
salinity investigations on sago palm was that 
by Flach et al. (1977) where they discovered 
that the growth of the sago palm was not 
halted in a Hoagland solution with six to 
seven millisiemens (mS) per cm electrical 
conductivity. This electrical conductivity 
unit is equivalent to around one eighth to 
one seventh to that of seawater (Flach et 
al., 1977). A study by Hirotsu et al. (2002) 
unravelled that proline and glycine betaine 
were produced in both Metroxylon genus 
counterparts, namely M. sagu and M. 
warburgii when they were subjected to salt 
stress. Similarly, it was discovered that M. 
sagu tended to synthesise 0.16 to 3.0 mg kg-1 

dry weight of glycine betaine when induced 
by salt concentration ranging between 0 to 
200 mM (Yoneta et al., 2003). 

In the year 2006, Yoneta et al. (2006) 
performed a NaCl stress investigation by 
immersion of sago palm seedlings grown 
in 5 L plastic pots into 6 L plastic pots at 
various salt concentrations, namely 0, 10, 
50, 100, 200 and 400 mM. The greatest 
growth of sago palm was in the ones being 
subjected to 10 mM NaCl and growth was 
stunted at concentrations beyond 50 mM 
(Yoneta et al., 2006). In this study, the 
highest glycine betaine was found in the 
200 mM NaCl treatment set, and overall 
there was no correlation between glycine 
betaine and NaCl level (Yoneta et al., 
2006). Ehara et al. (2006) compared the 
salt accumulation in different organs of the 
sago palm seedlings, namely root, petiole 
and leaflet, between treated (86 mM or 0.5% 
NaCl) and non-treated samples. The Na+ 
accumulation in the roots was found to be 
5.3 to 6.6 times that of the negative control 
whereas the petioles were discovered to store 
1.7 to 8 times more Na+ than the negative 
control (Ehara et al., 2006). Generally, the 
lower positioned petioles stored more Na+ 
than the upper positioned petioles in both 
negative control and treated samples (Ehara 
et al., 2006). The leaflets Na+ accumulation 
was found to be 4 times higher in treated 
samples as compared to negative controls 
and they were all had lower levels of Na+ 
in comparison with petioles in all positions 
(Ehara et al., 2006). However, the K+ level 
tended to be higher in upper positioned 
petioles and leaflets than the lower ones. 
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Despite the differences, the correlation 
between K+ and Na+ concentrations was 
not significant (Ehara et al., 2006). In the 
same study, Ehara et al. (2006) tested the 
sago palm seedlings with different NaCl 
concentrations (0.5%, 1.0% and 2.0% NaCl) 
and yet the K+ concentration change was 
negligible. The transpiration rate of samples 
treated in 2.0% NaCl was also found to be 
65% that of the negative control set (Ehara 
et al., 2006). They concluded that the sago 
palm exhibited avoidance salt tolerance 
mechanism in which it maintained low Na+ 
in the leaflets by stocking Na+ in the roots 
and petioles instead (Ehara et al., 2006). 

Ehara et al. (2008) utilized sago palm 
seedlings at 8th or 9th leaf stage (9th or 
10th leaf emerging) and subjected them 
to treatment of 342 mM (2.0%) NaCl for 
31 days. Similar to previous investigation 
(Ehara et al., 2006), a low Na+ level was 
regulated in the sago palm leaflets and 
higher Na+ accumulations were uncovered 
in the roots and petioles (Ehara et al., 2008). 
The Na+ was found to be higher in the 
cortex than in the stele, in the large roots 
following NaCl treatment, and Ehara et al. 
(2008) suspected the role of endodermis in 
orchestrating the Na+ influx between the 
stele and cortex. They further examined 
the endodermis via X-ray micro-analysis 
and unveiled the fact that there was dense 
distribution of Na in close proximity to the 
large root endodermis (Ehara et al., 2008). 
It was also been revealed in the same study 
that the Ca2+ and Mg2+ changed in relation 
to that of Na+ were miniature (Ehara et al., 
2008). Despite the slight postponement in 

new leaves emergence and great decline 
in the rate of transpiration, the dry matter 
weight of all petioles and leaflets (regardless 
of position) had depicted no significant 
differences (Ehara et al., 2008). They further 
concluded that, apart from the avoidance 
mechanism previously proven in Ehara et 
al. (2006), the sago pam tended to impose 
constraint on transpiration by locking the 
water in the leaves (Ehara et al., 2008, 
2011).      

In the year 2011, Prathumyot et al. 
(2011) extended the salinity investigation 
further by conducting two cycles of diurnal 
NaCl concentration alterations (in the order 
of 224 mM, 0 mM, 224 mM and 0mM NaCl) 
for four months in a hydroponic system 
using four spiny sago palm seedlings (two 
treated samples and two negative controls). 
Interestingly, the amount of dead leaves in 
treated palms mirrored that of the control 
palms despite that the emergence of new 
leaves was much slower in treated samples 
(Prathumyot et al., 2011). They further 
tested on the phosphorus and nitrogen levels 
in the petioles and leaflets at all positions and 
unravelled that both phosphorus and nitrogen 
levels did not vary with NaCl treatments 
(Prathumyot et al., 2011). Moreover, the 
increment rate of chlorophyll level was 
found to be slower in the treated palms 
(measured in SPAD value) as compared to 
their control counterparts, together with the 
rate of photosynthesis, transpiration as well 
as stomatal conductance which declined 
by around 40% (Prathumyot et al., 2011). 
The Mg2+ levels were also tested, and a 
huge diminished level was observed in the 
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cortex, but the levels were not significant in 
leaflets, adventitious roots as well as petioles 
(Prathumyot et al., 2011). They concluded 
that the translocation of macronutrients like 
potassium, nitrogen and phosphorus was not 
affected by the induced NaCl stress in sago 
palm, and that chlorophyll synthesis was 
slowed down but not stunted, displaying 
the ability of sago palm to resist salt stress 
albeit the slower growth rate, without signs 
of mortality (Prathumyot et al., 2011).   

The Present

The present researches on salt tolerance of 
sago palm are more focused on the genetic 
and genomic field due to the booming of 
next-generation sequencing technologies. 
Roslan et al. (2017) had isolated and fully 
characterized the fructose-1,6-bisphosphate 
aldolase gene from M. sagu at the level of 
DNA, RNA and protein, which the protein of 
this gene was found to increase the salinity 
tolerance of Escherichia coli. On the other 
hand, Lim et al. (2020) had successfully 
sequenced the entire chloroplast genome of 
M. sagu, which provided huge insights on all 
salinity response genes from the chloroplast 
of the sago palm and opened new windows 
for their comparisons across other palms 
and food crops. 

In the year 2017, Roslan et al. (2017) 
had successfully isolated full-length 
sequences of the fructose-1,6-bisphosphate 
aldolase gene via polymerase chain reaction 
(PCR). Furthermore, they also isolated the 
full-length cDNA of this gene via reverse 
transcriptase PCR (RT-PCR) and rapid 
amplification of cDNA ends PCR (RACE-

PCR) subsequently. In order to synthesise the 
protein of this gene, a pET41a(+) expression 
vector was chosen to be transformed into E. 
coli BL21 (DE3) strain (Roslan et al., 2017). 
The recombinant protein was then isolated 
via the nickel column which bound to the 
histidine affinity tag present at the fused 
target protein. Upon analysis, the gene was 
revealed to have 2322 bp in nucleotide 
length with five exons discovered (Roslan 
et al., 2017). The predicted protein of this 
gene has a molecular mass of 39.14 kDa 
and an isoelectric point of 6.49 (Roslan 
et al., 2017). They further characterized 
the fructose-1,6-bisphosphate aldolase 
protein via functional assay on E. coli 
(containing the recombinant pET41a(+) 
expression plasmid) treated with various 
NaCl concentrations, namely 0, 0.2, 0.4, 
0.6, 0.8 and 1.0 M (Roslan et al., 2017). As 
a result, the survivability (in terms of colony 
count) of E. coli at 1.0 M NaCl as compared 
to 0 M NaCl in treated samples reduced by 
only 35% but the drastic reduction (85%) 
was observed in the negative controls 
(containing empty pET41a(+) plasmid) 
(Roslan et al., 2017). They concluded that 
this recombinant protein of fructose-1,6-
bisphosphate aldolase gene had provided 
salinity immunity towards the tested E. coli 
cells (Roslan et al., 2017).

Recently, Lim et al.  (2020) had 
sequenced and characterized the entire 
chloroplast genome of M. sagu (GenBank 
accession number: MN309778). Various 
genomic analyses such as codon usage, 
microsatellite, long repeats, inverted repeat 
structure (expansion and contraction), RNA 
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editing and phylogenetic analysis were 
conducted and reported in detail (Lim et 
al., 2020). The chloroplast genome of M. 
sagu was revealed to have high similarities 
to chloroplast genomes of other palms 
from the same family (Arecaceae) (Lim et 
al., 2020). The M. sagu closely resembles 
that of its genus counterpart, M. warburgii 
with high similarity over 98% (Barrett et 
al., 2016; Lim et al., 2020). To name a few, 
other palms with relatively high similarity 
to that of the M. sagu chloroplast genome 
includes Phoenix dactylifera, Pigafetta 
elata, Mauritia flexuosa, Elaeis guineensis 
and Eugeissona tristis. 

The Future

The future researches on salt tolerance 
of sago palm will surely be the upgrade 
of both past and present researches, 
which include the identification of new 
compounds responsible for salinity as 
well as characterization of more salinity 
response genes from the M. sagu genome, 
transcriptome and proteome. 

Genetic and Epigenetic Studies. One 
of the most studied palm counterparts of 
M. sagu in terms of salt tolerance is the 
none other than P. dactylifera or widely 
known as the date palm. There are several 
aspects of salt tolerance researches that the 
M. sagu are lacking behind P. dactylifera, 
namely genome-wide miRNAome related 
to salinity, genome-wide salinity response 
expression profiling, growth improvement, 
antioxidant response to salinity, differential 
DNA methylation profile related to salinity, 

identification of set of salinity response 
genes as well as salinity related proteome 
analysis (Al-Harrasi et al., 2018; Al Kharusi 
et al., 2019; Darwesh, 2013; El Rabey et 
al., 2016; Patankar et al., 2018; Yaish et 
al., 2017). Undoubtedly, with these efforts 
being implemented onto sago palm trees, 
it is not daunting to reveal the contributing 
factors towards the salinity tolerance of sago 
palm, be it in terms of novel salt-induced 
motifs, overexpression or downregulation 
of several salt stress genes as well as novel 
salt-deterring protein products.   

Morphological and Variation Studies. 
Most importantly, the core of these 
researches are to enable the deciphering 
of salinity adaptation mechanism of the 
sago palm. A good starting point and 
foundation would be the characterization 
of physical and morphological properties 
of the palm, encompassing histology, ion 
transport, growth rate, tissue content and 
many more (Faiyue et al., 2012; Gong et 
al., 2006; Yaish & Kumar, 2015; Yeo et al., 
1999). This would help to first establish and 
identify salt-tolerant varieties to start with. 
For instance, there was a study conducted 
by Al Kharusi et al. (2019) which had 
tested on the antioxidant response of two 
varieties of date palms (“Umsila”, the 
salt tolerant variety and “Zabad”, the salt 
susceptible variety) towards salinity and as 
a result, the salt tolerant date palm variety 
was found to have higher reactive oxygen 
species (ROS)-scavenging metabolites and 
a balanced Na+ and K+ uptake. This type of 
experimentation can be easily inculcated on 
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the sago palm to further elucidate on this 
aspect of study for comparison purposes 
and knowledge enrichment. Furthermore, 
these characterization efforts of the sago 
palm variants would definitely provide a 
strong foundation and reservoir for further 
genetics, phylogenetics, taxonomical and 
genomics analysis.  

Growth Improvement Studies. Next, 
several growth improvement research 
can be conducted onto the sago palm to 
achieve the maximum growth and yield, 
like the one published by Darwesh (2013) 
on date palm where the author reported on 
the combinations of yeast and amino acids 
(40 and 50 mL/L yeast as well as 3.0 and 
6.0 mL/L amino acids) that worked best in 
alleviating the adverse salt stress effects in 
date palm. With these growth improvement 
studies being initiated on sago palm in the 
future, it would greatly help sago palm 
cultivators to have confidence and grasp 
on the knowledge to yield maximum profit 
from the palm plantation as well as ways to 
curb salt invasion issues in sago palm trees. 

Genomics Studies. With the advancement 
of the sequencing technology throughout 
decades, the genomics of higher plant 
species can be easily unravelled with much 
lower costs and processing time with higher 
throughput and quality. The chloroplast 
genome of the sago palm has been recently 
sequenced and characterized (Lim et al., 
2020) but the sequences of the nuclear and 
mitochondrial genome remained unknown 
to date. As nuclear and mitogenomes are 

crucial in terms of the comprehension of 
the salt stress mechanisms, these missing 
puzzle pieces are no qualms beneficial in 
explaining the superior salinity tolerance 
of this unique sago palm. With the booming 
of mitogenomes and nuclear genomes being 
published at an exponential rate to date, the 
focus of research has now moved towards 
the various non-model plant organisms 
such as the early flowering plant Nymphaea 
colorata (Dong et al., 2018), Norway spruce 
(Sullivan et al., 2020), Chrysanthemum 
boreale (Won et al., 2018), legume Vicia 
faba (Negruk, 2013), sugarcane (Evans et 
al., 2019) and many more. The information 
obtained from the complete sequences of 
nuclear and mitogenomes of sago palm will 
in turn aid in selective breeding, variation 
studies as well as salt stress mechanism 
pathways (Lim et al., 2019d). 

Transcriptomic and Proteomic Studies. 
With the aid of the next generation 
sequencing technologies, the OMICS of 
these sago palm varieties will aid in yielding 
information on proteins or other compounds 
that orchestrate salt transport like the results 
achieved by El Rabey et al. (2016) on date 
palm where various proteins related to 
drought and salt resistance were discovered. 
The genome-wide expression profiling in 
leaves and roots of date palm exposed to 
salinity as reported by Yaish et al. (2017) 
was another interesting aspect of study to 
be implemented on the sago palm because 
a sum of 4687 and 2630 date palm genes 
were identified to be differently expressed 
under salt stress and the potential of sago 
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palm to be included into similar study like 
this is limitless. Recently, the differential 
methylome and transcriptome of date palm 
in response to salinity had been drafted by 
Al-Harrasi et al. (2018) and this will be 
highly reproducible in sago palm. Emulating 
the success of Patankar et al. (2018) in which 
a total of 24 salinity response genes were 
identified and functionally characterized in 
date palm, it is not impossible to produce 
a comparable gene list from that of sago 
palm. These would surely contribute to 
the salt related gene landscape formation 
of sago palm which will in turn help in the 
field of genetic engineering and selective 
breeding. The genome-wide identification 
of enhancers involved in salinity response 
mechanism in sago palm is also possible 
with the utilization of computational tools 
as reviewed by Lim et al. (2018a).  

CONCLUSION

The sago palm is one of the trees of life for 
its many uses ranging from food, textile, 
polymer, pharmaceutical, renewable energy 
and its role in the environment (carbon 
dioxide absorption and water conservation). 
Adding to its many advantages is that it is 
one of the most important food crops in 
future (yielding at least three-fold to that 
of our current established food crop), and 
it can be cultivated in order to achieve 
the ultimate goal of combating global 
food scarcity problems. The salt tolerance 
research on this palm is essential to improve 
our comprehension on what distinguishes 
it from other food crop in terms of genetic 

aspect and physiology, besides providing 
us with the idea to incorporate these novel 
sago palm salinity resistant specific motifs 
in the field of genetic engineering to further 
improve the feasibility of other food crop to 
curb salt stress in future. These researches 
will also provide us with the knowledge and 
resources in time to establish its status and 
expand its cultivations worldwide, besides 
enriching the research database for endemic 
fauna and flora in Sarawak, Malaysia (Kadir 
et al., 2013; Lim et al., 2018b, 2019a, 
2019b; Ministry of Natural Resources and 
Environment [MNRE], 2016; Phillips, 2016; 
Soepadmo & Wong, 1995), as well as in 
enabling the study of ecosystem wholly for 
aiding future conservation efforts. In short, 
as this cash crop is one expensive thing 
to be wasted and remain undiscovered, 
consolidated research efforts should start 
right now.  
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ABSTRACT

An investigation was conducted to determine the antifungal potential of Andrographis 
paniculata, Backhousia citriodora, Clinacanthus nutans, Ficus deltoidea, Phaleria 
macrocarpa, and Piper betle against selected plant fungal pathogens. Dilutions of crude 
leaf extracts (5, 10, 15, and 20%) of these plants were screened in vitro against Ganoderma 
boninense, Fusarium oxysporum f. sp. cubense R4 (FocR4), and Rhizoctonia solani. The 
percentage inhibition of diameter growth (PIDG) of test pathogens was measured using 
poisoned agar method. Aqueous extract of A. paniculata was ineffective in inhibiting the 
mycelial growth of test pathogens at all test concentrations while that of B. citriodora 
markedly inhibited FocR4 growth at 15% (PIDG 70%) and 20% (PIDG 72.9%) 
concentrations. Methanol extract of C. nutans at 20% concentration significantly inhibited 
R. solani growth (PIDG 64.4%) meanwhile that of P. betle at 20% considerably inhibited 
the growth of FocR4 (PIDG 94%), G. boninense (PIDG 89.4%), and R. solani (PIDG 

82.8%). Complete inhibition (PIDG 100%) 
of G. boninense and R. solani was obtained 
at 10% concentration of F. deltoidea and P. 
macrocarpa methanol extracts. Leaf extracts 
of five herbal plants have the potential to be 
used as bio-fungicides as a safe alternative 
to synthetic fungicides.

Keywords: Biopesticide, botanical extract, green 

technology, poisoned agar method
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INTRODUCTION

Immoderate and improper use of synthetic 
fungicides, which are broadly used in the 
management of fungal diseases in plants, 
adversely affects the human health and 
the environment. Use of plant extracts 
with antimicrobial properties is therefore 
regarded as a safer approach in controlling 
plant fungal diseases. Plants synthesize an 
assortment of antimicrobial compounds 
including alkaloids, flavonoids, terpenes and 
phenolic compounds (Compean & Ynalvez, 
2014). Recently, numerous studies have 
assessed the efficacy of plant extracts in 
inhibiting the growth of some economically-
important plant pathogens. For instance, 
Satish et al. (2009) had reported the 
substantial antifungal activities of 12 plants 
against 8 Fusarium species. Besides, the 
leaf extract of Artemisia absinthium L. has 
been reported to possess antifungal activities 
against rot-causing pathogens namely, 
Alternaria alternata, Mucor piriformis, 
and Penicillium expansum  (Parveen et 
al., 2014). On the other hand, 3 out of 39 
plant extracts had been proven effective 
against Alternaria solani (Ravikumar 
& Garampalli, 2013). Up to now, little 
attention has been paid to the antifungal 
activity of plants from Acanthaceae, 
Myrtaceae, Moraceae, Piperaceae, and 
Thymelaeaceae. The antifungal potential of 
plant extracts from these families against a 
broad spectrum of plant fungal pathogens 
including G. boninense, F. oxysporum f. 
sp. cubense R4 (FocR4), and R. solani 
is lacking. The negative impacts of these 
soilborne fungal pathogens on production 

of some economically-important crops 
such as oil palm, banana and rice have been 
vastly reported. For instance, G. boninense 
is the major pathogen causing the deadly 
basal stem rot in oil palm where the annual 
loss caused by this pathogen has been 
estimated as USD500 million (Arif et al., 
2011). Meanwhile, FocR4 is the causal 
agent of Fusarium wilt in an assortment 
of banana cultivars including Cavendish 
with the estimated annual losses ranging 
from USD14.1 to 253.3 million (Malik et 
al., 2013; Peng et al., 2013). On the other 
hand, rice sheath blight caused by R. solani 
is one of the major threats to global rice 
production where the estimated annual 
losses of 20% and 10% have been reported in 
Thailand and India, respectively (Boukaew 
& Prasertsan, 2014). Therefore, urgent 
consideration is needed to develop effective 
and sustainable approaches to control these 
diseases. Identification of plant extracts with 
antimicrobial activity could be useful for 
development of novel biopesticides against 
these pathogens. The present study explores, 
for the first time, the effects of leaf extracts 
of A. paniculata, B. citriodora, C. nutans, 
F. deltoidea, P. macrocarpa, and P. betle 
against G. boninense, FocR4, and R. solani.

MATERIALS AND METHODS

Collection of Plant Leaves

The leaves of A. paniculata, C. nutans, F. 
deltoidea, and P. betle were collected from 
Herb Garden, University Agriculture Park, 
Universiti Putra Malaysia (UPM), Serdang, 
Selangor. Meanwhile, the leaves of B. 
citriodora and P. macrocarpa were collected 
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from Department of Agriculture, Serdang, 
Selangor. The experiments were carried 
out in Mycology Laboratory, Department 
of Plant Protection, Faculty of Agriculture, 
UPM, Serdang, Selangor. The leaves of C. 
nutans, F. deltoidea, P. macrocarpa, and P. 
betle were thoroughly washed and air-dried 
at room temperature (26±2°C). The leaves of 
A. paniculata and B. citriodora were treated 
in the same manner but drying was done 
at 60°C. All the dried leaf samples were 
ground separately to fine uniform texture 
using grinder (Retsch Model SK 100) and 
stored at room temperature (26±2°C) until 
use.

Fungal Cultures

The test fungal cultures namely, G. 
boninense (UPMGB002), F. oxysporum f. 
sp. cubense R4 (FocR4) (UPMFTR4-01), 
and R. solani (UPMRS01) were obtained 
from the Department of Plant Protection, 
Faculty of Agriculture, UPM, Serdang, 
Selangor. FocR4 and R. solani were sub-
cultured and maintained on potato dextrose 
agar (PDA). Meanwhile, G. boninense was 
cultured on malt extract agar (MEA). These 
cultures were maintained in the culture 
chamber under laboratory condition.

Preparation of Leaf Crude Extracts 

Fifty grams of ground A. paniculata and B. 
citriodora leaves were separately soaked 
in 300 ml distilled water and stirred at 
120 rpm for 24 h using an orbital shaker. 
The leaf crude extract of each plant was 
collected through filtration using Whatman 
No-1 filter paper. Then, the solvent was 

evaporated using Buchi Rotavapor Model 
R215 (BÜCHI Labortechnik AG, Flawil, 
Switzerland). The dried extract was collected 
in an air-tight container and stored at 4°C. 
The same method was used in preparation of 
leaf crude extracts of C. nutans, F. deltoidea, 
P. betle, and P. macrocarpa, however 300 
ml methanol was used as described by 
Venkateswarlu et al. (2013).

Screening of Antifungal Activity

The concentrations of leaf crude extract 
tested in the antifungal test were 5, 10, 15, 
and 20% (v/v). The stock solutions of the 
leaf crude extract of A. paniculata and B. 
citriodora were prepared separately by 
diluting the crude extract of each plant with 
distilled water at the ratio of 1:1 as described 
by Dadang and Ohsawa (2001). The stock 
solution of P. macrocarpa crude extract 
was prepared by diluting the leaf crude 
extract with acetone at the ratio of 1:10 as 
described by Dadang and Ohsawa (2001). 
On the other hand, the stock solutions of C. 
nutans, F. deltoidea, and P. betle extracts 
were prepared separately by diluting the leaf 
crude extract of each plant with methanol 
at the ratio of 1:10. Further serial dilution 
was done to achieve test concentration. Petri 
dishes containing 15 ml of poisoned medium 
were used. Then, a respective fungal plug 
(0.4 cm diameter) was placed at the centre of 
a PDA plate containing leaf extract of each 
plant at the defined concentrations except for 
G. boninense where MEA plates containing 
leaf extract of each plant at the defined 
concentrations were used. The antifungal 
activity of A. paniculata, B. citriodora, C. 
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nutans, F. deltoidea, P. macrocarpa, and P. 
betle extracts were separately tested against 
G. boninense, FocR4, and R. solani. The 
plates were incubated at room temperature 
(26±2°C) until the mycelial growth in 
control plates for certain fungal species had 
reached the edge of the plates. The colonial 
diameter was measured daily and percentage 
inhibition of diameter growth (PIDG) 
values was calculated using Equation [1] as 
described by Lee et al. (2018).

𝑃𝐼𝐷𝐺𝑃𝑇𝐷𝐺 =
𝐷1−𝐷2
𝐷1 × 100%           [1]

where;
D1 = Diameter growth of mycelia in 
control plates
D2 =  Diameter growth of mycelia in 
treatment plates                                           

Experimental Design and Statistical 
Analysis

The in vitro screenings of antifungal 
potential of all test plants were conducted 
in complete randomized design (CRD) 
with 5 treatments (0, 5, 10, 15, and 20%). 
There were at least 3 replicates for each 
treatment. Statistical analysis was conducted 
using SAS® Software (SAS Institute, North 
Carolina, USA, Version 9.4, 2012) and 
comparison of means using Least Significant 
Difference (LSD) at 5% probability level.

RESULTS AND DISCUSSION

The antifungal activity of A. paniculata, 
B. citriodora, C. nutans, F. deltoidea, P. 
macrocarpa, and P. betle extracts differed 

when tested against FocR4, G. boninense, 
and R. solani. According to Kurucheve et 
al. (1997), the variation in the inhibitory 
effect of plant extracts is the results of the 
qualitative and quantitative differences in 
antifungal properties of the extracts. 

As presented in Figure 1, the aqueous 
extract of A. paniculata was ineffective 
in inhibiting the mycelial growth of G. 
boninense, FocR4, and R. solani at any 
test concentrations. The leaf extract of A. 
paniculata was previously reported to inhibit 
the radial mycelial growth of F. oxysporum 
(Neela et al., 2014). Furthermore, the 
antifungal potential of A. paniculata leaf 
extract also has been reported against 
Fusarium verticillioides (Yasmin et al., 
2008) and A. solani (Nidiry et al., 2015). 
However, it was not the case in our study. 
This discrepancy could be attributed to 
the variations in the components of the 
A. paniculata extracts resulting from the 
different location and sample collection 
timing, storage and extraction conditions 
as suggested by Akbar (2011). For instance, 
Adegboyega and Oyewole (2013) had 
reported that the ethanol and methanol 
extracts of A. paniculata contained more 
phytochemicals as compared to the aqueous 
extract. Thus, a comparative study on the 
antifungal activities of A. paniculata leaf 
extracts obtained using different solvents 
against G. boninense, FocR4, and R. 
solani is necessary to elucidate the in vitro 
antimicrobial effect of this plant against the 
test pathogens. 

The aqueous extract of B. citriodora 
was significantly effective against FocR4 
at the concentration of 15% and above as 
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compared to other test pathogens (Figure 2). 
The concentration of 10% (PIDG 57%) was 
sufficient to inhibit the mycelial growth of 
this fungus. Hayes and Markovic (2002) had 
reported the notable antimicrobial activity of 
the essential oil extracted from B. citriodora 

and its key constituent namely citral, against 
an assortment of bacteria, yeast and fungi. 
In addition, the antimicrobial activity of 4 
essential oils with varying citral content of 
this plant against 8 fungi and 13 bacteria 
have also been reported (Wilkinson et al., 

Figure 1. Percentage of inhibition of diameter growth of Andrographis paniculata against selected plant 
fungal pathogens. Measurement made at 11 days after inoculation (DAI) for Fusarium oxysporum f. sp. 
cubense R4 (FocR4), 11 DAI for Ganoderma boninense and 5 DAI for Rhizoctonia solani. Values are the 
means of 6 replicates. Means with the same letter are not significantly different at P = 0.05

Figure 2. Percentage of inhibition of diameter growth of Backhousia citriodora against selected plant fungal 
pathogens. Measurement made at 11 days after inoculation (DAI) for Fusarium oxysporum f. sp. cubense R4 
(FocR4), 11 DAI for Ganoderma boninense and 5 DAI for Rhizoctonia solani. Values are the means of 6 
replicates. Means with the same letter are not significantly different at P = 0.05
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2003). However, the bioactive compounds 
accountable for antifungal effect of this 
plant extract against FocR4 were not studied 
in the present study. To date, no reports of 
antifungal activities of B. citriodora against 
plant pathogens particularly G. boninense, 
FocR4, and R. solani has been found in 
the literature. This study suggests that B. 
citriodora may serve as a good natural 
resource of new bioactive compounds for 
controlling FocR4.

The methanol extract of C. nutans at 
20% concentration significantly inhibited the 
mycelial growth of R. solani (PIDG 64.4%) 
as compared to G. boninense (PIDG 27.5%) 
and FocR4 (PIDG 10.4%). Nevertheless, 
the concentration of 15% (PIDG 56.7%) 
was sufficient to inhibit the mycelial growth 
of R. solani (Figure 3). The presence of a 
broad range of bioactive compounds in this 
plant has been reviewed (Alam et al., 2016). 
So far, study of C. nutans has been only 

done to determine its antibacterial effect 
in aquaculture sector, pharmaceutical and 
medical sector (Arullappan et al., 2014). 
Use of C. nutans as a new source to control 
R. solani is highly recommended since C. 
nutans is widely available in Malaysia. 

Strikingly, the methanol extracts of P. 
betle at 20% concentration significantly 
inhibited the mycelial growth of FocR4 
(PIDG 94%), G. boninense (PIDG 89.4%), 
and R. solani (PIDG 82.8%) as compared 
to all test concentrations (Figure 4). 
Nonetheless, the concentration of 15% was 
sufficient to inhibit the mycelial growth of 
G. boninense (54.1%) and R. solani (PIDG 
71.9%). Likewise, effective antifungal 
activities of P. betle leaf extracts against 
Aspergillus niger, wild Aspergillus sp., and 
Rhizopus sp. (Pawar et al., 2017) as well as 
against F. oxysporum (Neela et al., 2014) 
have been reported. Previous studies had 
suggested that presence of the essential 

Figure 3. Percentage of inhibition of diameter growth of Clinacanthus nutans against selected plant fungal 
pathogens. Measurement made at 12 days after inoculation (DAI) for Fusarium oxysporum f. sp. cubense R4 
(FocR4), 12 DAI for Ganoderma boninense and 4 DAI for Rhizoctonia solani. Values are the means of 5 
replicates. Means with the same letter are not significantly different at P = 0.05
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oils which contained phenolic compounds 
in P. betle might contribute to inhibition 
of several phytopathogenic fungi (Ali et 
al., 2010; Begum et al., 2007). The results 
obtained in this experiment shed light on the 
potential use of P. betle in the management 
of several economically important plant 
diseases. Nevertheless, further analysis of 
the active compounds of this plant is highly 
recommended.

As shown in Figure 5, the methanol 
extracts of F. deltoidea significantly inhibited 
the mycelial growth of G. boninense and R. 
solani at all concentrations above 10%. 
However, the concentration of 5% was 
sufficient to inhibit the mycelial growth of G. 
boninense (PIDG 56%) and R. solani (PIDG 
53.7%). To date, the antimicrobial activity 
of F. deltoidea leaf extract has been studied 
only on clinical pathogens (Abdsamah et 
al., 2012) and fish pathogen (Tkachenko 
et al., 2016). To our best knowledge, this 

experiment is the first study done on the 
plant pathogens. Antifungal activity of 
F. deltoidea methanol extract against test 
pathogens in vitro suggests presence of one 
or more antifungal secondary metabolites 
in the leaves of this plant. Nevertheless, 
further investigation is needed to identify the 
bioactive compounds of F. deltoidea leaves 
to be used as biocontrol fungicide against 
G. boninense and R. solani. 

The methanol extracts of P. macrocarpa 
were completely effective against FocR4, G. 
boninense, and R. solani at all concentrations 
above 5% (Figure 6). Nonetheless, the 
concentration of 5% was sufficient to 
inhibit the mycelial growth of G. boninense 
(58.3%) as compared to FocR4 (PIDG 0%) 
and R. solani (PIDG 32.2%). According 
to Altaf et al. (2013), variations in the 
chemical components of P. macrocarpa 
extract greatly affect the antifungal activities 
of this plant. For example, the growth 

Figure 4. Percentage of inhibition of diameter growth of Piper betle against selected plant fungal pathogens. 
Measurement made at 12 days after inoculation (DAI) Fusarium oxysporum f. sp. cubense R4 (FocR4), 12 
DAI for Ganoderma boninense and 4 DAI for Rhizoctonia solani (R). Values are the means of 5 replicates. 
Means with the same letter are not significantly different at P = 0.05
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inhibition of Aspergillus niger, Fusarium 
oxysporum, Ganoderma lucidum, and 
Mucor indicus by phorbolesters in P. 
macrocarpa seeds has been reported (Altaf 
et al., 2013). Furthermore, flavanoids 
have been identified as the compound 

accountable for the antifungal activities in 
higher plants (Cordell et al., 2001). Thus, 
identification of the bioactive constituents 
of P. macrocarpa leaves is necessary to 
develop a bio-fungicide. 

Figure 5. Percentage of inhibition of diameter growth of Ficus deltoidea against selected plant fungal 
pathogens. Measurement made at 7 days after inoculation (DAI) for Ganoderma boninense and 5 DAI for 
Rhizoctonia solani. Values are the means of 3 replicates. Means with the same letter are not significantly 
different at P = 0.05

Figure 6. Percentage of inhibition of diameter growth of Phaleria macrocarpa against selected plant fungal 
pathogens. Measurement made at 9 days after inoculation (DAI) for Fusarium oxysporum f. sp. cubense R4 
(FocR4), 11 DAI for Ganoderma boninense, and 5 DAI for Rhizoctonia solani (R). Values are the means of 
6 replicates. Means with the same letter are not significantly different at P = 0.05
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CONCLUSION

In this study, Backhousia citriodora, 
Clinacanthus nutans, Ficus deltoidea, 
Phaleria macrocarpa, and Piper betle 
extracts exhibited different antifungal 
potential against three economically-
important fungal pathogens when tested in 
vitro. Among them, P. macrocarpa has been 
identified as the most effective candidate 
for development of biofungicide primarily 
for FocR4, G. boninense, and R. solani 
followed by P. betle. On the other hand, leaf 
extracts of B. citriodora and C. nutans can 
be used in the management of Fusarium wilt 
disease and soil-borne diseases caused by R. 
solani, respectively. Further experimental 
investigation into bioactive compounds 
of these herbal plants as well as trials in 
both glasshouse and field are strongly 
recommended for development of novel 
biofungicides. 
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ABSTRACT

About two-thirds of crude oil is produced in countries with tropical and subtropical climates. 
Many sites in these regions have been threatened by oil spills that can adversely affect soil 
physical, chemical and biological properties.  In some tropical countries, such as Mexico, 
Venezuela, India, and Nigeria, studies have been conducted to evaluate the effects of 
petroleum spills on soil fertility, often by monitoring pasture germination or contaminant 
toxicity. It has been observed that most common impacts to petroleum-contaminated soil 
occur by two mechanisms: a) by the formation of a thin layer of hydrocarbons on soil 
particles that results in a reduction in field capacity and causes soil water repellency; and 
b) by the formation of macro-aggregates (agglomeration) of fine soil particles into coarse 
particles, thus causing compaction and reduced porosity in the soil. In these studies, it 
appears that the type and quantity of soil clays influence how severe these impacts may 
be, being mitigated in the presence of higher contents of smectite clays and being more 
intense in soils with other fine materials (silts, kaolinite clays, Fe/Al oxides). However, 

these results have been observed as 
circumstantial evidence in natural soils. To 
better understand the relationship between 
petroleum hydrocarbons and soil clays, an 
artificial soil system is suggested in which 
the type and amount of soil clay can be 
controlled. 
Keywords: Compaction, kaolinite, petroleum, 
smectite, tropics, toxicity, water-repellency
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INTRODUCTION

In this article, the interaction between the 
type and amount of clay in soil, with respect 
to negative impacts to soil fertility caused by 
petroleum hydrocarbon contamination was 
discussed, especially with respect to water 
repellency, compaction and toxicity, and a 
strategy for investigating these interactions 
systematically in an artificial soil system 
was proposed.

Petroleum Production in Tropical and 
Subtropical Regions and Environmental 
Regulation

The petroleum industry one of the industries 
that causes considerable impacts to 
agriculture and livestock raising (Palma-
Cruz et al., 2016). According to the 
International Energy Agency (IEA) (2016), 

in 2016 almost two-thirds of petroleum 
was produced in countries with tropical 
and subtropical climates (Figure 1). These 
include countries in the tropics with 
land-based operations and nearby areas 
with subtropical climates and petroleum 
production.
In Mexico, as in other parts of the world, 
environmental regulations are only 
developed with respect to the concentration 
of hydrocarbons in the soil, without regard 
to the types of soil and the potential impacts 
(Hernández-Valencia & Mager, 2003; 
Louisiana Department of Nature Resources 
[LDNR], 1986; McMillen et al., 2002; 
Michelsen & Petito Boyce, 1993; Secretaria 
de Medio Ambiente y Recursos Naturales 
[SEMARNAT], 2013). This focus on 
hydrocarbon concentration exclusively, is 

Figure 1. Petroleum producing areas in tropical and subtropical regions. Adapted from Rubel and Kottex (2010) 
using QGIS ver. 3.8. Open code free access to geographical information system (GIS)
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based on the supposition that the primary 
impacts of petroleum in soil are toxicity 
and potential to leach hydrocarbons to 
groundwater. However, it has been shown 
that there are other impacts to soil fertility 
caused by petroleum hydrocarbons that 
affect the ability of the soil to maintain a 
vegetative cover and to be agriculturally 
productive (Adams et al., 2015; Guzmán-
Osorio & Adams, 2015; Marín-García 
et al., 2015). It is worth mentioning that 
the personnel in environmental agencies 
are generally ignorant of the behavior of 
hydrocarbons in the soil. Thus, essential 
criteria for the conservation of fertility in 
petroleum contaminated soils have been 
overlooked when proposing methods for 
evaluating site contamination and the 
effectiveness of remediation projects.

Effects of Petroleum on Soil Surfaces 
and Significance for Fertility in Tropical 
Regions

Certain molecules in petroleum are of 
very low toxicity, but cause changes in the 
chemical and physical properties of the soil. 
They are more prevalent in heavy crude 
or old spills with weathered oil (Adams et 
al., 2008a). These contaminants cover soil 
particle surfaces, interfering in the normal 
soil-water-plant relationship, causing water 
repellency and reduced moisture content at 
field capacity.  

Tropical regions have intense sunlight, 
high temperatures and humid climates, 
favorable for the natural processes involved 
in petroleum weathering–volatilization, 
photolysis, partial biodegradation, chemical 

oxidation/condensation, and sequestration 
in soil clays and organic material. Thus, 
in the tropics these kinds of hydrocarbon 
molecules are most likely to be produced, 
have the greatest effect on soil surfaces and 
fertility, and negatively impact agriculture 
and cattle-raising (Adams et al., 2008a; 
Ndimele et al., 2018).    

In Mexico, Venezuela, India, and 
Nigeria research has been carried out to 
evaluate the effects of petroleum on soil 
fertility using a grass seed-germination 
bioassay or contaminant toxicity assay 
(Barua et al., 2011; Hernández-Valencia 
et al., 2017; Osuji & Nwoye, 2007; 
Oyedeji et al., 2012; Vázquez-Luna et 
al., 2010). This helps in understanding 
the behavior of these contaminants in 
soil, and may be an important conceptual 
tool for decision making concerning the 
remediation processes of contaminated 
sites in the tropics. The magnitude of the 
impacts depends on not only the type and 
concentration of the oil spilled (Ataikiru & 
Okerentugba, 2018; Ndimele et al., 2018), 
but also the kind of soil (De Silva & van 
Gestel, 2009; Marín-García et al., 2015) 
(Table 1).  

Soil types presented in Table 1 can 
also be found in other tropical petroleum-
producing areas such as the Faja del Orinoco 
in Venezuela (Hernández-Valencia et al., 
2017); in the Niger River Delta in Nigeria 
(Osuji & Nwoye, 2007); in the upper 
Assam region in India (Barua et al., 2011); 
in the southern part of Sumatra (Indonesia) 
(Yudono et al., 2010); and in regions of 
Borneo and Papua. 
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It is a key to consider that petroleum-
contaminated soils are affected principally 
by a) by the production of thin hydrocarbon 
laminates on soil surfaces, that produce 
reduced field capacity and water repellency; 
and b) by the formation of macro-aggregates, 

from the agglomeration of smaller soil 
particles, affecting porosity and compaction 
(Figure 2). The importance of soil clays 
on these processes are discussed in the 
following sections.

Table 1 
Common soils contaminated in the petroleum-producing zone of Southeastern Mexico

Soil type
Description

Clay
USDA WRB % Type

Psamment Arenosol Coarse texture, high permeability, low nutrient storage 
capacity. Found principally in coastal zones (dunes). 

Very low
(< 3)

NA

Fluvent Fluvisol Deep soils with good permeability, medium texture and 
poor soil horizon development, good superficial drainage, 
high in nutrients and organic material. Found principally in 
natural river levees. 

Medium
(~40 %)

2:1

Vertisol Vertisol High concentration of expandable clays. Principally 
in tropical and subtropical climates.  Vegetation is 
predominately pasture for cattle and/or forest. 

High
(~60-65%)

2:1

Aquent Gleysol Saturated with water for the major part of the year, shallow 
water table. From low-lying areas in alluvial plains.  High 
organic matter and nutrients.

High
(~50-55%)

2:1

Ultisol Acrisol Strongly acidic, degraded soils, low base saturation at 
depth, high concentration of low reactivity clays.  Found 
principally in humid tropical and subtropical areas. 

High
(~40-50%)

1:1

Note. USDA = United States Department of Agriculture (2014), WRB = World Reference Base for Soil 
Resource (2014)

Figure 2. Representation of crude oil impacts to soil: a) clean soil at field capacity; b) contaminated soil-
formation of hydrocarbon laminates on particle surfaces; c) formation of macro-aggregates – agglomeration 
of fine particles; d) compaction of contaminated soil-union of macro-aggregates due to an external force
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