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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 37 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
Pertanika is almost 40 years old; this accumulated knowledge has resulted in Pertanika JTAS being 
abstracted and indexed in SCOPUS (Elsevier), Thomson (ISI) Web of Knowledge [BIOSIS & CAB Abstracts], 
EBSCO & EBSCOhost, DOAJ, Agricola, Cabell’s Directories, Google Scholar, MyAIS, ISC & Rubriq (Journal 
Guide).

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 Tropical Agricultural Science is Pertanika J. Trop. Agric. Sci.

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

Code of Ethics
The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all 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 Tropical Agricultural Science: ISSN 1511-3701 (Print); ISSN 2231-8542 (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.

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, and 
References. Additionally, some papers include Acknowledgments and 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 Instructions to Authors.

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. 
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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.

As articles are double-blind reviewed, material that might identify authorship of the paper should be 
placed only on page 2 as described in the first-4 page format in Pertanika’s Instructions to Authors 
given at the back of this journal. 

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.

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 and the editorial board 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 chief executive editor sends the article-identifying information having been removed, 
to three reviewers. Typically, one of these is from the Journal’s editorial board. Others are 
specialists in the subject matter represented by the article. The chief executive editor asks 
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 
literature.

3.	 The chief executive editor, in consultation with the editor-in-chief, examines the reviews and 
decides whether to reject the manuscript, invite the author(s) to revise and resubmit the 
manuscript, or seek additional reviews. Final acceptance or rejection rests with the Edito-
in-Chief, who reserves 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 chief executive editor 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 chief executive editor in consultation 
with the editorial board and the editor-in-chief examine their comments and decide whether 
the paper is ready to be published, needs another round of revisions, or should be rejected. 
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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 in print 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 on-line. 
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Foreword

Welcome to the Third Issue 2018 of 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 
and run on a non-profit basis for the benefit of the world-wide science community.

This issue contains 45 articles, out of which one is a review paper, two are short 
communications and the rest (42) are regular articles. The authors of these articles come 
from different countries, namely Malaysia, Indonesia, Thailand, Iran, Nigeria, India, 
Korea and Japan. Indonesia alone contributed 19 articles, the highest number of articles.

Articles submitted in this issue cover wide range of agricultural science fields including 
agricultural economics and management, agronomy, animal products, aquaculture, 
biotechnology, botany, ecology, fisheries sciences, food and nutrition development, 
forestry science, genetics and molecular biology, marine science, microbiology, nature 
products, organic chemistry, plant physiology, soil and water science, and zoology. An 
article is outlined from each of three favoured field in this issue: biotechnology; food and 
nutrition development; and plant physiology.

Selected from biotechnology field is a favourable article on bioactive potential of Cosmos 
Caudatus Kunth’s leaves (locally known as ‘ulam raja’) in scavenging free radicals and 
inhibiting α-glucosidase enzyme. The study was conducted by fellow researchers from 
Universiti Putra Malaysia (Wan Nadilah Wan Ahmad, Khozirah Shaari, Alfi Khatib, Azizah 
Abdul Hamid and Muhajir Hamid), Malaysia. The study shed some lights for future 
studies on plant phytochemicals and further development of the medicinal plant for 
health benefits. Details of the study is available on page 1367.

Selected from the field of food and nutrition development is an interesting article on 
contamination of pesticide and heavy metals in some vegetables and fruits, by Thailand 
scholars (Sirikul Thummajitsakul, Rawitsara Subsinsungnern, Ngamrat Treerassapanich, 
Nutthida Kunsanprasit, Leeyaporn Puttirat, Patarapong Kroeksakul and Kun Silprasit). 
The study samples were obtained from a local market and family farm in Ongkharak 
District of Nakhon Nayok Province, Thailand. They found high percentage of pesticides 
contamination and high level of heavy metals in the samples. This raises concern on 
health risk of the consumption of vegetables and fruits contaminated with pesticides 
and heavy metals. Details of the study is available on page 987. 

i



Selected from the field of plant physiology is a pleasing article on effects of harmonic 
frequency and sound intensity levels on the opening of stomata, the growth and yield of 
soybeans, by fellow researchers from Indonesia (Istirochah Pujiwati, Nurul Aini, Setyawan 
P. Sakti and Bambang Guritno). They suggested the best combination of treatment to 
improve the productivity of soybean plants in Indonesia was exposure at a frequency of 
4 kHz and sound intensity of 50 dB, followed by application of recommended dosage of 
leaf fertiliser. Details of the article is available on page 963.

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 is 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 and editors, 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.my

ii
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Review Article 

Diversity of Nitrogen Fixing bacteria Associated with Various 
Termite Species

Sarannia Thanganathan and Kamariah Hasan*
School of Biological Sciences, Faculty of Sciences and Technology, Quest International University Perak, 
30250 Ipoh, Perak, Malaysia

ABSTRACT

Nitrogen is one of the vital elements for the growth and survival of many organisms. 
Atmospheric N2 can only be used by certain organisms like microbes that supply inorganic 
form of nitrogen to their host, insects, or plants via symbiotic or non-symbiotic interaction. 
Arthropods are diverse species on the earth, whose guts are inhabited by microbes that help 
in many physiological activities like N2 fixation. As N2 fixing bacteria ecologically play 
vital roles, many studies have demonstrated the presence of N2 fixing bacteria in termite 
gut. Study on termite’s gut omics has also supported a complex systemic understanding 
of gut digestome that is imperative in understanding the termite holobiome. This review 
gathers a variety of information from multifarious research which has been done on the 
isolation and diversity of N2 fixing bacteria in various termite species.

Keywords: Acetylene reduction, nifH, nitrogen, nitrogen fixation, termite gut

INTRODUCTION

Nitrogen is an essential component of 
amino acids and proteins. N2 is abundant 
in the atmosphere but atmospheric N2 can 

only be used by certain organisms like 
microbes that supply inorganic form of N2 
to their host, insects, or plants via symbiotic 
or non-symbiotic interactions (Khan, 
Mohiuddin, & Rahman, 2008). Thus, N2 
fixation process is vital in providing fixed 
N2 to organisms. Biological N2 fixation 
(BNF) is the conversion of atmospheric N2 
into ammonia (Eskin, Vessey, & Tian, 2014). 
About 90 genera of microbes are able to fix 
N2 by utilizing nitrogenase enzyme (Gaby 
& Buckley, 2012).
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N2 fixing bacteria are classified into two 
categories; symbiotic and non-symbiotic 
bacteria. They can be found in soils, gut 
of arthropods, or insects and root nodules. 
Arthropods are diverse species on the earth, 
whose guts are inhabited by microbes 
that help in many physiological activities 
like N2 fixation and cellulose degradation 
(Bashir et al., 2013). Since N2 is one of the 
limiting nutrients in insects’ diet, most of 
the insects depend on mutualistic bacteria 
having N2 metabolism in order to obtain 
sufficient amount of N2 (Engel & Moran, 
2013). N2 fixing bacteria have symbiotic 
interaction in insects’ guts, like in termites, 
cockroaches, and beetles. As N2 fixing 
bacteria  ecologically play  vital roles, many 
studies have demonstrated the presence of N2 
fixing bacteria in termite gut that are capable 
of utilizing nitrogenous wastes excreted by 
termite and convert them into high-value 
N2 (Ohkuma, Noda, & Kudo, 1999). This 
review gathers a variety of information from 
various researches, which have been done 
on the isolation and diversity of N2 fixing 
bacteria in various termite species.

Termite Classification

Termites are classified into a few castes 
which comprise of queen, soldiers, workers, 
nymphs, and larvae (Kambhampati & 
Eggleton, 2000). Soldier class termites have 
the mandible, which is a jaw like structure 
on their heads that helps in protecting the 
colonies as shown in Figure 1 (Watanabe, 
Gotoh, Miura, & Maekawa, 2014; Watanabe 
& Maekawa, 2012).

Figure 1. The morphology of termites (worker and 
soldier): (a) The illustration of worker and soldier 
termite; (b) The mandible of soldier (right) and worker 
(left). Adapted from Watanabe et al. (2014)

According to the recent data, there are 
approximately 3106 species of termites. 
They are classified into 12 families which 
are further divided into 282 genera. From 
the 12 families, the lower temites’ families 
are Cratomastotermitidae, Mastotermitidae, 
Te r m o p s i d a e ,  A r c h o t e r m o p s i d a e , 
Hodo te rmi t i dae ,  S to lo t e rmi t i dae , 
Kalotermitidae, Archeorhinotermitidae, 
Stylotermitidae, Rhinotermitidae, and 
Serritermitidae whereas, the higher termites’ 
family is Termitidae (Krishna, Grimaldi, 
Krishna, & Engle, 2013; Kambhampati & 
Eggleton, 2000).

(a)

(b)

worker soldier
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Termite’s Gut Structure

Termite gut is divided into three parts: 
foregut, midgut, and hindgut. The internal 
structure of a termite gut is shown in Figure 
2. Termite’s hindgut is colonized by diverse 
microbial symbionts from three different 
domains which are flagellate protists, 

bacteria, and archaea (Ohkuma & Brune, 
2011). Lower termites’ gut is colonized 
by a diverse species of flagellated protists 
and prokaryotes whereas the gut of higher 
termite is colonized only by prokaryotes 
(Brune, 2006; Peterson & Scharf, 2016).

Figure 2. The internal structure of termite guts showing the foregut, midgut, and hindgut. Adapted and modified 
from Scharf, (2015)

Salivary 
gland

Foregut Midgut Hindgut
Symbiotic 

fauna

Termite’s Diet

Termites act as a decomposer where they 
feed on decaying and dead plant material 
with relatively high carbon to N2 ratio. They 
also consume fungi and soil-rich organic 
matter (Engel & Moran, 2013). Such a 
feeding habit of termites contributes to the 
balanced ecosystem (Freymann, Buitenwerf, 
Desouza, & Olff, 2008).

According to Inward, Beccaloni and 
Eggleton (2007), and Donovan, Eggleton 
and Bignell (2001), gut contents and 
morphology were used to classify termites’ 
feeding habits. Lower termites have simple 
gut and they feed on wood whereas, higher 
termites with complex gut feed on wood, 
grass, lichen, litter, epiphytes, and soil. 

Microbiota of Termite’s Gut

The complexity of termite gut leads to the 
presence of hundreds of phylotypes. Based 
on 16S rRNA studies, most of the species 
isolated from termite guts are novel. Those 
species are not environmental bacteria and, 
are specifically classified as termite gut 
specialists. Termites’ gut microbes possess 
mutualistic relationship with their host in 
several ways. For instance, gut microbes 
aids in lignocellulose digestion which 
leads to the production of acetate, a main 
carbon source for the termites. Besides, the 
microbes also supply N2 sources for the host 
(Breznak, Brill, Mertins, & Coppel, 1973; 
Odelson & Breznak, 1983). 
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About 90% of the termite’s hindgut is 
colonized by flagellates from the phylum 
Parabasalia that occupy the gut of lower 
termites (Ohkuma & Brune, 2011). The 
flagellates found in termites’ gut are unique 
and most of them cannot be found anywhere 
else (Brugerolle & Radek, 2006). Some 
of the flagellates such as Trichonympha 
sphaerica and Trichonympha termosidis 
remain uncultured. These two protists were 
isolated from the hindgut of Zootermopsis 
angusticollis (Tai, James, Perlman, & 
Keeling, 2013). There are also some 
protists associated with methanogens in 
termite gut. For instances, Microjoenia 
and Dinenympha are two different protists 
isolated from the termite Hodotermopsis 
sjoestedti. The flagellate Spirotrichonympha 
leidyi which was isolated from the gut of 
Coptotermes formosanus is associated with 
endosymbiotic methanogens (Hongoh & 
Ohkuma, 2011).

The gut of higher termites, especially 
soil-feeding termites of the family 
Termitidae, is colonized by a wide range 
of archaea. However, their presence is 
minute compared to bacteria (Brauman et 
al., 2001). At present, methanogens from 
the genus Methanobrevibacter and non-
methanogens like Thermoplasmoles and 
Crenarchaeota have been isolated from 
termite gut (Friedrich, Schmitt-Wagner, 
Lueders, & Brune, 2001; Leadbetter, Crosby, 
& Breznak, 1998).

The most abundant bacteria found 
in the gut of wood-feeding termites are 
Spirochaetes whereas, Bacteroideres are 
abundant in the gut of fungus-cultivating 

termites (Dietrich, Kohler, & Brune, 
2014; Hongoh, 2010). Several cellulolytic 
bacteria like Cellulomanas, Citrobacter 
and Enterobacter have also been isolated 
from the gut of termite (Upadhyaya et al., 
2012). Cellulolytic bacteria secrete the 
enzymes cellulose and hemicellulose to 
allow them to degrade the cellulose and 
hemicellulose materials (Lima et al., 2014). 
Dysgonomonas termitidis, a lignocellulose 
degrading bacteria, was isolated from the 
gut of the termite Reticulitermes speratus 
(Pramono, Sakamoto, Limo, Hongoh, & 
Ohkuma, 2015). A study conducted on 
the termite Odontotermes formosanus 
had successfully isolated nine different 
isolates with cellulolytic property. All 
the nine isolates were closely related to 
Bacillus cereus, Bacillus thuringiensis, 
Bacillus pumilus, Pseudomonas aeroginosa, 
Citrobacter freundii, Serratia marcescens, 
Salmonella enterica, Staphylococcus 
gallinaum, and Enterococcus casseliflavus 
(Kavitha, Vijayarani, & Kumanan, 2014). 
There are also some acetogenic bacteria in 
the termite gut. Most of them are from the 
phylum Firmicutes and genera Clostridium 
and Acetobacterium (Drake, Gobner, & 
Daniel, 2008).

N2 Fixing Bacteria in Termite Gut

Termites have a symbiotic relationship 
with microbes and play a vital role in N2 

fixation. Microbial fixation in termite gut 
is the main source of N2 for the termite 
colony (Vecherskii, Kostina, Gorlenko, 
Dobrovol’skaya, & Umarov, 2008). Several 
studies have proved the presence of N2 fixing 
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bacteria in the gut of various termite species. 
Several bacterial endosymbionts that have 
the ability to fix N2 have also been found 
in the gut of lower termites (Peterson & 
Scharf, 2006). Since termites grow well in 
nitrogen-poor diet, there are many types of 
symbiotic N2 fixing bacteria, living in the 
gut of termites (Masepohl et al., 2002).

In the study conducted by Doolittle, 
Raina, Lax and Boopathy (2008), Klebsiella 
pneumoniae was isolated from Coptotermes 
formosanus which was the Formosan 
subterranean termites (FST). N2 fixation 
assay which was done using basic salt media 
supplemented with NaMo and Fe2(SO4)3 
revealed that K. pneumonia was able to 
fix N2 anaerobically which contributes 
to the N2 source of FST. Apart from this, 
another study conducted by Potrikus and 
Breznak (1977), demonstrated the presence 
of Enterobacter agglomerans in the gut 
of C. formosanus and proved its ability to 
fix N2 through acetylene reduction assay. 
Inhibition of acetylene reduction by oxygen 
proved that E. agglomerans can only fix N2 
anaerobically.

Few studies have demonstrated the 
presence of N2 fixing bacteria in various 
Australian termite species. In order to 
confirm the presence of N2 fixation in 
Australian termite, French, Turner and 
Bradbury (1976) used three different 
termite species including Mastotermes 
darwiniensis, Nasititermes exitiosus, and 
Coptotermes zactues which were  obtained 
from mounds at Townsville, Seymour, 
and Canberra, respectively, to isolate and 
characterize N2 fixing bacteria from the 

hindgut. Using acetylene reduction assay 
(ARA), N2 fixation activity was discovered 
in all the isolates obtained from all three 
species. Based on 15N2 incorporation test, 
isolate from Mastotermes drawiniensis 
showed highest 15N2 incorporation. All 
the isolates obtained from this study were 
characterized as Citrobacter freundii. 
Another study was conducted by Eutick, 
O’Brien and Slaytor (1978), to isolate N2 
fixing bacteria from few species of Australian 
termites including Coptotermes lacteus, 
Coptotermes acinaciformis, Cryptotennes 
primus Hill, Mastotennes darwiniensis, 
Nasutitermes exitiosus, Nasutitermes walker, 
Nasutitermes graveolus, Heterotermes 
ferox, and Schedorhinotermes intermedius 
intermedius. Based on their morphological 
and biochemical characteristics, all the 
isolates were identified as Enterobacter spp.

Two facultative anaerobes, namely, 
Clostridium sp. and Klebsiella sp. with the 
ability to fix N2 have been isolated from 
Mactotermes sp., the fungus cultivating 
termite. In this study, N2 fixing bacteria 
were isolated from the gut of queen, soldier 
and worker termites. These bacteria were 
isolated using Hill’s medium and were 
characterized using Hino and Wilson 
medium (Gomathi, Ramalakshmi, & 
Ramasamy, 2005). This research showed 
that, compared to others, the amount of 
bacteria enumerated was highest in worker 
termites. Previously, Breznak et al. (1973), 
also discovered similar findings whereby, in 
worker termites fed with wood, the N2 fixing 
activity was higher, compared to the soldier 
termites. This was demonstrated using ARA.
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N2 Fixation Activity in Termite Guts

The distribution of sulfate reducing bacteria 
in termite gut was studied using various 
termite species that includes Mastotermes 
darwiniensis, Neotermes jouteli, Neotermes 
castaneus ,  Nasutitermes nigriceps , 
Zootermopsis angusticollis, Zootermopsis 
nevadensis ,  Kalotermes flavicollis , 
Heterotermes indocola, Reticulitermes 
santonensis, and Odontotermes obesus. A 
total of seven pure culture isolates were 
obtained in this study. Nitrogenase activity 
of those isolates was tested using ARA. 
All the isolates had the ability to fix N2 
which eventually provide N2 source for 
the termites. Based on biochemical and 
physiological characteristics, the seven 
isolates were identified as Desulfovibrio sp. 
(Kuhnigk et al., 1996). 

Several other researches were also 
conducted on the isolation of N2 fixing 
bacteria from termites. The isolates with 
N2 fixing ability which were isolated 
from various termite species have been 
tabulated in Table 1. These researches 
showed the variety of N2 fixing bacteria 
that occupy termites gut and form symbiotic 
relationship, which benefits both hosts and 
microorganisms.

Culture independent molecular method 
was used to study the expression of N2 
fixation genes in the gut microbiota of 
Neotermes koshunensis. As a primary 
screening, the worker larvae were tested 
for N2 fixation activity using ARA. The 
relationship between N2 fixation activity and 
quantity of mRNA was tested by feeding 
the termite with two different diets; filter 
paper with added N2 source and filter paper 

N2 Fixing Bacteria Host Reference
Klebsiella pneumoniae Coptotermes formosanus Doolittle et al., 2008
Enterobacter agglomerans Coptotermes formosanus Potrikus & Breznak, 1977

Citrobacter freundii
Mastotermes darwiniensis
Nasititermes exitiosus
Coptotermes zactues

French et al., 1976

Clostridium sp. 
Klebsiella sp. Mactotermes sp Gomathi et al., 2005

Enterobacter sp.

Coptotermes lacteus
Coptotermes acinaciformis
Cryptotennes primus Hill
Mastotennes darwiniensis
Nasutitermes graveolus
Heterotermes ferox
Schedorhinotermes intermedius intermedius

Eutick et al., 1978

Desulfovibrio sp. Mastotermes darwiniensis

Kuhnigk et al., 1996
Desulfovibrio desulfuricans Reticulitermes santonensis
Desulfovibrio termitidis Heterotermes indicola
Desulfovibrio sp. Odontotermes obesus

Table 1
N2 fixing bacteria isolated from various termite species
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without N2 source. The acetylene reduction 
activity was higher in termites fed with filter 
paper without any N2 source. Nitrogenase 
activity was reduced in termites fed with 
filter paper containing N2 source (Noda, 
Ohkuma, Usami, Horikoshi, & Kudo, 1999). 
This finding was similar to the experiment 
performed by another researcher using 
Coptotermes formosanus (Breznak et al., 
1973).

The N2 fixing activity was also studied 
by Desai and Brune (2012), to identify the 
presence of diazotrophs in four different 
termites,  Cryptotermes longicoll is , 
Incisitermes marginipennis, Neotermes 
castaneus and Kalotermes flavicollis which 
belong to genera Kalotermitidae. Termites 
were fed under two different diet conditions 
(wood and filter paper) followed by ARA 
to test nitrogenase activity. Although the 
termites were able to reduce acetylene in 
both conditions, the acetylene reduction 
activity was higher when termites were 
fed with filter paper compared to wood. 
PCR and RT-PCR were performed using 
universal primers IGK and YAA for hindgut 
homogenate of four termite species followed 
by creation of a clone library. Based on the 
clone library, it was revealed that the nifH 
homologous are diverse in hindgut of those 
termite species. Based on the phylogenetic 
analysis of nifH homologs, it was found 
that the gut of those termites is colonized by 
Treponema sp., Bacteriodales, and Azoarcus 
sp. All the nifH homologs obtained in this 
study were clustered into respective groups 
as referred to in the group nomenclature 
of Yamada, Inoue, Noda, Hongoh and 

Ohkuma (2007). The nifH homologs from 
hindgut of I. marginipennis and N. castaneus 
were clustered in group I and were closely 
related to Azoarcus strain BH72 and actively 
expressed. NifH homologs in group II were 
obtained from all three termites species 
except for I. marginipennis and had a close 
identity with anfH gene of Clostridium 
pasteurianum. Some homologs were related 
to Spirochaetes but not expressed. The 
nifH homologs in group III had a close 
relationship with A. pseudotrichonymphae 
and few homologs clustered together with 
Treponema azotonutricium where the nifH 
gene in both clusters was expressed.

In another study, lower termites of 
Reticulitermes speratus were used to 
investigate the diversity of nifH genes in 
their intestinal microbiota (Ohkuma et 
al., 1996). The DNA of mixed microbiota 
from termites’ hindgut was extracted and 
nifH gene was amplified using four primer 
combinations (KAD-GEM, KAD-YAA, 
IGK-GEM and IGK-YAA). Four clones, 
TDG, TDY, TKG and TKY were isolated 
respectively. A total of 27 nifH amino acid 
sequences were obtained from R. speratus 
and all the sequences were not similar to 
any of the published sequences in database. 
Phylogenetic analysis was performed using 
neighbor joining tree constructed using 25 
nifH sequences (Figure 3).  

Based on the phylogenetic tree, although 
most of nifH amino acid sequences from 
the termite group are closely related to the 
sequences of Clostridium pasterenium and 
also Desulfovibrio gigas and Chromatium 
buderi, there are no similarities between 
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Figure 3. Neighbor-joining relationship constructed using nifH amino acid sequences of 24 sequences from 
database and 25 sequences from termites. Two chlorophyll sequences were used as outgroups. The nifH 
fragments used correspond to 45‑153 amino acid residues of K. pneumoniae sequence. Scale bar 0.2 denotes 
substitutions of 20 nucleotides over 100 nucleotides. Numbers shown in the internal branches are the bootstrap 
values derived from 1000 replications when above 50% is shown at each node. Adapted from Ohkuma et al., 1996
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the nucleotide sequences of clones and C. 
pasterenium. The nifH sequence of clone 
TDG1 and TKY17 are grouped together in 
gamma subclass of proteobacteria which 
includes Azotobacter sp., Vibrio sp. and 
Klebsiella sp. The sequence of TDY3 is 
clustered with C. buderi and D. gigas. The 
sequences of other clones are distantly 
related to the sequences obtained from 
database and they formed their own clusters 
(Ohkuma et al., 1996). There are also many 
copies of nifH sequence in one single 
organism due to the presence of many nifH 
genes like alternative nitrogenase genes. 
Although a few sequences were obtained 
from the same organism, there is a unique 
diversity among them.

P r e v i o u s  s t u d y  p r o v e d  t h a t 
Reticulitermes speratus was contributed by 
N2 source through N2 fixation of microbes in 
its gut (Ohkuma et al., 1996). Likewise, the 
diversity of N2 fixing microbes in intestinal 
microflora of Reticulitermes chinensis 
Synder were studied using the culture 
independent method. Primary screening 
was done using nifH gene amplification 
with few primers combinations (IGK–
YAA, IGK–GEM, KAD–YAA, and KAD–
GEM). From 63 clones, six chimeric 
sequences, and several similar sequences 
were eliminated. About 34 sequences were 
used for phylogenetic analysis. About 20 
nifH sequences clustered together which 
were true functional nifH and 17 of them 
had a close relationship with Clostridium sp. 
with the similarity of 75‑88%. One sequence 
had a higher relationship with a spirochetes, 
Treponema primitia ZAS-2, one sequence  

had  95% similarity with Candidatus 
Azobacteroides pseudotrichonymphae 
genomovar, CFP2 which is endosymbionts 
of Coptotermes formasanus. One more 
sequence is related to D. vulgaris. Another 
14 nifH sequences are clustered together 
into alternative nitrogenases groups where 
six of them are related to proteobacteria, 
Rhodospirillum rubrum. Five sequences 
having higher similarity with spirochetes 
were obtained from Z. angusticollis. 
Besides, another three sequences are related 
to Methanosarcina barkeri. Although 
nitrogenase activity was not performed for 
all the isolates obtained from this study, 
there are diverse groups of N2 fixer in the 
intestinal microbiota of R. chinensis (Du et 
al., 2012).

The microaerophilic nature of Termite 
Associated Verrucomicrobium 2 (TAV2) 
was studied by Isanapong et al. (2013). 
Through proteomic and transcriptome 
method, the genes and proteins  expressed 
in different oxygen, O2, concentration were 
identified. This study revealed the presence 
of peptides corresponding to nifH genes 
in the cells which were grown at 2% O2 
concentration. This indicates that TAV2 
is involved in the BNF and contributes to 
the metabolism of microbial community 
in the gut of termites. In another study, the 
N2 fixation activity of TAV2 was confirmed 
through genomic analysis. The TIGRFAM 
and Pfam protein family databases were 
used to perform protein model comparisons. 
In addition, Kyoto Encyclopedia (KEGG) 
and Clusters of Orthologous Groups (COG) 
databases were also used to justify the 
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presence of N2 fixing activity. Based on the 
results obtained, the presence of nifHDK 
and anfHDGK operons in TAV2 was 
confirmed (Wertz, Kim, Breznak, Schmidt, 
& Rodrigues, 2012).

Other than that, the ability of symbiotic 
N2 fixation in fungus growing termites was 
tested using ARA. Two termite species, 
Mactotermes natalensis and Odontotermes 
badius were used in this study. The study 
revealed that there was a positive acetylene 
reduction activity in live termites of those 
two termite species and not in the fungus 
comb. This indicated the presence of N2 fixer 
in termite guts. The fixation was higher in 
worker than in soldier in both the species 
(Sapountzis et al., 2016).

N2 Fixing Bacteria and NifH Gene

NifH gene is responsible for N2 fixation 
and used as identification marker to detect 
the presence of N2 fixing microbes (Zehr, 
Jenkins, Short, & Steward, 2003). The 
genome of spirochetes strains ZAS-1, 
ZAS-2, and ZAS-9 were examined in the 
previous study to check for the presence of 
nifH gene and the ability to fix N2 (Noda, 
Ohkuma, & Kudo, 2002). The study showed 
the presence of two nifH homologs in each 
strain. 

Study conducted on Spirochaeta 
aurantia, Spirochaeta zuelzerae, and 
treponeme ZAS-9 showed their ability to 
fix N2 due to the presence of nifH gene 
(Hongoh, Ohkuma, & Kudo, 2003; Lilburn 
et al., 2001). The ZAS-strain which belongs 
to Treponema sp. isolated from the gut 

of Zootermopsis angusticollis has two 
homologous nifH genes with nitrogenase 
activity (Hongoh et al., 2003). Apart from 
this, the nifH gene was also found in the 
bacteria isolated from Hodotermopsis 
sjostedti and Zootermopsis nevadensis. 

In another study, Endobacterium 
proavitum strain Rsa215 was isolated from 
Reticultitermes santonensis (Rsa) and 
Zootermopsis nevadensis and was tested for 
the ability to fix N2. This strain contains a 
single gene cluster encode for nitrogenase. 
The phylogenetic analysis of nifD, nifK, and 
nifH demonstrated that Rsa215 has group 
IV nitrogenase. The group IV nitrogenase 
gene is known as nif-like gene with some 
of these genes involved in N2 fixation. 
Endobacterium proavitum has a single set 
of nifHDK genes which are functional in N2 
fixation (Zheng, Dietrich, Radek, & Brune, 
2016).

  According to Noda et al. (2002), a 
strong N2 fixation activity had been shown 
by C. formosanus in Japan. The culture 
independent studies of nifH gene show 
that there are diverse species of microbes 
such as spirochetes, clostridia, archaea, 
and proteobacteria which are able to fix N2 
available in the gut of C. formosanus. 

Besides,  the termite Neotermes 
koshunensis has abundant nifH genes in its 
gut and it possesses high N2 fixation activity 
(Noda et al., 1999). There is also potential 
N2 fixer which has symbiotic interaction in 
the gut of Reticulitermes chinensis. This 
was demonstrated from the phylogenetic 
analysis of the clones of nifH gene isolated 
from R. chinensis (Du et al., 2012).
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Role of Metagenomic Technologies in 
Studying the N2 Fixing Bacteria

In termites, gut consortium play direct roles 
in N2 fixation, amino acid biosynthesis 
and lignocellulose digestion. However, a 
majority of gut microbes are unculturable 
thus molecular methods such as single-
species-targeting metagenomics analysis 
and other omics approaches are crucial in 
capturing and revealing the diversity of 
the termite’s gut microbe. Metagenomics 
studies employing bacterial 16S rRNA 
sequences have been used to catalog bacteria 
and archaea in termites (Do et al., 2014; 
He et al., 2013; Peter & Scharf, 2016; 
Rajarapu, Shreve, Bhide, Thimmapuram, 
& Scharf, 2015; Tartar et al., 2009). Large 
metagenomic dataset will allow in-depth 
analysis of microbial functions and could 
offer resources for advancing integrative 
sociogeomic, digestomic, and termitosphere 
in order to better understand the intricate 
symbiotic relationships between termites 
and their gut microbes. Overall, six main 
bacterial phyla are represented across higher 
and lower termites, namely Bacteroides, 
Firmicutes, Sphirochetes Proteobacteria, 
Fibrobacteres, and Elusimicrobia (Brune, 
2014). Metagenomic study on wood and 
soil-feeding higher termites revealed 
that community structure and functional 
potential of microbes in gut compartments 
are determined by digestive approach of 
the host (Rossmaler et al., 2015). Omics 
science collectively catalog, enumerate, 
and illustrate biological molecules that 
transform into organization, function, 

and life processes of an organism. Omics 
research has also provided advances in 
understanding symbiotic roles of individual 
microbial species. Currently, 82 termite 
species have been studied using several 
omics methods, with bigger representation 
by lower (72%) compared to higher termites 
(28%). 

Recently, studies on metatranscriptome 
using ribodepletive strategy on lower termite 
Reticulitermes flavipes substantiate earlier 
discoveries of physiological contribution 
of bacteria with regard to biosynthesis, 
catabolism, and transport of major organic 
molecules and ions (Peterson & Scharf, 
2016). The existence of N2 metabolism 
genes like nitrogenase, nitroreductases, 
and ureases for N2 recycling and fixation 
in lower termites gut bacteria were also 
identified through genome sequencing 
(Hongoh et al., 2008; Inoue et al., 2015). 

Metagenomic approach is an important 
tool to uncover the diversity of uncultured 
N2 fixing microbes associated with termites’ 
gut. Currently, metagenomic studies focusing 
on N2 fixing ability of guts microbiome 
utilizing gene encoding nitrogenase enzyme, 
nifH are still lacking as many studies 
focus more on lignocellulase and xylanase 
screening from genome sequence compared 
to N2 metabolism (Bastien et al., 2013;  Liu 
et al., 2013). Although the nature of N2 
fixation in termites is still in the dark, they 
deserve attention because of their potential 
influence on N2 metabolism in tropical soil. 
By uncovering the diversity of N2 fixing 
bacteria in termite gut through metagenomic 
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and other omics study, we might uncover a 
unique and exceptional N2 fixer that could be 
incorporated into soil and plant to promote 
plant growth.

CONCLUSION

The main source of N2 for termites is 
from the microbial fixation of N2. There 
is an abundance of microbes in the gut 
of various termite species which help in 
N2 fixation. They are detected by looking 
at the presence of N2 fixing genes, most 
commonly nitrogenase encoded by nifH. 
The importance of N2 fixation in termite 
should be analyzed further using other 
housekeeping genes, for instance, other 
nif genes and fix genes that are involved 
in N2 fixation. The importance of N2 fixing 
genes should be emphasized because 
those genes can be manipulated to provide 
significant impact on agriculture since 
N2 fixing bacteria have the potential to 
increase plant productivity. The bacteria 
can be released into plants as free living 
bacteria. If there is significant improvement 
in the plants’ nutrients, the nifH gene from 
these bacteria can be manipulated and 
incorporated into non-leguminous crops 
for better conversion of N2 gas. At the same 
time it may reduce contamination caused by 
chemical fertilizers.
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ABSTRACT

Wheat is one of the important cereal crops in the world and is the main staple food for 
many. Among the different environmental stresses, drought is the most critical threatening 
wheat productivity worldwide. This study evaluated and classified morphological and 
physiological characteristics of wheat genotypes in two non-stress and drought-stress 
conditions. A field study was conducted at the Research Station of Agricultural Faculty of 
Islamic Azad University of Tabriz, Iran between 2012 and 2013. Thirty wheat genotypes 
with six replications were sown in a randomised complete block design. As indicated in 
the results analysis of variance, the studied genotypes were genetically different in all 
characteristics. The grain yield had positive correlation with straw yield, harvest index, 
and biological yield Based on factor analysis, in the non-stressed condition, the first factor 
was referred to as yield, and in the stressed condition, the first factor was called  yield 
components. To classify genotypes, cluster analysis was performed on the Ward method. 
The results of the analysis were divided into three groups in non-stressed experiment 
genotypes while in stress experiment genotypes, they were divided into four groups. 
Considering the cluster analysis, the first group was presented as the optimal one in the 
non-stress condition. The results indicated that in order to obtain the desirable grain yield, 
we can increase most of the traits with positive and significant correlations with the yield.

Keywords: Cluster analysis, water regimes, wheat 

genotypes, yield 
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INTRODUCTION

Cereals are considered the most significant 
source of calories for human beings 
(Daryanto, 2016). Although cereals are 
considered a staple food for many, drought 
reduces more than 50% of the crop (Amiri 
et al., 2014). It is also used as a main 
source of straw for animal nourishment 
(Salwa & Osama, 2014). The global wheat 
production was about 735.23 million tonnes 
in 2016 (FAO, 2016). In many semi-arid 
environments, the relative humidity at the 
beginning of growing season is at the highest 
level and with increasing temperature, the 
amount of rainfall decreases. In these 
regions, wheat grain filling duration is 
simultaneous with water shortage and 
increased evaporation of soil surface; Thus, 
the yield is reduced (Heyne, 1987). Iran, 
with an annual average precipitation of 240 
mm, is located in the semi-arid and arid 
areas of the world. In Iran, most farmers 
do not get a desirable result from planting 
water-expecting cultivars due to inadequate 
water in terms of assigning late-season 
irrigation to summer farming. Consequently, 
wheat farming results in the late-season 
drought stress. Therefore, to obtain and 
introduce cultivars capable of producing 
greater and reliable yields, managing normal 
and late-season drought stress is important 
(Koocheki et al., 2014). In arid and semi-
arid regions, drought stress is one of the 
most important factors limiting agricultural 
production (Mollasadeghi et al., 2011). 

Drought stress in different stages of 
wheat growth reduces grain yield, harvest 
index, biological yield, and grain yield 

components (Araus et al., 2003). A marked 
effect of humidity stress is shorter plants, 
which occurs as the result of a decrease in 
distances between internodes. Decrease in 
the height of plants and internodes occur 
due to drought stress usually before the 
emergence of spikes but would rarely be 
affected after that (Annicchiarico et al., 
2000). 

Zaefyzadeh et al. (2009) classified 13 
wheat genotypes into three clusters using 
the Ward method in drought stress. Poudel 
et al. (2017) were categorised the clusters 
in into two groups in stress environment: 
Group A and Group B. Cluster 1, Cluster 
2, Cluster 3 and Cluster 4 are included 
in Group A, while Group B consists of 
only one cluster, Cluster 5. Grain yield 
is a complex multi-component property 
which undergoes different environmental 
conditions. Different morphological and 
physiological characters contribute to grain 
yield (Naghavi & Khalili, 2017). Zi-Zhenali 
et al. (2004) indicated the number of spikes 
per unit area along with the number of 
grains per spike was considered as the main 
determining factor. However, the number of 
spikes per unit area has a negative influence 
on the number of grains per spike. Samarah 
(2005) had reported decreased grain yield 
under the drought stress condition as a 
result of decreased 1000-grain weight, the 
number of tillers, and the number of spikes 
and grains in the plant. He reported drought 
stress reduces grain yield by decreasing 
the number of grains per spike. Intense 
drought in pre-pollination stages decreases 
the number of spikes and spikelets, making 
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the remaining spikelets fertile. In addition, 
the duration of this stage and acceleration of 
aging, as well as the period of grain filling 
in the later development stages are reduced 
by the drought stress in the flowering stage 
(Shepherd et al., 2002).

Slafer and Araus (1998) showed that 
if the late-season drought threatened crop 
growth, cultivars and lines capable of turning 
the vegetative to the generative stage—
when more usable moisture is available in 
soil—led to a higher harvest index and grain 
yield, because they had more opportunity to 
use moisture stored in the soil prior to the 
late-season drought. By analysing wheat 
resistance to drought, it was found under 
adequate moisture conditions in the soil, the 
number of grains in spike and 1000-grain 
weight were among the influential factors. 
It was suggested that these two traits should 
be underlined in selecting cultivars for 
cropping in regions with limited water. 
In a study on wheat, Sio-Se Mardeh et al. 
(2006) indicated that grain yield under non-
stress conditions was inversely correlated 
with that under stress conditions. On that 
basis, it was concluded that high yield 
in desirable irrigation conditions did not 
necessarily result in improved yield under 
stress conditions. They also expressed that 
under stress conditions, the potential gene 
expression is decreased. Thus, the genetic 
progress rate becomes higher in the non-
stress than the stress condition. Therefore, 
that selection based on genotype yields 
in the stress condition is only suitable 
for that, but selection based on genotype 
yields in the non-stressed condition may 

be adopted to either condition. This study 
aims to investigate the relationships between 
different traits in non-stressed and drought-
stressed conditions and to identify the 
effective factors in the genetic improvement 
of yield.

MATERIALS AND METHODS

This research was conducted between 
2012 and 2013 at the Research Station 
of Agricultural Faculty of Islamic Azad 
University of Tabriz, Iran (longitude 46°17´ 
east, latitude 38°5´ north, and altitude 
1364 m above sea level). In this study, 30 
wheat genotypes were tested. The cultivars 
were provided by the Corn Research 
Department, Centre for Agricultural and 
Natural Resources, East Azerbaijan Province 
(Table 1).

The experiment was conducted in 
a randomised complete block with six 
replications, three for non-stressed and three 
for drought-stressed conditions, separately 
and simultaneously. Surface irrigation was 
performed. That is, the usual irrigation 
treatment was performed until the late-
season growing based on the water needs 
of plants. Irrigational stress treatment was 
performed until the early heading stage 
as necessary. Then, stress irrigation was 
performed in three stages. The first irrigation 
of the stress treatment was performed after 
the stem elongation stage and the plants 
were under stress in the heading stage. 
Twenty days after the first irrigation, the 
second irrigation of the stress treatment 
was conducted while the third irrigation 
was performed 34 days after the second 
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irrigation. Starting from mid-April 2013, 
drought stress was applied to encourage 
natal growth. The land preparation operation 
included single ploughing with mouldboard 
ploughshare and a single use of a disk and 
a trowel. Seeds of each genotype were 
sown in two-metre lines with 20 cm line 
distances. Planting and weeding were done 

mechanically. Since the studied genotypes 
were taken from wheat planted during 
winter, mid-October was considered as 
the planting date. Information related to 
temperature and rainfall was obtained from 
the Iran Meteorology Organization, Tabriz 
(Table 2).

Table 1
 Wheat genotypes used in this study

Number Pedigree Origin
1 Seri/Avd/3/Rsh/Afn/4/jup/Bjy/Kauz Iran
2 Yan 7578. 128//Chill/2*Star Iran
3 Shi# 4414/Crow"s"//Kvz Iran
4 Merual/4/Bloudan/3/Bb/7c*2/Y50E/Kal*3/5/shiroodi Iran
5 Bloudan/3/Bb/7C*2//Y50e/3*Kal/4/MV 17 Iran
6 Gaspard/Attila Iran
7 Tbs/Flt/3/Evwy2/Azd/Rsh*2/10120/4/M-75-7 Iran
8 1-66-22/5/1-66-31/4/Anza/3/Pi/Nar/Hyz/6/M-75-7 Iran
9 Alvand//Aldan/las58 Iran
10 Attila (CM85836-50Y-0M-0Y-3M-0Y) Iran
11 Sha/Chil Iran
12 Hereward/Siren/5/Gov/Az/Mus/3/DoDo/4/Bow Iran
13 Owl*2/Shiroodi Iran
14 Alondra"s" Iran
15 Bilinmiyan96.40 Iran
16 Fr3*/MM/Mt-Y50//Rsh Iran
17 200H/Vfn//Rsh Iran
18 Kal/Bb//Cj"s"/3/Hork"s"/4/Gascogne Iran
19 Bhr*5/Aga//Sni/3/Trk13/4/Drc Iran
20 Gascogne/3/Nai60/Hn7//sy Iran
21 Emu"s"/Tjb84-1543//1-27-7876/Cndr/3/ Azd//Tob/Chb Iran
22 Dove"s"/Buc"s"//2*Darab Iran
23 Maya"s"/Nac Iran
24 Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi Iran
25 Choti/Lerma Iran
26 Alvd/Aldan”s”/las58/4/Kal/Bb/Cj”s”/3/Hork”s” Iran
27 Mv22-77Stepphon/3/mon"s"/Imu"s"//Falka/4/Zarrin Iran
28 Appolo/4/Seri/Avd/3/Rsh//Ska/Afn/5/Pyn/Bau Iran
29 4820/1-32-15409//Mexp Iran
30 Omid/H7/4/839/3/Omid/Tdo/5/Kal/Bb/Cj”s”/Hork”s” Iran
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In each row, 10 plants were randomly 
labelled and each studied for the number of 
grains per spike, straw yield, grain-filling 
duration, harvest index, 1000-grain weight, 
peduncle length, and days to physiological 
maturity, biological yield, and the number 
of fertile spikelets per spike, spike length, 
plant height, and grain yield were noted. In 
order to understand the relationship between 
the traits better, the correlation coefficients 
between all traits were measured and their 
significance at 5 and 1 percent probability 
levels was studied in each test. Factor 
analysis was done based on the analysis 
method for main components and varimax 
rotation on the data in either condition. The 
analysis method for the main components 
was used to extract load factor matrices, as 
well as estimate the number of factors. On 
that basis, the factors with characteristic 

root>1 were selected, and factor coefficients 
were employed for matrix formation. In this 
study, the cluster analysis with the Ward 
method was also used to classify genotypes. 
Data was subjected to statistical analysis 
using SAS and SPSS software. Analysis of 
variance and correlation coefficient were 
performed using SAS software and factor 
analysis and cluster analysis using SPSS 
software.

RESULTS AND DISCUSSION

Based on the results shown in Table 3, 
there was a significant difference between 
two non-stressed and drought stressed 
experimental conditions in terms of all the 
measured traits at 1% probability level, 
indicating the changed value of the studied 
traits and the effect they have received from 
the environmental test results.

Table 2
Meteorological statistics during 2010-2013 in Tabriz, Iran

Total monthly rainfall Mean monthly temperature
2010 2011 2012 2013 2010 2011 2012 2013

Jan 11.9 8.5 25.1 36.7 3.7 -1.2 -0.5 0.4
Feb 35.1 19.3 6.4 43.8 4.5 1.1 -0.3 3.8
Mar 20.4 41.9 20 9.6 8.8 5.9 2.8 8
Arp 51.2 83.2 35.6 47.3 12.2 12.3 13.6 13.3
May 38.5 50.3 22.2 39.5 17 17.2 19.1 16.6
Jun 6.9 0.7 15.8 7.8 25.3 23.8 23.8 23
Jul 0.4 11.4 14.9 4.5 28.1 28 25.8 26.4
Aug 10 4.5 0 0 26.7 25.6 28.3 25.3
Sep 2.4 16.1 5.1 0.4 23.8 21.3 21.7 21.8
Oct 6.9 15 9.2 7.6 16.6 13.2 16 13.2
Nov 0 23.8 20.2 47.4 8.2 1.8 8.8 8.3
Dec 0.3 7.6 42.8 18 3.7 -1.3 2 -5.8
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There was a positive and significant 
correlation between the number of fertile 
spikelets per spike and grains per spike 
(Table 4). 

The correlation between the number of 
fertile spikelets per spike and 1000-grain 
weight was positive and significant. There 
is a positive and significant correlation 
between plant height and biological yield. 
In this study, it was observed that, there 
was a positive and significant correlation 
between grain yield and the harvest index. 
Ali et al. (2008) reported similar results 
for the correlation between the number of 
fertile spikelets per spike and grains per 
spike. The flowering stage is one of the 
most drought-stress-sensitive stages of 
wheat life. At this time, water deficit causes 
a lack of insemination and infertility of 
flower spikes. Also, some of the vaccinated 
ovules are stillborn as a result of drought 
stress, and consequently, the number of 
grains per spike decreases. In the pollination 
stage, stress causes infertile pollen grains, 
disrupted current photosynthesis, and 
transmission of stored materials to grains, 
which is a reason for a reduced number 
of grains per spike (Wang et al., 2001). 
While studying 25 local wheat varieties, 
Nawaz et al. (2013) observed a positive 
correlation between the number of fertile 
spikelets per spike and 1000-grain weight. 
Marc et al. (1985) reported that drought 
stress after the flowering stage reduces 
the number of grain endosperm cells in 
the base, and finally reduced grain weight. 
Drought stress after flowering reduces grain 
weight, which shortens the duration of 

grain filling. In order to deal with drought 
stress and to prevent excessive wastage 
of water, the plant closes the stomata to 
reduce photosynthesis and assimilates for 
grain-filling. This, in turn, reduces the mean 
weight per grain. Mursalova et al. (2015) 
indicated a positive significant correlation 
between plant height and biological yield. 
In cultivars with greater plant height, 
the amount of production, especially in 
the later growing stages, depended on 
the transmission power of assimilates. 
Genotypes with greater plant height show 
increased biological yield (Nasri et al., 
2014). Bisht et al. (2017) reported a non-
correlation between grain yield and harvest 
index. Increasing the harvest index in case 
of sufficient photosynthetic organs led to 
increased grain yield, because at the end of 
the plant growth period, a large amount of 
photosynthetic material produced during the 
growth period entered the seeds. Duggan 
and Fowler (2006) observed in a study 
that in a drought-stress condition, two 
factors—the number of grains per spike 
and grain weight—played a significant 
role in the formation of grain yield. But 
in a favourable moisture condition, grain 
weight did not significantly influence 
grain yield. When 50% of the spikelets 
in a spike were removed artificially, the 
grain weight increased under humid stress, 
finally resulting in increased grain yield. But 
under non-stress conditions, these were not 
observed. That is, in stress and complete 
irrigation conditions, there were source and 
sink limitations respectively.
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In factor analysis, considering that 
Eigen values were higher than 1, and factor 
coefficients were higher than 67%, four 

factors were identified for non-stressed and 
drought-stressed conditions (Table 5).

Felenji et al. (2011) identified three 
factors through factorial analysis based 
on the main components, which explained 
that 80.01% of the total data variants 
of the whole, at the first factor (yield), 
had contributed most to this explanation 
(33.3%). In non-stressed conditions, four 
factors explained 81% of the total data 
variants. The first factor, showing the 
greatest contribution (22.1%) of data 
variants, has significant positive coefficients 
for biological yield, straw yield, and grain 
yield. With respect to the existing traits in 

this group, this factor can be called the yield 
factor. Since this factor involves yield, it can 
be considered as the most important and 
valuable factor. The second factor explains 
21.7% of data variants, which have higher 
coefficients for factors such as spike length, 
the number of fertile spikelets per spike, and 
the number of grains per spike, which can 
be called the grain yield component factor. 
The third factor, with an explanation for 
21% of the total variance, has a positive 
significant factor coefficient for traits, such 
as grain-filling duration, 1000-grain weight, 

Table 5
 Factor analysis for different agronomic characteristics of wheat genotypes in non-stressed and drought 
stressed conditions

  Non-stress Drought stress

  Factor 
1

Factor 
2

Factor 
3

Factor 
4

Factor 
1

Factor 
2

Factor 
3

Factor 
4

Grain per spike 0.20 0.87 0.13 0.10 0.91 0.07 0.16 -0.01
Straw yield 0.92 0.06 -0.28 0.22 0.17 0.38 0.83 -0.07
Grain filling duration 0.04 -0.01 0.97 -0.13 -0.24 -0.19 0.11 0.89
Harvest index -0.18 0.40 0.86 0.01 -0.30 -0.34 0.12 0.04
1000 grain weight -0.17 -0.33 0.77 0.14 -0.31 -0.30 0.15 0.21
Peduncle length 0.15 0.18 0.03 0.94 -0.01 0.85 0.19 -0.08
Physiological maturity 0.35 0.24 0.40 -0.02 0.24 0.10 -0.23 0.83
Biological yield 0.93 0.21 -0.01 0.26 0.08 0.27 0.94 -0.06
Fertile spikelets per spike 0.20 0.86 -0.2 0.08 0.88 0.13 0.15 -0.05
Spike length 0.07 0.72 0.22 0.31 0.74 0.21 0.19 0.25
Plant height 0.35 0.16 -0.10 0.87 0.34 0.82 0.20 0.04
Grain yield 0.88 0.31 0.43 0.24 -0.15 -0.30 0.91 0.01
Eigen value 2.70 2.60 2.50 1.90 2.80 2.70 2.70 1.60
Variance 22.11 21.65 21 16.24 23.31 22.47 22.20 13.39
Component variance 22.11 43.76 64.76 81 23.31 45.78 67.97 81.36
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and harvest index. It was named as a factor 
affecting grain weight and harvest index. 
In the fourth factor which involves 16.2% 
of the variants, the coefficients for plant 
height and peduncle length is high. Thus, it 
can be called an effective factor for height. 
The choice of every factor would lead to 
the selection of studied lines and cultivars 
on the basis of critical sub-traits in every 
trait. Under limited irrigation conditions, 
four main factors extracted from factor 
analysis explained 81.4% of all variants 
(Table 4). In the drought-stress experiment, 
the first factor that involves the biggest 
part (23.3%) of data variants has positive 
and greater coefficients for the following 
traits: spike length, the number of fertile 
spikelets per spike, and the number of 
grains per spike. Therefore, this factor can 
be represented as the components of grain 
yield. The second factor, involving 22.5% of 
variations, had great coefficients for traits, 
such as plant height and peduncle length. 
So, it can be called the influential factor for 
height. Thus, selecting and breeding based 
on these factors increase plant height, and 
as a result, leads to resistance to drought 
and earliness. By explaining 22.2% of the 
total variance, the third factor was affected 
by positive biological yield, straw yield, 
and grain yield, and it was introduced as 
an effective factor on yield. Traits such 
as the days to physiological maturity and 
grain-filling duration also had positive 
and significant load factors in the fourth 
factor, which explained 13.4% of the total 
variations. The fourth factor was related 
to plant phenology. Hence, these factors 

can be a good means of classification 
between lines and cultivars. With respect 
to the results from factor analysis under 
both non-stressed and stressed conditions, 
it can be seen the arrangement manner of 
traits in any factor is highly similar to each 
other. For example, in either conditions, 
traits such as plant height, peduncle height, 
biological yield, straw yield, and grain yield 
were located in the same factor, implying a 
significant correlation between these traits. 
This was also true for most traits within the 
same factor. 

The results obtained from cluster 
analysis were used as a criterion for 
similarity through the Ward method using 
the Euclidean distance. They were divided 
into three groups in non-stressed drought 
experiments of genotypes (Figure 1).

As shown, peduncle length and plant 
height in the first group were greater than 
other groups (Table 6).

Slafer and Savin (1994) reported 
the influential role of peduncle length in 
improving yield, as cultivars with a taller 
peduncle length had greater stored and 
grain-transferable carbohydrates than those 
with a shorter length. The genotypes of this 
group had a good yield due to the maximal 
value for traits, such as straw, biological, and 
grain yields. The second group showed the 
earliest maturing genotypes due to the least 
number of days for physiological maturity, 
which was very important in breeding 
investigations. The results of cluster analysis 
in drought-stressed experiments divided the 
genotypes into four groups (Figure 2).
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Considering the genotypes in the first 
group, the values of these cultivars are the 
highest in terms of traits, such as peduncle 
length and plant height (Table 7). 

In this group, straw yield, biological 
yield, and grain yield have the maximum 
values. This group is superior to other 

groups in terms of yield. On the other hand, 
the first group showed the lowest value 
among all groups in terms of the number 
of days to physiological maturity. Hence, 
the genotypes in this group are among 
the earliest maturing ones. Therefore, this 
group is introduced as the best of all groups 

Figure 1. Grouping wheat genotypes based on all characteristics obtained from cluster analysis in non-
stressed condition

Table 6
Comparison of groups between cluster analysis of wheat genotypes in non-stressed condition

  Cluster 1 Cluster 2 Cluster 3 Total average
Grain per spike 50.47 38.97 38.79 42.74
Straw yield 12.33 11.31 9.17 10.94
Grain filling duration 44.23 38.3 42.75 41.76
Harvest index 42.84 33.72 39.26 38.61
1000 grain weight 40.95 35.58 43.47 36.99
Peduncle length 44.25 41.79 38.95 41.66
Physiological maturity 275.71 268.81 272.79 272.44
Biological yield 18.23 15.95 13.9 16.03
Fertile spikelets per spike 17.37 16.99 15.7 16.69
Spike length 12.02 9.97 9.66 10.55
Plant height 110.03 106.27 96.68 104.33
Grain yield 8.02 5.72 5.82 6.52
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because of the genotypes’ greater peduncle 
length, plant height, and higher yield as well 
as their earliness, and not facing late-season 
drought stress, which Mitra (2001) termed 
‘drought escape’. Since early-maturity 
cultivars enter the generative stage in more 
favourable conditions, they could avoid 

warming and late-season moisture tensions, 
and thus, had more yield resistance, while 
late-maturing cultivars suffered severe 
damages during water shortage due to late-
season warming with much more need for 
water consumption. 

Figure 2. Grouping wheat genotypes based on characteristics obtained from cluster analysis in a drought-
stressed condition

Table 7
Comparison of groups between cluster analysis of wheat genotypes in drought stressed condition

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total  average
Grain per spike 37.81 34.21 31.61 34.93 34.64
Straw yield 8.59 7.62 6.68 5.16 7.01
Grain filling duration 23.28 25.73 27.29 23.65 24.99
Harvest index 28.26 27.01 33.26 31.8 30.08
1000 grain weight 21.56 20.22 26.51 22.96 22.81
Peduncle length 42.71 39.25 35.24 32.92 37.53
Physiological maturity 248.55 259.54 256.8 257.52 255.6
Biological yield 10.28 9.81 9.19 6.85 9.03
Fertile spikelets per spike 15.69 15.63 14.02 16.11 15.36
Spike length 9.23 8.81 8.47 8.7 8.8
Plant height 104.34 94.05 85.24 84.97 92.15
Grain yield 4.49 3.28 3.61 2.79 3.54
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CONCLUSION

The results of analysis of variance for the 
evaluated genotypes was highly varied in 
terms of their significance. The analysis of 
correlation coefficients proved that increased 
biological yield, straw yield, and harvest 
index culminated in genetic improvement of 
plant grain. Regarding factor analysis under 
two irrigation regimes, it can be concluded 
four factors are responsible for most 
variations in this study. In cluster analysis 
through the Ward method, genotypes were 
divided into four and three groups in and 
drought-stress and non-stress conditions, 
respectively. In non-stress conditions, the 
current superior traits could be used in group 
1 and 2, and the first group can be introduced 
as the superior group in stress conditions 
because of its high yield and grain earliness.
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ABSTRACT 

Propolis produced by a stingless bee (Geniotrigona spp.), commonly known as “Kelulut” 
in Malaysia, is known to possess various medicinal values. It is a resinous product that is 
used to build the beehives. Chemical constituents of propolis differ and depend on many 
factors such as regions and species. To date, the study of the chemical constituents of 
Geniotrigona thoracica propolis from Malaysia is still lacking. Hence, this study report 
the chemical constituents from Malaysian G. thoracica propolis collected from Kota 
Bharu, Kelantan, Malaysia. The ethanolic extract of propolis (EEP) was derivatized and 
analyzed by gas chromatography–mass spectrometry (GCMS). The compounds were later 
identified by library searching Wiley 275 and NIST 02 mass spectral databases. Out of the 
48 individual compounds identified, 30 compounds were identified for the first time from 
propolis. The main class group compounds were phenolic compounds and terpenoids. 
1H-Pyrrole-2-carboxylic acid, 1-(2-hydroxy-2-phenylethyl) and fren-9(11)-en-2.alpha.-ol 
were the main identified phenolic compound and terpenoid, respectively.

Keywords: GCMS, Geniotrigona thoracica, Malaysian propolis

INTRODUCTION

Stingless bees belong to the former 
genus Trigona with many subgenera 
that have been elevated to generic status 
such as Geniotrigona, Heterotrigona, 
Lepidotrigona, Lisotrigona, and Tetragonula 
(Michener, 2000). They are commonly 
known as “Kelulut” in Malaysia. These 
bees can be commercially reared and 
stingless bee keeping industry in Malaysia 
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has increased drastically in the last 6 
years. Currently there are more than 1000 
registered farmers nationwide (Harun et al., 
2015). In Malaysia, five species of stingless 
bees have been recorded so far (Kelly, 
Farisya, Kumara, & Marcela, 2014). They 
are Geniotrigona thoracica, Heterotrigona 
itama, Lepidotrigona terminata, Lisotrigona 
scintillans, and Tetragonula laeviceps. 
However, stingless bee keeping in Malaysia 
is limited to G. thoracica and H. itama.

Stingless bees can provide a lot of 
propolis per hive compared to honeybees 
(Apis spp.). Propolis is one of the most 
fascinating bee product, both for hive-
building material and defensive substance. 
It is well known to have various biological 
activities such as antimicrobial (Shehu et 
al., 2016; Choudhari, Punekar, Ranade, 
& Paknikar, 2012), antihyperglycemic 
(Mahani, Jannah,  Harahap, Salman, & 
Habib, 2013), anticancer (Choudhari,  
Haghniaz, Rajwade, & Paknikar, 2013), and 
anti-inflammatory activities (Campos et al., 
2015). These activities were attributed to the 
presence of biologically active compounds 
such as phenolic compounds (flavonoids, 
phenolic acids, and their esters), terpenoids, 
and steroids. 

Generally, propolis contains resins that 
comprised flavonoids, phenolic acids, fatty 
acids, terpenoids, aromatic acids, pollen, 
and minerals (Krell, 1996). The chemical 
composition of propolis depends on a few 
factors such as bee species, source of plant 
resin, season, and region. To date, the study 
of chemical composition in Malaysian 
stingless bee propolis is still lacking. 

Previous study of Malaysian propolis (H. 
itama) had analyzed the nonpolar or volatile 
compounds only (Usman & Mohamed, 
2015). Hence, this study was aimed to 
identify both volatile and nonvolatile 
compounds of propolis from G. thoracica 
by using gas chromatography–mass 
spectrometry (GCMS). The propolis extract 
was derivatised to increase the volatility and 
thermal stability of the compounds, thus 
making compounds amenable to GCMS 
analysis.

MATERIALS AND METHODS

Propolis Sample and Preparation of 
Ethanolic Extract of Propolis (EEP)

Raw propolis sample from G. thoracica 
was obtained from the local stingless bee 
keeper (Razip International Trade, Kota 
Bharu, Kelantan). The sample was collected 
from Kota Bharu, Kelantan, Malaysia and 
transported in sealed bottles at −20°C. The 
extract was prepared based on the methods 
described by Krell (1996) with some 
modifications. Propolis sample was cooled 
in a freezer (−20°C) for a day and was 
ground into a fine powder. A 50 g of propolis 
sample was then mixed with 167 mL of 70% 
ethanol to obtain 30% (w/v) propolis extract. 
The mixture was shaken moderately by hand 
twice a day for a week at room temperature. 
The mixture was then filtered twice through 
Whatman filter paper No. 1. Prior to the 
second filtration, the extract was kept in 
refrigerator (2‑8°C) for a day to remove the 
wax. The ethanol was evaporated by using 
a rotary evaporator under vacuum at 35°C. 
The remaining water in the extract was dried 
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by using freeze dryer and the dry extract was 
stored in the amber glass with a screw cap 
and put in the freezer (−20°C) until used.

Gas Chromatography–Mass 
Spectrometry (GCMS) Analysis 

Sample Preparation for GCMS. The 
dried extract (0.5 mg) was derivatised 
with 50 μl N-Methyl-N-(trimethylsilyl) 
trifluoroacetamide (MSTFA) in a sealed 
glass tube for 30 min at 60°C. The 
trimethylsilylated extract was cooled to 
room temperature before diluting with 50 
µl of dodecane. The extract was transferred 
into crimped cap vial before GCMS analysis. 
Blank 70% of ethanol (negative control) was 
dried and treated similarly as the sample. 

GCMS Conditions and Parameters. 
GCMS was carried out using Hewlett 
Packard 6890 Gas Chromatograph fitted 
with 5973N Mass Selective Detector. The 
column used was fused silica capillary, HP-5 
column (30 m × 0.25 mm i.d × 0.25 µm film 
thickness; Agilent Technologies, USA). 
The carrier gas was helium with flow rate 
at 1.0 mL/min with the oven temperature 
was programmed from 50°C (held for 2 
min) to 280°C (held for 10 min) at a rate 
of 10°C/min. The injection and interface 
temperatures were set at 250°C and 280°C, 
respectively. 

One microliter sample was injected in 
splitless mode and analyzed in MS full-scan 
mode (m/z 40–650). The electron ionization 
was set at 70 eV. Acquisition of data was 
performed using Chemsation software.

I d e n t i f i c a t i o n  o f  t h e  C h e m i c a l 
Constituents. The National Institute of 
Standards and Technology (NIST) library of 
mass spectra was used to match and to identify 
an unknown chemical in the sample mixture. 
The mass spectrum produced by a certain 
chemical compound is basically the same 
every time. Therefore, the mass spectrum 
is essentially a fingerprint for the molecule. 
This fingerprint can be used to identify the 
compound. The propolis compounds were 
identified by library searching Wiley 275 
and NIST 02 mass spectral databases. The 
percentage compound was calculated from 
the summation of the peak areas of the 
propolis compounds.

RESULTS AND DISCUSSION

Forty-eight individual compounds were 
identified. From this, 30 compounds are 
identified for the first time from propolis, 
that  are  hydroginkgol ,  resorcinol , 
pentadecyl-,1H-Pyrrole-2-carboxylic 
acid,  1-(2-hydroxy-2-phenylethyl) , 
ethyl (3-phenylcyclobutylidene)acetate, 
1-(2-Methoxyphenyl)-2,5-dihydro-1H-
pyrrole-2,5-dione, nootkatone, fren-
9(11)-en-2.alpha.-ol, beta-amyrenol, 
friedelan-y-al,  9,19-Cyclolanostan-
3 - o l ,  2 4 - m e t h y l e n e - ,  ( 3 . b e t a . ) - , 
cycloeucalenol, 3-(Dimethylphenylsilyl)-
2-methylpropionamide, 3,7-Dioxa-2,8-
disilanonan-5-one, 2,2,8,8-tetramethyl-, 
cyclopentane-1-carbonitrile,1-(4-hydroxy-
3-methoxyphenyl)-, vinyl palmitate, methyl 
9,10-methylene-octadec-9-enoate, oleyl 
alcohol, 2-(2’,4’,6’-Trichlorophenoxy)-
4,5,6- t r ichlorophenol ,  8-methyl(6)
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(2,4) thiophenophane, curan-17-oic 
acid, 2,16-didehydro-20-hydroxy-19-
oxo- ,  methyl  es ter,  1 ,8-Dimethyl-
3 , 6 - d i a z a h o m o a d a m a n t a n - 9 -
o l , 2 - A m i n o - 3 - m e t h y l p y r i d i n e
-N-oxide, 29,30-Dinorgammaceran-3-one, 
22-hydroxy-21,21-dimethyl-, (8.alpha.,9.
beta.,1, 12-Oleanen-3-yl acetate, (3.alpha.)-, 
8 - A m i n o - 2 , 6 - d i m e t h o x y l e p i d i n e , 
octahydroisocolumbinic acid methyl ester, 
3-hydroxy-4-dimethyloxetanecholest-4-
ene, 9,19-Cyclolanost-24-en-3-ol, acetate, 

(1RS,2SR,4SR,9SR)-1,6,6-trimethyl-9-
isopropenyl-10-oxatricyclo[5.3.0.0(2,4)], 
and cycloisolongifolene, 7-bromo-.

The chemical constituents of Malaysian 
G. thoracica propolis as percentage of total 
ion chromatogram (TIC) are presented in 
Table 1. The classes of compounds that 
were identified are phenolic compounds, 
terpenoids, steroids, fatty acids, and sugar 
alcohol, which were similar with propolis 
from other stingless bees (Choudhari et al., 
2012).

Retention time Compound names % of total ion 
chromatogram

Phenolic compounds 
7.32 Phenol 0.11%
9.12 Benzoic acid trimethylsilyl ester 0.13%
14.45 Hydroginkgol 0.46%
15.39 Resorcinol, pentadecyl- 0.24%
19.47 1H-Pyrrole-2-carboxylic acid, 1-(2-hydroxy-2-phenylethyl)- 1.26%
20.11 Ethyl (3-phenylcyclobutylidene)acetate 0.45%
21.46 1-(2-Methoxyphenyl)-2,5-dihydro-1H-pyrrole-2,5-dione 0.31%

Terpenoids 
10.62 Delta-cadinene 0.14%
12.46 Nootkatone 0.26%
16.56 Lup-20(29)-ene-3,21-dione, 28-hydroxy- 0.51%
17.98 Fren-9(11)-en-2.alpha.-ol 0.60%
19.42 Beta-amyrenol 0.36%
23.54 Friedelan-y-al 0.17%

Steroids
19.58 9,19-Cyclolanostan-3-ol, 24-methylene-, (3.beta.)- 0.48%
19.73 Cycloeucalenol 0.37%

Sugar alcohol 
10.59 Erythritol, 1,2,3,4-tetrakis-O-(trimethylsily 0.10%

Fatty acids 
12.06 Myristic acid, trimethylsilyl ester 0.27%
12.79 Palmitic acid, trimethylsilyl ester 0.21%

Table 1
Chemical compounds of Malaysian Geniotrigona thoracica propolis
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Retention time Compound names % of total ion 
chromatogram

12.98 Linoleic acid 0.22%
13.55 Octadecanoic acid, trimethylsilyl ester 0.14%

Others 
8.19 3-(Dimethylphenylsilyl)-2-methylpropionamide 0.53%
8.90 3,7-Dioxa-2,8-disilanonan-5-one, 2,2,8,8-tetramethyl- 0.42%
9.15 Glycerol tms 0.61%
10.95 Diethyl Phthalate 0.27%
11.01 Caryophyllene oxide 0.21%
12.04 Cyclopentane-1-carbonitrile,1-(4-hydroxy-3-methoxyphenyl)- 0.20%
12.35 Hexadecanoic acid, methyl ester 0.29%
12.53 Phthalic acid, butyl isobutyl ester 0.17%
12.60 Vinyl palmitate 0.69%
13.07 Linolenic acid, methyl ester 0.38%
13.16 Ethyl linoleate 0.36%
13.34 Stearic acid, ethyl ester 1.25%
13.50 Methyl 9,10-methylene-octadec-9-enoate 0.21%
13.60 Oleyl Alcohol 0.75%
15.46 Squalene 0.93%
15.61 2-(2',4',6'-Trichlorophenoxy)-4,5,6-trichlorophenol 0.60%
15.66 8-methyl(6)(2,4) thiophenophane 0.68%
16.86 Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl 

ester
0.46%

17.04 1,8-Dimethyl-3,6-diazahomoadamantan-9-ol 0.28%
17.48 2-Amino-3-methylpyridine-N-oxide 0.36%
18.39 29,30-Dinorgammaceran-3-one, 22-hydroxy-21,21-dimethyl-, 

(8.alpha.,9.beta.,1
1.05%

18.66 12-Oleanen-3-yl acetate, (3.alpha.)- 1.94%
19.00 8-Amino-2,6-dimethoxylepidine 1.33%
19.67 Octahydroisocolumbinic acid methyl ester 0.58%
20.01 3-hydroxy-4-dimethyloxetanecholest-4-ene 1.18%
21.06 9,19-Cyclolanost-24-en-3-ol, acetate 0.43%
21.18 (1RS,2SR,4SR,9SR)-1,6,6-trimethyl-9-isopropenyl-10-

oxatricyclo[5.3.0.0(2,4)]...
0.19%

21.31 Cycloisolongifolene, 7-bromo- 0.29%

Table 1 (continue)

The major compounds identified were 
phenolic compounds that make up 2.96% 
of TIC. The main identified phenolic 
compounds were 1H-Pyrrole-2-carboxylic 

ac id ,  1-(2-hydroxy-2-phenyle thyl) 
(1.26%), hydroginkgol (0.46%), and ethyl 
(3-phenylcyclobutylidene) acetate (0.45%).  
Interestingly, all these compounds are 
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identified for the first time in propolis. 
In contrast, phenolic compounds were 
the minor compounds that were found in 
other species (H. itama) of stingless bee 
reared in Kelantan (Usman & Mohamed, 
2015). Phenolic compound has relatively 
low volatility and is not suitable for direct 
GC analysis and this factor could be the 
contribution to the discrepancies. In the 
present study, the propolis extract was 
derivatised to increase their volatility 
and thermal stability. Compounds that 
are adequately volatile and stable in high 
temperature in GC conditions can be 
analyzed appropriately by GCMS.

After phenolic compounds, terpenoids 
were clearly the dominant compounds in the 
propolis (2.04%). Terpenoids are one of the 
important classes in the propolis compounds 
due to their valuable biological activities. 
The main terpenoids identified in this study 
were fren-9(11)-en-2.alpha.-ol (0.60%), 
lup-20(29)-ene-3,21-dione, 28-hydroxy- 
(0.51%), and beta-amyrenol (0.36%). Fren-
9(11)-en-2.alpha.-ol and beta-amyrenol 
are identified for the first time in propolis. 
Other terpenoids that has been identified 
from this propolis was nootkatone. Recent 
study of this compound showed that it has 
an anti-inflammatory effect (Choi, Lee, & 
Jung, 2014). 

Steroids are the other main compounds 
identified from propolis that make up 0.85% 
of TIC. The steroids that were discovered 
are 9,19-cyclolanostan-3-ol, 24-methylene-, 
(3.beta.)- and cycloeucalenol. Both of these 
steroids are identified for the first time in 
propolis. Study of cycloeucanol revealed 

that it has a hypoglycemic effect (Ragasa, 
Lim, Shen, & Raga, 2015). In contrast, 
steroids were not detected from other 
Malaysian G. thoracica propolis (Ibrahim 
et al., 2016). Although the bee species 
are similar, the main plant source, shrubs 
and fruit orchards surrounding the two 
apiaries may differ and contribute to the 
discrepancies. 

Similar with propolis from other 
stingless bee species, erythritol was also 
discovered in this study that made up 0.10% 
of TIC. Erythritol is a sugar alcohol that 
tastes like sugar but has no calories. It has 
been approved for use as a food additive 
in the United States and throughout the 
world. The other compounds that were 
identified were fatty acids. The amount 
of fatty acid identified was 0.84% of TIC. 
The compounds identified were myristic 
acid, trimethylsilyl ester, palmitic acid, 
trimethylsilyl ester, linoleic acid, and 
octadecanoic acid, trimethylsilyl ester. 
Similarly, these fatty acid compounds 
are also identified in propolis from other 
stingless bee.

Diethyl phthalate was identified in this 
propolis sample most probably due to the 
plastic container that was used to transport 
this sample. It is a synthetic substance that 
is commonly used to make plastics.

The various polarities of the chemical 
compounds of propolis thus affect their 
method of extraction. As ethanol has a 
polar end, the hydroxyl group (OH) and 
a nonpolar end, the ethyl group (C2H5), 
it can dissolve both polar and nonpolar 
compounds. Therefore, it is important that 
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solvents for the identification of propolis 
chemical constituents should be able to 
extract both polar and nonpolar compounds. 
In this study, 70% of ethanol has been used 
to extract the propolis. 

CONCLUSION

In the present study, 48 chemical compounds 
were identified from Malaysian G. thoracica 
propolis. From this, 30 compounds were 
identified for the first time from propolis 
by using GCMS analysis. Most of the 
identified compounds are known to have 
biological properties. Furthermore, stingless 
bee keeping industry in Malaysia has been 
increasing in trend. Hence, it is needed to 
further identify the biological properties 
of this Malaysian propolis that may be 
beneficial for the human nutrition and 
health.
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ABSTRACT

Seventy percent of Indonesia’s soybean demands and consumption are met from imports, 
and therefore, it is necessary to increase its local production. This study assessed the 
effects of harmonic frequency and sound intensity levels on the opening of stomata, the 
growth and yield of soybean. Experiments were conducted in a split plot design, with 
frequency harmony (F4: 4 kHz, F8: 8 kHz, F12: 12 kHz) being the main plots and sound 
intensity (A50: 50 decibels (dB), A80: 80 dB and A110: 110 dB) used as sub plots. The 
results showed there was no significant effect of frequency and intensity on the measured 
response (stomata opening). However, if they were compared with those at 0 frequency 
and 0 intensity, the stomata openings were significantly different based on t-test at p = 
0.05. This means the opening of stomata was affected by resonance. In general, the sound 
level pressure attempted in the range of 50-110 dB had no effect on the width of stomata 
opening, but it affected to the growth and yield of soybean. The best growth of the leaf 

area and relative growth rate were in the 
presence of sound waves at a frequency of 4 
kHz. Likewise, the best result of the average 
fresh weight of seed, dry weight of seed 
and harvest index were at a frequency of 4 
kHz sound waves. The leaf area, seeds fresh 
and dry weight, and harvest index were also 
significantly highest at sound intensity of 50 
dB. Therefore, to improve the productivity 
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of soybean plants, exposure at a frequency 
of 4 kHz and sound intensity of 50 dB, 
followed by an application of leaf fertiliser 
according to recommended dosage is the 
best combination of treatment in growing 
soybean in Indonesia. 

Keywords: Harmonic frequency, resonance, sound 

intensity, soybean

INTRODUCTION

Soybean (Glycine max (L.) Merrill) is the 
most important agricultural commodity 
after rice and maize in Indonesia. Soybean 
is a legume that contains vegetable protein 
and oil. The Central Statistics Agency data 
shows that soybean production fell by 
780.16 thousand tons between 2012 and 
2013, which is a decrease of 63 thousand 
tons (7.47%) compared to 2012. The 
decline in soybean production was due to 
decreased productivity by 0.07 t/hectare 
(4.65%) and a decrease in the harvested 
area of 16.83 thousand hectares (2.96%). 
Thus, strategic effort is needed to increase 
domestic soybean production. One of the 
strategies is through the application of sonic 
bloom technology.

Sonic bloom is a stimulation technology 
targeting wider stomata opening by using 
high frequency of sound waves. This is 
followed by an application of liquid fertiliser 
through leaves (Carlson, 2013). When the 
plants are at the stage of fruit bearing, and 
with the exposure of sound wave of 3.5 - 5 
kHz, they are sprayed with foliar fertilisers. 
By a wider opening of the stomata, the 
absorption of fertiliser increases by the 
leaves (Carlson, 2013). The opening of 

stomata is affected by light, temperature, 
and other factors. However, by using 
scattered sound waves, the stomata can be 
maximally opened despite the above factors 
(Dalimunthe, 2004). 

According to Weinberger and Graefe 
(1973), the stimulation of stomata opening 
by sound waves may be due to one or more 
of the following mechanisms: (1) certain 
sound frequencies can turn on certain 
genes in cells that affect growth and cell 
expression, (2) the frequency of resonating 
sound improves the movement of cytoplasm 
in the cell, (3) the cavitation phenomenon, a 
phenomenon caused by noise in the liquid. 
Sound waves coming from a cell’s wall hits 
the cytoplasm. Certain frequencies affecting 
the cytoplasm cause micro-bubbles. The 
micro-bubbles resonate with the sound 
and spur the rise of guard cells turgidity, 
which causes maximal stomata opening. 
Additionally, the fourth (4) mechanism is 
the propagating sound through the liquid 
stimulates the movement of molecules such 
as in the diffusion process. However, until 
now, the proper mechanism of sound effect 
on plant is not fully understood. Better 
understanding is necessary to establish 
a mechanism and to develop models for 
application of this potential technology in 
addition to experiments to find the best 
sound frequencies and intensities for growth 
and yield of soybean.

Frequency is the number of vibrations 
in one second. Harmonic frequency is 
the integer multiples frequency of basic 
frequency (Satira, 2013). The basic 
frequency used in this study was 4 kHz, so 



Harmonic Frequency and Sound Intensity: Growth and Yield of Soybean

965Pertanika J. Trop. Agric. Sc. 41 (3): 963 - 974 (2018)

that the harmonic frequencies used were at 
8 kHz and 12 kHz. Pujiwati and Djuhari 
(2011) suggested exposure of sound wave 
frequency of 4-5 kHz causes an increase in 
the width of stomata opening. Furthermore, 
Pujiwati and Djuhari (2014) found that the 
15-day old Anjasmoro soybean variety when 
exposed to sound waves with a duration 
of 40 minutes produced the best results 
with seed production reaching 3.93 t/ha, 
or increased by 71%, compared with the 
average production of 2.25 to 2.30 t/ha.

Exposure to high frequency sound 
waves is proven to optimise the stomatal 
opening of plant leaves (Collins & Foreman, 
2001; Haryanti & Meirina, 2009). Rohmah 
(2012) reported that the stomata of soybean 
plant leaves opened wider when exposed 
to noise. The sound waves affect several 
growth processes, such as seed germination, 
growth of callus in tissue culture techniques, 
growth and development of vegetables, 
fruits and plantation crops (Hassanien et 
al., 2014). There is a biological effect of 
sound waves on the growth of rice seeds 
when exposed to sound frequency and 
intensity of 0.4 kHz and 106 dB respectively 
(Baldocchi, 1997). Their germination index, 
plant height, and root development are 
significantly increased by sound.	

A tissue culture of Actinidia chinensis 
exposed to sound wave at frequency and 
intensity of 1 kHz and 100 dB respectively 
at a distance of 0.2 meters had resulted 
in an increase of ATP (soluble protein) 
and the activity of superoxide dismutase 
(SOD) enzyme of the plant. The SOD 
enzyme  catalyses superoxide into oxygen 

and hydrogen peroxide (Yang et al., 2002), 
and it acts as an antioxidant and protects 
cell components from oxidation by reactive 
oxygen species (ROS) due to drought, 
deficiency of nutrients, heavy metals, 
reaction of ultra-violet or gamma rays and 
the metabolic activities of some plants 
(Alscher et al., 2002; Raychaudhuri & Deng, 
2000).

At an Agricultural  Engineering 
Research Centre in China, research was 
conducted on several kinds of vegetables 
using Plant Acoustic Frequency Technology 
(PAFT) with a frequency and a sound 
pressure level of 0.06-2 kHz and 50-120 dB 
respectively at a distance of 50-100 meters 
(Jun-ru et al., 2011; Meng et al., 2011). The 
results obtained in cucumber, tomatoes, 
watermelon, cowpea and eggplant showed 
significant increases in chlorophyll content, 
net photosynthetic rate, and the number 
of flowers and fruit. It was found that 
PAFT stimulates endogenous production 
of some hormones, such as IAA and GA. 
Sound wave technology is also effective 
in increasing the plant’s immune system 
against disease and insect pests (Hou et al., 
2010; Yu et al., 2013). In the case of cotton 
plants that were grown in an open area, a 
minimum yield increase of 5.2% was noted 
when crop received sound waves of 75-110 
dB at a distance of 30 meters while the 
highest of 18.6% was recorded at the sound 
pressure of 70-75 dB (Hou et al., 2010).

This study was aimed at finding the 
initial proof that resonance events that might 
have caused the stimulation of stomata 
opening related to selected growth and yield 
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parameters of soybean with the sound wave 
frequency and intensity, especially under the 
Indonesia’s growing condition.

MATERIALS AND METHODS

Study Site

The experiment was conducted from June 
to September 2016 at the experimental 
station of Brawijaya University located 
at the Faculty of Agriculture, Jatimulyo 
village, Lowokwaru District Malang, East 
Java Province, Indonesia at the height of 
540 meters above sea level. It lies at 07o59’S 
and 112o36’E. Its average temperature 
was 24.1oC with air humidity of 72%. The 
average rainfall was 1883 mm per year. 
The intensity of solar radiation ranged from 
327.0 x 105 to 603.4 x 105 lux.

Experimental Design and Treatments

The experiments were conducted in a split 
plot design. The main plot was the frequency 
of sound waves with three levels (F4, F8, 
and F12 for 4, 8, and 12 kHz respectively). 
The sub plot was the sound level pressure 
(sound intensity) consisting of three levels 
(A50, A80, and A110 representing 50, 80, and 
110 decibels [dB], respectively). The main 
plot and sub plot were repeated three times. 
The control was the samples that were not 
exposed to frequency and sound intensity.

Soybean plants were exposed to sound 
waves at the above levels of frequency and 
sound intensity from age 20 to 70 days 
after planting (DAP) with 10-day intervals. 
Each exposure lasted for 20 minutes. 
Subsequently, soybean plants were sprayed 

with Growmore liquid fertiliser at a dose of 
2 g/litre. The observation of stomata width 
opening was made by using the replica 
method with a clear nail polish fixation. The 
recorded and computed growth parameters 
were plant height, leaf area, and relative 
growth rate (RGR = (lnW2 - lnW1)/(t2-t1)) 
(Sitompul and Guritno, 1995). The fresh 
weight of seed, dry weight of seed, and 
harvest index (HI) were also observed and 
computed (HI = (dry seed weight/total dry 
weight of the plant) x 100%)) (Sitompul and 
Guritno, 1995).

Statistical Analysis

Statistical analysis was conducted by using 
analysis of variance (ANOVA test) and 
means separation were tested by using the 
Least Significant Difference test at p = 5%. 
The analysis of comparison between control 
and each treatment was performed by a t-test 
at p = 5% and p = 1%.

RESULTS AND DISCUSSION

The Effect of Harmonic Frequency 
and Sound Intensity on the Width of 
Stomata Opening

The ANOVA was performed at frequencies 
of 4, 8, and 12 kHz, and sound intensities 
of 50, 80, and 110 dB which affect the 
stomata opening at each DAP.  The results 
also indicated there was no significant effect 
of sound frequency and intensity on the 
measured responses. However, there was 
highly significant effect between the plants 
exposed to sound waves at a frequency of 
4-12 kHz and at intensity of 50-110 dB with 
controlled plants as shown in Table 1.
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Previous works (Pujiwati & Djuhari, 
2011) showed that the width of stomata 
opening was different when the plant’s 
stomata opening occurred at 4 to 5 kHz. 
The result of this experiment (Table 1) 
showed the width of stomata opening was 
not different when exposed by sound wave 
at 4, 8 and 12 kHz, but it was different to 
that of the control. 

The width of stomata openings were 
similar among those frequencies possibly 
due to resonance effect to the stomata 
opening caused by sound waves. In a 
physical system, when a system affected by 
a specific frequency from external stimulus, 
for example sound wave, the system will 
have a similar response to the harmonic 

frequency of the stimulus signal. The same 
mechanism can also exist in the stomata 
opening affected by sound wave.

The Effect of Harmonic Frequency and 
Sound Intensity on Growth

The results showed the frequency affected 
plant height at 41 and 48 days after planting 
(DAP) (Figure 1), leaf area at 48 and 62 
DAP (Figure 3), and relative growth rate 
at an interval of 49 to 56 DAP (Figure 5). 
Additionally, the intensity of the sound 
affected plant height at 41 DAP (Figure 2) 
and leaf areas at 48 DAP (Figure 4).

At 41 DAP control plants without 
frequency produced the highest plant height 
while at 48 DAP plants exposed to the 

Treatment
Mean of stomata opening width (µm) at different plant age 

20 30 40 50 60 70
Frequency (kHz)
4 10.38a 11.32a**   11.39a** 9.27a 9.47a 11.70a**
8 10.45a* 11.35a** 10.45a* 8.85a 9.29a 11.32a**
12 11.46a*   10.66a   11.42a** 9.38a 9.28a 10.31a*
Control 9.07 8.65 7.50 7.50 7.59 6.88
LSD 5% 2.56 2.41 1.69 1.76 2.29 2.25
Sound Intensity (dB) 
50 10.94a 11.49a* 10.21a* 8.85a 9.64a 11.56a*
80 10.83a   11.63a   11.77a** 9.58a 9.04a   11.88a**
110 10.83a   10.21a 12.19a* 9.38a 9.73a    11.67a
Control 9.07 8.65 7.50 7.50 7.59 6.88
LSD 5% 2.56      2.41 1.69 1.76 2.29 2.25

Table 1
The average width of stomata opening (µm) on harmonic frequency and sound intensity at different age 
observations

Notes: Means followed with same letter within a column of each main effect are not significantly different 
at p=0.05 by LSD test
* and ** are different at p=5% and 1%, respectively by t-test for comparison between control and each level 
of frequency and sound intensity
DAP: days after planting
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frequency of 8 kHz had similar height as 
the control plants (Figure 1). Meanwhile, at 
41 days, the highest plant height was at 80 

dB and the shortest plant height was at 110 
dB among all intensity treatments excluding 
control (Figure 2).

Figure 1. The effect of the frequency on plant height at 41 and 48 days after planting. Means followed by 
same letter among 4, 8, and 12 kHz are not different based on LSD at p=5% (lower and upper cases are for 41 
and 48 DAP plants, respectively). The * and ** indicate significant difference between control (0 kHz) and 
each level of frequency by t-test at p=5% and 1% respectively.

Figure 2. The effect of the sound intensity on plant height at 41 days after planting. Means followed by same 
letter among 50, 80, and 110 dB are not different based on LSD at p=5%. The *and ** indicate significant 
difference between control (0 dB) and each level of sound intensity by t-test at p=5% and 1% respectively.

The frequency of 8 kHz and 12 kHz 
produced a better leaf area than the frequency 
of 4 kHz on the growth of leaf area at 48 
DAP entering pod phase formation, whereas 

at 62  DAP (charging phase and ripening 
seeds), many leaves  turned yellow and fell 
off the plant (Figure 3).
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At 48 DAP, the leaf area decreased with 
the increasing of sound intensity and the best 
leaf area was produced at the 50 dB intensity 
(Figure 4).

Figure 5 shows that at the interval age of 
49 to 56 DAP with the exposure of soybean 
crop at 4 and 12 kHz, produced a relatively 
higher relative growth rate than that of the 
8 kHz level.

The soybean crop that was exposed to 
harmonic frequency and sound intensity of 
50 to 110 dB showed different plant height 
(at 41 and 48 DAP), leaf area development 
(at 48 and 62 DAP), and relative growth rate 
(at 49 to 56 DAP). This finding is in line 
with that of Hassanien et al. (2014) as every 
plant has different responses toward sound 
frequency and sound intensity. Furthermore, 

Figure 3. The effect of the frequency on leaf area at 48 and 62 days after planting. Means followed by same 
letter among 4, 8, and 12 kHz are not different based on LSD at p=5% (lower and upper cases are for 48 and 
62 DAP plants, respectively). The * and ** indicate significant difference between control (0 kHz) and each 
level of frequency by t-test at p=5% and 1% respectively.

Figure 4. The effect of the sound intensity on leaf area at 48 days after planting. Means followed by same 
letter among 50, 80, and 110 dB are not different based on LSD at p=5%. The *and ** indicate significant 
difference between control (0 dB) and each level of sound intensity by t-test at p=5% and 1% respectively.



Istirochah Pujiwati, Nurul Aini, Setyawan P. Sakti and Bambang Guritno

970 Pertanika J. Trop. Agric. Sc. 41 (3): 963 - 974 (2018)

Figure 5. The effect of frequency on the relative growth rate at 49-56 days after planting. Means followed by 
same letter at 4, 8, and 12 kHz are not different based on LSD at p=5%. The * indicate significant difference 
between control (0 kHz) and each level of frequency by t-test at p=5%.

this finding was supported by Chowdhury et 
al. (2016) who reported that sound was an 
external factor that had a great impact on the 
biological index of plant and could either 
promote or suppress growth. 

The Effect of Harmonic Frequency and 
Sound Intensity on the Yield

The harmonic frequency and the sound 
intensity showed a significant result on the 
fresh and dry weight of seed, and the harvest 
index.

The frequency of 4 kHz produced the 
highest fresh weight of seed that was 2.84 
t.ha-1, an increase of 26.2% compared with 
the potential production by 2.25 - 2.30 
t.ha-1. Similarly, for dry weight of seed, 4 
kHz frequency also gave the highest yield 
(Figure 6).

 The sound intensity of 50 dB produced 
the highest fresh weight and dry weight of 
the seed (Figure 7).

Figure 6. The effect of the frequency on fresh weight and dry weight of seed. Means followed by same letter 
among 4, 8, and 12 kHz are not different based on LSD at p=5% (lower and upper cases are for fresh weight 
and dry weight, respectively). The * indicate significant difference between control (0 kHz) and each level of 
frequency by t-test at p=5%.
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The average of harvest index at the 
frequency of 4 kHz produced the highest 
result, 42.65%. The harvest indexes among 
frequencies of 8 kHz and 12 kHz, and 
without frequency were not significantly 
different (Figure 8). Additionally, the 
highest harvest index was generated at a 
sound intensity of 50 dB with 41.22%. 

Meanwhile the harvest indexes were not 
different without sound intensity and 
intensities of 80 dB and 110 dB (Figure 9).

The best results of the average of fresh 
and dry seed weight per hectare and harvest 
index were obtained when the plants were 
exposed to the sound wave frequency of 4 
kHz. An increase in grain yield amounted 

Figure 7. The effect of the sound intensity on fresh weight and dry weight of seed. Means followed by same 
letter among 50, 80, and 110 dB are not different based on LSD at p=5% (lower and upper cases are for fresh 
weight and dry weight, respectively). The * indicate significant difference between control (0 dB) and each 
level of sound intensity by t-test at p=5%.

Figure 8. The effect of the frequency on harvest index. Means followed by same letter among 4, 8, and 12 
kHz are not different based on LSD at p=5%. The ** indicate significant difference between control (0 kHz) 
and each level of frequency by t-test at p= 1%.
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to 26.2% was achieved when compared to 
the potential production of the Anjasmoro 
soybean variety (2.25 to 2.30 t.ha-1). The 
result was supported by previous work 
(Pujiwati & Djuhari, 2011) which showed 
that the stomata opening increased at sound 
frequency from 4-5 kHz.  However, if the 
frequency reached 6-7 kHz, the opening of 
the stomata decreased. This finding was in 
line with the experimental result of Martens 
et al. (1982) which found that only the 
optimal frequency range could stimulate 
growth and yield. Furthermore, Chowdhury 
et al.  (2014) reported that sound waves 
with specific frequencies and intensities 
could have positive effects on various 
plant biological indices, including seed 
germination, root elongation, plant height, 
callus growth, cell cycling, signalling 
transduction systems, enzymatic and 
hormonal activities and gene expression.

The fresh weight and dry weight of 
the seed, harvest index decreased as the 
sound intensity increased. The high sound 
intensity, could be in a level of intensity 
with energy that affected the biomass by 
photosynthesis mechanism (principally 
through affecting stomata opening). It 
means that the sound level intensity should 
be optimised to achieve the best biomass. 
Other studies on microorganism (E. coli) 
showed a negative effect of high sound 
intensity to bacteria growth (Gu et al., 2016). 

CONCLUSION

This study concluded the stomata opening 
mechanism was due to the resonance of 
events indicated by their higher stomata 
opening than the value at the control 
treatment (0 kHz and 0 dB). The phase 
of vegetative growth of soybean plants 
had different patterns of response to the 

Figure 9. The effect of the sound intensity on harvest index. Means followed by same letter among 50, 80, 
and 110 dB are not different based on LSD at p=5%. The ** indicate significant difference between control 
(0 dB) and each level of sound intensity by t-test at p=1%.
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frequency of sound waves. The yield of 
soybean crop exposed to the sound wave 
frequency of 4 kHz showed an increase 
of 26.2%. The highest result of the leaf 
area, fresh weight, dry weight of seeds and 
harvest index was also found at 50 dB sound 
intensity.
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ABSTRACT

A study was conducted to evaluate the growth and yield performance of five purple sweet 
potato accessions on colluvium soil at Field 2, Universiti Putra Malaysia, Serdang, Selangor. 
The treatments comprised five purple sweet potato accessions (Accessions 1, 2, 3, 5, and 6) 
arranged in completely randomized design with four replications. Maximum tuber yield of 
purple sweet potato was highest (p < 0.05) in Accession 6 (34,563 kg ha-1) compared to the 
lowest yield in Accession 3 (9,331 kg ha-1). This was followed by Accession 2 (22,031 kg 
ha-1), Accession 1 (21,094 kg ha-1), and Accession 5 (22,900 kg ha-1). A similar trend was 
observed for crop growth rate (CGR) with the highest (199 kg ha-1 day-1) in Accession 6 
and the lowest (60 kg ha-1 day-1) in Accession 3 (p < 0.05). Accession 6 reached the critical 
leaf area index (LAIcrit) of 2.79 at 90% of intercepted radiation compared to the Accessions 
1, 2, 3, and 5 that did not reach the LAIcrit. Unexpectedly, the highest total intercepted 

photosynthetically active radiation (PAR) 
was recorded by Accession 3 (340 MJ m-2), 
whereas Accession 6 showed the lowest 
(309 MJ m-2). In contrast, the highest 
radiation use efficiency (RUE) was obtained 
by Accession 6 with 7.58 g MJ-1 and the 
lowest was Accession 3 (2.16 g MJ-1). 
However, there was no significant difference 
in RUE among the rest of the accessions, 
except for Accession 6. To maximize the 
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