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ABOUT
THE
COVER
The cover features Oryza sativa l. (rice)
seedlings that have germinated in a saline
solution. The stress induced by the saline
solution is detrimental to the seed’s
germination rate, index, and vigor but
nevertheless, the rice seedlings exhibited an
impressive germination performance and
growth through the seed enhancement
technique of hydropriming which mitigated
the adverse effects of saline stress.

Similar to this is a researcher's challenging
journey filled with overwhelming pressures
that, at some point, might have discouraged
and gotten the best out of them.

It is the passion and pursuit for the truth,
however, that continuously drives them to
prevail among these hurdles, rise to
unimaginable heights, and be hailed as
victors of their own circumstances.

Illustrated by:
GYLA JANE NISMAL

ANDREW PAULO ANTENOR
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ABOUT PSHS
Mission

The Philippine Science High School, operating under one System of
Governance and Management, provides scholarships to students with high
aptitude in science and mathematics.

The PSHS System offers an education that is humanistic in spirit, global in
perspective, and patriotic in orientation. It is based on a curriculum that
emphasizes science and mathematics and the development of well-rounded
individuals.

The PSHS System prepares its students for careers in Science and
Technology and contributes to nation building by helping the country attain
a critical mass of professionals and leaders in Science and Technology.

***

Vision
We are the leading science high school in the Asia Pacific Region preparing
our scholars to become globally competitive Filipino scientists equipped with
21st century skills and imbued with the core values of truth, excellence, and
service to nation.

***

Statement
The Philippine Science High School System is a service institute of the
Department of Science and Technology (DOST) whose mandate is to offer
scholarships in secondary education with special emphasis on subjects
pertaining to the sciences to prepare its students for a science career (R.A.
3661). Its primary function is to administer the country’s scholarship
program in special science secondary education.
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FOREWORD
One of the highlights of the Philippine Science High School’s 6-year

curriculum is the 3-year Research Program to which our scholars have dedicated
their time and hard work ongoing through the entire research process that is
celebrated in this 5th Issue of PSHSWVC’s Publiscience, a compilation of all research
journals of Grade 12 scholars.

This research compilation is a testament of not only of the scholars’ pursuit
for truth through research, but also of their resilience and perseverance- life skills
that will aid them to become better researchers and scientists in the future. This
Journal documents the students’ learned skills and knowledge which they generously
have been willing to share through this publication.

Kudos to our Research students and teachers who have worked to pull this
journal together. Congratulations Batch 2022!

SHENA FAITH M. GANELA
Campus Director III

***

Congratulations to Batch 2022 in your Publiscience Volume 5!

You have raised the bar of expectations of what researchers must do, which is
publishing their research in a research journal. This monumental output strongly
manifests your passion for Science, Technology, Engineering, and Math (STEM)
research. May you always commit and dedicate yourself to this worthy endeavor as
you pursue your dream of becoming a pool of technocrats in our country.

I have witnessed how you work relentlessly to finish your research. I saw how
anxious you got when your letter was le� unsigned or if not returned or acted upon
at once. You have stretched your patience in encoding your test results, waiting for
your research teachers or your experts’ comments and approval. All is well that ends
well indeed.

Celebrate your research masterpiece. Publiscience is the sterling expression of
your pursuit of truth and excellence, the mark of a true scholar.

ROLANDO S. LIBUTAQUE
Curriculum Instruction Division Chief
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THE RESEARCH PROGRAM
The research program is a three-year curriculum that aims to hone the

scholars with the quality and skills befitting of a world-class Filipino scientist. Every
year, starting with Grade 10, the curriculum anchors on a facet of research to further
cultivate the learning of scholars in becoming leading figures in their respective
fields.

Research I

Research 1 is first introduced as a subject at the start of Grade 10. This marks
the formative year for the aspiring researcher. In this research level’s curriculum, it
introduces the basics of the Scientific Method, and the Research Process. It furthers
the scholars’ education in the fundamentals of research, including topic selection,
literature search, research design, and paper presentation. Scholars were also trained
in the basics of dra�ing a proposal, and a research paper containing the theory,
instruction, practice, and results of their chosen topic. Each group or work unit is
composed of five members maximum with general topics provided by the Research
1 teachers. Research 1 culminates with the paper presentation of the Grade 10
scholars in Pagsuguidadon.

Research II

Research 2 in Grade 11 is the reinforcement year wherein the scholars employ
and utilize their learnings from the previous research curriculum. During this school
year, the scholars present their research proposal to be scrutinized by experts in their
chosen topics. Each section of standard research paper: abstract, introduction,
method, results, discussion, conclusion, recommendations, and documentation,
were written and scrutinized in detail all under the supervision and guidance of their
advisers. Scholars propose and defend their research proposal to a panel. Once
approved, scholars pursue their study in practice and report their findings in a
full-fledged research paper. Research 2 culminates with the presentation of the
results in the final defense with their research study containing the theory,
instruction,  practice, and results of their chosen topic.

Research III

The research curriculum culminates in Research 3. In the final year of their
studies, Grade 12 scholars organize activities and events that share their respective
study’s findings, including but not limited to: research presentation (Pagbantala),
poster presentation (Pagbalandra), seminar-workshop (Pahisayod), and community
science conference (Pagwaragwag) with more events described at the end of this
journal. This very journal is a fruit of the labor extended by previous batches of
research scholars. Research 3 completes the world-class Filipino scientist experience
as it centers on finalizing the study and publishing the results, with the intention of
establishing a community-oriented approach in making science more accessible.
This is evident in the oral and poster presentations conducted by scholars for
students and professionals, workshops and seminars for high school students, and
gamification of each study for elementary students during these events. Each and
every study is given the opportunity to be published in this journal, provided that
they have accomplished the review process outlined in the next page.
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THE RESEARCH COMMITTEE
The Research Committee is tasked with ensuring the quality of all research

projects produced by the Batch 2021 scholars, performed from the 10th to the 12th
grade. It is headed by the Research Unit Head who oversees and approves all
research work and is composed of the research teachers who handle the Research
class for a specific school year and grade level and the research advisers who provide
guidance, insight, and assistance in a consulting capacity in their fields of expertise.
The Science Research Assistants (SRA) manage the different labs, apparatuses,
equipment, and reagents for the use of the scholars in the conduct of their respective
studies.

***

ARIS
LARRODER

Research III Teacher

ARIS C. LARRODER
Research Unit Head

CATHERINE JOY
MEDIODIA

Research III Teacher

RAMON ANGELO
SINCO

Research III Teacher
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Research II Teacher

ZENNIFER OBERIO
Research II Teacher

JOHN MICHAEL
PADERNAL

Research I Teacher

MARIA DEANNA JOLITO
Research I Teacher
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DAVID BRYAN
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Research I Teacher

Research Advisers
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BELA-ONG
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VIRNA JANE
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REVIEWERS AND PANELISTS
The research curriculum of PSHS - WVC is predominantly composed of

highly immersive activities that develop the scholars’ skills as researchers and
scientific communicators. From Grade 10, the scholars experience the rigors of
having to defend their proposals and, ultimately, their final paper.

PAGSUGUIDADON
PAGSUGUIDADON, from the Hiligaynon word suguid or “to report”, is the

culminating event for the Grade 10 Research curriculum. Scholars present and
defend their paper to a three-person panel, composed of two invited panelists and a
faculty member of PSHS-WVC. The papers are presented in five clusters with each
study’s overarching theme as the basis of grouping.

INVITED PANELISTS

AGUSTIN BUSTAMANTE
ENGR. KAY MARK LAMASAN

JENNY MARIE BLANCAGLOR, RPh,
MSPharm

SOCORRO LEONG-ON, MD
MATTHEW TUBOLA, RMT, MSMT

MENNEN ACE Q. LAUDE, RMT

***
PSHS-WVC FACULTY

MICHAEL PADERNAL
JULNAFE LIBO-ON

ANDREA LUCYLE BELA-ONG
FERNANDO CHRISTIAN JOLITO III

OLIVER FUENTESPINA
XAVIER BRAÑA

EISEN ED BRIONES

***
PSHS-WVC ALUMNI

BASSY IBARRETA
MIGUEL SALMON

GIDEON BENDICION
JENN SAMPIANO
DANA COLACION

LEONARD MAJADUCON
ANNA CARIGABA

JIAN MORATA
REIGEN PLACIDO

YSHABELLE FLORES
ELAINE GEROCHE

ELOISA SAN DIEGO
ANGELO GALOTERA

ANGELI LEONIDA
JUSTIN SECONDES

RAJO CARDONA
RUTH TIRON

LUKE SOCRATES
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PAGBANTALA
PAGBANTALA, from the Hiligaynon word bantala or “to inform”, is the oral

presentation of the scholars’ studies to a panel of experts composed of invited
panelists, alumni, and faculty members of PSHS - WVC. For SY 2021-2022, the event
was implemented in two batches. For the first batch, the studies were presented in 5
clusters namely: Agriculture I - Plant Allelopathy, Ecology, Agriculture II - Seed
Priming and Plant Growth, Chemistry and Health, and Meteorology and Technology.
The second batch, on the other hand, only had two clusters: Agriculture and
Environmental Science & Technology (ordered le� to right, top to bottom).

INVITED PANELISTS

JULIUS A. GARCIA
Philippine Science High School
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REMI CHARLENE
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University of San Agustin

ARFE G. CASTILLO
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Philippine Science High School
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MIKKO JAN D. LOPEZ
DepEd Regional Science High
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PSHS-WVC ALUMNI
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University of the Philippines
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PARRA

University of the Philippines
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Philippine Genome Center
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SETH NATHANIEL P.
LINGA

IHE Del� Institute for
Water Education
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ERICA EUNICE P.
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Agriculture
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FINAL DEFENSE
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THE EXTERNAL REVIEWERS are practitioners of scientific fields
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PREFACE
Publiscience is a yearly collective journal of the various studies conducted by

the graduating batch of scholars with cooperation between the Research Unit and the
said scholars. Starting from its establishment in 2018, these young researchers have
strived to be able to present the results of their research studies and be able to hone
their skills to become world-class Filipino scientists. This volume contains a total of
nine (9) studies tackling different fields of Science, Technology, Engineering, and
Mathematics. Specifically, these articles were clustered into three (3): (1) Plant
Allelopathy and Ecology, (2) Seed Priming and Plant Growth and (3) Chemistry,
Meteorology, and Technology.

Despite the challenges brought about by the pandemic and the adjustments
the scholars faced while conducting their research, they have strived to publish their
findings in their continuous pursuit of excellence. The editorial board would like to
commend these scholars for their perseverance and for trusting that this volume
may push through. In light of recent happenings, these trials have shown that
research is and will always be important for the society to progress and the needs of
the Filipino people may be met.

THE EDITORIAL BOARD
***

DEDICATION
This journal is dedicated

to all the student researchers of Batch 2022,
who struggled through and survived

despite the obstacles brought by the pandemic,

to all the devoted teachers
whose guidance and support made this project possible and

molded us into the scientists that we are today,

and,

to the Filipino people,
to whom we owe the six years of our education and

to whom we dedicate our future scientific endeavors.

Lastly, to those in the endless pursuit of knowledge,
may your fire burn ever brighter.
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INTRODUCTION
The nine studies contained in this volume tackle various topics under the branch of

Science, Technology, Engineering, and Mathematics.
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CLUSTER ONE

Ecology
and Plant

Allelopathy
In this cluster are the combined studies under the

fields of Ecology and Plant Allelopathy.
Ecology is a field of study that studies the interactions

among organisms and their environment.
Plant Allelopathy is a field of study under Ecology that
tackles how one plant may affect the growth of another

due to the presence of allelochemicals.
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Abstract

Allelopathy is a biological mechanism in which allelochemicals from
one organism may influence the growth and development of other plants.
It has been found that Zingiber officinale allelochemicals such as flavonoids,
tannins, and phenols may influence the growth of Vigna radiata. This
research investigated the allelopathic effects of Zingiber officinale leaf
extracts on the seed growth of Vigna radiata. The Zingiber officinale leaf
extracts 0.10 g/mL, 0.15 g/mL, and 0.20 g/mL were obtained by aqueous
maceration of the sun-dried Zingiber officinale leaves and were applied to the
seeds. Germination parameters were recorded every day for seven days. A
significant difference was recorded between the germination percentage,
germination rate, and inhibitory rate of the control and treatment groups.
Results show that Zingiber officinale leaf extracts at 0.10-0.20 g/mL ratio
inhibit the growth of Vigna radiata seeds.

Introduction. - The response of a plant to the
presence of other plants and the factors that may
influence a behavioral change in a plant is one of
the topics of interest when learning plants’
behaviors. This particular phenomenon is referred
to as allelopathy. It is a biological mechanism in
which biochemicals from an organism may
influence the germination, growth, survival, and
reproduction of other organisms [1].

Allelopathic effects of selected plants can be
attributed to the presence of phenolic compounds
such as flavonoids, tannins, and phenols, which can
interfere with the activities of respiratory enzymes
in seed germination and cause an inhibitory effect
on its germination. This causes the alteration in the
activities of the growth hormone Gibberellic acid
which is responsible for the stimulation of seed
germination [2]. Allelochemicals escape from plants
in different ways such as leaching, volatilization,
decomposition, and exudation [3].

Vigna radiata legume crops are prevalent in
Southeast Asia and have varying uses, ranging from
industrial to agricultural benefits. It is widely used as
a food crop due to its high protein content [5]. The
proteins and lipids are found to be high in the
embryo, while the starch and crude fiber are
concentrated in cotyledons and seed coats,
respectively [6]. Moreover, Vigna radiata are
reasonably priced in the market due to their relative
ease of cultivation which may be caused by factors
such as early maturity and resilience to drought,
among others [7].

Allelopathic effects of some plants on Vigna
radiata have already been conducted. These include
the allelopathic effects of sorghum water extract
which stimulated the growth of Vigna radiata due to

the presence of phenolic compounds [8]. Another
study was conducted by Hossain et al. [9], that
utilized Moringa oleifera extracts that suppressed the
growth yield parameters of Vigna radiata. On the
other hand, Vigna radiata are also known to have
allelopathic potential on other plants as explained
by a study conducted by Nwoagu and Muogbu [4] in
2015.

Zingiber officinale is an important horticultural
crop in tropical Southeast Asia. However, the main
problem with Zingiber officinale culture is that
Zingiber officinale is not suitable for continuous
cropping and Zingiber officinale yields are low when
this species is cultivated consecutively for years on
the same land [10]. It is a heavy nutrient-demanding
crop. Growing it with other crops is bound to exert
some pressure on the nutrient pool of the soil.

Zingiber officinale leaf extracts exhibit inhibitory
effects on the growth of other plants [11]. Stems and
leaves of Zingiber officinale are known to exhibit
stronger phytotoxicity, which adversely affects
different growth parameters of soybean and chive
[12]. Meanwhile, for other species such as sunflower
and wild barley, it has been reported that
allelochemicals from sunflower which inhibit the
growth of wild barley at some concentrations might
stimulate the growth of the wild barley at different
concentrations [13]. Even if Vigna radiata have
stimulatory effects on the growth of Zingiber
officinale as reported by Nwaogu and Muogbo [4], the
effect of Zingiber officinale on the growth of Vigna
radiata has not yet been determined. With previous
studies suggesting inhibitory effects of Zingiber
officinale leaf extracts on other plants, the study
hypothesize that Zingiber officinale leaf extracts will
inhibit the growth of Vigna radiata .
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The established notion that Vigna radiata was
able to stimulate the growth of Zingiber officinale
plants prompted the conduct of the study by
determining the effects of Zingiber officinale to Vigna
radiata. The results of this research would be able to
help in assessing whether Vigna radiata and Zingiber
officinale could be planted together. The allelopathic
activity between the two plants would serve as a
great research endeavor for future studies. Also, the
study aimed to raise awareness on how to efficiently
utilize crop wastes by learning their implications for
the environment, particularly on other plants.

This research aimed to investigate the
allelopathic effects of Zingiber officinale leaf extracts
on the germination of Vigna radiata seeds. It
specifically aimed to:

(i) determine the germination percentage,
germination rate, mean germination time, and
inhibitory rate of Vigna radiata seeds treated
with different ratios of Zingiber officinale leaf
extract (0.10 g/mL, 0.15 g/mL and 0.20 g/mL)
and distilled water (negative control);

(ii) determine the optimal ratio of the Zingiber
officinale extract that could either enhance or
inhibit the growth of Vigna radiata seeds during
germination;

(iii) identify whether Zingiber officinale leaf
extract has a positive or negative allelopathic
effect on Vigna radiata seeds; and

(iv) determine significant differences between
the germination percentage, germination rate,
mean germination time, and inhibitory rate of
the different treatment and control groups.

Methods. Zingiber officinale leaf extract was
prepared by drying, cutting, grinding, screening, and
maceration of the leaves. Meanwhile, the Vigna
radiata seeds were subjected to a float test to identify
viable seeds and were then distributed to the Petri
dishes. Distilled water and the Zingiber officinale leaf
extracts were applied to the control and treatment
groups, respectively. The germination parameters of
the Vigna radiata seeds were then recorded daily for
seven days. The gathered results were then subjected
to data analysis using One-way ANOVA and
Tukey-Kramer Test. Personal protective equipment
was also utilized throughout the conduct of their
study. The data gathering procedures lasted for
approximately two to three weeks.

Obtaining and verifying plant samples. The two
main components of the study namely, Zingiber
officinale leaves and Vigna radiata seeds were acquired
from a single farm and from the local market in Jaro,
Iloilo respectively, and were verified by the
Department of Agriculture.

Drying, grinding, and screening of Zingiber officinale
leaves. The acquired Zingiber officinale leaves were
washed properly with distilled water to remove the
impurities. A�erwards, the washed leaves were
sun-dried on a threshing floor or any flat land
surface for seven days. Drying techniques make the
structural cell more fragile and facilitate subsequent
grinding [14]. The dried leaves were chopped into 1
cm long pieces. The chopped leaves were converted

into powder form with the help of an electric
grinder. The next step was the screening of the
Zingiber officinale leaves using a 0.5 mm screen mesh
to yield more homogenized particles for efficient
extraction to occur because the solvent must make
contact with the target analytes [15].

Maceration and filtration. For the making of the
aqueous leaf extracts, the screened Zingiber officinale
leaves were weighed using a digital weighing scale.
Then, 21.50 grams, 32.25 grams, and 43.00 grams of
Zingiber officinale leaves in glass bottles were soaked in
215 mL of distilled water each forming extract ratios
of 0.10 g/mL, 0.15 g/mL and 0.20 g/mL respectively.
Then, the glass bottles were sealed and kept in a
refrigerator (4℃) for 24 hours. A�er 24 hours, the
extracts were filtered using a funnel with two layers
of cheesecloth followed by Whatman No. 1 filter
paper.

Storage. The filtered leaf extracts were stored
inside dark, glass bottles before it was applied to the
Vigna radiata seeds and kept in the refrigerator at a
low temperature to prevent bacteria from growing.
During transport, it was stored in an icebox to
maintain the low temperature.

Preparation of research set-up. Prior to the start
of the experiment, Vigna radiata were subjected to a
seed viability test via the seed float test. A total of 120
viable Vigna radiata seeds and 12 Petri dishes (9 cm
diameter) were surface sterilized with water: bleach
(10:1) solution. The surface-sterilized seeds were
evenly distributed into 12 Petri dishes that each
contain 10 Vigna radiata seeds.

An improvised germination chamber was
created by using a box container made of ¼ plywood
with dimensions 90 cm by 45 cm by 60 cm. The lid
of the box was drilled with holes at the top side. A
20 watts-fluorescent lamp (60 cm length) was
attached at the top and was used as the source of
diffused light and heat for the Vigna radiata seeds.
Additionally, a lux meter was placed inside to
monitor the temperature and light inside the growth
chamber.

Maintenance and application of Zingiber officinale
leaf extract and distilled water. The germination test
was carried out in sterile Petri dishes with a kitchen
towel acting as a soil substitute for the Vigna radiata.
Then, 10 mL of Zingiber officinale leaf extracts was
administered only during the first day on each Petri
dish. The Vigna radiata seeds were immersed in the
Zingiber officinale leaf extracts for seven days. Then,
90 of the 120 seeds were treated with Zingiber
officinale leaf extract; 30 seeds for each of the three
treatment groups (0.1 g/mL, 0.15 g/mL, and 0.20
g/mL) of the leaf extracts. The remaining 30 seeds
were treated with 10 mL of distilled water. The seeds
were watered at around 7:00 in the morning to allow
the water to run down into the roots without too
much water loss due to evaporation [16].
Approximately 10 mL of distilled water was added
everyday to each replicate of all control groups to
moisten the sterilized seeds [2]. Then, the Petri
dishes were kept in a growth chamber, maintaining
an average temperature of 27.5℃ for 12 hours for
seven days.

Determination of seed growth parameters. The
morphological parameters of Vigna radiata were
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determined every day for a span of seven days.
These parameters include the following: germination
percentage, germination rate, mean germination
time, and inhibitory rate of Vigna radiata seeds [17].

𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 × 100

𝑀𝑒𝑎𝑛 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 = 𝑖=1

𝑘

∑ 𝑛
𝑖
𝑡

𝑖

𝑖=1

𝑘

∑ 𝑛
𝑖

𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 = 1
𝑀𝐺𝑇

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟𝑦 𝑅𝑎𝑡𝑒 = 100 −
𝐸

2
×100

𝐸
1

where:
E2=germinated treatment plants
E1=germinated controlled plants
ti=time from the start of the experiment to the

ith day
ni=number of seeds germinated in the ith time
k: last time of germination

Data Analysis. The data collected were analyzed
using Microso� Excel’s Data Analysis function. The
parameters were obtained by tabulating the mean of
the replicates of the control and experimental groups
and analyzing the means of these four groups. To
further examine the results of the study, the gathered
parameters in the three treatment groups were
compared with the parameters obtained in the
control group. Thus, one-way ANOVA with a
significance level of p < 0.05 was used to examine the
data. The computation for these values was done in
Microso� Excel 2019. For the post-hoc analysis tool,
the Tukey-Kramer Test from Real Statistics add-in in
Microso� Excel 2019 was used to take into account
unequal plant samples because some seeds died
along the process.

Safety Procedure. The personal protective
equipment (PPE) were worn which includes the
following: laboratory gown, eye shield, surgical mask,
gloves, and other protective equipment deemed
necessary in the conduct of the research study. Long
sleeves and long pants were also worn for additional
protection. Disinfectant spray was done before and
a�er working on the experimental area to prevent
contamination.

Results and Discussion. - During the seven days
of germination, there was a significant difference in
terms of the germination percentage, germination
rate, and inhibitory rate of the control and treatment
groups. However, no significant difference in the
mean germination time of the treatment and control
group was found.

The 0.1 g/mL extract exhibited the least negative
allelopathic effect of the leaf extract at 70%
germination percentage while the highest negative
allelopathic effect was observed at 0.20 g/mL extract
with a 24.4% germination percentage.

Table 1. The Germination Percentage (GP), Mean
Germination Time (MGT), Germination Rate (GR), and
Inhibitory Rate (IR) of Vigna radiata seeds in the control and
treatment groups.

Parameters Different Concentrations of Zingiber
officinale Leaf extract (g/mL)

Control 0.10 0.15 0.20

GP (%) 100.00
±9.51

70.00
±9.51

50.00
±9.51

24.44
±9.51

MGT
(days)

1.79
±0.26

1.88
±0.26

1.93
±0.26

1.37
±0.40

GR
(seeds/day)

0.61
±0.08

0.68
±0.08

0.58
±0.08

0.15
±0.11

IR (%) 0.00
±8.20

31.11
±9.30

48.89
±9.30

75.56
±8.20

Notes. Sample size = 30 seeds

A.1. Germination parameters from control and
treatment groups. Of the three treatment groups, the
0.1 g/mL leaf extract showed 70% germination
percentage. The lowest germination percentage
among the treatment groups was recorded in the
0.20 g/mL extract with 24.4% germination
percentage. Meanwhile, the control group had a
germination percentage of 100%. As for its mean
germination time, the 0.15 g/mL extract exhibited
the highest mean germination time among all
treatment groups with a value of 1.93 days.
Meanwhile, the 0.20 g/mL extract has the lowest
mean germination time value of 1.37 days.
Additionally, the control group recorded a mean
germination time value of 1.79 days. Following this,
the 0.1 g/mL extract showed the highest germination
rate among the three concentrations, with a value of
0.68. While the 0.20 g/mL extract showed the least
germination rate with a value of 0.15. Meanwhile, the
control group had a germination rate of 0.61. For the
inhibitory rate, treatment 0.20 g/mL extract showed
the highest inhibitory rate among all treatment
groups with a value of 75.56 while treatment 0.1
g/mL extract had the lowest inhibitory rate with a
value of 31.11. The results show a decreasing trend for
the germination percentage and germination rate as
the amount of the Zingiber officinale leaf extracts
increased. While the trend of the inhibitory rate
increased as the amount of the Zingiber officinale leaf
extracts also increased.
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Figure 1. Germination percentage, mean germination time,
germination rate, and inhibitory rate of Vigna radiata seeds
(n=30) in different extract ratios 0.10 g/ml, 0.15 g/ml and
0.20 g/ml with significance level of p < 0.05.

These results are in line with the principle that
allelochemicals that inhibit the growth of some plant
species at certain concentrations might stimulate the
growth of the same or different plant species at
different concentrations [13]. For instance, the shoot
extracts of cannabis in high concentrations was
reported to have an inhibitory effect on the
germination indices while root extracts had no
statistically significant effect on the germination of
lettuce seeds [18]. Additionally, phenolic compounds,
one of the allelochemicals found in Zingiber officinale
leaves, are reported to have stimulatory effects on
seed germination and seedling growth of plants at
low concentrations but resulted in a decrease in
germination parameters at higher concentrations
[18]. Also, some Vigna radiata seeds in the treatment
with 0.10 g/mL extract (21.5 g/215 mL) were able to
germinate for a few days and slowly disintegrated.
This might be due to the direct contact of the root
with the inhibitory chemicals as described with
various crops and weeds [2]. Hence, roots are
generally the first point of contact with chemical
compounds which explains that any abnormal
growth in the root is an obvious sign of chemical
toxicity by allelopathic plants [12]. Similar
observations were reported by [19] wherein it was
discovered that the effect of allelochemicals in E.
coccinea may have led to the metabolic impairment
of Vigna radiata. Thus, the formation of the natural
root was significantly affected.

A.2. Optimal ratio of the Zingiber officinale leaf
extract. The least negative allelopathic effect of the
seed extract was observed in the 0.1 g/mL extract
while the highest negative allelopathic effect was
observed in the 0.20 g/mL extract. As such, the 0.20

g/mL extract is the optimal ratio of the extract
among the three treatment groups which would
inhibit the growth of Vigna radiata seeds because it
has the highest inhibitory rate. Given as well as there
exists a significant difference between the control and
treatment groups in the germination percentage as
well as the inhibitory rate.

Allelopathy is o�en due to the synergistic
activity of allelochemicals rather than single
compounds. Thus, the response of the Vigna radiata
seeds to the Zingiber officinale leaf extracts may be
attributed to the reaction of the various
allelochemicals in the leaf extracts among each other
and their implications to the growth of the Vigna
radiata [18]. The increase in the amount of these
allelochemicals increased the allelopathic activity in
the Vigna radiata. As such, treatment 0.20 g/mL
extract (43. 00 g/ 215 mL), which contained more
Zingiber officinale-leaf-powder: water ratio, caused
more negative allelopathic effects on the Vigna
radiata seeds.

A.3. The allelopathic effect of the Zingiber officinale
leaf extract. The application of Zingiber officinale leaf
extracts 0.1 g/mL, 0.15 g/mL and 0.2 g/mL on Vigna
radiata caused a significant decrease in the
germination percentage, and germination rate of the
Vigna radiata seeds. These results indicated a negative
allelopathic effect on the growth of Vigna radiata
seeds. The Zingiber officinale leaf extracts in all three
treatment groups showed negative allelopathic
effects on the germination of Vigna radiata seeds in
contrast to the control group, and no extracts have
stimulatory effects on the growth of the seeds.

Zingiber officinale leaf extracts have previously
shown inhibitory effects on the growth of other
plants [11]. Stems and leaves of Zingiber officinale are
known to exhibit stronger phytotoxicity, which
adversely affects seed germination, seedling growth,
water uptake, and lipase activity of soybean and
chive [12]. Moreover, Vigna radiata in the study were
at germination stage supporting its sensitive response
to the concentration of bioactive compounds in their
surroundings [19].

A.4. Significance of the growth parameters. The
p-values of the germination percentage, germination

rate, and inhibitory rate are , ,3. 28 × 10−5 2. 31 × 10−5

and , respectively, which are less than or3. 07 × 10−6

equal to 0.05 showing a significant difference among
the treatment groups. Meanwhile, the mean
germination time does not have a significant

difference present as it has a p-value of .6. 96 × 10−1

By conducting the Tukey-Kramer test, the
inhibitory rate showed a significant difference
between the control group and all the treatment
groups. For the germination percentage, significant
results are found between the control and treatment
0.15 g/mL extract results, as well as between the
control and treatment 0.20 g/mL extract results.
Finally, for the germination rate, there are significant
results between the control and treatment 0.20 g/mL
extract groups as well as with the 0.1 g/mL extract
and 0.20 g/mL extract .

Limitations. The study is limited to observing
whether Zingiber officinale leaf extracts inhibited or
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promoted the growth of Vigna radiata through the
observance of germination parameters namely
inhibitory rate, germination percentage, mean
germination time, and germination rate.

Additionally, the results of the data analysis
may be subject to error due to uneven sample size
caused by the death of some Vigna radiata seeds
while some ceased to grow a�er the fi�h day of the
data gathering. This brings several concerns that
were addressed, such as making a germination
chamber to cater to the growth of Vigna radiata.
However, the effects of other Zingiber officinale extract
ratios on the growth of Vigna radiata seeds could not
be determined. Thus, the gathered result about the
optimal ratio of treatment provides limited
knowledge because the extract ratios used in the
study were limited to 0.1 g/mL, 0.15 g/mL and 0.20
g/mL Zingiber officinale leaf extracts. Due to the
unavailability of laboratory equipment, other
parameters were not controlled, specifically, the
moisture content of Vigna radiata. Furthermore, the
study was not able to conduct phytochemical
analysis. Thus, the specific allelochemicals found on
the Zingiber officinale leaves were not determined.

Conclusion. - The results showed that the
growth of Vigna radiata seeds during germination
revealed that germination rate, germination
percentage, and mean germination time were
suppressed in treatments containing different ratios
of Zingiber officinale leaf extracts. Germination
percentage, germination rate, and inhibitory rate of
Vigna radiata seeds between and among the control
groups and treatment groups showed significant
differences. The 0.20 g/mL extract showed the
highest inhibitory rate. Thus, treatment 0.20 g/mL
extract is considered the optimal ratio of extract that
could inhibit the growth of Vigna radiata seeds. It can
be concluded that Zingiber officinale leaf extracts have
a negative allelopathic effect because it was able to
inhibit the growth of Vigna radiata seeds. Thus,
Zingiber officinale should not be co-planted with Vigna
radiata seeds.

Recommendations. - It is recommended that a
larger sample size is also recommended to obtain an
accurate and discrete significance difference. The
study could also be extended throughout the life
cycle of Vigna radiata to gather data about other
parameters such as morphological features. It is also
recommended that future studies explore other
treatment ratios for the study. The experiment may
also be replicated in laboratory and field conditions
that are ideal for the growth of Vigna radiata seeds in
contrast to the improvised germination chamber
used in the study. Also, further tests for the Zingiber
officinale leaf extracts are recommended such as the
conduct of phytochemical screening to determine
the relative abundance of allelochemicals in Zingiber
officinale.

Acknowledgment. - Gratitude is extended to the
Department of Agriculture of Janiuay, Iloilo for
assisting in the authentication of the Vigna radiata
and Zingiber officinale variety used in the study. This
gratitude is also extended to the local farmers of
Miagao, Iloilo for providing the Zingiber officinale
leaves and Jaro, Iloilo for providing the Vigna radiata
seeds used in the study and our statistician for
assisting in the data analysis process.

References
[1] Belel MD, Belel RD. 2015. Allelopathic effect of

leaf and seed extract of Nutgrass (Cyperus
tuberosus) on the germination of Beans (Vigna
unguiculata (L.) Walp). Cogent Food Agric
[Internet]. [accessed 2021 May
07];1(1102036):1-7. doi:
10.1080/23311932.2015.1102036

[2] Sharma S, Devkota A. 2014. Allelopathic potential
and phytochemical screening of four
medicinal plants of Nepal. Sci World J
[Internet]. [accessed 2021 May 07];12(12):56-61.
doi: 10.3126/sw.v12i12.13598

[3] Moosavi A, Afshari RT, Asadi A, Gharineh MH.
2011. Allelopathic effects of aqueous extract of
leaf stem and root of sorghum bicolor on seed
germination and seedling growth of Vigna
radiata L. Not Sci Bol [Internet]. [accessed 2021
May 07];3(2):114-118. https://bit.ly/3xKoJ0F

[4] Nwaogu EN, Muogbo PC. 2015. Effect of
ginger-grain legume cropping system and
spatial arrangement on soil fertility
management and yield of intercropped ginger
in the guinea savanna of Nigeria. Int Res J
Agric Sci Soil Sci [Internet]. [accessed 2021
May 07];5(1):1-7. https://bit.ly/3xIpzuW

[5] Sumalapao DEP, Tuppil CG, Urtula AAC,
Valdestamon DM, Villanueva LMD, Ledesma
NAA. 2018. Tolerance of mung bean (Vigna
radiata (L.) Wilczek) to lactic acid, a potential
herbicide: growth and morphology. J. Anim.
Plant Sci [Internet]. [Accessed 2022 April 12];
28(1) 138-145.https://bit.ly/3zicsmS

[6] Mohan Naik G , Abhirami P, Venkatachalapathy
N. 2020. Mung Bean. Pulses [Internet].
[accessed 2022 April 12]; 213–228.
https://bit.ly/3m8BU6x

[7] Kaysha K, Shanka D, Bibiso M. 2020. Performance
of mung bean (Vigna radiata L.) varieties at
different NPS rates and row spacing at Kindo
Koysha district, Southern Ethiopia. Cogent
food agric. [Internet]. [accessed 2022 April
12];6(1):1-12. doi:
10.1080/23311932.2020.1771112

[8] Al-Hussaini MK, Alsaadawi IS. 2013. Mitigation of
drought stress effect on growth and
productivity of Mung bean by foliar
application of Sorghum water extract. Iraqi J
Sci [Internet]. [accessed 2021 May
07];54(3):560-568. https://bit.ly/3M8hXY6

[9] Hossain M, Miah G, Ahamed T, Sarmin NS. 2012.
Study on allelopathic effect of Moringa
oleifera on the growth and productivity of
mungbean. Int J Agric Crop Sci [Internet].
[accessed 2021 May 15];4(15):1122-1128.
https://bit.ly/3O4uNID

[10] Han C, Li C, Pan K, Ye S. 2012. Effects of ginger
aqueous extract on soil enzyme activity,
microbial community structure and soil
nutrient content in the rhizosphere soil of
ginger seedlings. Acta Ecologica Sinica
[Internet]. [accessed 2021 December 06]:

https://bit.ly/3xIpzuW


Allelopathic effects of Zingiber officinale leaf extracts on Vigna radiata | 7

32(2):489-498. DOI: 10.5846/stxb20101
2121768. https://bit.ly/3pqLfIl

[11] Bharath NH, Hemanth NK, Jagannath S. 2014.
Allelopathic efficacy of Zingiber officinale rosc
aqueous leaf, stem and rhizome extract on
early seedling growth of Zea mays L.Global J of
Biology, Agriculture and Health Sciences
[Internet]. [accessed 2021 May
09];3(3):166-170. https://bit.ly/3EeYFNN.

[12] Javed S, Javaid A, Shoaib A. 2014. Herbicidal
activity of some medicinal plant extracts
against Parthenium hysterophorus L. Pak J Weed
Sci Res [Internet]. [accessed 2021 May
07];20(3):279-291. https://bit.ly/2ZNvhze

[13] Ashrafi YZ, Sadeghi S, Mashhadi RH, Hassan AM.
2008. Allelopathic effects of Sunflower
(Helianthus annuus) on germination and growth
of wild barley (Hordeum spontaneum). J Agric
Technol [Internet]. [accessed 2021 May
07];4(1):219-229. https://bit.ly/3pcNgI0.

[14] Chan EWC, Lim YY, Wong SK, Lim KK, Tan SP,
Lianto FS, Yong MY. 2008. Effects of different
drying methods on the antioxidant properties
of leaves and tea of ginger species. Food
Chemistry. [Internet]. [accessed 2021
September 15];113(2009):166-172.
https://bit.ly/3G5Dz

[15] Azwanida NN. 2015. A review on the extraction
methods used in medicinal plants, principle,
strength and limitation. Med Aromat Plants

[Internet]. [accessed 2021 May 07];4(3):1-6. doi:
10.4172/2167-0412.1000196

[16] Muttaqin M, Putri RI, Putri DA, Matra DD. 2019.
The effectiveness of germination
pre-treatment on mung beans, peanuts, and
tomatoes. IOP Conf Ser Earth Environ Sci
[Internet]. [accessed 2021 September
20];299(1):1-6. https://bit.ly/3NNP9FA

[17] Ranal MA, De Santana DG, Ferreira WR,
Mendes-Rodrigues C. 2009. Calculating
germination measurements and organizing
spreadsheets. Revista Brazil Bot [Internet].
[accessed 2021 May 07];32(4):849-855. doi:
10.1590/S0100-84042009000400022

[18] Mahmoodzadeh H, Ghasemi M, Zanganeh H.
2015. Allelopathic effect of medicinal plant
Cannabis sativa L. on Lactuca sativa L. seed
germination. Agta Agric Slov [Internet].
[accessed 2022 March 15];105(2):233-239. doi:
10.14720/aas.2015.105.2.06

[19] Zainurin MNM, Harman N, Jasnie F, Wai LC.
2021. Allelopathic potential of Etlingera
coccinea (B.) Sakai & Nagam on seed
germination and growth of Mung bean and
Siam weed. Sci Lett [Internet]. [accessed 2022
February 28];15(2):79-89. doi:
10.24191/sl.v15i2.13829

https://bit.ly/3pcNgI0
https://doi


Publiscience Vol. 5 Issue 1

The relationship between urbanization indicators and the
Passer montanus bird count in urban and urban sprawl areas
in Iloilo and Bacolod, Philippines

JOHANNA ALLIYAH MARIE Z. ROBLES, SIMONE ANNA GABRYELL G. SUMAGAYSAY, ERIN ROSE
BENITA P. YOUNG, and ZENNIFER L. OBERIO

Philippine Science High School Western Visayas Campus - Department of Science and Technology (DOST-PSHS WVC),
Brgy. Bito-on, Jaro, Iloilo City 5000, Philippines

Article Info

Submitted: Jun 02, 2022
Approved: Jul 13, 2022
Published: Jul 27, 2022

Keywords:

bird survey

Passer montanus

urbanization

citizen science

urban adapter

Abstract

Urbanization leads to the depletion of vegetation that provides food,
habitat, and breeding grounds for Passer montanus. Data was collected from
Bacolod City and Iloilo, Philippines, using citizen science to assess the P.
montanus bird count in relation to urbanization indicators. The distances of
the participants’ residences from the city center and nearest main road
were determined. Point count was performed while observing P. montanus
that perched, people, moving vehicles, and predominant vegetation type
seen during the observation period. Through R-4.1.2 Programming, the Eta
coefficient test showed a weak association between P. montanus and the
predominant vegetation type. The Spearman correlation indicated that the
species and vehicles were moderately correlated while the rest of the data
pairs had no significant correlation. In urban environments, urban adapters,
P. montanus, persist. The species is tolerant of humans and moving vehicles
and has no specific vegetation that serve as forage sites.

Introduction. - Passer montanus, also known as
Maya, originated from the common day West
Germany and is considered one of the most
common birds in the Philippines by The Haribon
Foundation [1]. This species is o�en seen in thick
hedgerows and bushy parks [2]. Habitat sites for P.
montanus are located in residential areas, suburban
areas, parks, and gardens [3,4].

In the Philippines, urbanization resulted from
the merging of urban and agricultural land use due
to the continuous development of topography [5]. It
has been linked to the construction of pavements
and buildings, depleting vegetation that may serve
as food, habitat, and breeding grounds for birds, in
turn contributing to the decline of their kind in
urban areas [6]. Urban sprawl is indicated by the
changes in the land-use pattern toward urban
development [7]. It can be low-density residential
development wherein houses are suddenly present
in areas that were previously rural landscapes [8]. In
this study, it signifies the growth of urbanization
from lower city densities and undeveloped areas.

Research conducted in countries such as China
[4], Israel [8], the Czech Republic [3], and Poland [9]
on P. montanus imply the decline of the species
population in highly urbanized areas. Because these
birds rely on vegetation for food and habitat, their
abundance is high in residential and suburban areas,
low buildings, parks, and university campuses with a
low degree of urbanization [3,4]. Skorka et al. [9]
found that their abundance was high in areas away
from the city center and with many streets. The
species might be associated with diverse and mixed
habitat composition, where they can find suitable

foraging and nesting conditions [3]. Urban adapters,
inclusive of both native and non-native animals, are
predominant in intermediate urbanization level
communities [10] because of humans and the many
elements that come with their presence such as
cultivated plants and garbage that they make
available in the environment [11].

In this study, citizen science was used to gather
data regarding the bird count of P. montanus by
enlisting volunteers localized within the sampling
sites. Citizen science targets the public across a wide
range of localities to participate in data collection
for projects [12]. Thus, the bird to be surveyed
should essentially be familiar to the public. Passer
montanus was chosen because it fits this criteria [1].
Citizen science is actively used in ecological projects
and has been quite successful in providing
information for bird monitoring projects, as
bird-watching is popular with the general majority.

As far as can be determined, there have been no
studies concerning the P. montanus bird count in
urban and urban sprawl areas in Iloilo Province and
Bacolod City. The mentioned sampling sites were
chosen because they undergo urbanization and
consist of a mixture of urban and urban sprawl
areas. It is hypothesized that the number of P.
montanus is positively correlated to the distance of
the residence from the main road and city center
and the predominant vegetation type, while it is
negatively correlated to the number of people and
moving vehicles.

The findings of this study can be used in
bird-related studies concerning ecological habitats
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in response to urbanization. It could be used as a
basis for projects focusing on preserving the habitat
of birds by providing details on the type and
characteristics of areas where birds would thrive and
the possible important food and nest sites for birds
within the city. Information regarding the
association of animals and urban areas is essential to
finding ways to manage wildlife in cities.

This study aims to assess the P. montanus bird
count in residences of selected urban areas and
urban sprawl areas of Iloilo Province and Bacolod
City using citizen science. It specifically aimed:

(i) To determine the maximum number of P.
montanus that perched within the participants’ range
of sight for thirty (30) minutes during the late
a�ernoon (4:00 - 6:00 PM).

(ii) To determine the predominant vegetation
type in the participants’ observation area.

(iii) To determine the correlation between the
maximum number of P. montanus observed in
different sampling sites and the distance of the
residence from the city center, the distance from
the nearest main road, the number of people, and
the number of moving vehicles using Spearman’s
rank correlation coefficient, and.

(iv) To determine the association between the
maximum number of P. montanus in different
sampling sites and the predominant vegetation type
in the observation area using the Eta coefficient test.

Methods. - Data was collected using citizen
science. Each participant performed a point-count
bird survey. The researchers acquired each
participant’s residence coordinates used in
calculating the distance of each residence to the
nearest main road and city center. The participants
provided the predominant vegetation type in their
observation area.

Citizen Science Management. The researchers
recruited participants through social media and
partnered with the Department of Education. Citizen
scientists voluntarily participated and were chosen
through the following established criteria: (1)
Participants were nine to 49 years old, (2) resided in
Iloilo Province and Bacolod City, and (3) scored four
out of five in the evaluation that assessed their skills
in identifying P. montanus. The researchers
distributed a copy of supplemental guides with a
photo and description of the characteristics of the
species based on the Birds in The City field guide
created by The Haribon Foundation [13], and
additional instructions. Optional orientation sessions
were conducted through Zoom Meetings. Data was
submitted to the submission link or other provided
contact details.

Sampling Sites. The chosen sampling sites were
Iloilo Province and Bacolod City. Each location was
classified into two categories, namely urban areas
and urban sprawl areas based on urbanization
indicators, available data from the 2018 Iloilo
Province Profile, and the Enhanced Provincial
Development and Physical Framework Plan from the
Province of Iloilo, containing a map identifying each

municipalities’ urbanization level. Bacolod City was
classified as urban based on the Bacolod City Profile
on the PhilAtlas website.

Passer montanus. P. montanus, a resident
species in the Philippines, is known to locals as Maya
and is one of the most common birds in the country
[1]. An adult P. montanus is a “chunky sparrow with a
chestnut crown, black throat, and a distinctive white
cheek and black ear patch” [20]. Both male and
female species share these characteristics and are
similar in appearance. The species forages food on
the ground, trees, and plants, usually in the form of
gleaning and picking. In the Philippines, they may
feed on rice [21].

Point Count Survey. The bird survey was
conducted on any day of the week for 30 minutes
between 4:00 P.M. to 6:00 P.M. The point count
method is a purposeful bird survey method adapted
from Paker et al. [8] where the point counts’
surroundings are included in the study. In each
residence, a single stationary observation point was
determined. The participants stood on the point of
observation with the best vantage point, where their
range of sight is maximized. P. montanus was
observed quietly in the observation point for thirty
(30) minutes at a 180° angle or a half-circle. Other
than the option of doing the survey outdoors, the
participants were allowed to do it indoors, by looking
out a window or by standing on a balcony, as long as
they could have a good vantage point. Only the
maximum number of perched birds that landed at
any one time within the timeframe was noted.
Perched means “to alight, settle, or rest on a perch, a
height, or a precarious spot” [14]. Once the bird
rested on a spot, it is considered perching. During
observation, the number of individuals and moving
vehicles that were seen in the observation area was
accounted for.

Vegetation Type. The participants provided the
predominant vegetation type of their observation
area which refers to the plant type that covers most
of the vicinity or is bountiful within the area. In the
case of an equal distribution of plant types, the type
recorded is the largest in size and is capable of
outcompeting other plants by “controlling the
availability of light, water, and other resources” [22].

Data Analysis. Two variables were correlated
with each other at a time, these are: (1) the number of
birds and distance of the residence from the city
center, (2) the number of birds and distance of the
residence from the nearest main road, (3) the
number of birds and the number of people, and (4)
the number of birds and the number of moving
vehicles using Spearman’s rank correlation
coefficient. Moreover, the Eta Coefficient test was
used to associate the predominant vegetation type
with the number of birds. All statistical analyses were
performed using R-4.1.2 Programming so�ware.

Safety Procedure. The participants did not
perform the activity: (1) when it rained, (2) during
calamities, and (3) when participants were not in the
proper condition. They were advised to apply
sunscreen, wear caps, and check their surroundings.
Moreover, the study complied with the Data Privacy
Act of 2012 or RA 10173 when dealing with the
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personal information of the participants.

Results and Discussion. - There were fi�y-eight
(58) participants who submitted complete data.
Thirty-four are from Bacolod City and 24 are from
all throughout Iloilo Province, such as Iloilo City
(10.702561, 122.568579), Guimbal (10.667642,
122.299627), Miagao (10.668020, 122.197836), and
Calinog (11.144736, 122.514609). Moreover, 13 of the
participants from Iloilo Province are from urban
sprawl areas, while the rest are from urban areas as
shown in Figure 1.

Figure 1. Map of the P. montanus bird count in urban areas
and urban sprawl areas in Iloilo Province (above) and
Bacolod City (below).

In urban areas, as many as seventeen (17) were
counted, while in urban sprawl areas, eleven (11) birds
were the highest bird count. Both areas included
participants with no birds counted. The squares with
“2” represent two data points, having two different
participants’ observation areas (Figure 1).

The Eta correlation coefficient, between the two
variables: number of birds and predominant
vegetation type, resulted in η=0.27 Eta Coefficient test
statistic indicating a weak association (Table 1). Thus
the null hypothesis, stating that there is no
association between the number of P. montanus and
the predominant vegetation type, is rejected.

Table 1. The calculated Spearman rank correlation
coefficient and Eta coefficient test statistic for the number of
P. montanus and urbanization indicators.

Variables Calculated coefficient

Predominant vegetation type and
the number of P. montanus

Eta coefficient test
statistic (η): 0.27

Distance of the residence from
the city center and the number
of P. montanus

Spearman rho (rs): 0.04
(P=0.75)

Distance of the residence from
the nearest main road and the
number of P. montanus

rs: 0.02 (P=0.86)

Number of people and the
number of P. montanus

rs: 0.19 (P=0.16)

Number of moving vehicles and
the number of P. montanus

rs: 0.31 (P=0.02)

Accordingly, the number of birds observed in
the observation areas having trees as the
predominant vegetation type is more variable
compared to the other types (Figure 2). The upper

quartile and median of trees are higher than the
other types, indicating that there is a higher number
of birds observed in areas with trees as the
predominant type. However, since the Eta Squared,
which is 0.07, represents only 7% of the variance of
the number of birds can be attributed to the
vegetation type, the spread of the data is not highly
associated with the vegetation. This further shows
the weak association between the two variables.

Forty-five people reported having trees as their
predominant vegetation type, while the other 13
reported other types including shrubs, herbs, grass,
ferns, and succulents.

Figure 2. Correlation between the predominant vegetation
type and number of P. montanus (1=trees, 2=other vegetation
types).

Among all the pairs of variables, only the
number of birds and the number of moving vehicles
have a moderate relationship with a Spearman rho of
rs=0.31, while the rest have a negligible relationship
(rs<0.2) (Table 1). Figures 4 to 7 display the scatter
plots of the number of P. montanus and the variables.
As seen, there is no visible linear relationship as the
points lie randomly on the graph.

Figure 3. The relationship between the distance of the
residence from the city center and the number of P.
montanus.

Figure 4. The relationship between the distance of the
residence from the nearest main road and the number of P.
montanus.
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Figure 5. The relationship between the number of people
and the number of P. montanus.

Figure 6. The relationship between the number of moving
vehicles and the number of P. montanus.

In the sampling sites, it was observed that in
urban environments, where there is habitat
fragmentation and human disturbance, urban
adapter species, particularly P. montanus, persist.
Urban adapters are found in urban communities [11]
and are predominant in these areas [10]. This is
further supported by the gathered data, wherein the
highest bird count of seventeen (17) was observed in
the urban area with the coordinates: 10.672679,
122.995988 (Barangay Estefania, Bacolod City). Urban
adapters take advantage of the resources provided by
humans but do not depend on them [15].

Urbanization causes severe habitat
fragmentation wherein the urban patches have
discrete and high-contrast edges. According to Yuan
& Lu [16], habitat fragmentation and disturbance
caused by humans increase the number of urban
adapters due to the diverse vegetation of the smaller
areas, increasing the habitat’s heterogeneity and
attracting some bird species. In Iloilo and Bacolod,
habitat fragmentation can be observed as wide areas
of land, typically, vegetation areas, are transformed
into smaller patches isolated from each other by
deforestation or the construction of roads. Roads
such as San Rufino Street (10.818954, 122.432563) in
Alimodian, and Aleosan Road (10.780912, 122.465202)
in San Miguel, Iloilo are mainly seen to divide the
vegetation areas into smaller total areas. The bird
count reported in these areas are six and five,
respectively. Additionally, in some, small-scale
deforestation occurred such as in Batuan Ilaya, Oton
(10.742100, 122.429908), and M.V. Hechanova, Jaro,
Iloilo (10.747357, 122.567027) to build the residences
that can be seen now. The participants in both areas
observed a bird count of three birds.

Our results show that P. montanus persists in
urban and urban sprawl areas in the sampling sites
with different built-up areas and vegetation coverage.
In the study of Peh et al. [17], the term “persistent”
was used to describe the species present in

mixed-rural habitat observation areas. Even if only
one bird was detected, the species was still classified
as persistent since low abundance does not
necessarily mean a negative species-habitat
relationship [17].

The species has variable nesting habits, making
them more resilient in adapting to environments
[18]. Hollows of buildings may be important nesting
spots in urban areas; areas with urban infrastructures
and low-rise buildings including residences near
Lacson Street (10.683290, 122.956049) and Araneta
Avenue (10.638403, 122.931227) in Bacolod City,
while gardens in residences may serve as foraging
sites such as in the case of some participants living in
subdivisions in Barangay Mansilingan (10.617908,
122.971113) and Barangay Estafania (10.669764,
122.987048) in Bacolod City.

Additionally, P. montanus is not a suitable
biological indicator for urbanization in the sampling
sites. Biological indicators are organisms associated
with their environment. Their presence is indicative
of the existence of certain conditions [19]. Based on
the gathered data, P. montanus was observed in
relatively high numbers in both urban and urban
sprawl areas.

According to Yuan & Lu [16], vegetation within
the area supports bird presence because they utilize
it as habitat and food. In the study, however, despite
the evidence that most of the participants reported
having trees as the predominant type, it was found
that there is no specific vegetation type that usually
serves as the species' food and nest sites in the
observation areas. As urban adapters, the P. montanus
observed may have no specific preference for the
vegetation they use for nesting and food. Their diet
includes a variety of seeds and insects. In urban
areas, they consume flowers, leaf buds, plant shoots,
and even insects [20]. In the Philippines, P. montanus
feeds on rice and seeds [21]. This supports the claim
that it likely has a diverse diet that varies in different
locations because of learned behavior and
adaptation, and by relying on locally abundant food
[22].

Some participants reported having a zero bird
count. This is not due to human disturbance, as the
participants observed only around 0-4 moving
vehicles and people, which is lower compared to
other reported data. Participants said that it may be
due to their chosen time. Before the time started,
birds can be seen perching. But, when the time
started, no perched birds were observed. Because of
the varying observation times, environmental factors
such as the weather conditions not considered in the
study may have affected the bird count.

The results of this study indicate that the P.
montanus bird count has no relationship with the
number of people. The birds may have adapted to
the presence of humans. Studies show P. montanus
could adapt to human environments and even
increase in number; however, they are unable to
adapt to the rapid expansion of urban development
as it decreases vegetation coverage [16, 4].

An increase in main roads results in high vehicle
flux. There was no association between the bird
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count and the distance of the residences from the
nearest main road. According to the study of Zhang
& Zheng [4], city centers and main roads may not be
suitable environments for P. montanus due to the high
human population and vehicle flux, nevertheless,
some participants were able to report a high bird
count despite residing near or even by the main road
such as those residing near Lacson Street and Negros
South Road (9.295563, 123.300249) in Bacolod City.
This may be due to the presence of alternative sites
for nesting and foraging, such as hollows in buildings
and decorative trees. According to the study of Yuan
& Lu [16], as the density of roads increases, there is a
decrease in vegetative composition, which may
negatively affect the species, suggesting that mixed
areas having artificial surfaces and city green and less
disturbance are suitable environments for the birds.
Most of the observation areas in this study are mixed
areas including Estefania in Bacolod and Pavia
(10.760336, 122.525959) in Iloilo.

Based on the results, the number of birds and
number of moving vehicles have a moderate
relationship. The surveyed species are tolerant of
vehicles because in some areas with high vehicle flux,
P. montanus can still be seen. The bird may also perch
in taller buildings farther from the ground where
there are moving vehicles, where disturbance and
noise pollution brought by the vehicles is reduced.
This can be observed in residences near Iloilo City
Proper (10.695209, 122.564690). However, in urban
sprawl areas farther from the city center, the cars
may enter the observation area in intervals and do
not produce loud sounds, as observed by a
participant in Pavia, Iloilo.

Limitations. The study did not account for
meteorological conditions during the bird survey.
Furthermore, due to restrictions at the time of the
study, the survey is restricted to the participants’
residences. The data is also not widely distributed
geographically and is mostly concentrated within
urban areas since prospective participants from rural
areas are difficult to contact. Thus, no data was
gathered from rural areas which were initially
included in the scope to be studied. Communication
barriers and data quality were the major limitations
since the participants conducted the bird survey
without the researchers’ supervision. Nonetheless,
supplemental guides were provided to aid the
participants. Lastly, research conducted on the
relationship of P. montanus and urbanization dealt
with the abundance of species, while this study
focused on the P. montanus bird count.

Conclusion. In urban environments in Iloilo
Province and Bacolod City where there is habitat
fragmentation and human disturbance, urban
adapter species, particularly P. montanus, persist. In
urban areas, as many as seventeen were counted,
while in urban sprawl areas, eleven birds were the
highest bird count observed. There is no specific
vegetation type that usually serves as the species'
food and nest sites in the observation areas. The
species is also tolerant of the presence of humans
and to moving vehicles. Mixed areas with artificial
surfaces and city green are important sites for the
species. Thus, the conservation of diverse patches
with vegetation, serving as foraging sites, and
buildings, for nest sites, are essential for P. montanus

to establish populations in urban areas.

Recommendations. - Further research should be
conducted on the relationship between specific plant
groups and P. montanus. In the study, only vegetation
type categories based on the physical characteristics
of the plants were considered. The researchers also
recommend studying a broader scope of the
geographical area to better understand the
relationship between P. montanus or other species to
varying land characteristics, namely in urban, urban
sprawl, and rural areas. Lastly, the researchers may
consider the weather conditions during the survey.
The research may be used to conduct studies in
other birds, especially those endemic in the country.
A longer duration should also be considered,
especially when citizen science is involved and if
there will be more than one observation.
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Abstract

Artificial lighting, including high-pressure sodium lamps, fluorescent
lamps, and light-emitting diodes (LEDs), has been used to aid in the growth
of many plants. However, there is still limited knowledge as to the effects of
red, blue, and green LED lights on the growth of Abelmoschus esculentus var.
smooth green. Thus, the effects of LEDs as an artificial light source on the
plant height and root length of Abelmoschus esculentus var. smooth green
have been examined in this study. Seedlings that were germinated for 14
days were tested in four separate setups: three treatments and one control.
Results showed that at the end of the 14-day LED light treatment from 6:00
AM to 6:00 PM, the plant mortality percentage was 100% in all treatment
groups. As a result of the limited amount of data gathered, the researchers
were unable to conduct data analysis.

Introduction. - For many years, light sources
have been deeply studied in the biological and
horticultural sciences. Along with the large number
of genes affected by the light under which plants are
grown [1], photosynthetic phenomena heavily rely
on these light sources. However, as there are regions
wherein sunlight, the natural light source, is
insufficient for optimal growth, total plant growth
and yield have been affected [1,2]. In order to
resolve these issues, artificial light sources such as
high-pressure sodium lamps, fluorescent lamps, and
light-emitting diodes (LEDs) have been developed
and studied.

While a number of artificial light sources have
been developed, research by Hamamoto and
Yamazaki (2009)[3], Lu et al. (2012)[4], Darko et al.
(2014)[5], and Degni et al. (2019)[6] claimed that LEDs
provide more benefits compared to the other
artificial light sources due to their high energy
efficiency, long lifetime, cool emitting surface, low
power consumption, and high photosynthetic active
radiation (PAR). A portion of the light spectrum
called high photosynthetic active radiation (PAR),
which has wavelengths between 400 and 700 nm, is
used by plants to undertake photosynthesis. The
control over spectral composition and light intensity
to match plant photoreceptors also allows the
improvement and increase in growth, morphology,
and other physiological processes of various plant
species, including lettuce, potato, pepper, radish,
green vegetables, and some other plants [1].
Moreover, according to Darko et al. [5], LED
technology has been predicted to replace fluorescent
and high-intensity discharge (HID) lamps in
horticultural systems and to modify controlled
growth environments for plants. These benefits
brought about by LED artificial light sources led to

the development of numerous research as to its
effects on various plant species, as mentioned above.

LEDs as artificial light sources have been
studied for over two decades. In a study by Bula et al.
[7], lettuce (Lactuca sativa L. 'Grand Rapids') plants
were maintained under the LED irradiation system
at a total PPF of 325 µmol·s-1 · m -2 for 21 days in
order to test the effects of using LED as a radiation
source for plants and compare them to that of the
cool-white fluorescent lamps, which were more
widely used at that time. The changes in plant
growth responses, phase transitions, and pigment
accumulation of Brassica juncea (vegetable mustard),
Lactuca sativa (lettuce), Ocimum gratissimum (clove
basil), Coleus blumei, and Tagetes patula (French
marigold) have also been observed in different light
environments composed of red and blue LED lights
with the peak wavelengths of 460, 635, and 660 nm
[8]. Moreover, Lycopersicum esculentum L. cv.
MomotaroNatsumi (tomatoes) , Brassica oleracea L. cv
Winterborn (kale plants), Allium cepa L. (onions),
Spinacia oleracea (spinaches ), Capsicum annuum L.
(sweet peppers) , Brassica campestris L. (Chinese
cabbages ) and Cucumis sativus L. (cucumbers) have
also been studied in red, blue and green LED sources
of various combinations and wavelengths as the
changes in their physiology such as the reduction of
nitrate content, higher chlorophyll content and
promoted petiole elongation, increased in leaf area,
fresh and dry weight and more were recorded and
analyzed [9-14,4]. Different LEDs have different
colors, but green, red, and blue are commonly
studied. Furthermore, LED lights designated at 3 and
5 watts are commonly used in simulated growing
environments for crops these days [15]. The previous
research [4,5,1] has established knowledge about the
effects of these lights on numerous species of
plants—ranging from fruits, vegetables, and even
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flowers—and has proved that each kind of light may
have varying effects on the characteristics of the
species and that there is no universal formula for it.

Crop failures, natural disasters, insect pests,
and diseases, as well as out-of-season supplies, have
all contributed to a reduction in vegetable
production as these are some of the major
constraints to Abelmoschus esculentus quality and
quantity [16,17]. Despite the knowledge on the effects
of LED as an artificial light source to various plants
such as strawberry [18], lettuce [19], tomato [4], there
is still limited knowledge as to the effects of red, blue,
and green LED lights on Abelmoschus esculentus, or
more commonly known as okra, of the smooth green
variety. According to Degni et al. [6] and Roy et al.
[20], okra is a mineral-rich vegetable with
anti-diabetic and therapeutic characteristics that is
widely cultivated around the world in tropical,
subtropical and warm temperature regions.
Furthermore, it can tolerate a wide range of soil
types, which is especially beneficial for countries
with varying geological characteristics such as the
Philippines. Okra seeds, which are a source of oil and
protein, and okra pods, which are a significant source
of dietary fiber, also offer diverse medical benefits
[20]. Furthermore, as the plant maturity of okra only
takes around 60-180 days a�er sowing, its
importance is heightened in the food production
industry. In addition to this, according to the
Department of Agriculture, Philippine okra
production will soon reach the Korean market as the
Philippines begins exporting them for the 2021-2022
season a�er meeting both countries' agreed-upon
conditions. Fresh okra had also already been
exported to Japan prior to Korea exportation, which
further proves its high economic potential as one of
the countries’ main exports.

In a study by Degni et al. [6], each light
treatment was modified to provide a specified
amount of light intensity to the okra samples,
ranging from 455 nm to 635 nm. There are some
existing research; however, the parameters that have
been measured focus on germination rate and time
[6] and reproductive responses such as position and
number of flowers [3]. Thus, this study aims to
determine the effects of using red, blue, and green
LED lights as an artificial light source on the root
length and plant height of Abelmoschus esculentus var.
smooth green. Based on the findings of previous
research [5,1,6], the researchers have come to
hypothesize that the use of LED as an artificial light
source shall increase the plant height and root height
of the Abelmoschus esculentus var. Smooth green plants
are grown under it. This study would aid in
developing better Abelmoschus esculentus cultivation
methods using artificial light sources in order to
supply the required demand in different countries
such as Brazil, India, Thailand, and the Philippines,
where Abelmoschus esculentus is popular and also
widely cultivated [21]. It could also aid in actualizing
the economic potential of Abelmoschus esculentus as
one of the Philippines’ major exports especially to
countries such as Korea and Japan. Moreover, local
horticulturists may also be guided by this study into
developing LED light treatment setups so that a
better quality of okra plants may be produced.

This study aimed to measure the plant growth of
the Abelmoschus esculentus var. smooth green (okra)

plants under red, blue and green light-emitting
diodes (LED) as the light source. It specifically aimed
to:

(i) To measure the plant heights of the
Abelmoschus esculentus var. smooth green plants in
four different setups (plants under the white
LED bulb are in one control group, while plants
under green, blue, and red LED bulbs are
considered as treatment group) a�er 14 days,

(ii) To measure the root lengths of the
Abelmoschus esculentus var. smooth green plants in
four different setups (plants under the white
LED bulb are in one control group, while plants
under green, blue, and red LED bulbs are
considered as treatment group) a�er 14 days;
and

(iii) To compare the plant height and root length
of the Abelmoschus esculentus var. smooth green
plants in four different setups (plants under the
white LED bulb are in one control group, while
plants under green, blue, and red LED bulbs are
considered as treatment group).

Methods. - A total of 200 seeds were sowed
throughout the 14-day germination period. Using
random sampling, 60 samples were chosen from the
total number of plants germinated. Three trials were
conducted, each with fi�een repetitions of one
control group and three treatment groups (blue, red,
and green). Three set-ups were simultaneously
conducted in Barangay Sto. Nino Sur, Arevalo, Iloilo
City, Iloilo , Barangay Barangay Sohoton, Barotac
Nuevo, Iloilo and Barangay Union, Nabas, Aklan
using the same soil series. The samples were then
monitored and watered regularly. For 14 days, the
plants were under the control and treatment groups.
A�er that, measurements of plant height and root
length should be obtained. However, because the
data was insufficient, no data analysis was performed.

Germination of Seeds. The Abelmoschus esculentus
var. smooth green (okra) seeds from East-West Seed
were used in this experiment. Each seed was sown in
each of the cells of the two 100-cell germination
trays, for a total of 200 seeds subject to germination.
Then, the germination trays were placed in an area
with little to no shade, such that the seeds could
receive as much and as even light as possible. The
seeds were monitored for 14 days and were watered
with 25 mL daily.

Experimental Setup. Each member prepared a
closed room to accommodate one trial of each
treatment group and one trial of the control group.
Then, four wooden tables of dimensions 0.5m x 1.0m
x 1.5m were prepared, with a black cloth wrapped
around the four posts on the edge. There was also a
wooden bar running across the table along its
horizontal, where a 5W LED light bulb that has a 25
cm vertical distance from the top of the pots, was
hung from [4]. All of the bulbs were acquired from
the same store. A�er the initial germination period
of 14 days, the fishbowl randomization method was
used to randomize the choosing of seedling samples
to be transplanted. All setups used garden soil to fill
each pot with a diameter of 9 cm and a height of 8
cm, where each seedling was transferred to. To avoid
biases on the possible outcome of the experiment,
the lottery or fishbowl randomization method was
used in dividing the samples into control and
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treatment groups. There was a total of 1 control
group and 3 treatment groups.

Measurements and Parameters. The parameters
were measured a�er 14 days. The plant height was
measured from the base of the root to the longest
leaf tip using a vernier caliper in millimeters
adapted from Preetha & Stanley [22]. For the root
length, the seedlings were carefully li�ed out of the
tray to avoid damaging the roots. It was measured
from the base to the end of the longest root using a
vernier caliper in millimeters adapted from Shahid
et al. [23].

Data Analysis. In testing the significance of the
germination and seedling emergence parameters,
the One-Way Analysis of Variance (One-Way
ANOVA) and Fisher's Least Significant Difference
(LSD) method shall be used to create confidence
intervals between factor level means, with a level of
significance of 0.05. In case of plant mortality during
the experiment, the Tukey’s Range test may also be
used for the differences between the treatment
means. Lastly, the so�ware to be used for the
above-mentioned procedures shall be Microso�
Excel (2016 Version).

Safety Procedure. Safety precautions were
observed while conducting the study. Disorganized
electrical wirings may cause electrocution, thus
proper installment and monitoring of electrical
materials were observed. High-energy blue light
from the LED bulbs may also cause damage to the
eyes, thus the researchers wore protective glasses and
limited their exposure to the light. During the
transplanting of seedlings, pathogenic bacteria in soil
may cause infections, thus wearing protective gloves
was observed. Lastly, each sharp edge of the
experimental table was covered with foam to
minimize potential risk for the researchers.

Results and Discussion. - This study aimed to
determine the effects of different colors of LED light
(red, blue and green) as an artificial light source on
the plant growth of Abelmoschus esculentus var. smooth
green seedlings. The root lengths and plant heights
under the three treatment groups and one control
group were collected a�er 14 days. However, a�er the
collection of data, the researchers were not able to
perform the data analysis procedures as the number
of surviving sample populations was insufficient due
to the 100% mortality rate in all plants under the
treatment groups.

For each of the three trials of the three treatment
groups, none of the 15 plants have survived. Thus,
the mortality percentage of the Abelmoschus esculentus
under the red, blue, and green LED light is 100%.
Under the control treatment, there is only a
mortality percentage of 53.33% as there had only
been a total of 24 Abelmoschus esculentus from the
three control setups that have survived. Due to the
limited number of surviving sample populations
from the control group, the data has been
insufficient, and thus researchers have been unable to
conduct the data analysis methods. The
measurements of plant heights and root lengths
recorded on plants grown in the control set-up are
shown in the tables below (Tables 1-3).

Table 1. This table shows the measurements of plant height

and root length recorded by Member 1 (Arsenal) on the
plants grown in the control setup.

Member 1

Plant Height (mm) Root Length (mm)

166 38

164 24

157 11

Table 2. This table shows the measurements of plant height
and root length recorded by Member 2 (Belicena) on the
plants grown in the control setup.

Member 2

Plant Height (mm) Root Length (mm)

156 41

131 17

155 60

140 54

166 61

167 34

178 65

43 86

132 46

20 94

Table 3. This table shows the measurements of plant height
and root length recorded by Member 3 (Gubaton) on the
plants grown in the control setup.

Member 3

Plant Height (mm) Root Length (mm)

150 80

156 63

155 100

157 37

162 246

143 45

120 45

140 187

162 147

144 96

131 52
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Limitations. As shown in figure 1, in all setups,
the mortality of Abelmoschus esculentus plants in the
treatment groups rises over time. The researchers
have identified five possible factors which have
affected the growth and eventual mortality of the
Abelmoschus esculentus plants: light intensity, distance
between the plant and LED bulb, daily weather
conditions and temperature, amount of water, and
lastly limitations in equipment. First, it is possible
that the light intensity of the LED bulbs has been
insufficient to support the growth of all 15 Abelmoschus
esculentus plants in one setup. In a study by Liu et al.
[24], 24 units of 3W LED bulbs had been used in one
of the setups while on the other hand, in a study
conducted by Sabzalian et al. [25], 1.0 W LED bulbs
had been used. Each setup had been placed in each
of the four growth cabinets, and each cabinet
supported 120 of these 1.0W LED Lights. In another
study by Lu et. al. [4], each unit of the LED bulb used
had the wattage 18W. According to the above studies
by Liu et al. [24], Lu et al. [4], and Sabzalian et al. [25],
LED bulbs with different wattages were utilized in a
set-up; however, according to a study conducted by
Abeena et al. [15], 3 watts and 5 watts of LED light
have also been commonly used in growing indoor
plants or under simulated environments. Thus, this
study utilized a 5-watt LED bulb per set-up. Since
the distance between the bulb and the top of the pot
had been adapted from the study by Lu et. al [4], it
could be that the light intensity received by each
plant had been insufficient as the higher wattage of
the LED bulb, the higher the light intensity it
produces. On the other hand, it is also possible that
the distance between the light bulb and the plant had
a major effect on the growth of the plant. As
mentioned above, the distance between the bulb and
the top of the pot of 25 cm had been adapted from
the study by Lu et. al [4]. However, as the plant grows,
its height also increases – which means that the plant
had been constantly growing closer to the LED bulb,
and that the closing distance might have caused the
Abelmoschus esculentus samples to receive too much
heat from the bulb then start to wither at around
Days 4 to 8.

Figure 1(a). This graph shows the number of
cumulative plant mortalities as recorded daily of Member 1
(Arsenal).

Figure 1(b). This graph shows the number of
cumulative plant mortalities as recorded daily of Member 2
(Belicena).

Figure 1(c). This graph shows the number of cumulative
plant mortalities as recorded daily of Member 3 (Gubaton).

This is evidenced by the graphs above which
shows the growth trend of the Abelmoschus esculentus
in all setups. It could be observed that the mortalities
had only started from around Day 4 to Day 8, and
that by Day 14, all Abelmoschus esculentus under the
treatment setups had already died. According to a
study by Wang and Folta (2013), far-red light, which
is the dominant wavelength, is what causes the most
noticeable changes. Additionally, there are
differences in the ways that the green, red, and blue
wavebands affect the plant's growth and
development. The wavelengths that most strongly
stimulate photosynthesis are at the red end of the
spectrum (600–700 nm), followed by the blue region
(400–500 nm), and finally the green region (500-600
nm). As can be observed from the graphs, plants in
the treatment setup with green LED died earlier than
those in the setup with red and blue LED. Plants with
withered leaves have been constantly monitored
since the moment the stem breaks or falls, the plant
is deemed to be dead. The dead plant's condition
supports it as it wilts in the days that follow a�er it
was declared dead until the 14-day period. The pale
leaves and withering of the plants, which have been
noticeable on the plants from the treatment groups,
are indicators of overwatering and/or overexposure
to light.

In the study by Liu et al. [24], the growth
temperature had been set to 25±2 °C, which is similar
to the outside average daily temperature. However,
in another study by Degni et al. [6], the temperature
had only been recorded daily but not controlled. Due
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to the difference in the researchers' setup locations,
there might have been variations in the daily weather
conditions which may have affected the growth of
the Abelmoschus esculentus during the germination
phase of the study.

Another factor that had also been considered is
the amount of water that had been used for the
plants. As adapted from the study by Lamont
1999[26], each plant has been watered with 25mL of
water daily. However, a�er observing the soil by the
end of 14 days, most of the pots with dead plants had
wet to moist soil. Since Abelmoschus esculentus is a
heat-loving crop, it is possible that the amount of
water had been more than what is needed in the
setup. Thus, the mortality of the plants might have
also been affected.

Moreover, in studies conducted by Liu et al. [24]
and Degni et al. [6], each light treatment has been
adjusted to give a specific amount of light intensity of
around 455 nm to 635 nm. The study included five
treatment groups: blue, green, red, blue and green,
and red and green. However, due to the limitations in
the availability of equipment, the researchers have
been unable to measure the light intensity received
by the plants. This may have affected their growth,
and have thus been one of the factors that led to such
results.

Conclusion. - Based on the obtained results, it
may be concluded that LED light as an artificial light
source for Abelmoschus esculentus var. smooth green
resulted in a 100% mortality percentage on all the
treatment setups in this study.

Recommendations. - It is recommended to either
use an LED light bulb with a higher wattage or use
multiple light bulbs in each setup to increase the
light intensity received by the plants. LED strips may
also be used in place of LED bulbs as the light
produced by the source is dispersed more evenly and
consistently among the plants. Furthermore, it is
recommended to measure and to determine the
specifications of the LED bulbs to be used, such as
light intensity, spectrum, and the area covered by the
light, since these are some of the factors that may
determine the output of the LED light sources. It is
also recommended to test the effects of mixed colors
and wavelengths, as different plants require specific
conditions to obtain optimum growth. Aside from
the LED parameters that may have influenced okra
growth, other aspects to be considered are
temperature and humidity of the setup environment,
and the amount of water received by the plants could
also be reduced. It is also recommended that a
control set-up be in place under normal conditions.
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CLUSTER TWO

Seed Priming
& Plant Growth

In this cluster are the combined studies under the
fields of Seed Priming and Plant Growth.

Seed Priming is a specific field in agriculture that
studies and practices germination regulation via
temperature and seed moisture manipulation.

Plant Growth is a general field in agriculture that
involves any studies that may impact plant growth.

Studies under this cluster aim to further improve the
future of the agricultural industry.
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Abstract

Soil salinity decreases plant productivity and induces slow growth
especially under very high levels ranging from 9 dS/m to 15 dS/m. To
overcome the negative effects of soil salinity, hydropriming or soaking of
seeds in distilled water is used as a seed priming technique to activate
various metabolic processes in the seed which can promote growth under
stress. The study evaluated the germination of Oryza sativa L. NSIC Rc222
for seven days under 15 dS/m salt stress hydroprimed at 12 h, 24 h, and 48
h, with unprimed seeds as the control. Germinated seeds were counted
every day, and seedling height was measured to compute for the final
germination percentage (FGP), speed of germination (SG) and seedling
vigor index (SVI). Results show that hydropriming the seeds for 48 h
resulted in the highest SG and SVI values while no significant differences
were recorded among the FGP of all treatments. Increasing hydropriming
duration improves the germination parameters of Oryza sativa L. NSIC
Rc222 seeds under sodium chloride (NaCl) stress. In conclusion,
hydropriming is effective in mitigating the negative effects of saline stress
on SVI and SG but it has no effect on germination viability.

Introduction. - One major environmental
constraint faced in agriculture is soil salinity,
wherein it induces slow growth among plants and
subsequently decreases crop yield. Soil salinity is
the amount of dissolved salts in the soil which occur
as ions, particularly sodium chloride ions. Under
increased soil salinity, the osmotic potential in the
soil decreases due to the direct effects of ion toxicity
which leads to the inhibition of the plant’s ability to
take up water from the soil [1]. This results in the
reduction of several germination parameters such as
final germination percentage (FGP) and speed of
germination (SG), yielding less vigorous seedlings
[2].

The germination and early seedling growth of
Oryza sativa L. can be negatively affected by
increasing salt concentrations [3]. About 48 million
hectares of land in humid regions of South and
Southeast Asia are fit for Oryza sativa L. production
but are constrained by soil salinity due to the
surface intrusion of saline water from the flooding
of rivers and streams during tidal fluctuations and
typhoon surges, high actual surface evaporation on
dry periods, usage of salinized groundwater for
irrigation, and accumulated fertilizer residues [4].

Among the seed priming techniques,
hydropriming is the most economical and
accessible option in germinating seeds under a
variety of stress conditions [5]. Hydropriming is
done by soaking seeds in distilled water for a
specified number of hours before sowing. It was
reported by Sher et al. [6] that hydropriming may
improve the stand establishment, seedling vigor,

and productivity of field crops under optimal and
suboptimal conditions.

Khafagy et al. [7] evaluated the effects of
hydropriming on the germination of different Oryza
sativa L. rice varieties under normal and saline
conditions, while Prasad et al. [8] studied rice
seedling vigor. Farooq et al. [9] looked at rice
hydropriming optimization, but its effect
particularly on the NSIC Rc222 variety has not yet
been studied. In these three studies mentioned, rice
germination was significantly improved which
suggests that hydropriming might also be a useful
seed priming technique for the Rc222 variety.

The NSIC Rc222 variety of rice is classified by
the International Rice Research Institute (IRRI) in the
study of Mondal and Borromeo [10] as salt-sensitive
rice,  susceptible to soils of very high salinity level
(9.0-15 dS/m). The evaluation of the germination of
Oryza sativa L. NSIC Rc222 under salt stress
hydroprimed at various time durations is significant
to identify more convenient seed treatment methods
which can improve its germination performance.

This study evaluated the germination of Oryza
sativa L. NSIC RC222 under sodium chloride (NaCl)
stress hydroprimed for 12 h, 24 h and 48 h. The
specific aims are:

(i) evaluate the germination of Oryza sativa L.
NSIC Rc222 subjected to saline stress
hydroprimed for various time durations (0 h, 12
h, 24 h, and 48 h) using the following
parameters:
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a. Final germination percentage
(FGP),

b. Speed of germination (SG), and
c. Seedling vigor index (SVI);

(ii) evaluate if there is a significant difference
among the treatments using Analysis of Variance
(ANOVA) at α = 0.05 and Least Significant
Difference (LSD) using Microso� Excel So�ware
for Windows 10.

Methods. - Oryza sativa L. NSIC Rc222 seeds
were hydroprimed by soaking in distilled water for
12, 24, and 48 hours following a randomized
complete block design while the control group was
le� unprimed. Seeds were air-dried for two (2) hours
and were subjected to 15 dS/m saline solution to
simulate salt stress and to 0 dS/m as control in their
corresponding petri dishes. These were le� to
germinate for seven (7) days inside a
temperature-controlled incubator [8]. Germinated
seeds were counted every 24 hours and all the
germination parameters were measured at the end of
seven (7) days. Data analysis was then carried out.

Acquisition of Seeds. Certified Oryza sativa L.
NSIC RC222 seeds were acquired from the
Department of Agriculture - Western Visayas
Integrated Agricultural Research Center. The seeds
were stored in an airtight container at room
temperature until ready for use.

Construction of the Incubator. An incubator with
dimensions 0.6m x 0.45 m x 0.45 m was constructed
(Figure 1) and covered with glass on top. A heat lamp
was attached to a temperature controller set to 29 ±
0.2 degrees Celsius and four (4) LED tubes are fixed
on top of the incubator at a 12-hour light and
12-hour dark photoperiodic cycle with the light
intensity maintained at 4000 lux during the light
cycle [11].

Figure 1. Incubator setup.
Le�: top view, with petri dishes containing RC222 seeds.
Right: front view.

Preparation of Seeds. The seeds were
surface-sterilized following the procedures used by
Khafagy et al. [7]. Seeds were soaked in 1.0% (v/v)
sodium hypochlorite solution for three minutes. The
residual chlorine was washed out using distilled
water. Seeds were divided into four sub-samples and
assigned to treatment groups with a total of six
replicates each using randomized complete block
design. One petri dish containing 25 seeds was used
per replicate and each was labeled according to the
treatment group and replicate number.

Seed Hydropriming. The seeds were
hydroprimed by soaking in a beaker filled with
distilled water for 12, 24, and 48 hours, with a ratio of
six seeds per ten mL of water. The seeds were

subsequently air-dried for two hours.

Preparation of Growing Media and Sowing of Seeds.
Two layers of Whatman No, 1 filter paper were
placed in each of the 24 petri dishes (9 cm diameter)
to serve as the growing medium for the seeds. The 25
seeds were sown in a 1:8:16 circular fashion and
stored in the growing media to germinate for seven
days.

Simulation of Saline Stress. The 15 dS/m saline
solution was prepared by dissolving 9.6 grams of
NaCl in one liter of distilled water. A PASCO
conductivity probe with ± 10% accuracy was used to
measure the salinity in a stepwise manner. Three
replicates of each treatment were treated with 10 mL
of the 15 dS/m saline solution while the remaining
three replicates were given 10 mL of distilled water
for control.

Counting of Germinated Seeds and Measurement of
Seedling Height. The number of germinated seeds
were counted every day for seven days while the
seedling height was measured at the end of the
germination period. Ten (10) seedlings were
randomly selected from each replicate for the
measurement of the seedling height using a vernier
caliper [7]. The mean of the selected seedling heights
per replicate was then calculated.

Data Analysis. The germination parameters,
namely the final germination percentage (FGP),
speed of germination (SG), and seedling vigor index
(SVI) of the germinated seedlings for each treatment
group were compared using One-Way Analysis of
Variance (ANOVA). If the One-Way ANOVA result is
significant, then Fisher’s Least Significant Difference
(LSD) was used as the post-hoc test for multiple
comparisons at α = 0.05. All data analyses were done
using Microso� Excel.

𝐹𝐺𝑃 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑠𝑒𝑒𝑑𝑠 × 100%

𝑆𝑉𝐼 = 𝐹𝐺𝑃 × 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑙𝑒𝑛𝑔𝑡ℎ (𝑟𝑜𝑜𝑡 +  𝑠ℎ𝑜𝑜𝑡)

𝑆𝐺 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑖𝑟𝑠𝑡 𝑐𝑜𝑢𝑛𝑡 +...... + 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠

𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑖𝑛𝑎𝑙 𝑐𝑜𝑢𝑛𝑡

Safety Procedure. Sodium chloride is an eye
irritant, thus wearing external protective clothing
such as gloves, eye, and face protection were
practiced. Eye irritations were mitigated by washing
the eyes thoroughly with water. There were also risks
associated with the use of sodium hypochlorite such
as skin irritation and serious eye damage.
Throughout the experiment, the chemicals were
handled with care and external protective clothing
was always worn. Direct contact with the chemical
was mitigated by thorough washing.

Results and Discussion. - The study aimed to
evaluate the germination of Oryza sativa L., NSIC
Rc222 under NaCl stress hydroprimed for various
time durations.

Final Germination Percentage. The highest FGP
mean among Rc222 seeds subjected to 15 dS/m
saline stress was found in 48 h hydropriming
duration with 94.67% mean FGP, followed by 12 h
and 24 h while the lowest was found in the unprimed
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seeds with 82.67% mean FGP (Figure 2). It must be
noted that the mean FGP of the unprimed seeds was
lower than 85%, which indicates a significant
breakdown in its processes as the seeds were
adversely affected by salt stress. Meanwhile, in the 0
dS/m treatment, the 24 h hydropriming treatment
yielded the highest FGP mean with 96.00%, followed
by 48 h and the lowest in the 12 h treatment and
unprimed seeds with both  an FGP mean of 93.33%.

Figure 2. Final Germination Percentage (FGP) between
control and saline-stressed conditions (mean values, n=3 per
condition).

There is no significant difference among the
mean FGP values of all treatment groups in both 0
dS/m and 15 dS/m saline level with a p-value of 0.05
(Table 1). It was observed that the seeds hydroprimed
at longer durations and subjected to saline stress
exhibited maximum germination in the fourth or
fi�h day, while most of the unprimed seeds
germinated by the sixth and seventh day. At the end
of seven days, however, most seeds from all
treatment groups have already germinated.
Hydropriming, in general, and the various soaking
durations did not significantly affect the FGP of
Rc222 seeds grown in 0 dS/m (no saline) and 15 dS/m
saline treatments.

Table 1. Multiple mean comparisons for the FGP values
among all treatment groups (n=3 per condition).

Saline
Concen

-
tration

Final Germination Percentage (%)

0 h 12 h 24 h 48 h p-valu
e

0 dS/m 93.3
3

93.33 96.00 94.67 ns

15 dS/m 82.67 90.67 86.67 94.67 ns

ns = not significantly different at 0.05𝑝 ≤

Hydropriming seemed to have affected the
germination of Oryza sativa L. only at the earlier
stages, especially among seeds hydroprimed at
longer durations. This could be due to the different
biological mechanisms triggered by hydropriming
such as the release of enzymes that produce soluble
food nutrients which enabled the seeds to germinate
upon sowing [8]. A�er some time, however, seeds
hydroprimed at shorter durations germinated as well
due    to     the optimum     light     and     temperature

conditions present inside the incubator [12]. These
conditions eventually allowed the seeds from all
treatment groups to grow to a minimum of 2 mm
radicle length by the end of seven days. Due to this,

the FGP values among all treatment groups in the
study were almost similar in both normal and saline
conditions, and thus, no significant difference was
recorded.

Speed of Germination. The highest SG mean
recorded for the 15 dS/m saline treatments was with
48 h hydropriming with SG mean of 34.8, followed
by 24 h, 12 h, and the lowest from unprimed seeds
with 7.69 (Figure 3). Similar results were observed
among the seeds subjected to 0 dS/m, wherein the
highest SG mean was recorded in 48 h hydropriming
with mean of 43.37, followed by 24 h, 12 h, and the
lowest from the unprimed seeds with SG mean of
21.6.

Figure 3. Speed of Germination (SG) between control and
saline-stressed conditions (mean values, n=3 per condition)

Hydropriming significantly increased the speed of
germination of Rc222 seeds, wherein under both 0
dS/m and 15 dS/m saline treatments, 48 h
hydropriming obtained the highest SG values with
34.80 seeds/day and 43.37 seeds/day, respectively
(Table 2). It was observed that the seeds hydroprimed
at these durations germinated the earliest upon
sowing while the unprimed seeds and 12 h
hydropriming have only started to germinate on the
third day. Under 0 dS/m, the SG values are
comparable between the unprimed seeds and the 12
h hydropriming, as well as between 12 h and 24 h
hydropriming treatments. Subjecting saline stress
significantly decreased the mean SG values among
Rc222 seeds but hydropriming at particularly longer
durations mitigated these negative effects.

Table 2. Multiple mean comparisons for the SG values
among all treatment groups (n=3 per condition).

Saline
Concen

-
tration

Speed of Germination (seeds/day)

0 h 12 h 24 h 48 h p-valu
e

0 dS/m 21.56
b

28.93a

b
33.98

a 43.37
<0.001

*

15
dS/m 7.69 12.91 19.42

34.8
0

<0.001
*

* Significantly different at 0.05𝑝 ≤
ZIn a row per saline concentration, means with the same letters
are not significantly different at 5% level of significance.

Hydropriming Oryza sativa L. NSIC Rc222 seeds
mitigated the effects of salt stress because the speed
of germination (SG) increased as hydropriming
duration was increased. The faster speed of
germination (SG) in longer soaking durations was
caused by biological and physiological processes such
as the acceleration of the emergence phase and



24 | Nismal et al.

multiplication of radical cells which limit the
exposure of the seeds to the stressful conditions in
the environment [13]. Findings were similar in
studies conducted on Triticum aestivum L. (wheat) by
Basra et al. [14] and Momordica charantia (gourd) seeds
by Adhikari et al. [15] wherein increasing the
duration of hydropriming up to 48 hours
significantly improved the duration of germination.
Hydropriming seeds enabled the completion of
metabolic activities prior to planting which reduced
the time for the seed to germinate [16].

Seedling Vigor Index. Among the seeds
subjected to 15 dS/m saline stress, SVI increased with
longer durations of hydropriming, wherein the 48 h
hydropriming yielded the highest SVI with 7320.20,
followed by the 24 h, 12 h, and the lowest in the
unprimed seeds with 2453.00 (Figure 4). The seeds
grown in 0 dS/m also yielded an increasing SVI with
longer hydropriming durations except for the 48 h
hydropriming which obtained a lower SVI of 8912.16
than the 24 h hydropriming which yielded an SVI
mean of 10348.47.

Figure 4. Seedling Vigor Index (SVI) in control and saline
conditions (mean values, n=3 per condition).

Seeds hydroprimed for longer durations and
subjected to saline stress have visibly grown higher
seedling heights in a shorter period, which explains
the increasing SVI values except for the 24 h
hydropriming which obtained a significantly higher
SVI compared to the 48 h hydropriming under 0
dS/m (Table 3). The seeds subjected to 15 dS/m salt
stress exhibited the highest SVI with 48 h
hydropriming, where the mean value was found to
be significantly higher compared to the 24 h, 12 h
hydropriming treatments and the unprimed seeds.

Table 3. Multiple mean comparisons for the SVI values
among all treatment groups (n=3 per condition).

Saline
Concen-
tration

Seedling Vigor Index

0 h 12 h 24 h 48 h p-value

0 dS/m 7019b 7617ab 10348 8912a 0.002*

15 dS/m 2453 3860a 4293a 7320 <0.001*

* Significantly different at 0.05𝑝 ≤
ZIn a row per saline concentration, means with the same letters
are not significantly different at 5% level of significance.

Under 0 dS/m treatment, 24 h hydropriming
resulted in a higher SVI than 48 h hydropriming
treatment. This correlates with a previous study by
Kumar et al. [17] that determined 24 h as the
maximum length of time for which Oryza sativa L.
seeds should be soaked, as exceeding it could cause

seed deterioration. Although imbibition is vital for
the re-constitution of biomembranes, activation of
enzymes, mobilization of storage compounds, and
protein synthesis in the seed, it can also cause
imbibition damage, particularly when water is taken
up rapidly [7]. Meanwhile, the SVI values obtained
for the 15 dS/m saline treatment in the current study
were similar to Khafagy et al. [7] where the highest
SVI was with Oryza sativa L. seeds hydroprimed for
48 h compared to 12 h, 24 h, and 36 h. This suggests
that hydropriming for longer durations increases the
SVI especially when the conditions such as saline
stress deem seed repair to be necessary.

Limitations. In the preparation of the 15 dS/m
saline solution, table salt was used which may have
possibly contained other additives aside from the 97%
NaCl that could induce negative effects on the
germination parameters of the seeds. Moreover,
there might have been some discrepancies in the
computation of the SG values due to the
inconsistencies in the schedule of counting of
germinated seeds as caused by the conflicting
schedules of the researchers. Lastly, in the
measurement of the seedling height using vernier
caliper, the roots and leaves were straightened out by
hand and laid flat on a piece of paper. Due to the risk
of breaking the seedling, the roots may not have
been straightened out entirely and uniformly, which
rendered the measurement of the seedling height
and the computation of the SVI to be less precise.

Conclusion. - Hydropriming was concluded to
not have any significant effect on the final
germination percentage but can effectively accelerate
the growth and significantly improve the seedling
vigor of Rc222 seeds subject to 15 dS/m salt stress.
Moreover, 48 h hydropriming is found to be the
most effective soaking duration in alleviating the
effects of saline stress among Oryza sativa L. NSIC
Rc222 seeds.

Recommendations. - It is recommended that
Oryza sativa L. NSIC Rc222 (rice) seeds should be
hydroprimed for 48 hours to mitigate the negative
effects on its germination. Furthermore, it is
recommended that a uniform schedule for data
collection will be imposed, especially for the
counting of germinated seeds. Use of digital so�ware
such as ImageJ may also be considered for a more
precise measurement of the seedling height. Lastly, it
is recommended that technical grade sodium
chloride salt shall be used in making the saline
solution to minimize the presence of other
compounds that may also affect the germination of
the Oryza sativa L. NSIC Rc222 seeds.

Acknowledgement. - The researchers would like
to thank the Department of Agriculture Region 6 -
National Seed Quality Control Services for providing
the certified Oryza sativa L. NSIC RC222 rice seeds
utilized in this study.

References

[1] Munns R, James R, Lauchi A. 2006. Approaches to
increasing the salt tolerance of wheat and other
cereals. J. Exp. Bot. 57(5): 1025–1043. DOI:
10.1093/jxb/erj100



Effects of LED light as an artificial light source on the Growth of Abelmoschus esculentus | 25

[2] Ucarli C. 2020. Effects of salinity on seed
germination and early seedling stage.
IntechOpen. DOI: 10.5772/intechopen.93647

[3] Hakim MA, Juraimi AS, Begum M, Hanafi MM,
Ismail MR, Selamat A. 2010. Effect of salt stress
on germination and early seedling growth of
rice (Oryza sativa L.). Afr. j. biotechnol. 9(13) :
1911-1918. DOI: 10.15835/nsb.6.2.9163

[4] Department of Agriculture. 2001. Management of
salt-affected soils for rice production. Rice
Technol. Bulletin. 2001(40). URL:
bit.ly/3NDyZyY

[5] Toselli ME, Casenave EC (2005) Hydropriming
and cottonseed germination under unfavorable
conditions: Modifications in hydrotime model
parameters. Seed Sci. Technol. 33(1): 87-96.
DOI: 10.15258/sst.2005.33.1.09

[6] Sher, A., Sarwar, T., Nawaz, A., Ijaz, M., Sattar, A.,
Ahmad, S., 2019. Methods of Seed Priming. In
M. Hasanuzzaman V. Fotopoulos (Eds),
Priming and Pretreatment of Seeds and
Seedlings, pp. 1-11. DOI:
10.1007/978-981-13-8625-1_1

[7] Khafagy, M.A., Darowish, M.M., Salama, S.M. and
Abo-El-Kheer, E.A.M. 2014. Effect of water
priming duration on rice (Oryza sativa L.)
germination and seedling growth under
ISO-osmotic solution of NaCl and PEG. J. Plant
Production, Mansoura Univ., 5(12):2141 -2157.
DOI: 10.21608/jpp.2014.64853

[8] Prasad S, Prasad B, Singh RK (2012) Effect of
hydro-priming duration on germination and
seedling vigour of rice (Oryza sativa L.) cv.
Prasad. J. Crop Weed, 8(1):65-71. URL:
bit.ly/3QbMqrI

[9] Farooq M, Basra SMA, Afzal I, Khaliq A (2006)
Optimization of hydropriming techniques for
rice seed invigoration. SeedSci. Technol., 34:
507-512. DOI: 10.15258/sst.2006.34.2.25

[10] Mondal S, Borromeo TH (2016) Screening of
salinity tolerance of rice at early seedling stage.
J. Biosci. Agric. Res., 10(1): 843-847. DOI:
10.18801/jbar.100116.102

[11] Anuradha S, Rao SSR. 2003. Application of
brassinosteroids to rice seeds (Oryza sativa L.)
reduced the impact of salt stress on growth,
prevented photosynthetic pigment loss, and
increased nitrate reductase activity. Plant
Growth Regul. 40(1): 29–32. DOI:
10.1023/A:1023080720374

[12] Damalas CA, Koutroubas SD, Fotiadis S. 2019.
Hydro-Priming Effects on Seed Germination
and Field Performance of Faba Bean in Spring
Sowing. Agric., 9(201). DOI:
10.3390/agriculture9090201

[13] Ibrahim N, Bhadmus Z, Singh A. 2013.
Hydro-Priming and Re-Drying Effects on
Germination, Emergence, and Growth of
Upland Rice (Oryza sativa L.). Nig J Basic Appl
Sci., 2013: 21(2). DOI: 10.4314/njbas.v21i2.11

[14] Basra SMA, Farooq M, Tabassum R and Ahmed
N. 2005. Physiological and biochemical aspects
of seed vigor enhancement treatments in fine
rice (Oryza sativa L.). SeedSci. Technol., 33:
623-628. DOI: 10.15258/sst.2005.33.3.09

[15] Adhikari B, Dhital PR, Ranabhat S, Poudel H.
2021. Effect of seed hydro-priming durations
on germination and seedling growth of bitter
gourd (Momordica charantia). PLoS ONE 16(8):
e0255258. DOI: 10.1371/journal.pone.0255258

[16] Sadeghi H, Khazaei F, Yari L, Sheidaei S. 2011.
Effect of seed osmopriming on seed
germination behavior and vigor of soybean
(Glycine max L.). ARPN J Agricult Biol Sci
6(1):39-43. URL: bit.ly/3NEPuuR

[17] Kumar A, Gangwar JS, Prasad SC and Harris D.
2002. On-farm seed priming increases yield of
direct–sown finger millet in India.
International Sorghum Millets Newsletter 43:
90–2. DOI: 10.1017/CBO9781107415324.00



Publiscience Vol. 5 Issue 1

Growth of Momordica charantia (bitter gourd) amended by
Chanos chanos (bangus) and Oreochromis niloticus (tilapia)
fish offal fertilizer

KATHLEEN MARIE A. ALIGAEN, NICOLE ANDREA T. MABASA, AISAN BHENZ M. MANDAR, and
FERNANDO CHRISTIAN G. JOLITO III

Philippine Science High School Western Visayas Campus - Department of Science and Technology (DOST-PSHS WVC),
Brgy. Bito-on, Jaro, Iloilo City 5000, Philippines

Article Info

Submitted: Jul 4, 2022
Approved: Jul 12, 2022
Published: Jul 27, 2022

Keywords:

Momordica charantia

Oreochromis niloticus

Chanos chanos

fish offal fertilizer

plant growth

Abstract

Inorganic fertilizers have been widely used in enhancing the growth of
crops. However, excessive use of inorganic fertilizers can have adverse
environmental effects. Thus, there is a need to find alternative ways and one
is by using fish offal from aquaculture by-products as fertilizers. Fish offal
are organic fertilizers known to contain a healthy balance of significant
plant nutrients. But only few studies were done on plant growth effects
using fish offal from different fish species. Here, we compared the number
of leaves, area, and growth rate of M. charantia, an important medicinal
vegetable crop, in soil amended with fish offal of C. chanos and O. niloticus at
7.5% (v/v) concentration. Results showed that there is no significant
difference on the growth of M. charantia between the fish offal of C. chanos
and O. niloticus. Therefore, fish offal fertilizers from either fish species
enhanced the growth of M. charantia plant providing a more cost-efficient
and environment-friendly way of growing M. charantia.

Introduction. - Inorganic fertilizers have been
the staple way of enhancing soil fertility because they
are quick-release fertilizers, making the nutrients
immediately available for the crop. However,
inorganic fertilizers can cause leaching and excess
algal growth before the nutrients are actually taken
up by the plant, consequently damaging the aquatic
ecosystem [1]. Therefore, there is a need to find
alternative sources of fertilizer, and one potential
source is the fish offal that comes from culturing fish.

Organic fertilizers improve soil fertility, soil
structure, water retention capacity, physical and
chemical properties, soil pH, microbial activity, and
crop yield [2]. Organic fertilizers are also
environment-friendly as stated by Akande et. al
(2004) in Ahmad et al. [2]. Agricultural wastes,
livestock wastes (manure), domestic and industrial
wastes (compost), and fishery/aquaculture wastes like
fish offals are commonly used organic fertilizers [2,
3].

Soil fertilization using fish waste compost was
reported to cause an increase in leaf yield of L. sativa
L. It caused a significant increase of nitrogen,
phosphorus, potassium, sodium, calcium, and
magnesium in leaves of the plant [4]. Also, fermented
fish waste was found to enrich the soil nutrients
required for plant growth and favorably influenced
the conducting functions of xylem and phloem
vessels [5]. Results of the study conducted by Lema
and Degebassa [1] has shown that fertilizers made
from fish offal can provide readily absorbed
nutrients required for growth and yield production
of tomato and onion [1]. Different fish offals have
been tested for their properties in enhancing the
growth of plants. In addition, the liquid fish silage of

Nemipterus japonicus, at 5.0%-10.0% has a great effect
on the growth of Brassica rapa subsp. chinensis in terms
of its height, leaf number, leaf area, and fresh weight
[3]. Therefore, fish offals help plants grow efficiently
by providing the nutrients that are needed for
growth such as nitrogen, phosphorus, and potassium.

The test plant, Momordica charantia L belongs to
the family of Cucurbitaceae and is commonly known
as Ampalaya in the Philippines. It is a widespread
vegetable crop grown in Asia and in other parts of
the world. It is usually grown as an annual crop, but it
can also be considered as a perennial crop in mild
and frost-free winter areas. M. charantia is best sown
from October to February as it is its ideal planting
season because cool weather is better for production
[6]. These conditions are required for the
germination of M. charantia seeds. M. charantia has
been suggested to be an economically important
crop as it has shown dietary advantages as the
immature fruit contains vitamin A and vitamin C [7]
[6]. M. charantia was chosen as a test plant because it
can be cultivated throughout the year. M. charantia
has been widely utilized in traditional medicine for
many treatments due to the phytochemicals present
in the herb that have been identified to exhibit
medicinal activities such as antibiotic and
antidiabetic which makes it one of the most
nutritious plants [8]. It was noticed that the vegetative
growth and herbage yield of M. charantia was
significantly enhanced by the application of different
organic fertilizers [8].

Fish offal fertilizers are organic fertilizers made
from by-products of the fish industry which are
known to contain significant quantities of nitrogen as
well as a healthy balance of all 18 nutrients such as
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amino acids which can be significant for crops
growth. According to the study of Lema and
Degebassa [1], it was known that plants rapidly
respond to and grow vigorously when they are
regularly fertilized with fish fertilizers. Also, fish offal
such as heads, guts, and fins are suitable for
agricultural use since it has high contents of
nutrients, such as N, P, and Ca [9]. Because of this,
composting initiatives using fish waste have been
carried out in various parts of the world in search of
alternative and viable techniques for transforming
fish waste into useful agricultural products [10]. A
study conducted by Widyastuti [11] has shown that
applying fish waste fertilizer of fermented C. chanos
has a significant effect on the growth of plants. A
study also showed that fish wastes of O. niloticus
boosted the production of Solanum lycopersicum L.,
and Allium cepa [1]. Therefore, fish offals of C. chanos
and O. niloticus are excellent sources of nutrition for
soils and plants.

It has already been studied that fish offal from C.
chanos and O. niloticus are effective fertilizers in
improving the growth of plants, but the comparative
effectiveness of these fish offal fertilizers in a specific
concentration on the growth of a plant has not been
determined yet.

Studies have only looked at the comparison of
the effects of fish offal fertilizer to inorganic fertilizer
and few studies have been done on comparing the
effects of fish offal fertilizer sourced from the culture
of different fish species. Our research will therefore
compare the effects of fish offal fertilizers from C.
chanos and O. niloticus in a specific concentration on
the growth of M. charantia. This research will also test
if C. chanos will have a more significant impact on
the plant growth of M. charantia than the fish offal of
O. niloticus. M. charantia will be used as the test plant
of the research as it is native to the Philippines which
is one of the parameters of the study. The research
will also be exploring the amount of concentration
that will be given to the test plant which is 7.5%. The
research specifically aims to determine which fish
offal fertilizer in a specific concentration is a better
alternative to inorganic fertilizers for the optimal
and maximum growth of a plant like M. charantia.

The study chose the fish species C. chanos and O.
niloticus because they are the second and first most
important farmed fish in the Philippines respectively
[12]. The significance of this study is to reduce the
use of inorganic fertilizers which are harmful to the
environment. This study was chosen to be able to
propose a better fish offal as an alternative fertilizer
to inorganic fertilizer.

This study aims to determine the comparative
growth of Momordica charantia amended with the fish
offals of Chanos chanos and the fish offals of
Oreochromis niloticus in a specific concentration.
effects of C. chanos and O. niloticus fish offals as
fertilizers on the growth of M. charantia in a specific
concentration. It specifically aims to:

(i) To count the number of fully expanded
leaves of M. charantia a�er the introduction of
the treatment groups, C. chanos (B), O. niloticus
(T), and the negative control group (C), tap water,

on the 21st day a�er planting to determine the
average number of fully expanded leaves;

(ii) To measure the height of M. charantia from
the ground level to the leaf base of the highest
fully expanded leaf a�er the introduction of the
treatment groups, B, T, and C, on the 5th, 9th,
13th, 17th, and 21st day a�er planting to calculate
growth rate in cm/day.

(iii) To determine the largest fully expanded
leaf per sample per treatment per replicate of M.
charantia to calculate the leaf area in cm²; and

(iv) To determine the difference in the growth
of M. charantia when compared among
treatment groups (B, T, and C) and within
treatment groups.

Methods. - The experimental study was
conducted for a period of 21 days to compare the
effects of C. chanos and O. niloticus fish offals as
fertilizers on the growth of M. charantia at 7.5% v/v
concentration. The fish offals of C. chanos and the fish
offals of O. niloticus were acquired from the local fish
markets. The offals were then boiled, settled
overnight, and strained using a muslin cloth. Then,
the strained fish offals were placed evenly in
aluminum pans for sun-drying up to a period of 11
days. The dried fish offals were ground using a
mortar and pestle and were added and mixed with
previously homogenized soil. A�er which, twenty
seeds of M. charantia were planted and ten seeds were
randomly chosen for the measurement of plant
height, the number of leaves, and leaf area. One-way
ANOVA was used for the statistical analysis.

Experimental set-up. The study utilized three
blocks with three pots per block in each of the
researchers' backyards. The placement of the
samples was determined using the randomized
complete sampling block design (RCBD) and through
an electronic random generator.

Twenty seeds were planted in each pot. Then,
the researchers conducted a fishbowl random
sampling to identify ten seeds from the total number
of seeds sprouted in each pot to be used as test plants
for the data analysis. Researchers’ backyards were
chosen as the study sites because they were the
places that were most suitable in the work unit’s field
of study, which is agriculture. Backyard is the place
where the plants can get enough sunlight and is the
place that is not frequently disturbed by people. A
plant house with the dimension of 421.16 cm x 343.35
cm x 200 cm was built with garden nets in the
backyards of the researchers for the plants to grow
and be protected against pests and insects. A soil
analysis test using the jar test method was carried out
by the researchers. The results of the soil analysis
indicated that the researchers obtained silt loam soil,
sandy loam soil, and pure loam soil.

Materials and Equipment. For the preparation of
fish offal fertilizers, C. chanos and O. niloticus, were
obtained from local markets. Distilled water,
aluminum foil, and aluminum pans were obtained
from grocery stores and mortar and pestle from local
hardware stores. Muslin cloth was bought from a
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local textile store and cooking barrels were obtained
from the respective homes of the researchers.

For planting, M. charantia seeds were obtained
from Pacifica Agrivet Supplies. Watering cans and
pots were bought from local agricultural and
hardware stores while soil and tap water were
obtained from the researchers’ houses.

For measurements, vernier calipers and kitchen
scales were bought from local hardware stores.

Data Gathering and Analysis. The data gathering
was done for 45 days and involved the preparation of
the fish offal fertilizers, planting of M. charantia seeds,
and the measurements of the identified parameters
such as the number of leaves, growth rate, and leaf
area.

Preparation of fish offal fertilizers. One kg of C.
chanos and O. niloticus fish offals, specifically the fins,
liver, intestine, heart, kidney, and stomach, were
separated and used as fertilizer following the method
of Lema & Deghebassa [1]. The identified fish offals
were then cut into smaller pieces. A�er that, 222 ml
of distilled water was boiled until it reached a
temperature of 100 degrees Celsius, and the cut fish
offals were added. The fish offals were cooked for 17
minutes and were stirred every three minutes [13].
The resulting mixture was le� overnight to allow the
solids to settle. A�er 12 hours, the liquid components
were separated using a muslin cloth and disposed.
The solid components were sundried for 11 hours
every day from six in the morning until four in the
a�ernoon for 12 days. A�er every drying process, the
aluminum foil pan was covered with an aluminum
foil sheet and stored at room temperature [1]. The
dried fish offal were crushed using a mortar and
pestle to obtain an amorphous and flaky fertilizer.

Incorporation of the dried fish offal fertilizers.
The dried fish offals, measured at five parts, were
directly mixed with 67 parts of soil to achieve a 7.5%
volume-to-volume concentration [14] in the sack
using a trowel and placed in a pot [15].

Planting of Momordica charantia seeds.
Twenty seeds of M. charantia were sown evenly in
each pot with the dimensions of 44.45 cm x 20.32 cm
x 14.00 cm. The pots in each block were placed five
cm apart and each block separated with a 30 cm
distance. The seeds were sown one cm deep and
placed four cm apart in length and 6.5 cm apart in
width for each seed. For watering, M. charantia were
watered at around four to five in the a�ernoon
everyday using one L of tap water in each pot [6].

Measurements. The number of leaves of M.
charantia were manually gathered by counting the
total number of fully expanded leaves at the end of
the experiment at Day 21.

The height of M. charantia, was measured using a
vernier caliper from the ground level to the leaf base
of the highest fully expanded leaf and was manually
recorded by the researchers on the 5th, 9th, 13th,
17th, and 21st day a�er planting for computations.

The growth rate of M. charantia was determined
using the following formula,

( )𝑓𝑖𝑛𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡−𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡
𝑛

where n is the number of days between the final day
and the initial day of determination [16].

The leaf area of M. charantia was computed using
the Counting Grid Squares (CGS) method, using the
formula: Leaf Area = (NGS × OGA), where NGS is the
number of grid squares inside the leaf outline and
OGA is the area of a single square grid [17]. The data
was gathered a�er the 21st day of planting for
computations.

Data Analysis. The number of leaves, growth
rate and leaf area were computed by the researchers
using their respective formulas. Standard deviation
was also calculated based on the number of replicate
samples. The statistical analysis of the study was
done using the Jamovi Version 2.2.2.0 so�ware.
One-way analysis of variance (ANOVA) was used to
compare the means and the least significant
difference (LSD) was used to separate the means at
significance level p<0.05. A normality test was also
performed to ensure that the data, specifically for the
leaf area, was normally distributed despite its small
sample size.

Safety Procedure. Personal protective
equipment (PPE) such as gardening gloves and
aprons were used in order to protect the researchers
while performing the experiments when working
with hazards.

Proper waste disposal was practiced. Excess fish
offals were properly identified before they were
disposed of in the food wastes bin.

Results and Discussion. - This section is divided
into 3 components. The first component shows the
effect of the application of the dried fish offals of C.
chanos and O. niloticus and the non-fertilized control
on the number of leaves of the M. charantia plant.
The second component shows the effect of the
application of fish offals on the leaf area of the M.
charantia plant. Lastly, the third component
compares the effect of the C. chanos and O. niloticus
dried fish offals as fertilizers and the control group
on the growth rate of the M. charantia plant.

Figure 1. This figure shows the mean number of leaves of M.
charantia amended by C. chanos and O. niloticus offal fertilizer.



Growth of Momordica charantia (bitter gourd) amended by | 29

Effects on the number of leaves. The mean number
of leaves of the treatments fertilized with C. chanos
offal has the highest mean value among all the
treatments at 8.06 as shown in Fig. 1. It is followed by
the treatments containing O. niloticus which measures
an average mean number of 7.57. Lastly, the control
group, tap water, has the lowest mean value of 5.81.

The mean number of leaves varied among
treatment groups. This is probably due to the
difference in the amount of nitrogen (N) present in
the soil. According to [15], the amount of available N
is directly proportional to the number of leaves to be
produced by the plant. The available organic
nitrogen present in the fish fertilizer enhanced the
number of leaves and branches of the plant [1]. At
p<0.001, there was a significant difference between
the two (2) treatment groups and the control group.
This significant difference observed between the two
treatment groups and the control group is supported
by the study done by Hamaiel et al. [8]. They found
that the high nitrogen concentration present in the
soil improved the physical condition of the soil,
providing enough energy for microbial activity
thereby increasing the availability and uptake of
nutrients. However, no significant difference was
observed between the two (2) treatment groups, C.
chanos, and O. niloticus offal fertilizers indicating that
both treatments acted the same in terms of
producing leaf numbers of M. charantia plant. It is to
be noted that only fully expanded leaves were
manually counted by the researchers.

Figure 2. This figure shows the mean growth rate of M.
charantia amended by C. chanos and O. niloticus offal fertilizer.

Growth rate of M. charantia. The growth rates
based on plant height were measured at different
time intervals (Day 5 - Day 9, Day 9 - Day 13, Day 13 -
Day 17, and Day 17 - Day 21). Fig. 2 shows the
changes in the growth rates per treatment group at
different intervals. At Day 5 to Day 9, the control
group, tap water, (2.28 cm/day) has the highest mean
growth rate as compared to O. niloticus (1.88 cm/day)
and C. chanos (1.73 cm/day). At Day 9 to Day 13, the
tap water (1.40 cm/day) still exhibited the highest
mean growth rate, followed by the O. niloticus (1.32
cm/day) and lastly, the C. chanos (1.18 cm/day). At Day
13 to Day 17, O. niloticus (1.28 cm/day) had the highest
mean growth rate and was followed by the C. chanos
(1.15 cm/day) while the tap water control measured
the lowest growth rate at 0.99 cm/day. Lastly, at Day

17 to Day 21, C. chanos (3.37 cm/day) produced the
highest mean growth rate as compared to the O.
niloticus (3.14 cm/day) and tap water (1.79 cm/day).
This time interval also recorded the fastest mean
growth rate in all the treatments indicating the plants
reached the exponential growth stage.

Day 0 to Day 4 measurements were not
included in the data gathering as this time point was
allocated for the M. charantia plants to grow.

Variation in the mean growth rates among
treatment groups at different time intervals was
observed. It is to be noted that the plant height was
used as an indicator for the growth rate parameter.
At p<0.01, there was a significant difference between
the O. niloticus treatment group and the control
group. This can be attributed to an increase in
available organic nitrogen present in the soil as fish
offal fertilizers were applied [14]. Furthermore,
nitrogen nutrition is directly linked to the
development of plants [17]. However, no significant
difference was observed between the two (2)
treatment groups, C. chanos and O. niloticus, offal
fertilizers, implying that both offal treatments
provided similar amounts of nitrogen to the soil.

Figure 3. This figure shows the mean leaf area of M. charantia
amended by C. chanos and O. niloticus offal fertilizer.

This figure shows that the leaf area of the
treatments containing C. chanos, 37.9 cm2, has the
highest mean leaf area. Treatments containing O.
niloticus measured at 38.8 cm2 come a�er. The lowest
mean was yielded by the control group, tap water,
which was measured at 34.6 cm2.

Comparison of the leaf area. The area of the largest
leaves from each treatment was compared using the
CGS method (Fig. 3). M. charantia plants grown on O.
niloticus offal fertilizer were found to have the highest
mean leaf area at 38.8 cm2. Treatments containing C.
chanos measured at 37.9 cm2 come a�er. The lowest
mean leaf area was yielded by the control group, tap
water, which was measured at 34.6 cm2.

The mean values of the leaf area among the
treatment group varied. The results can be supported
by the claim of Rachman and Suwars (1990) which
was stated by Karim et. al [15] that the application of
nitrogen increases leaf dimensions (length and width
of leaf) of the plant. At p>0.05, no significant
difference was observed between the treatment
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groups and the control group. However, the
Counting Grid Squares (CGS) method which is a
direct and manual method of computing for leaf
area was done by the researchers.

The mean values of the leaf area among the
treatments varied. These results can be supported by
the claim of Rachman and Suwars (1990) mentioned
in Karim et. al [15] that the application of nitrogen, in
our case the nitrogen-rich fish offal, increases leaf
dimensions (length and width of leaf) of the plant.
There is no significant difference observed between
the treatment groups and the control group (p<0.05).
However, the Counting Grid Squares (CGS) method,
a direct and manual method of measuring leaf area,
was the only method employed in this study. Other
methods such as the use of ImageJ so�ware may
produce more accurate measurements.

Table 1. This table shows the comparison between the effects
of C. chanos, and O. niloticus with the effects of the negative
control on the growth rate, leaf number, and number of
leaves of the M. charantia.

Treatment Number
of leaves

Growth
rate

Leaf area

C. chanos 8.06* 1.85 37.9

O. niloticus

Tap Water

7.57*

5.81

1.91*

1.61

38.8

34.6

n.s = no significant differences (p>0.05) observed with the
control group
* = significant differences (p<0.05) observed with the control
group

In general, O. niloticus fish offal fertilizer has a
more significant effect on the growth rate of M.
charantia when compared to C. chanos. For the
number of leaves, no significant difference was
observed between the two treatment groups.
However, compared to the control group, C. chanos
and O. niloticus fish offal fertilizers have significant
effect on increasing the number of leaves of M.
charantia. Lastly, in terms of the leaf area, no
significant difference was observed among the two
fish offal fertilizers and the control group.

Conclusion. - The One-way ANOVA analysis
showed that there is a significant difference on the
overall growth parameters of M. charantia between
the control and the fish offal fertilizers of C. chanos
and O. niloticus. These results indicate the efficacy of
fish offal as organic soil fertilizer. However, C. chanos
and O. niloticus showed no significant difference when
compared between each other on the overall growth
parameters of M. charantia. This implies that the
application of either fish offal fertilizer enhanced the
growth of M. charantia plant. Thus, the application of
C. chanos and O. niloticus offal fertilizers would have
similar effects on the growth of juvenile M. charantia
plants. However, further analysis on the use of fish
offal as organic fertilizers should be done as
phytotoxicity and nitrogen overload may occur.

The results of the study may serve as one of the
bases for field trials of C. chanos and O. niloticus offal

fertilizers on ampalaya. Similar effects on the growth
of other crops is not certain because of the findings
of this study.

Recommendations. - For the number of leaves,
the AV-K method utilizing leaf nodes can be used to
calculate the total number of leaves. When the plant
sample used in the study is a vine, stem length can be
measured instead of plant height. Moreover,
so�ware such as ImageJ can be used for the
measurement of the leaf area for a more precise
result. The soil to be used in the study should be
tested for nutrient availability. Lastly, the effects of C.
chanos and O. niloticus offal fertilizers on other crops
may be known using the methods of this study.
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Abstract

While papaya is known as one of the major fruits in export
internationally, its germination, which can only be done through seeds
taken fresh from the fruit, has reportedly been poor. This study aimed to
determine and compare the effects of different concentrations of the crude
aqueous moringa Leaf Extract (MLE) on the germination of the ‘Red Lady’
var. Carica papaya L. (papaya) seeds. The Carica papaya seeds were cleaned,
dried, and treated with different concentrations of moringa leaf extract and
then allowed to germinate for 10 days. The results showed that there is no
significant difference between the germination percentage, rate of
emergence, and germination index of seeds applied with MLE and those
that were le� untreated. Therefore, the results indicate the ineffectiveness
of moringa leaf extract as a seed treatment in the improvement of the
germination of ‘Red Lady’ var. Carica papaya L. seeds.

Introduction. - Carica papaya L., commonly
known as Papaya, is a commercial fruit crop grown
in tropical countries [1] and remains as the third
most cultivated fruit in the world [2]. It has
remained one of the major fruits produced in the
Philippines together with mango, banana, and
pineapple [3].

While there are many varieties of papayas,
the ‘Red Lady’ variety is generally preferred due to
its gynodioecious nature, long shelf life, immunity
from the Papaya ringspot virus, and generally bigger
mass. However, it is also known for its difficult
germination and growth process [2]. Furthermore, its
susceptibility to the damping-off disease at the
nursery stage [4] propagates seed deterioration,
making it difficult to be commercially produced at a
large-scale level [5]. It can be said that these factors
all contribute to the high cost of this variety [4].

The only way for commercial papayas to
germinate is through seeds that come fresh from the
fruit [1]. Papaya germination has reportedly been
poor [6] because there is no uniformity in their
germination and growth without pre-treatments [7].
The problems behind their difficulty in production
are their poor germination, which is caused by seed
deterioration observed early a�er harvest [8], seeds’
sexual propagation, where only the females can
produce fruit [9], and the seeds’ outer seed coats or
gelatinous sarcotesta, which can inhibit germination
[7].

Furthermore, studies performed by Webster
et al. [1] and Rodriguez et al. [6] have found that
papaya is prone to seed dormancy, which is defined
as the innate seed property determined by genetics
with environmental influence partially mediated by
abscisic acid and gibberellins through control of
embryo growth and endosperm weakening [10], and

is partially caused by the mechanical restraint of seed
covering layers.

The first step for plant growth is
germination, which has three phases. Phase I,
imbibition, begins when the dry seed encounters
water in the right environment. Here, the first visible
sign of germination is the cracking of the seed coat
[1]. Then, Phase II, where the water uptake plateaus
because enough water has been absorbed to activate
different kinds of metabolism [11] which increase
metabolic activity [12], starts. Lastly, Phase III, or
radicle emergence, normally occurs one to two days
a�er the seed coat cracking [1].

To overcome seed dormancy, the growth
hormones gibberellin and Abscisic Acid (ABA) can be
used. Gibberellin can increase the growth potential
of the embryo by weakening tissues surrounding the
radicle [13]. Meanwhile, ABA, which can normally
inhibit germination by weakening the seed coat, in
controlled amounts, helps in the initiation of
germination due to the initial tearing of the seed
coat, leading to radicle protrusion [1].

To discover which factors affected the
germination rate of papaya, researchers have turned
to the exploration of pre-sowing methods such as
seed scarification [6] and seed priming [14]. Moringa
leaf extract (MLE), from the leaves of Moringa oleifera
or Malunggay, has been considered by researchers as
an effective treatment for the growth and
germination of many plants, as it is a potential
growth hormone and regulator that has been proven
to contain growth hormones such as gibberellins and
ABA [15], though ABA is in a significantly lower
concentration as compared to gibberellins [16].

Furthermore, in the studies performed by
Maishanu et al. [17], Yasmeen et al. [18], and Latif [16],
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the application of moringa leaf extract effectively
improved seed germination, seedling vigor, growth,
and productivity of crops such as cowpea, cereal
forage, wheat, and bean plants. In the studies of
Maishanu et al. [17], Abusuwar and Abohassan [15]
and Latif et al. [16], both utilized the foliar spray
method of MLE application. Yasmeen et al. [18]
applied MLE on wheat plants through seed priming.
While none of the aforementioned studies were
done on dicotyledonous albuminous (seed type of
papaya), Hedden [19] states that in dicotyledonous
plants, GA-induced hydrolases weaken the
endosperm, which would otherwise form a physical
barrier to radicle emergence. In an effort by Yasmeen
et al. [18] to explore the potential of moringa leaf
extract as a priming agent for wheat (Triticum
aestivum L.), the results showed that moringa leaf
extract performed significantly better than the
control and other priming agents, such as
hydropriming and on-farm priming.

Since poor germination techniques are a
threat to the production of papayas, researchers
continually explore new ways to increase
germination rates. The results of this study could
yield valuable knowledge that may be useful to the
agricultural field, as it would determine whether
moringa leaf extract, an inexpensive and organic
treatment, has positive effects on the germination of
papaya. This study may also address the high cost of
commercial papayas, especially that of the ‘Red
Lady’ variety, should its effects result in an enhanced
yield of papayas.

It is evident from earlier studies that
moringa leaf extract contains hormones such as
gibberellins and ABA that may be beneficial to
germination, but there seems to be a lack of
published literature focused on the effects of MLE as
a potential growth hormone on the germination of
seed types like that of Carica papaya, which is
dicotyledonous albuminous. Thus, this study aims to
test whether the application of varying
concentrations of crude aqueous moringa leaf extract
would enhance the germination index, rate of
emergence, and germination percentage of the ‘Red
Lady’ papaya variety seeds. Its specific objectives are:

(i) To determine the final germination
percentage, rate of emergence, and germination
index of seeds for each concentration (no MLE,
2 mL MLE: 9 mL water, 2 mL MLE: 19 mL
water, 2 mL MLE:29 mL water);
(ii) To determine the germination index every
two days for each concentration, and

(iii) To determine if there are significant
differences between the parameters of each
treatment group

Methods. - Moringa oleifera leaves were collected
and used for the making of moringa leaf extract. The
Carica papaya var. “Red Lady” seeds were extracted,
cleaned, washed, tested for viability, dried, and
treated with varying concentrations of MLE then
allowed to germinate and observed for 10 days.
During the designated data gathering period, the
germination parameters were measured for the
computation of raw data and statistical analysis.

Preparation of Carica papaya seeds. Carica
papaya “Red Lady” var. seeds were manually
extracted from the fruit, rubbed in between two
rough cloths, and cleaned using distilled water to
remove the sarcotesta and mucilage [6]. The viability
was done using the floating technique [20] and then
le� to air dry for the next 12 hours. There were four
treatments in each location (T1, T2, T3, C) with five
replicates each with 15 seeds allocated to each
replicate.

Preparation of crude moringa leaf extract.
Manually collected Moringa oleifera leaves were
cleaned using distilled water, then gently dried
[21,22], and weighed to 300 g Following the method
by Abusuwar and Abohassan [15], 300 g of Moringa
oleifera leaves were placed in a conventional electric
mixer together with 300 mL of distilled water in a
(1:1 by volume) ratio and passed through a strainer to
separate the juice from the residue. The juice was
collected and diluted to form different
concentrations of MLE. Because the juice was already
in a 1:1 juice to water ratio, the different
concentrations were made as follows:

T1: 2 mL of juice mixed with 9 mL of distilled
water (1:10 by volume);

T2: 2 mL of juice mixed with 19 mL of distilled
water (1:20 by volume), and

T3: 2 mL of juice mixed with 29 mL of distilled
water (1:30 by volume).

Preparation of Seed Set-up. Once dry, the seeds
were immersed in 100 mL of room temperature
distilled water for 6 hours and then washed using
distilled water to remove any residue. The seeds were
then placed on a folded paper towel with a distance
of at least 2 times the diameter of the seeds between
each other and moistened using a syringe with the
prepared concentrations of MLE which is 2.5 times
the weight of the paper towel used for 24 hours.

Germination of Seeds. Following the methods
of Severiano et al. [23], the seeds were positioned
vertically and evenly distributed in 20 sets of 15 seeds
per location with a distance of at least 2 times the
diameter of the seeds between each other on a paper
towel moistened with distilled water that is 2.5 times
the weight of the paper towel, folded in half twice
then packed in labeled resealable plastic bags. The
Carica papaya seeds were allowed to germinate for 10
days and watered every other day.

Measurement of Plant Growth Parameters.
During the measurement of parameters, the paper
towels were carefully unfolded. The parameters used
in this study were final germination percentage (GP),
rate of emergence (RE), and germination index (GI).
The final germination percentage (GP) was calculated
following the formula of Al-Ansari and Ksiksi [24]:

𝐺𝑃 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑡𝑒𝑠𝑡𝑒𝑑 × 100

The rate of emergence (RE) was calculated
following the formula of Dayeswari et al. [25]:

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑒𝑚𝑒𝑟𝑔𝑒𝑛𝑐𝑒 =
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wherein - number of seeds germinated on first𝑋
1

count; - number of seeds germinated on second𝑋
2

count; - number of seeds germinated on the nth𝑋
2

day; - number of days from sowing to first count;𝑌
1

- number of seeds germinated on second count;𝑌
2

𝑌
𝑛

- number of seeds germinated on the nth day.

The germination index (GI) was calculated with
the formula:

𝐺𝐼 = 10 × 𝑁
1( ) + 9 × 𝑁

2( ) +... + 2 × 𝑁
9( ) + 1 × 𝑁

10( )
wherein N1, N2, ..., N10 represents the number of

germinated seeds on the first, second and subsequent
days until the 10th day and the multipliers (e.g. 10, 9,
etc.) are weights given to the days of the germination.

Data Analysis. The means and the standard
deviation of each growth parameter in the
concentration groups were computed. One-way
Analysis of Variance (ANOVA) at a 95% confidence
level was used to analyze the data.

Safety Procedure. To prevent injuries caused by
the materials and equipment used, the researchers
used protective equipment such as gloves, masks,
and lab gowns. All le�over materials have been
disposed of properly and to prevent the risk of
acquiring the COVID-19 virus, meetings among
researchers were kept to a minimum.

Results and Discussion. - Carica papaya L. seeds
treated with the most diluted treatment (1:30)
germinated the most, with an average germination
percentage of 35.55%.

Table 1. Effects of MLE on the germination of ‘Red Lady’
var. Carica papaya L. seeds.

Treatment Germination
Percentage

Rate of
Emergence

Germination
Index

C (no MLE) 35.11% ± 37.41 22.67 ± 30.53 84.67 ± 120.85

T1 (1:10) 35.11% ± 38.99 22.99 ± 31.48 84.54 ± 123.27

T2 (1:20) 32.00% ± 32.39 20.38 ± 25.36 71.07 ± 96.38

T3 (1:30) 35.55% ± 29.78 20.31 ± 24.77 69.93 ± 97.08

They were then followed by the seeds in the
most concentrated treatment (1:10) and the control
group (water only), with an average germination
percentage of 35.11%. The least number of
germinated seeds were found in the second most
concentrated treatment (1:20), which has an average
germination percentage of 32.00%. The germination
percentage shows how many seeds are viable in a
population or sample [26].

Meanwhile, seeds were fastest to germinate in
the most concentrated treatment, followed by the
control group, the second-most concentrated
treatment, and lastly, the most diluted treatment.
Their rates of emergence were 22.99, 22.67, 20.38,
and 20.31, respectively. The rate of emergence
indicates the speed of seed germination [25].

On the other hand, the control group had the
highest germination index (84.67), followed by the

most concentrated treatment (84.53), second-most
concentrated treatment (71.07), and most diluted
treatment (69.93). According to Javaid et al. (2018),
the germination index indicates differences between
each concentration, as it measures the percentage
and speed of germination in each group.

There was no significant difference between the
effects of each treatment on the germination of the
seeds.

Our study has discovered that moringa leaf
extract (MLE) does not affect the final germination
percentage of Carica papaya L. seeds. This might be
because of the concentrations of MLE that have been
used for seed treatment. In this study, we used 1:10,
1:20, and 1:30 MLE, which may be concentrations
that are neither high nor low enough to affect the
final germination percentage of Carica papaya L.
seeds. Mona et al. [27] found that increasing
concentrations of MLE reduced the germination
percentage of Vicia faba seeds as compared to the
control treatment. This may be due to the presence
of allelopathic compounds in MLE, which increases
along with the concentration of the said extract [15].
According to Oyerinde et al. [28], allelopathic
compounds tend to inhibit germination, specifically
affecting radicle growth, which is one of the most
important indicators of germination. Meanwhile,
Nouman et al. [29] found that 1:30 MLE was most
effective in improving the final germination
percentages of C. ciliaris, P. antidotale, and E. crusgalli
seeds, as compared to the other treatments. Thus, it
can be theorized that the concentration of seed
treatment plays a huge role in improving the
germination parameters of plants.

Furthermore, the differences in the
environmental conditions between each of the
set-ups could have caused the researchers’ varying
results with respect to the final germination
percentages of the Carica papaya L. seeds, leading to
no statistically significant differences in the overall
results. There is a study by da Silva et al. [30] which
found that exogenous gibberellins inhibit the
germination of Coffea arabica seeds, most likely due
to how it avoids germination in full sunlight.
Although Carica papaya seeds need full sunlight to
germinate [31], this highly suggests that the process
of germination largely depends on the
environmental conditions around the seeds, such as
the amount of light they receive, which was different
for each location in this study.

Another key finding of this experiment is
that moringa leaf extract (MLE) does not affect the
rate of emergence of Carica papaya L. seeds. This is in
contrast to the results of Basra et al. [32], which stated
that 1:30 MLE was the optimal concentration to
increase the emergence rate of hybrid Zea mays seeds,
which corresponded with the findings of Yasmeen et
al. [18] in their study on Triticum aestivum L. seeds.
One of the possible reasons might be because the
data gathering process of 10 days was too short.
Normally, it takes Carica papaya L. seeds two to three
weeks to successfully germinate when the sarcotesta
is removed [33], which was done in this study. This
may also have been due to the lack of uniformity in
the germination of Carica papaya L. seeds [7], which
the MLE may have failed to overcome. Furthermore,
the environmental conditions, especially the light,
heat, and humidity, during the preliminary tests and
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the actual data gathering period may have been
different, which may explain the difference in
outcomes.

Moreover, unfavorable conditions may lead
to seed dormancy and significantly lower the rate of
seedling emergence. To overcome seed dormancy,
gibberellins increase the growth potential of the
embryo by weakening the tissues surrounding the
radicle [13], while ABA inhibits germination by
weakening the seed coat. GA, on the other hand,
stimulates seed germination and breaks seed
dormancy by increasing the growth potential of the
embryo and by inducing hydrolytic enzymes. A
study by Vishal and Kumar [34] also claims that GA
and ABA act antagonistically in mediating plant
development and thus it is imperative that optimal
levels of GA and ABA must be attained in order to
maintain favorable conditions (lower ABA and higher
GA). Furthermore, seeds with a low level of ABA
produced during their development require a
proportionately low amount of GA to germinate,
whereas those with a higher concentration of ABA
produced during seed development require a higher
amount of GA to germinate [35]. The external
conditions also play a significant role in the
concentrations of ABA and GA, with unfavorable
conditions resulting in higher ABA levels and
favorable conditions resulting in lower ABA levels. In
that regard, Vishal and Kumar [34] state that
favorable conditions aid in GA biosynthesis which in
turn successfully counters the inhibitory effect of
ABA. This implies that the environmental conditions
under which the experiment was performed were
unfavorable, and may be a possible factor in delayed
germination in some locations.

The last key finding in this study is that
moringa leaf extract does not affect the germination
index of Carica papaya L. seeds. However, MLE
improved the germination index of Capsicum annuum
L. seeds [36], Triticum aestivum L. [18], C. ciliaris, P.
antidotale, and E. crusgalli seeds [29]. Because the
overall final germination percentage and rate of
emergence in this study did not have any statistically
significant difference, the overall germination index
that was measured also resulted in the same
outcome.

Limitations. Other types of germination
parameters were considered but ultimately discarded
due to the researchers’ lack of access to proper
laboratory equipment. This also caused the
researchers to be unable to chemically analyze the
moringa leaf extract in-depth, which may be a major
factor as the ideal concentration of MLE must be
calculated based on the preexisting exogenous and
indogenous gibberellins and ABA in both the seeds
and extract.

Moreover, the study was only able to use
seeds taken from hermaphroditic fruits of the Red
Lady variety. Due to lack of manpower and
monetary restrictions, the work unit was only able to
use a total of 900 seeds. Only seeds located in the
middle part of the fruit were gathered, as advised by
the experts from the Department of Agriculture.

Conclusion. - Statistical analysis using one-way
ANOVA at a 95% confidence interval found that there
was no significant difference between the effects of

each treatment on the germination of ‘Red Lady’ var.
Carica papaya seeds. Therefore, the application of
varying concentrations of the crude aqueous
moringa leaf extract (MLE) did not enhance the
germination index, rate of emergence, and
germination percentage of Carica papaya seeds of the
‘Red Lady’ variety.

Recommendations. - Future studies are
recommended to experiment in one laboratory
setting with the necessary equipment available and
use materials other than paper towels which may be
able to provide a more in-depth chemical analysis of
the effects of moringa leaf extract on the
germination of ‘Red Lady’ var. Carica papaya seeds. It
is also recommended to extend the allotted
germination time for the seeds to a minimum of two
weeks. Furthermore, this study used seeds taken
from hermaphroditic ‘Red Lady’ var. Carica papaya
fruits. It is possible that the seeds taken from female
fruits of the same variety may yield different results.
It may also be beneficial to analyze the endogenous
and exogenous Gibberellin and ABA concentrations
in both seeds and extract in order to manipulate the
MLE concentrations accordingly with the optimal
balance for germination taken into consideration.
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CLUSTER THREE

Chemistry,
Meteorology,
& Technology
In this cluster are the combined studies under the
fields of Chemistry, Meteorology, and Technology.

Chemistry is a field of study that studies the
properties and interactions among matter.

Meteorology is a field of study that pertains to
atmospheric phenomena, particularly patterns in

weather and climate. Finally, Technology is the field of
study that involves the practical application of science.
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Abstract

Synthetic pH indicators pose hazardous effects to humans and the
environment. Basella rubra (alugbati) stems contain phytochemicals which
are pH-sensitive. Thus, this study aimed to assess the capability of Basella
rubra stem peel aqueous extract as a plant-based pH indicator. The extract
was obtained through aqueous maceration of Basella rubra stem peels and
was tested to solutions with pH levels 3, 5, 7, 9, and 11; then, color and pH
changes were observed and analyzed. The trend of color changes observed
from acidic to basic pH were red to yellow. Also, the mean pH difference of
the solution with pH 9 was relatively higher compared to other pH levels.
The mean pH differences were lower in pH 3-7 due to stability of
betacyanin in the said range. Hence, the aqueous extract of Basella rubra
(alugbati) stem peels is capable as a plant-based pH indicator at pH levels 3
to 7.

Introduction. - pH indicators are halochromic
substances that change in color when they bind to
hydrogen and hydroxide ions in a solution [1].
When this occurs, they undergo changes in ion
equilibrium which alters the color from colorless to
a distinct color depending on the acidity or
alkalinity of a solution [2]. Commercial synthetic
indicators are man-made chemical substances that
change in color with respect to pH and are used to
determine the pH of a specific solution. However,
the production and use of these commercial
synthetic indicators such as methyl red, methyl
orange, and phenolphthalein pose hazardous effects
to both the environment and humans, and are also
costly [3]. Furthermore, compared to plant-based
indicators, synthetic indicators are more hazardous
to produce as they involve the use of toxic
chemicals such as phthalic anhydride and
p-toluenesulfonic acid monohydrate in
phenolphthalein [4].

Considering these factors, plant-based pH
indicators have been studied as alternatives for
commercial synthetic indicators as they are easily
available, eco-friendly, less hazardous, and low-cost
[5]. These plant extracts contain various
phytochemicals and some of these, specifically
anthocyanins and betacyanins, have been shown to
be sensitive to pH [6,8]. Anthocyanins usually
present in plant-based indicators have been
identified to be less toxic and environmentally
compatible [7]. Also, plant extracts are capable of
showing a spectrum of color at different pH values,
from acid to alkaline [8]. Most of the known
plant-based indicators use the flowers, fruits, leaves,
and seeds of plants. However, these are usually
considered either as food sources or ornamental
plants. Hence, plant-based extracts that possess
similar properties with these known indicators are
being further investigated.

In the Philippines, Basella rubra is cultivated for
its leaves while its stems, however, are considered as
domestic kitchen waste. Furthermore, the plant
extract of Basella rubra had been screened to
contain similar phytochemicals which contribute to
its pigmentation, especially in its stem [9,10,11]. The
fruits of Basella rubra have also been found to
contain betacyanin and anthocyanins which are
natural pigments causing the purple color in its
fruits, flowers, leaves, and stems [12]. These fruits
have already been proven to be effective as
plant-based pH indicators [13,14].

This study aimed to assess the capability of
Basella rubra stem peel aqueous extract as a
plant-based pH indicator. Specifically, the study
aimed to:

(i) Determine the mean pH of the solutions
before and a�er the application of the indicator
at pH 3, 5, 7, 9, and 11;

(ii) Determine if there is a significant difference
between the mean pH of the solutions before
and a�er the application of indicator at pH 3, 5,
7, 9, and 11;

(iii) Construct color scales to visually compare
the colors identified on the solutions with pH 3,
5, 7, 9, and 11; and

(iv) Identify the pH range capability of the
Basella rubra stem peel aqueous extract as a
plant-based pH indicator.

Methods. - Basella rubra stems were cut and its
peels were macerated in distilled water for 24 hours.
The obtained extract was applied to solutions of pH
3, 5, 7, 9, and 11, which were obtained by dilution of
distilled water with lemon juice and bleach. A paired
samples t-test was conducted to determine if there is
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a significant difference between the pH of the
solutions before and a�er the extract application.
The color changes observed in each replicate per pH
level were also recorded and pH scales were
constructed to determine the pH range capability of
the extract.

Preparation of Plant Samples. Freshly harvested
samples of Basella rubra were collected from Brgy.
Bayunan, San Joaquin, Iloilo and were sent to the
Department of Agriculture in Santa Barbara, Iloilo
for species confirmation.

Preparation of Extract. The purple parts of the
epidermis of the aerial Basella rubra stems were
collected using a peeler with an approximate
thickness of 1 mm. They were soaked in 7% NaOCl
solution for 15 minutes and rinsed with distilled
water thrice. A�er rinsing, the peels were cut into
small square pieces approximately 2 x 2 mm in size.
Forty grams of the stem peels were macerated with
40 mL of distilled water for 24 hours at room
temperature (25°C). The aqueous extract was filtered
using a cheesecloth, its pH was measured using a pH
paper, and it was packed in a cooler for transport.

Preparation of Acidic and Basic Solutions. Lemon
juice and bleach were added to distilled water to
obtain solutions of varying pH values with volumes
of 20 mL each. Lemon juice was diluted with
distilled water to prepare the acidic solutions with
pH 3 and 5, and bleach was diluted with distilled
water to prepare the basic solutions with pH 9 and 11.
Distilled water was used as the neutral solution with
pH 7. All of the solutions prepared were colorless.

Application of Extract to Solutions. One mL of
the extract was added to the 50 mL beaker
containing 20 mL of the solutions of varying pH
values. The solutions were then stirred 20 times for
10 seconds.

Stability Test of Extract. To determine the
stability of the aqueous extract, three sets of pH
measurements were conducted at different time
intervals a�er the collection of the aqueous extract.
The pH measurements at pH 3, 5, 7, 9, and 11 were
performed at 0, 25, and 51 hours a�er extraction.

Observation of Color Change. The colors of the
resulting solutions were identified and documented
in each replicate three (3) times. Using the Color
Grab mobile application Version 3.9.2, the
hexadecimal values of the colors of the solutions
were obtained.

Measurement of pH. The pH of the resulting
solutions in each of the three replicates were
measured using a calibrated pH meter.

Data Analysis. A Shapiro-Wilk test was
performed to determine the normality of the data. A
Paired Samples T-test at α=0.05 was performed using
IBM SPSS Statistics for Windows Version 28.0.0.0 to
determine if a significant change was caused by the
extract before and a�er its application.

Colors identified from each resulting solution in
each of the three replicates were visually compared
to evaluate the consistency of the occurrence of color
change. Three color scales were constructed based on

the hexadecimal codes of the colors obtained from
each solution in each replicate.

Safety Procedure. Due to the pandemic, proper
health protocols were observed during the conduct
of the experiment such as the wearing of face masks.
Personal protective equipment was worn at all times,
and physical contact between the chemicals and
open areas of the body were avoided. The bleach
solution and lemon juice solution were neutralized
with distilled water then flushed down the drain with
running water a�er use.

Results and Discussion. - This study aimed to
evaluate the pH indicator capability of Basella rubra
stem peel aqueous extract to solutions with pH 3, 5, 7,
9, and 11. A�er the extract application, a statistical
analysis for their pH means was performed. The
colors of the solutions identified using the Color
Grab mobile application were used to create color
scales.

A�er the extraction of Basella rubra stem peels, a
total yield of 33.5 mL was extracted from 40 grams
of the plant stem peels. The pH of the Basella rubra
stem peel aqueous extract was then measured using a
pH paper to be approximately 6.

Mean Difference of pH Means. Table 1 shows that
the mean difference of the pH means ranges from
0.10 to 2.06.

Table 1. Mean pH of solutions before and a�er application of
extract and their significant differences

pH
Level

3 5 7 9 11

Mean
Initial pH

3.05 5.05 6.98 9.02 10.97

Mean
Resulting

pH

3.41 5.15 6.36 6.96 10.10

Mean pH
Difference

0.36 0.10 0.62 2.06 0.87

SD 0.11 0.05 0.05 0.07 0.33

p-value 0.03* 0.08 0.00
2*

<0.0
01*

0.045
*

*pH groups that showed significant difference (α=0.05)
before and a�er the application of the extract

As shown in Table 1, a significant pH change can
be observed in the solutions with a mean initial pH
of 9.02 a�er the application of the Basella rubra stem
peel aqueous extract. Their mean pH change of 2.06
is relatively higher than the other pH groups. This
result may be attributed to the stability of betacyanin
at pH 3-7 which undergoes color and structural
variations at alkaline conditions [15,16]. With this,
more alkaline pH groups experienced greater pH
changes.

Significant Difference of pH Means. Furthermore,
only the solutions with initial pH 5 showed no
significant pH changes a�er the application of the
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aqueous extract.

Saptarini et al. [17] and Yao et al. [6] have
previously used buffer solutions of various pH levels
to observe the color changes, unlike our
experimental set-up which used household
chemicals, and this led to a significant change in the
pH levels of 3, 7, 9, and 11 a�er the application of the
extract. The Paired Samples T-test showed that only
the solutions with initial pH of 5 showed no
significant pH changes. This result is in accordance
with the studies of Woo et al. [18] and Wong and Siow
[19] wherein betacyanin was found to be most stable
and have the highest concentration at pH 5.

Figures 1, 2, and 3 show the colors of the
solutions a�er the application of the Basella rubra
stem peels aqueous extract in the three replicates.
The solutions of pH 3, 5, 7, 9, and 11 changed into
colors from red to yellow, respectively. Moreover,
these colors became lighter a�er every replicate.

pH 3.05 pH 5.05 pH 6.98 pH 9.02 pH 10.97

Figure 1. Color scale of Set 1 (t=0 hours)

pH 3.06 pH 5.07 pH 6.98 pH 8.99 pH 10.96

Figure 2. Color scale of Set 2 (t=25 hours)

pH 3.06 pH 5.04 pH 6.97 pH 9.04 pH 11.00

Figure 3. Color scale of Set 3 (t=51 hours)

These color changes reflect a similar result to the
study of Kapilraj et al. [5] wherein the
betacyanin-containing aqueous extract of
Bougainvillea glabra gave colors of red to brownish
yellow. Comparing the color changes to the studies
of Ezati and Rhim [20] and Qin et al. [15], the
colorant properties of the Basella rubra stem peel
aqueous extract can be most likely attributed to the
presence of betacyanin as its major colorant.
Betacyanin is stable at weakly acidic and neutral
conditions which is represented by the red color [21].
When exposed to alkaline conditions, it undergoes
color and structural variation. Betacyanin degrades
into betalamic acid as shown in Figure 4 [15], which
undergoes condensation with amines and/or their
derivatives that generate betaxanthins, giving off the
yellow color [16]. The degradation of betacyanins is
caused by the aldimine bond hydrolysis when
subjected to basic solutions, and the recondensation
of betalamic acid and colorless betaxanthins or

cyclo-Dopa-5-O-β-glucoside at acidic pH [18,22].
These mechanisms might be occurring in our study
based on the observed color changes.

Figure 4. Degradation of betacyanin

According to the study of Priatni and Pradita
[23], the betacyanin content of the red dragon fruit
aqueous extract degraded by 22.58% a�er five hours
at room temperature. It has also been stated that
half-life time of the extract at 25°C was 23 hours and
90% shelf-life is 76 hours. In heat processing, betanin,
the most abundant type of betacyanin may degrade
leading to the reduction of the red color to a light
brown color. Other phytochemicals such as
anthocyanins have also been reported to degrade
over time. In the study of Muche et al. [24], there is a
direct correlation in the decrease of anthocyanin
content and storage time especially in temperatures
of 25°C and 35°C. Thus, external factors such as
temperature and prolonged duration of storage
caused the apparent degradation of the extract that
resulted to the decreasing color intensities of the
solutions from Set 2 and Set 3.

Limitations. The test solutions of varying pH
levels were prepared differently in each replicate
which may have influenced the mean pH changes.
The experimental setups were also transported to
different areas and conducted at different time
frames by different researchers which might have
affected the accuracy and consistency of the results
obtained. Changes in temperature and storage time
due to transportation may have affected our extract
resulting in its degradation.

Conclusion. - The Basella rubra (alugbati) stem
peel aqueous extract is capable as a plant-based pH
indicator in identifying pH levels 3 to 7, showing
color changes of red to yellow.

Recommendations. - The researchers suggest to
conduct the experiment in one location for a more
controlled environment. Buffer solutions may also be
used as test solutions. Furthermore, UV-Visible
spectroscopy may also be utilized to accurately
determine and compare the color changes produced
by the test solutions. Testing the aqueous extract of
Basella rubra stem peels on a wider pH range and by
manual titration could also be considered. Lastly, the
stability of the Basella rubra stem peel extract in
terms of color reversibility and storage could also be
explored to determine its other chemical effects and
shelf life, respectively. Phytochemical screening of
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the extract should also be performed to determine
the active ingredient in the extract which gives the
distinct color upon application of the test solutions.

Acknowledgment. - The researchers would like
to extend their utmost gratitude to the personnel of
the Department of Agriculture in Santa Barbara,
Iloilo for their services in confirming our plant
sample.
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Abstract

The Apriori algorithm is a level-wise algorithm designed to find
frequent itemsets. Various improvements called implementations were
made to improve efficiency. These are classified into five categories based
on how the algorithm processes data. Existing studies focus on the
comparison of the classical Apriori with a different implementation. With
dynamic itemset counting (DIC) under dataset partitioning algorithm and
transaction reduction under incremental update algorithm, a comparison
of the running time between algorithms from different categories might
not be accurate; thus, the time complexities in Big-O notation were solved.

Both algorithms had the same time complexity, O( ); thus, a comparison𝑛2

of the running times was made. The running times were recorded a�er
processing three datasets of varying size and complexity. It was determined
that DIC is faster by 8434% while having the same accuracy. Both
algorithms slowed down at large and complex datasets; however, the DIC
was still faster.

Introduction. - An algorithm is a set of specific
rules or instructions typically executed in a
computer to solve problems or perform tasks. [1]
Different obstacles or tasks also come in different
ways on how to tackle them. Since various factors
can affect the outcome of an algorithm, it is essential
to know how efficiently they can perform a task.
Evaluating the time complexity of an algorithm is a
way to see how long an algorithm will run as a
function of the length of the input used.

This study focused on the Apriori algorithm, a
recognized level-wise algorithm commonly used for
Association Rule Mining (ARM). However, datasets
collected from transactions have significantly
increased in size compared to datasets ten years ago.
This created a dilemma for the Apriori algorithm, as
it repeatedly scans the whole transactional dataset,
which increases computational cost. This dilemma
has kept attracting researchers for years by
developing and applying different techniques to
improve its efficiency [2].

Several studies recommended methods to cope
with this dilemma, each having advantages and
drawbacks. Some of these methods reduced the
time consumed in itemset generation [3]. Another
technique reduced the memory space used,
simplified support counting, and the generation of
candidate itemsets via logical bitwise operations [4].
For more significant applications, algorithms that
can enhance the algorithm’s ability to scan and work
with large data sets and extract information from
the dataset are in high demand [2]. This led to a
more efficient Apriori Algorithm by minimizing the
number of dataset scans and limiting the input and

output costs [2].
Data Mining requires expertise as well as a

systematic approach. Both are especially lacking in
many small and medium-sized enterprises [5]. The
Apriori algorithm is an algorithm viable for SMEs
[6]. However, there are different implementations of
it, thus the need to determine which is faster in
processing datasets. Because there is a lack of
comparison between algorithm implementations on
how efficient and accurate they would be in
processing large datasets within a specified time. By
comparing the different algorithm
implementations, users will be able to identify
which Apriori algorithm implementation is best
suited for the size and complexity of their datasets.
Additionally, studies such as Castro et al. [7] have not
yet identified which Apriori implementations are
the best at handling datasets that vary in size and
complexity. As the Apriori algorithm can be used in
market basket analysis to determine the trend in
what the customers are purchasing [8], businesses
can use the Apriori algorithm to make better
decisions in the pricing of their products or product
bundles to improve sales. Due to better business
decisions, the customers and the business owners
alike would be able to save money.

The main limitation of the Apriori algorithm is
the costly wasting of time to hold vast numbers of
frequent candidate sets with frequent itemsets,
which causes the algorithm to scan the datasets
repeatedly [3]. According to Brin et al. [9], one of the
dynamic itemset counting (DIC)’s weaknesses would
be that it does not do well with homogenous data;
however, it improves when the order of transactions
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is randomized. However, the transaction reduction
implementation (TRI) tends to have several dataset
scans when processing the transactions [10]. Thus,
this research aims to know which of the two is faster
in processing datasets.

These implementations were selected because
they are two of the commonly used association
rules mining algorithms: DIC belongs to the Data
Set Partitioning Algorithm, and TRI belongs to
Incremental Update Algorithm [11]. The computed
time complexity would be used to know which is
more efficient by interpreting the algorithms of the
implementations. The time complexity is generally
an equation, which outputs the time it takes to
complete its tasks given the number of transactions
and the computer’s components. With this, both
algorithms can be compared, even with different
setup specifications. Additionally, researchers can
explain why one algorithm is faster than the other
using time complexities.

Evaluating the time complexity of an algorithm
is a way to see how long an algorithm will run as a
function of the length of the input used. It can be
written in many ways, such as an algebraic
expression. However, the most common type of
expressing the time complexity of an algorithm is
through Big O notation to represent the worst-case
analysis which uses the worst performance of any
input of a given size to summarize its performance
[12].

The Big O notation was utilized in this study in
generating the time complexities of both
implementations. The Big O notation is the most
common metric for solving time complexity, and it
uses the steps needed to complete a task to generate
its execution time. It is denoted by the notation of
O(n), where O is the order of growth and n is the
length of the input. It expresses the run time of an
algorithm in terms of how quickly it grows relative
to the input ‘n’ by defining the N number of
operations that are done in it.

This study may serve as a reference for future
researchers that wish to develop an improved
implementation for the algorithm. The methods
can also become a basis for those who want to
compare other implementations of the Apriori
algorithm. The results from this study may provide
information in serving as a comparison to an
improved algorithm that focuses on the data
processing speed.

Methods. - The study aims to determine which
of the two algorithms to be tested would be faster
and more accurate. The procedures to be used in this
study could serve as a basis for how other researchers
would test other algorithms under the Apriori
algorithm. To compare the algorithms, the time
complexity of both codes was calculated using Big-O
notation which represents the upper bound of the
running time of an algorithm.

To give support on which of the two algorithms
is faster, both algorithms were tested by gathering
the time it takes for both algorithms to run in three
different datasets. The factors that were kept constant
are the number of background tasks and the
hardware of the computer to be used since CPU and
memory speed and utilization are the factors that
greatly affect the performance of a computer [13].
Calculation of the accuracy of the algorithms on
different datasets and the running of tabs aside from

the ones needed for the data gathering were
recommended by the study of Tank [14].

The hardware used for data gathering was one (1)
desktop computer with the following specifications:
A desktop computer with Ryzen 5 3600 (Base clock:
3.6 GHz, Boost Clock: 4.2GHz), 16 GB DDR4 RAM,
and a Sapphire Pulse RX 5500 XT GPU. The two (2)
data sets to be used were sourced from Kaggle and
one (1) from the UCI Machine Learning Repository.
The datasets contain different numbers of
transactions and unique items. A customer
transaction dataset containing the items bought by
the customers, a spambase dataset containing spam
and non-spam emails, and a mall customer
segmentation dataset that contains customer
information.

The Python source codes for the different
implementations were gathered from GitHub and
were modified to output the execution time of the
algorithms and the frequency of frequent itemsets.

For data collection, the process has three
trials for each of the three (3) datasets which were
used in previous research by Delos Arcos &
Hernández [2] and Saabith et al. [15]. Each trial
measured the amount of time it takes an
implementation to process the entire data set.
Additionally, the Process Hacker 2 application will be
used to make sure that the CPU and GPU utilization
rate is constant all throughout the data gathering
process. The codes to be used were checked and
verified by our consultant, Dr. Rosslin Robles.

The data gathering process was conducted in the
residences of the researchers as it is the most
accessible place to put a desktop without any hassle
or permit needed to utilize it. The codes for the
algorithms (transaction reduction implementation
and dynamic itemset counting implementation) were
taken from GitHub. The code was set up in Python
and had a runtime counter added to it. The data sets
used were sourced from Kaggle, which contained
different amounts of transactions and unique items.

Sourcing and Checking of Algorithms and
Implementing the Time Library. Algorithms were first
searched in GitHub. Since Python is the language
used by the researchers, the search filter only caters
to Python codes. A�er narrowing it down to a couple
of codes, the researchers chose an algorithm then
tested them out to see if the algorithm had any
errors. If the tested algorithm has no errors, that
would be the code to be used for data gathering. For
both algorithms to output the time of each run, the
time library needs to be implemented. To
implement this, the snippet “import time” was added
at the start of the code so that the code would have
access to the said library. A�er implementing the
time function in the codes of the algorithms, the
implemented codes were checked by an external
consultant, Doctor Rosslin Robles. If the codes are to
be judged by our consultant as ready for data
gathering, the said algorithms would be used for data
gathering.

Calculation of the Time Complexity of the Algorithms.
The time complexity of the algorithms was solved
using the method of Vaz et al. [16]. This study made
use of the Big-O notation for the time complexity as
it is used to get the upper bound or the worst-case
scenario for the running time of the algorithms. The
algorithm was evaluated line-by-line by assigning
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values such as 1, x, , log n, etc. to each line or loop.𝑥2

The lines of code were grouped by the function they
are under. A�er assigning the values of each line and
loop of the code, it was grouped according to which
function they are a part of. The sums of each were
solved, this resulted in an algebraic expression. A�er
getting the sums of each group, it was all combined
to get the time complexity of the algorithm. In
identifying the time complexity of the algorithm
using Big-O notation, the resulting algebraic
expression’s term with the highest power was
identified. Then, by disregarding the coefficient of
the mentioned term, that was the time complexity of
the algorithm. For example, the resulting algebraic

expression is , which means that the6𝑥2 + 2𝑥 + 1
time complexity of the algorithm is O( ).𝑛2

Cleaning of the Data Sets. A�er opening the excel
file, the researchers need to determine what data the
algorithms could process. The data that was not
determined to be processed by the algorithm, such as
the personal information of people, were removed.
Data that is usually determined to be removed are
labels. Then, proceed to the other excel files and
repeat the process. Then, the cleaned excel files and
algorithms were checked by the previously
mentioned external consultant.

Preparation of Parameters and Execution of
Algorithms. Three trials were performed for each
algorithm and the average running time of the three
trials were computed. To ensure that the results were
not affected by other factors, unrelated background
tasks were closed. This action kept the CPU and RAM
utilization available for use constant. Dataset number
1 was processed using the TRI and DIC for three
trials, followed by datasets 2 and 3. A�er every run,
the runtime and rules were recorded into an excel
file.

Calculating the Accuracy of the Algorithms. The
output a�er every run, excluding the processing
time, was noted. Then, the frequency of each itemset
in the dataset was identified. From this, the
confidence levels of each rule were calculated. The
highest confidence value that was calculated will be
the accuracy of the algorithm for that run. The three
runs’ accuracies will then be averaged.

Data Analysis. A�er all the values were recorded
to an Excel sheet, the analysis of data took place. The
first process was to analyze the time complexities of
the transaction reduction and dynamic itemset
counting algorithms. This portion of the study is a
modified version of Delos Arcos and Hernandez [2]
and Tank [14] methods, wherein the mean of the
three trials of each algorithm will first be solved. The
mean values of the TRI and DIC were then used to
solve the percentage of performance difference.
Lastly, the processed values were graphed. For
accuracy, the confidence levels of each rule or output
were first determined. The highest confidence value
out of all the rules is the accuracy of the algorithm
for that run. Except for the worst-case analysis, these
steps were done on Microso� Excel as all the tools
needed for the computations are present in said
application. The worst-case analysis measures the
resources required by the algorithm given the input
size n. Examples of the resources are the algorithm's
running time and the memory used to run the

algorithm.
Computation of parameters from the raw data. This

is done so that the succeeding step of the data
analysis would be easier to do. The mean of the 3
trials was solved using the equation:

𝑉1+𝑉2+𝑉3
3

where V1, V2, and V3 are the values of 3 trials

and divided by 3. Then, the percentage of
performance difference of the algorithms in the 3
datasets were solved using the equation:

𝐴𝐷 = 1
𝑉𝐷

𝐴𝑇 = 1
𝑉𝑇

 | 𝐴𝐷
𝐴𝑇 | − 1( ) ×  100

where VT is the average run time by the
transaction reduction algorithm, while VD is the
average run time by the dynamic itemset counting
algorithm, and AT and AD are the reciprocals of VT
and VD, respectively.

The accuracy of each was solved using the
equation:

σ 𝑋∪𝑌( )
σ 𝑋( )

where (X) is the frequency an itemset, X, appears
in the dataset, while (XY) is the frequency itemset Y
appears in the same transaction as itemset X. Then,
the confidence of each of the rules was to be
multiplied by 100 so that it would be presented in
percent form.

Safety Procedure. Safety precautions during the
data gathering process were observed to avoid
possible harm. The researchers have identified three
hazards: electrical outlets, ungrounded components,
and spending too much time in front of a computer.
To mitigate the identified hazards, having water near
the outlets was strictly avoided as well as tampering
with the hardware, unless knowledgeable enough of
the surroundings and components. Breaks were also
taken from time to time to prevent asthenopia or eye
strains.

Results and Discussion. - The researchers first
identified the number of transactions for each
dataset which were gathered from their respective
repositories. The number of transactions [4] and the
number of distinct items [14] of the algorithms were
also gathered. The number of distinct items was
available on the respective repositories of the
datasets and verified using the remove duplicates
option in Microso� Excel. Lastly, the average
transaction length was calculated by determining the
average number of characters per transaction.

Table 1 shows that D1 consists of the lengthiest
transactions, while D3 has the shortest transactions.
Additionally, D3 is the largest dataset while having
the most number of distinct items. This means that
D3 is the most diverse or randomized data among
the three datasets. Then, D2 has the lowest amount
of transactions and distinct items. D2 is also a small
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dataset, according to the definition of Althnian et al.
[17] of a small data set having 18 to 1030 transactions.
However, dataset sizes are not explicitly defined [17],
thus the two other datasets will be defined relative to
D2 or the small dataset. As shown in Table 1, D3 has
the most number of transactions and therefore, the
largest dataset. Since D1’s transaction count is in
between the smallest and largest dataset of this study,
it is the medium-sized dataset. This means that D1
(Groceries) is the most complex dataset among the
three, while D3 (Spambase) is the least complex.
Then, D2 (Mall Customer) is the least randomized
dataset, while D3 (Spambase) is the most randomized
dataset used in this study.

Table 1. The table shows the properties of the datasets used
in the study.

Data Set Number of
Transactions

Distinct
Items

Average
Length of

Transactions
Length

(number of
characters)

D1
(Groceries)

43,349 169 10.548

D2 (Mall
Customer)

800.00 102 2.798

D3 (Spam
Base)

266,858 4499 1.617

In Table 2, D3 resulted in the highest percentage
of performance difference among the two
algorithms. As D3 is the most randomized data
among the three datasets, it coincides with the
findings of Brin et al. [9] that dynamic itemset
counting’s performance improves when the
transactions are randomized. Out of the three
parameters from Table 1, the running time of
transaction reduction was greatly affected by the
average transaction length of the dataset, as it had the
highest running time in D1.

Table 2. The table shows the average processing times of
transaction reduction and dynamic itemset counting on
three data sets

Data
Set

Transaction
Reduction
(seconds)

Dynamic
Itemset

Counting
(seconds)

Percentage of
Performance

Difference (average
running time of

DIC vs. TRI)

D1 1165.51032 36.99194 3051%

D2 0.62623 0.06089 929%

D3 755.92940 3.52844 21324%

Fig. 1 shows the comparison in the percentage of
performance difference of the two algorithms’
average running times in the different datasets. The
average percentage of performance difference of
both algorithms is 8434 percent for the three datasets
derived where D3 has the highest percentage of
performance difference, and D2 resulted in the
lowest difference in average processing time of both

algorithms. So, the dynamic itemset counting
implementation has an advantage on large and less
complex data sets but gradually loses it on smaller
and more complex data sets.

Figure 1. The bar graph shows the percentage of
performance difference in each dataset.

Additionally, the accuracy of both
implementations in all three datasets were the same,
as well. In D1 (Groceries) both algorithms achieved
84.89%, 89.29% accuracy in D2 (Mall Customers), and
87.73% accuracy in D3 (Spambase).

Table 3. The table shows the summary of the accuracy of
transaction reduction and dynamic itemset counting on
three datasets.

Data Set Transaction
Reduction (%)

Dynamic Itemset
Counting

(%)

D1 84.89 84.89

D2 89.29 89.29

D3 87.73 87.73

As both algorithms have a time complexity of O

( ), this means that the efficiency of both algorithms𝑛2

is the same. Thus, the processing times of both
algorithms should be close. However, the transaction
reduction implementation (TRI) had an average
processing time of 640.5 seconds on all three
datasets, while the dynamic itemset counting (DIC)
had an average processing time of 13.5 seconds. This
means that the DIC and TRI have an average
percentage of performance difference (PPD) of 8434%
across all three datasets.

The performance of the two algorithms had
some discrepancies in varying dataset sizes and
complexities. In D1 (Groceries), there was a 3051%
percentage of performance difference (PPD), 928%
PPD in D2 (Mall Customers), and 21324% PPD in D3
(Spambase). This is supported by the study of Brin et
al. [9], which stated that DIC’s weakness is that it does
not do well with homogenous data; however, it
improves when the order of transaction is
randomized. percentage of performance difference.

As both algorithms have the same accuracy in
determining the frequent itemset, this means that
both algorithms have the same reliability level in the
association rules they output. However, the classical
Apriori has been tested to have an accuracy of
between 98% [18] to 99% [19]. The decrease in
accuracy can be attributed to the support value set by



48 | Parcon et al.

the researchers, 5, which has been stated by Tank [14]
to be one of the factors that affect the accuracy of the
Apriori algorithm and its implementations.

Even though both algorithms have the same

time complexity of O ( ), their processing speeds𝑛2

have a large gap. This may be due to the fact that the
Big-O notation is only used to weigh the computing
cost of an algorithm in the worst-case scenario.
Studies such as Delos Arcos & Hernandez [2] have
opted to use an algebraic equation approach in
determining the time complexity equations of
algorithms. This is done so that every factor such as
the number of loops, argument, and equation will be
taken into consideration in the time complexity. The
Big-O notation is only a good option in algorithms
which have a small number of loops, as the Big-O
notation does not take into account the number of
loops, arguments, and equations. It only takes into
account the value of the highest level loop of the
entire algorithm. Other formats of describing an
algorithm’s time complexity may be used as the
Big-O notation only evaluates algorithms in the
worst-case scenario.

As DIC had a shorter average running time than
TRI in all datasets, this means that DIC is more
efficient in processing data. DIC had an advantage,
especially in D3 (Spambase dataset). This may be
because its transaction reduction implementation
(TRI) tends to have more steps in scanning and data
generation, which increases its processing time. This
is supported by the study of Zymbler [4], which
stated that DIC has good potential in parallelization.
This means that on setups with multi-core CPUs or
GPUs, DIC can take advantage of the extra cores to
boost its performance. Additionally, the additional
scans that TRI does when processing transactions
increases its processing times [10]. Setups with
multi-core CPUs or GPUs may want to use the DIC in
processing data as it will significantly make
processing faster. However, a different integrated
development environment (IDE) can also be used
other than PyCharm community version 2020.2.1 as
PyCharm does not fully utilize the computer's
available computing resources.

The biggest factor which affects the processing
speed of DIC lies in the average length of
transactions in the dataset, followed by its size or the
number of transactions, and then the number of
distinct items in the dataset. Thus, DIC thrives in
datasets which have short transaction lengths and are
more randomized such as the D3 (Spambase). This is
supported by the study of Brin et al. [9], which stated
that DIC’s weakness is that it does not do well with
homogenous data; however, it improves when the
order of transaction is randomized. Additional
variations in dataset sizes and complexities should be
tested, especially in large datasets with lengthy and
homogenous transactions, to determine if the
advantage of DIC in randomized data will outweigh
its disadvantage in large datasets with lengthy
transactions.

Limitations. The limitation of this research
study is the time complexity format used as the
Big-O notation only evaluates algorithms in the
worst case scenario. Another is the IDE (Integrated
Development Environment) used, which is
PyCharm. PyCharm does not fully utilize all the
computing resources available to make processing
faster. There is also a lack of variation in the datasets
used. Lastly, the method of measuring the accuracy

of the algorithm as the highest confidence value is
not a good representation of the accuracy of the
algorithms.

Conclusion. - The results showed that the
dynamic itemset counting implementation was able
to determine the frequent itemsets with the same
accuracy, but faster than the transaction reduction
implementation.

Recommendations. - It is recommended by the
researchers to use algebraic equations over the Big-O
notation to express the time complexity of the
algorithms as it would be a more comprehensive
representation of the algorithm. Additionally, the
Integrated Development Environment (IDE) to be
used will be different, as PyCharm Community
Edition 2020.2.1 does not utilize all the available
resources, such as the CPU and GPU. Another
method to measure the accuracy of the algorithm
that may be used as the highest confidence value of
the output, or rules, is not a good representation of
the accuracy of the algorithm. Other variations in
dataset sizes and complexities may also be used to
identify if an algorithm has an undiscovered pattern
in processing data. Lastly, researchers may also opt to
compare other commonly used implementations of
the Apriori algorithm to determine which
implementation is the best for different dataset sizes
and complexities.

Acknowledgment. - The researchers would like
to extend their gratitude to Dr. Rosslin Robles, for
confirming the authenticity of the algorithms and
datasets used in this study. The same appreciation is
extended to Sir Joevic Pecate for verifying the validity
of the determined time complexities of the
algorithms.

References
[1] Moschovakis YN. 2001. What Is an Algorithm?.

Berlin (DE). Springer-Verlag Berlin Heidelberg.
doi: 10.1007/978-3-642-56478-9_46

[2] Delos Arcos JR, Hernandez AA. 2019. Efficient
Apriori algorithm using enhanced Transaction
Reduction approach. 2019 IEEE [Internet].
[cited 2020 Oct 2]. doi:
10.1109/TSSA48701.2019.8985482.

[3] Al-Maolegi M, Arkok B. 2014. An improved Apriori
Algorithm for association rules. IJNLC.
[Internet]. 2018. [cited 2020 Oct 24]; 3(1). doi:
10.5121/ijnlc.2014.3103.

[4] Zymbler M. 2017. Accelerating Dynamic Itemset
Counting on Intel Many-core System. 2017
MIPRO [Internet]. [cited 2020 Oct 2]. doi:
10.23919/MIPRO.2017.7973631.

[5] Härting R-C, Sprengel A. 2019. Cost-benefit
considerations for Data Analytics - An
SME-Oriented Framework enhanced by a
Management Perspective and the Process of
Idea Generation. Procedia Computer Science.
159:1537–1546. doi: 10.1016/j.procs.2019.09.324.

[6] Silva J, Varela N, Borrero López LA, Rojas Millán
RH. 2019. Association Rules Extraction for
Customer Segmentation in the SMEs Sector
Using the Apriori Algorithm. Procedia



Comparison of Transaction Reduction and Dynamic Itemset Counting Implementations of the
Apriori Algorithm in Python 3.8 | 49

Computer Science. 151:1207–1212. doi:
10.1016/j.procs.2019.04.173.

[7] Castro EPS, Maia TD, Pereira MR, Esmin AAA,
Pereira DA. 2004. Review and comparison of
Apriori algorithm implementations on
MapReduce and Spark. Knowl. Eng. Rev. 0(0):
1-24. doi: 10.1017/S0269888918000127.

[8] Mustakim, Herianda DM, Ilham A, Daeng GS A,
Laumal FE, Kurniasih N, Iskandar A,
Manulangga G, Indra Iswara IBAI, Rahim R.
2018. Market Basket Analysis Using Apriori and
FP-Growth for Analysis Consumer
Expenditure Patterns at Berkah Mart in
Pekanbaru Riau. J. Phys.: Conf. Ser. 1114 012131.
doi: 10.1088/1742-6596/1114/1/012131.

[9] Brin S, Motwani R, Ullman JD, Tsur S. 1997.
Dynamic Itemset Counting and implication
rules for market basket data. SIGMOD Rec.
26(2):255-264. doi:10.1145/253262.253325.

[10] Singh J, Ram H, Sodhi JS. 2013. Improving
efficiency of Apriori algorithm using
transaction reduction. Int J Sci Res Pub. 3(1):
1-4. Available from:
https://www.ijsrp.org/research-paper-1301/ijsrp
-p1397.pdf

[11] Zhong R. Wang H. 2011. Research of Commonly
Used Association Rules Mining Algorithm in
Data Mining. 2011. International Conference on
Internet Computing and Information Services.
doi: 10.1109/ICICIS.2011.63.

[12] Roughgarden T. 2020. Beyond the Worst-Case
Analysis of Algorithms. Cambridge:
Cambridge University Press. p.1-24. doi:
10.1017/9781108637435.002.

[13] Wang L. 2020. Analysis of Factors Affecting
Computer Data Processing Speed. J. Phys.:
Conf. Ser. 1648 022136. doi:
10.1088/1742-6596/1648/2/022136.

[14] Tank D. 2014. Improved Apriori algorithm for
mining association rules. IJITCS. [Internet].
[cited 2020 Oct 24]. Available from:
10.5815/ijitcs.2014.07.03.

[15] Saabith S, Sundararajan E, Abu Bakar A. 2018. A
parallel Apriori-transaction reduction
algorithm Using Hadoop-Mapreduce in cloud.
AJCSIT. [cited 2020 Nov 7]; 1(1):1-24. doi:
10.9734/AJRCOS/2018/41045.

[16] Vaz R, Shah V, Sawhney A, Deolekar R. 2017.
Automated big-O analysis of algorithms. 2017
International Conference on Nascent
Technologies in Engineering (ICNTE). doi:
10.1109/icnte.2017.7947882.

[17] Althnian A, AlSaeed D, Al-Baity H, Samha A, Dris
AB, Alzakari N, Abou Elwafa A, Kurdi H.
2021. Impact of dataset size on classification
performance: an empirical evaluation in the
medical domain. Appl Sci. 2021(11): 796. doi:
10.3390/app11020796.

[18] Funcion D. 2019. Apriori algorithm application
on the prevalence of computer malware.
Indian J Sci Technol. [cited 2022 May 22];
12(17). doi: 10.17485/ijst/2019/v12i17/143328.

[19] Abidin A, Othman M, Hassan A, Murdianingsih
Y, Suryadi U, Muslin Z. 2021. Verifying
waste disposal practice problems of rural
areas in Indonesia using the Apriori
algorithm. 2021 ICIC. [cited 2022 May 22];
1-7. doi: 10.1109/ICIC54025.2021.9632987.



Publiscience Vol. 5 Issue 1

The spatial relationship of air temperature and land surface
temperature under the different climatic types in the
Philippines from 2005 to 2019

JUAN PAOLO A. ALCALDE, ADA KOREEN V. BACAY, RHAYLEN KEA C. SITOY, and DAVID BRYAN C. LAO

Philippine Science High School Western Visayas Campus - Department of Science and Technology (DOST-PSHS WVC),
Brgy. Bito-on, Jaro, Iloilo City 5000, Philippines

Article Info

Submitted: July 15, 2022
Approved: Sept 23, 2022
Published: Oct 10, 2022

Keywords:

land surface temperature

air temperature

relationship

Philippines

climate types

Abstract

The urban heat island (UHI) effect is characterized by the accumulation
of heat due to anthropological activities. Land surface temperature (LST)
and air temperature (Tair) are key parameters in quantifying UHI, and they
are generally believed to be well-coupled. However, these two variables
respond differently to various factors, such as solar insolation, atmospheric
condition, and land surface properties. Climate is a critical factor that
affects LST-Tair relationship. Thus, this study assessed the relationship
between LST and Tair across the different climatic types in the Philippines
from 2005 to 2019. The obtained LST-Tair relationship coefficients for the
daytime observations are 0.68, 0.47, 0.59, and 0.53 for Types I, II, III, and IV,
respectively. For the nighttime observations, the obtained LST-Tair

relationship coefficients for Types I, II, III, and IV are 0.81, 0.39, 0.66, and
0.59, respectively. Thus, for both daytime and nighttime observations, the
coefficient of LST and Tair relationship follows a decreasing trend as areas
approach the east. This implies that climatic properties such as rainfall,
Northeast monsoon, and trade winds might have affected their relationship
because of the sensitivity and variability in the response of LST to these
factors relative to Tair.

Introduction. - In light of climate change, it is
essential to have structured research on the
relationship between urban heat islands and their
climatic factors. UHI occurs when cities replace the
natural land cover with dense concentrations of
pavement, buildings, and other surfaces that absorb
and retain heat. Due to surface modifications that
are attributable to urbanization, there is a tendency
for urban areas to feel crucially warmer and exhibit
elevated temperatures compared to non-urbanized
and rural areas [1]. The surface materials’ internal
properties, including thermal inertia, conductivity,
and heat capacity, are the major factors that affect
how the temperature of the materials varies with
respect to their surroundings [2]. LST and Tair are
used to quantify urban heat islands [3]. Due to the
urban heat island phenomenon’s effects on the
environment, climate, and public health, it has
attracted the public's attention and various
researchers [4].

Studies on LST with respect to different
factors such as land cover, surface albedo, and many
more have long existed. For example, Ibrahim [2] has
already studied the effect of land use/land cover
change on LST. However, Ali et al. [5] suggested that
other factors influencing LST, such as meteorological
conditions, surface energy parameters, and
geometrical factors, should be investigated because
the relationship of LST to these has not been fully
understood. As for meteorological conditions,
Tomlinson et al. [5] and Nichol et al. [7] stated that

there still exists a significant gap in LST research,
which is the quantification of the relationship
between measured Tair and remotely sensed LST
data. Studies assessing the relationship between Tair

and LST found that they are correlated and that the
relationship is affected by land cover, elevation,
seasonality, and location [4, 7, 8]. Though these
studies have investigated the LST-Tair relationship,
there are still conditions and other parameters that
are not considered. Cao et al. [4] stated that local
climate zones would provide a better understanding
of the variations in spatiotemporal patterns of Tair

and suggested that future studies should be made on
cities of different sizes and under different climates.

Thus, this study assessed the spatial relationship
of Tair and LST under the different climatic types
(Type I to IV) of the modified Corona’s climate
classification, as recognized by PAGASA, in the
Philippines from 2005 to 2019. They are
characterized by oppressive humidity, plenty of
rainfall, and a relatively high temperature [10]. Areas
under Type I have two pronounced seasons: wet and
dry. For Type II, there is no dry season with very
pronounced rainfall. Seasons are not very
pronounced in areas under Type III. For areas under
the Type IV climate, rainfall is evenly distributed
throughout the year [10].

This study provides an additional description of
the relationship dynamics between LST and Tair

since it is assessed under the different climate types
in the Philippines. Moreover, to address the problem
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of missing data, future studies can use this research
paper to develop a model to estimate the LST using
the situ Tair, or vice versa. Specifically, this study
aims:

(i) To determine the 8-day average daytime
and nighttime land surface temperature (LSTday

and LSTnight) from 2005-2019 for each weather
station of each climate type from the raw data
acquired from the Moderate Resolution Imaging
Spectroradiometer (MODIS) of the National
Aeronautics and Space Administration’s (NASA)
Earthdata;

(ii) To determine the 8-day average minimum
and maximum air temperature (Tmax and Tmin)
from 2005 to 2019 from the daily raw data
acquired from the Philippine Atmospheric,
Geophysical, and Astronomical Services
Administration (PAGASA);

(iii) To impute the missing daily Tair data and
8-day average LST data in all places with a
weather station from 2005 to 2019 using the
multiple imputation method;

(iv) To calculate Pearson's correlation coefficient
between LSTday and Tmax , and LSTnight and Tmin

in all weather stations for each climate type;

(v) To generate graphs for the pairings of
LSTday and Tmax , and LSTnight and Tmin for each
climate type; and

(vi) To examine the relationship between LSTday

and Tmax , and LSTnight and Tmin in all weather
stations for each climate type using Pearson’s
correlation coefficient analysis and graphical
analysis.

Methods. - The data gathering procedure was
divided into three parts: (1) acquisition of Tair and
LST from PAGASA and NASA’s Earth Science Data
Systems (ESDS) Program, respectively, from 2005 to
2019 (2) the aggregation of Tair data into 8-day
averages , and (3) imputation of missing values.

Study Area. The study area includes all
locations in the Philippines with available PAGASA
weather stations for the accessible acquisition of the
raw data on Tair.

For Type I, the weather stations are: Ambulong,
Batangas; San Jose, Occidental Mindoro; Sangley Pt.,
Cavite; Science Garden, Quezon City; Sinait, Ilocos
Sur; NAIA, Pasay City; Port Area, Manila; Laoag City,
Ilocos Sur; Iba, Zambales; Subic Bay, Olongapo;
Cuyo, Palawan; Dagupan City, Pangasinan; Clark
Airport, Pampanga; Coron, Palawan; Baguio City,
Benguet; and Cabanatuan, Nueva Ecija.

Type II: Alabat Quezon; Virac, Catanduanes,
Surigao, Surigao Del Norte; Guiuan, Eastern Samar;
Hinatuan, Surigao Del Sur; Infanta, Quezon; Juban,
Sorsogon; Daet, Camarines Norte; Calayan, Cagayan;
Casiguran, Aurora; Catarman, Northern Samar;
Baler, Aurora; Borongan, Eastern Samar.

Type III: Aparri, Cagayan; Tayabas, Quezon;
Tuguegarao, Cagayan; Zamboanga, Zamboanga Del
Sur; Tanay, Rizal; Puerto Princesa, Palawan;

Romblon; Roxas City, Capiz; Masbate; Mactan
International Airport, Cebu; Dumaguete, Negros
Oriental; El Salvador City, Misamis Oriental;
Capalan, Oriental Mindoro; Cotabato City,
Maguindanao.

Type IV: Tacloban City, Leyte; Legaspi City,
Albay; Maasin, Southern Leyte; Malaybalay,
Bukidnon; Itbayat, Batanes; Dauis, Bohol; Davao
City, Davao Del Sur; Dipolog, Zamboanga Del Norte;
General Santos, Cotabato; Basco, Batanes; Butuan
City, Agusan Del Norte; Catbalogan, Western Samar.

Acquisition of Tair and LST. A request for the
daily Tmax and Tmin was made on the Philippines'
Freedom of Information website. Then, LSTday and
LSTnight with a temporal resolution of 8-days were
acquired from MODIS Aqua land product of NASA’s
ESDS program. Additionally, PAGASA can only
provide Tair data from 2019 at the latest. To
accurately represent climate as a parameter, fi�een
years of recent data must be utilized, as stated by the
National Oceanic and Atmospheric Administration
[11]. Taking this into consideration, the requests were
made for all weather stations from January 1, 2005 to
December 31, 2019. Then, locations with more than
50% missing data were removed from the population.

Data Aggregation. The LST and Tair data of all
selected areas from 2005 to 2019 was processed to
match the temporal resolution of the 8-day averages.
This was computed and tabulated using a
spreadsheet.

Imputation. The imputation of data was done
using the R so�ware version 4.1.1 in RStudio
v2021.09.2+382.pro1. Multiple imputation creates
valid statistical inference, it is strong against outliers,
and it can deal with skewed distributions and
multicollinearity. The degree of absence was first
determined using Little’s missing completely at
random (MCAR) test. Then, multiple imputation
using the imputation by classification and regression
trees in the multivariate imputation by chained
equations (MICE) package was done for MCAR data
[12]. For missing not at random (MNAR) data,
imputation by random forests in MICE was used [13].

Data Analysis. The Tair was subtracted from the
LST to calculate the mean difference in every climate
type. A positive mean difference indicates that LST is
greater than Tair. When Tair is greater than LST, the
mean difference is negative.

To create a graph, the Tair and LST were plotted
for each observed climatic type during the day and
night. Each point represents the 8-day average LST
and Tair data, with LST as the x-axis and Tair as the
y-axis. For the daytime graph, Tmax was paired with
LSTday. For the nighttime graph, Tmin was paired with
LSTnight.

Then, Pearson's correlation coefficient analysis
was performed using the R Statistical Package
so�ware. The relationship between Tair and LST
data for each climatic condition during the day
and night was then analyzed. The magnitude
and direction of the correlation were
determined using the Pearson’s correlation
coefficient analysis guide set by Schober et al.



52 | Alcalde et al.

[12] and Cohen [13].

Results and Discussion. - The results and
discussion section is divided into five parts: (1)
LST-Tair Mean Difference, (2) the Comparison of the
Obtained Pearson’s Correlation Coefficient to Other
Studies, (3) Linearity and Direction of the
Relationship, (4) LST-Tair Relationship Trends, and
(5) Limitations.

LST-Tair Mean Difference. A positive value
was found for Types I and III during the day, while
the mean difference was negative for Types II and IV.
This indicates that for Types I and III, LSTday is
higher than Tmax. For Types II and IV, LSTday is lower
than Tmax .

Table 1. Mean difference of LSTday and Tmax.

Climate
Type

Mean
LSTday (°C)

Mean Tmax

(°C)
Daytime

Mean
Difference

(°C)

Type I 37 6± 31 3± 6 4±

Type II 29 3± 31 2± -2 3±

Type III 31 4± 31 2± 0.4 4±

Type IV 30 4± 31 2± -0.3 4±

It was found that in climate Types I and III, the
mean LSTday is higher than the Tmax. LSTday tends to
be higher than Tmax over the dry tropics because the
clear-sky insolation in these areas is high enough to
elevate LSTday [8]. Moreover, Shen and Leptoukh [14]
found that radiative forcing, which is the measure of
the imbalance of the Earth’s energy budget, due to
the low thermal capacity, inertia, and conductivity is
prominent in dry regions because of their lack of soil
water. Additionally, Pullen et al. [16] found that the
monthly mean rainfall in the Philippines has a
pronounced east to west gradient. This means that
the western part of the Philippines receives a lower
amount of rainfall. Areas under Types I and III are
located in the western portion of the Philippines.
Thus, these areas are considered to be dry regions
due to lack of rainfall. In a similar study, Good et al.
[7] also discovered that LSTday tends to be warmer
than Tmax over the dry tropics in all seasons.

On the other hand, LSTday is found to be lower
than Tmax in climates Types II and IV. Since these
areas are located near the Pacific Ocean, the water
vapor coming from the sea warms Tmax through
latent heat fluxes [17]. Additionally, areas under
Types II and IV climates are located in the eastern
part of the Philippines, thus receiving a higher
amount of rainfall [17]. These areas are less sensitive
to radiative forcing due to their lower heat capacity
and higher thermal inertia [18]. Moreover, Guha and
Govill [19] demonstrated that vegetation seasonality
is a direct consequence of rainfall. So, through
evapotranspiration, vegetation can pump soil water
into the atmosphere, remove a large amount of land
surface energy, and facilitate cloud formation, which
can then reduce the amount of sunlight that reaches
the surface of the Earth [20, 21, 22, 23]. They also
have larger aerodynamic surface roughness which

triggers strong turbulence. This allows them to
transfer energy and mass from the land surface to
the atmosphere more effectively [20, 21]. As a result,
Tmax becomes warmer than LSTday in regions with
consistent rainfall in Types II and IV climate types.

For the nighttime observation, a negative mean
difference was found during the night for all climate
types, which implies that LSTnight is lower than Tmin.

Table 2. Mean difference of LSTnight and Tmin

Climate
Type

Mean
LSTnight

(°C)

Mean Tmin

(°C)
Nighttime

Mean
Difference

(°C)

Type I 22 3± 23 3± -1 2±

Type II 22 2± 24 1± -2 2±

Type III 22 5± 24 2± -2 2±

Type IV 22 3± 23 2± -1 2±

The variation in the LSTnight-Tmin difference
variation is mostly affected by emissivity properties
of the surface, relative humidity, and wind speed
[24]. During the night, there is a rapid elevation of
Tmin relative to LSTnight because nighttime Tmin is
inherently more sensitive to climate forcing and
perturbations to the radiation balance. The boundary
layer of air is at its thinnest state. Because of this,
there is less air to be warmed, and the built-up
greenhouse gasses cause its extra energy to be added
to the climate system [25]. The heat transfer at night
is also characterized by radiative cooling of the
ground and formation of an inversion layer, heating
Tmin more than LSTnight [26]. Thus, these factors result
in a rapid elevation of Tmin relative to LSTnight during
the night.

Comparison of the Obtained Pearson’s Correlation
Coefficient to Other Studies. Presented in Tables 3
and 4 are the values and interpretations of daytime
and nighttime Pearson’s correlation coefficient,
respectively.

Table 3. Value and interpretation of Pearson’s correlation
coefficient for the daytime graph.

Location R Interpretation p-value
(10-17)

Type I 0.68 Positive and
Moderate

Correlation

22

Type II 0.47 Positive and
Moderate

Correlation

22

Type III 0.59 Positive and
Moderate

Correlation

22

Type IV 0.53 Positive and
Moderate

Correlation

22
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Table 4. Value and interpretation of Pearson’s correlation
coefficient  for the nighttime graph.

Location R Interpretation p-value
( 10-17)

Type I 0.81 Positive and
Strong

Correlation

22

Type II 0.39 Positive and
Weak

Correlation

22

Type III 0.66 Positive and
Moderate

Correlation

22

Type IV 0.59 Positive and
Moderate

Correlation

22

For both the pairings of LST and Tair, this study
discovered that the two variable’s correlation value is
relatively lower, with the highest Pearson’s
correlation coefficient being 0.81 in the Type I
climate during the night, as compared to studies
done at areas with higher latitude. For instance, in
Alaska, the obtained correlation coefficients are
above 0.9 [26]. This finding is supported by Good et
al. [7] as they found that the slope and correlation
over the regions surrounding the equator are shown
to be substantially lower. Mildrexler [27] found that
the LST-Tair relationship o�en weakens as
temperature increases. This is true for areas near the
equator as they experience the most solar insolation
throughout the year as they receive direct parallel
rays from the sun and the rays concentrate on a
smaller surface area, which easily heats up the region
[28].

Linearity and Direction of the Relationship. Based
on the result of the correlation coefficient and
graphical interpretations, there is a significant linear
relationship between LST and Tair, both for daytime
and nighttime analysis in all climate types. By
analyzing the Pearson's correlation coefficients and
graphs in Figures 1 and 2, it was also found that the
LST and Tair relationship is positive.

relationship is positive.

(a)

(b)

(c)

(d)
Figure 1. Plotted daytime LST vs graphs of (a) Type I, (b)𝑇

𝑎𝑖𝑟
Type II, (c) Type III, and (d) Type IV climates. Error bars are

omitted.

(a)
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(b)

(c)

(d)

Figure 2. Plotted nighttime LST vs graphs of (a) Type I,𝑇
𝑎𝑖𝑟

(b) Type II, (c) Type III, and (d) Type IV climates. Error bars
are omitted.

LST and Tair are positively and linearly
correlated due to the heat exchange between the
surface and the atmosphere [29]. This heat transfer
process is strongly influenced by the radiation
budget and atmospheric contributions. Most of the
radiation given by the sun is absorbed by the Earth’s
surface, therefore warming it. Then, infrared
radiation is emitted by the surface, thus initiating
convection cells in the atmosphere [30]. Though
many factors such as topography, seasonality, and
other climatic properties affect their relationship,
they are still interpreted to be linear. This finding is
consistent with all related studies such as that of
Mutiibwa et al. [24] and Colombi et al. [31], among
many others. Mutiibwa et al. [24] stated that the
linear relationship can be used to create simple linear

models. With this, LST can be used as a predictor of
Tair and vice versa. Moreover, Colombi et al. [31]
made use of the linear relationship between LST and
Tair to develop a model. It proved the validity of LST
as a parameter to calculate the daily air temperature.

LST-Tair Relationship Trends. During the day, all
the climate types exhibited a moderate correlation.
During the night, Type I and III have a strong
LST-Tair correlation while Type IV has a moderate
correlation and Type II has a weak correlation.
However, from both observations, a trend in their
specific Pearson’s correlation value can be observed.
The relationship weakens as the areas approach the
Pacific ocean.

Areas under Types II and IV are along or near
the eastern coast which makes them susceptible to
the Northeast monsoon, trade winds, and cyclonic
storms, while areas under Types I and III are
shielded from these conditions [32]. The seasonal
northeasterly monsoon enhances rainfall in the
Eastern part of the Philippines due to orographic
li�ing [17]. So, Types II and IV have relatively wetter
seasons than Types I and III [33]. LST can cool or
warm faster and is more variable than Tair. This is a
result of the complexity of surface types and
variations in topography [6]. The difference between
LST and Tair is associated with soil wetness and cloud
amount [24]. Since Types I and IV climates receive
higher amounts of rainfall because of their exposure
to monsoons and trade winds, these conditions
create a large difference between LST and Tair,
resulting in a lower correlation. This is in line with
the study of Pullen et al. [17] which stated that the
closer the area is to the Pacific ocean, the greater the
rate of change in the LST. Thus, any small variation
in the LST or Tair in Type II and IV due to trade
winds and monsoons could have resulted in the
difference in the correlation value.

It was also observed that the LST-Tair relationship
differences between climate types are more
prominent at night relative to the day. For instance,
the correlation range for the day is 0.47 to 0.68 while
the night has a larger range of 0.39 to 0.81. The
coupling of LST and Tair during the day is mainly
influenced by the dynamic inputs of solar radiation
[25]. This includes the effects of solar insolation, solar
angle, surface shading, and advection, with cloud
cover and microtopography also affecting this
relationship. Contrary to this, as the sun is not
present during the night, the LST−Tair difference
variation is mostly influenced by emissivity
properties of the surface, relative humidity, and wind
speed [27]. This suggests that the effect of climate
due to trade winds and monsoons will be much more
notable during the night.

Limitations. Only areas that have weather
stations that are operated by PAGASA were used in
this study. Moreover, most of the areas that were
excluded in this study are due to a large portion of
missing LST data. With these, the descriptive power
of Pearson’s R might have been limited. Additionally,
factors such as land cover, elevation, surface albedo,
and solar insolation were the factors that might have
affected the relationship but were not taken into
consideration. Moreover, as multiple imputation was
used to fill in the missing data and due to its nature,
the researchers’ data might have slight deviations
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from the data of those with similar studies. Lastly,
the standard deviation being greater than the mean is
possible in some cases, and in this study, it can be
attributable to the missingness of or error in the data.

Conclusion. - A�er assessing the relationship
between LST and Tair under the different climatic
types in the Philippines from 2005 to 2019, the
results show that during the day, all climate types
exhibited a positive relationship and moderate
correlation. The same positive relationship can be
observed during nighttime, however, the correlation
varies. In Type I, it exhibited a strong correlation,
meanwhile, Type II had a weak correlation. Lastly,
both Types III and IV had a moderate correlation.
Moreover, it has been observed that the strength of
the correlation decreases as the locations approach
the east or the Pacific ocean. Thus, this indicates that
the LST and Tair relationship varies across climate
types and factors such as geographical location,
monsoons, and trade winds might have affected the
relationship. Hence, this study is beneficial in
understanding the dynamics of the LST and Tair

relationship across the different climatic types in the
Philippines. Moreover, this paper could also be used
as a consideration in creating estimation models for
the country’s LST and Tair relationship.

Recommendations. - It is recommended that
further studies should include more areas for a more
accurate description of the relationship between LST
and Tair across the different climate types. The
relationship should also be assessed on daily and
monthly data. In addition, the variation across the
wet and dry seasons should also be investigated.
Next, other methods for handling missing data
should also be explored due to the large proportion
of missing meteorological data. Moreover, the use of
data from other meteorological stations that have a
larger scope and more synoptic stations is
recommended. Lastly, further studies should explore
the comparison and quantification of the variation of
LST and Tair in areas in the Philippines in terms of
land cover, surface albedo, and other factors that
might affect the relationship.
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