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Abstract: The Sierra Madre Mountain Range (SMMR) is the backbone of the Luzon Islands that
contains a high concentration of highly important ecological resources distributed among the
68 protected areas therewith. The present study aimed to assess the composition and diversity
of tree species in a secondary forest within the SMMR. A 2.25 km transect with 10 900-m2 plots were
established to record tree species with a diameter at breast height of at least 10 cm. The findings
revealed 148 individuals of trees from 38 morphospecies, 28 genera, and 20 families. Importance
values unveiled the Aurora endemic Macaranga stonei Whitmore as the most important species in
terms of the relative values of its abundance, frequency, and dominance. The area was also found
to be home to 33 natives, 12 endemics, five IUCN threatened species, and nine Philippine threat-
ened trees. Furthermore, the study site was also found to have considerably high diversity, with a
Shannon–Weiner Index value of 3.269 and a relatively even distribution of individuals among species,
as supported by the Simpson’s Evenness index value of 0.9453. Significant correlational relationships
were also found among species richness, Shannon–Weiner index, and Simpson’s Evenness index, with
correlation coefficients ranging from 0.881 to 0.934, with all significant at p < 0.001. Lastly, the study
was able to produce a distribution map, which is necessary for implementing targeted conservation
strategies. These findings provided valuable implications for future research and implementation of
targeted and participatory biodiversity conservation and protection strategies.

Keywords: biodiversity; biodiversity hotspot; correlation analysis; distribution maps; Shannon–
Weiner index; Simpson’s Evenness index

1. Introduction

The Philippines, an archipelagic country known for its rich biodiversity, stands proudly
as one of the 18 megadiverse nations on Earth [1]. This designation signifies that it harbors
over two-thirds of the world’s biodiversity resources, which play a crucial role in supporting
human well-being and survival while maintaining ecosystem stability [2,3]. Biodiversity
generously provides us with essential resources like food, water, raw materials, and clean
air. Moreover, it diligently regulates climate and protects us from natural disasters [4].
Ecologically speaking, biodiversity enables vital processes such as pollination, nutrient
cycling, water filtration, and soil stabilization and erosion control—all working together to
create balanced ecosystems and desirable environmental conditions [5–7].

Unfortunately, biodiversity has long been facing numerous threats that jeopardize
its existence and the critical services it provides. Climate change, along with many unde-
sirable human activities such as deforestation, habitat destruction, land use change, and
overexploitation, primarily drive biodiversity loss globally [8]. Due to these, scientists
were able to identify biodiversity hotspots that contain very high rates of endemism and
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drastic loss of vegetation and habitat that threatens various key biodiversity species [9].
At present, there are already 36 biodiversity hotspots, including the Philippines [10]. This
signifies the need for immediate planning and implementation of strategies to prevent total
biodiversity loss.

In the Philippines, various conservation and rehabilitation efforts are continuously
implemented. The establishment and monitoring of protected zones under the National
Integrated Protected Areas Systems (NIPAS) Act is considered one of the most important
tools in conserving the country’s key biodiversity resources, as recommended by the Con-
vention on Biological Diversity [11]. Other conservation and rehabilitation programs, such
as the National Greening program under Executive Order No. 26 [12], community-based
forest management under Executive Order No. 263 [13], and sustainable ecotourism [14],
among others, are recognized as greatly contributing to biodiversity conservation while
educating people about its values and services.

However, there were critical issues in some rehabilitation and conservation programs.
One of these is the unsuitable choice of plant species to rehabilitate a degraded or disturbed
area. Several efforts in the past used exotic and invasive species such as Gmelina arborea
Roxb. And Swietenia macrophylla King [15] in many greening activities. Some used native
species, but there was a lack of pre-assessment of the site–species relationships thus intro-
ducing the natives to inappropriate habitats and hindering their successful growth and
survival [16]. This is where the importance of plant inventory and assessments comes in.
The data and findings yielded by these studies provide essential information on the popu-
lation structure, composition, and ecology of an area and its resources that are beneficial in
recovery planning, such as biodiversity conservation and habitat rehabilitation [17].

This current study aims to contribute to the conservation of Philippine biodiversity
by assessing tree diversity in the municipality of San Luis in the province of Aurora. The
province is a part of the Sierra Madre Mountain Range, the longest mountain range in
the country, which is considered a highly important area in terms of valuable ecological
resources distributed among its 68 protected areas [18,19]. Furthermore, there are very few
studies about the plant composition and diversity in the province, which only cover the
tree species in the municipalities of Baler [20] and Dipaculao [21], as well as the diversity
of ferns in the municipalities of Maria Aurora [22] and Baler [23]. Hence, this study
will pioneer the assessment of plants in the municipality of San Luis, which is beneficial
in identifying the area’s key biodiversity resources, such as the endemic, native, and
threatened species, which is a crucial step in biodiversity conservation. Specifically, the
study aimed to determine the tree species composition, including ecological classifications
(i.e., indigeneity, endemism, and conservation status), calculate the importance values and
diversity indices and explore the underlying relationships among diversity parameters and
ecological variables (i.e., elevation).

2. Materials and Methods
2.1. Study Site

The study was conducted in April 2023 in Barangay L. Pimentel in the municipality
of San Luis, province of Aurora, situated approximately 15◦41′2.94′′ N and 121◦30′1.23′′ E
(Figure 1). The barangay is composed of residential, agricultural, and mountainous forest
lands. Specifically, the survey was carried out in mountainous forest lands, which is a
portion of the Sierra Madre Mountain Range, the backbone of Luzon Island, that serves
as a protector and barrier from typhoons coming from the Pacific Ocean [24]. The survey
area had a moderately steep topography, with elevations ranging from 273 to 581 masl.
Climate-wise, the municipality has average monthly temperatures ranging from 26 ◦C
to 30 ◦C (high temperature) and 22 ◦C to 25 ◦C (low temperature), and average monthly
rainfall ranging from 118.3 mm (March: average of 7 rainfall days) to 416.9 mm (October:
average of 17 rainfall days) in 2023. In the past 10 years, the average annual temperatures
have usually ranged from 26 ◦C to 28 ◦C, while rainfall has been 100.23 mm to 624.86 mm.
During the study period, the area had an average temperature of 28 ◦C during daytime and
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24 ◦C during nighttime and there were 8 rainy days, with precipitation of around 300 mm
during the month of April [25].
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Figure 1. Location map of the study site in San Luis, Aurora: (A) study site pointed in the Philippine
map, (B) location of the site pointed in the map of San Luis, Aurora, (C) elevation map of Barangay L.
Pimentel showing the location of modified transect.

2.2. Survey and Mapping of Tree Species

The inventory of tree species was carried out along a 2.25 km transect line with 10 30 by
30 m quadrats established at every 250 m point (Figure 2). The transect line was established
following the trail while the quadrats were positioned alternately at the left and right of the
transect line, with an approximate distance of 5 m away from the trail. The total coverage
of all the quadrats was 9000 m2. The use of transect in conducting this plant inventory was
used to ensure that the quadrats were evenly distributed throughout the forest stand [26].
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After the establishment of the transect and quadrats, the plant survey was carried
out. Trees with a diameter at breast height (DBH) of at least 10 cm were included in
the study, following the DBH cut-off of many tree species inventories undertaken in the
Philippines [27,28]. Plant identities were determined in the field using morphological
characteristics. For individuals that were not identified in the field, photos were taken
for further verification. References and databases such as Co’s Digital Flora of the Philip-
pines [29] and Revised Lexicon of Philippine Trees [30] were used to verify plant identities.
Finally, the accepted scientific names of plants were determined using the Plants of the
World Online database of the Kew Royal Botanic Gardens [31]. Significant ecological sta-
tuses (i.e., indigeneity, endemism, and conservation status) of all species were also assessed.
Indigeneity and endemism were obtained from the Co’s Digital Flora of the Philippines [29].
Meanwhile, conservation statuses were determined using the IUCN Red List of Threatened
Species [32] for the global scale and DAO 2017-11 or the Updated National Checklist of
Threatened Plants and their Categories [33] for the national scale.

Mapping was also carried out to visually present the location of each individual tree,
which will also serve as the basis for the future implementation of targeted biodiversity
conservation and management measures. Initially, the Locus map (a mobile outdoor
navigation application) was used to record the location of the transect line and quadrats.
Then, the geographic coordinates of each tree were recorded and encoded in Microsoft
Excel. Geographic coordinates in decimal degree format were then converted into the
Universal Transverse Mercator (UTM) format using the ArcGeek Coordinate Conversion
Tool [34] before feeding it to ArcGIS software (v. 10.4). After that, the locations of all trees
were plotted on the map. Lastly, final editing was undertaken to produce the final copy of
the map in .jpeg format.

2.3. Data Analysis and Interpretation
2.3.1. Species Richness, Abundance, and Importance Values

Species richness, abundance, and importance values were either counted or calculated
to discover the species composition in the area. Species abundance refers to the number
of individuals of a species in an area [35], while species richness is the number of species
or taxa present [36]. Hence, the number of species and its individuals were counted to
determine the species richness and abundance. Lastly, importance values (IVs) serve as an
index to measure how dominant a certain species is in a forest area through the relative
values of its abundance, frequency, and dominance [37]. Thus, IVs were computed using
the following equations [38]:

Density =
number o f individuals o f a species

total area sampled
(1)

Relative Density =
density o f a species

total density o f all species
(2)

Frequency =
number o f plots in which a species occur

total number o f plots sampled
(3)

Relative Frequency =
f requency o f a species

total f requency o f all species
(4)

Basal Area = 0.7854 (DBH o f a species 2
)

(5)

Dominance =
basal area o f a species

total area sampled
(6)

Relative Dominance =
dominance o f a species

total dominance o f all species
(7)

Importance Value = Relative Density + Relative Frequency + Relative Dominance (8)
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2.3.2. Diversity Indices

Biological diversity can be quantified using mathematical functions known as the
diversity indices [39]. In this study, the widely accepted Shannon–Weiner (H’) and Simp-
son’s Evenness (E) were employed as the species diversity indices and computed through
Paleontological Statistics (PAST v 3.18) software. The choice of these indices aligns with
the standards set by previous biodiversity studies undertaken in the country and uses
the Fernando Biodiversity Scale, which has been widely adopted in diverse ecological
investigations in the Philippines to effectively facilitate the interpretation of computed
values [40,41] (Table 1).

Table 1. Fernando Biodiversity Scale.

Interpretation Shannon–Weiner Simpson’s Evenness

Very high 3.5 and above 0.75–100
High 3.0–3.49 0.5–0.74

Moderate 2.5–2.99 0.25–0.49
Low 2.0–2.49 0.15–0.24

Very Low 1.9 and below 0.05–0.14

2.3.3. Correlation Analysis

Exploring intricate relationships among key variables is essential in deeply under-
standing the dynamics of forest ecosystems. Therefore, Pearson correlation analysis was
used to explore the underlying relationship (i.e., monotonic association) among important
variables, namely, elevation, species richness, abundance, Shannon–Weiner, and Simpson’s
Evenness. This was computed at a significance level of p < 0.05 through JASP v. 0.16.1,
an open-source statistical software package. The results were interpreted using the com-
puted correlation coefficient values (r-values) and their associated p-values, as well as
the conventional approach in interpreting r-values, contextualized as a direct or inverse
relationship [42] (Table 2).

Table 2. Conventional approach in interpreting correlation coefficient [42].

Absolute Value of r Interpretation

0–0.09 Negligible correlation
0.10–0.39 Weak correlation
0.40–0.69 Moderate correlation
0.70–0.89 Strong correlation
0.90–1.0 Very strong correlation

3. Results and Discussion
3.1. Tree Species Composition

The study recorded a total of 148 individuals of 38 morphospecies of trees from
20 families and 28 genera. In terms of the families, Dipterocarpaceae and Moraceae were
the most speciose with seven and five species, respectively. The most abundant families
were Euphorbiaceae, Dipterocarpaceae, and Moraceae, with 29, 28, and 21 individuals,
respectively. These families are abundant in the Philippines, especially in tropical lowland
evergreen forests that are dominated by dipterocarps [43]. Sadly, dipterocarps are among
the most threatened plant species in the Philippines and in Southeast Asia due to defor-
estation, and their timbers have been massively exported in the past [44,45]. Species-wise,
Macaranga stonei Whitmore was the most abundant, followed by Parashorea malaanonan
(Blanco) Merr., with 24 and 9 individuals, respectively. Given that the study plots covered
9000 m2, which is 9/10 of a hectare, it is estimated that these species, M. stonei and P.
malaanonan, had 26 and 10 individuals in a hectare of the study area, respectively.

The importance values computation also revealed significant findings in terms of the
species composition. Eleven (11) species had individual IVs of more than 10 (Figure 3). In
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total, these 11 species contributed 55.50% of the total IV of all species in the area. Among
them, M. stonei had the highest IV of 30.35, which is equivalent to 10.11% of the total IV of all
the species recorded, followed by Parashorea malaanonan (Blanco) Merr, with 21.63 (7.21%).
M. stonei’s high IV was related to its high abundance of 24, its occurrence in six plots out
of all ten plots, and a total basal area of 136.73 m2. M. stonei is Aurora province-endemic
and a critically endangered plant species belonging to the family Euphorbiaceae [29,32].
This keystone species lacks focus in terms of research, thus dictating the need to study this
species more and include it as one of the top priorities for conservation due to it being a
species restricted to the province of Aurora.
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Figure 3. Top eleven species with highest importance values (IVs).

The surveyed forest was also found to be home to ecologically important species,
namely, native, endemic, and threatened species (Table 3). Out of the 38 species found, 33
(86.84%) were natives, while five were exotics (with one invasive Gmelina arborea Roxb. ex
Sm.). The native species were composed of 12 endemics, five IUCN threatened species, and
9 Philippine nationally threatened species. Specifically, there were one critically endangered,
two endangered, and two vulnerable species found in the IUCN. Furthermore, there were
two endangered, six vulnerable, and one other threatened species found in DAO 2017-11
or the Philippine Red List. The most notable among the Philippine endemic species were
the IUCN critically endangered M. stonei and the IUCN vulnerable and DAO 2017-11
endangered Hopea acuminata Merr, and the IUCN endangered and DAO 2017-11 vulnerable
Philippine national tree Pterocarpus indicus Willd. The presence of critically important plants
in the area dictates the need for immediate action to conserve, protect, and even spread
their population. It is emphasized that these species, particularly the endemics, have higher
probabilities of extinction because of their narrow and restricted habitat than widespread
species [46]. The native and endemic plant species also provide suitable habitats and
enough food sources for native and endemic fauna species [47]. In fact, we were able to
witness a couple of the Philippine endemic Luzon Rufous Hornbill (Buceros hydrocorax
Linnaeus) during the survey. However, the presence of invasive species like the G. arborea
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adds pressure to the survival and propagation of the native and endemic flora and fauna
species due to the aggressive nature of most invasive plants [48]. Actual representative
photos of some critically important plant species in the area and an image of B. hydrocorax
individuals are shown in Figure 4.
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Figure 4. Representative photos of critically important species in the area. (A) Macaranga
stonei Whitmore (endemic, IUCN critically endangered), (B) Dillenia philippinensis Rolfe (endemic,
IUCN near threatened), (C) Shorea polysperma (Blanco) Merr. (endemic, DAO 2017-11 vulnerable),
(D) Shorea contorta Vidal (endemic, DAO 2017-11 vulnerable), (E) a couple of Buceros hydrocorax
Linnaeus (endemic, IUCN vulnerable, Philippine Red List endangered).

Table 3. Taxonomic list of native species recorded with their corresponding endemism and conserva-
tion statuses.

Family Species Endemism 1
Conservation Status 2

IUCN Red List DAO 2017-11

Anacardiaceae Koordersiodendron pinnatum (Blanco) Merr. NE ND OTS
Brownlowiaceae Diplodiscus paniculatus Turcz. PE LC ND

Cannabaceae Celtis philippensis Blanco NE LC ND
Dilleniaceae Dillenia philippinensis Rolfe PE NT ND
Dilleniaceae Tetracera scandens (Linn.) Merr. NE ND ND

Dipterocarpaceae Dipterocarpus grandiflorus (Blanco) NE EN VU
Dipterocarpaceae Hopea acuminata Merr. PE VU EN
Dipterocarpaceae Parashorea malaanonan (Blanco) Merr. NE LC ND
Dipterocarpaceae Shorea contorta Vidal PE LC VU
Dipterocarpaceae Shorea negrosensis Foxw. PE LC VU
Dipterocarpaceae Shorea polysperma (Blanco) Merr. PE LC VU
Dipterocarpaceae Shorea squamata (Turcz.) Benth. & Hook. PE LC ND
Elaeocarpaceae Elaeocarpus cumingii Turcz. NE LC ND
Elaeocarpaceae Elaeocarpus monocera Cav. PE ND ND
Euphorbiaceae Macaranga grandifolia (Blanco) Merr. NE VU ND
Euphorbiaceae Macaranga stonei Whitmore PE CR ND
Euphorbiaceae Macaranga tanarius (L.) Muell. Arg. NE LC ND
Euphorbiaceae Mallotus paniculatus (Lam.) Müll. Arg. NE LC ND
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Table 3. Cont.

Family Species Endemism 1
Conservation Status 2

IUCN Red List DAO 2017-11

Fabaceae Albizia lebbekoides (DC.) Benth. NE LC ND
Fabaceae Pterocarpus indicus Willd. NE EN VU

Hypericaceae Cratoxylum sumatranum Blume NE LC ND
Lauraceae Litsea leytensis Merr. PE NT EN
Lauraceae Phoebe sterculioides (Elmer) Merr. PE LC ND
Meliaceae Aglaia luzoniensis (Vidal) Merr. & Rolfe NE NT ND
Moraceae Artocarpus blancoi (Elmer) Merr. PE LC ND
Moraceae Ficus minahassae Miq. NE LC ND
Moraceae Ficus nota (Blanco) Merr. NE LC ND
Moraceae Ficus variegata Blume NE LC ND
Myrtaceae Syzygium nitidum Benth. NE ND VU
Myrtaceae Syzygium tripinnatum (Blanco) Merr. NE ND ND

Rhamnaceae Alphitonia excelsa (A.Cunn. ex Fenzl) Benth. NE LC ND
Sterculiaceae Sterculia ceramica R.Br. NE ND ND

Urticaceae Leucosyke capitellata (Poir.) Wedd. NE LC ND
1 Endemism classifications: PE—Philippine endemic; NE—Not endemic. 2 Conservation status classifications:
CR—Critically endangered; EN—Endangered; Vu—Vulnerable; OTS—Other Threatened Species; NT—Near
threatened; LC—Least concern; ND—No data.

3.2. Tree Species Diversity

The diversity indices of the secondary forest in San Luis are presented in Figure 5.
The Shannon–Weiner index values per quadrat ranged from 1.626 to 2.3384 and were
interpreted as very low to low based on the Fernando Biodiversity Scale. In terms of
Simpson’s Evenness, the values ranged from 0.8182 to 0.9619, which were interpreted as
very high. Quadrat 2 had the highest diversity (H′ = 2.384 and E = 0.9619). Overall, the
study area had a high Shannon–Weiner index (H′ = 3.269) and a very high Simpson’s
Evenness index (E = 0.9453), which means that the trees in the area were relatively diverse
and had a considerably even distribution of individuals among species. In most ecological
studies in the Philippines, H′ values generally range from 1.5 to 3.5, wherein higher values
dictate higher species diversity [49]. The overall H′ value of the present study falls within
this range and was interpreted as high, which can possibly be attributed to the variety of
native and endemic species that still thrive therewith. This is comparable with some studies
undertaken in the Philippines, such as in a lowland forest in Agusan del Sur (H′ = 3.32,
E = 0.52) [50], in a secondary forest in Benguet (H′ = 2.40) [49], and in a secondary forest
in Pampanga (H′ = 2.2807, E = 0.8549) [51], which were all categorized as having low
to moderate diversity based on the Shannon–Weiner index. Similarly, these study sites
were either under the management of upland communities or near their residential or
agricultural sites. In contrast, the values are lower than the studies in a private mountainous
forest in Baler, Aurora (H′ = 4.096; E = 0.9735) [18], in the Quezon Protected Landscape
(H′ = 3.90, E = 0.81) [52], and in the Mt. Makiling Forest Reserve (H′ = 3.50, E = 0.91) [53].
The common characteristics that possibly caused these high values were their classifications
as private property, with strict monitoring and considerably high protection for the site in
the first study and being classified as protected areas under the law of the second and third
study sites, relating to the monitoring and protection activities of the government.
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3.3. Correlation among Parameters

This study also tested the correlations among elevation, species richness, abundance,
Shannon–Weiner, and Simpson’s Evenness values. As a result, significant correlational
relationships were only observed for the following: (a) Species Richness and Shannon–
Weiner (r = 0.881, p < 0.001); (b) Species Richness and Simpson’s Evenness (r = 0.885,
p < 0.001); and (c) Simpson’s Evenness and Shannon–Weiner (r = 0.934, p < 0.001) (Figure 6).
Based on the r-values, there was a strong positive correlation between species richness and
Shannon–Weiner index as well as between species richness and Simpson’s Evenness, as
supported by a very high significance value of p that is less than 0.001. This relationship
suggests that as species richness increases, the values of the Shannon–Weiner and Simpson’s
Evenness indices also tend to increase. Thus, this observation indicates that having a greater
variety of species can lead to a higher diversity, as measured by using the mentioned
indices. Furthermore, there was a very strong positive correlation found between the
Simpson’s Evenness index and Shannon–Weiner index based on the obtained r-value,
which is backed up by a very high statistical significance with p < 0.001. This indicates
that as the value of Shannon–Weiner index increases, the value of Simpson’s Evenness
also tends to increase. The findings are corroborated by the study of DeJong, which
also found a very strong correlation among species richness, Shannon–Weiner index, and
Simpson’s Evenness index, with correlation coefficients of more than 0.96 [54]. However,
no significant correlational relationships were found between the following: (a) elevation
and other variables, and (b) abundance and other variables. A similar finding was found
in a study at a mountain range in Southern Mindano, suggesting that elevation did not
greatly affect biodiversity parameters such as the diversity indices [55]. In essence, these
results are beneficial in understanding the dynamics of an ecosystem, which can be the
foundation for implementing management and rehabilitation strategies in different areas
within the study site with the goal of improving biodiversity.
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3.4. Spatial Distribution of Trees

Figure 7 shows the spatial distribution of trees across the sampling plots in the sec-
ondary forest of San Luis in Aurora, Philippines. This map shows the position of the
transect line and the approximate location of each individual tree, represented by col-
ored dots (legend placed on the right-hand side), based on the recorded coordinates. As
observed in the map, the plots were zoomed in to show the locations of the trees more
clearly. We can also see in the background of the zoomed image of the plots the actual
image of the forest cover in the area, as reflected in the base map used. Mapping the
spatial distribution of trees is a crucial element in devising strategies for the sustainable
management and conservation of natural resources [56]. For instance, locating the trees can
help us identify areas with possible sources of mother trees of the targeted species that we
aim to propagate [57]. For example, if we are looking for a source of planting materials for
a high-priority species such as M. stonei, which is a very important species in the area due
to the fact that it is an endemic and critically endangered species, we can refer to the map
and see that it can be seen in plots 3, 5, 7, 8, 9, and 10. Furthermore, distribution maps can
visually present areas needing attention and immediate measures, such as in the case of
our study, the presence of invasive G. arborea that poses a threat to the native biodiversity.
Knowing the location of its recorded individuals (present in plots 2 and 3) will allow the
forest managers to perform targeted measures in managing specific portions of the area
where invasion issues arise [48]. Lastly, we can identify micro-biodiversity hotspots among
the sampling plots in the study area by determining the number of critically important
species [58].
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3.5. Research Limitations

This study provides valuable insights into the composition and diversity of tree species
in the San Luis area of the SMMR. However, certain limitations were acknowledged. The
research scope was limited to a short duration, and only a specific portion of the secondary
forests of San Luis, Aurora, were covered by the transect, where variations in topography,
exposure, and elevations, as well as forest dynamics, were not fully explored. Thus, these
issues limit the generalizability of the findings in terms of larger ecosystems and dictate
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the need for long-term monitoring and the eventual establishment of a protected area.
Furthermore, tree species were the only life forms included in the study, opening the door
for a more comprehensive assessment of other biodiversity components, such as under-
storey and ground vegetation, wildlife, and soil characteristics, which were beyond the
scope of this study. These limitations are crucial in interpreting the results to guide future
research directions and in planning a holistic and more effective biodiversity management
and conservation.

4. Conclusions and Implications

This study yielded valuable findings and insights regarding the species composition
and diversity of a secondary forest in San Luis, Aurora. Overall, the area had a relatively
high diversity and significant conservation, as signified by the recorded 148 individuals of
38 morphospecies belonging to 20 families and 28 genera, with 33 natives, 12 endemics,
five IUCN threatened, and nine Philippine threatened species. Furthermore, diversity was
found to be high in terms of the Shannon–Weiner index (H′ = 3.269) and very high in
terms of the Simpson’s Evenness index (E = 0.9453). Significant correlational relationships
were also found among species richness, Shannon–Weiner index, and Simpson’s Evenness
index. Lastly, individual trees were mapped to serve as a guide for targeted conservation
measures. These findings are critical in the following applications for the conservation of
native, endemic, and threatened species:

1. The presence of many native, endemic, and threatened species underscores the im-
mediate need to prioritize the conservation of these species through the aid of the
map produced in locating the micro-biodiversity hotspots in the area. Furthermore,
many endemic species lack scientific studies, highlighting the need to conduct focused
studies to explore the ecology and distribution of these critically important species.
Furthermore, this can serve as a basis for the Department of Environment and Natural
Resources to include the forest as one of the high conservation priorities or to expand
protected areas to cover the area surveyed.

2. The relatively high diversity values and even distribution of plants calculated for the
area somehow indicate a relatively healthy ecosystem. Thus, this underscores the
need for intensified law enforcement to protect the remaining forests that serve as
habitats for native and endemic wildlife, such as Buceros hydrocorax Linnaeus.

3. The presence of introduced and invasive species such as Gmelina arborea Roxb. poses a
very significant threat to local native biodiversity. Targeted and participatory invasive
species management is needed to control and eventually eradicate the impact of
invasive plants in the ecosystem.

4. All the implications and conservation strategies discussed above will need the par-
ticipation of locals and other stakeholders due to the fact that the area is adjacent to
residential communities. Thus, information and educational campaigns, as well as
a participatory approach in implementing conservation strategies, are ideal tools to
ensure more effective biodiversity conservation and protection.
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Abstract. Technology is constantly evolving to the point that computers 

that are purchased then are inevitably outmoded in terms of speed and their 

ability to process new applications. The study aims to provide procedure 

and measurement in viewing the process of the parallel clustered computers 

via graphical representation. The idea of the development procedure has 

been conceptualized by the author to elevate obsolete computer for 

alternative use. Likert scale was used (experts and users) in assessing the 

system. It was found out that the development has a promising result as 

evident in the assessment of experts on the system’s reliability (availability 

and stability) and the users’ assessment of the system’s accessibility (ease 

of use and flexibility). It is also noted that obsolete computers have 

alternative disposal technique of e-wastes. With this, the development of 

clustering (using the interconnectivity of a master node and slave nodes) 

that is reliable, accessible and with a minimal cost was conceptualized as an 

alternative for managing e-waste and addressing the demand of new 

technology in the public sectors. 

Keywords: Parallel clustering, processing power, alternatives & e-waste. 

1 Introduction  

Nowadays, technology has become an essential part of our lives. New technology 

has paved the way for smartphones, faster and more powerful computers, more 

compact televisions and so much more. Technology has made our lives simpler, 

quicker, safer and more enjoyable. 

Technology has truly revolutionized the way we live and the way we work. It has 

provided opportunities for productivity and development. It has made working 

more effective and efficient in general as companies continue to invest in cutting-



2  

edge technologies. 

With all the promising outcomes of technology, companies have embraced it and 

enjoy all the profits it could give. It has played a crucial role in companies that 

technology is no longer seen as cost but more of an investment. At present, 

various companies and industries have strategically advanced their technologies to 

cope with the ever-changing world. 

However, as technology progresses, there were also setbacks created by them. So 

much of the wastes from various industries come from the technologies that are 

utilized in their gateways. E-wastes, or the electronic products nearing the end of 

their "useful life" such as computers, televisions, copiers, and fax machines are 

some of the challenges in the fast-paced technology development. 

E-waste, also known as "a wide and growing range of electronic devices ranging 

from large household appliances such as refrigerators, air conditioning, cell 

phones, personal stereos and consumer electronics to computers that have been 

discarded by their users" [1], has a major effect as technology progresses. 

Technology has developed and progressed so fast. Rapid application development 

has become challenging for developers to adapt, although some are searching for 

alternatives that will potentially help urbanized communities develop those 

technology. 

As we live in a world that is geographically complex and unpredictable, new 

business forces are generated by the rush of mega-trends, including dramatic shifts 

in globalization and advances in technology. For any organization to survive and 

prosper in such an environment, innovation is imperative. 

However, innovation is no longer just for creating value to benefit individuals, 

organizations, or societies. Innovation's overall goal can be far more far-reaching, 

helping to build a smart world where people can achieve the highest possible 

quality of life [2]. 

Over the past decade, technical advances have accelerated the exponential use of 

multimedia tools by learners of all ages. These global trends also include the 

constant progression of the e-learning assessment. Evaluation is the practice of 

clarifying what needs to be done and relating it to what needs to be done, in order 

to promote the evaluation of performance and how it should be achieved  [3]. In 

terms of speed and their ability to process new applications, computers which are 

then bought are ultimately outdated. When this happens, outdated computers are 

considered to be redundant. This also happens in sectors where computation plays 

a crucial role in development and achievement. As necessity dictates, there is a 

need to find a way in which these devices, considered redundant and worthless, 

can be useful in constructing computers that can meet the demands of whatever 
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endeavours.  

A cluster consists of a series of interconnected stand-alone computers operating 

together as a single consolidated computing resource and is a type of parallel or 

distributed computer system [4]. Clustering is commonly used in a network to 

reduce the energy consumption and thus increase the network longevity [5]. In 

other terms, cluster is a series of separate and inexpensive computers, used 

together to provide a solution as a supercomputer. 

Cluster computing provides a single general approach for designing and 

implementing high-performance parallel systems independent of individual 

hardware manufacturers and their product preferences [6].  A typical application 

of cluster parallel computing is to load and disperse the demand for processes by 

the master node to the slave nodes. The information is transmitted from the source 

to its respective cluster head and then to the base station in order for the selected 

head to bear all of the information that needs to be transmitted and route it to the 

intended target [7]. A commodity cluster is an array of entirely autonomous 

computer systems that are interconnected by an off-the-shelf networking network 

of commodity interconnections [8] and play a major role in redefining the 

supercomputing concept. As a result, high-performance high-throughput, and 

high-availability computing has arisen as parallel and distributed standard 

platforms. 

With this, the development of clustering (using the interconnectivity of a master 

node and slave nodes) that is reliable, accessible and with a min imal cost was 

conceptualized as an alternative for managing e-waste in the public. 

2  Build and Architecture  

2.1  The parallel clustered uniform set-up 

After the selection of obsolete system attachments on peripherals, cluster 

computers must be built. 
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Fig. 1. Indicates the cluster clustering connectivity. The development was based on 

computer architecture clustered in parallel.  

2.2  Production Instruments  

The design of the clustered computers was based on the hardware and software 

needed to meet the demand of cluster computers are (a) personal computers 

consist of the same basic components: a CPU, memory, circuit board, storage, and 

input/output devices [9] (b)fast ethernet switch [10] (c)straight cable (T568A – 

T5668A) [11] and (d) Ubuntu ABC GNU/Linux [12].  

2.2  Setup Clustering  

Homogeneous computing is used to interconnect identical processor cores or units 

to create a high-performance device in order to use a homogeneous parallel 

clustering mechanism [13]. The nodes 1-4 and the master node all come in the 

same “Boot to Network“ BIOS (basic input output system) configuration 

connected via T568A using Cat-5E UTP cable. 

2.3  Installation (Software)  

The next move is to install the program after the computers have been assembled. 

ABC GNU Linux (Ubuntu 9.04) [10] was used with the default kernel as a basis. 

Upon the installation of ABC GNU Linux (Ubuntu 9.04), gathered the information 

about the hardware specifications. 

2.4  Specification and checking of device  

Step 1: Upon determining the master node and slave node this will be the basis of 

hetorogenousity of the system as the specification be Processor: Intel Celeron M 

CPU with a CPU Speed: 2266 MHz 

Step 2: Setting up of ABC GNU Linux kernel ISOLINUX3.63 Debian to the mas-

ter node. Boot from the CD-ROM then choose an install mode, press enter then 
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follow the directions on the screen. The default language of the distro is Spanish. 

Changing to your preference language is necessary. After which select use entire 

disk to partition the hard disk, then create username and password and lastly in-

stall ABC GNU (Ubuntu 9.04) 

Step 3: Setting up the slave nodes, first enter the configuration or setup of CMOS, 

choose halt on ALL ERROR, and finally set-up to boot from the network. 

Step 4: This procedure will check the master node via Command Line Interface 

(CLI), master@master-desktop:~$ cat clusterhosts 192.168.0.1. Upon checking 

proceed to connectivity check this will test the network connectivity of Master 

Node, Node1, Node 2, Node 3, and Node 4, master@master-desktop:~$ cat 

clusterhosts 192.168.0.1 192.168.0.13 192.168.0.3 192.168.0.10 192.168.0.8.
  

3  Monitoring  

 

3.1  Cluster interpretation of GANGLIA monitoring tool (GUI) [14]  

 
 

Fig 2. Overview of Automated Beowulf Cluster using Ganglia 

Fig 2. Shows the device view of the cluster. A series of small graphs display the 

master node, and processes are used for nodes 1-4. It also indicates that the master 

node and nodes 1-4 work with various processes. 
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3.2  Performance differences of machine loaded 

 
Fig 3. Performnace of Total hosts (1 CPU) 

 

Fig 3. Displays performance representation from 1 host. It showed that the average 

capacity of a single CPU was 3%, 10% and 149%, showing that it is hard for a 

single host to process. 

 

 

 
Fig 4. Performnace of Total hosts (5 CPU) 

 

Fig 4. Shows the performance of 5 host computer. It indicates that the average 

load of performance is 13% , 16% and 17% which reveal  that a multiple hosts 

process smoothly. 

3.3  Network flow by graph (Master Node and Node 1)  

 
 

 
 
 

 
 

Fig 5. Master Node and Node 1 

Fig 3. Reveals the master node and node 1. It ensures that the Master Node pro-

cess and Node 1 process are distinct from one another. This also shows how pro-

cess efficiency and relation identification are calculated. 
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3.4  Network movement process by graphs (Master Node and Node 1-4)  

Fig 6. Process Identification of Nodes 

Fig 6. Shows that the use of the CPU is 100%, it also shows that the Master Node 

and Node 1 used their processing power in the process distribution. It also reveals 

that different nodes have distinct processes. 

3.5  Network movement process by graphs in Shutting down of Nodes   

Fig 7. Node Process in Shutting Down 

Fig 7. Indicates the Nodes have been successfully shut down. In the image 
and graph, the master node and the remaining nodes used that 
homogeneous parallel clustering processes are established and used. 

 

4  Evaluation and Results   

Two approaches are applied to test the homogeneous parallel clustering of 

alternatives for success acceptance and creation: by IT experts and by the users. 

The IT experts assessed the system as to Reliability with system availability and 

system stability [15] while the users rated the system as to accessibility with ease 

of use and flexibility of the system [16]. The questionnaire was based on the 
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Likert scale suggested by ISO 9126 [17] and used to analyze the results from 

scales 4.01-5.0 as excellent, 3.01-4.0 as very good, 2.01-3.0 as good, 1.01-2.0 as 

fair and 0-1.0 as poor with the following informative equivalents .  

4.1  IT Experts  

Table 1. Assessment of the System by IT Experts  

 
Assessment Criteria Mean Descriptive Rating 

Realiability (Composite Mean: 4.08) 

System Availability 4.50 Excellent 

System Stability 3.67 Very Good 

 
Table 1 shows the results of the evaluation based on the reliability of the system. It 

obtained a composite mean of 4.08.  

 
The IT Experts evaluated the reliability of the system based on the system 

availability with a 4.50 mean with a descriptive rating of Excellent and system 

stability with a 3.67 mean with a descriptive rating of Very Good. 

4.2  Assessment of Users  

Table 2. Assessment of  the System by Users  

 
Assessment Criteria Mean Descriptive Rating 

Accessibility (Composite Mean: 4.69 

Ease of Use 4.67 Excellent 

Flexebility of the 

System 

4.72 Excellent 

 

Table 2 shows the results of users’ assessment using a homogeneous parallel 

cluster. The users of the system were the students, IT faculty, and employees of 

Tarlac Agricultural University. To obtain the reliability of the evaluation, there 

were sixty (60) users who evaluated the system. 

 
They evaluated the system accessibility based on ease of use with 4.67 as 

excellent and flexibility of the system with 4.72 as excellent. The system 

accessibility obtained a composite mean of 4.69 with a descriptive rating of 

excellent. The result indicate the uncomplicatedness of the system’s operation. 



9 

5  Conclusion  

The study found that the development and assessment result of the homogeneous 

parallel process clustering as alternatives is significant. Over the course of the 

review and testing, the performance of the machine was not damaged. Hence, the 

achievement of serviceable machines with low development costs has been 

established and guaranteed. Moreover, based on expert opinion and review, the 

use of a homogeneous parallel clustering method is strongly appropriate. The 

functionality of the framework was based on the efficiency of parallel clustering, 

and it also notes that operating is the master process and the nodes. Finally, 

because of the ease of service, the system's assessment is strongly appropriate to 

consumers in terms of usability. 

 
In addition, the study findings have been established and could be introduced to 

other universities and schools in the area which will be used as an alternative 

computer to run application in today’s technology demands. This will assist 

faculty, teachers and staff in researching other technical development and device 

efficiency. 

 
Nevertheless, with the use of clustering strategies and encouraging e-waste 

management, universities and schools to alternatively develop outdated 

computers. 

A future collection of machines with changed architectures will be selected for 

future work to enhance the analysis, in order to observe the effect of heterogeneity 

on the efficiency and growth of the clustering technique.  

 

Lastly, to increase device reliability, an implementation can require additional 

measures, configurations, and performance review. Additional testing methods are 

also recommended to determine the efficiency of the device being built.  
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Abstract 

Healthcare waste management has been more critical during the outbreak of the Covid-19 pandemic. Healthcare 

waste (HCW) not only poses serious environmental and human health risks, but it can also cause death. The 

problem of how to manage HCW is extremely important to prevent widespread disease transmission and 

environmental degradation. A descriptive survey study assessing the implementation of the healthcare waste 

management on storage, pre-treatment, collection and disposal of all private and public hospitals in the 

Municipality of Camiling, Tarlac, Philippines was determined. A mixed method research was adopted by 

conducting semi-structured interviews with the Head of the Waste Management Division, Pollution Control 

Officers, Sanitary Inspector, and other employees involved in waste disposal in private and public hospitals, 

clinics, and rural health units. A survey was used as a quantitative tool for data collection from respondents 

involved in healthcare waste management. Data were gathered using questionnaires and interviews with 

respondents and key informants, respectively. Data were analyzed and interpreted using frequency count and 

percentage. Findings revealed that 80% of the respondents used a color coding scheme while 20% used labeling 

as means of waste segregation. It also showed that 60% of both private and public hospitals has conformed to the 

waste management standards set by the Department of Health (DOH), Republic Act 9003, and World Health 

Organization 2009. Moreover, a clinic has conformed only to the DOH standards in terms of segregation, pre-

treatment, storage, and disposal of wastes generated. However, the rural healthcare unit used labeling in 

segregating its wastes instead of a color coding scheme. In addition, segregation of waste was done only in its T 

and B DOTS and Laboratory. Further, hospital wastes were mixed with municipal wastes and disposed of in a 

dumpsite. Treated hazardous and infectious wastes were disposed of using burial method. The system of handling, 

storage, treatment, and disposal of the hazardous wastes of the healthcare units was different from each other.  

Keywords: Hospital waste, waste segregation, healthcare waste management, solid and hazardous waste, waste 

disposal and treatment 

 

INTRODUCTION 

The management of hospitals and healthcare units has the responsibility of ensuring that 

hospital wastes have no adverse health and environmental consequences in their handling, 

storage, treatment, and disposal. Improper management of healthcare waste aids in the 

transmission of diseases even the Covid-19 virus. Hospital wastes or biomedical wastes consist 

of solid, liquid, sharps, genotoxic, pharmaceutical, infectious, chemical, risk, and non-risk. and 

laboratory wastes that are potentially infectious and dangerous to health care, sanitation 

workers, patients who are regularly exposed to these wastes, the people who will also be 

exposed to it, and the environment (soil, air, water) when improperly handled (Das et al., 2021, 

Gassemi et al., 2016. Hossain et al., 2011, and Patwary et al., 2011, and Rao, 2008). These 

wastes have to be properly managed to protect public health otherwise they can pose serious 

risks of disease transmission to waste pickers, waste workers, patients, and the public in general 

upon exposure to infectious agents (Das, et al., 2021).  Moreover, its causing disease is not only 

mailto:mcaguioa@tau.edu.ph
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the problem but if it contains hazardous wastes or radioactive wastes, it cannot be mixed with 

other non-hazardous solid wastes in the sanitary landfill. Proper waste management practices, 

safety measures for waste workers, and sanitation are crucial strategies for combating further 

spread of infectious diseases and landfill issues (Das et al., 2021). 

On the other hand, not all hospital wastes are dangerous because there are wastes generated 

from its offices, cafeteria, and patient cares which does not pose a threat to landfills and public 

health. 

With this environmental concern, government agencies such as DOH and DENR have set 

quality standards as well as regulations and programs so that occupational hazards of the health 

care workers will be avoided; the use of toxic chemicals and mixtures will be regulated; and 

solid and hazardous waste disposal will be managed from generation to final disposal. 

The waste management programs of both public and private hospitals, clinics, and rural health 

units in Camiling Tarlac were determined to validate if they are conforming to the standard 

rules set by DOH in terms of waste management and the RA 9003 or the Ecological Solid 

Waste Management Act of 2000. Following the rules set indicates their ability and active 

responsiveness in ensuring the health and welfare of the community as well as performing their 

social responsibility in preserving the integrity of the environment. Some of the problems 

identified were mostly due to non – segregation processes, unsecured dumpsites, and landfill. 

Moreover, the poor implementation of some healthcare institutions regarding waste 

management systems was observed. This will most likely result in land degradation and a threat 

to human health.  

On the other hand, some of the most common problems identified are inadequate waste 

management, lack of awareness about health hazards, insufficient financial and human 

resources, and poor control of waste disposal. To be able to minimize these consequences, 

proper implementation of rules and policies should be practiced by the management of 

hospitals and health care units. A framework for healthcare waste management should always 

consider health and occupational safety. Hence, this study on assessing the implementation of 

waste management in the healthcare sectors was conducted to determine the practices and 

conformity to ambient standards of public and private hospitals and other healthcare units in 

the Municipality of Camiling from generation, segregation, handling, storage, treatment, and 

disposal of their wastes. Moreover, the solid and hazardous wastes generated by the hospitals, 

clinics, and health care units were identified. The waste management programs implemented 

were described and further assessed on their level of conformity to the guidelines set out by the 

Department of Health.  

The data generated from this study can be used for policy formulation of the Local Government 

Unit in reviewing the prevailing policies, mechanisms, programs, and facilities on segregating, 

storing, handling, disposing, and treating hazardous and infectious hospital wastes. Findings 

can also provide salient information to the local concerned authority to identify numerous 

issues in healthcare waste management and find opportunities to devise systems and the best 

solution to each. 
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METHODS AND PROCEDURES 

This study was carried out in a descriptive survey research design to describe the waste 

management practices of the premier health care units in Camiling, Tarlac, Philippines. The 

Head of the Waste Management Division, Pollution Control Officers, Sanitary Inspector, and 

other employees involved in the waste disposal of 2 private hospitals, 1 private clinic, and 1 

rural health unit. To protect the reputation of these premiere healthcare providers and ensure 

the confidentiality of the information divulged to the researchers, the identity name was not 

mentioned throughout the discussion. Instead, an alternative nomenclature was used namely: 

Private hospitals 1 and 2, public hospital, clinic, and health center. 

Questionnaires were used to determine the waste management disposal practices of the private 

and public hospitals, clinics, and health care units while structured interview guides for the key 

informants to triangulate the information provided by the respondents. The premier private and 

public hospitals and health care units in Camiling, Tarlac were identified. Permission to 

administer the questionnaires and conduct interviews with employees involved in healthcare 

waste management from the Heads and/or owners of the healthcare units was secured. The 

questionnaire was given to each of the personnel of the said institution and they were further 

interviewed to validate the data gathered. The gathered data were analyzed through the use of 

quantitative analysis. The quantitative data were tabulated and analyzed using descriptive 

statistics such as frequency counts, mean, and percentages.  

 

RESULTS AND DISCUSSION 

Solid Infectious and Hazardous Hospital Wastes  

Data on the healthcare solid and hazardous wastes generated by the hospitals and other health 

care providers in Camiling, Tarlac are shown in Table 1. 
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Table 1: Summary of solid infectious and hazardous wastes generated by the hospitals 

and health care units 

Hospitals and Health 

Care Units 
Solid Wastes Generated Infectious or Hazardous Wastes Generated 

 

Clinic 
• Papers 

• Cartons 

• Plastics 

• Cans  

• Styropor containers 

• Sharps 

•  Blood 

• Chemical waste from the laboratory 

• Cotton swabs 

• Used facemasks 

• Used bandages 

• Used tubing IV 

• Specimen container 

     of blood and fluids 

 

Public Health Unit 
• Glass 

•  Slides 

•  Papers 

•  Cartoons 

• Used cans 

•  Styropor 

• Used syringes 

• Blood 

• Urinals 

• Blood lancets 

• Phlegm 

• Cotton swabs 

• Facemasks 

 

Private hospital 1 
• Empty medical bottles 

•  Empty tetra pack 

containers 

•  IVF container 

• Plastics, can, soft drinks, 

straws, wrapper, 

styropor containers 

• Waste from the offices 

• Disposal materials 

• Used for collection of body fluid  

• Dressing bandages  

• Used  folly catheters 

•  Used cotton falls  

• Used gloves  

• Used facemasks 

 

Private hospital 2 
• Waste from the offices- 

paper, cans, cartoon 

styropor containers 

• Empty vials 

•  Sharps 

•  Needles 

•  Used gloves 

• Used cotton, pharmaceutical waste 

• Facemask 

•  Radioactive waste 

 

Public hospital 
• Paper products 

•  bottles 

•  Packaging materials 

•  Waste from offices 

• Pharmaceutical waste 

•  pathological waste 

•  radioactive waste 

•  sharps 

•  chemical waste 

•  used foley catheters 

•  used blood product bags or tubing 

•  used gloves 

• specimen container of blood and fluids 

•  used suction tubes 

•  cotton applicator soaked with blood 

•  body fluids from dressing of infected wound 

and post operative cases 

•  waste from isolation room 

• Facemask 

 



  
  
 
 

DOI 10.17605/OSF.IO/7GKA6 

1312 | V 1 8 . I 0 7  
 

Table 1 shows that the solid wastes in the three hospitals, one public healthcare center, and one 

clinic are mostly similar. Most solid wastes were generated from their offices. Hazardous 

wastes on the other hand are mostly similar among the healthcare providers except for the 

presence of radioactive wastes in private hospital 2 and public hospital. Its presence can be 

attributed to the great number of patients either as out-patients or in-patients in these two 

hospitals. Many patients may mean different medical cases that will be needing low-level to 

high-level radioactive wastes. The influx of patients in public hospital is high due to cheaper 

medical expenses. However, premier private hospitals are also preferred due to the availability 

of comfortable facilities, sensitive and state-of-the-art diagnostic tests, and updated and 

advanced medical equipment (Al-Balushi et al., 2017 Meddedu et al., 2020). 

In the Philippines, the Department of Health has set a standard color coding scheme for the 

disposal of healthcare waste. This coding scheme will be used in the health care facility as 

follows: Black for non-infectious dry waste, Green for non-infectious wet waste, Yellow for 

infectious and pathological waste, Yellow with Black Band for chemical waste including heavy 

metals, Orange for radioactive waste, and red for sharps and pressurized containers (Joson, 

2012).  The use of a color coding scheme as means to segregate hospital wastes is depicted in 

the table below. 

Table 2: The use of color coding as a means of waste segregation of the health care units 

in the Municipality of Camiling 

Use color coding scheme for 

waste segregation 

Frequency 

(n=5) 

Percentage 

(%) 

Yes 4 80 

No 1 20 

Table 2 shows that the majority (80%) of the respondents were using a color coding scheme 

for waste segregation. These are private hospitals 1 and 2, public hospital, and clinic. However, 

20% (Health Care Center) was using labeling instead of the color coding scheme in waste 

segregation. This color coding of the containers of the hospital wastes was set by DOH that is 

aligned with the UNEP/WHO 2009). 

The conformity of these health care units to the standard rules set by DOH and according to 

RA 9003 is shown in Table 3. 
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Table 3: Summary of color coding scheme as means of waste segregation of the 

Hospitals and Healthcare Units in compliance to the Department of Health and RA 9003 

 

The result in Table 3 reveals that 80% of the health care units were using black color coding in 

segregating their non-infectious dry solid wastes or biodegradable wastes; green for non-

infectious wet solid waste or non-biodegradable wastes; and yellow for infectious and 

pathological wastes. The public health center is the only unit that did not use color coding. 

However, in terms of segregating chemical waste including heavy metals, 60% (Private 

Hospital 2 and Public Hospital) were using black bands as indicators. For segregating 

radioactive wastes, 60% (Private Hospitals 1& 2 and Public Hospital) were using the orange 

indicator while 80% of the healthcare providers were using red puncture-proof containers. 

The color coding scheme was set by DOH. Results show that 80% have conformed to DOH 

standards and RA 9003 in using a color coding scheme in segregating hospital infectious and 

non-infectious wastes. Only 20% had not used such a scheme because according to them, 

labeling is their means of waste segregation.  

 The provision of using a black band for chemical waste with heavy metals has not been 

followed by Private Hospital 2 and the Clinic (40%) because according to them they have not 
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used heavy metals in their hospital/clinic. The provision for segregating wastes with 

radionuclides was not also followed by Dr. John Iglesia Clinic due to the non-usage of such 

chemicals 

Segregation  

Table 4:  Segregation system of hospital wastes of the five healthcare Units in Camiling, 

Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Waste Segregation System 

Public Hospital − The hospital was implementing RA 9003 in 

full and was using color coding 

 

Private Hospital 1 − The hospital was implementing RA 9003 in 

full and was using color coding 

 

Private Hospital 2 − The hospital was implementing RA 9003 in 

full and was using color coding 

Public Healthcare Center − The center was implementing RA 9003 in full 

and was using labeling instead of color coding 

− Only Laboratory and the T and B DOTS 

sections were observing waste segregation 

− Infectious and non-infectious wastes were 

separated 

Clinic − The clinic was implementing RA 9003 in full 

and was using color coding 

Data in Table 4 reveals how the 5 healthcare units segregate their wastes. All units except the 

Public Healthcare Center exercised full implementation of RA 9003 or known as the Ecological 

Solid Waste Management Act of 2000 and adhered to DOH standards in waste segregation. 

Segregation of hospital wastes in Public Hospital is done by separating the different types of 

wastes and placed in corresponding bins. Containers are properly marked as compostable 

waste, non-compostable table waste, infectious waste, chemical waste, pharmaceutical waste, 

pathological waste, radioactive waste, sharp waste and pressurized waste. 

The Private Hospitals 1 and 2 have the same way of segregating their wastes through color 

coding scheme. The black container is for non-infectious dry waste, green bag is for non-

infectious wet waste, yellow bag is for infectious and pathological waste, orange container is 

for radioactive waste and red container is for the sharps and pressurized container. The green 

plastic lined bin is for the biodegradable waste which includes empty cartoons, empty medicine 

boxes, and kitchen waste, left over foods, newspapers, papers, and vegetable peelings and fruit 

skins. Black plastic lined bin is for inorganic waste. Each room has different containers for the 

various kinds of waste. The segregation of waste done at the Salvador General Hospital is in 

compliance to the DOH standards and RA 9003. 
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The Public Health Center did not fully implement waste segregation. The laboratory room and 

the T and B DOTS are the only rooms that implement waste segregation. Waste segregation 

was through the labeling of the trash can. The infectious waste and general waste were 

separated. 

Segregation of wastes in the Clinic is done through a color coding scheme. The color yellow 

container is for infectious waste, the black container was for non-infectious dry waste or 

inorganic waste, the red container is for sharp waste and the green container is for 

biodegradable waste. Each room has its trash can. The Clinic adhered the RA 9003. The 

institution used it as their guide in segregating waste. 

Storage  

On-site storage is the beginning of waste disposal because unkept waste or simple dumps are 

sources of nuisance, flies, smells, and other hazards (Takele, 2009). Infectious and pathological 

wastes however need to be treated while storing them before disposing of it properly. 

Table 5: Storage of hospital wastes of the five health care units in Camiling, Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Storage System 

Public Hospital − Had Health Care Waste Management System 

(HCWMS) 

Private Hospital 1 − Had Material Recovery Facility (MRF) for 

solid wastes 

− Solid wastes were stored for not more than 2 

days 

Private Hospital 2 − Had Material Recovery Facility for solid waste 

− Had concrete vault for temporarily storing 

hazardous and infectious wastes 

Public Healthcare Center − Stored infectious wastes in the drum for 1 year 

before disposal 

− Pre-treated hazardous and infectious wastes 

while reused and recycled solid wastes 

Dr. John Iglesia Clinic − Stored solid wastes for not more than 2 days 

and collected by Municipal truck every 

Tuesday 

− Available and visible waste containers 

Table 5 shows that Public Hospital followed the Health Care Waste Management System 

(HCWM) of their institution. This is a systematic activity of the administration that provides 

policy on segregation at source, transport, storage, transfer, processing, treatment, and disposal 

of health care waste that does not harm the environment. This system is also in compliance 

with the DOH Standards. 

Private Hospital 1 had its own Material Recovery Facility (MRF) which they use to temporarily 

store their waste – residual, recyclables and treated infectious waste. The wastes were stored 
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for not more than 2 days before disposing to the dump site. 

Private Hospital 2 had its own Material Recovery Facility which they use to temporarily store 

their waste for the proper segregation and inspection of solid waste. They also use concrete 

vaults to momentarily store the treated hazardous and infectious waste for the security of the 

people and the environment before finally disposing of it in San Clemente, Tarlac. 

The infectious or hazardous wastes generated by Public Healthcare Center are stored in a big 

drum. These wastes underwent pre-treatment before storing. It takes a year before the drum is 

buried in Camiling cemetery. The drum should be full before they bury it. 

Pre-treatment 

Table 6: Pre-treatment of hospital wastes of the five healthcare Units in Camiling, 

Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Pre-treatment System 

Public Hospital − The hospital was using autoclaving machine 

to disinfect infectious and hazardous  wastes 

Private Hospital 1 − The hospital was using antiseptic reagents for 

infectious and hazardous wastes and soaked 

before burying 

− The hospital was using septic tanks for 

infectious wastes 

Private Hospital 2 − The hospital was storing pathological wastes 

in a secured bottle and was using formalin to 

preserve it before placing it in concrete vault 

− The hospital was using Lysol to disinfect 

hazardous wastes 

− The hospital was using  needle burner for 

needle and syringes 

Public Healthcare Center − The center was using safety box for used 

syringe before disposal to drums 

− The center was using chlorine to disinfect  

Clinic − The clinic had no pre-treatment system 

Table 6 reveals that the Public Hospital pre-treated its infectious and hazardous wastes through 

autoclaving the infectious wastes. 

The Private Hospital 1 however was using Chlorox and Syndex for the pre-treatment of 

infectious and hazardous wastes. These are soaked for 1 week before they bury it. They also 

were using autoclaves to disinfect the containers of these wastes before disposing of them. The 

laboratory room has a septic tank for hazardous and infectious waste. A needle destroyer is 

used before disposing of the syringes and needles.  The pathological wastes of Private Hospital 

2 are stored in a secured bottle with formalin to preserve them before they are put in a concrete 

vault and finally bury it. Infectious and hazardous wastes undergo different treatment processes 
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before disposal. In disposing of blood and other pathological waste, they often use Lysol to 

disinfect or lessen and kill harmful bacteria while sharps like needles are burned in the needle 

burner. The Public Healthcare Center uses a safety box for the syringes which were chlorinated 

before disposing it to drum. All other infectious and hazardous wastes were pre-treated with 

chlorine before disposing of them. The clinic on the other hand had no pre-treatment system 

for its hazardous and infectious wastes. 

Collection and Disposal  

Collection is the removal of refuse from collection points to the final disposal site. It is the 

most expensive as compared with other operation and management procedures, because it 

demands special vehicles, experienced people to manage, more manpower, hand tools, and 

more funds for fuel, salary, maintenance, gathering or picking up of solid waste from the 

various sources, taking the collected wastes to the location where it is emptied, and unloading 

of the collection vehicle (Takele, 2009). 

Table 7: Collection and disposal of hospital wastes of the five health care units in   

Camiling, Tarlac 

Health Care Units (Hospitals, Health 

 Center and Clinic) 

Collection and Disposal System 

Public Hospital − Solid wastes were collected daily 

− Waste bags were labeled 

− Residual wastes were hauled using PEO 

dump truck in landfills at Matubog dumpsite 

− Infectious and hazardous wastes were 

transported using closed van 

Private Hospital1 − Solid wastes were collected every morning 

and disposed at the sanitary landfills at 

Matubog dumpsite 

− Infectious wastes were disposed in burial pits 

Private Hospital 2 − Solid wastes were collected in black bag and 

disposed at the sanitary landfill in Matubog 

dumpsite every day 

− Hazardous and infectious wastes underwent 

pre-treatment and collected using yellow bag; 

transported in a closed van and disposed in 

San Clemente, Tarlac. 

Public Healthcare Center − Solid wastes were collected everyday, 

collected by the municipal dump truck and 

disposed at Matubog dumpsite 

 Clinic − Solid wastes were collected by on-site waste 

collectors and collected by municipal dump 

truck every Tuesday morning 

− Infectious and hazardous waste were pre-

treated and dump at the back of the clinic 
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Collection of waste in Public Hospital is done in a manner that prevents damage to the 

container. It is collected daily or as frequently as required. No bags are removed unless they 

are labeled with their point of production (hospital ward and department) and contents. 

Collection of waste from the room is done every morning and afternoon. The solid wastes are 

collected by the municipal garbage collector truck. These are transported and disposed of in 

the Matubog dumpsite of Camiling while the infectious and hazardous wastes are disposed in 

burial pits. 

Collection of waste in Private Hospital 2 is done using a black container for the general non-

biodegradable waste which is collected every day at 8 am by the municipal garbage collector 

truck of Camiling and disposed it to Matubog dumpsite. The collection of garbage in each room 

in the hospital is made 3x a day or as needed. Yellow container or infectious and hazardous 

waste like body parts is collected every morning if ever the patient will not claim it. Their 

pathological wastes are stored in a secured bottle with formalin to preserve them before they 

are put in a concrete vault and finally bury it. A closed van is used to transport hazardous and 

infectious wastes in the disposal area at San Clemente, Tarlac. The municipal garbage collector 

truck of Camiling is used to transport all the solid wastes they generate in the Matubog 

dumpsite.  

The general solid wastes in Public Healthcare Center are collected every morning by the 

municipal garbage truck. These are disposed of in Matubog dumpsite at Camiling, Tarlac. 

The waste collector collects the waste in the room once a day every afternoon at the Clinic. 

The general wastes are collected by the municipal garbage truck every Tuesday morning. The 

syringes and other infectious and hazardous wastes are treated first before putting on a safety 

box (biohazard). All the hazardous and infectious wastes are buried behind the clinic. 

Reuse and Recycle 

Not all solid wastes are disposed. There are hospital wastes that are reused and recycled. The 

different ways of the health care units in Camiling are shown and described below. 

Table 8: Reuse and recycle of hospital wastes of the five health care units in Camiling, 

Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Reuse and Recycle System 

Public Hospital - Practiced recycling  

Private Hospital 1 - Practiced recycling 

- Treated material before reusing it 

Private Hospital 2 - Did not practice recycling 

- Treated material before reusing it 

Public Healthcare Center - Did not practice recycling 

- Treated material before reusing it 

Clinic - Did not practice recycling 

- Treated material before reusing it 



  
  
 
 

DOI 10.17605/OSF.IO/7GKA6 

1319 | V 1 8 . I 0 7  
 

The Public Hospital practiced recycling. Solid wastes like plastic and glass, syringes, cartons, 

and vials are cleaned and transformed into decorations. 

Private Hospital 1 treats the materials before reusing them. Wastes that were reused are gloves 

with no punctures or tears; those that were strong enough to be autoclaved; bonnets used during 

surgeries; left-over sutures at the operating room or delivery room; breakable bottles used with 

CTT; rubber-tubing used with suction machines; and CTT drainage. The hospital also recycles 

materials such as newspapers, cartons, empty water bottles, and IV plastic bottles. These 

recyclable wastes are sold by the maintenance personnel to junkshops. 

Supplies used by Private Hospital 2 are disposable for the safety of people around including 

patients except their medical instruments used. Medical instruments went through a process of 

treatment with the use of autoclave machines before they are reused. Recycling of waste is not 

practiced in Public Healthcare Center. Materials being reused are treated and autoclaved before 

reusing them. The Clinic did not practice recycling waste generated. Some of the materials 

were put into the autoclave for treatment before reusing it. 

Strategies in Implementing Waste Management Program 

The Public Hospital followed the Health Care Waste Management System or HCWM of its 

institution. This is the systematic administration of activities that provide for segregation at 

source, segregated transportation, storage, transfer, processing, treatment, and disposal of 

healthcare waste that do not harm the environment. This complies with the DOH Standards. 

The Private Hospital 1 Waste Management Program focused on source reduction by proper 

waste segregation, recycling, treatment, and residual disposal. Health Care Waste Minimization 

centered on how to reduce waste. This was done through reduction at source, which involved 

complete elimination of waste or lessening the waste generated. Reuse, recycling, and 

segregation of waste using the color coding scheme were done. To reduce waste at source the 

hospital purchased/selected supplies that were less wasteful and less hazardous. They used less 

hazardous methods in cleaning. To make their waste management program effective, they 

launched a massive educational and communication program for their staff. Periodic 

monitoring and evaluation of the program is done. 

No strategies or specific program in support of waste management program was provided by 

60% of the healthcare provider (Private Hospital 2, Public Healthcare Center, and the Clinic. 

But their segregation, storage, collection, and disposal of their wastes show that they adhere to 

the RA 9003 and DOH standards. 

 

CONCLUSIONS 

The adherence of the healthcare providers in Camiling, Tarlac to RA 9003 or the Ecological 

Solid Waste Management Act of 2000 and the DOH standards had fully prevented human 

health deterioration in the community but not land degradation. Their responsibility of ensuring 

that there is no adverse health in their management of healthcare wastes was because they 

consider first the health and occupational safety of the people. 
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Proper collection and disposal of solid wastes in the health care units have greatly helped in 

the control of insects, rodents, and filth bone diseases and prevented fire-cause hazards by 

instantaneous combustion in the dumpsite. Proper treatment and disposal however of hazardous 

and infectious wastes have prevented the short and long-term irreversible health risks. 

The off-site disposal of general residuals of the health care units in the Matubog dumpsite was 

along the stream of the household and commercial wastes of the Municipality. The infectious 

and hazardous wastes were treated and disposed of properly. However, burial as means of 

disposing of infectious wastes is not sustainable and the lack of a common disposal system of 

infectious and hazardous wastes was practiced by the hospitals. 

Between private and public health care units, the private hospitals were more conscientious in 

implementing their waste management program. The limited resources, facilities, and 

manpower while catering to more number of patients may be the reasons for the poor 

implementation of public hospitals in private hospitals.  

 

RECOMMENDATIONS 

Big or small institutions should have waste management written policies for the proper disposal 

of healthcare waste and strictly follow them. The Camiling Health Center should have concrete 

rules and regulations regarding healthcare waste management. Each unit should have a waste 

minimization written policy with specific goals, objectives, and timeliness to have a successful 

and sustainable waste management program. 

The health care owners/administrators should not only consider burial ways of disposing of 

infectious wastes. Less permeable material should cover the burial pits to avoid seepage of 

liquid infectious wastes to the groundwater table and other run-offs. They should also consider 

other treatment methods such as radiation technology, encapsulation, inertization, etc. aside 

from the usual chlorination process that they employ to ensure the minimization of infection 

or widespread disease. 

The Municipality of Camiling should allocate financial resources for the proper collection of 

hospital wastes. They have to ensure that hospital waste bags are properly labeled before 

collecting by their dump trucks. Healthcare wastes should be separately collected and disposed 

of from the residuals generated by the community. The Municipality should design and build a 

sanitary landfill, unlike the open dumping at Brgy. Matubog. Relocation of the dumpsite is 

worth reconsidering. 

Government hospitals should allocate bigger funds for their waste management program. A 

stricter policy should be drafted and followed. It should also be part of their mission and goals. 

It should be a way of life for the healthcare providers. They have to be competitive with the 

private hospitals in implementing waste minimization programs. 
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Abstract—Delineation of nutrient-limited zones in agricultural soils is delicate in achieving balanced fertil-
ization and appropriate land management. Due to the lack of detailed information regarding micronutrient
availability in Santa Ignacia, Tarlac, Central Luzon Philippines, a study was conducted to investigate the spa-
tial distribution of Zn, Cu, Fe and Mn in the municipality. Soil test results were subjected to descriptive sta-
tistics and geo-analytical technique through best fit semivariogram based on highest coefficient of determi-
nation. Then, ordinary kriging was employed using the optimum model to generate spatial variability maps and
eventually delineate nutrient limited areas. Micronutrient concentration in the area followed the order Fe >
Mn > Cu > Zn with moderate to strong variability. Spatial dependence factors (SDf) were found to be mod-
erate for Zn and Cu, while strong SDf were recorded for Fe and Mn. Zn deficient zones accounting to 2517 ha
were delineated in the extreme northern and southern region of the municipality. Cu deficient zone covering
1893 ha was delineated at the east-central region of the study area. Meanwhile, no limited zones were delin-
eated for Fe and Mn indicating the relative abundance of these nutrients in Santa Ignacia, Tarlac. Therefore,
interventions to increase Zn and Cu availability in deficient zones are recommended to further improve crop
yields in the municipality.

Keywords: kriging, micronutrient, semivariogram, spatial variability, Inceptisols
DOI: 10.1134/S1064229323600719

INTRODUCTION
Essential micronutrients primarily serve as catalyst

in enzyme systems and are required in numerous met-
abolic functions [37]. Although they are needed in
minute amounts, the deficiency or abundance of these
elements directly affects crop nutrition and environ-
mental pollution [4, 10]. Intensified crop production
in past years have resulted in the decline of fertility and
overall quality of soils in the Philippines. The Depart-
ment of Agriculture and prior research have reported
cases of micronutrient deficiency in agricultural soils,
though its distribution has not been thoroughly ana-
lyzed and studied [24, 31]. The lack of micronutrient
management system employed in farmlands coupled
with indiscreet use of chemical inputs have caused the
imbalance of soil nutrients [48]. These issues amplify
the call to conduct investigation on the fertility status
of soil resources in the country.

The interplay of weathering process, natural events
and anthropogenic factors may generate levels of spa-
tial variation among trace elements in different agro-
ecosystems [17, 41]. Zonal delineation on the avail-
ability of soil nutrients is a key element of precise agri-
culture. The identification of nutrient limited and suf-
ficient zones is required to formulate an appropriate
and site specific nutrient management scheme [36].

Although fertility maps are available in the region, it is
limited to some macronutrients namely, nitrogen,
phosphorus and potassium. Characterization and dis-
tribution of trace elements in local soils are often
neglected. Thus, there is an urgent need to precisely
describe the spatial distribution of micronutrients in
the study area.

In this regard, geostatistical techniques have
become a standard in the analysis of spatial differenti-
ation concerning soil nutrients. Integrating spatial
information in geostatistical models can refine estima-
tion and improve map accuracy [26]. Among the vari-
ous geostatistical methods employed by the research-
ers for generating soil fertility maps, ordinary kriging
remains to be the most commonly utilized interpola-
tion technique [6, 36, 44]. It has the potential to pro-
vide the best unbiased linear predictions and generate
information regarding estimation errors while reduc-
ing the local error variance [27]. It is proven to be fast,
cost-efficient and reliable method of producing the-
matic maps that will serve as basis for appropriate land
management. Therefore this study aims to (i) assess
the level of micronutrient elements (Zn, Cu, Mn, Fe)
in the study area and (ii) delineate micronutrient defi-
cient zones using optimal semivariogram (ordinary
kriging) models.

AGRICULTURAL CHEMISTRY
AND FERTILITY OF SOILS
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MATERIALS AND METHODS

Site description. The study was conducted in the
Municipality of Santa Ignacia, Tarlac. It is within the
Central Luzon region of the Philippines. The capital
of the area is geographically located at 15.5841° N and
120.4688° E. It is bounded on the north by the town of
Camiling, on the south by San Jose, on the west by
Mayantoc and on the east by Gerona, Tarlac. The
municipality has a relatively flat terrain in the central
and eastern portion, while moderately hilly on the west-
ern side. The total land area is 14189 ha, and most of it
is involved in agriculture (Fig. 1). It produces a wide
range of crops, including rice, fruits and vegetables.
The dominant soil type in the area is fine loamy tex-
tured inceptisol characterized by isohyperthermic
temperature regime with incipient development
towards maturity but not fully developed diagnostic
horizons. This soil has minimum complexity towards
horizonation which is commonly found in areas with
pronounced wet and dry seasons [5, 33]. Soil pH in the
area ranges from extremely acidic to slightly alkaline
while organic matter (OM) varies from low to
medium levels. Finally, the levels of phosphorus (P)
and potassium (K) range from low to high concentra-
tions. Based on Corona Climate Classification, Santa
Ignacia belongs to Climate Class I which has pro-
nounced wet and dry periods. Annual average precip-
itation sits at 715 mm where maximum rainfall occurs
in the months of July and August. Temperature in the
area ranges from 22–31°C, maximum temperature
occurs during April and May while minimum tem-
perature is felt in the months of January and February.

Soil sampling and analysis. A total of 336 soil sam-
ples at a depth of 0–30 cm were randomly collected in
the study area. The geographic location of each sam-
pling point was recorded using a handheld GPS. Dis-
tribution of sampling points is shown in Fig. 1. Each
soil sample was air dried while impurities were
removed by hand before passing through a 2 mm mesh
and eventually stored in a clean plastic container.
Micronutrients including Fe, Cu, Zn and Mn were
analyzed through diethylenetriaminepentaacetic acid
extraction–atomic absorption spectrometry (DTPA-
AAS) using of 1 : 2 soil:extractant ratio as described in
FAO–Standard Operating Procedure for Soil Avail-
able Micronutrients and Heavy Metals [8, 18]. In
addition, soil pH, organic matter and phosphorus were

also analyzed using 1 : 1 soil and water suspension [12],
Walkley and Black [45] and Olsen extractant method
[30], respectively. Soil test values were interpreted and
clustered based on micronutrient fertility standards of
Philippine Council for Agriculture and Resources
Research and other relevant literature [36, 48].

Data processing and analysis. Descriptive statistical
analysis was executed using SPSS 20.0 software. Semi-
variance analyses and model fitting were conducted
using GS + 9.0 software. Models with maximum coef-
ficient of determination (R2) were identified as opti-
mal model parameters [16]. The best fit model was
then used as basis for ordinary kriging interpolation
using ArcGIS 10.4 (ESRI, Redlands, CA, USA).
Semivariance is expressed as follows:

where r(h) is the semivariogram, h is the separation
distance, N(h) is the pairwise number of data points
separated by distance h, Z(x) is the value of a regional-
ized variable at spatial position x, and Z (x + h) is the
value of a regionalized variable at position x + h. Nug-
get, sill and range are key parameters of semivariogram
models to describe spatial structure. Furthermore, the
nugget/sill ratio and spatial dependence factor (SDf)
represents the spatial autocorrelation between vari-
ables. SDf < 25% indicates high spatial correlation, in
which natural factors are the principal drivers; SDf =
25–75% represents moderate spatial correlation which
might be affected by both natural and anthropogenic
factors; and SDf > 75% indicates low spatial correla-
tion, where the variation is attributed to random fac-
tors [36, 48].

RESULTS AND DISCUSSION

Statistical characteristics of soil micronutrients.
Descriptive statistics of the soil test values are presented
in Table 2. The micronutrient concentration in the area
followed the order Fe > Mn > Cu > Zn. The Zn level in
the study area ranges from 0.06–21.16 mg kg–1 with a
mean value standing at 1.21 mg kg–1. It means that Zn
concentrations are qualitatively classified as deficient
to extremely sufficient. The Cu concentration ranges
from 0.02 to 41.09 mg kg–1 with a mean value at

=
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Table 1. Micronutrients rating based on soil test values, mg kg–1

Soil test Deficient
Sufficient

moderate high extremely high

Zinc <0.5 0.5–1.0 1.0–3.0 >3.0
Copper <0.2 0.2–1.0 1.0–1.8 >1.8
Iron <4.5 – – –
Manganese <5.0 5.0–15.0 15.0–30.0 >30.0
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5.58 mg kg–1. Likewise, clusters of soil test results are
classified as Cu deficient to extremely sufficient. The
levels of Fe and Mn ranges 13.97–237.28 and 15.95–
246.97 mg kg–1 respectively. These values are consid-
ered extremely sufficient, which indicates the relative
abundance of Fe and Mn in the study area.

One of the very important statistical indices to
reflect spatial variation is the CV. A CV of >1 is con-
sidered to be strong, while a CV of 0.1–1 and <0.1 is
considered moderate and weak variation, respectively
[25, 26, 31]. The CV of the subject elements is consid-
ered moderate to strong which ranges from 0.6 to 1.97.
The order of variation among the nutrients is recorded
as Zn > Cu > Mn > Fe. The considerable variation of
micronutrients is a common finding especially in agri-
culture based ecosystems. Aside from parent materi-
als, the nutrient variability in agricultural soils may be

attributed to different land utilization types which
requires varying fertilizer application, pest control,
and other crop management systems [16, 46]. Taking
into account the lack of micronutrient fertilization
guide and indiscreet use of chemical inputs, it is not
surprising to observe moderate to strong variability of
soil nutrients in the study area.

Aside from soil micronutrients, different edaphic
properties in the study area were also analyzed to
determine their possible relationship. The correlation
map of Zn, Cu, Fe, Mn, P, K, pH, and OM is summa-
rized in Table 3. Cu concentration is correlated with
pH and OM level. Cu concentrations vary with soil pH
due to the dissolution of Cu insoluble composts or
adsorption on the surfaces of Fe and Al oxides or pre-
cipitated in hydroxyl forms depending on the level of
acidity [28]. Furthermore, OM has a dynamic rela-
tionship with the mobility of Cu in soils. The complex-

Fig. 1. Land use map and distribution of sampling points in the study area.
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Table 2. Descriptive statistics of essential micronutrient elements, mg kg–1

Std. Dev, Standard Deviation; CV, Coefficient of Variation.

Elements Max Min Mean Std. Dev. Skewness Kurtosis CV

Zn 21.16 0.06 1.21 2.39 7.18 58.71 1.97
Cu 41.09 0.02 5.85 7.24 2.38 7.15 1.23
Fe 237.28 13.97 89.11 53.13 0.87 0.13 0.60
Mn 246.97 15.95 60.39 43.58 1.61 3.32 0.72
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ation of OM with Cu is an important mechanism in its
retention and bio-availability [25]. Meanwhile, Fe is
negatively correlated with pH. Fe is commonly
affected by pH due to the latter’s direct effect on the
precipitation of soluble Fe into insoluble forms [13].
Interestingly, Zn has negative correlation to Cu and
Mn, which suggests negative interactions among these
nutrients. Alloway [2] reported that the relationships
between Cu and Zn are often antagonistic because of
their competitive adsorption on soil colloids and
absorption sites of plant roots. Cu fertilization has
been shown to alter Zn dynamics in soil or vice versa
[20, 21]. Interestingly, Rahman et al. [35] reported
that Cu and Zn were mostly speciated as carbonate
phases under P-deficient condition. The complex-
ation of these elements with carbonate and phyllosili-
cate minerals is likely the controlling factor of their
bio-availability. In addition, Vasu et al. [43] identified
antagonistic nutrient interaction as one of the primary
drivers of the concentration and spatial characteristics
of micronutrients under semi-arid tropical environ-
ment. Thus, co-fertilization trial of Cu and Zn may be
explored to further characterize the antagonistic behav-
ior of these nutrients in local soils of Santa Ignacia.

Spatial structure and variability of micronutrients.
Spherical model was the optimum semivariogram
function for Zn and Cu, while exponential model was
optimum for Fe and Mn. The highest coefficient of
determination (R2) was observed for Mn at 0.89, and
Cu has the least R2 at 0.69. A strong spatial dependence
factor was observed for Fe (23.80) and Mn (18.91). It
indicates that spatial variation of Fe and Mn in the

study area is primarily affected by soil forming factors,
including parent material, terrain and other structural
parameters. Same results were reported by Kavitha
et al. [16], Shukla et al. [38] and Zou et al. [48] regard-
ing strong spatial dependence of these nutrients. How-
ever, contrary results were reported by Odoi et al. [30]
indicating weak SpD of Fe and Mn within the indus-
trial zone of Ghana. They identified the discharge of
industrial waste as main factor on the spatial structure
of such nutrients. Thus, the absence of heavy industri-
alization and other similar activities in Santa Ignacia
might have caused the dominance of structural factors
on the spatial characteristics of Fe and Mn.

On the other hand, moderate spatial dependence
factor (SpD) was observed for Zn (55.30) and
Cu (61.90). Moderate SpD suggest that spatial varia-
tion of these nutrients is primarily affected by the simul-
taneous action of structural and random factors,
including land use, crop management and anthropo-
genic pollution [48]. Moderate spatial dependence was
also observed by Shukla et al. [38] and Liu et al. [19] for
Cu and Zn respectively. They hypothesized that the
spatial characteristics of these nutrients may be
attributed to the imbalance utilization of heavy metal
containing inputs in crop production. Furthermore,
weak SpD for Zn and Cu was even observed in various
crop producing areas which suggest the significant
effect of farm management on the variability of these
nutrients [34, 38]. Such findings on spatial autocor-
relation indicate the need to conduct a deeper analysis
on the specific causes of spatial variability of soil
micronutrients in the study area.

Table 3. Correlation matrix of soil trace elements

Values in bold are different from 0 with a significance level α = 0.05.

Variables pH OM P K Z Cu Mn Fe

pH 1 0.463 –0.148 0.185 0.083 –0.421 –0.195 –0.380
OM 0.463 1 –0.114 0.119 0.095 0.337 –0.100 –0.091
P –0.148 –0.114 1 –0.015 0.133 –0.094 –0.196 0.142
K 0.185 0.119 –0.015 1 –0.045 0.081 –0.056 0.036
Z 0.083 0.095 0.133 –0.045 1 –0.216 –0.217 –0.088
Cu –0.421 0.337 –0.094 0.081 –0.216 1 0.185 –0.019
Mn –0.195 –0.100 –0.196 –0.056 –0.217 0.185 1 0.062
Fe –0.380 –0.091 0.142 0.036 –0.088 –0.019 0.062 1

Table 4. Geostatistics of the fitted semivariogram models of micronutrients

NSR—nugget to sill ratio; R2—R-squared; SpD—spatial dependence factor.

Elements Model Nugget Sill NSR R2 SpD

Zinc Spherical 1.25 2.26 0.55 0.73 55.30
Copper Spherical 1.19 1.92 0.62 0.69 61.90
Iron Exponential 115 483 0.23 0.81 23.80
Manganese Exponential 80 423 0.18 0.89 18.91
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 The spatial variability of micronutrient concentra-
tion in the study area is displayed in Fig. 2. Zn defi-
cient zones accounting to 2517 ha were delineated in
the extreme northern and southern region of the

municipality, while the remaining portion varies from
highly to extremely sufficient. The application of zinc
sulphate is recommended to correct the deficiency in
the concerned areas. Under f looded conditions, zinc

Table 5. Distribution of micronutrient availability classes

Fertility class
Zn Cu Fe Mn

area, ha % area, ha % area, ha % area, ha %

Deficient 2517 18 1893 13 – – – –
Moderate 3469 24 – – – – –
High 8061 57 – – 14189 100 5788 41

Extremely High 142 1 12296 87 – – 8401 59

Fig. 2. Spatial variability map of micronutrients (a) zinc, (b) copper, (c) iron, (d) manganese.
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solubility often decreases due to mechanisms associ-
ated with soil redox status [1, 3]. Since paddy rice is
the dominant crop in the area, water management sys-
tem to improve aeration and drainage may be
employed to increase zinc solubility [13]. Other
options, such as utilization of ammonium sulfate and
applying organic fertilizer to further increase the avail-
ability of zinc may also be considered [11]. Cu defi-
cient zone covering 1893 ha of the study area was delin-
eated at the east-central region. The remaining portion
of the area is classified as highly sufficient for Cu. The
addition of CuO or CuSO4 in deficient areas is recom-
mended to balance Cu levels. The amendment of Cu-
enriched foliar fertilizer and elemental sulfur is like-
wise recommended to increase Cu absorption by
plants [11, 14]. Finally, no deficient zones were delin-
eated for Fe and Mn. The levels of these nutrients are
found to be highly sufficient in the study area.

The results of the study concur with prior research
regarding micronutrient status of farmlands in the
Philippines. Yoshida et al. [47] estimated around
500000 ha of Zn deficient rice areas alone. Katyal and
Vlek [15] also reported Zn deficiency in some hydro-
sols and gleysols in the country. Mahagud et al. [22]
likewise assessed widespread Zn deficiency especially
in lowland areas. Furthermore, the Philippines was
also included in a group of countries with serious Zn
deficiency problem in their agricultural soils [2].
Meanwhile, Descalsota et al. [7] reported Cu defi-
ciency in particular areas of Central Luzon including
some parts of Muñoz, Llanera, and Zaragosa in Nueva
Ecija; La Paz in Tarlac and Santa Cruz in Zambales.
Finally, Mahagud et al. [23] reported high levels of Fe
and Mn in agricultural areas of Central Luzon. Toxic
accumulations of Fe and Mn (300 and 1000 mg kg–1

respectively) are observed in rice plants evidencing the
abundance of these elements in the area.

CONCLUSIONS

The study provides the first micronutrient avail-
ability map of Santa Ignacia, Tarlac. Moderate to
strong variability of micronutrients was observed in
the area. Zn (18%) and Cu (13%) deficient zones have
been delineated in multiple regions of the municipal-
ity. The employment of field measures to increase Zn
and Cu availability in deficient areas is recommended
to further increase crop yields in the municipality.
Meanwhile, Fe and Mn are found to be entirely suffi-
cient suggesting their relative abundance in the study
area. Geo-statistical method is indeed a time and cost-
effective tool in mapping various soil properties.
Finally, the results of this study can be used to formu-
late site specific nutrient management and other rele-
vant land policies in Santa Ignacia, Tarlac.
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Abstract  Small farm reservoir (SFR) suitability 
analysis is useful in water resources management and 
development assistance of government and 
non-government agencies for farmers and farmer-groups. 
The researcher utilizes the geographic information system 
to analyze the suitable areas for the construction and 
management of small water impounding to store and 
conserve rainwater in rainfed areas. The factors on rainfall, 
soil texture, slope, land use, irrigation status, groundwater 
availability and distance from river were considered for the 
suitability mapping of SFRs. The following factors have 
their corresponding weights which are derived from using 
the analytical hierarchy process (AHP) procedure. The 
testing of the model was done by determining the 
suitability value (S) of each sample SFR. The research 
findings showed the areas in the province potentially 
suitable for SFRs of the total land area of Tarlac: 47% are 
not suitable, 25% are marginally suitable, 13% are 
moderately suitable and 15% are highly suitable. 

Keywords  Suitability, Small Farm Reservoir, 
Geographic Information System, Rainfed Areas, AHP 

1. Introduction
The Philippines has 41% total rainfed cropped area that 

mostly relies on rainfall; however its availability is lesser 
in dry season (Moya et al., 1994). In addition, development 
of facilities for conventional irrigation is unlikely because 

of undulating topography, surface drainage and monetary 
constraints. Rainfed farmers suffer frequently from 
drought because of the inadequate water together with poor 
management practices of irrigation water. To mitigate the 
effect of drought in these areas, farmers with small farms 
are collecting rainfall and runoff and storing rainwater in 
small farm reservoir to be used for the wet and dry season 
crops (Guerra et al., 1994). Small farm reservoir (SFR) is 
an earth dam structure used to harvest and store rainfall and 
runoff for irrigation. It is the smallest version of small 
water impounding project with an embankment height of 
less than 4 meter (Ines et al, 2018). Studies showed that 
small farm reservoirs (SFRs) serve as an economically 
viable means for storing and conserving rainwater to lessen 
the effect of drought and cropping intensification in rainfed 
drought-prone areas. However, information about this 
technology is very limited making a hindrance to 
researchers, technical implementers and government 
agencies in utilizing its maximum potential in rainfed areas. 
Generating information system about SFRs with the aid of 
geographic information system (GIS) technology can be 
used as a basis for areas suited for SFRs as an effective 
water management scheme for individual farmer and 
farmer groups to improve crop production. Furthermore in 
the water resources development planning strategies of the 
government for the national, regional and local levels, as 
GIS has often used for the geographic concerns on 
agriculture. Thus, the objective of the study was to generate 
suitability maps for SFR construction in the province of 
Tarlac. 
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Figure 1.  Map of Tarlac Province, Philippines 
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2. Materials and Methods 

Study Area 

The study was established in the province of Tarlac 
(Figure 1). The study covers an area of 273,660 hectares 
and is located between latitude 15º 10’15” N to 15º 52’52” 
N, longitude 120º 8’4” E to 120º 46’27” E. The study area 
has flat to undulating topography, with the eastern part of 
the province being plain and the western part to be hilly to 
mountainous. Tarlac has two distinct seasons, the wet and 
the dry seasons. It has unimodal rainfall pattern, having 
high monsoon rains in wet season (WS) and lesser amount 
of rainfall in dry season (DS). Recorded annual rainfall 
varies from 2,030 mm to 4,060 mm in the northwestern 
portion. 

Data Acquisition 

Rainfall map, soil texture map, slope map, land use map, 
irrigation status map, groundwater availability map and 
distance from river map were acquired from corresponding 
agencies namely in local agrometeorological station, 
Mines and Geosciences Bureau (MGB), National Mapping 
and Resource Information Authority (NAMRIA), National 
Irrigation Administration (NIA), National Water 
Resources Board (NWRB) and Department of Agriculture 
– Bureau of Agricultural Research (DA-BAR), 
respectively. 

Suitability Factors 

The data on rainfall, soil texture, slope, land use, 
irrigation status, groundwater availability and distance 
from river were used as the factors in the suitability 
mapping of SFRs. In the study of Cacayan et.al (2019), the 
factors considered are average annual rainfall, soil texture, 
slope and irrigation status while the past study of Galang 
et.al (1994), the criteria used at macrolevel are land use, 
slope, road network, municipal boundaries; however 
rainfall and soil type are excluded in the study. On the 
study of De Guzman (2013), the factors on rainfall, soil 
texture, slope, land use, irrigation status, groundwater 

availability and distance from river were used. The 
corresponding weights of these factors and its suitability 
ratings were determined. The factor maps derived from the 
seven thematic maps were integrated to the GIS (ArcGIS) 
software to develop a final suitability map to show the 
potential sites for SFRs construction. The methodology for 
identifying potential sites for SFRs is summarized in 
Figure 2. 

Suitability Model for Evaluation of the Potential SFR 
Sites 

Identification of the potential areas involves finding the 
areas that will satisfy a chosen set of criteria for 
establishment of SFR. Testing considers the impact of the 
system adoption. 

The small farm reservoir suitability model (S) (equation 
1) was derived from combining the factors with their 
corresponding weights for determining the potential areas 
for SFR in the final suitability map. Every location in the 
map had a suitability value. The formula below was used in 
calculating the suitability value of each grid cells: 

S = [(Rainfall x rf) + (Soil texture x stf) + (Groundwat
er availability x gf) + (Slope x sf) + (Land use x lf) +

 (Irrigation status x if) (Distance x af)]      (1) 

where: 
S = Suitability value for small farm reservoir 
Rainfall = Rainfall factor map 
Soil texture = Soil texture factor map 
Slope = Slope factor map 
Land use = Land use factor map 
Irrigation status = Irrigation status factor map 
Groundwater availability = Groundwater availability 

factor map 
Distance = distance from river factor map 
rf = rainfall weight 
stf = soil texture weight 
sf = slope weight 
lf = land use weight 
if = irrigation status weight 
gf = groundwater availability weight 
af = distance from river weight 
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Figure 2.  Methodology for identifying potential sites for SFRs 
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Table 1.  Ranking of factors for SFRs 

Factors Description Suitability Scale 

Rainfall a <1000 mm 1 

  1000 - 1200 mm 2 

  >1200 mm 3 

Soil texture b other class {sand, silt loam, silt, clay, Mountain soil (undifferentiated), 
Angeles soil (undifferentiated),  Tarlac soils} 0 

  sandy loam 1 

  sandy clay loam 2 

  clayloam & silty clayloam 3 

Slope c 3- 8% (gently sloping to undulating) 3 

  0 - 3% (level to nearly level) 2 

  8 - 18% (undulating to rolling) 2 

  18 - 30% (rolling to moderately steep) 1 

  >30% (steep to very steep) 0 

Land use other land uses {built-up, closed forest, forest plantation, inland water, 
open forest, wooded lands} 0 

  barren land 1 

  Grassland 1 

  cultivated land 3 

Irrigation status non-irrigated area 3 

  irrigated area d 0 

Groundwater availability e deep well areas 3 

  shallow well areas 0 

  difficult areas f 0 

 Distance from  river  > 200 m 3 

  100 - 200 m 2 

  50 -100 m 1 

  0 -50 m 0 

Note: a Rainfall description based from the category used by Galang et al. (1994)  
           b Soil texture description based from different soil types used by  BSWM (1997) wherein only soil   types under loamy soils is 

considered  
           c Slope class used by Galang et al. (1994) based from the slope category of DA-BAR 
           d Irrigated area of BBMP acquired from NIA-Tarlac 
           e Groundwater availability map acquired from  NWRB  
       f Forested area with deep well areas that unsuitable for groundwater extraction 

 

Ranking of Factor 

Each map layer has individual values in each class. To 
be able to perform arithmetic operation, values must be 
assigned from a numeric evaluation scale referred to as 
suitability scale or preference from best to worst. Each 
factor was ranked by how suitable it is and is done through 
the process of reclassifying. 

Table 1 shows the ranking of the factors for potential 
areas of SFRs wherein suitability scale of 0-3 was used, 3 
being the highest value. Ranking of factors was based from 
the following four suitability ratings: not suitable (0), 
marginally suitable (1), moderately suitable (2) and highly 
suitable (3). 

Weighting of Factor 

Some factors are more important than the others in the 
suitability model. Therefore, percent influence or weight is 
assigned to each factor based from its importance. 
Calculating the weight of each factor was done using 
analytical hierarchy process (AHP). From the AHP 
procedures of Coyle (1989), the three steps used are as 
follows: (1) construction of a single pair-wise comparison 
matrix; (2) calculating the list of relative weights, 
importance, or value of the factors; and, (3) calculating and 
checking of the Consistency Ratio (CR). 

The study of Al-Ruzouq et al. (2019) used the AHP in 
determining the importance of parameters such as 
precipitation, drainage stream density, geomorphology, 
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geology, curve number, total dissolve solids, elevation, 
slope and major fracture Euclidean distance for dam site 
suitability mapping and analysis. 

Suitability Rating 

Table 2 shows the suitability rating having its 
corresponding ranges of each class. The interpretation of 
suitability classes for each factor was classified on a scale 
from 0 to 3 as follows: not suitable, marginally suitable, 
moderately suitable, and highly suitable. 

Table 2.  Suitability rating 

Suitability Levels Range 

Not suitable 0.0000 - 2.0000 

Marginally Suitable  2.0001 - 2.5000 

Moderately suitable 2.5001 - 2.7500 

Highly suitable 2.7501 - 3.0000 

Testing of the Suitability Model 

The selected SFRs locations in the study area were 
overlayed in the final suitability map for SFRs and the 
testing of the model (equation 1) was done by determining 
the suitability value (S) of each sample SFR. There are one 
hundred fifty (150) SFR samples that are randomly 
selected on the municipality of Sta. Ignacia, Tarlac. 
Locations of SFRs are done using global positioning 
system (GPS). 

3. Results and Discussion 
Finding the best location for SFRs was accomplished in 

the suitability mapping of SFR sites. Each factor map used 
was reclassified according to its suitability and these maps 
were combined with their corresponding percent influence 
to produce the final suitability map of SFRs. Suitability 
value of every location in the map was obtained after the 

creation of the final suitability map for SFRs. 

Thematic Maps 

The thematic maps (rainfall, soil texture, slope, land use, 
irrigation status, groundwater availability and distance 
from river) used as the factors of the study that are essential 
for identifying the potential sites for SFR are presented in 
Figure 4. These are the preliminary maps used with their 
corresponding attributes. 

Factor Maps 

Each thematic map having individual values in each 
class was assigned a value from the numeric evaluation 
scale known as suitability scale or preferences, from best to 
worst, to be able to perform arithmetic operation in the 
suitability analysis. These thematic maps are ranked 
according to suitability through reclassification. Ranking 
of the factors was done by assigning a scale of 0 to 3, 3 
being the highest value. The factor maps were the resulting 
maps after reclassification of the thematic maps shown in 
Figure 5. 

Determination of the Relative Important Weights of 
Factor 

Assigning weights or percent influence to each factor 
was needed because of the fact that some factors are more 
important in the suitability model than others. This was 
done through analytical hierarchy process (AHP). If the 
factors are of equal importance then assign the same weight 
to each one.  

In SFR adoption, the factor considered as most 
preferable is land use, and the next are rainfall, irrigation 
status and distance from river followed by soil texture and 
lastly, slope. Table 3 shows the pair-wise comparison 
matrix for assessing the relative important weights of each 
factor in creating the suitable areas for SFRs. 
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(c)                                       (d) 



 Civil Engineering and Architecture 10(4): 1526-1537, 2022 1533 
 

 
(e)                                            (f) 

 
(g) 

Figure  4.  The thematic maps used in suitability mapping (a) Rainfall map (b) Soil texture map (c) Slope map  (d) Land use map (e) Irrigation status map (f) Groundwater availability map and (g) River network 
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(g) 

Figure 5.  The different factor maps produced from the thematic maps (a) Rainfall factor map (b) Soil texture factor map (c) Slope factor map  (d) 
Land use factor map (e) Irrigation status factor map (f) Groundwater availability factor map and (g) Distance from river factor map 

Table 3.  Pair-wise comparison matrix for assessing the relative weight of factors 

 Rainfall Soil 
texture Slope Land 

use 
Irrigation 

status 
Groundwater 

availability 
Distance 

from river RIW 

Rainfall 1 5 7  1/3 1 3 1 0.167 

Soil texture  1/5 1 3  1/7  1/5  1/3  1/5 0.038 

Slope  1/7  1/3 1  1/9  1/7  1/5  1/7 0.022 

Land use 3 7 9 1 3 5 3 0.366 
Irrigation 

status 1 5 7  1/3 1 3 1 0.167 

Groundwater 
availability  1/3 3 5  1/5  1/3 1  1/3 0.073 

Distance from 
river 1 5 7  1/3 1 3 1 0.167 

Consistency ratio (CR): 0.03 
RIW = Relative Important Weight 

Final Suitability for SFRs 

Overlaying of the different factor maps produced the 
suitable sites for SFRs. Combining these factor maps was 
done by the use of raster calculator from spatial analyst tool 
after reclassifying each map. Each factor maps was 
multiplied with its corresponding weights and added 
together to produce the final suitability map. 

The formula in equation 2 used in the suitability model 
was substituted by the computed values of weights or 
percent influence to each factor as shown below: 

S = [(rainfall factor x 0.167) + (soil texture x 0.038) + 
(slope x 0.022) + (land use x 0.366) + (irrigation status x 

0.167) + (groundwater availability 0.073) + (distance x 
0.167)] 

Figure 6 shows the suitability map for SFR sites in 
Tarlac classified into four suitability classes; 0-not suitable, 
1-marginally suitable, 2-moderately suitable and 3-highly 
suitable.  Not suitable areas have the highest value of 
142,353 hectare or 47% of the total land area of the 
province. Marginally suitable areas were 73,839 hectare or 
25% of the total area of the province.  Moderately suitable 
areas had the smallest area of 40,129 hectare or 13% of the 
total land area of the province.  Highly suitable areas for 
SFRs got 44,813 hectare or 15% of the total land area of the 
province.  
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Figure 6.  Final Suitability Map of SFRs in Tarlac 

Testing of the Suitability Model 

Testing of the suitability model was done by 
determining the suitability (S) value of each SFR overlay 
in the final suitability map. The summary of the suitability 
value of each SFR is shown in Table 4. 

Table 4.  Summary of the suitability (S) value of selected SFRs 

Suitability 
Class 

Range of 
Suitability 
Value (S) 

Frequency 
(n=150) 

Percentage 
(%) 

Not suitable 0.0000 -2.0000 11 8 
Marginally 

suitable 2.0001 -2.5000 0 0 
Moderately 

suitable 2.5001 -2.7500 2 1 
Highly 
suitable 2.7501 -3.0000 137 91 

4. Conclusions 
Based on the result, the usage of SFRs as a source of 

water for irrigation in wet and dry season intensifies 

cropping in drought-prone rainfed areas. The availability 
of information system on SFRs can be used by authorities 
or sectors responsible for water resources management and 
development. 

GIS-aided decision support system for SFRs can be a 
viable means in determining the areas suited for SFR 
construction as well as the location of existing SFRs to 
maximize their full utilization. 
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Abstract 

The purpose of this study is to propose a sports development program for the university by 

determining how school support and after school activities affect the student-athlete performance of 

Tarlac Agricultural University. This study aims determine the importance of school support and 

school activities of the student-athletes of Tarlac Agricultural University. The study used descriptive-

correlational research design to find relationships of the variables involved. The salient findings of the 

study are as follows: That there were more male student-athletes than female, most of the student-

athletes involve in ballgames as sports discipline and most of the student-athletes were middle 

performers. On the school support, the student-athletes of the university has training and clothing 

allowance. But claimed that they have no monthly allowances, athletes’ insurance, and housing. It 

was also found out that most of the student-athletes were hooked up in social media platforms as their 

after school activities, rather than to work on their courses’ requirement, training for improvement and 

hanging out with friends. On the relationships, it was found out that there is a significant relationship 

between the after school activities of student-athletes to their academic performance. With regards to 

the after school activities of student-athletes and to their athletic performance, it was found out that 

these two were significantly related based on the data gathered. It was also found out that there is a 

significant relationship between the athletic performance of the student-athletes to their academic 

performance. 

Keywords— Student-athletes, school support, school activities, academic performance 

 

I. INTRODUCTION 

Sports have become a major shift and attraction 

for students     nowadays in the Philippines. The 

prints, radio, television and internet media have 

contributed much to the popularity of both 

professional and amateur sports in the country. 

Millions of pesos if not billions of pesos are 

spent on the upgrading of sports facilities and 

training of athletes. It is not surprising, that the 

popularity of sports has been reflected in the 

programs of every colleges and universities in 

the country. As reflected in Article 15, Section 

19 of the 1987 Philippine Constitution that        

“ the State shall promote physical education and 

encourage sports programs, league 

competitions, and  amateur  sports,   including  

 

training for international competitions, to foster 

self-discipline, teamwork, and excellence for 

the development a healthy and alert citizentry.” 

Also, under Section 6 of Republic Act 6847 

mandates the Philippine Sports Commission 

(PSC) to set the priorities and direction of a 

national sports agenda, giving emphasis to 

grassroots participation. 

Multiple times a year throughout the country, 

researchers, administrators, students, sports 

fans, and coaches gather at sport-related 

conferences to hear panels debate the most 

predominant issues and how they will affect the 

future landscape of sports in the country. 

Athletics versus academics has been at the 

forefront of sports in colleges and universities 



7033                                                                                                                                                       Journal of Positive School Psychology 

© 2022 JPPW. All rights reserved 

for many years and serves as the underlying 

questions for other issues as well.  

In SCUAA student athletes must carry a load of 

at least 12 units per term and maintain a 60 

percent passing mark. The rules are non-

negotiable as they should be because no league 

will want a varsity athlete playing for a school 

without going to class or flunking his course. 

This means student athletes must know how 

much to sacrifice in academics for sports 

because if they forego studies completely, they 

jeopardize their athletic eligibility. On his 

column, Sporting Chance, Joaquin Henson of 

Philippine Star, cite the program of 

Ambassador Cojuangco which started on the 

year 2013 – 2014, for the La Salle basketball 

men team. The program started with career 

visioning for athletes which has career 

counseling and testing, the program also 

include orientation of parents of athletes to 

explain the concept of the program. Dr. 

Coscolluela of La Salle, who conducted the 

program said, “The faculty will be oriented on 

the goals, policies and procedures of the varsity 

sports program, the practice schedules, the peak 

varsity competition periods which may require 

adjusted class schedules and make-up classes,” 

she said. “The faculty will also be encouraged 

to use differentiated teaching strategies that 

enable students to find meaningful ways of 

learning that are attuned to their styles and 

domains of interest”. Perhaps, other schools 

may consider undertaking a similar program to 

prepare their athletes for life after school. 

Similarly, it is possible that athletic 

communities in state universities and colleges 

have developed a negative reputation with 

respect to the performance in academics. After 

school programs have become a developmental 

for young people but the current social, political 

and economic climate continue to pose the 

following challenges: funding, program 

sustainability and expansion, quality 

improvement and maintenance and 

programming to meet the needs of an increasing 

diverse group of athletes, this is according to 

James Bartlett Presbrey, (2017) on his study 

entitled “The Development and Sustainability 

of Sports-Based Youth Development Programs 

as a Viable Options for After-School 

Programs”. Burns et. al. (2013), on their study 

“Academic Support Services and Career 

Decision-Making Self-Efficacy in Student 

Athletes”, found out that academic support 

services were positively related to levels of 

career decision-making self-efficacy of student 

athletes.  

Recent research has begun to investigate the 

influence of school support and after school 

activities to student athletes. Recently, the 

NCAA has created metrics to examine the 

academic performance of student-athletes such 

as the Academic Progress Rate (APR) and the 

Graduation Success Rate (GSR).Previous 

investigations have provided insights into the 

recent focus on academic performance of 

student-athletes. Grimit (2014) stated that, 

when it comes to education of student-athletes, 

most research focuses on GPA and traditional 

educational views. She also found out that 

student athletes do better in school than their 

peers.The broad goal of the Commission on 

Higher Education, however, is to prepare 

individuals for the rest of their lives and 

develop productive members of the society. 

Research suggests that participation in athletics 

is motivating student-athletes in the classroom 

in terms of better time management and 

motivation to attend classes, Byrd and Ross 

(1991). School varsity athletics provides an 

opportunity for holistic education, yet little 

research has been done to understand the 

overall impact of athletics through investigating 

the school support and school activities and the 

well-being of the student-athletes. 

School varsity athletics supporters counter that 

the time commitments create structure and 

routine that often support academic success and 

can help overcome risk factors. Athletics 

participation itself provides non-traditional 

education that aids in the overall development 

of young people, contributes to increased 

academic performance of student-athletes. This 

was proven in the study of Gayles& Hu (2009), 

with their research findings that engagement 

and sport participation of students had also 
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motivated them to engage in educationally 

purposeful activities and the impact of their 

experiences on cognitive and affective 

outcomes.  

As teachers, student advisers and coaches of 

student-athletes, the researchers noticed that 

there is not much research conducted in this 

area of endeavor, also the researchers observed 

that the factors involve in this study is not given 

priority in past researches conducted. This 

motivated the researchers to look into the 

importance of school support and after school 

activities of the student-athletes as to the 

relationship of their academic performance and 

athletic performance. 

The purpose of this study is to propose a sports 

development program for the university by 

determining how school support and after 

school activities affect the student-athlete 

performance of Tarlac Agricultural University. 
 

Sex Age Athletic Involvement Athletic Performance 

M F 16-
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on 

Midd
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30 25 20 30 5 24 15 8 6 2 2 45 8 

 

Objectives of the Study 

This study has the following objectives; 

1. To describe the student-athletes of TAU 

in terms of the following; 

a. Sex; 

b. Age; 

c. Academic performance;  

d. Sports involvement; and 

e. Athletic performance. 

2. to determine the school support given to 

student athletes. 

3. to determine the after school activities of 

the student athletes. 

4. to determine the relationship between 

after school activities and academic 

performance of the student-athletes. 

5. to determine the relationship between 

after school activities and athletic 

performance of the student athletes. 

6. to determine the relationship between 

athletic performance and academic 

performance of the student-athletes. 
 

II. METHODOLOGY 

This chapter presents the methods of the study, 

namely the research design, locale of the study, 

data gathering instruments, data gathering 

procedures and statistical tools to be used. 

 

 

 

Research Design 

The study will make use of the descriptive-

correlational research design to find 

relationships of the following variables; school 

support, after school activities, academic 

performance and athletic performance of the 

Tarlac Agricultural University student-athletes. 

The descriptive will be employed in 

determining the school support and after school 

activities of the student-athletes. Correlational 

because it will determine the extent to which 

the school support, after school activities, 

academic performance and athletic performance 

correlates each other.  

The study used Questionnaire Checklist to 

answer the specific problems of the study. It 

was be subjected to validation by experts and 

the suggestions and their suggestions were 

considered in the finalization of the checklist.  

III.  RESULTS AND DISCUSSIONS 

This chapter presents the findings of the study 

which aimed to determine the effects and 

looked for the relationship of school support 

and after school activities of TAU student-

athletes. It also presents the discussion and 

interpretation of the results of the analysis. 
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Table 1.Profile of TAU Student-athletes 

 Monthly 

Allowance 

Clothing 

Allowance 

Athletes 

Insurance 

Training 

Allowance 

Athletes 

Housing 

Sports 

Development 

Program 

No. of 

Students 

0 55 0 55 0 6 

% 0 100 0 100 0 10.90 

 

It can be gleaned on the table that there were25 

females of the TAU student-athletes and 30 

were all males. Furthermore, most of the 

athletes were at the age of 19-21 which 

indicates that they are still in the midst of their 

prime as student-athletes. Along their 

involvement in sports, most of them belong to 

theball games followed by athletics, martial 

arts, archery and swimming. With regards to 

their athletic performance, most of the student-

athletes are middle performers; this was based 

on the number of athletes that 45 of them are 

middle performer out 55 respondents. This 

result indicates that the Tarlac Agricultural 

University (TAU) student-athletes need to 

perform better in their own respective sports 

discipline. 

Table 2. School Support of TAU Student-

Athletes 

The table 2 presents the School support of 

Tarlac Agricultural University (TAU) student-

athletes. It can be seen on the table that all the 

student-athletes receives clothing allowances in 

terms of competition uniforms and training 

allowances. But there were only 6 or 10.90 

percent receives sports development in terms of 

their respective sports discipline. Furthermore, 

it was also found out that there is no housing, 

athlete insurance, and monthly allowance for all 

student-athletes in the university. This 

contradicts the study of Hartman & Kwauk 

(2011), on their study, “Sport and 

Development: An Overview, Critique, and 

Reconstruction”, which states the 

generalpurpose is to show that practitioners 

interested in using sport for development 

however defined must acknowledge these 

theoretical issues and create appropriate 

programming if their intended outcomes are to 

be achieved. 

 

Table 3. After School Activities of Student-athletes 

Number 

of 

student-

athletes  

(n = 55) 

Courses’ 

requirements 

(assignments, 

projects/outputs) 

Hanging 

out with 

friends 

Hooked in multi-

media platforms 

(facebook, 

instagram) 

Still training for 

improvement 

F 20 7 30 17 

% 36.37 12.72 54.54 30.90 

Rank  2 4 1 3 

  

In table 3, the after school activities of the 

student-athletes were presented. It shows that 

student-athletes hooked in multi-media 

platforms with 30 or 54.54 percent which rank 

first, followed by doing their courses’ 

requirements with a frequency and percentage 

of 20 and 36.37 respectively, at rank third is 

still training for improvement which has a 

frequency and percentage of 17 or 30.90, while 

the last is hanging out with friends with a 

frequency of 7 or 12.72 percent. This only 

means that most of the student-athletes were 

hooked into multimedia platforms as their after 

school activities rather than doing their courses’ 
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requirements or have their training after class to 

improve their capabilities. These findings were 

agreed to the findings of Fraser-Thomas in her 

study, “Youth Sports Programs: An Avenue to 

foster positive youth development”, that the 

importance of sport programs built on 

developmental assets and appropriate setting 

features in bringing about the five C’s of 

positive development (competence, confidence, 

character, connections, and compassion/caring. 

 

Table 4. Relationship between After School Activities to Academic Performance 

Variables 

(n = 55) 

Courses’ 

requirements 

(assignments, 

projects/outputs) 

Hanging 

out with 

friends 

Hooked in 

multi-media 

platforms 

(facebook, 

instagram) 

Still training for 

improvement 

Correlation 

Coefficient 

0.004 -0.021 0.187 -0.220 

Sig (2-tailed) 0.979 0.881 0.173 0.107 

   Legend: test at α = 0.05 level of significance 
 
In the table 4 above, it shows that there is a 

significant relationship between the after school 

activities to the academic performance of 

student-athletes. It further shows that doing 

courses’ requirements and hooked up in social 

media platforms has positive relationship while 

the hanging up with friends and training for 

improvement shows negative relationship to 

academic performance. This could only mean 

that doing courses’ requirements and hooked up 

with multimedia platforms has an effect to the 

academic performance of the student-athletes. 

Thisis aligned with the study ofJames Bartlett 

Presbrey, (2017) on his study entitled “The 

Development and Sustainability of Sports-

Based Youth Development Programs as a 

Viable Options for After-School Programs”, 

whose findings states that after school programs 

have become a developmental for young people 

but the current social, political and economic 

climate continue to pose the following 

challenges: funding, program sustainability and 

expansion, quality improvement and 

maintenance and programming to meet the 

needs of an increasing diverse group of athletes.  

 

Table 5. Relationship between After School Activities to Athletic Performance 

Variables 

(n = 55) 

 

              Athletic       

performance 

Courses’ 

requirements 

(assignments, 

projects/outputs) 

Hanging 

out with 

friends 

Hooked in 

multi-media 

platforms 

(facebook, 

instagram) 

Still training for 

improvement 

Correlation 

Coefficient 

0.004 -0.144 0.065 0.033 

Sig (2-tailed) 0.979 0.295 0.636 0.812 

   Legend: test at α = 0.05 level of significance 

  

The table 5 shows the relationship between the 

after school activities to athletic performance of 

the Tarlac Agricultural University (TAU) 

student-athletes. It shows that there is a 

significant relationship between after school 

activities to their athletic performance. 

Furthermore, doing courses’ requirements, 

hooked in social media platform, and still 

training for improvement shows positive 

relationship to athletic performance and only 
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the hanging out with friends shows negative 

relationship. This could only mean that these 

factors will greatly affect the athletic 

performance of the student-athletes.  
 

Table 6. Relationship between Academic 

Performance to Athletic Performance 

     Variable 

                               

Academic 

Performance 

 

Athletic 

Performance 

Correlation 

Coefficient 

-0.035 

Sig (2-tailed) 0.799 

Legend: test at α = 0.05 level of significance 
  

The table 6 shows the relationship between the 

academic performance to athletic performance 

of the student-athletes of the Tarlac Agricultural 

University (TAU). It can be gleaned on the 

table that there is a significant relationship 

between the academic performance to the 

athletic performance of the student-athletes. 

The academic performance has slight effect on 

the athletic performance of the student-athletes 

IV.  CONCLUSION 

Based on the findings of the study, the 

following conclusions were formulated: 

1. Most of the student-athletes were 

middle performers and prefer ball 

games as their sports discipline. 

2. School support is not adequate to 

maintain student-athletes in order for 

them to perform well. 

3. Most of the student athletes were 

hooked up in social media rather than 

have their focus in doing their courses’ 

requirements and training. 

4. After school activities of student-

athletes were significantly related to 

their academic performance. 

5. After school activities and athletic 

performance of the student-athletes 

were significantly related. 

6. The athletic performance and academic 

performance of the student athletes 

indicates relatedness. 
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