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macrophylla planted in an abandoned small-scale mining site in Barangay
Maibu, Butuan City, Philippines. This study employed a randomized

KEYWOR_D_S: _ complete block design (RCBD), with growth parameters including height
v increment, stem diameter increment, and the number of leaves of the
gvevfif;::;tiztmcmphy”a seedl_ir)gs measured over a five-mon'gh period. Soil analysis rev_ealed acidic
Vitex parviflora conditions (pH 5.11), low organic matter levels, and nitrogen and

phosphorus. Results showed that S. macrophylla exhibited greater height
growth (3.96 cm) and stem diameter increase (0.78 cm) compared to V.
parviflora (0.72 cmand 0.072 cm, respectively). The number of leaves also
increased more in S. macrophylla (10) than in V. parviflora (5). Among the
parameters measured, only the height growth showed a statistically
significant difference between the two species. In contrast, the differences
in stem diameter and number of leaves were not statistically significant. S.
macrophylla demonstrated better adaptability and potential for

© 2025 The Author(s). Published by rehabilitating degraded mining sites compared to the other species.
Department of Forestry, Faculty of HEH i H
Agricultore, University of Lampung. However, it is recommende_d that future studies lengthen the duration to
This is an open access article under the evaluate seasonal fluctuations, long-term growth performance, and
e restivecommons orglicensesiby- possible soil amendment techniques to improve site rehabilitation and
nc/4.01. forest restoration outcomes.

1. Introduction

In the Philippines, mining has been a significant economic activity for generations.
Historical mining operations have resulted in numerous abandoned mine sites due to the lack of
environmental regulations until recently (Samaniego et al. 2020). Difficult situations arise when
locations—active and abandoned mine sites—can be categorized as “devastated landscapes”,
where they can no longer auto-regenerate promptly; only anthropogenic repair can restore them
(Favas et al. 2018). Rehabilitation is crucial for restoring the ecological integrity of disturbed
mined lands (Varela et al. 2019). Thus, reforestation of mined-out regions is essential to restoring
the ecosystem to its pre-mining environment.

Native species are recommended for rehabilitating mined-out areas, as they are well-adapted
to local conditions and support greater biodiversity (Rathfon et al. 2018; Singh 2024). Studies have
shown that native plants exhibit higher survival rates, biomass, and net primary production on coal
mine spoils (Singh and Kumar, 2022), and promote greater floristic diversity and natural
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regeneration in revegetated mining areas (De Jesus et al. 2016). Native trees are essential to the
web of life (Carig 2020), particularly in reforestation and greening initiatives aimed at restoring
forest landscapes and biodiversity (Engay-Gutierrez et al. 2023). Additionally, through the
Department of Environment and Natural Resources (DENR), the government promotes the use of
high-quality planting materials in its afforestation activities to promote biodiversity conservation
(Department of Environment and Natural Resources 2010).

Vitex parviflora is a tropical tree native to the Philippines and Indonesia (USDA-ARS 2020;
Useful Tropical Plants 2020). This species is protected in the Philippines due to over-exploitation
in some areas of its natural habitat, which is attributed to the high value placed on the wood (De
Kok 2020). It is also regarded as the flagship species in Bohol due to its hardness and durability
(Lomosbog and Gamil 2015). It can grow in all soil types, from rich sandy loam to calcareous
limestone, but prefers dry, shallow, extremely well-drained limestone soils (Useful Tropical Plants
2020). Their fruits are consumed and spread by birds (Gonzales et al. 2009). In the Philippines,
natural plants like V. parviflora are being utilized to restore damaged habitats and provide local
communities with a steady source of income (Rain Forest Restoration Initiative 2020). Another
species, Swietenia macrophylla King, is one of the most valuable timber species in the world
(Gilbero et al., 2019) and has numerous reports on its medicinal uses (Duan et al., 2022; Mahendra
et al., 2021; Masdar et al., 2022; Pinto et al., 2021; Shiming et al., 2021). This species has been
utilized in afforestation initiatives (Karthikeyan 2020), and biochar derived from its flower
receptacles may be applied as a soil amendment to enhance soil fertility (Villegas-Pangga 2020).
This species also has a high capacity for survival and a dense canopy, which has been shown to
attract insects and birds that can disperse plant seeds naturally in mined-out areas (Varela et al.
2017).

The small-scale mining area in Barangay Maibu, Butuan City, has been abandoned for
several years following the cessation of the traditional sluice-based gold mining. This technique,
which includes diverting water through foam-lined sluices and manually collecting debris, has
contributed to the site's unsettled state. Since the government forbade mining activities within the
area, the land has remained undeveloped and is now overgrown with some grasses. This condition
presents both a challenge and an opportunity for reforestation.

This study tried to evaluate the growth performance of V. parviflora and S. macrophylla in
the abandoned mining area. Although several studies have explored the growth and biomass
accumulation of tropical tree species in plantation or natural forest settings, limited research has
focused on their performance under post-mining conditions—particularly within the Philippine
context. The difference of this study lies in its comparative assessment of a native (V. parviflora)
and an introduced (S. macrophylla) species under degraded soil conditions, using key growth
parameters such as height increment, stem diameter increment, and leaf production to gauge early
growth success and adaptive potential. This study also assessed the area's soil conditions to provide
recommendations and contributions to reforestation and environmental rehabilitation practices.

2. Materials and Methods
2.1. Study Site

The study was conducted at an abandoned mining site in Barangay Maibu, Butuan City,
Philippines, situated at 8°50'42.24"N, 125°35'48.22"E (Fig. 1). The site, which is degraded and
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partially covered in grass, has been abandoned for several years. Its elevation is 159.5 meters above
sea level, and its annual precipitation and humidity are 81.27 mm and 82.55%, respectively
(Weather and Climate 2024). Based on Corona's modified climate classification, the area belongs
to Climatic Type Il, characterized by a minimum monthly rainfall from March to May. The
Barangay Maibu has a total land area of 7,693 km? with a population of 1,580 as determined by
the 2015 census, which represents 0.38% of the total population of Butuan City (City Population
2020).

Legend
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Fig. 1. Location of the study.

2.2. Research design

The study followed a randomized complete block design (RCBD) to evaluate the
performance of V. parviflora and S. macrophylla under field conditions. The experiment consisted
of four blocks, each containing two plots for the treatments represented by V. parviflora and S.
macrophylla species. Each treatment was randomly assigned to one plot within each block. The
design includes four replications of each treatment across the blocks, providing sufficient data for
robust statistical analysis.

2.3. Seedlings Preparation

The seedlings of V. parviflora and S. macrophylla were obtained from the DENR PENRO
(Department of Environment and Natural Resources Provincial Environment and Natural
Resources Office) in Agusan del Norte, specifically from Barangay Tiniwisan, Butuan City. We
specifically requested seedlings of uniform height (15-20 cm) and age (3 months) to ensure
consistency in growth performance evaluation. The V. parviflora was regarded as treatment one,
and S. macrophylla as treatment two. Ten sample seedlings were used for each of the four
replications of each treatment, 40 seedlings per treatment. A total of 80 individual seedlings from
both treatments were included in the study. The seedlings were transplanted into the assigned spot,
keeping a two-meter distance between blocks and a one-meter distance between the seedlings.
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2.4. Data Gathering Procedure

Before transplanting, the researcher took initial measurements of the V. parviflora and S.
macrophylla seedlings, including stem diameter using a tree caliper, number of leaves, and height
using a measuring tape. After five months of transplanting, additional data on stem diameter, leaf
number, and height were collected to evaluate the species' growth performance. The researchers
also collected soil samples to analyze the soil type, pH, organic matter, and nutrients, including
nitrogen (N), phosphorus (P), and potassium (K). Samples were taken using an auger in a zigzag
pattern across the plots. The soil was air-dried in a warm, dry location. Once dried, they were
submitted to the Department of Agriculture Regional Soil Laboratory in Barangay Taguibo,
Butuan City, for analysis.

2.5.Data Analysis

The T-test was used to analyze the data and determine how V. parviflora and S. macrophylla
differed in terms of growth performance indicators. The means of these two groups were compared
using the T-test to determine if the observed differences were statistically significant. Normality
and homogeneity of variance tests were performed on the data before the t-test. Tables were used
to summarize the results, and graphs were used for a more accurate interpretation of the data. A
5% confidence level was used to establish statistical significance, offering reliable information
about the development and performance of the seedlings in the abandoned mining site.

3. Results and Discussion
3.1. Soil Physicochemical Properties

Table 1 shows the analysis results of the soil samples from the area. The soil proved to be
acidic, with a pH level of 5.11 and a low organic matter content. The soil also has low nitrogen
and phosphorus content with moderately sufficient potassium. Given that the area was slightly
sloping, nutrients could also have been washed away in soil particles by surface runoff. This is
consistent with research demonstrating that mining activities raise soil pH while depleting organic
carbon, phosphorus, potassium, and nitrogen (Ahirwal and Maiti 2016; Shrestha and Lal 2011).
Unlike undisturbed soils, mined-out soils typically exhibit distinct physical characteristics, lower
organic matter content, and higher acidity (Essandoh et al. 2021; Okoh and Zakpaa 2024; Ralte
2017; Zhang et al. 2016). According to Zhang et al. (2016), reclamation initiatives, especially
revegetation, can increase the amount of organic carbon in the soil and the infiltration rate. Land
cover affects infiltration rate and soil erodibility (Maro’ah et al. 2025). Overall, the soil’s qualities
are significantly altered by mining, necessitating careful management and reclamation techniques.

Table 1. Soil analysis Data

Texture pH % O.M. N (ppm) P (ppm) K (ppm)
Heavy 511 0.9 0.045 2 56
(SA) (L) (L) (L) (MS)

Notes: (L) low, (MS) moderately sufficient, (SA) strongly acidic.
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3.2. Survival Rate and Growth Performance of the two Species

After five months of transplanting, both V. parviflora and S. macrophylla demonstrated a
high survival rate of 92.5% in the abandoned mining site. Out of 40 seedlings sampled per species,
37 survived for each species. This suggests that both species can be established in a relatively short
time, despite the acidic and nutrient-poor soil conditions at the site.

Regarding growth performance, the findings indicated that S. macrophylla exhibited a
significantly higher height increment (3.96 cm) compared to V. parviflora (0.72 cm), suggesting
better adaptation to nutrient-poor, acidic soils. Research indicates that S. macrophylla can flourish
in alkaline, clayey soils and acidic, sandy soils, retaining comparable potassium and nitrogen levels
in the leaves despite environmental variations (Medina et al. 2014). Furthermore, due to its
effective light-capture strategy (Goncalves et al. 2012), characterized by broad leaves that promote
vertical growth, it exhibited rapid height increase. As illustrated in Fig. 2, S. macrophylla gathered
a larger value of 0.78 cm for the increment in stem diameter, while V. parviflora with 0.072 cm.

4.5

3.96
4.0 1 B S. macrophylla V. parviflora
3.5 1
3.0 A
25 A
S
© 20 1
1.5
1.0 4 0.72 0.78
05 1 0.07
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Height Stem diameter

Fig. 1. Height and stem diameter increments of S. macrophylla and V. parviflora.

The number of leaves was also higher, with S. macrophylla having 10 additional leaves,
while V. parviflora has half of the former, which is 5 (Fig. 3). S. macrophylla's increased stem
diameter may be attributed to its active root development, strong cambial activity, and effective
utilization of light and nutrients, all of which contribute to its rapid biomass accumulation
(Goncalves et al. 2012). A species' ability to photosynthesize and general health can also be
determined by how many leaves it produces (Poorter et al. 2011). A larger leaf count in S.
macrophylla indicates a better capacity to absorb light, facilitating quicker biomass production and
carbon uptake. These physiological characteristics complement its rapid growth in diameter and
height.
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Fig. 3. Number of leaves of S. macrophylla and V. parviflora.
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Statistically, only the height increment showed significant differences between the two
species, as shown in Table 2. Stem diameter increment and number of leaves showed no
significant differences between the two species. These findings align with previous studies, which
indicate that S. macrophylla thrives in marginal soils due to its ability to improve soil structure
and retain nutrients (Mindawati and Megawati 2013; Wasis and Andika 2017). It also has high
success rates of reforestation activities in other mining areas (Pratomo et al. 2018). Conversely,
while V. parviflora displayed slower growth, its role as a native species contributes to long-term
ecosystem resilience and biodiversity conservation (Carig 2020; Singh 2024).

Table 2. Morphological Growth Comparison of S. macrophylla and V. parviflora

Growth Performance p-value Remarks

Height <0.001 Highly significant
Stem diameter 0.776 Not significant
Number of Leaves 0.961 Not significant

The findings suggest that S. macrophylla, due to its pronounced morphological growth,
particularly in height, may possess a competitive edge over other flora in environments where
rapid vertical development is crucial for light acquisition. It can effectively outcompete V.
parviflora for sunlight in mixed-species plantations, given its superior height. If both species are
cultivated in conjunction, this could lead to the dominance of S. macrophylla, which, in turn, might
decrease biodiversity if not appropriately managed. Its accelerated height growth suggests that,
among the two species under examination, S. macrophylla is better suited for reforestation where
soil stability, invasive species control, and ecosystem restoration hinge on rapid canopy
development.

However, the absence of notable variations in stem diameter and leaf yield implies that V.
parviflora may still be resilient and adaptable within its ecosystem. V. parviflora is esteemed for
its high-quality, durable wood, which retains its value in specialized markets (Caraig 2023). Its
comparatively slower growth indicates it is likely more suitable for resilience and long-term
stability initiatives in less disturbed areas. Moreover, it may indicate adaptations to specific
ecological niches, highlighting the importance of preserving local species in reforestation
initiatives. As a native species, V. parviflora plays a crucial role in maintaining ecological balance.
It is recommended for bioremediation of areas contaminated with copper (Tulod et al. 2012).

These results could inform species selection for reforestation and afforestation programs,
emphasizing each species' growth requirements and ecological roles. Although some may
overlook this, the implications are significant. Future studies should investigate whether adding
organic amendments, such as biochar from S. macrophylla’s flower receptacles, can enhance V.
parviflora’s growth (Villegas-Pangga 2020). Furthermore, it has been demonstrated that applying
compost and mycorrhizal inoculation improves nitrogen uptake in degraded soils (Ahirwal and
Maiti 2016; Ali et al. 2019; Castarieto 2001; Hussain et al. 2018; Mindawati and Megawati 2013;
Nayak and Santhoshkumar 2020; Nigussie et al. 2021; Wasis and Sandrasari 2011).

4. Conclusions

The abandoned mining site in Barangay Maibu exhibited strongly acidic soil with low levels
of organic matter, nitrogen, and phosphorus—conditions typical of post-mining deterioration,
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emphasizing the importance of proper species selection. The results showed that S. macrophylla
was more adapted to the area’s acidic and nutrient-poor soil conditions than V. parviflora in terms
of height, stem diameter, and leaf count. However, V. parviflora remains valuable because of its
ecological role and high-quality timber. These findings emphasize the importance of species
selection in reforestation initiatives, suggesting S. macrophylla for site stabilization and rapid
canopy formation while promoting further studies on soil amendments to enhance the growth
potential of native species, such as V. parviflora. Future research should extend the observation
period beyond five months to provide a more comprehensive understanding of these species' long-
term growth trends and survival rates. A more extended study period will enable a more accurate
evaluation of seasonal growth changes, adaptation to environmental conditions, and overall
success in rehabilitating degraded lands.
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