Journal of Tropical Resources and Sustainable Science

Website : http://journal.umk.edu.my/index.php/jtrss/
elSSN : 2462-2389

Vol: 14 Issue 2, 2026, 307-315

DOI: https://doi.org/10.47253/jtrss.v14i2.1726

RESEARCH ARTICLE

Optimizing reforestation: growth and survival of selected tree seedlings in different light and land-use

conditions
Muhammad Azmil A.R.*, Farah Ain J.

Fakulti Perhutanan Tropika, Universiti Malaysia Sabah, Jalan UMS, 88400 Kota Kinabalu, Sabah, Malaysia.

ARTICLE HISTORY

Received : 14 September 2025
Accepted : 26 November 2025
Online : 30 June 2026

KEYWORDS

growth rates,
natural forest,
plantation,

survival rates

* CORRESPONDING
AUTHOR

Muhammad Azmil Abdul Razak
Fakulti Perhutanan Tropika, Universiti
Malaysia Sabah, Jalan UMS, 88400
Kota Kinabalu, Sabah, Malaysia
Email: azmilrazak@ums.edu.my

ABSTRACT

Tropical forest degradation has resulted in biodiversity loss and diminished ecosystem services. Light
strongly increases tree growth but its effect on survival depends on life stage, species and stressors.
Urban and disturbed landscapes may enhance plant growth but are often associated with increased
turnover rates. Effective management should align species selection with site-specific light conditions,
mitigate environmental stressors, and implement targeted thinning or enrichment planting strategies to
optimize restoration outcomes. This study examines the growth and survival rates of tree seedlings in
Sapong Estate, Tenom, Sabah, through a comparative analysis of natural forest and plantation
landscapes. Seedling growth rates were quantified based on height increments over time, while
survival rates were determined by the number of seedlings remaining at the end of the experimental
period. A randomized complete block design (RCBD) was employed, with four seedling species—
Rubroshorea cutrisii (Dipterocarpaceae), Dryobalanops aromatica (Dipterocarpaceae), Durio
zibethinus (Bombacaceae), and Artocarpus odoratissimus (Moraceae)—planted under different light
exposure conditions. Growth and survival rates were measured over time, and statistical analysis was
conducted using ANOVA. Seedlings in plantation areas exhibited significantly higher growth rates (0.36
cm/day) than those in natural forest conditions (0.22 cm/day), with statistical significance (p < 0.05).
However, survival rates between the two landscape types did not differ significantly (p > 0.05). While
light exposure had limited influence on growth performance, shaded microsites markedly improved
seedling survival (99.5%) compared to open areas (77.08%) with significance of (p<0.05). The findings
suggest that land-use type and environmental conditions influence seedling performance, providing
insights for ecological restoration strategies. Notably, D. aromatica and R. curtisii emerged as the
fastest-growing species, confirming their suitability as priority candidates for restoration initiatives. To
enhance seedling establishment and long-term forest recovery, it is recommended that restoration
efforts prioritize the replanting of these species in shaded areas, where survival rates are markedly
higher. Integrating species-specific performance with microhabitat considerations will strengthen
restoration success and support biodiversity conservation in disturbed tropical landscapes.

© 2026 UMK Publisher. All rights reserved.

1.0  INTRODUCTION

Over 50% of the world's tropical forests has been
replaced by different land uses, leading to a reduction in
habitats and resources for both species and human
communities that depend on these forest ecosystems. This
trend has also put at risk the ecosystem services that are
crucial for sustaining life on our planet. To prevent further
losses in biodiversity and protect global carbon stocks, it is
essential to establish conservation and management plans for
the remaining old-growth forests (Berhanu et al., 2023).

One of the most effective nature-oriented
approaches to prevent and reverse biodiversity loss while also
mitigating the effects of climate change is the restoration of
tropical forests through afforestation and natural regeneration
techniques. Restoration initiatives are aim to bring back

indigenous species and develop diverse landscapes that
harmonize agricultural requirements with conservation
objectives (Zedler & Lindig-Cisneros 2013).

Tree growth and survival rates in tropical regions are
influenced by a complex interplay of environmental, biological,
and climatic factors. Rising temperatures and vapor pressure
deficits are significant drivers of increased tree mortality in
moist tropical forests, often leading to carbon starvation and
hydraulic failure (Miyamoto et al., 2021). The survival and
growth of trees are also size-dependent, with different species
exhibiting distinct survival strategies that are influenced by
climate variables such as mean annual temperature and water
deficit (Taccoen et al., 2021). In terms of biological factors,
species with denser wood tend to have higher survival rates
but lower growth rates, indicating a trade-off between growth
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and survival that is consistent over time (Tuck et al., 2016).

A study investigating the spatial distribution of adult trees and
seedling survivorship of Pentaspadon motleyi in the lowland
rainforests of Peninsular Malaysia revealed that light gaps,
characterized by approximately 4% sunlight penetration,
significantly enhanced seedling survival and growth rates
(Manokaran et al. 1992). Inter-species relationships
significantly influence seedling growth and survival in forest
restoration efforts. A study conducted in Peninsular Malaysia
demonstrated that Shorea roxburghii is particularly well-suited
for enrichment planting in secondary forest conditions. Hopea
odorata thrives in areas previously dominated by Acacia
mangium, while Shorea leprosula shows strong adaptability to
regeneration in logged-over forest sites. (Parsada, 2013).
These findings underscore the importance of both
microhabitat conditions, such as light availability, and species-
specific ecological compatibility in enhancing seedling survival
and growth. Integrating light-gap dynamics and strategic
species selection can substantially improve the effectiveness
of forest restoration initiatives in Peninsular Malaysia.

The Sapong Estate in Tenom, Sabah, illustrates the
ongoing conversion of native forests into oil palm plantations
since 1916 (Abdullah & Nakagoshi 2020). The aim of this
research is to examine the influence of land-use alterations on
the establishment and growth of selected seedlings within the
Sapong Estate, considering critical environmental variables
that influence these phenomena. This study is designed with
several specific objectives: (i) to assess and compare the
growth dynamics and survival rates of seedlings established
in natural forest ecosystems versus plantation environments;
(i) to analyse the influence of light availability by assessing
seedling performance; (iii) to identify species with higher
growth and survival rates in both natural forest and plantation
settings; and (iv) to provide insights that guide silvicultural
practices and management strategies for improving seedling
establishment and ensuring sustainable forest regeneration.
This study is essential to understand the effects of land-use
change on the establishment of new seedlings in the Sapong
Estate. The findings will provide valuable insights into the
factors influencing seedling growth rates and survival.
Understanding these dynamics is crucial for developing
effective management strategies that promote biodiversity
conservation while balancing agricultural productivity and
economic development.

2. MATERIALS AND METHODS
21. Study Site

This study was carried out at Sapong Estate, situated
in Tenom, Sabah, Malaysia. Sapong Estate is located at the

southwestern region of Sabah (Figure 1). The estate is located
at approximately 5°03'52.90" N and 115°56'56.80" E. The
region is characterized by persistently high temperatures and
substantial rainfall throughout the year, creating favorable
conditions for plantation crops such as oil palm. The mean
annual rainfall, estimated at 137.34 mm, is based on data
collected from 2014 to 2023 (Shem, 2018). The estate was
initially set up as a research location for tobacco farming
around the year 1905. Frank Edward Lease served as the
inaugural manager of the estate. Between the years 1916 and
1921, Sapong Estate expanded to emerge as one of the
preeminent estates in North Borneo (John & Jackson 1973).
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Figure 1: The location of Sapong Estate, Tenom, Sabah.

2.2. Experimental Design

This study employed a quantitative experimental
design to investigate the factors influencing the growth and
independence of seedlings planted under different conditions.
This study focused on comparing the growth rate and survival
of seedlings across two distinct environments: (i) natural forest
areas, which are gazetted as protected zones by SD Guthrie
Sapong and remain undisturbed, dominated by native forest
tree species; and (ii) plantation areas, which are cultivated
with Elaeis guineensis (oil palm) and subjected to routine
management practices such as weeding and fertilization.
Additionally, comparisons were made between open areas,
characterized by high light exposure (100% light), as shown in
Figure 2, and shaded areas with low light exposure (5% of
light), as shown in Figure 3, within these landscapes. This
design allowed for a thorough evaluation of the effects of
environmental conditions and light exposure on the
performance of the saplings.
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Figure 3: Shded area in plot P-SZ, Sapng Estate, Tenom, Saba. -

The study was conducted using a randomized
complete block design (RCBD) to ensure the minimization of
environmental variations within the landscape types (Harbur
et al., 2023). Two landscape types were included in the study:
natural forest and plantation. Each landscape type was further
divided into two light exposure conditions: open areas, where
seedlings were exposed to high levels of sunlight, and shaded
areas, where seedlings received lower levels of sunlight. Each
treatment combination was replicated three times, resulting in
a total of 12 subplots, with six subplots located in the
plantation areas and six in the natural forest areas (Figure 4).
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OPEN AREA 2 (P-0 2)

OPEN AREA 3 (P-0 3
PLANTATION A B
AREA ‘ SHADED AREA 1 (P-S 1)
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Figure 4: Layout of plantation and natural forest areas showing open and
shaded study plots in Sapong plantation.

Four seedling species were selected for this study,
comprising two dipterocarps Rubroshorea cutrisii (Seraya)
and Dryobalanops aromatica (Kapur) and two fruit trees Durio
zibethinus (Durian) and Artocarpus odoratissimus (Tarap).
Each subplot was planted with 32 seedlings, approximately
eight months old, with heights ranging from 80 to 100 ¢cm. The
planting design included eight individuals per species within
each subplot. The seedlings were arranged in alternating
rows, where the first row consisted of all eight seedlings of R.
cutrisii, followed by a second row of eight seedlings of D.
zibethinus. This pattern continued alternately between
dipterocarp and fruit tree species, ensuring a systematic and
balanced planting design within each subplot. In total, 384
seedlings were planted across all subplots. As shown in
Figure 5, the seedlings of four species were arranged in rows
with 1-meter spacing between them to ensure adequate
growing space and minimize competition for light, water, and
nutrients (Vanninen 2005). Initial measurements (t,) were
recorded on 23 October 2024, and subsequent
measurements (t;) were taken on 29 December 2024,
representing an interval of 67 days between observations.

1 meter
A1 «—B1 C1 D1
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A2 B2 c2 D2
A3 B3 c3 D3
A4 B4 c4 D4
Ab B5 c5 D5
AB B6 Cce D6

A7 B7 c7 D7

A8 B8 c8 D8

Figure 5: Arrangement of seedlings in experimental plot; A: R. cutrisii
(Seraya); B: D. zibethinus (Durian); C: D. aromatica (Kapur); D: A.
odoratissimus (Tarap).

2.3. Selected species

R. cutrisii (Seraya), is a tall tropical hardwood from
the Dipterocarpaceae, reaching over 40 meters (Ashton &
Heckenhauer, 2022). It has glossy, elliptical leaves, winged
seeds for wind dispersal, and rough dark brown bark with
shallow fissures. The species is native to the Peninsular
Malaysia, Sumatra, and Borneo (Subiakto et al., 2017). D.
aromatica (Kapur), a member of the Dipterocarpaceae family,
grows in Sumatra, Peninsular Malaysia, and Borneo. It
reaches up to 60 meters tall with a 3.4-meter bole and exhibits
crown shyness. The tree flowers every 2 to 7 years, producing
white to cream flowers. Its 5-winged fruit has wings up to 6 cm.
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Seeds and seedlings are eaten by rodents and wild pigs
(Syahida et al., 2020). D. zibethinus (Durian), belonging to the
Bombacaceae family is a tall tree that has a straight trunk with
rough, peeling bark and a large, irregular crown. lts oblong
leaves are glossy green on top and silvery or bronze
underneath, measuring 6-20 cm long and 3-9 ¢cm wide. The
bright yellow, bell-shaped flowers grow in clusters of up to 30,
bloom at night (NParks 2022). A. odoratissimus (Tarap),
classified under the Moraceae family, found mainly on Borneo
Island, is an evergreen tree reaching 25 meters tall with a 40
cm trunk diameter. Its twigs are 4-10 mm thick with yellow to
red hair. The large, dark green leaves are 16-50 cm long and
11-28 cm wide. Each fruit contains about 100 seeds, each
weighing around one gram. The fruit is soft, flavourful, and
considered superior to jackfruit and Cempedak (Abu Bakar
2018).

24. Analysis

In this study, the data analysis involved calculating
the growth rate and survival rate of the seedlings to evaluate
their performance under different treatments. These
calculations were performed before conducting statistical
analysis using JASP software to identify significant differences
between experimental groups through ANOVA (Analysis of
Variance).

Before performing the statistical analysis, two key
metrics, growth rate and survival rate, were calculated to
evaluate the performance of seedlings under different
treatments. The growth rate was calculated to assess the rate
of seedling height increase over the study period (Gardiner et
al., 2019).

Height t*(cm)—Height t°(cm)

Growth Rate = - 10 (day)

Where,

Height t1=The seedling height measured at the end of the
experiment,

Height t;=The height measured at the start of the experiment
and,

t1- ty=The duration of the study in days.

This calculation provided the daily growth rate in
centimeters per day, offering a precise measure of seedling
performance. The results were organized based on species
and treatment conditions to facilitate statistical analysis.
Similarly, the survival rate was calculated to determine the
percentage of seedlings that survived throughout the study
period (Berhe et al., 2023). This percentage served as an
indicator of the treatment's effectiveness in maintaining
seedling viability.

Number of surviving seedlings
Total number of seedlings planted

Survival Rate (%) = x 100%

Where,

Number of surviving seedlings = The count of seedlings still
alive at the end of the study and,

Number of seedlings planted = The initial count at the start

After calculating both the growth and survival rates,
the data were compiled into a spreadsheet categorized by
treatment groups, including species, plantation area, and light
conditions (open and shaded areas). These calculated values
were used as dependent variables in the subsequent
statistical analysis.

The data analysis method applied in this study was
ANOVA (Analysis of Variance), a widely used statistical
technique designed to determine whether there are
statistically significant differences between the means of
multiple groups. This method is particularly effective when
there is one dependent variable being measured and one or
more independent variables that are manipulated or
categorized. By analyzing the variance both within and
between groups, ANOVA helps identify whether the observed
differences in the data are due to the experimental treatments
or merely the result of random variation (Ostertagova &
Ostertag 2013).

The statistical analysis was conducted using JASP
software, employing a one-way ANOVA to test for significant
differences in the mean growth and survival rates among the
treatment groups. The dataset, containing the growth and
survival rates, was imported into JASP. Treatment species
groups, plantation areas, and light conditions were specified
as independent variables. ANOVA was performed to detect
whether the variations in the growth and survival rates were
statistically significant. When significant differences were
observed, post-hoc tests were applied to identify the specific
treatment groups contributing to these differences. This
approach provided a comprehensive evaluation of the factors
influencing seedling growth and survival, allowing for
meaningful interpretations of the treatment effects.

3. RESULT

3.1. Type of landscape influence towards seedling
growth rate

The species selected for this study comprised two
distinct groups: fruiting seedlings, represented by D.
zibethinus (Durian) and A. odoratissimus (Tarap); and native
forest seedlings, represented by R. cutrisii (Seraya) and D.
aromatica (Kapur).
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The seedling growth rate observed in plantation
settings is greater (0.36 cm/day) in comparison to the natural
forest ecosystems (0.22 cm/day) (Figure 6). The p-value is
less than 0.05, thereby indicating that the comparison of the
seedling growth rates between the natural forest and the
plantation is significantly different. This leads to the conclusion
that the seedlings in the plantation show a statistically
significant higher growth rate compared to the seedlings in the
natural forest.

0.40 0.36
=035

0.30

0.25 0.22

0.20
0.15
0.10
0.05
0.00

Growth Rate(cm/da

Natural Forest Plantation*

Figure 6: Seeding growth rate comparison with natural forest and plantation

3.2 Type of landscape influence towards seedling
survival rate

The seedling survival rate observed in natural forest
ecosystems is greater (95.31%) in comparison to the
plantation setting (81.25%) (Figure 7). The p-value is more
than 0.05; therefore, this study cannot prove statistically that
the seedling survival rate in both natural forest and plantation
is significantly different. This leads to the conclusion that the
seedlings in the landscape are showing a similar survival rate.

100.00
95.31

95.00
90.00
85.00 81.25
80.00

Survival Rate (%)

75.00

70.00

Natural Forest Plantation

Figure 7: Seeding survival rate comparison with natural forest and
plantation.

3.3. Effect of sunlight exposure influence towards
seedling growth rate

The seedling growth rate observed in the open area
is greater (0.30 cm/day) in comparison to the shaded area
(0.28 cm/day) (Figure 8). The p-value is more than 0.05;
therefore, this study cannot prove statistically that the seedling
growth rate in both the open area and the shaded area is

significantly different. This leads to the conclusion that the
sunlight exposure did not affect the seedling growth rate.

0.30 0.30
> 0.30
©
0.29
0.29
0.28
0.28

0.28

Growth Rate(cm/d

0.27

0.27
Open Area Shaded Area

Figure 8: Seeding growth rate comparison with open area and shaded area

34 Effect of Sunlight Exposure Influence Towards
Seedling Survival Rate

The seedling survival rate observed in the shaded
area is greater (99.48%) in comparison to the open area
(77.08%) (Figure 9). The p-value is less than 0.05, thereby
indicating that the comparison of the seedling survival rates
between the shaded area and the open area is a statistically
significant difference. This leads to the conclusion that the
seedlings in the shaded area show a higher survival rate than
the seedlings in the open area.

110.00
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

99.48

77.08

Survival Rate (%)

Open Area Shaded Area*

Figure 9: Seeding survival rate comparison with open area and shaded
area.

3.5. Type of species influence towards seedling
growth rate

D. aromatica showed the highest growth rate, which
is 0.49 cm/day, followed by R. cutrisii (0.37 cm/day), D.
zibethinus (0.21 cm/day), and A. odoratissimus (0.1 cm/day)
(Figure 10). The p-value is less than 0.05, thereby indicating
that the comparison of the seedling growth rates between the
types of species is significantly difference. This leads to the
conclusion that the D. aromatica and R. cutrisii seedlings show
a higher growth rate compared to D. zibethinus and A.
odoratissimus.
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Figure 10: Seeding growth rate comparison with different species

3.6. Type of species influence towards seedling
growth rate in a different landscape

Figure 11 shows the seedling growth rate between
different species in natural forest ecosystems and plantation
settings. There is a trend showing that seedling growth rate in
each species in plantation settings is higher than in natural
forest ecosystems. However, since the p-value is higher than
0.05, it cannot be proven that the different landscape is
resulting in a significant difference in growth rate. This
concludes that the difference in landscape did not affect the
rate of growth in each species.
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Figure 11: Seeding growth rate comparison of different species in response
to type of landscape

3.1 Type of species influence towards seedling
survival rate

A. odoratissimus showed the highest survival rate,
which is 91.67%, followed by R. cutrisii (90.63 %), D.
aromatica (89.58%) and D. zibethinus (81.25 %) (Figure 12).
The p-value is less than 0.05, thereby indicating that the
comparison of the seedling survival rates between the types
of species is not statistically significant. This leads to the
conclusion that the type of species did not affect the seedling
survival rate.
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Figure 12: Seeding survival rate comparison with different species

3.8. Type of Species Influence Towards Seedling
Survival Rate in a Different Landscape

Figure 13 shows the seedling survival rate between
different species in natural forest ecosystems and plantation
settings. There is a trend showing that seedling survival rate
in each species in natural forest ecosystems is higher than in
plantation settings. However, since the p-value is higher than
0.05, it cannot be proven that the different landscape is
resulting in a significant difference in growth rate. This
concludes that the difference in landscape did not affect the
survival rate of each species.
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80.00
60.00
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Figure 13: Seeding survival rate comparison of different species in
response to type of landscape

4, DISCUSSION

41 Seedling survival: contexts and drivers

Seedling survival in natural forests and plantations is
influenced by a complex interplay of environmental factors,
including both abiotic and biotic elements. In natural forests,
factors such as light availability, rainfall, and biotic interactions
like density dependence play significant roles. This is
supported by the finding where the survival rates were higher in
natural forests (95.31%) than in plantations (81.25%). Light
exposure had minimal impact on growth rates, but shaded areas
significantly enhanced seedling survival (99.5%) compared to open
areas (77.08%).
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For instance, in North Queensland rainforests,
seedling survival is higher in tree-fall gaps due to increased
light, and protection from vertebrates significantly reduces
mortality rates (Osunkjoya et al.,1992). Similarly, in a
subtropical rainforest in Taiwan, seedling survival is
influenced by rainfall and neighborhood density, with higher
survival rates in years of greater rainfall and abundant
recruitment (Staquet 2022).

Additionally, the density of the overstory in
plantations can moderate microclimatic conditions, optimizing
light and reducing herbivory, which enhances seedling
survival (Paquette et al., 2006). In both settings, abiotic factors
such as soil and air temperature and biotic factors like fungal
infections can further influence survival, with fungal infections
notably reducing survival in tropical forests (Chanthorn et al.
2013).

Overall, while natural forests rely heavily on the
interplay of light, rainfall, and biotic interactions, plantations
benefit from controlled conditions that favor specific seedling
traits and sizes, highlighting the nuanced differences in
seedling survival strategies across these environments.

The differences in seedling growth rates between
natural forests and plantations are influenced by a variety of
factors, including soil properties, species diversity,
environmental conditions, and management practices.
seedlings in plantation areas exhibited significantly higher
growth rates (0.36 cm/day) compared to those in natural
forests (0.22 cm/day). In natural forests, higher soil organic
matter, nutrient levels, and microbial diversity, particularly
fungi, contribute to better seedling growth compared to
plantations, where these factors are often lower due to less
diverse undergrowth vegetation and microbial communities
(Hou et al., 2021).

4.2 Growth rates and species/ trait effects

Type of species do not influence towards seedling survival
rate. Among species, D. aromatica and R. cutrisii exhibited the
highest growth rates. In contrast, plantations often emphasize
the importance of seedling size and species-specific traits.
Larger seedlings generally have higher survival rates,
especially in arid conditions, where stress-resistant traits like
low specific leaf area and high wood density are
advantageous (Andivia et al. 2021). Additionally, the size and
functional traits of seedlings, such as specific leaf area and
wood density, play a crucial role in their survival and growth,
with larger seedlings generally having higher survival rates in
plantations, especially when adapted to the specific aridity and
stress conditions of the site (Andivia et al., 2021). Compared
to current research, it has been recorded that while there are
significant differences in survival rates between species, there

is no significant difference within the survival rates of the same
species. Lastly, the structural flexibility and adaptability of
certain species, such as Podocarpus falcatus, allow them to
thrive in both plantation and natural forest environments,
although their growth patterns may differ based on the specific
conditions of each setting (Tadele & Fetene 2013).

43 Additional
processes

determinants and ecosystem

Additionally, crown form and prior growth are critical
factors affecting tree mortality, with mechanical damage and
other stresses playing a significant role (Zuleta et al., 2021).
Nutrient availability, particularly in relation to soil age, also
affects tree growth, with younger soils supporting higher
growth rates due to better nutrient availability (Sardans &
Pefiuelas 2013). Furthermore, wind exposure influences tree
growth strategies, with species having lower wood density
being more susceptible to wind mortality (Wang et al., 2022).
The role of biodiversity is crucial, as diverse species mixtures
can stabilize forest functioning and enhance resilience against
environmental changes (Tuck et al., 2016). Lastly, leaf
physiological traits and spectral changes can serve as
indicators of tree health and impending mortality, providing a
potential tool for monitoring forest dynamics (Kopackova et al.,
2014). Overall, these factors collectively shape the growth and
survival of trees in tropical regions, highlighting the need for
integrated management approaches that consider both biotic
and abiotic influences.

44 Site conditions and management implications

In terms of environmental conditions, natural forests
often provide more suitable substrates for seedling
establishment, such as rotten wood, which is less abundant in
plantations (Gagné et al., 2019). Light availability is another
critical factor, with natural forests often having more optimal
light conditions for seedling growth compared to dense
plantations, where light can be limited (Park et al., 2022). The
current study has shown that different light conditions resulted
in significantly different seedling survival rates; however, there
is no significant difference in the growth rates.

Furthermore, the presence of endomycorrhizal fungi,
which is often reduced in plantations, particularly under certain
pine species, can significantly affect nutrient uptake and
seedling growth (Tobiessen & Werner 1980). Management
practices such as soil preparation and canopy opening can
enhance seedling density and growth in plantations by
reducing competition and improving seed availability (Dassot
& Collet 2015). Overall, these factors highlight the complex
interplay between biotic and abiotic elements that influence
seedling growth rates in natural forests versus plantations.
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5. CONCLUSION

The seedlings demonstrated a notably higher growth
rate in plantation environments when compared to those
found in natural forest settings. These findings highlight the
importance of understanding how land-use changes impact
seedling dynamics, which is crucial for effective conservation
and management strategies in the region.

Seedlings found in shaded areas have shown a
higher survival rate compared to those in more exposed
locations. These results underscore the necessity of
implementing targeted management practices that consider
light availability to enhance seedling survival rates in
restoration efforts.

This study highlights species-specific differences in
survival and growth, identifying D. aromatica and R. curtisii as
optimal candidates for restoration due to their superior
performance.  Findings demonstrate that plantation
environments promote faster seedling growth compared to
natural forests, while shaded conditions enhance survival,
underscoring the influence of microclimatic factors. These
insights provide a practical framework for restoration
strategies that integrate species selection and site conditions
to support biodiversity conservation and ecosystem recovery
in landscapes affected by land-use change.
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