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Abstract

Reforestation is a crucial strategy for mitigating climate change, but the
effectiveness of this approach is significantly influenced by the selection of
tree species, especially in the face of extreme climate events such as droughts
and floods. While traditional reforestation often focuses on non-native species,
indigenous species offer greater resilience to local climate conditions. This
study evaluates the potential of indigenous tree species for reforestation efforts
aimed at improving ecosystem stability and enhancing drought and flood
resilience. The main objective of this research is to identify indigenous species
that exhibit superior adaptive traits for coping with fluctuating water
availability in temperate and tropical ecosystems. A mixed-methods approach
was used, combining field studies, ecological assessments, and laboratory
experiments to analyze species’ growth patterns, survival rates, and
physiological responses to water stress. The findings indicate that certain
indigenous species, such as Xylia xylocarpa and Acacia mangium, show
exceptional resistance to both drought and flood conditions, outperforming
non-native species in long-term ecological health and carbon sequestration.
The study concludes that integrating indigenous species into reforestation
projects is crucial for building climate-resilient landscapes. This research
contributes to advancing sustainable forest management practices by
promoting species that are naturally suited to the challenges posed by climate
change.
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INTRODUCTION

Reforestation has long been a cornerstone strategy in the fight against climate change, but
its success depends heavily on the tree species chosen for such initiatives. As climate change
accelerates, it is no longer sufficient to merely plant trees; those trees must be able to withstand
increasingly unpredictable environmental conditions, including prolonged droughts and intense
(Abeysinghe et al., 2025). In this context, indigenous species have garnered attention for their
potential resilience to local climate extremes, compared to non-native species that are often
introduced without consideration of their adaptive capacities. Tropical and temperate regions,
which are home to diverse flora, are facing escalating challenges in maintaining forest
ecosystems due to rising temperatures, altered precipitation patterns, and extreme weather
events. These changes make it essential to reassess how we approach reforestation, considering
not only the carbon sequestration potential of the trees but also their ability to thrive under
shifting environmental stresses (Al-Absi et al., 2025). A growing body of research highlights
the need for strategies that can both mitigate climate change and adapt to its impacts,
reinforcing the role of adaptive reforestation as a key solution. Understanding how indigenous
species perform under climate stressors such as droughts and floods is integral to enhancing
forest restoration efforts and ensuring ecosystem sustainability.

Indigenous species offer several advantages in reforestation projects, primarily their
long-standing adaptation to local climate conditions. Over generations, these species have
developed mechanisms to survive the specific stresses of their environment, including drought
tolerance and flood resistance (Anokye & Darko, 2025). These adaptive traits make indigenous
species more likely to thrive in changing climates compared to non-native species, which may
struggle to survive when faced with the extreme weather conditions that are becoming more
prevalent in today’s changing climate. Forests that incorporate native species are more likely to
provide long-term ecosystem services, such as water retention, biodiversity conservation, and
carbon sequestration, that contribute to both climate mitigation and adaptation (Awuni et al.,
2025). However, despite the clear advantages of using indigenous species, their specific
resilience characteristics under extreme weather conditions remain under-researched.
Therefore, it is crucial to explore how these species can be leveraged for future reforestation
efforts aimed at addressing both climate change mitigation and adaptation.

Furthermore, the urgency of addressing the impacts of climate change has led to the
recognition that forests are critical for maintaining ecosystem balance. Tropical and subtropical
forests, in particular, are often the most vulnerable to the effects of climate extremes, yet they
are also some of the most biologically diverse and ecologically significant (Baral et al., 2025).
In the face of this dilemma, integrating climate-adaptive strategies into forest management has
become a priority for conservationists, policymakers, and ecologists alike. However, current
reforestation practices often focus on non-native species or monoculture plantations that do not
adequately account for the specific ecological needs and resilience characteristics of native
forests. By rethinking reforestation strategies to focus on the unique advantages of indigenous
species, there is an opportunity to better equip forests to withstand the climate challenges they
face, while enhancing their biodiversity and ecological integrity (Bouramdane, 2025). This
section sets the stage for understanding why climate-adaptive reforestation is not only a
strategic environmental choice but a necessary one for addressing the dual challenges of
climate change and biodiversity loss.

The increasing frequency and intensity of climate-related disasters, such as droughts and
floods, present significant threats to the success of forest restoration initiatives, particularly in
tropical and temperate regions (Capa-Mora et al., 2025). The primary issue addressed by this
research is the insufficient understanding of how indigenous tree species respond to these
extreme weather events in the context of reforestation efforts. While it is widely acknowledged
that non-native species often lack the resilience required to cope with such environmental
stresses, the specific performance of indigenous species under these conditions remains
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inadequately explored. Consequently, reforestation efforts may overlook the potential benefits
of using indigenous species that are better adapted to local climatic fluctuations (Chaiya, 2025).
This research aims to fill this gap by evaluating the drought and flood resilience of various
indigenous species, focusing on their potential to thrive and provide long-term ecological
services in the face of climate change. Without such evaluations, reforestation efforts may not
achieve their full potential, especially in areas where climate stressors are severe.

Despite the growing body of literature on the advantages of using native species in
reforestation, few studies have comprehensively assessed the resilience of indigenous trees
specifically in relation to drought and flooding (Chipangamate & Nwaila, 2025). Most existing
research either focuses on single environmental stressors or examines non-native species in
isolation. Thus, there is a pressing need for more nuanced studies that assess how indigenous
species perform across a variety of environmental conditions, particularly those exacerbated by
climate change. The problem lies in the fact that much of the reforestation discourse still
prioritizes short-term economic benefits, such as the rapid growth of non-native species, over
the long-term ecological sustainability provided by indigenous species (Das et al., 2026). In
order to address this issue, it is essential to provide empirical data on the performance of
indigenous species under climate extremes, ensuring that future reforestation efforts are
scientifically grounded and ecologically sound.

In addition to ecological concerns, the social and economic dimensions of reforestation
are also impacted by the choice of species (Mohamed, 2026). Indigenous species often support
local economies by providing resources such as timber, fruit, and medicinal plants, which may
be overlooked when prioritizing non-native species for reforestation. The issue extends beyond
ecological sustainability; it also involves the need to align forest restoration efforts with local
community needs and adaptive capacity (Datta & Raman, 2026). Thus, the research problem is
multifaceted, involving ecological, social, and economic dimensions. Addressing this problem
is critical for ensuring that reforestation efforts are not only successful in the long term but also
beneficial to the communities that rely on these ecosystems for their livelihoods.

The primary objective of this study is to evaluate the resilience of indigenous tree species
to both drought and flood conditions, particularly in the context of climate-adaptive
reforestation in tropical and temperate regions. By conducting this evaluation, the study seeks
to provide empirical data on the survival rates, growth patterns, and overall health of
indigenous species under extreme environmental conditions (Efeno Etengola et al., 2026). The
secondary objective is to compare the performance of indigenous species against non-native
species in terms of their ability to withstand and recover from drought and flood events. This
comparison will help identify the most resilient species for future reforestation projects aimed
at mitigating climate change and adapting to its impacts (Lwin et al., 2025). Ultimately, the
research intends to guide forest management practices by recommending specific indigenous
species that can enhance forest resilience in the face of climate change.

In addition to ecological performance, the research aims to explore the socio-economic
benefits of using indigenous species in reforestation projects (Gallois et al., 2026). By
assessing how these species can support local communities through the provision of resources
such as timber, fruit, and medicinal plants, the study will demonstrate the broader benefits of
climate-adaptive reforestation. This includes the potential for creating sustainable livelihoods
that complement environmental conservation goals. Furthermore, the research will examine the
feasibility of large-scale implementation of indigenous species in reforestation projects,
evaluating the cost-effectiveness, logistical challenges, and long-term sustainability of such
efforts (Ghaedi et al., 2026). The overall aim is to develop a comprehensive framework for
climate-adaptive reforestation that integrates both ecological and socio-economic
considerations.

Finally, this study will provide recommendations for policymakers, conservationists, and
forest managers on how to incorporate indigenous species into climate adaptation strategies.
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The research will offer guidance on the best practices for species selection, management, and
monitoring, ensuring that reforestation initiatives are both ecologically viable and beneficial to
local communities (Guzman, 2025). By contributing to the growing body of literature on
climate-adaptive reforestation, this research hopes to provide a scientific basis for the
widespread adoption of indigenous species in forest restoration efforts, thereby promoting
more resilient and sustainable ecosystems.

A review of existing literature reveals a significant gap in understanding how indigenous
species perform under extreme climate conditions, particularly in relation to drought and
flooding (Hernandez-Sosa et al., 2026). While there is considerable research on the benefits of
using indigenous species for forest conservation and carbon sequestration, few studies have
systematically evaluated their resilience to the specific stressors associated with climate
change, such as water scarcity and excess moisture. Furthermore, much of the existing
literature focuses on non-native species or monoculture plantations, which do not account for
the diverse and dynamic nature of natural ecosystems (Imran, 2025). This gap in research
limits the effectiveness of reforestation strategies and hinders the development of climate-
resilient forests that can withstand the increasing frequency and intensity of climate extremes.

In contrast to other studies that focus on short-term economic outcomes, this research
addresses the long-term ecological and socio-economic sustainability of reforestation efforts.
While many studies emphasize the importance of reforestation in mitigating climate change,
few have delved deeply into the specific resilience characteristics of indigenous species,
especially under the pressures of both drought and flooding (Kattel, 2026). By focusing on
these aspects, this research provides a critical contribution to the reforestation field, offering
empirical data on how indigenous species perform under extreme environmental conditions.
This gap is particularly significant given the increasing need for climate-adaptive strategies in
forest management, as well as the growing emphasis on biodiversity conservation and
ecosystem restoration.

Additionally, the study’s focus on the dual impact of drought and flooding is another area
where current literature is lacking. While many studies have assessed the impact of drought or
flood in isolation, few have examined how species respond to both stressors simultaneously
(Jovanelly et al., 2026). This study’s approach to evaluating species under both drought and
flood conditions offers a more holistic view of climate resilience, ensuring that reforestation
efforts can address multiple climate stressors. By bridging this gap, the research contributes to
more robust forest management practices that can be applied in various ecological settings.

This research introduces a novel approach to reforestation by combining an assessment of
indigenous species’ resilience to both drought and flooding. While previous studies have
primarily focused on either drought tolerance or flood resistance in isolation, this study
provides a comprehensive evaluation of species’ ability to withstand both extremes
simultaneously, reflecting the increasingly unpredictable nature of climate change (Kumi et al.,
2025). The novel aspect of this research lies in its dual focus on ecological resilience and socio-
economic benefits, offering a well-rounded perspective on the potential of indigenous species
for climate-adaptive reforestation. This research is timely and essential, as it addresses the
urgent need for adaptive strategies in forest management, particularly in regions prone to both
drought and flooding.

The importance of this research extends beyond its scientific contributions; it also
provides practical guidance for policymakers and conservationists seeking to integrate
indigenous species into forest restoration efforts (Mallek & Barcelo, 2025). By offering a
comparative analysis of the performance of indigenous versus non-native species, the research
presents clear evidence that indigenous species are better suited to withstand climate extremes,
thus enhancing the long-term sustainability of reforestation initiatives. Furthermore, the study
highlights the role of indigenous species in supporting local economies through the provision
of valuable resources, making it a critical tool for community-based forest management
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strategies. This unique combination of ecological, economic, and social dimensions makes the
research highly relevant and valuable for both scientific and practical applications.

RESEARCH METHOD
Research Design

This study employs a mixed-methods research design to assess the resilience of
indigenous tree species to drought and flood conditions. The research integrates both
quantitative and qualitative approaches to provide a comprehensive understanding of species
performance under extreme climate stressors (Munonde & Zegeye, 2026). A comparative
analysis will be conducted between indigenous species and non-native species to evaluate their
survival, growth rates, and physiological responses to drought and flooding. Field experiments
will be complemented by laboratory studies to examine the adaptive mechanisms of these
species. This design allows for a robust evaluation of the resilience of various species,
providing empirical data that can inform climate-adaptive reforestation strategies.

Research Target/Subject

The population of interest consists of indigenous tree species from tropical and temperate
forest regions, selected based on their prevalence and ecological importance in the respective
regions. A purposive sampling method will be used to select species that are commonly found
in reforestation programs and that have a known history of ecological adaptation. A total of 10
indigenous species will be chosen for this study, representing a range of tree types, from fast-
growing species to slower-growing, long-lived species. These species will be compared to 5
non-native species that are commonly used in reforestation efforts. The sample size is
determined based on the need for statistical power and representativeness across different
climatic conditions.

Research Procedure

The research will be conducted in both field and controlled experimental settings. Field
sites will be selected in tropical and temperate regions that experience varying levels of drought
and flooding, ensuring a comprehensive assessment of species performance across different
environmental conditions. In the field, indigenous and non-native species will be planted in
designated plots, where their growth and survival will be monitored over a period of 12
months. These plots will be subjected to simulated drought and flooding conditions, created
through controlled irrigation and waterlogging techniques, to replicate extreme climate events
(Mengistie & Ray, 2026). In the laboratory, physiological measurements will be taken bi-
weekly to track changes in water stress responses. Soil and water quality will also be regularly
assessed to ensure consistency in environmental conditions. Data will be collected at multiple
points throughout the experiment to evaluate both short-term and long-term resilience. The data
collected will be analyzed using statistical methods, including regression analysis, to determine
the relationship between species performance and the climate variables being tested.
Additionally, the findings will be cross-validated with feedback from local stakeholders
involved in

Instruments, and Data Collection Techniques

A combination of field observation, laboratory measurements, and ecological
assessments will be used as instruments for data collection. Field observation will include
monitoring the growth, health, and survival rates of the selected species under controlled
drought and flood conditions (Nandhini et al., 2026). Laboratory instruments will be employed
to measure physiological responses, such as water retention, root development, and
photosynthetic efficiency, using tools like soil moisture sensors, leaf area analyzers, and
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chlorophyll fluorescence meters. In addition, ecological assessments, including soil and water
quality tests, will be conducted to understand the environmental conditions influencing species
resilience. Surveys and interviews with local forest managers and community stakeholders will
provide qualitative data on the socio-economic relevance of these species in reforestation
efforts.

Data Analysis Technique

The data collected will be analyzed using a combination of statistical and qualitative
methods. For the quantitative data, regression analysis will be employed to assess the
relationship between species performance (growth rates, survival, and physiological responses)
and climate stressors such as drought and flooding. Descriptive statistics will be used to
summarize species resilience under different environmental conditions, and inferential tests
will help identify significant differences between indigenous and non-native species. For the
qualitative data, thematic analysis will be used to analyze feedback from surveys and
interviews with local stakeholders (Niyomukiza et al., 2026). This will provide insights into the
socio-economic relevance and practical implications of these species for reforestation
programs. Data triangulation will be employed to ensure the reliability and validity of the
results by cross-checking quantitative and qualitative findings. The combination of these
approaches will offer a comprehensive understanding of how indigenous tree species adapt to
extreme climate events and their role in climate-adaptive reforestation strategies.

RESULTS AND DISCUSSION

The data collected from field and laboratory experiments reveal distinct differences in the
drought and flood resilience of indigenous versus non-native species. In the field, indigenous
species such as Xylia xylocarpa and Acacia mangium exhibited higher survival rates and more
robust growth compared to non-native species under both drought and flood conditions. The
survival rate of indigenous species was 85%, while non-native species had a survival rate of
only 65%. Table 1 below summarizes the growth and survival data for each species under the
two climate stressors: drought and flooding. The growth data, measured in height and biomass
accumulation, indicate that indigenous species outperformed non-native species in both
conditions, with a 30% higher biomass increase under drought and a 20% higher growth rate
under flood conditions.

Table 1. Growth and Survival Rates of Indigenous and Non-Native Species Under Drought
and Flood Conditions

Species Drought Survival  Flood Survival Average Biomass
Rate (%) Rate (%0) Growth (cm) Increase (%)
Xylia xylocarpa 88 84 12 35
Acacia mangium 82 80 10 30
Eucalyptus grandis 58 60 5 18
Pinus radiata 62 63 7 15
Corymbia maculata 60 57 6 12

The data indicate that indigenous species exhibit a higher resilience to both drought and
flood conditions compared to non-native species. This result is consistent across multiple
measurements, including survival rates, growth metrics, and biomass accumulation. Indigenous
species such as Xylia xylocarpa and Acacia mangium have evolved adaptive mechanisms that
allow them to thrive under fluctuating water availability, as shown by their superior
performance in both drought and flood simulations. In contrast, non-native species such as
Eucalyptus grandis and Pinus radiata demonstrated significant reductions in survival rates and
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growth, particularly under the stress of prolonged droughts or heavy flooding. These findings
reinforce the importance of considering indigenous species for reforestation efforts in climate-
adaptive strategies.

Further analysis of the growth rates reveals that indigenous species are better equipped to
manage water stress. The difference in biomass accumulation between indigenous and non-
native species highlights the efficiency of indigenous species in utilizing available resources
under challenging environmental conditions (R. Wang et al., 2026). The higher biomass of
indigenous species is indicative of their ability to not only survive but also to actively
contribute to the restoration of ecosystem services, such as carbon sequestration, under extreme
climate conditions. Non-native species, on the other hand, demonstrated less efficient resource

allocation, which can be detrimental to long-term forest sustainability in changing climates.
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Figure 1. Physiological Responses of Indigenous vs Non Native Species
Under Enviromental Stress Conditions

A closer look at the physiological responses of the species provides additional insights
into their resilience. Indigenous species displayed higher levels of root development and water
retention capabilities. Xylia xylocarpa had a 25% increase in root biomass compared to non-
native species, which is critical for drought tolerance. Conversely, under flood conditions,
indigenous species exhibited better root structure and soil stabilization, mitigating the adverse
effects of waterlogging. This enhanced physiological response was not observed in non-native
species, which had significantly lower root biomass and water retention rates. The data
suggests that indigenous species have developed unique physiological traits that enable them to
withstand environmental stressors more effectively.

In addition to root development, indigenous species showed higher photosynthetic
efficiency during periods of water stress. The chlorophyll fluorescence measurements indicated
that indigenous species had a 15% higher photosynthetic efficiency compared to non-native
species during drought conditions, suggesting a more efficient use of light and water. This
increase in photosynthetic activity enhances the species’ ability to maintain growth during
periods of water scarcity, reinforcing their suitability for climate-adaptive reforestation
programs. These physiological advantages position indigenous species as more viable
candidates for long-term forest restoration under changing climate conditions.

The statistical analysis of the data confirms that indigenous species have a significantly
higher resilience to both drought and flood conditions. Using a one-way ANOVA, the
differences in survival rates between indigenous and non-native species were found to be
statistically significant (p < 0.05). Indigenous species exhibited a 20% higher survival rate on
average across all climate stress tests compared to non-native species. Additionally, regression
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analysis revealed that biomass increase was positively correlated with survival rate, indicating
that species that survived longer under stress also exhibited more substantial growth and
resource allocation. These findings suggest that indigenous species not only survive under
extreme conditions but also contribute to forest recovery more effectively than non-native
species.

The inferential analysis further supports the hypothesis that indigenous species are better
suited for climate-adaptive reforestation. The data indicate that the resilience of indigenous
species is linked to their ability to optimize water usage and root structure, which are critical
traits for surviving in environments subject to both drought and flooding (L. Wang et al.,
2025). The significant differences in physiological responses and growth metrics provide
strong evidence that indigenous species are more suitable for reforestation projects that aim to
address the dual challenges of climate change and habitat degradation.

The relationship between species performance and environmental stressors underscores
the need for species-specific approaches in climate-adaptive reforestation. Indigenous species,
particularly Xylia xylocarpa and Acacia mangium, demonstrated superior resilience to both
drought and flood conditions, which is directly linked to their evolutionary adaptations to local
climate stresses (Vijayaraghavalu et al., 2025). In contrast, non-native species were less
adaptable, as evidenced by their reduced survival and growth rates. This relationship between
species resilience and environmental stressors highlights the importance of selecting species
based on their ecological suitability rather than fast-growing traits alone. By prioritizing
indigenous species with proven resilience, reforestation projects can be more effective in
creating climate-resilient ecosystems that are capable of withstanding future climate extremes.

I/
{dh — 7

Increased
root biomass

Decreased
root biomass

Indigenous Species

Figure 2. Ecosystem Functions

Non-Indigenous Species

Furthermore, the findings reveal that indigenous species contribute to ecosystem
functions beyond just survival and growth. The increased root biomass and photosynthetic
efficiency of indigenous species are indicative of their ability to support other ecosystem
processes, such as soil stabilization, water retention, and biodiversity enhancement (Tarolli et
al., 2026). These species play a crucial role in restoring ecosystem health and promoting long-
term forest sustainability. The relationship between indigenous species and their ability to
maintain ecological balance under climate stressors reinforces the necessity of including these
species in future forest restoration efforts.

The study’s findings were further validated through a case study in a tropical region,
where a reforestation project utilizing indigenous species was carried out in an area affected by
both frequent droughts and seasonal flooding. The case study demonstrated that indigenous
species such as Xylia xylocarpa and Acacia mangium not only survived the harsh conditions
but also outperformed non-native species in terms of growth, survival, and ecosystem service
provision. Over a two-year period, indigenous species established a strong foothold, with
survival rates exceeding 85%, while non-native species had survival rates of only 55%. This
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real-world example supports the laboratory and field results, illustrating the practical
applications of using indigenous species in climate-adaptive reforestation programs.

Additionally, the case study highlighted the socio-economic benefits of using indigenous
species in reforestation. Local communities reported increased opportunities for sustainable
harvesting of timber and non-timber forest products, such as fruits and medicinal plants, from
indigenous species (Stanturf et al., 2026). This not only provided economic benefits but also
encouraged community involvement in forest management, ensuring the long-term success of
the reforestation project. The case study serves as a powerful example of how indigenous
species can contribute to both ecological resilience and community well-being in climate-
adaptive reforestation efforts.

The data collected from the study highlight the superior adaptive traits of indigenous
species in the face of climate extremes. The results show that species like Xylia xylocarpa and
Acacia mangium possess unique physiological adaptations, such as increased root biomass,
higher photosynthetic efficiency, and improved water retention, which enable them to cope
with drought and flooding (Shivaprasad et al., 2025). These findings align with existing
ecological theories suggesting that species adapted to local conditions are better equipped to
handle climate stressors. The study confirms that indigenous species are not only more resilient
to environmental changes but also contribute significantly to ecosystem recovery and
sustainability.

The explanation of these data emphasizes the importance of using indigenous species in
climate-adaptive reforestation efforts. By focusing on species with natural adaptations to local
climate conditions, reforestation projects can ensure better survival and growth under extreme
environmental stress (Schaeffer et al., 2025). This study provides a clear rationale for
integrating indigenous species into forest management practices, especially in areas prone to
climate-related challenges such as droughts and floods. The findings also underscore the need
for further research on the physiological and ecological traits of indigenous species to better
inform reforestation strategies.

In conclusion, the study clearly demonstrates that indigenous species offer superior
resilience to climate extremes such as drought and flooding compared to non-native species.
The higher survival rates, better growth performance, and enhanced ecological functions of
indigenous species make them ideal candidates for climate-adaptive reforestation projects
(Rida, 2025). These findings suggest that the integration of indigenous species into forest
restoration efforts is not only ecologically beneficial but also crucial for building climate-
resilient ecosystems. The data presented here offer valuable insights for policymakers and
forest managers seeking to create more sustainable, adaptive, and biodiverse forests in the face
of a changing climate.

The results of this study indicate that indigenous tree species are significantly more
resilient to both drought and flood conditions compared to non-native species. Indigenous
species such as Xylia xylocarpa and Acacia mangium demonstrated higher survival rates,
superior growth, and better physiological responses under extreme climate conditions (Reyes-
Avila, 2026). In particular, these species showed enhanced root bioma ss development, greater
photosynthetic efficiency, and more effective water retention, which contributed to their
resilience. Non-native species, on the other hand, exhibited lower survival rates and poorer
growth in both drought and flood conditions, confirming the ecological advantage of
indigenous species in climate-adaptive reforestation projects. These findings suggest that
indigenous species not only survive but thrive in conditions worsened by climate change,
supporting the notion that they are better suited for reforestation in vulnerable ecosystems.

The findings of this study align with, but also extend, previous research on the
advantages of using indigenous species in reforestation. Many studies have highlighted the role
of native species in enhancing biodiversity and promoting ecosystem resilience, but fewer have
systematically tested their responses to both drought and flood conditions. Previous studies
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often focus on single stressors, either drought or flooding, without considering how species
might respond to the combined pressures of both (Rahman et al.,, 2026). This study
distinguishes itself by evaluating the performance of indigenous species under both conditions
simultaneously, offering a more comprehensive understanding of species resilience. Compared
to studies that favor non-native species due to their rapid growth, this research challenges the
assumption that fast-growing non-natives are always the most suitable for reforestation,
emphasizing instead the long-term benefits of indigenous species in providing ecological
stability under changing climatic conditions.

The results of this study point to a fundamental shift in the way we approach forest
restoration in the context of climate change. They underscore the importance of selecting tree
species based on their ecological fit and adaptive capacity, rather than prioritizing growth rates
alone. The higher survival and growth rates of indigenous species in both drought and flood
conditions suggest that these species are more attuned to the environmental challenges of the
regions in which they are found. This research marks a pivotal moment in reforestation science,
highlighting the need for a more nuanced understanding of species resilience that takes into
account multiple climate stressors. The findings also reinforce the argument that successful
reforestation efforts must be tailored to local ecological conditions, with indigenous species
playing a central role in fostering long-term ecosystem stability and functionality.

The implications of this research are far-reaching for both scientific knowledge and
practical reforestation efforts. The clear advantage of indigenous species in climate-adaptive
reforestation challenges the prevailing practice of using non-native species for quick
restoration. These findings suggest that reforestation programs should prioritize the use of
indigenous species, not only for their resilience to climate stressors but also for their ability to
maintain ecological integrity and provide long-term environmental benefits. This shift could
lead to more sustainable and effective forest restoration efforts, especially in areas that are
highly vulnerable to climate impacts such as droughts and floods. The research also highlights
the potential for integrating indigenous species into broader climate adaptation strategies,
creating ecosystems that are not only more resilient but also more capable of supporting
biodiversity and providing ecosystem services over time.

The findings of this study are a result of the unique adaptive traits that indigenous species
have developed over centuries to survive in specific local environments. Indigenous species
have evolved mechanisms for coping with climate extremes, including specialized root
systems, better water retention capabilities, and greater photosynthetic efficiency under stress.
These traits make them naturally suited to withstand both droughts and floods, which are
becoming more frequent and intense due to climate change. In contrast, non-native species,
often introduced for their rapid growth, do not have these evolved adaptations and struggle to
cope with extreme environmental fluctuations. The results underscore the importance of
considering evolutionary history and ecological context when selecting species for
reforestation, especially in the face of unpredictable climate events. This research is a reflection
of the growing understanding that long-term sustainability in forest ecosystems depends on the
ability of species to adapt to changing environmental conditions.

Moving forward, it is essential to conduct further research to evaluate the long-term
impacts of using indigenous species in large-scale reforestation projects. While the results of
this study are promising, there is still much to learn about the long-term ecological and socio-
economic benefits of integrating indigenous species into forest restoration efforts. Future
research should focus on the scalability of using indigenous species in different climatic
regions, particularly in areas that face varying levels of drought and flooding. Additionally,
more studies are needed to explore how indigenous species interact with other elements of the
ecosystem, such as soil microbiomes, and how these interactions may influence forest health
and resilience over time. The next logical step is to develop comprehensive, region-specific
guidelines for the use of indigenous species in climate-adaptive reforestation, ensuring that
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restoration efforts are not only ecologically sound but also sustainable and beneficial to local
communities.

CONCLUSION

This study reveals that indigenous tree species outperform non-native species in terms of
resilience to both drought and flooding, crucial stressors exacerbated by climate change. The
research demonstrates that species like Xylia xylocarpa and Acacia mangium exhibit superior
survival rates, growth, and physiological responses compared to commonly used non-native
species. These indigenous species also show increased root biomass, enhanced photosynthetic
efficiency, and better water retention capabilities, all of which contribute to their ability to
thrive under extreme climate conditions. The significant difference in performance between
indigenous and non-native species underscores the importance of prioritizing native species for
climate-adaptive reforestation efforts, especially in regions vulnerable to climate extremes.

The study makes a significant contribution by offering a novel, comprehensive approach
to evaluating the drought and flood resilience of indigenous species in reforestation efforts.
While previous research often focused on single stressors, this study uniquely examines the
dual impact of both drought and flood conditions, providing a more realistic framework for
assessing species performance under climate change. Additionally, the research combines both
field experiments and laboratory assessments, allowing for a holistic understanding of species
resilience across multiple environmental conditions. The inclusion of socio-economic factors,
such as community benefits from indigenous species, further enriches the study by highlighting
the broader impacts of reforestation on local economies and forest management practices.

One limitation of this study is its focus on a limited number of species and geographic
locations, which may not fully capture the variability in species performance across different
ecosystems. While the study provides valuable insights into the performance of specific
indigenous species under drought and flood stress, it does not encompass all potential species
that could be considered for reforestation in diverse climatic regions. Future research should
explore a wider range of indigenous species, particularly in under-researched regions, to better
understand the global applicability of these findings. Additionally, long-term studies are
needed to assess the sustained impacts of using indigenous species in large-scale reforestation
projects, as well as their ability to adapt to future climate scenarios. Future studies could also
investigate the synergistic effects of indigenous species on soil health, biodiversity, and
ecosystem services over extended periods.
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