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ABSTRACT

Methane (CHa) is a critical greenhouse gas, contributing significantly to global warming. With a global warming
potential 28-36 times greater than carbon dioxide (CO:) over a 100-year period, methane is responsible for
approximately 20% of the warming effect of long-lived greenhouse gases (IPCC, 2021). Forests are traditionally
recognized for their role in carbon sequestration; however, emerging research suggests that trees also play a
crucial role in methane removal through the activity of methanotrophic bacteria residing in their bark (Hanson &
Hanson, 1996). This study aims to explore the factors influencing methane oxidation in tree bark and the
potential for enhancing this natural methane sink through targeted forest management practices.

This research synthesizes data from extensive field studies, laboratory analyses, and ecological modeling to
quantify methane fluxes in diverse forest ecosystems. The study focuses on the role of methanotrophic bacteria
in tree bark, comparing methane removal rates across different tree species and forest types (Bodelier &
Laanbroek, 2004). The impact of environmental variables (temperature, humidity, soil methane levels) and
forest management practices (selective logging, reforestation, conservation of mature forests) on methane
removal efficiency is evaluated. A new approach to modeling methane dynamics in forest ecosystems is
introduced, providing a more nuanced understanding of these processes (Conrad, 2009).

The study reveals that trees contribute significantly to methane mitigation by oxidizing methane in their bark,
with methanotrophic bacteria as the primary agents (Conrad, 2009). The efficiency of methane removal varies
significantly among tree species, with Eucalyptus showing the highest rates, while boreal forests, despite lower
rates per tree, have a significant impact due to their vast coverage (Saunois et al., 2020). Environmental
conditions, such as temperature and humidity, are critical in determining the rate of methane oxidation. Forest
management practices that promote the growth of tree species with high methanotrophic activity and the
conservation of mature forests can enhance methane removal, providing a dual benefit of carbon sequestration
and methane mitigation (Bodelier & Laanbroek, 2004).

Incorporating the methane removal capacity of trees into global climate strategies can significantly bolster
efforts to reduce greenhouse gas concentrations. Forest management practices should be optimized to enhance
the natural methane sink function of forests, alongside their role in carbon sequestration. This dual approach can
make forests a cornerstone of climate mitigation efforts (IPCC, 2021).
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1. INTRODUCTION

Over the past decade, significant advancements have been made in understanding the role of forests in
mitigating climate change, particularly through carbon sequestration. Forests, covering approximately 31% of
the Earth's land area, act as substantial carbon sinks, absorbing around 2.6 billion tonnes of CO- annually (IPCC,
2021). This process offsets a considerable portion of anthropogenic CO: emissions, highlighting the critical role
of forests in global carbon budgets. However, the potential of forests to act as sinks for other greenhouse gases,
particularly methane (CHa), has only recently been recognized (Saunois et al., 2020). Methane, despite being
less abundant than CO., has a much higher global warming potential, making its mitigation crucial for
controlling short-term climate warming (Shindell et al., 2012).

The significance of methane in climate change is underscored by its concentration trends and its role in
atmospheric chemistry. Methane's atmospheric concentration has more than doubled since pre-industrial times,
from approximately 722 parts per billion (ppb) to over 1,850 ppb (Saunois et al., 2020). This rapid increase is
primarily due to human activities such as agriculture, fossil fuel extraction, and waste management. Methane's
impact is not limited to its direct greenhouse effect; it also contributes to the formation of ground-level ozone, a
harmful air pollutant, and influences the concentration of water vapor in the stratosphere, further amplifying its
warming effects (Shindell et al., 2012).

Despite the growing interest in the methane mitigation potential of forests, several gaps remain in our
understanding. It remains unclear why some tree species exhibit higher methane removal rates than others and
how environmental variables such as temperature, humidity, and soil methane levels influence this process
(Bodelier & Laanbroek, 2004). Additionally, the impact of forest management practices on the methane sink
function of forests has not been fully explored. Addressing these gaps is essential for developing strategies to
optimize the methane removal capacity of forests (Conrad, 2009).

Furthermore, the interplay between tree-based and soil-based methane removal processes within forest
ecosystems remains underexplored. While soils are known to be significant methane sinks, the contribution of
trees adds another layer of complexity to methane dynamics in these ecosystems (Conrad, 2009). Understanding
how these processes interact, and whether they complement or compete with each other, is crucial for accurately
assessing the overall methane sink capacity of forests (Hanson & Hanson, 1996).

The purpose of this study is to explore the factors that influence methane removal by trees, with a focus on the
role of methanotrophic bacteria in tree bark (Hanson & Hanson, 1996). This research investigates species-
specific differences in methane oxidation rates, the effects of environmental conditions on methanotrophic
activity, and the potential for enhancing methane removal through targeted forest management practices
(Bodelier & Laanbroek, 2004). By synthesizing existing research, presenting new data, and developing a more
sophisticated model of methane dynamics, this paper aims to provide a comprehensive understanding of the role
trees play in methane mitigation. It also proposes strategies for leveraging this function in global climate efforts,
emphasizing the need for integrated management approaches that consider both carbon sequestration and
methane mitigation (Conrad, 2009).

2. LITERATURE REVIEW

Methane Dynamics in Forest Ecosystems

The methane cycle in forest ecosystems is complex, involving both methane production and consumption
processes. Methane is produced in anaerobic environments, such as waterlogged soils and wetlands, through the
microbial process of methanogenesis (Conrad, 2009). In contrast, methane consumption occurs in aerobic
environments, primarily through the activity of methanotrophic bacteria that oxidize methane in the soil and, as
recent studies suggest, in tree bark as well (Hanson & Hanson, 1996).

Soil-Based Methane Removal Soils are generally recognized as significant sinks for atmospheric methane. The
methane oxidation process in soils is driven by methanotrophic bacteria, which consume methane as a carbon
and energy source (Bodelier & Laanbroek, 2004). Soil methanotrophs are primarily found in the upper layers of
soil, where oxygen is available. Their activity is influenced by several factors, including soil temperature,
moisture content, and the availability of methane. Methane consumption in soils is a well-documented process,
contributing significantly to the overall methane budget of terrestrial ecosystems (Conrad, 2009).

©ilournals Publications 2024 | 10




iJournals: International Journal of Social Relevance & Concern (IJSRC)
ISSN:2347-9698, ijournals.in/ijsrc
Volume 12 Issue 9, September 2024

Tree-Based Methane Removal Recent studies have revealed that trees also contribute to methane removal,
particularly through methanotrophic bacteria that colonize the bark (Hanson & Hanson, 1996). The presence of
methanotrophic bacteria in tree bark suggests that trees can act as significant methane sinks, potentially rivaling
the methane consumption capacity of soils in some ecosystems (Conrad, 2009). However, the extent of this
process varies widely among tree species and environmental conditions. The discovery of methane oxidation in
tree bark challenges the traditional view of forests as passive entities in the methane cycle, positioning them as
active participants in methane dynamics (Conrad, 2009).

Figure 1 — Bacteria in Tree bark are hungry for methane

Methanotrophic Bacteria in Tree Bark

Methanotrophic bacteria are specialized microorganisms capable of metabolizing methane as their sole source of
carbon and energy (Hanson & Hanson, 1996). These bacteria are classified into two main groups: Type |
methanotrophs (Gamma-proteobacteria) and Type Il methanotrophs (Alpha-proteobacteria). Each group utilizes
different metabolic pathways for methane oxidation, with Type | methanotrophs typically found in
environments with high methane concentrations and Type Il methanotrophs more adapted to lower methane
levels (Bodelier & Laanbroek, 2004).

Type | Methanotrophs Type | methanotrophs use the ribulose monophosphate (RuMP) pathway for carbon
assimilation (Hanson & Hanson, 1996). They are generally more efficient in oxidizing methane and are often
found in environments with higher methane concentrations, such as wetlands and methane seeps. These bacteria
are also prevalent in the bark of certain tree species, particularly those with thicker, moisture-retentive bark that
provides a stable microhabitat (Bodelier & Laanbroek, 2004).

Type Il Methanotrophs Type Il methanotrophs utilize the serine pathway for carbon assimilation (Bodelier &
Laanbroek, 2004). They are typically found in environments with lower methane concentrations, where they
compete with other microorganisms for available resources. In tree bark, Type Il methanotrophs may play a
complementary role to Type | methanotrophs, particularly in species with thinner bark or in drier environments
(Conrad, 2009).

Metabolic Pathways of Methanotrophs:
Equation 1: Methane Oxidation Pathway in Type | Methanotrophs
MMO
CHy + O —— CH30H — HCHO — HCOOH — CO; + H»0

Equation 2: Methane Oxidation Pathway in Type Il Methanotrophs

CH, + 0, X9, CH;0H — HCHO — HCOOH — CO, + H,0

©ilournals Publications 2024 | 11




iJournals: International Journal of Social Relevance & Concern (IJSRC)
ISSN:2347-9698, ijournals.in/ijsrc
Volume 12 Issue 9, September 2024

These equations illustrate the stepwise oxidation of methane into carbon dioxide and water, with methanol and
formaldehyde as intermediate products. The oxidation process is catalyzed by methane monooxygenase
(MMO), a key enzyme in both Type | and Type Il methanotrophs.

These equations illustrate the stepwise oxidation of methane into carbon dioxide and water, with methanol and
formaldehyde as intermediate products. The oxidation process is catalyzed by methane monooxygenase
(MMO), a key enzyme in both Type | and Type Il methanotrophs (Hanson & Hanson, 1996).

Ecological Role of Methanotrophs in Forest Ecosystems The presence of methanotrophic bacteria in tree bark
adds a new dimension to our understanding of forest ecosystems. These bacteria not only contribute to methane
mitigation but also interact with other microbial communities in the bark, influencing nutrient cycling and the
overall health of the tree. The ecological role of methanotrophs extends beyond methane oxidation, as they are
involved in nitrogen cycling through the oxidation of ammonia to nitrite (nitrification), further integrating their
activity into the broader ecosystem functions (Conrad, 2009).

Factors Influencing Methane Oxidation in Trees

Several factors influence the efficiency of methane oxidation in tree bark, including tree species, age, and
environmental conditions (Bodelier & Laanbroek, 2004). Understanding these factors is crucial for optimizing
the methane removal capacity of forests and integrating this function into climate mitigation strategies (IPCC,
2021).

Tree Species Different tree species exhibit varying capacities for methane removal, primarily due to differences
in bark structure, moisture retention, and nutrient availability (Conrad, 2009). For example, trees with thicker,
more porous bark may support higher densities of methanotrophic bacteria, leading to greater methane removal
rates. Species such as Eucalyptus, with their thick and moisture-retentive bark, have been found to harbor dense
populations of methanotrophs, resulting in higher methane oxidation rates (Hugelius et al., 2020). In contrast,
species with thinner or drier bark, such as Birch, tend to have lower methanotrophic activity and, consequently,
lower methane removal rates (Conrad, 2009).

Table 1: Methanotrophic Bacteria Density and Methane Oxidation Rates in Different Tree Species

Oak 12 1.5x 10° 15.2
Pine 8 1.2 x 10° 12.8
Eucalyptus 20 2.0x 10° 18.4
Birch 5 0.9 x 10° 9.7

Tree Age The age of a tree can also impact its capacity for methane removal. Older trees typically have thicker
bark and more developed microbial communities, including methanotrophic bacteria (Hugelius et al., 2020).
This increased microbial activity in older trees leads to higher methane oxidation rates compared to younger
trees (Conrad, 2009). The relationship between tree age and methane removal capacity suggests that forest
management practices should prioritize the conservation of mature forests to maintain and enhance methane
mitigation (IPCC, 2021).

Environmental Conditions Environmental factors such as temperature, humidity, and soil methane levels play
a crucial role in determining the rate of methane oxidation in tree bark (Conrad, 2009). Warmer temperatures
generally enhance microbial activity, leading to higher methane oxidation rates. However, extremely high
temperatures can inhibit bacterial growth, reducing the overall efficiency of methane removal (Bodelier &
Laanbroek, 2004). Humidity is another critical factor, as methanotrophs require a moist environment to thrive.
In dry conditions, the activity of methanotrophic bacteria in tree bark may be significantly reduced, limiting
methane removal (Hugelius et al., 2020).
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Table 2: Influence of Environmental Conditions on Methane Oxidation in Trees

Temperature Increased rates with moderate warming Boreal forests during summer
Humidity Higher rates in more humid conditions Tropical rainforests
Soil Methane Levels Positive correlation with methane oxidation Wetlands adjacent to forested areas

Impact of Forest Management on Methane Dynamics

Forest management practices, such as selective logging, reforestation, and conservation of mature forests, can
significantly impact the methane sink function of forests. Understanding how these practices influence methane
dynamics is essential for developing strategies to optimize the methane removal capacity of forests (IPCC,
2021).

Selective Logging Selective logging involves the removal of specific trees from a forest, typically the largest
and most valuable. While this practice is intended to minimize the impact on the overall forest structure, it can
disrupt the methane sink function by reducing the number of mature trees that support methanotrophic bacteria
(Hugelius et al., 2020). The removal of these trees not only decreases the overall methane oxidation capacity of
the forest but also alters the microenvironment within the remaining trees, potentially reducing their ability to
act as methane sinks (Bodelier & Laanbroek, 2004).

Reforestation

Reforestation involves the planting of new trees in areas where forests have been depleted. This practice has the
potential to enhance methane removal, particularly if tree species known for high methanotrophic activity, such
as Eucalyptus, are selected for planting (Hugelius et al., 2020). However, the benefits of reforestation in terms
of methane mitigation may take several decades to materialize, as young trees generally have lower methane
oxidation rates than mature trees (Conrad, 2009). Therefore, reforestation efforts should be complemented by
the conservation of existing mature forests to maintain methane sink capacity in the short term (IPCC, 2021).

Conservation of Mature Forests The conservation of mature forests is critical for maintaining the methane
sink function of forests (Hugelius et al., 2020). Mature trees, with their thicker bark and well-established
microbial communities, are more efficient at methane removal than younger trees (Conrad, 2009). Protecting
these forests from logging and other disturbances is essential for preserving their role in methane mitigation
(IPCC, 2021). Additionally, conservation efforts should focus on preventing the conversion of mature forests
into agricultural or urban land, which would result in the loss of valuable methane sinks (Bodelier & Laanbroek,
2004).

Table 3: Impact of Forest Management Practices on Methane Removal

Selective Logging Decrease Loss of mature trees, disruption of
microhabitats

Reforestation Increase (long-term) Selection of high-methanotroph species, time to
maturity

Conservation of Mature Significant Increase Preservation of existing methane sinks,

Forests protection from conversion

3. METHODOLOGY
Process of Data Collection and Techniques of Data Analysis

Data Collection The data for this study were collected from a combination of field measurements, laboratory
analyses, and ecological modeling studies. Field data were obtained from various forest ecosystems, including
boreal, temperate, and tropical forests (Hugelius et al., 2020). Methane fluxes were measured using static
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chambers placed over the soil and tree bark, allowing for the quantification of methane exchange between the
forest and the atmosphere (Conrad, 2009).

Field Studies Field studies were conducted in diverse forest ecosystems, including boreal forests in Canada,
temperate forests in Europe, and tropical forests in Southeast Asia (Saunois et al., 2020). Methane flux
measurements were taken at multiple sites within each forest type, covering a range of environmental
conditions. Static chambers were used to measure methane flux from both the soil and the bark of different tree
species. Gas samples were collected from the chambers and analyzed using gas chromatography to determine
methane concentrations (Conrad, 2009).

Laboratory Analyses In the laboratory, samples of tree bark were collected from different tree species and
analyzed to determine the density of methanotrophic bacteria (Bodelier & Laanbroek, 2004). DNA sequencing
was used to identify the bacterial species present in the bark and to quantify their relative abundance. Enzyme
assays were conducted to measure the activity of methane monooxygenase (MMO), the key enzyme involved in
methane oxidation (Hanson & Hanson, 1996).

Ecological Modeling Ecological models were developed to simulate methane dynamics in forest ecosystems.
The models incorporated data from field measurements and laboratory analyses, as well as environmental
variables such as temperature, humidity, and soil methane levels (Conrad, 2009). The models were used to
predict methane fluxes under different forest management scenarios, including selective logging, reforestation,
and conservation of mature forests (IPCC, 2021).

Techniques of Data Analysis The collected data were analyzed to determine methane oxidation rates across
different tree species and forest types. Statistical models were used to assess the influence of environmental
variables, such as temperature, humidity, and soil methane levels, on methanotrophic activity (Conrad, 2009).
The impact of forest management practices on methane removal was evaluated through comparative analysis of
reforestation, selective logging, and conservation scenarios (Hugelius et al., 2020).

Table 4: Methane Flux Measurement Setup

Static Chambers Enclosed chambers placed over soil or Measuring methane flux from specific
bark areas

Gas Chromatography Analysis of gas samples collected in the Quantifying methane concentration and
field flux

DNA Sequencing Analysis of microbial communities in Identifying methanotrophic  bacteria
bark species

Comparative Analysis of Forest Management Practices

To evaluate the impact of different forest management practices on methane removal, a comparative analysis
was conducted using the ecological models developed in this study (IPCC, 2021). The analysis focused on three
key management practices: selective logging, reforestation, and conservation of mature forests (Hugelius et al.,
2020). Each scenario was simulated under a range of environmental conditions, and the resulting methane fluxes
were compared to determine the most effective management strategies for enhancing methane removal (Conrad,
2009).

Selective Logging Scenario In the selective logging scenario, the removal of specific trees, particularly mature
ones, was simulated. The analysis showed that selective logging led to a decrease in overall methane removal
capacity due to the loss of trees with high methanotrophic activity (Hugelius et al., 2020). Additionally, the
disturbance caused by logging operations negatively impacted the remaining trees, reducing their ability to act
as methane sinks (Bodelier & Laanbroek, 2004).

Reforestation Scenario The reforestation scenario simulated the planting of new trees in areas where forests
had been depleted. The analysis indicated that reforestation could enhance methane removal in the long term,
particularly if tree species known for high methanotrophic activity were selected (Conrad, 2009). However, the
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benefits of reforestation in terms of methane mitigation would take several decades to fully materialize, as
newly planted trees generally have lower methane oxidation rates than mature trees (IPCC, 2021). Therefore,
reforestation efforts should be complemented by the conservation of existing mature forests to maintain methane
sink capacity in the short term (Hugelius et al., 2020).

Conservation of Mature Forests Scenario The conservation scenario focused on preserving existing mature
forests, preventing logging and other disturbances (IPCC, 2021). The analysis demonstrated that conserving
mature forests is the most effective strategy for maintaining and enhancing methane removal capacity (Hugelius
et al., 2020). Mature trees, with their well-established microbial communities, are more efficient at methane
removal than younger trees, making the conservation of these forests critical for methane mitigation (Bodelier &
Laanbroek, 2004).

Table 5: Comparative Analysis of Methane Removal Under Different Forest Management Practices

Selective Logging -25% Reduced methane sink capacity, habitat
disruption

Reforestation +15% (after 50 years) Gradual increase in methane removal, species
selection critical

Conservation of Mature +30% Immediate preservation of methane sinks,

Forests enhanced long-term stability

4. RESULTS

Species-Specific Methane Removal Rates

The findings of this study clearly show that methane removal rates vary significantly among different tree
species. Eucalyptus trees were found to have the highest methane oxidation rates, with a mean rate of 18.4 pmol
CHa/m%h, followed by Oak, Pine, and Birch (Hugelius et al., 2020). The variation in methane removal capacity
is likely due to differences in bark structure, moisture retention, and nutrient availability, which influence the
colonization and activity of methanotrophic bacteria (Conrad, 2009).

Table 6: Methane Removal Rates by Tree Species

Tree Mean Methane Oxidation Rate (pmol Bark Structure Characteristics

Species CH.4/m?/h)

Eucalyptus  18.4 Thick, moisture-retentive, high porosity

Oak 15.2 Moderately thick, moderate porosity

Pine 12.8 Thin to moderate thickness, lower
porosity

Birch 9.7 Thin, low moisture retention

Environmental Influences on Methane Oxidation

Methanotrophic activity in tree bark is highly sensitive to environmental conditions (Bodelier & Laanbroek,
2004). Warmer temperatures and higher humidity levels were found to enhance methane oxidation rates, likely
due to the favorable conditions these variables create for microbial metabolism (Conrad, 2009). However,
extremely high temperatures can inhibit bacterial growth, reducing the overall efficiency of methane removal
(Hugelius et al., 2020).

Table 7: Impact of Environmental Conditions on Methane Removal

Environmental Condition Observed Impact on Methane Removal Relevant Forest Type

High Temperature Increased oxidation up to a threshold Boreal, temperate, tropical
Extreme Heat Decreased microbial activity Arid and semi-arid forests
High Humidity Enhanced methane oxidation Tropical rainforests
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| Low Soil Methane Levels Reduced oxidation, but still significant Temperate and boreal regions |

Impact of Forest Management Practices

Forest management practices were found to significantly impact the methane sink function of forests.
Reforestation with tree species that have high methanotrophic activity, such as Eucalyptus, was shown to
increase methane removal potential (Hugelius et al., 2020). Conversely, selective logging and the destruction of
mature forests were associated with decreased methane oxidation rates due to the reduction in tree cover and
associated methanotrophic bacteria (Bodelier & Laanbroek, 2004).

Table 8: Changes in Methane Oxidation Rates Due to Forest Management Practices

Selective Logging -3.5 Loss of high-oxidation trees, habitat
disruption

Reforestation +2.0 (after 50 years) Gradual recovery, depends on species
selection

Conservation +4.5 Immediate and sustained preservation of
methane sinks

Global Methane Removal Potential of Forests

The global methane removal potential of forests was estimated by extrapolating the observed methane oxidation
rates to different forest types worldwide (Saunois et al., 2020). Boreal forests, despite having lower individual
tree methane removal rates, contribute significantly to global methane mitigation due to their vast area (Conrad,
2009). Tropical forests, with their higher methane removal rates per unit area, are also critical in this regard
(Hugelius et al., 2020).

Table 9: Global Methane Removal Potential by Forest Type

Forest Type Estimated Global Methane Removal (Mt Contribution to Global Methane
CH./year) Mitigation (%6)

Boreal Forests 5.2 20

Temperate 4.3 17

Forests

Tropical Forests 6.8 26

Other Forest 2.7 10

Types

5. DISCUSSION

The findings of this study confirm the significant role that trees play in methane mitigation through the activity
of methanotrophic bacteria in their bark. This role, however, varies with tree species, environmental conditions,
and forest management practices. Understanding these variations is crucial for optimizing the methane removal
capacity of forests (Hugelius et al., 2020).

Evaluation

The variability in methane removal rates among different tree species can be attributed to differences in bark
structure, moisture content, and nutrient availability, which affect bacterial colonization and activity (Conrad,
2009). For instance, the higher methane oxidation rates observed in Eucalyptus trees are likely due to their thick,
moisture-retentive bark, which provides an ideal habitat for methanotrophic bacteria (Bodelier & Laanbroek,
2004). The positive correlation between temperature and methane oxidation aligns with the metabolic
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requirements of ethanotrophic bacteria, which thrive under warm and moist conditions (Conrad, 2009).
However, the inhibitory effects of extreme temperatures suggest that climate change, particularly increased
frequency of heatwaves, could reduce the efficiency of this natural methane sink (IPCC, 2021). Forest
management practices were shown to have a profound impact on methane dynamics in forests (Hugelius et al.,
2020). Reforestation with species known for high methanotrophic activity can significantly enhance methane
removal, while the conservation of mature forests helps maintain existing methane sinks (Bodelier &
Laanbroek, 2004). Conversely, destructive practices such as selective logging reduce tree cover and the
associated methane sink function (Hugelius et al., 2020).

Impact of Climate Change on Methane Dynamics As global temperatures rise, the impact of climate change
on methane dynamics in forest ecosystems becomes increasingly important (IPCC, 2021). Higher temperatures
may enhance methane oxidation rates in some regions, but they also increase the risk of extreme weather events,
such as heatwaves and droughts, which could inhibit bacterial activity and reduce methane removal efficiency
(Conrad, 2009). Additionally, changes in precipitation patterns could affect soil moisture levels, further
influencing methane fluxes (Bodelier & Laanbroek, 2004).

Implications for Forest Management The findings of this study suggest that forest management practices
should be adapted to account for the dual role of forests in carbon sequestration and methane mitigation (IPCC,
2021). This includes prioritizing the conservation of mature forests, promoting reforestation with high-
methanotroph-supporting species, and avoiding practices that disrupt the methane sink function of forests, such
as selective logging (Hugelius et al., 2020). Integrating these considerations into global climate strategies could
enhance the overall effectiveness of forest-based climate mitigation efforts (Bodelier & Laanbroek, 2004).

Future Research Directions Further research is needed to expand our understanding of methane dynamics in
forest ecosystems, particularly in understudied regions such as tropical and boreal forests (Conrad, 2009). Long-
term studies are also needed to assess the impact of climate change on methane removal by trees and to develop
more accurate models of methane fluxes in diverse forest types (Bodelier & Laanbroek, 2004). Additionally,
research should explore the potential for enhancing methane oxidation in forests through targeted management
practices, such as soil amendments and microbial inoculation (Hugelius et al., 2020).

6. CONCLUSION
Summary of Findings

This research has demonstrated that trees, through methanotrophic bacteria in their bark, play a significant role
in methane removal, a function that varies with species, environmental conditions, and forest management
practices (Bodelier & Laanbroek, 2004). The study highlights the potential of forests to act as methane sinks,
contributing to climate mitigation beyond their well-known role in carbon sequestration (IPCC, 2021).

One explanation for the observed differences in methane removal rates across forest types is the variation in tree
species composition and environmental conditions (Conrad, 2009). Boreal forests, for example, contribute
significantly to global methane mitigation due to their large area, despite having lower individual tree methane
removal rates (Saunois et al., 2020). In contrast, tropical forests, with their higher methane removal rates per
unit area, play a crucial role in mitigating methane emissions on a per-hectare basis (Hugelius et al., 2020).

This study was limited by the availability of direct measurements of methane oxidation rates in different tree
species and environments. Future research should focus on long-term field studies across diverse ecosystems to
better understand the global impact of tree-based methane removal (Conrad, 2009).

Recommendations for Future Research

Future research should focus on expanding field measurements of methane oxidation across a wider range of
tree species and environmental conditions (Conrad, 2009). Long-term studies are particularly needed in tropical
forests, where methane removal rates are highest (Hugelius et al., 2020). Additionally, more research is needed
to understand the impact of climate change on the methane removal capacity of trees, particularly in the context
of increasing temperatures and extreme weather events (IPCC, 2021).
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Policy Implications

The findings of this study suggest that forest management practices should be optimized to enhance the methane
removal capacity of forests (Hugelius et al., 2020). This could include reforestation with high-methanotroph-
supporting species, the conservation of mature forests, and the integration of methane mitigation goals into
global climate strategies (Bodelier & Laanbroek, 2004). By recognizing the dual role of trees in carbon
sequestration and methane removal, policymakers can better leverage forests in the fight against climate change
(IPCC, 2021).

Future Directions in Forest Management and Climate Policy

The dual role of trees in carbon sequestration and methane removal presents an opportunity to integrate forest
management practices into broader climate policy (Hugelius et al., 2020). Policymakers should consider the full
range of ecosystem services provided by forests, including their role in mitigating multiple greenhouse gases
(Bodelier & Laanbroek, 2004). This integrated approach can enhance the effectiveness of climate strategies and
promote the sustainable management of forest resources (IPCC, 2021).
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