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Abstract
Objective: The study was conducted in U Minh Thuong National Park to address forest regeneration.

Theoretical framework: After a major forest fire in Vietnam, various measures were taken to promote forest
regeneration, including afforestation, silvicultural solutions, and hydrological techniques such as rainwater storage to

maintain humidity and prevent future fires.

Method: Using a handheld drill, a total of 15 plots were established in the same growth forest area to conduct a survey
on peat thickness across three levels. Each sampling site was numbered as UTM1, UTM2, and UTMS3, and one
kilogram of sample was collected from each site. These samples were then transported to the laboratory of the

Southern Institute of Forestry Science for analysis.

Results and conclusion: There was a relationship between peat chemical indicators and the evolution of the
Melaleuca Forest. Peat thickness and flooding regime significantly influenced the growth of the Melaleuca Forest, while

another study identified a relationship between peat chemical indicators and forest growth. The chemical composition
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of peat water changed significantly due to the rainy and dry seasons, with nutrient content and pH affecting forest
growth. Peat thickness and flooding regime were essential in regulating forest growth. These studies highlight the
importance of considering multiple factors, such as peat thickness and chemical properties, when developing effective

forest restoration strategies.

Implications of the research: By understanding the relationship between peat thickness, chemical properties, and
forest growth, forest managers can develop targeted strategies to promote regeneration while minimizing negative

impacts on biodiversity.
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Introduction

U Minh Thuong National Park is a nature reserve located in the southwest of Vietnam, covering an area of approximately
80,000 hectares (Tran et al., 2015). It is an area of significant ecological value, featuring both mangrove and wetland
forests, and is home to many rare and endangered species of plants and animals (Tran & Pham, 2011; Tran, 2016). The
park has a high level of biodiversity, with over 500 species of plants and 254 species of animals, including many rare
species such as green snakes, crocodiles, large reptiles, yellow parrots, and many migratory birds (Hoang et al., 2009; Le
& Chau, 2014; Nguyen et al., 2020). Due to its ecological significance, U Minh Thuong National Park was recognized by
UNESCO as a World Natural Heritage Site in 2002 (Vietnam Nature Conservation Center, 2004). However, the park faces
several significant conservation and development challenges that threaten its ecological health and biodiversity. lllegal
logging is a severe problem, and unsustainable fishing and aquaculture practices are also causing environmental
degradation. Climate change is another issue that poses a significant threat to the park’s ecosystems, with rising
temperatures and sea levels potentially disrupting habitats and increasing the risk of wildfires. Addressing these

challenges will require the cooperation of Viethamese scientists and government agencies, as well as the participation of
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local communities and stakeholders. Conservation efforts must focus on promoting sustainable development practices,
including responsible logging and fishing, and finding ways to mitigate the impact of climate change. It is also essential to
raise awareness about the park’s ecological significance and educate people on preserving biodiversity. By working
together to address these challenges, we can ensure that U Minh Thuong National Park remains a vital ecological area for

future generations.

Peat is a valuable geological resource found in natural forests and can be used effectively for forest fire prevention (Huat,
2004; Page et al., 1999). The unique properties of peat, such as its good water absorption and low combustibility, make it
an ideal material for reducing the spread of wildfires and aiding firefighting efforts (Tran et al., 2015; Tran, 2011).
Research has shown that peat volume and quality can change over time, particularly in response to forest fires
(Jauhiainen et al., 2005; Posa et al., 2011). A study of peat volume change and forest growth in U Minh Thuong National
Park found that the development of melaleuca forests can be affected by the thickness of the peat layer, with thicker
layers of peat leading to slower forest growth. Furthermore, the study also aimed to understand the chemical nature of
peat after a forest fire. The results showed that the melaleuca forest had regenerated after one year, and almost complete
forest cover had been established on the remaining peat area. This information is critical for understanding the ecological
and environmental factors that influence forest growth and peat quality, and it can help inform conservation and
management efforts in natural forests. Overall, peat is a valuable resource that can contribute to forest fire prevention
efforts. However, it is crucial to understand how forest fires can impact the quality and volume of peat and how this can
affect forest growth. By researching this area, we can better understand the complex ecological and environmental factors

that shape natural forests and develop effective conservation and management strategies to protect them.

Material and Methods

Sample collection

A handheld drill was used to collect samples from a total of 15 plots established in the same forested area to conduct a
survey of peat thickness levels. There were three categories of thickness: 5 cm to 12 cm, comprising 5 plots; 20 cm to 56
cm, comprising 5 plots; and 86 cm to 92 cm, also comprising 5 plots (for a total of 15 plots). At each site, three samples
were collected, with each sample weighing one kilogram. These samples were coded according to their site as UTM1,
UTM2, and UTMS, following the same nomenclature as the survey plots. Subsequently, the samples were transported to

the laboratory of the Southern Institute of Forestry Science for analysis.

Forest growth survey: Based on the peat status map and the map of regeneration status after the forest fire (after 2002),
the forest cover map 2021 of U Minh Thuong National Park was updated from 2003 to 2021. The location coordinates of

peat levels were determined at three levels:

o thinning peat from 5 cm to 12 cm (surveyed in 5 plots).

o medium peat from 20 cm to 56 cm (surveyed in 5 plots).
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o thick peat from 86 cm to 92 cm (surveyed in 5 plots).
Each survey plot area was 500 n? (20 m x 25 m).
Measurement methods:

e The circumference was measured using a tape at 1.3 m (diameter divided by 3.1416).
e The height was measured using a pole from the base to the top of the trees in the plot.
o The canopy diameter was measured using a ruler in two directions (east-west and south-north), adding the two

directions and dividing by two to obtain the average canopy tree Dc

The formula for the diameter of the trunk (D1.3) is:

Ci3

p13= " 1

The formula for calculating the area of the trunk cut at a position of 1.3 m (G1.3) is:

G1.3 = <7 (2

o D1.3: The trunk diameter at position 1.3 m

o Gy 3 The area of the trunk cut at a position of 1.3 m
o Dc The canopy diameter (m)

o Gc: The canopy area (m?)

o Ht Height to top (m)

o f. The volumetric tree coefficient (calculated as 0.5)

o N/p: Number of trees in the survey plot

Analytical methods in the laboratory

Previous documents on forest vegetation, topographic maps, and hydrological regimes related to peat soil in U Minh

Thuong National Park were considered.

Peat sample collection: For peat sample collection, the topographic map from 2010 and the annual water level monitoring
results were referred to gather 15 soil samples at varying inundation levels. The collection took place in June 2022, during
the dry season. A hand drill was used to penetrate deep into the peat layer for sample retrieval. The locations of the

sampling points are shown in Fig. 1.
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Figure 1. The location of Renggis reef and the coral nursery at Tekek, Tioman Island,

Malaysia

At 15 points in U Minh Thuong National Park, 15 peat samples with extra deep peat layers, from 0.5 cm to 92 cm, were
collected. The peat sample is representative of all peatland areas in the National Park. Peat, with a thickness of 5 — 56

cm, occupies most of the national park’s core zone.
The peat samples were analyzed at the Ecological Center of the Institute of Forest Science in Vietnam.
Analytical parameters include:

¢ Volume weight;
o Composition of organic substances;

o Composition of inorganic substances.

Calculation of peat and carbon reserves Peat reserves are calculated using the formula (Mp): Mp = h*$'Dy (h: Peat layer
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thicknesses, S;: Peatland area, Dy: Peat weight in volume).
Carbon reserves (Mc): Mc = M*%C (Mp: Peat reserves, %C: % of carbon in peat).

Calculation of emissions due to peat oxidation.Oxidative emissions of peat are based on peat area and groundwater level
characteristics. The formula used in Indonesia, 91 tons/ha/year on 1 meter per deep (Hooijer et al., 2010), was applied,
but U Minh Thuong National Park is flooded in the dry season; in some areas, the water level decreases in six months, so

the calculated coefficient is 45 tons/ha/year on 1 meter per deep. Thus, the total emission is calculated as follows:

CO2 emission = LUarea ™ Darea * Dpepth * COz2 - 1 (tonfyear) (LU aeq: Peatland area, D a5 Peatland area where the water
level dropped to the ground, Dpgpin: Average depth of the water level in the area that fell to the ground, C@ - 1: CO,

emission in average depth of underground water level = 45.5 ton CO4/ha/year)
Groundwater level data are derived from inherited groundwater level monitoring data from 2002 - 2021.

The research method of content 2 involves determining peat properties under the Melaleuca Forest after a forest fire

(2003 - 2021). A total of 15 peat samples were collected in 15 plots:

e Thinning peat from 5 -12cm (5 peat samples)
o Average peat form 20 -56cm (5 peat samples)

e Thick peat from 86 - 92cm (5 peat samples)

Each sample represented the peat plot set up in the center of the survey plot. The characteristics of the peat era are
evaluated through the criteria: pH (H-0); pH KCI, Mun (%), Nito total (%), BOs (%), K20 (%), Fe?+ (mg/100g), SO4*
(mg/100g), humic acid (%). The pH (H-,0) and pH (KCI) were determined with a pH meter. Humus content and humic acid
were evaluated by the Walkley Black method and total nitrogen by the Kjeldahl method (De Vos et al., 2007); PoOg was

determined by the colorimetric method. All tests were analyzed at the laboratory of the Southern Forest Sciences Institute.

Data analysis

The analysis involves using t-tests and one-way analysis of variance (ANOVA) to compare the mean differences between
peat and forest growth on the different thickness levels of peat (Bao, 2014). A correlation analysis using the Pearson
correlation coefficient described the interdependence between peat quality and the development of Melaleuca trees.
Correlation coefficients range from -1 to +1, with a positive correlation indicating an increase or decrease in two variables
and a negative correlation indicating an increase in one variable and a decrease in the other. A correlation is considered
significant when the P value is less than 0.05, and the correlation coefficient (r) is greater than 0.5 in absolute value
(Gazzaz et al., 2012). All analyses were conducted using statistical software IBM SPSS 20.0 Windows and Statgraplics

Centurion XVI.

The analysis focused on the relationship between the peat environment indicators and the growth of Melaleuca forests on

different peat thicknesses. Spearman’s correlation coefficient was used for analysis, and the significance level was set at
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P < 0.05 (Fehér et al., 2016). If the correlation coefficient variable (peat) levels are significant, the null hypothesis (Ho) will
be rejected, indicating a correlation between peat characteristics and forest growth. Data processing tools, including
statistical calculations, descriptions, hypothesis testing, and graphdrawing, were performed using Microsoft Excel,

Statgraphics Centurion 19.12, and IBM SPSS Statistics version 20.0 (Bao, 2009).

Results And Discussion

Research results of seasonal peat change (development after fire 2003 - 2022)

Changes in peat volume due to the inundation regime

Table 1 shows the changes in peat volume resulting from the inundation regime in the 8,038 ha core zone of U Minh
Thuong National Park. The park includes a total of 3,906.6 ha of peat layer ranging from 30 cm to 130 cm in depth. Within
this area, the peat layer from 120 cm to 130 cm covers 148 ha, while the peat layer from 30 cm to 120 cm covers 3,758.6
ha. Specifically, the peat layer from 70 cm to 120 cm covers 427.9 ha. The peat status before the forest fire in 2002 and

the present are presented in Table 1 for comparison.

Table 1. Changes in the area due to inundation regime

(ha)

No. Status (cm) 2002 (ha) 2003 (ha) 2022 (ha)
Thick peat 120 —

1 oK pea 1245 148

130

Thick peat 100 —

44
120 560 9

3  Thickpeat90-100 2,879.7 979

4 Thick peat 60 — 90 2,331 579

5) Thick peat 20 — 60 979

6 Thick peat 5 - 12 2,331
Total 4,124.7 3,907 3,907
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Figure 2. Peat area of U Minh Thuong National Park from 1998 - 2002 (ha)

Figure 3. Peat distribution map

Status of peatland before forest fire 2002

The peat layer can be categorized into two types based on its form: black peat and brown peat. Black peat is tightly
compressed and can be found at the lower part of the peat layer, while brown peat has a loose structure and may contain

rotten wood in some areas, laying directly on top of the black peat layer.

After a forest fire, the peat left behind is primarily black, typically less than 1.3 meters thick, and has a higher percentage
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of tight soil. The packed dirt allows for better capillary water permeability, making the black peat layer usually wetter than
the brown peat layer. The black peat layer is also more porous and harder to burn, except in arid weather or when located

far from water channels with low humidity, and forest fires are more likely to occur.

Figure 4. A layer of humus decomposing from vegetation on the peat layer (a), peat layer with a thickness of 50 cm (b), and 1.2 m (c)

Peat status after forest fire 2003

According to SubFIPI's 2005 report (SubFIPI, 2005), the total remaining peat area in U MT National Park is 3,907
hectares. This area is further divided into four categories based on the depth of the peat layer. The area with a peat layer
depth between 120 and 130 cm is 148 hectares. The area with a depth between 100 cm and 120 cm is 449 hectares. The
area with a depth between 70 and 100 cm is 979 hectares. The area with a depth between 30 cm and 70 cm is 2,331
hectares, as shown in Figure 5. To explain the statement, it provides information about the remaining peat area in U MT
National Park and how it is distributed based on the depth of the peat layer. Peat is a type of soil formed from the
accumulation of partially decayed organic matter, typically found in wetlands. The depth of the peat layer can be an
essential factor in determining the quality and productivity of the soil. The statement informs us that there are four
categories of peat layer depth in the remaining peat area of U MT National Park: 120-130 cm, 100-120 cm, 70-100 cm,
and 30-70 cm. The largest area of remaining peat is in the category with a depth of 30-70 cm, which covers 2,331
hectares. The next largest area is the 70-100 cm depth category, which covers 979 hectares. The smallest area is the
category with a 120-130 cm depth, which covers only 148 hectares. Overall, the statement provides essential information
about the distribution of remaining peat in U MT National Park, which could be helpful for researchers, policymakers, and

conservationists interested in understanding this unique ecosystem’s ecology and potential uses.
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Figure 5. Peat area after forest fire 2003, U Minh Thuong National Park

According to Table 2, the amount of peat reserves remaining after a forest fire is 26,765,500 cubic meters. This
represents the total volume of peat not consumed by the fire. Additionally, the remaining peat weighs 6,373,913 metric
tons, representing the mass of the remaining peat. The statement also indicates that the remaining peat contains
2,682,212 metric tons of carbon. Peat is a type of soil that contains large amounts of organic matter, including carbon.
The carbon stored in peat is a crucial consideration for climate change, as peatlands are among the largest carbon sinks
on the planet. When peatlands are degraded or disturbed, the stored carbon can be released into the atmosphere,
contributing to global warming. Overall, the statement provides essential information about the impact of a forest fire on
peat reserves and the associated carbon content. This information could be helpful for researchers and policymakers

interested in understanding the carbon dynamics of peatlands and the potential implications for climate change.

Table 2. Carbon reserves of peat in UMT National Park after forest fire 2003

No. Thickness of peat Thickness of average peat P Volume Average Density Peat content  %C Content C
layer (cm) layer (m) (m3) (Mg/mz) (ton) Average (ton)

1 120-130 1.25 148 1,850,000 0.24 444,000 42.12 181,862.4

2 100-120 1.10 449 4,939,000 0.24 1,136,729 42.12 461,625.6

3 70-100 0.85 979 8,321,500 0.24 1,996,344 412 874,398.7

4 30-70 0.50 2331 11,655,000 0.24 2,796,840 42.12 1,164,324.5

Total 3907 26,765,500 6,373,913 2,682,211.2

Peat change after water level decreases (2012 - 2022)

Peatlands are unique ecosystems that play a critical role in global climate regulation by sequestering significant amounts
of carbon. U Minh Thuong National Park in Vietham is known for its extensive peatlands, essential habitats for various
species, including the endangered white-winged ducks. To better understand the peatlands in U Minh Thuong National

Park, a survey was conducted by Tran Van Thang in September 2022 to determine the thickness and volume of peat in
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different areas of the park (Tran & Thai, 2014). The survey was designed to be comprehensive, covering a wide range of

peat thicknesses.

To begin the survey, Tran Van Thang examined the park map and selected four different height levels based on the
thickness of the peat layer (Tran & Thai, 2014). These height levels were less than 20 cm, 20 cm to 50 cm, 50 cm to 100
cm, and greater than 100 cm. Five survey plots were chosen for peat volume measurement and peat sampling within
each height level. At each survey plot, peat volume was calculated using the formula M = h * Si * Dd, where M is the peat
volume, h is the peat layer thickness, Si is the area of the survey plot, and Dd is the density of the peat. The density used
for the calculation was 0.24, and the percentage of carbon (C%) was 42.12%, as reported by Tran & Thai (2014). The

collected peat samples were also analyzed for carbon content and other characteristics.

The survey results are presented in Table 3, which shows the thickness of the peat layer at each height level. The
calculated peat volume based on these measurements was 1,085,493 metric tons. This information is valuable for
researchers and policymakers interested in understanding the ecology and potential uses of the peatlands in U Minh
Thuong National Park, as well as for conservation efforts to protect the park’s unique ecosystem. Overall, the peat survey
by Tran Van Thang provides essential information about the thickness and volume of peat in U Minh Thuong National
Park. By increasing our understanding of the peatlands in the park, we can better protect and conserve this valuable

ecosystem for future generations (Tran & Thai, 2014).

Peat area

Figure 6. Peat area after water level changes in forest growth from 2012 — 2022

Table 3. Peat and carbon volume in peat at UMT National Park, 2022
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No. Thickness of peat layer Thickness of Average peat Area m? Volume  Average density Peat content  %C Content C
(cm) layer (m) (m3) (Mg/m?) (ton) B (ton)

1 86 — 92 0.89 597 5,153,100 0.24 1,236,744 42.12 520,917

2 20 - 56 0.38 979 3,720,200 0.24 892,848 42.12 376,067

3 B=12 0.08 2,331 1,864,800 0.24 447,552 4212 188,509

Total 3,907 10,738,100 2,577,144 1,085,493

Changes in peat chemical composition by inundation regime on different peat thicknesses

Chemical compositions of peat

The chemical compositions of peat in the wet season vary with peat thicknessAccording to the study results, the
average pH of the peat in the wet season was 5.21. The pH was higher (less acidic) at sites with thinner peat layers, with
an average pH of 5.66. However, as the peat layer thickness increased from 20-56 cm, the pH decreased, indicating
increased acidity. The lowest pH value of 4.58 was observed at a peat thickness of 86-92 cm. The results showed that
higher peat thickness was associated with higher acidity in the wet season (with a statistical significance of p<0.01). The
study also examined the peat’s average content of three essential nutrients: P205, Nts, and K>O. The moderate P,Og
content was 0.1 mg/l, which increased as the peat thickness increased. Specifically, the content was 0.09 mg/I for peat
thicknesses of 5-12 cm, 0.1 mg/l for thicknesses of 20-56 cm, and 0.11 mg/I for thicknesses of 86-92 cm. The difference
in P,Og content between different peat thicknesses was statistically significant (with a significance level of p<0.05). The
average Nts content was 0.89 mg/l, and, similar to P205, the content tended to increase as the peat thickness increased.
The Nts content was 0.66 mg/I for peat thicknesses of 5-12 cm, 0.98 mg/| for thicknesses of 20-56 cm, and 1.03 mg/I for
thicknesses of 86-92 cm. The difference in Nts content between different peat thicknesses was statistically significant
(with a significance level of p<0.05). Finally, the average K,O content was 0.49 mg/l, and, similar to P205 and Nts, the
content tended to increase as the peat thickness increased. The KO content was 0.41 mg/I for peat thicknesses of 5-12
cm, 0.51 mg/I for thicknesses of 20-56 cm, and 0.55 mg/I for thicknesses of 86-92 cm. The difference in K;O content
between different peat thicknesses was also statistically significant (with a significance level of p<0.05). These results
suggest that the nutrient content of the peat is influenced by its thickness, with thicker peat layers generally containing

higher levels of nutrients.

The levels of humic acid, SO42", NH**, and Fe?* did not vary significantly across the different peat thicknesses measured
in the study. The p-values indicate that no statistical evidence suggests that the differences observed were not due to

chance (See Table 4).

Table 4. Analysis of the chemical composition of peat in the wet season (11/2021)
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No. :::; f:zo) Humic acid (%) S0,2" (mg/l) ::21(::) NH* (mg/l) Nits (mg/l) K20 (mg/l) Fe* (mg/l)

1 512 566 17.78 0.030 009 17.86 0.66 0.41 2.30

2 2056 538 1598 0.027 0.10  16.65 0.98 0.51 2.66

3 86-92 458 17.67 0.029 011  19.56 1.03 0.55 2.45
Average 521 17.14 0.029 01  18.02 0.89 0.49 274
Pvalue  <0.01 0.48 0.76 <0.05 0.30 <0.05 <0.05 0.36

Chemical composition of peat in the dry season on peat thickness.During the dry season, significant differences were
observed in the chemical composition of peat at different depths (p<0.01 for all cases, as shown in Table 5). Various
parameters were analyzed, including pH, humic acid, SO4%", P,Os, NH4*, Nts, K;O, and Fe*. The results indicated that
as the peat thickness increased, the pH levels, humic acid, SO42", P>0Os, and NH4* tended to decrease (Table 5). These
parameters are important indicators of the acidity and nutrient content of the peat. The decrease in these indicators with
increasing peat thickness suggests that deeper layers of peat may be less suitable for plant growth and other ecosystem
processes. In contrast, the concentration of Nts, K5O, and Fe2* increased gradually with peat thickness (Table 5). These
parameters are essential indicators of nutrient availability and soil fertility. The increase in these indicators with increasing
peat thickness suggests that deeper layers of peat may be more nutrient-rich and fertile, supporting essential ecosystem
processes. Overall, these findings demonstrate the importance of considering peat depth when assessing the chemical
composition of peatlands. Researchers and policymakers can use the data in Table 5 to better understand the ecology

and potential uses of peatlands in different areas and for conservation efforts to protect these unique ecosystems.

Table 5. Analysis of chemical composition in the dry season (6/2022)

No. :::; thickness PH (H,0) Humic acid (%) S0,2 (mg/l) ::213/5:) NH* (mg/l) Nts (mg/l) K20 (mg/l) Fe2* (mg/l)

1 512 4.47 11.60 0.08 011  17.06 0.26 0.18 1.18

2 20-56 430 8.60 0.05 007 15.40 0.59 0.37 2.74

3 86-92 4.10 6.80 0.04 0.06 13.37 0.73 0.56 4.09
Average 429 9 0.06 008 15.28 0.53 0.18 3.41
P-value <001 <001 <0.01 <0.01 <0.01 <001 <001 <0.01

Chemical compositions of peat water

Chemical compositions of peat in the wet season (11/2021).In 2021 during the wet season, significant differences were
observed in the chemical composition of peat at different depths (p<0.001 for all cases). The data presented in Table 6
demonstrate that various indicators, including pH, humic acid, Nts, Fe2* and P>Os, were analyzed. The results indicated
that pH and humic acid tended to decrease as the peat depth increased, ranging from 6.31 to 5.08 for pH and 8.49 to 4.73
for humic acid, as shown in Table 6. These two parameters indicate the peat’s acidity and organic matter content. Their

decrease with increasing depth suggests that deeper layers of peat may be more acidic and contain less organic matter.
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In contrast, the concentration of Nts, Fe2*, and P>Os increased as the peat depth increased. These parameters are
essential indicators of nutrient availability and soil fertility. The increase in these indicators with increasing peat depth
suggests that deeper layers of peat may be more nutrient-rich and fertile, potentially supporting essential ecosystem
processes. Overall, these findings demonstrate that the chemical composition of peat can vary significantly depending on
the depth, with some parameters decreasing and others increasing with increasing depth. The data provided in Table 6
can be helpful for researchers and policymakers to understand better the ecology and potential uses of peatlands in

different areas, and for conservation efforts to protect these unique ecosystems.

Table 6. Chemical composition of peat water in the wet season

Peat

No. kness pH (H20) Humic acid (%) Nts (mg/l) Fe?* (mg/l) P20s (mg/l)

1 05-12cm 6.31 8.49 0.16 0.26 0.026

2 20-56cm 5.37 6.37 0.27 1.08 0.035

3 86-92cm 5.08 4.73 0.52 227 0.057
Average 5.69 6.53 0.32 1.2 0.04
P-value <0.001  <0.001 <0.001 <0.001 <0.001

Chemical composition of peat water in the dry season (6/2022).In the dry season of 2022, the chemical composition of
different grades of peat varied significantly, as indicated by p<0.001 for all cases in Table 7. However, the trends in some
chemical compositions differed from those observed in the wet season. Specifically, the concentration of humic acid
tended to increase sharply in deeper layers of peat (86-92 cm, 119.38) compared to the surface layer (5-12 cm, 26.43).
This trend was opposite to the one observed in the wet season. Additionally, the concentration of Fe2+ tended to
decrease as the peat depth increased, contrary to the trend observed in the wet season. These findings suggest that the
chemical composition of peat can vary significantly between different seasons, and that further research is needed to

understand the underlying mechanisms behind these variations.

Table 7. Chemical compositions of peat in the dry season

No. ::::mess pH (H,0) Humic acid (%) Nts(mg/l) Fe2*(mg/l) P20s (mg/l)

1 05-12cm 540 26.43 16.81 7.49 5.39

2 20-56cm 459 73.62 2157 616 6.08

3 86-92cm 432 119.38 26.11 445 6.56
Average 4.77 73.29 215 6.03 6.01
P-value <0.001  <0.001 <0001  <0.001  <0.001

Research results on growth of Melaleuca Forest on peatland
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Growth indicators of Melaleuca Forest by peat thickness

Growth of trunk diameter at position 1.3 m by peat thickness (2003 — 2021).The development of the plants was
measured with respect to the thickness of the peat layer. The results are presented in Table 8 and Figure 7, where it can
be seen that the growth was 3.87 cm when there was no peat layer (control). When comparing the control with peat
thicknesses ranging from 20-56 cm, the growth was 1.3 times higher, with measurements of 3.88 cm and 5.12 cm,
respectively. Similarly, when comparing the control with peat thicknesses of 86-92 cm, the growth was 2.4 times higher,
with measurements of 3.88 cm and 9.32 cm, respectively. The difference in peat thickness was found to be significant

(p<0.001), as shown in Figure 7.

Table 8. Growth indicators of Melaleuca Forest by peat thickness

Peat D1.3 N/p (tree
No. = & Entem ] e I bk

thickness (cm) number/plot)
1 00 cm 3.882 3.828 1.580 0.708 133.6

2 05-12cm 3.856 3.800 1.788 1.062 76.8
3 20 —-56 cm 5.118 5.430 3.214 0.784 24
4 86-92cm 9.320 10.038  7.902 1.442 2474

P-value <0.001 <0.001 <0.001 <0.001 <0.001

. 10,0
E 8,0
< 6,0
=z 4,0
5 2.0

0,0 1 L 1 L | . | . :

0cm 5-12cm 20-56 86-92cm

cm
Peat thickness

Figure 7. Diameter growth of trunk (D1,3) by peat thickness

Height growth of Melaleuca Forest (Ht) by peat thickness (2003 — 2021).The relationship between the height growth of

the Melaleuca Forest (Ht) and peat thickness, as shown in Table 8, revealed intriguing findings. The control peat thickness
of 0 cm and peat thickness ranging from 5-12 cm resulted in growths of 3.83 m and 3.8 m, respectively. However, when
the control peat thickness was 0 cm and peat thickness ranged from 20-56 cm, the growth increased to 5.43 m, 1.4 times
higher than the controlled growth. This difference was statistically significant with a p-value of less than 0.001 (as shown

in Figure 8). Additionally, when the peat thickness further increased to 86-92 cm, the height growth increased to 10.04 m,
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2.6 times higher than the controlled growth. This increase was also statistically significant, with a p-value of less than
0.001. These findings suggest that peat thickness plays an essential role in the height growth of the Melaleuca Forest,

with thicker peat layers resulting in more substantial height growth.
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Figure 8. Height Growth to the top (Ht) by peat thickness

Height growth under branches (Hb) by peat thickness (2003 — 2021).The growth height under the branches of Melaleuca
trees also varied significantly based on peat thickness, as shown in Table 9 and Figure 9. In areas with no peat, the
growth height was 1.58 m, and with a peat thickness of 5-12 cm, the growth height was slightly higher at 1.79 m, but the
difference was insignificant. However, when the peat thickness increased to 20-56 cm, the growth height more than
doubled to 3.21 m, and the difference was significant compared to areas with no peat. Similarly, in regions with a peat
thickness of 86-92 cm, the growth height increased significantly to 7.90 m, five times higher than in areas without peat.
These results suggest that peat thickness significantly impacts the height growth of Melaleuca trees, with thicker peat

layers leading to substantially greater growth heights.
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Figure 9. Height growth under branch (Hb) by peat thickness

Height growth under
branch (Hb)

Canopy diameter growth (Dc) on peat thickness (2003 — 2021).The canopy diameter (Dc) growth under different
conditions is presented herein. The author compares the development of Dc in three scenarios: 1) control with no peat (0
cm), 2) peat thickness ranging from 5 to 12 cm, and 3) peat thickness ranging from 20 to 56 cm and 86 to 92 cm. The
author found that compared to the control group, the growth of Dc in the peat thickness ranging from 5to 12 cm was 1.5
times higher, which was statistically significant (p<0.001). However, compared to the control group, the growth of Dc in
the peat thickness ranging from 20 to 56 cm was not significantly different (p>0.05). Finally, the change of Dc in the peat
thickness ranging from 86 to 92 cm was two times higher than the control group, which was statistically significant
(p<0.05). Overall, the growth of canopy diameter under different peat thickness conditions indicates that the increase is
significantly higher in the peat thickness ranges of 5-12 cm and 86-92 cm, but not significantly different in the 20-56 cm

range.
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Figure 10. Growth Dc by peat thickness
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Number of trees in survey plot (N/p) in relation to peat thickness (2003 — 2021)The number of trees in different peat
thickness conditions is as follows: there were no peat layers (control) with 134 trees per 500 m2; when the peat thickness
was between 5-12 cm, there were 77 trees per 500 m2; when the peat thickness was between 20-56 cm, there were 24
trees per 500 m2; when the peat thickness was between 86-92 cm, there were 247 trees per 500 ri. A comparison
between the control and the 86-92 cm thickness showed a significant increase in the number of trees from 134 to 247

trees per 500 m2, which is 1.8 times higher. This difference was statistically significant, with a level of p<0.001.

The relationship between the number of trees and peat thickness indicates that the number of trees increases as the peat
thickness rises, with the highest number found in the 86-92 cm peat thickness condition. This information could be useful

for forestry or environmental studies where the impact of soil composition on plant growth is of interest.

D W
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100'--'

0
Ocm 5-12 20-56 86-92
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Figure 11. Number of tree Nc by peat thickness

Number of tree Nc¢

Correlation equations of Melaleuca Forest on peatland

Correlation equation between Hb and Ht.The tree height (Ht) to height under branches (Hdc) was calculated using the
equation Hb = -2.0015 + 0.9854 Ht, with N = 2426, R = 0.9033, and Fr = 10753.11. This equation can be used to estimate
Hvn indirectly via Hdc and vice versa. This equation is useful for quick surveys and investigations of forests on peatlands
in UMT NP. Measuring Hdc is simple and can be done with a ruler, making the calculation quick and convenient. The
correlation between diameter at breast height (D1,3) and tree height (Ht) was determined using the equation Ln(Ht) = -
0.1831+ 1.5682 Ln(D1.3). After returning it to its original form, the equation becomes Ht = 0.832685 D1.315682. This
equation can be used to estimate Ht from D1.3 without measuring tree height directly. This mathematical model was
developed from investigated data of Melaleuca forests on peatland in UMT NP, which had 2,423 trees across four different
forest types with varying peat thicknesses. This model helps estimate the height of treetops when measuring the trunk
diameter at chest height (1.3 m), as measuring tree height directly can be difficult and inaccurate with a standing tree that
has not been cut down. These equations and models provide useful tools for estimating tree height and for surveying and

investigating forests on peatlands.
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Relationship between peat chemical and growth of melaleuca forest after forest fire

Relationship between humic acid and growth indicators. The relationship between humic acid and growth indicators with
peat thickness is presented herein. The growth indicators measured were D1.3, Ht, Hb, and Dc. The results indicate no
correlation between the growth indicators and humic acid, with the indicators showing low R-values and all a-values
greater than 0.05. In statistical analysis, the correlation coefficient (R) measures the strength and direction of the
relationship between two variables. A low R-value suggests there is no strong relationship between the variables. The o-
value, also known as the p-value, is used to determine the significance of the relationship. A value greater than 0.05
suggests no significant relationship between the variables. Overall, there is no meaningful relationship between humic
acid and the growth indicators (D1.3, Ht, Hb, and Dc) with peat thickness. This information could be helpful for
researchers studying the effects of soil composition on plant growth, as it suggests that humic acid may not be a

significant factor in determining the growth indicators in this study.

Table 9. Relationship between humic acid and growth indicators

Chemical Growth

0. . .. o Statistical parameters
indicators indicators

R =0.0807, Fr = 0.07873, o = 0.7838, N =
1 Humic acid Peat thickness 5

a=17.3999, b = -0.00475

R =0.0391, Fr = 0.8944, o= 0.8944, N = 15
2 D1.3 (cm)

a=17.3585, b = 0.0285

R =0.1070, Fr = 0.1275, o= 0.7277,N = 15
3 Ht (m)

a=16.6368,b =0.0914

R =0.0857, Fr = 0.0889, o= 0.7706, N = 15
4 Hb (m)

a=16.8956, b = 0.0620

R =0.1776, Fr =0.3909, o = 0.5435, N = 15
5 Dc

a=16.5535, b =0.5812

Relationship between SO,Z" and growth indicators. There is no correlation between humic acid and growth indicators with
peat thickness, D1.3, Ht, Hb, and Dc. The R indicators are low, indicating weak correlations, and the a-values are all
greater than 0.05, meaning that the correlations are not statistically significant. This suggests that factors other than peat

thickness, tree diameter, tree height, height under branches, and canopy diameter are likely to be more important in
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influencing growth and humic acid content in the forest studied.

Table 10. Relationship between SO42" and growth indicators

Chemical Growth e
N . L Statistical parameters
indicators indicators
R = 0.9430, Fr = 96.3715, & < 0,000, N = 15
1 S04% Peat thickness
a=0.0772, b = -0.00046
R =0.7258, Fr = 13.3631, o = 0,0032, N =
2 D1.3 (cm) ik
a=0.0838, b =-0.0044
R =0.9138, Fr = 60.7679, o < 0.000, N = 15
3 Ht (m)
a=0.0915, b = -0.0055
R =0.8993, Fr = 50.7531, o < 0.000, N = 15
4 Hb (m)
a=0.0796, b = -0.0054
R =0.3387, Fr = 1.5549, o= 0.2361, N = 15
B Dc

a=0.0651, b =-0.0092

Relationship between P-O5 and indicators. There is a close relationship between P,Og and growth indicators, such as
peat thickness, D1.3, Ht, and Hb, with strong correlations. Specifically, peat thickness has a correlation coefficient (R)
greater than 0.9, D1.3 has a correlation coefficient greater than 0.6, Ht has an R-value greater than 0.8, and Hb has an R-
value greater than 0.7. Furthermore, the a-values for these correlations are all smaller than 0.01, indicating that the
correlations are statistically significant. However, the indicator Dc has a weak correlation with P,Os, with an R-value of
0.26 and an o-value greater than 0.05. This suggests that other factors may be more important in influencing canopy

diameter growth in the forest studied.

Table 11. Relationship between P05 and growth indicators
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" indicators indicators
1 P2Osg

2 D1.3 (cm)
3 Ht (m)

4 Hb (m)

5 Dc

Peat thickness

Qeios, CC-BY 4.0

Statistical parameters

R =0.9104, Fr = 58.1385, o < 0.000, N =
15

a=0.1034, b = -0.0005

R = 0.6554, Fr =9.0388, o= 0.0109, N =
15

a=0.1089, b =-0.0048

R =0.8388, Fr=28.4912, o = 0.000, N =
15

a=0.1181,b =-0.0061

R =0.7967, Fr=19.1228, o= 0.001, N =
15

a=0.1052, b = -0.0061

R = 0.2676, Fr = 0.9262, o = 0.3548, N =
15

a=0.0872, b =-0.0088

- Atrticle, September 7, 2023

Relationship between pH and growth indicators. There is a close relationship between pH and growth indicators, such as

peat thickness, D1.3, Ht, and Hb, with strong correlations. Specifically, peat thickness has a correlation coefficient (R)

greater than 0.9, D1.3 has a correlation coefficient greater than 0.7, Ht has an R value greater than 0.8, and Hb has an R

value greater than 0.7. Furthermore, the alpha values for these correlations are all smaller than 0.01, indicating that the

correlations are statistically significant. However, the indicator Dc is weakly correlated with pH, with an R-value of 0.34

and an alpha value greater than 0.05, suggesting that other factors may be more important in influencing the canopy

diameter growth in the forest studied.
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" indicators indicators
1 pH Peat thickness
2 D1.3 (cm)
3 Ht (m)
4 Hb (m)
B Dc
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Statistical parameters

R =0.9674, Fr = 175.2339, o < 0.000, N =15

a=4510,b =-4.5578

R =0.7199, Fr=12.9124, a = 0.0036, N =
15

a = 4564, -41.9847

R =0.8738, Fr=38.7826, o = 0.000, N = 15

a =4626.461, b = -50.329

R =0.7805, Fr = 18.7072, o = 0.000, N = 15

a=4515.463, b = -48.3617

R = 0.3497, Fr = 1.6723, o= 0.2202, N = 15

a =4391.425, b = -91.6352

Relationship between Nts and growth indicators. There is a relationship between Nts and growth indicators (peat

thickness, D1.3, Ht, Hb, and Dc) in a specific context. The strength of the correlation varies for different indicators. The

2023

statement shows a strong correlation between Nts and peat thickness (R > 0.6). The correlation between Nts and D1.3 is

also strong (R > 0.7). The correlation between Nts, Ht, and Hb is solid (R > 0.8), indicating a close relationship. However,

the correlation between Nts and Dc is weak (R = 0.28), suggesting that there is little relationship between these two

variables. Moreover, the significance level (o values) for all the correlations is smaller than 0.01, indicating that the

relationships are statistically significant, except for the correlation between Nts and Dc, where the significance level is

higher (> 0.05). Overall, the statement suggests that Nts is closely related to various growth indicators, except for Dc,

where the correlation is weak.

Table 13. Relationship between Nts and growth indicators
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" indicators indicators
1 Nts Peat thickness
2 D1.3 (cm)
3 Ht (m)
4 Hb (m)
B Dc

Qeios, CC-BY 4.0 - Article, September 7,

Statistical parameters

R =0.6784, Fr =9.3798, o = 0.0108, N =15

a =0.2560, b = 0.00575

R =0.7199, Fr=12.9124, a = 0.0036, N =
15

a=0.0843, b =0.0721

R =0.8073, Fr =22.4576, a = 0.000, N = 15

a=0.1244,b=0.0612

R =0.8169, Fr = 20.0660, a = 0.001, N =15

a=0.2619, b = 0.0595

R =0.2865, Fr=1.0733, o= 0.3206, N = 15

a=0.4236, b = 0.0988

2023

Relationship between K20 and growth indicators. The relationship between K20 and growth indicators (peat thickness,

trunk diameter at breast height (D1.3), tree height (Ht), height under branches (Hb), and crown diameter (Dc)) in a

particular context is discussed herein. There is a strong correlation (R > 0.9) between K20 and the growth indicators peat

thickness and Ht, as well as a moderately strong correlation (R > 0.7) between K20 and D1.3 and Hb. Additionally, all

alpha values (a measure of statistical significance) for these correlations are less than 0.01, indicating that they are

statistically significant. However, the correlation between K20 and Dc is weak (R = 0.3) and not statistically significant

(alpha > 0.05).

Table 14. Relationship between K20 and growth indicators
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Chemical Growth e
N g L Statistical parameters
indicators indicators
R =0.9691, Fr = 18.3745, o < 0.000, N = 15
1 K20 Peat thickness
a=0.1563, b = 0.0044
R =0.7241, Fr = 13.2254, o = 0.0034, N =
2 D1.3 (cm) ik
a=0.1014,b = 0.0414
R =0.9038, Fr = 53.5738, o = 0.000, N = 15
& Ht (m)
a=0.0314,b =0.0510
R =0.8903, Fr = 45.8977, o = 0.000, N = 15
4 Hb (m)
a=0.1419, b = 0.0506
R =0.3318, Fr=1.4847, ot = 0.2465, N = 15
B Dc

a=0.2780, b = 0.0852

Relationship between Fe?* and growth indicators. There is a strong relationship between Fe#* and growth indicators for
most of the factors studied, with correlation coefficients (R) greater than 0.7 or even higher, indicating a positive
correlation. For example, the correlation coefficient is greater than 0.9 for peat thickness and Ht, and greater than 0.8 for
Hb and D1.3. The o values, which indicate the statistical significance of the correlation, are all less than 0.01, indicating a
very strong level of significance. However, the only exception is the indicator of D¢, which has a weak correlation with
Fe2*, with a correlation coefficient of only 0.33. Additionally, the o value for this correlation is greater than 0.05, which
suggests that it is not statistically significant. Overall, there is a strong correlation between Fe?* and most growth

indicators studied, but the correlation with Dc is weak.

Table 15. Relationship between Fe2* and growth indicators
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Chemical Growth e
N g L Statistical parameters
indicators indicators
R =0.9543, Fr = 122.3928, ot < 0.000, N =
1 Fe2t Peat thickness =
a=1024,636, b = 34,7760
R =0.7106, Fr = 12.2437, o = 0.0043, N =
2 D1.3 (cm) ik
a = 604.3599, b= 320.552
R =0.8921, Fr = 46.7989, o = 0.000, N = 15
3 Ht (m)
a=47.9331, b = 394.4075
R =0.8795, Fr = 41.0121, « = 0.000, N = 15
4 Hb (m)
a=906.7227, b = 394.4107
R =0.3309, Fr = 1.4759, o = 0.2477, N = 15
B Dc

a=1960.306, b = 670.6833

Conclusions

Studies have revealed that both the thickness of the peat layer and the flooding regime significantly influence the growth
of the Melaleuca Forest. In addition to these factors, the chemical indicators and composition of the peat also play critical
roles. Notably, the chemical composition of peat water varies substantially with the seasons, and its nutrient content and
pH have a marked effect on forest growth. Successful forest regeneration requires striking a balance between the benefits
of natural regeneration and the risks posed by annual forest fires. Moreover, it is crucial to ensure that hydrological
measures implemented to prevent fires do not harm biodiversity. These findings underscore the importance of considering

a variety of factors when developing effective forest restoration strategies.
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