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Abstract. Wannasingha W, Gomontean B, Uttaruk Y. 2023. Forest structures and carbon stocks of community forests with different
forest management in Maha Sarakham Province, Thailand. Biodiversitas 24: 799-809. Forest management comprises strategies and
practices to regulate human activities and the utilization of forest products. Management and regulations have various effects on forest
structure, tree diversity and carbon accumulation. This study was conducted in three community forests with different levels of rule
regulations and managed duration in the northeast of Thailand. Thirty of 20x20 m plots were placed for recording all trees with diameter
at breast height (dbh) >4.5 cm and >1.3 m height. One hundred and fifty plots of soil samples at 0-25 cm and 25-50 cm depths were also
collected for organic carbon analysis. Forest carbon stocks were calculated from the sum of carbon in aboveground biomass (AGB) and
soil organic carbon (SOC). The results showed that tree density, basal area, Shannon diversity index and evenness index of the best
practices (BP) plots were higher than the plots in which moderate (MP) and slight practices (SP) were applied. Tree heights of the BP
and MP forests were higher than the SP forest. The L-shape of dbh class distribution in all community forests means they were
secondary forests; tree density was highest in the small dbh class and declined in the bigger size class. The bigger dbh class tree showed
higher aboveground carbon (AGC) despite the lower tree density in all community forests. Most of the BP forest plots had the highest
carbon stock (93.89, 80.52 and 54.96 Mg C ha) and CO2 absorption (344.25, 295.23 and 201.53 Mg COzequiv.) compared with the
others. Our results demonstrate the importance of forest management in affecting forest structures, carbon sequestration and carbon

dioxide absorption from the atmosphere to reduce and mitigate climate change.
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INTRODUCTION

Forests cover approximately 4.06 billion hectares (31%)
of the total area worldwide (FAO and UNEP 2020). They
play a very important role in regional and global carbon
cycles (Mitchard 2018) and global mitigation of climate
variability (Zhao et al. 2022). Carbon from the atmosphere
is retained in above-belowground biomass such as stems,
branches, leaves and roots (Meeussen et al. 2021;
Ramachandra and Bharath 2019) and dead organic matter
including woody debris and surface litter (Zhu et al. 2017)
through the photosynthesis process (Pandey et al. 2019). It
is also accumulated in soil organic matter (Ramachandra
and Bharath 2020) through the decomposition of plant litter
and fine-root biomass (Swiatek and Pietrzykowski 2022).

Currently, in response to global climate issues, many
countries around the world have plans and policies related
to natural resources management that focus on forest
resources (Meragiaw et al. 2021). Globally, the forest area
defined as the community-managed forest has been
increasing to approximately 15.5% of the global forest area
(Rights and Resources Initiative 2014). Recently decade,
Thailand’ s government giving priority to communities to
co-manage their forest and announced the Community
Forestry Act (CFA) B.E. 2562 (2019) to register good
practices in community forests that could be maintained for
their diversity and ecological services (Royal Forest
Department 2019). According to Brendler and Carey

(1998) that the efforts of local people in their community
forest are a demonstration of forest management that
consists of conservation considered alongside economic
development and cultural values.

However, the utilization, intensity and frequency level
of various human activities can disturb forest structures i.e.,
different frequencies and intensities of slash and selective
logging impact compositional-structural diversity (de
Quesada and Kuuluvainen 2020). Tree cutting affected tree
density, basal area, and the number of species (Htun et al.
2011). Woody extraction affected species richness, species
diversity and forest structure (Ortiz et al. 2019).
Disturbances from the removal of timber, firewood, litter
collections and poles for household construction affected
the biomass and carbon stock of forests (Gautam and
Mandal 2016). Thus, to preserve forest areas and mantain
biodiversity, forests must be maintained and protected in
multiple dimensions. The concept of sustainable forest
management has been a main model of forest management
and practices in the government and private sectors in
Thailand. Forest areas that utilize and are located close to
human settlement areas have been referred to as
"community forests". Different communities have different
management  practices  depending on  cultures,
rules/regulations, intensive incomes, and time duration
history. There are many community forests in Thailand
have been registered and unregistered under the
Community Forestry Act (CFA) B.E. 2562 (2019).
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Currently, there is 0.23 million ha which includes a total of
5,216 sites and 5,314 utilizer villages registered under the
CFA as community forests in the Northeast of Thailand
(Royal Forest Department 2022). Forest areas in the
Northeast of Thailand were 2.51 million ha, whereas Maha
Sarakham Province was 0.02 million ha (3.81% of the total
province area) (Royal Forest Department 2020). In this
study, we focus on the community forests in Maha
Sarakham Province of northeast Thailand, located outside
the protected area.

Normally, logging or timber harvesting is prohibited in
all areas of community forests. Local people mainly take
advantage of non-timber forest products (NTFPs). The
forest in the northeast has been conserved for living and
daily life purposes such as medicinal plants, edible plants,
rattan, firewood, natural dyes, resin, insects, mushroom,
honey, lac, and wild fruits. (Larpkern et al. 2017; Royal
Forest Department 2009). Therefore, community forest
management is a mechanism for the goal of sustainable
forest management. It is also an option to slow down the
loss of forest area and achieve global carbon neutrality
through good forest management practices. However, in
Thailand, there has been only limited study of the outcome
of different time duration and rule regulations of
community forest management on forest structure and
carbon stock areas in Thailand. Therefore, our study aims
to assess forest structures and carbon stocks in various rule
regulations and management practices of three community
forests.

MATERIALS AND METHODS

Study area

This study was conducted in three dry dipterocarp,
community forests in Maha Sarakham Province,
Northeastern Thailand. The three research sites (Figure 1)
were Nong Meg-Nong Hi community forest (Best
practices, BP: 16°27'50.00"N, 103°1'28.00"E), Khok Nong
Kong community forest (Moderately practices, MP:
16°25'45.00"N, 103°025.00"E) and Na Si Nuan
community forest (Slightly practices, SP: 16°20'34.00"N,
103°12'53.00"E). All three sites were located in the same
topographic (same province) and climatic zone. They were
located in a tropical area classified according to the
Koppen-Geiger climate classification system (Beck et al.
2018). The topographical characteristics were relatively
nearly level to undulating, about 130-230 m above sea level
with an average temperature of 27.1 °C and average annual
rainfall of 1,201.9 mm (Thai Meteorological Department
2020). As the presurvey, all study sites had been disturbed
from previous utilization. At least a half-decade ago, they
served as the community forest. All past the activities such
as selective logging, non-timber forest products, etc.
harvesting were common in the areas. They are in between
the stage of secondary succession. Most of the community
forests in the northeastern part of Thailand were inevitably
related to local culture (ancestor’s spirit) which they
respect. The sign of natural disaster and severe human
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disturbance i.e., forest fire, logging operations, and land
invasion. However, the difference among the forest was the
first initiation that occurred at the BP to start the
rules/regulations for protecting their forests in practice.

Each site was classified by differences in management
duration, level of utilization and degree of rule
enforcement. This classification includes management
awarded and registered Community Forestry Act (CFA)
B.E. 2562. In order to stratify sampling, Na Si Nuan was
assigned as the SP. It is a public forest without a
community forest committee and unofficially registered as
a community forest, therefore, it has weak collective
management  practices and  implementation  of
regulations/rules. The other two sites Khok Nong Kong
(MP) and Nong Meg-Nong Hi (BP) were already registered
as community forest. The MP community forest is
managed by the community forest committee. It is assigned
as moderate management practices (MP). The BP
community forest has been classified as a forest managed
using best practices (BP). Forest areas are surrounded with
rice fields, village households, vegetation planting areas,
schools, and bureaucratic offices.

The BP was located beyond the community settlements,
while the MP and SP forests were located beside the main
road. The previous study reported an indicator set suits for
guiding regulation and management since 2008 for BP
forest (Gomontean et al. 2008). The forest committee
operated with a high degree of rule regulations such as fine
punishment and demarcated forest border to conserve
forest resources under the supervision of the local
communities who live close to a forest area. In 1999, they
received the "Flag of forest conservation for life-saving"
from Her Majesty Queen Sirikit, and were awarded "People
who love the forest, the forest community project™ as it was
a provincial-level project in 2016. The physical location of
SP and MP gives an opportunity to access forest resources
easier than BP. In addition to the regulation of rules and
management practices, the SP forest also allows harvesting,
but not in the other forests. Currently, all forest resources
that have been harvested were non-timber forest products
(NTFPs) for domestic demand and to generate household-
intensive income, such as fuelwood, plant litter, seasonal
mushrooms, seasonal edible insects, medicinal plants, wild
fruits, seasonal small lizards, and livestock foraging.
Logging was prohibited on all sites. Each harvesting
activity of NTFPs has different impacts on forest
characteristics and structure, wandering footpaths for
searching fuelwood and mushrooms, collecting fruits and
insects, and digging for insects and small lizards have an
impact in the abundance of tree species (Dao and Holscher
2018). Lopping trees impacted forest structure (Zhu et al.
2007). Harvesting fruits from the forest has a significant
effect on seedling and adult densities (Gaoue et al. 2017).
Over-exploitation of NTFPs (edible plants, wild fruits,
medicinal plants, leaves, flowers, seeds, barks, fuelwood
and fibers) can negatively impact biodiversity and cause
decreased species richness (Masoodi and Sundriyal 2020;
Thammanu et al. 2021).
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Figure 1. Map showing the locations of the study sites in Maha Sarakham Province, Northeastern Thailand. Note: SP as the slight
practice site, MP as the moderate practice site, and BP as the best practice site

Procedures data collection and analysis
Quantitative ecological parameters and forest structure
Sampling plots were set up in all three community
forests. A total of thirty plots of 20x20 m were set up.
Specimens were collected and identified to species. Total
height and diameter at breast height (dbh) of all trees with
>4.5 cm dbh and height >1.3 m were recorded for
quantitative analysis of ecological parameters and forest
structure analysis. Density, basal area, size class
distribution, diversity indices (Shannon Wiener’s diversity
index (HY), Evenness index (J), Important value index
(IVI) were analyzed (Balslev et al. 1987; Krebs 1999).

Aboveground biomass and carbon

Aboveground biomass of trees (AGB) stocks was
calculated by using the allometric equation proposed by
Ogawa et al. (1965). All biomass of trees was multiplied by
a carbon fraction of 0.47 to convert to carbon contents
(IPCC 2006).

Ws = 0.0396D2H0-9326

Ws = 0.003487D2H1-0270

W, = (28.0/Wrc + 0.025)*

Wt =Ws+ Wg +W_

AGCstocks = Wr x 0.47

Where: W5 represents the biomass of stems (kg), Ws
represents the biomass of branches (kg), Wy represents the
biomass of leaves (kg), Wrc represents the biomass of
stems and branches (kg), W+ represents the total
aboveground biomass of tree (Mg ha), D represents the
diameter at breast height (cm), H represents the height of

the tree (m), AGCsiocks represents aboveground carbon of
tree (Mg C ha).

Soil organic carbon stocks

Soil core samples were collected at 0-25 cm and 25-50
cm depth using a soil auger and used for soil bulk density
analysis. Soil samples were analyzed for soil organic
carbon (SOC) by the wet oxidation method (Walkley and
Black 1934). The amount of organic carbon stock was
expressed in Mg C ha, which was obtained by multiplying
the soil organic carbon concentration, soil bulk density and
thickness of a soil layer (Batjes 1996).

SOCstocks: (C X BD X D) / 100

Where SOCsicks represents carbon stocks (Mg C ha'l),
C represents carbon concentration in each soil layer (g C g
1), BD represents soil bulk density (g m), and D represents
the thickness of this soil layer (m), and 100 represents the
conversion factor of g C m?to Mg C ha'.

Estimation of forest carbon and CO, absorption storage

Forest carbon stocks were estimated by the sum of
aboveground carbon of trees (AGCsicks) in aboveground
biomass (allometric equations) and soil organic carbon
stock (SOCstocks) (Mg C ha™).

Forest carbon = AGCstocks + SOCstocks

Forest COzabsorpion Was estimated by the following
equation.
Forest COaansorption = FOrest carbon x (44/12)
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Where forest carbon represents a sum of aboveground
carbon of tree (AGCsocks) and soil organic carbon
(SOCstocks) (Mg C ha't), and Forest COzabsorption represents
carbon dioxide absorption (Mg COzequiv.), 44/12 represents
the ratio of CO, to C, CO; is composed of one molecule of
carbon (atomic weight = 12.00) and two molecules of
oxygen (atomic weight = 16.00).

Statistical analysis

All data were analyzed using ANOVA with Duncan’s
multiple range tests method to assess differences in
aboveground carbon of trees, basal area, tree height, tree
density, and soil organic carbon in different management
regimes of community forests at a 95% confidence level
(p<0.05). Independent sample t-tests were used to assess
the difference in soil organic carbon at both 0-25 cm and
25-50 c¢cm soil depths in each forest area at a 95%
confidence level (p<0.05). Data were collected and
statistically analyzed using the software suite of MS Excel
and IBM SPSS Statistics 22.

RESULTS AND DISCUSSION

Quantitative ecological parameters and forest structure

Tree species in all three forest sites were classified into
29 families, 57 genera, and 66 species (Table 1). Previous
studies reported the number of tree species between 31 and
78 in various community forests of Maha Sarakham
Province (Bukaew et al. 2009; Choopan 2007; Sakorn et al.
2020). The number of tree species was not significantly
different among the 3 sites 45 (SP), 47 (BP), and 48 (MP)
species. However, among the 3 sites, there were 7 (SP), 6
(MP), 9 (BP) unique species and 30 common species
found. The results were similar to Htun et al. (2011) which
found that moderately disturbed areas have the maximum
number of species, followed by undisturbed and highly
disturbed areas. Tree density was not significantly different
in all forest sites. However, the BP forest had the highest
tree density while the SP forest had the lowest. Our results
showed that, for the community forest, the application of
restriction rules could prevent the loss of trees from
unintentional or intentional human activities. The number
of trees in the highly disturbed forest was lower than that of
undisturbed forests in all tree ages (Htun et al. 2011). In
addition, the restriction of access to forest areas for
exploitation affects the density of early trees (Bhuyan et al.
2003). Pandey et al. (2019) reported that the highest tree
density was found in undisturbed forest areas and
decreased with increasing levels of disturbance. Forest
areas with rule regulations could prevent the loss of plant
species and promote seedling regeneration (Li et al. 2022)
from human activities such as cutting (Htun et al. 2011),
and fire ignition (Pairuang et al. 2020). Moreover, many
previous reports found that the utilization of wood, fodder,
pouching, and timber harvesting may affect the plant
habitat and decrease the density and number of species in
the forest areas (Adekunle et al. 2013; Martinez-Meléndez
et al. 2021).
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The BP and MP forests had a significantly higher
average basal area (space occupation of plants) and average
tree height than the SP forest (Table 1). History of
protection and the biology of species themselves could
inhibit former recruitment and growth of tree species
existing in the area. Trees with large canopy cover could
affect the growth of small understory plant species by
limiting the amount of light reaching the ground which
could prohibit the photosynthesis and growth process of
understory trees (Damptey et al. 2021). Distance of forest
area from human settlements could induce more illegal
cutting of tree lopping, fuelwood collection, and NTFPs
from an easy approach (Dao et al. 2016; Zhu et al. 2007).
Highly disturbed areas, such as those subjected to timber
harvesting and selective logging could decrease tree
density and canopy cover leading to human access to
extract forest resources and finally decrease the total basal
area of trees (Banda et al. 2006). In addition, the collection
of fuel woods, extraction of mature trees and livestock
foraging influenced shrub density and canopy cover of
highly disturbed areas compared with undisturbed areas
(Mishra et al. 2004). Sumida et al. (2013) also found that
undisturbed areas had the highest tree height compared
with disturbed areas. For species with economic value, the
BP and MP forests also conserved a higher number of
species, tree density, tree height, and basal area than the SP
forest but differences were not significant.

The exploitation from high to low utilization levels of
forest resources generally induces the loss of species. Our
study found that the BP forest could conserve more
diversity of tree species than the other 2 sites as it showed
the highest value of the Shannon diversity index (H)
(Table 1). The results agreed with Kumar and Ram (2005)
that the highest number of species is found in forests with
low anthropogenic disturbance. However, SP forest had a
higher value of H' than the MP forest due to the
characteristics of forests and the response to disturbance or
human activities may not be the same for forests in each
area where an intermediated disturbance occurred (Htun et
al. 2011).

From the Important Value Index (V1) of all sites (Table
2) it was found that VI percentage of each species of the
top five species in the BP forest was more evenly than
other sites. The most important species were also different
i.e. Pterocarpus macrocarpus in the BP forest, Shorea
obtusa in the MP forest, and Dipterocarpus obtusifolius in
the SP forest. P. macrocarpus is an economically valuable
plant with high monetary value. In addition, the top five
ranked species consisting of 4 (SP), 4 (MP), and 5 (BP)
species (Table 2) were classified as valuable economic
trees (Forest plantation act 2015). Xylia xylocarpa was the
only common species in all 3 forest sites, while 4 of 5 top
rank species i.e. P. macrocarpus, S. siamensis, S. obtusa,
and X. xylocarpa. were common in both BP and MP
forests. This could be the result of different regulations and
management activities from the past decade in each forest.
Moreover, for the dbh size (RDo), all the five top-ranked
species in both BP and MP forests had even of dbh size,
while in the SP forest, only the first top-ranked species was
dominant in size.
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Table 1. Show the quantitative ecology values of trees in different management regimes of community forests

Forest management

Parameter sp MP BP
Forest trees
Family 21 25 25
Genus 40 45 44
Species 45 48 47
No. of trees (stem) 452.00 492.00 628.00
Tree density (stem ha?) 1,130.00+78.694 1,230.00+197.30~ 1,570.00+155.22A
Basal area (m? ha'l) 11.69+1.124 18.33£1.258 19.53+3.058
Tree height (m) 6.40£0.22A 8.87+0.398 8.23+0.448
Shannon diversity index 3.06 2.83 3.25
Evenness index 0.80 0.73 0.84
Economic trees

Family 6 8 6
Genus 10 12 12
Species 12 13 13
No. of trees (stem) 234.00 285.00 305.00
Tree density (stem ha*) 585.00+65.324 712.50+206.80~ 762.50+100.50*
Basal area (m? ha'l) 7.87£1.13°A 11.76+1.87A 12.84+2.504
Tree height (m) 7.24+0.387 9.75+0.458 9.46+0.618
Shannon diversity index 1.71 1.63 2.01
Evenness index 0.69 0.63 0.78

Note: SP: the slight practice site, MP: the moderate practice site, BP: the best practice site. Different uppercase letters in the columns
indicate significant differences between the three forest sites according to Duncan’s Multiple Range Test at 95% level confidence (p <

0.05). Data are meanszts.e

Table 2. Importance Value Index (V1) of tree species in different management practices of community forests

Forest Scientific name D F BA RD RF RDO IVI AGB AGC
management (stem hal) (%) (m?hal) (%) (%) (%) (%) (Mghat) (Mg Chal)
SP Dipterocarpus obtusifolius Teijsm. ex Miq.* 285.00 80 4.54 25.225.41 38.85 69.48 20.05 9.42

Xylia xylocarpa (Roxb.) Taub.* 9250 10 041 819 6.76 350 1845 1.42 0.67
Mangifera caloneura Kurz.* 4250 20 0.97 3.76 1.35 8.27 1339 4.70 2.21
Cratoxylum formosum (Jacq) Benth. & Hook. f. ex Dyer 6250 60 0.42 553 4.05 3.62 1321 1.43 0.67
Shorea siamensis Mig.* 5250 40 0.68 4.65 2.70 580 13.15 3.24 1.52
MP Shorea obtusa Wall. ex Blume* 360.00 60 3.47 29.27 4.26 18.95 52.47 17.56 8.26
Shorea siamensis Mig.* 85.00 70 277 6.91 496 15.10 26.97 19.31 9.08
Pterocarpus macrocarpus Kurz* 65.00 70 295 528 4.96 16.11 26.36 19.39 9.11
Rothmannia wittii (Craib) Bremek. 130.00 70 0.73 10.574.96 3.98 19.52 3.00 1.41
Xylia xylocarpa (Roxb.) Taub.* 10250 10 0.64 8.33 7.09 352 1894 2.90 1.36
BP Pterocarpus macrocarpus Kurz* 11250 60 3.16 7.17 4.20 16.20 27.56 22.35 10.50
Shorea siamensis Mig.* 11250 60 282 7.17 4.20 1445 2581 2053 9.65
Shorea obtusa Wall. ex Blume* 11750 60 2.09 7.48 4.20 10.72 2240 13.54 6.36
Xylia xylocarpa (Roxb.) Taub.* 180.00 80 1.04 1146559 531 2237 433 2.04
Sindora siamensis Mig.* 11500 50 1.08 7.32 350 554 16.36 4.93 2.32

Note: *Economic tree. SP: the slight practice site, MP: the moderate practice site, BP: the best practice site. D: density, F: frequency,
BA: basal area, RD: relative density, RF: relative frequency, RDO: relative dominance

Size class distribution

The analysis of the relationship of each size class
distribution (dbh class) with tree density, Shannon diversity
index, basal area, and aboveground carbon stock of the 3
forest sites are shown in Figure 2. The results demonstrated
L-shape distribution (higher of small stems) (Figure 2A).
The small size (<9.5 cm class) showed the highest tree
density but then declined as the bigger size class increased.
The results are consistent with previous reports that tree
density decreased from smaller to bigger size classes (Ao et
al. 2020; Rawal and Subedi 2022). The number of species
and Shannon diversity index (Figure 2B-C) drastically

decreased from small to bigger dbh class in all forests. We
also found that Shannon diversity index was more
drastically decreased in the SP forest than the MP and BP
forests and such traits are common patterns found in forest
areas affected by human activity. The results are consistent
with previous reports, such as Endris et al. (2017); Kacholi
(2014) that increasing tree size classes results in a
drastically decreased number of species and Shannon
diversity index. Basal area and AGC were increased from
smaller to bigger size classes in the BP and MP forests
(Goode et al. 2020). The SP forest also had the lowest
AGC compared to the other 2 sites, especially in the
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biggest dbh class (Figure 2D-E). Generally, the AGC
increased according to the number of big trees and dbh
class increases (Gogoi and Sahoo 2018; Mildrexler et al.
2020; Shirima et al. 2015). In the SP forest, basal area and
AGC increased in the first to middle range of the dbh class
but became lowest in the biggest dbh class (=24 cm). This
showed the characteristics of forests are influenced by
previous regulation and management, resulting in the loss
of large tree species from human disturbances and
exploitations (Tavankar and Bonyad 2015).

Aboveground biomass and carbon

Aboveground biomass (AGB) and aboveground carbon
(AGC) stocks in the BP and MP forests were significantly
higher than in the SP forest. AGB and AGC stocks in
economic trees stocks in the BP and MP forests were
higher than in SP forest but were not significantly different
(Table 3). In general, biomass was attributed to a high
number of stems, dbh size, and tree height in the BP and
MP forests. Easy access to the forest, such as in the SP
forest in the past, could lead to the loss of tree populations
as it had the lowest tree density in the bigger dbh class
(Figure 2A). From basal area of the top five rank IVI
species, only D. optusifolius had significantly occupied the
most space in the SP forest (4.54 m? ha') compared with
the other species. Different from the SP, in the MP and BP,
all top five’s species were evenly in space occupation
(Table 2). Human utilization by harvesting tree biomass
and natural disturbance would have affected AGB and
AGC stocks (Hoover and Smith 2021). Harvesting activities
such as resource extraction, grazing, stem cutting,
agriculture practices, fire ignition, and invasive species,
together with easy access to sites, had a high impact on tree
biomass and carbon storage (Khadanga and Jayakumar
2020). Cutting trees and collecting firewood in the highly
disturbed area resulted in significantly lower AGB and
AGC stocks than in the undisturbed and moderately disturbed
area (Borah et al. 2019). The absence or presence of rule
regulation and management could influence forest products,
such as biomass and carbon (Luyssaert et al. 2008).

From Table 4, the top five biomass rank in the SP
forest, D. optusifolius is the most space-occupied species
and the most significant AGB stock (20.05 Mg ha?) and
AGC stock (9.42 Mg C ha') while the others forest the top
five’s species were more value evenness. Human
disturbance in different human-modified forests resulted in
negative effects on biomass or forest structure
characteristics (Pelletier et al. 2017). An increasing level of
disturbance causes changes in the characteristics of the
plant community, and eventually the population structure
of trees (Mishra et al. 2004).

According to the VI of the top five trees, species found
in all three sites were S. siamensis and X. xylocarpa. The
common tree species found in all 3 forests based on relative
dominance and AGC of the top five trees were Canarium
subulatum, S. siamensis, and P. macrocarpus. These trees
are commonly considered indicator species of dry
dipterocarp forests (Santisuk 2012). Thus, they might
express a high value of the number of stems, basal area
distribution, and eventually the AGB and AGC stocks.
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From the top five ranked of AGC, there were 4 species
classified as economic value trees. The percentage of total
AGC of these species in each forest were 14.37 (63.89%),
28.27 (58.37%), and 33.65 (61.23%) Mg C ha? in the SP,
MP, and BP forest, respectively (Table 4). The percentage
ratio showed that economic value trees performed a very
important role in promoting carbon accumulation in those
differently managed forests. Moreover, P. macrocarpus
represented the AGC, one of the high economic values in
Thailand, in the BP and MP forests (Table 4). Currently, it
is classified as an endangered species on the IUCN Red
List of Threatened Species (Barstow 2019). This plant has
been highly utilized for reforestation, ornamental plants,
medicinal plant, building materials, furniture, home
appliances, firewood, agricultural tools, charcoal, musical
instruments and sculpture art (Chen et al. 2018; Pakkad et
al. 2002; Sritram 2016).

Soil organic carbon

The analysis of soil organic carbon stocks of all 3
forests is shown in Table 3. SOC stock at 0-50 cm depth
and top soil layer (0-25 cm depth) in the BP forest were
significantly higher than in SP and MP forests. However,
SOC stock at 25-50 cm depth in the BP forest was not
significantly higher than in the SP and MP forests. Also
noted that SOC stock in the topsoil (0-25 cm) was
significantly higher than that of the lower soil (25-50 cm)
in all forest sites (Table 3). The BP and MP forests
represented a high tree density with close canopy compared
with the SP forest (Table 1) which supported the process of
increasing soil organic matter through the decomposition of
various plant litters in the area from various soil fauna and
decomposer activity (Huang et al. 2020).

A long duration of rule regulation and management of
those 2 sites also limited the number of villagers who

accessed the forest area and reduced human disturbances.
The frequency of extractions of biomass removal, and
firewood collections are a cause of a decline in pH, carbon
and loss of soil nutrients (Ruwanza and Shackleton 2017).
In addition, logging and harvesting biomass from forests
reduces soil organic carbon accumulation (Mayer et al.
2020; Tolessa and Senbeta 2018). Like the report by Mayer
et al. (2020), controlling or limiting the exploitation of
forests may help reduce the removal of biomass from
forests and increase soil carbon accumulation through
biomass degradation from forest yields, demonstrating
trends that support our study.

Forest carbon stocks

The results showed that the forest carbon stock
(AGCstocks + SOCstocks) Of the BP forest was higher than in
the MP and SP forests (93.89, 80.52, and 54.96 Mg C ha™,
respectively). A trend of forest carbon dioxide absorption
was similar to forest carbon stock in the BP forest, being
higher than in the MP and SP forests (344.25, 295.23, and
201.53 Mg CO; equiv, respectively) (Table 3). Considering
the status of those areas in regard to the intensity level of
forest management, the BP forest was the best-managed
forest area, followed by the MP and SP forests (moderate
and slight management). The intensity level of forest
management or human activity (disturbance) clearly affects
the amount of carbon sequestration and carbon dioxide
absorption in forest areas (Birdsey et al. 2006). Managing
forests helps to increase the amount of carbon sequestration
(Janowiak et al. 2017) and affects carbon changes in forests
(Karki et al. 2016). In addition, BP and MP forests
comprised AGC stock (58.54-60.16%) higher than SOC
stock (41.46-39.84%). In contrast, the SP forest had SOC
stock (59.07%) more than AGC stock (40.93%) (Table 3).

Table 3. Comparison of aboveground biomass and carbon stocks of trees and soil organic carbon in different management regimes of

community forests

Forest management

sp % MP % BP op  Average %

Trees (included economic trees)

AGB (Mg hal) 47.86+5.947 103.06+6.718 116.94425.168 89.29+10.22

AGC (Mg C hat) 225042.79~ 40.93%  48.44+3.158 60.16% 54.96+11.828 5854% 41.97+4.80 54.86%
Economic trees

AGB (Mg ha) 35.11+6.014 69.82+10.75~ 85.20+22 504 63.37£9.12

AGC (Mg C hat) 16.50+2.824 30.02%  32.81+5.05% 40.75% 40.04+10.58" 42.65% 29.79+4.29 38.95%
Soil organic carbon

0-25cm 21.73+1.004% 39.54% 21.70+1.00°% 26.95% 26.74+2.0382 2850% 23.39+0.84 30.60%

25-50 cm 10.73+0.54AP 19.53% 10.38+0.43AP 12.89% 12.18+0.91A° 1297% 11.10+0.38 14.51%

0-50 cm 32.47+1.37% 59.07%  32.08+1.34" 390.84% 38.92+2.73% 41.46% 34.49+1.13 45.11%
Total carbon and CO2 absorbtion

Forest carbon (Mg C ha'l) 54.96 80.52 93.89 76.46

Forest COz absorption 20153 29523 344.25 280.34

(Mg CO2 equiv.)

Note: SP: the slight practice site, MP: the moderate practice site, BP: the best practice site. % as the ratio of carbon AGC/SOC stocks to
forest carbon. Different Uppercase letters in the columns indicate significant differences between the three forest sites according to
Duncan’s Multiple Range Test at 95% level confidence (p < 0.05). Different lowercase letters in the row indicate significant differences
between the 0-25 and 25-50 ¢cm in each site according to Independent Samples T-Test at 95% level confidence (p < 0.05). Data are
meanszs.e
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Table 4. Aboveground biomass (AGB) and aboveground carbon (AGC) stocks of tree species’s rank in different management practices

Forest management Scientific name

AGB (Mg ha) AGC (Mg C ha) %

SP Dipterocarpus obtusifolius Teijsm. ex Miq.*

Mangifera caloneura Kurz *
Shorea siamensis Miq.*
Canarium subulatum Guillaumin
Pterocarpus macrocarpus Kurz *

MP Pterocarpus macrocarpus Kurz*
Shorea siamensis Miq.*
Shorea obtusa Wall. ex Blume*
Canarium subulatum Guillaumin
Sindora siamensis Mig.*

BP Pterocarpus macrocarpus Kurz*
Shorea siamensis Miq.*
Dipterocarpus tuberculatus Roxb.*
Shorea obtusa Wall. ex Blume*
Canarium subulatum Guillaumin

20.05 9.42 41.88
4.70 221 9.82
3.24 1.52 6.78
2.76 1.30 5.76
2.59 1.22 541
19.39 9.11 18.82
19.31 9.08 18.74
17.56 8.26 17.04
9.53 4.48 9.24
3.89 1.83 3.77
22.35 10.50 19.11
20.53 9.65 17.56
15.18 7.13 12.98
13.54 6.36 11.58
9.68 4.55 8.28

Note: *Economic tree. SP: the slight practice site, MP: the moderate practice site, BP: the best practice site. %: the ratio of tree carbon

species i to total tree carbon

Table 5. Comparison of aboveground carbon stocks (AGC) and soil organic carbon (SOC) stocks in dry dipterocarp forest with another

community forest (CF) and Natural forest (NF)

Carbon stock (Mg C ha)

Type Study site

References

AGC SOC Total C stock
CF Maha Sarakham Province, Thailand 41.97 34.491 0-50 76.46 This study
CF Khon Kaen Province, Thailand 19.27 36.19? 0-60 55.46 Jundang et al. (2010)
CF Chiang Mai Province, Thailand 37.38 10.88° 0-120 48.26 Duangthip et al. (2022)
NF Phrae Province, Thailand 320.60 48.674 0-15 369.27 Asanok et. al. (2021)
NF Phayao Province, Thailand 71.99 117.50° 0-40 189.49 Intanil et al. (2016)
NF Savannakhet Province, Lao PDR 22.33 18,716 0-30 41.04 Vicharnakorn et al. (2014)

Note: Number means to soil (sample) depth in each site. 1 at 0-50 cm, 2 at 0-60 cm, 3 at 0-120 cm, 4 at 0-15 cm, 5 at 0-40 cm, and 6 at

0-30 cm

Comparison of aboveground carbon and soil organic
carbon stock with other forest areas

From Table 5, AGC and SOC stocks compared to
another study, both community and natural forests, in
Thailand and neighboring countries. There was a high
variation in total carbon stock among different types of
forests. Among the community forests, this study site
showed higher carbon stored in the biomass, soil carbon
and total carbon stock than the others. However, total
carbon stock in this study is drastically low when compared
with natural forests except in Lao PDR. The two-time
lower tree density was directly relevant to AGC. The
allometric equation used for the estimation of tree biomass
is tightly related to tree dbh, tree height, and the number of
stems found in the area (Ogawa et al. 1965). The amount of
SOC not only depends on direct and indirect factors such as
biological activities, the decomposition rate of plant litter,
altitude, slope, the difference of soil bulk density and soil
depth is a significant effect on SOC (Batjes 1996; Hu et al.
2018; Sariyildiz 2008). However, the relationship between
these factors needs more investigation.

In conclusion, forest management concerns strategies
and methods for controlling and limiting quantities utilized
as forest vyields. This affects the structure and
environmental factors of forests, as well as biomass

production sources for carbon sequestration in forest areas.
Our study showed the result of different community forest
management practices on tree species, tree density, basal
areas, biomass, and carbon stocks. The economic value
species were also protected and remained in all types of
community forests, but the dominant species was different.
We could mention that structure and ecological parameters
were prone to be better with the degrees of rule regulation
and practices. However, community forest areas at any
level of management (best, moderate, and slightly
management) not only serve ecosystem goods and services
but also act as the balance of carbon reservoirs. Moreover,
good forest practices models will promote forest condition
and restoration, increase biodiversity and contribute to
mitigating climate change.
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