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ABSTRACT

Background and Objectives: Chiang Mai Province is strategically important as a major watershed area for the Ping
River basin ecosystem and boasts one of the highest biodiversity levels in Thailand. However, this area is currently
facing a severe and challenging environmental crisis, particularly the rapid decline in forest area and recurring
wildfires during the dry season. These fires have ongoing consequences, leading to transboundary air pollution and
PM 2.5 levels that are hazardous to public health and the regional economy. The severity and spread of wildfires are
directly related to fuel type and forest types. Deciduous forests, such as dry dipterocarp forest and mixed deciduous
forest, which ecologically shed leaves and accumulate large amounts of dry biomass fuel during the dry season, are
more susceptible to fire and more severe fire spread than evergreen forests, which have higher humidity levels.
Therefore, an accurate, high-resolution, and up-to-date forest classification map database is urgently needed for fuel
management planning, wildfire risk zone identification, and natural resource restoration. However, classifying forest
types in the complex mountainous terrain of Chiang Mai Province presents a significant challenge for remote sensing
due to physical factors such as mountain shadows and the similarity of spectral reflectance values among different
vegetation species at certain times. Traditional methods using single-temporal satellite imagery cannot effectively
distinguish between deciduous and evergreen forests. To overcome this limitation, integrating multi-temporal satellite
imagery capable of tracking vegetation phenology changes throughout the year, along with machine learning
technology on a large-scale data processing platform like Google Earth Engine (GEE), is a powerful approach. This
research therefore aims to: 1) create a forest classification map of Chiang Mai Province for the year 2024 using a
random forest (RF) algorithm, and 2) analyze the feature importance of both spectral indices and topographic factors
to identify the ecological factors that have the greatest influence on classification accuracy.

Method: This study was conducted on the Google Earth Engine (GEE) platform to process large-scale geospatial
data. The primary dataset comprised Sentinel-2 Level 2A (Surface Reflectance) imagery, which had been

atmospherically corrected, covering the entire 22,436 square kilometers. The data pre paration process was divided
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into two main parts. The first involved creating a median composite image during the dry season (December 1, 2023
— March 31, 2024), selecting only images with less than 60% cloud cover to serve as a cloud -free baseline for
analyzing the relationships between variables. The second component involved constructing a time-series stack
comprising representative monthly images from four dry-season periods and one wet-season period. This multi-
temporal approach was specifically designed to capture the distinct phenological signatures of leaf shedding and
greening. Furthermore, topographic data, including elevation, slope, and aspect, were derived from the Shuttle Radar
Topography Mission Digital Elevation Model (SRTM DEM) and resampled to a 20-meter spatial resolution. The
researchers initially calculated a comprehensive set of 26 predictor variables, encompassing vegetation indices, water
and soil indices, forest-specific indices, and original spectral bands. To optimize model performance, a two -step
Feature Selection process was implemented. Initially, Pearson’s correlation coefficient analysis was used to eliminate
highly redundant variables (excluding those with r > 0.90 or r < -0.90). Subsequently, the remaining variables were
ranked based on the Mean Decrease in Gini Impurity metric using the Random Forest algorithm. The classification
model targeted three distinct classes: deciduous forest, evergreen forest, and non -forest. Reference data consisted of
750 standard ground-truth points, collected via stratified random sampling to ensure spatial independence. These
points were randomly partitioned into an 80% training set (600 points) and a 20% testing set (150 points). The RF
classifier was parameterized with 500 decision trees (ntrees) to maximize stability.

Results: The feature selection process successfully refined the dataset to an optimal subset of 12 non -redundant
variables. The analysis revealed that topographic features were the most influential factors governing the model's
predictive capability. Specifically, elevation was dominance the ranking with the highest importance score (629.27),
followed by slope (492.16). Among the spectral predictors, the shadow index (SI) (215.45) and the Green Normalized
Difference Vegetation Index (GNDVI) (184.90) proved to be the most critical variables, as they effectively captured
the complexities of canopy structures and mitigated topographic shadow effects during the dry season. The developed
RF model demonstrated exceptional performance, achieving a high Out-of-Bag (OOB) accuracy of 90.30%. When
evaluated against the independent testing set, the model yielded an Overall Accuracy of 95.92% and a Kappa
coefficient of 0.94. Class-specific performance analysis indicated that the non-forest class achieved the highest
accuracy (Producer’s Accuracy 97.92%, User’s Accuracy 100%), followed by evergreen forest (Producer’s Accuracy
94.12%, User’s Accuracy 96.00%), and deciduous forest (Producer’s Accuracy 95.83%, User’s Accuracy 92.00%).
The final spatial map revealed that deciduous forests cover approximately 48.70% (10,779.68 km”) of the province,
predominantly distributed in foothills and mid-elevation zones, while evergreen forests account for 32.37% (7,164.34
km), densely dominating the higher mountain ranges, which perfectly aligns with highland forest ecology principles.

However, spatial verification identified specific limitations. Minor misclassifications were observed within ecological
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transition zones (ecotones) at elevations between 800 and 1,150 meters due to highly mixed forest structures.
Additionally, spectral confusion occurred in agricultural areas containing perennial, long -living fruit orchards (e.g.,
longan and orange orchards), which maintain permanent green canopies that closely resemble the spectral signatures
of natural evergreen forests.

Conclusion: This study demonstrates that applying a RF algorithm with multi-temporal Sentinel-2 imagery on a cloud
computing platform provides a highly robust, cutting-edge tool for mapping complex forest ecosystems in
mountainous regions. Empirical findings confirm that elevation serves as the most important ecological boundary for
forest classification in northern Thailand. The resulting high-precision classification map serves as a vital spatial
database for accurately delineating wildfire risk zones and supporting targeted natural resource management. For
further enhance model accuracy in future research, it is highly recommended to refine the non -forest class by
explicitly separating perennial fruit orchards into distinct sub-categories. Furthermore, incorporating Synthetic
Aperture Radar (Sentinel-1 SAR) data or employing advanced texture analysis should be strongly considered to

improve the differentiation of physical vegetation structures across complex landscapes.

Keyword: Remote sensing, google earth engine, machine learning, random forest algorithm
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random sampling across Chiang Mai Province.
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Figure 3 Factors variable importance scores derived from the random forest algorithm (RFA)
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Table 1 Confusion matrix of forest type classification in Chiang Mai Province
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<
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(o]
3
2 Non-forest 0 1 47 48 97.92%
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Kappa=0.94
Remarks: UA = User accuracy, PA = Producer accuracy, OA = Overall accuracy
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ABSTRACT

Background and Objectives: Accurate measurement of stem size is a fundamental component of forest mensuration,
as it directly underpins the estimation of basal area, timber volume, aboveground biomass, and carbon stocks in forest
ecosystems. In tropical forests, however, standard protocols for measuring stem girth or diameter at breast height
(DBH) are frequently complicated by the presence of buttresses. These structural adaptations alter stem geometry,
causing girth measurements taken at the conventional height of 1.30 m above ground to deviate from the idealized
cylindrical form. Consequently, measurements that include buttresses tend to overestimate stem girth and propagate
systematic bias into subsequent calculations of forest structure and ecosystem services. To avoid this issue,
conventional practice recommends measuring stem size above the buttress. Nevertheless, this alternative approach
introduces a different form of bias, as stem diameter typically decreases with height due to tapering. In many tropical
species, such as Lagerstroemia floribunda, buttresses may extend continuously along much of the lower stem, making
it difficult or impractical to define a consistent measurement position. These challenges are particularly critical in
permanent plots, where monitored must be conducted at the same position. Despite the widespread recognition of this
issue, practical and standardized methods for correcting buttressed stem measurements remain limited. Therefore, this
study aimed to (1) develop a regression model relating measured buttressed girth to girth derived from the actual basal
area of L. floribunda, (2) evaluate the accuracy of the developed model, and (3) assess its applicability to other tree
species with similar buttress morphology.

Methodology: The study was conducted in lowland tropical forest areas in eastern Thailand, where buttressed tree
species are common. L. floribunda was selected as the focal species due to its well-developed ridge-type buttresses that
often extend along the lower stem. A total of 50 trees were sampled using a size-class stratified sampling design to
ensure representation across a wide range of girth classes. For each tree, stem girth including buttresses was measured
at 1.30 m above ground. At the same height, the actual cross-sectional shape of the stem was captured by tracing the
outer bark surface, including buttress contours, using a flexible aluminum strip to conform to irregular surfaces. The
traced shapes were transferred onto reference sheets, scanned, and digitized in a geographic information system (GIS).
The true cross-sectional area was then calculated from the digitized polygons. Based on the calculated area, an
equivalent circular girth was derived mathematically to represent the girth corresponding to the actual basal area. The
relationship between measured buttressed girth (denoted as GBH_mb, cm) and girth derived from actual basal area
(denoted as GBH_pred, cm) was analyzed using simple linear regression based on the least squares method. Model

performance was evaluated using the coefficient of determination (R?) and the statistical significance of regression
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parameters. To assess the robustness and applicability of the model, it was further validated using independent datasets
of L. floribunda and additional buttressed species, including Markhamia stipulata var. stipulata and Irvingia malayana.
Residual analysis was performed to evaluate systematic bias across girth classes and to examine model behavior at the
lower and upper extremes of observed data.

Main Results: A strong linear relationship was observed between measured buttressed girth and girth derived from
the actual basal area for L. floribunda, with the regression model explaining a high proportion of variance (R? = 0.989,
p <.001). The fitted equation was: GBH_pred = 3.266 + 0.874 x GBH_mb. The regression slope of less than unity
indicates that measurements buttress systematically overestimate true girth, reflecting the lateral expansion of buttress
structures rather than proportional increases in cross-sectional area. Validation using independent datasets showed no
significant difference between predicted and observed values, with residuals symmetrically distributed around zero,
indicating the absence of systematic bias within the calibrated range. When applied to other species with similar buttress
morphology, the model maintained low mean prediction errors and showed consistent performance. However, when
applied to species with distinctly different buttress morphologies, prediction errors increased substantially, highlighting
the influence of stem architecture on model applicability. Residual analysis across girth classes revealed no consistent
trend of bias, supporting the use of a single correction model across the observed size range. Nevertheless, for smaller
trees with measured buttressed girth values below approximately 26 cm, the model tended to slightly overpredict girth
derived from actual basal area. This pattern reflects the influence of positive intercept of the regression equation and
the limited development in smaller trees.

Conclusion: This study demonstrates that stem girth measured including buttresses at breast height can be effectively
corrected to approximate true cross-sectional girth using an empirical regression approach. The proposed model
provides a practical and field-applicable alternative to conventional measurement above buttresses, enabling consistent
and repeatable measurements at a fixed height. This is particularly advantageous for long-term monitoring in permanent
sample plots, where measurement consistency is essential. The model performs reliably within the calibrated girth
range and for species with similar buttress morphology. However, caution is required when applying the model to small
trees (GBH < 26 cm) or to species with different buttress forms. Overall, the approach reduces systematic measurement
bias and enhances the accuracy and consistency of basal area, biomass, and carbon stock estimation in tropical forest
inventories. Further research incorporating additional species and environmental conditions would help improve the
general applicability of the model. This approach provides a standardized and practical solution for improving the
accuracy of forest inventory and carbon stock estimation in tropical forests affected by buttressed tree forms.

Keywords: Buttress correction, forest mensuration, girth—area relationship
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Figure 1 A) Study area, and B) ridge buttress of L. floribunda, which commonly occurs along the trunk.

4) N1snaadauannl1s (Equation
validation)
[ Y
AUMINWAILITY Ao UnNy
A10819DNYAVOINLUUNUT (L. floribunda) 118
= a AN o o 9 Y
o0 2 wila NUanBazywoumNdauInding
AUAZUUNUY (L. floribunda) A® UATINY
(Markhamia  stipulata (Wall.) Seem. var.
. 2
stipulata) WagNILUN (I malayana) anyldlu
dy AR o < @ 1 a A v 9
WUNANET  TAgriINMSINUAIBE19IBIAEINUAY
Aq 9 Y o ' yAq ¥
nlsasaums  daeraldnldmaaevanms
= t:' 1 1 a
Hvaanulannsenelusiean q yiaas
38, 10 4ag 7 AU U9y uNATeUANY
UANAINTENINAVINAFUTOUNNAIUIDDN
dy A Y v A oAy Y C4
Wunndavs wazan 1aanmsmanisal

GQ]J’JEJ’mJﬂﬁ TAgAT T UM TLINUIIVDIA

AMULANA LU VIV

U

(Paired  differences)

dmsunaaczyiia b lagldnminaaon

29

Shapiro-Wilk  tWolsziiuguuagIumMsLan

a I
vasmuulnAvesdoya  mindoyaiulUaw
auuAgIuaInan  39l¥mInadey  Paired-

= 1 d‘ U
samples t-test Iumsifseuneum Nszay

@

HedAynada o = 0.05

d
HauazIa1sal (Results and Discussion)

%

1. ANNTUNUTIZH NI UTUIOVIINTATIN
a4 2 4 v o a
WWBHIAZ A IUDIDNUNHINAADI
[ o J 1
AUMIANNTURUT TN NUFUTBUI

[

AU insamyneu (Measured buttressed girth)

o A
A1 UN
Y A o dy A Y o a
UAZIFHIDUINNATUIUITIDIWUNHTUIAAIIN
(Girth derived from actual basal area, GBH_pred)
{ <
YOIALUVNU (L. floribunda) Nywou 1ju 11

AMUTUNIT

GBH_pred = 3.266 + 0.874 x GBH_mb,



NsansvetinaIneth e dIneg 10(1): 23-34 (2569)

A

° D] A 9 A
i1 ualy GBH pred 1o LdUTOUIIN
Y v
MUIBNANUNHEIAADI S (cm) t1az GBH_mb
A Y o ¥ Ao
A9 1AUIDUIAIAUNIATINNWNOU (Measured
buttressed girth, cm) 1A8NAT R2 = 0.989 LLHAS
MAwlsoaseanIsaesulenuulsisiuv
o Y= Y R
voadulsarulanedosay 98.9 ¥al

o Y] o

anuduiutisudulussduganin

a

'd
sz ansanusuvesdalsiduseuiem

.

[

UNIATINYNOU 0.874 tazifed1Aynig

SBe

DAgY (p <.001) WawenIuilerdusouIedidn

)]

=).

v Y
wﬂS’JiJ‘I(‘I”W’EJH LWN%H 1 EUALUAT Lﬁ%jui’ﬂ‘]_lilxi

Y
o A

A A Y o a A g
AMUININNUNHUIAAITI vz g

v 9

QY 0.874 KKUALNAT LAZAIANUTUNTA 108

=

N1 1 UEAIDIaNyUTNITUFIUVOINNOUN
Y] 9 ' A & 4 v oo
VYYD ONAIUY NN M TINUNUNHTAA
PE1ANUAND NANAD MITAFUTOUINTIY
AIUTUVDIWNOUILNNAIANVO AT UTOUI
[ A 1 A d%’ tﬂy A Y o a
Tuns1NGINNMINVAIUYRINUNHTIAADI
é d' Y 1 = I a
FINNUAAIAAADUAINANYANY UL UDAA
1FI52UY 1aga1115003 V18 1aINaNH AU
dugruvesynouiiuauendusouelag
' 9y 1 v Y
Tumiununnididaog1aaiaus a3y
[ v Ja Y ~ YR I Y4
anudunusFudunldsadlunadnsueans
udasaminginseluaduaveggnssauya
IFUTVIANA UAZTUNITANUTURUT AN

IS4 ] v aa

intercept = 3.266 HAazUHed1AYN1IAD
[ 1 9 Y I 1 [
(p=0.024) HasINaazNoU AU N15IA
9 o v d' =1 Y Y
tdusoUaAUNI YW uluud TinlvAga
1 I~ a 9y [ =
N21A2107 W59 AOANABINUNITANHIVD
Ngomanda et al. (2012) waz Iugsvaadui
FardusouasiuyneudInlszuim 26

yuAtuas azldamvuiadussulanaIuIn

30

Thai For. Ecol. Res. J. 10(1): 23-34 (2026)

dy ~ Y o a 1 VAo Y a = d
i]1ﬂWMﬂﬁuWﬁﬂ%iﬁgﬂﬂ’ﬂﬂWﬂ’)ﬂqﬂi]i\‘] Fuu
a 9 d’d
Wﬁﬁﬂﬂg“lJLL‘U“]J"lI’ENﬁiJﬂTifIﬂE‘IfJEIHNLETL!T]M

Y

' A g A o ' 1
Masnuuan uagmsndledialungquay
IS Aa A 1 a J
YUIAANNBNTHAABMTUsZIUMITNNBT
YoIANN310NIINQUANILIANA TR
1 2 Y 9 <3 @ Y
Trgy wenainil duldvinadne1ads Tunaun
suUnsaynouedaFaau vrldn1sdasu
S Y a A
ywou lulaneldiRanuaaranaouly
a = (% 9 9 L |
namaRenudu ldvinalvg daumsnszae
< 1
Yot 0yan1uns W (Figure 24) naasldimui

9 1 (=) v 1 Y 9 H
i]ﬂ"]]i’)ﬂﬂﬁ’;luclﬁiy,ﬁﬂﬂ@]ﬁﬂgiﬂmﬁuﬂﬂﬂ@ﬂ jIN|

Q U

=

‘]_lf’)ﬂﬂ\‘]ﬂ’J"IllL‘Vill"IgﬁiﬁJ'fJQﬂ"lﬁ(l%}ﬁiJﬂTiL%\uﬁ%}u
a o v J @ gll
Gluﬂ'li'é]‘ﬁﬂﬁlﬂ'J'l‘lJﬁiJWLlﬁigW'N\i@'JLLﬂ‘iﬂﬁ

A099819F AU

2. MINATOVANMITIEH B HA
WAaN1SNATOY Shapiro-Wilk Yo 411
AINUANAIITZH I GBHAAITUINDIN
A A 9 o a " Ay v R,
nunmihaasaazan lannaumsvesling
3 ¥ UAMNNNATOUANNIT UNITHINUIILU
Und (p>0.05) TaeAIANULANAIITZHIY
~ o Ady ~ Y o
GBH v99a211nU1 AA1uIaniuiviiae
a 1 d‘ 9 " v o W aa
vsauaza lannaums luthiednynieata
(p=0.543) UAAINAUNITTINITONIUIIA
Aq ¥ Y
GBH vo3azu1nin Nldmaaeuaunslaedia

Hszansaw vaz lutieanmeszuulunania

v y Y ) [
Qﬁ%@iﬁ%ﬂu%iﬂ mﬁmmmﬂmﬂmﬁaumﬁﬂ

ey

[

odluszdudunn (- 0437 wufwa) iile
nagouaun iy lifarewsiia wuan uaivy
(M. stipulata var. stipulata) Twaniuie i
UANAIIINAITY (p=0.486) 1aglina1u

ﬂmmﬂﬁaumﬁmﬁw (0.752 muamm) Has



NsansvetinaIneth e dIneg 10(1): 23-34 (2569)

a 1 4 @ J
ﬂﬁﬂWQﬂlﬂ\?ﬂ’lﬂﬁ’lﬂlﬂﬁ@uﬂi$ﬂ’lﬂ§‘]')i@‘ﬂﬂuﬂ
1 dy 9 Y o o
LLﬁﬂ\?'ﬂﬁﬁJﬂ’]ﬁu’ﬁWiﬂﬁﬂﬂ3$Qﬂ§‘]1‘lfﬂ‘llllﬂ‘ﬁ']
Wy (M. stipulata var. stipulata) Nanbme
[ I 1 = 1 A Y
ﬁm§1umwaulﬂuglwuﬂiU@l’e)!,umﬂmﬂm!mﬂ
W1 (L. floribunda) TuaaigNn1snaaouny
2 A A
nszun (L malayana)“]fﬂﬂiﬂiﬂﬁi”lﬂ{j%lﬂu

[ = Y 1
UADNANNIINASHLUNUN ﬁNiWWﬁ@nQﬂ@'ﬂIhJ Tag

Thai For. Ecol. Res. J. 10(1): 23-34 (2026)

udAUANANTENINAIDI Az NANNT
o 12 [ Y o @ =
mmmz'lumﬁmuuﬂmmy (p=0.084) LAY
: 4 gy | -
A1ND1ALAABUIRDYFININDN 2 ¥HA (14.6
a = '
uaNas) uaziinluulsdsiugani
o g
(Table 1 g Figure 2B) aziounnusuiluuoq
MINIITAUANHULIFITUFIUAIVANUNS

Uszgnd ldaums

Table 1 Paired comparison between observed and predicted stem girth across species.

Buttressed stem Mean paired SE of
Species n

girth range (cm) difference (cm) difference
L. floribunda 38 14-215 —0.44 0.71
M. stipulata var. stipulata 10 70-150 0.75 1.62
1. malayana 7 53-425 14.6 7.02

Note. Positive values indicate underestimation by the model.
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Figure 2 Relationship between measured buttressed GBH and girth derived from actual basal area in L.

floribunda (A) and boxplots showing paired differences between observed and predicted stem girth for three

tree species (B).
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Population Density and Habitat Suitability of Gaur (Bos gaurus H. Smith)

in the Phu Fa Non-Hunting Area, Nan Province
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ABSTRACT

Background and Objectives: Spatial ecology of wildlife provides a fundamental basis for conservation planning
and sustainable natural resource management. This is particularly important for gaur (Bos gaurus H. Smith),
the largest extant wild bovine, which requires extensive home ranges, exhibits low reproductive rates, and is highly
sensitive to environmental changes. Currently, gaur populations are facing increasing pressure from habitat loss
and fragmentation driven by human activities, as well as limitations in forest connectivity. These factors contribute
to population decline and elevate the risk of habitat isolation in the long term. Although protected areas in Thailand
have been progressively expanded, information on population density and spatial use patterns of gaur remains
limited, particularly in mountainous forest ecosystems in northern Thailand, where terrain complexity and
inaccessibility constrain field studies. Phu Fa Non-Hunting Area represents an ecologically significant forest
landscape for wildlife, especially gaur, comprising relatively intact montane evergreen and dry evergreen forests.
The area also has high potential as an ecological corridor facilitating movement of large mammals between Thailand
and the Lao People’s Democratic Republic. However, current knowledge regarding population status and
environmental determinants of habitat suitability in this area remains insufficient to support effective spatial
management. Therefore, this study aims to estimate the population density of gaur and to analyze environmental
factors influencing habitat selection. The findings are expected to provide baseline information for conservation
planning, habitat restoration, and long-term population monitoring.

Material and method: Field data collection was conducted from November 2024 to October 2025. A total of 10
camera trap stations were systematically deployed across the study area to record the occurrence of gaur. Camera
locations were selected based on areas with a high likelihood of gaur presence, including wildlife trails, water
sources, and natural salt licks. In addition, signs of wildlife were recorded during patrol surveys, including direct
sightings, vocalizations, footprints, dung, and feeding evidence, along with their geographic coordinates. All

collected data were processed for statistical and spatial analyses. Population abundance was assessed using the
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Relative Abundance Index (RAI), calculated as the detection rate per number of trap nights. Population density was
estimated using the Random Encounter Model (REM), which does not require individual identification and is
particularly suitable for large ungulates lacking distinctive individual markings. Habitat suitability was evaluated
using the Maximum Entropy (MaxEnt) model, which has been widely recognized for its high performance in
predicting species distribution from presence-only data. A total of seven environmental variables were included in
the analysis, comprising both physical and biological factors: elevation above mean sea level, slope, land use,
distance to water sources, distance to roads, distance to villages, and distance to ranger stations. Model performance
was assessed using the Area Under the Receiver Operating Characteristic Curve (AUC) to evaluate the model’s
ability to discriminate between suitable and unsuitable habitats.

Results and discussion: A total sampling effort of 3,650 trap nights resulted in 27 independent detections of gaur,
yielding a Relative Abundance Index (RAI) of 0.74%, indicating a relatively low detection rate. However,
population density estimated using the REM was 19.6 individuals/km?, suggesting that the study area still has the
capacity to support a viable gaur population. The spatial distribution of gaur was uneven, with individuals tending
to utilize specific areas associated with key resources, such as water sources, foraging grounds, and refuge sites.
Habitat suitability analysis using the MaxEnt model demonstrated excellent model performance (AUC = 0.987).
Approximately 35 km?, representing 29.41% of the total study area (~119 km?), was classified as suitable habitat
for gaur. Highly suitable areas were predominantly distributed within montane evergreen and dry evergreen forests,
which provide favorable conditions for gaur survival. Permutation importance analysis indicated that distance to
water sources, distance to ranger stations, and distance to villages were the most influential variables determining
gaur occurrence. In contrast, percent contribution values highlighted the importance of both physical and biological
factors, particularly elevation, land use (dry evergreen and montane evergreen forests), and distance to water
sources, in shaping habitat suitability. Highly suitable habitats were primarily concentrated in high-elevation
mountainous areas (1,200-1,600 m above mean sea level), characterized by a mosaic of ridge-top grasslands
interspersed within montane and dry evergreen forests. These habitat features likely enhance resource availability,
provide suitable shelter, and facilitate avoidance of potential threats. Although anthropogenic disturbance factors,
such as roads and human settlements, had relatively lower contributions, they still played a role in constraining the
spatial distribution of gaur within the study area.

Conclusion: The results indicate that although the population density of gaur in the study area is relatively low, the
presence of suitable habitat covering approximately one-third of the total area reflects the potential of the forest

landscape to support population persistence and future expansion. These findings provide important implications

39



NsansvetinaIneth e dIne 101): 35-52 (2569) Thai For. Ecol. Res. J. 10(1): 35-52 (2026)

for management interventions, including the improvement of water sources, enhancement of forage availability,
and maintenance of habitat connectivity to reduce the risk of population isolation. Furthermore, the establishment
of baseline data on population density and habitat suitability serves as a critical tool for long-term monitoring of
population dynamics and for evaluating the effectiveness of conservation measures. With appropriate management,
the study area has the potential to function as a core habitat and a source population, contributing to regional
population stability. This, in turn, would strengthen forest ecosystem integrity and support the sustainable

conservation of wildlife in northern Thailand over the long term.

Keywords: Habitat suitability, camera trap, population density, random encounter model (REM)
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NaazInITal (Results and Discussion)
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Table 1 Percentage contribution and permutation importance of environmental variables for gaur occurrence

Environmental variable Contribution (%) Permutation importance (%)

Elevation (above mean sea level) 43.56 11.06
Land use (Forest type) 22.59 3.92
Distance from water sources (KM) 17.78 33.42
Distance from forest ranger stations (KM) 1.82 31
Distance from villages (KM) 1.22 18.9
Distance from roads (KM) 9.2 0.4
Slope (%) 3.83 1.3
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ABSTRACT

Background and Objectives: The Asian elephant (Elephas maximus) is classified as an umbrella species that
plays a critical role in forest ecosystem conservation. Thung Salaeng Luang National Park (1,262.40 km?),
located within the Phu Miang—Phu Thong Forest Complex, represents a key habitat for wild elephants. However,
habitat fragmentation resulting from the expansion of human settlements and agricultural areas has compelled
elephants to increasingly utilize agricultural lands as pseudo-habitats, elevating the risk of human-elephant
conflict. This study aimed to analyze environmental factors influencing seasonal habitat selection and estimate
home range size of wild elephants in Thung Salaeng Luang National Park, with the goal of informing wildlife
management and conflict mitigation strategies.

Methodology: A total of 650 wild elephant occurrence records — comprising direct sightings, dung deposits,
footprints, and rubbing marks — were collected from qualitative SMART patrol data between 2018 and 2024.
Records were partitioned into dry season (November—April) and wet season (May—October) datasets. Maximum
Entropy (MaxEnt) modeling was applied using 11 environmental variables across three categories: physical,
biological, and threat factors, on a 100x100 m grid. Data were randomly split into 75% training and 25% testing
sets, with five replications, and model performance was evaluated using the Area Under the Curve (AUC).
Results: Both seasonal models demonstrated good predictive performance (dry season AUC = 0.764; wet
season AUC = 0.858). During the dry season, the most influential factors were distance to evergreen forest
(46.10%) and distance to grassland (12.70%), with elephants exhibiting a broad distribution across the park and
a home range of 456.92 km?2. During the wet season, distance to dry evergreen forest (21.70%) and distance to
salt licks (21.00%) were the primary determinants, with elephants showing a more clustered distribution in the

central and southern areas and a reduced home range of 173.03 km? The difference of 283.89 km? between
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seasons reflects marked behavioral plasticity in response to seasonal resource availability. Elephants showed
stronger avoidance of human settlements, agricultural areas, roads, and other threat indicators during the dry
season. However, during the late wet season when crops reached maturity, some elephant groups moved toward
agricultural lands in the northern and western zones where communities reside and cultivate within the park,
increasing the likelihood of human-elephant encounters.

Conclusion: Seasonal variation in wild elephant habitat selection was clearly evident, with biological factors
as primary determinants and anthropogenic factors influencing avoidance or approach behavior depending on
the season. These findings provide a scientific basis for targeted management interventions, including the
establishment of buffer zones, systematic monitoring of high-risk conflict areas, and seasonal management of
food and water resources within the park, to effectively mitigate human-elephant conflict and promote balanced

conservation of wild elephants and their habitats.

Keywords: Habitat suitability, maximum entropy model, Thung Salaeng Luang National Park
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Figure 1 Location and boundaries of Thung Salaeng Luang National Park and surrounding human settlements and

agricultural areas.
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Table 1 Count of Wild Elephants presence points in the study area for data analysis and validation.

Training Testing
Species Season Presence (100 %)
Presence (75 %) Presence (25 %)
Dry 421 315 106
Elephants
Wet 229 172 57
Sum 650 487 163

Table 2 Environmental variables used to generate the MaxEnt model for Wild elephants in Thung Salaeng Luang

National Park.

Name Description Unit Sources
Biological factors
Range/grassland Distance to range/grassland area km
Tswec.ldd.go.th (Land
Deciduous forest Deciduous forest area km?
Development Department)
Evergreen forest Evergreen forest area km?
Stream Distance to water bodies km. Gistdaportal.gistda.or.th
Salt lick Distance to salt lick km. Data from the smart patrol system
Threat factors
Roads Distance to Roads km. Download.geofabrik.de/asia.
html (Planet OpenStreetMap)

Village&Agriculture  Distance to village and km. Tswec.ldd.go.th (Land

agriculture area Development Department)
Threat Distance to threats such as poaching evidence, km. Data from the smart patrol

illegal logging, hunter's camps and evidence of

human encroachment
Ranger station Distance to ranger station km. Data from the smart patrol system
Physical factors
Elevation Altitude above sea level (DEM) m. Portal.opentopography.org/
Slope Degree of rise/run % (NASA Shuttle Radar Topography

Mission, 2013)

o 9 = Y
3.2 7998A1UF¥ 10 1N Useneovuane

Development Department, 2025) SRR RNTRTRY

Uszianmislflse Teminauvesgneruuana ponilu 3 nqu Ao 1) anah 2) Thedaly Idun

YU a9I1 A9 (National Park Office, 2023; Land Yudess Tunganssa way 3) Thlindaly
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2.1) wssudoyatideuindonliog
Tugtuuy s Asc fifvunaganin 100 x100
wias uhfunnsudeya (Niranrat, 2015.)

22) 1ivtoyayan15UI1ng Ve
Fratheendu 2 dau Taeldlusunsy R ¥1ns

1A10819 (Random sampling) Uszneumediu

)

)

1 1 YoyamsUsng (Presence) $oaz 75 A1MTU

U

I a 4
Tdiludoyadns e Training data taz a3 19wy
~ [ I [l ~
NAMUUILIUYDINITNTEIY uazaIUN 2
doyanisisinguaz 1ds1ng (Presence and
absence) 9819823000z 25 Fvsuldnaasy
ATNYNADIVOIUDUTIADI (Testing) YDILHUN
(Liu et al., 2005; Trisurat et al., 2014)
o I
2.3) Mmuazduuumsuaainalu
.. d' 1 d‘ 9 A 9
11U Logistic YMENA1DU 9 1¥ASUAY Default
v9411/511n53 MaxEnt software version 3.1.0 1A
a 4 o g’/ . . 4
ANTIZHToYATIUIN 5 AT (Replication) 1HDAA
ANUAAIANADUVDINANITIN1aD (Trisurat ef al.,
Ay ¥ Y} ' ' <
2014) Han 1asznevdreaIn NIz Yo
M31/31ng) (Probability of presence) UA1IEHIN 0-
1 MUNUIMV0TT8LIAdauaeN1TNIZI8VD
[ d . . 1 [ A' A
ada11 (Contribution) AL AIAITUUNEDD O
HUVI1809 U5ZIUUIINAT Area under curve
(AUC) M1na1 AUC 91103 1 naaaduudiaes
nANNU RN eg (Phillips & Dudik, 2008)
a 4

2.4) HAN15A512H 10 TUsUnT Y
MaxEnt ldfA19adani31/51ng (Logistic threshold)
° Voo A 1 Aq Y £y
U 11 A1 AAADN 6 A1 NINANVYNABIFY

Maximum Training Sensitivity Plus Specificity
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(MTRSPS), Equal Training Sensitivity and
Specificity (ETRSAS), Maximum Test Sensitivity
Plus Specificity (MTESPS), Equal Test Sensitivity
and Specificity (ETESAS), Prevalence Threshold
(PTP) #9¢ Minimum Training Presence (MTP)
(Liu et al., 2005; Trisurat & Bhumpakphan, 2018)
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Logistic threshold 914U 6 R Lgax%’eyawﬂﬁeu
fouaz 25 U1 Equal training sensitivity and
specificity logistic threshold (ETRSAS) 7 04388
muzaudmsuuuusiaeslugguads tazan
03175 Nz and msunuudiaealuggu
A A = 9 =2

FHOIINNAURAYGIFTA TENDUDIANNTUAD

' o A 44
531’T’ﬂﬂﬂ]1%61%15ﬂiuﬂ1§ﬂ1u18wuﬂ%‘WU
(sensitivity) ttag Tiwu (Specificity) ¥ouuUT1a04
o Y o dy A ]
mﬂwamwmﬁ]muﬂwumwmzﬁmmﬂn
Y ] ~ a a
L'VHJ1$’ﬁiJllﬂQEJWQllﬂﬁ%ﬁﬂ‘ﬁﬂWWlLﬁgﬁﬂﬂ'J'liJ

4 o
ﬂﬁ?ﬂlﬂﬁﬁ]ﬂﬂ]ﬁ]\?Wﬁﬂ1ﬁWﬂ1ﬂim (Table 3)

Table 3 MaxEnt Logistic Cut-off Thresholds for Classifying Habitat Suitability of Wild Elephants Thung Salaeng

Luang National Park (Dry and Wet Seasons)

Species Season ~ MTRSPS ETRSAS MTESPS ETESAS PTP MTP
0.3247 0.4377 0.3247 0.4209 0.3121 0.1817

0.5535 0.4521 0.5535 0.4663 0.3305 0.0454

Wild Elephants Dry 0.3999 0.4402 0.3999 0.4537 0.3059 0.0913
0.4419 0.4375 0.4419 0.4465 0.3114 0.0897

0.4298 0.4266 0.4298 0.392 0.2932 0.0593

Average  0.4300 0.4388 0.4300 0.4359 0.3106 0.0935

0.3428 0.3378 0.2445 0.3141 0.1910 0.0154

0.3253 0.3071 0.3184 0.2754 0.1758 0.0108

Wild Elephants Wet 0.2810 0.3146 0.1998 0.2389 0.1682 0.0159
0.3535 0.3244 0.4038 0.4034 0.202 0.0129

0.2591 0.3038 0.2947 0.3241 0.1709 0.0394

Average  0.3123 0.3175 0.2922 0.3112 0.1816 0.0189

NAMINATeUMANUIIAYVDIAILS

A o
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[ [ o

duinsveafedenradonaediai lugguds

18un szezvininth lindaly szogriteainga

63

'
=~

¥
‘Ifiiih Ll,ﬁwi%ﬂ%ﬁ?ﬂﬂ1ﬂ%ﬂ%ulla$ﬁuﬂlﬂ‘ﬂG]’i

[

aua1ay @ luggdu daulsidiaygega

Taun szozviraainuvaslile szozvinaainila
9 v

paaly uazszerHIInguEULAz NUNINYAS

AUAIA (Figure 2)



NsansdetinaInethlfidesIneg 10(1): 53-76 (2569) Thai For. Ecol. Res. J. 10(1): 53-76 (2026)

Jackknife of regularized training gain for Elephas Jackknife of regularized training gain for Elephas
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Figure 2 The jackknife test for evaluating the relative importance of environmental variables for Wild Elephants in

Thung Salaeng Luang National Park, dry season (2A), and wet season (2B)

Remarks: dis to agri = distance to Village & Agriculture area; dis to_deciduous_forest = distance to deciduous forest;

dis_to_evergreen_forest = distance to evergreen forest; dis_to_pong = distance to salt lick; dis_to_range = distance to ranger

station; dis_to stream = distance to stream; dis to threat = distance to threat area; dis to track = distance to roads;

dis_to_wgs84 2 = distance to village and agricultural area; elevation = elevation; slope = slope.
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Table 4 Percentage contribution of environmental factors to Wild Elephants’ habitat suitability in Thung Salaeng Luang

National Park.

Wild Elephants Mean Max  Min
Environment factors Dry Wet
Percent Permutation Percent Permutation
contribution importance contribution importance
Evergreen forest 46.1 33.7 21.7 24.7 33.9 46.1 21.7
Salt lick 6 6.9 21 18.2 13.5 21 6
Range 12.7 17.6 4.9 6.3 8.8 12.7 4.9
Roads 1.2 1.9 16.2 18.3 8.7 16.2 1.2
Village & Agriculture 4.5 11.1 12.1 14.8 8.3 12.1 4.5
Elevation 10.4 10.6 4 6.3 7.2 10.4 4
Threat 2.6 2 11.1 7.6 6.85 11.1 2.6
Slope 6.4 5.8 33 1.4 4.85 6.4 33
Deciduous forest 24 43 53 2.2 3.85 53 24
Ranger station 5.5 4.8 0.1 0.1 2.8 5.5 0.1
Stream 2.1 1.3 0.1 0.2 1.1 2.1 0.1
Sum 100 100 100 100
AUC 0.764+ 0.029 0.858+0.017

Note: Mean, Max, and Min values were calculated from the percentage contribution of each environmental factor across both

dry and wet seasons. Mean represents the average percentage contribution across the two seasons, while Max and Min indicate

the highest and lowest percentage contribution recorded among the two seasonal models, respectively.
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Figure 3. Area Under the Curve (AUC) of Wild elephants during the dry season (3A) and wet season (3B); importance
of environmental factors affecting Wild elephants distribution during the dry season (c—f), including (c) response curve
of distance to evergreen forest, (d) response curve of distance to range or grassland, (e) response curve of elevation,
and (f) response curve of slope; and importance of environmental factors affecting Wild elephants distribution during
the wet season (g—j), including (g) response curve of distance to evergreen forest, (h) response curve of distance to salt
lick, (i) response curve of distance to road, and (j) response curve of distance to village and agricultural area.
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Table 5 The area of seasonal habitat suitability model for wild elephants in Thung Salaeng Luang National Park.

Dry season Wet season Area of Suitability

Level of Suitability Area Proportion Area Proportion

(km’) (%) (km’) (%)
Very well-suited 1.43 0.11 9.97 0.79 Suitable: 456.92 km’ (Dry)
Well suited 106.20 8.46 46.91 3.74 173.03 km’ (Wet)
Moderately suited 349.29 27.83 116.15 9.25 Unsuitable: 798.26 km’ (Dry)
Poorly suited 371.08 29.56 246.90 19.67 1,082.15 km’ (Wet)
Unsuited 427.18 34.03 835.25 66.54
Total 1,255.18 100 1,255.18 100
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ABSTRACT

Background and Objectives: Forests are vital natural resources that support living organisms and serve as key
mechanisms for maintaining ecological stability and balance, particularly through their role in carbon
sequestration and storage. Global climate change and the reduction of forest areas due to human activities have
made monitoring and assessing forest resources critically important. Mahidol University, Kanchanaburi
Campus, located in Sai Yok District, Kanchanaburi Province, encompasses approximately 6,500 rai of land,
most of which consists of mixed deciduous forest on karst topography—a highly unique ecosystem suitable for
sustainable conservation. The main objectives of this study are to: (1) assess the spatiotemporal changes in plant
communities, (2) evaluate changes in plant community structure and growth of mixed deciduous forest species
over a 10-year period, and (3) develop spatial data layers of the mixed deciduous forest within Mahidol
University, Kanchanaburi Campus.

Methodology: This study compared historical data on plant community structure (plant census) from 2014 (B.E.
2557) with current data from 2024 (B.E. 2567). Random sample plots measuring 40 m x 40 m were established
within permanent study plots to collect information on species diversity and quantitative plant characteristics,
such as species identity and diameter at breast height (DBH). These data were used to calculate key quantitative
attributes of the plant community, including the Shannon—Wiener Diversity Index and the Importance Value
Index (IVI), which was derived from relative density, relative dominance, and relative frequency to assess the
status of the vegetation. Tree growth was evaluated by comparing the mean DBH of 34 previously recorded
trees over the 10-year period, with statistical significance tested using a paired t-test. For assessing
spatiotemporal changes, Landsat-8 satellite imagery from March 2014 and March 2024, representing the dry
season, was used to classify land-use patterns. Geoinformatics technologies were employed to interpret and
analyze the data to estimate land-use proportions. Differences in overall land-use change were analyzed using

the Wilcoxon Signed-Rank Test. In addition, unmanned aerial vehicles (UAVs) were utilized to capture aerial
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photographs and generate three-dimensional (3D) forest structure models. These datasets serve as a foundation
for evaluating forest structural attributes such as canopy height and density.

Results: Spatiotemporal Changes: The assessment over a 10-year period revealed that the mixed deciduous
forest area (F2) increased by 76,640 m’, representing 0.72% of the total area. However, statistical analysis using
the Wilcoxon Signed-Rank Test indicated that overall land-use changes were not statistically significant (p-
value = 0.674). The observed increase in forest area reflects the effectiveness of land management under the
university’s supervision, where there has been no agricultural encroachment, unlike in other community forests
on karst landscapes in Kanchanaburi Province, allowing for natural forest regeneration. Plant Community
Structure and Diversity: The survey identified 37 tree species within the sample plots. The Shannon—Wiener
Diversity Index was 2.94, indicating relatively low species diversity. The species with the highest Importance
Value Index (IVI) was Grewia eriocarpa (52.67), which serves as a dominant species in this area. The top five
species in terms of IVI were Grewia eriocarpa, Croton roxburghii, Millettia brandisiana, Sterculia pexa, and
Dalbergia oliveri. Tree Growth: Comparison of 34 previously recorded trees showed an average increase in
diameter at breast height (DBH) of 8.12 cm over the 10-year period, corresponding to an average annual growth
rate of 0.812 cm/year. Paired t-test results confirmed a statistically significant difference in mean DBH between
2014 (B.E. 2557) and 2024 (B.E. 2567) (p-value<0.001) indicating continuous tree growth within the area. The
species with the highest growth was Vitex quinata, followed by Grewia eriocarpa.

Conclusions: This spatiotemporal study demonstrates that the mixed deciduous forest on karst topography at
Mahidol University, Kanchanaburi Campus, is undergoing continuous recovery. A comparison of forest
structure data over the 10-year period confirmed that the original trees exhibited statistically significant growth
in diameter at breast height (DBH), reflecting positive outcomes from successful land management policies that
effectively prevented encroachment. However, despite this encouraging structural recovery, species diversity
within the plant community remains low. The data on spatiotemporal changes and forest structure thus provide
a valuable baseline tool for the university to plan forest resource management and to assess the potential for

sustainable carbon sequestration.
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Table 1 Some dominance species in mixed deciduous forest based on important value index (IVI, %) that related on
quantitative value of density (D, individual/ha), frequency (F, %), dominance in basal area (Do, m”.ha’), relative density

(RD, %), relative frequency (RF, %) and relative dominance (RDo, %), respectively.

Scientific Name D F Do RD RF RDo VI
Grewia eriocarpa 90.00 0.44 0.28 13.04 13.46 26.16 52.67
Croton roxburghii 110.00  0.44 0.08 15.94 13.46 7.24 36.64
Millettia brandisiana 100.00  0.25 0.08 14.49 7.69 7.70 29.88
Sterculia pexa 30.00 0.19 0.12 435 5.77 11.47 21.58
Dalbergia oliveri 30.00 0.13 0.05 435 3.85 4.60 12.80
Zollingeria dongnaiensis 20.00 0.13 0.05 2.90 3.85 4.20 10.94
Vitex limonifolia 20.00 0.13 0.04 2.90 3.85 3.97 10.72
Syzygium cumini 20.00 0.13 0.04 2.90 3.85 3.65 10.40
Albizia odoratissima 20.00 0.13 0.03 2.90 3.85 2.77 9.51
Albizia lebbeck 10.00 0.06 0.06 1.45 1.92 5.85 9.22
Vitex quinata 10.00 0.06 0.06 1.45 1.92 5.17 8.54
Garuga pinnata 20.00 0.13 0.02 2.90 3.85 1.42 8.17
Fernandoa adenophylla 20.00 0.13 0.01 2.90 3.85 0.90 7.65
Xylia xylocarpa 20.00 0.06 0.02 2.90 1.92 2.16 6.98
Polyalthia cerasoides 20.00 0.06 0.02 2.90 1.92 1.67 6.50
Phyllanthus emblica 20.00 0.06 0.01 2.90 1.92 1.28 6.10
Sisyrolepis muricata 10.00 0.06 0.03 1.45 1.92 2.59 5.96
Lagerstroemia balansae 20.00 0.06 0.01 2.90 1.92 0.56 5.38
Homalium tomentosum 10.00 0.06 0.02 1.45 1.92 1.87 5.24
Lagerstroemia venusta 10.00 0.06 0.01 1.45 1.92 0.86 4.23
Bridelia ovata 10.00 0.06 0.01 1.45 1.92 0.82 4.20
Spondias pinnata 10.00 0.06 0.01 1.45 1.92 0.73 4.10
Millingtonia hortensis 10.00 0.06 0.01 1.45 1.92 0.67 4.04
Artocarpus lacucha 10.00 0.06 0.01 1.45 1.92 0.54 3.92
Sphaeranthus africanus 10.00 0.06 0.00 1.45 1.92 0.44 3.81
Terminalia nigrovenulosa 10.00 0.06 0.00 1.45 1.92 0.30 3.68
Senna garrettiana 10.00 0.06 0.00 1.45 1.92 0.21 3.58
Melientha suavis 10.00 0.06 0.00 1.45 1.92 0.19 3.57
Total 690.00 3.25 1.074 100.00 100.00 100.00 300
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Table 2 Results of land-use change assessment between BC. 2014 and BC. 2024.

LU CODE Land-Use Type Land-Use Area in 2014 (mz) Land-Use Change (mz)
2014 2024
A2 Field crops 993,152 1,004,752 11,600
A3 Trees 49,088 70,768 21,680
A4 Horticultural crops 32,848 12,416 -20,416
A5 Ornamental plants 6,992 0 -6,992
F2 Deciduous forest 7,997,120 8,073,760 76,640
M1 Grasslands and scrubs 46,432 19,616 - 26,800
U2 Village 18,272 23,152 4,880
U3 Campus area 1,507,968 1,507,968 0.00
U4 Roads 496 496 0.00
Ué Recreational area 5,152 5,952 784

Figure 5 Map derived from satellite imagery Landsat 8 False color in 2014 (A) and 2024 (B), and land-use map

calibrated using satellite imagery data in 2014 (C) and 2024 (D), respectively.
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Enhancing Community Based Economic Value through Local Material Utilization within

the Value Chain of Hed Cone Noi (Coprinopsis cinerea) Mushroom Cultivation in Chiang Mai Province
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ABSTRACT

Background and Objectives: Hed-cone noi (Coprinopsis cinerea) is a saprophytic, edible mushroom widely
distributed in Thailand’s tropical forest, particularly in the dry evergreen forests, mixed deciduous forest, and
deciduous dipterocarp forest where leaf litter accumulates on the soil surface and termite mounds are present.
The species also proliferates on moist piles of organic residues such as rice straw, legume residues, and
sugarcane bagasse in high humidity, particularly after Thailand’s rainy season. Hed-cone-noi is well established
in cultivation, with strong prominence in Chiang Mai Province. As a biological resource Hed-cone-noi links
natural ecosystem functions with local based production systems. Its capacity to utilize locally available organic
materials enables integration into smallholder farming and valorization of agricultural waste. By prioritizing
locally sourced substrates, the research aims to minimize external inputs across the value chain, thereby
enhancing household incomes and promoting sustainable resource management in local Thai communities.
The objectives aimed to investigate the utilization of local raw materials in the cultivation process of Hed-cone
noi and to strengthen the community-based enterprise development. Then, knowledge can promote grassroot
economic development and enhance income generation throughout the value chain in the target areas of Chiang
Mai Province. All data collection was done during March 2024 to February 2025.

Methodology: This study employed a mixed-methods research design, integrating both qualitative and
quantitative approaches, across three target areas in Chiang Mai Province, Thailand: the northern zone of Mae
Taeng District, the eastern zone of Doi Saket District, and the southern zone of Saraphi District. The population
samples involved two groups. The first group consisted of three local enterprise leaders (Local enterprises: LEs),
each selected based on specific criteria: (i) leadership of a community enterprise, (ii) logistics suitable for Hed-
cone-noi collection and distribution of, and (iii) possessing at least three years of experience in mushroom

cultivation or related agribusiness experience. The second group included members of the three community
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enterprises (total n = 38). Using purposive sampling for sample population selecting, 12 members (four per site)
participated in qualitative data collection in total, 15 participants (3 LEs and 12 members). Qualitative data were
obtained through focus group discussions and analyzed through direct content analysis based on SWOT
analysis. Then, the strengthens (S), weaknesses (W), opportunities (O), and threats (T) of community-based
cultivation enterprises were received. Quantitative data were gathered over 12 months using structured
recording forms to capture the value of raw materials used in fresh mushroom production. Data analysis
employed descriptive statistics, including summation and ratio analysis, to compare the proportion of locally
sourced materials with external input sourcing. A model learning and mentoring hub of the sustainable
agriculture community enterprise in Ban Sop Faek, Mae Faek Mai Subdistrict, San Sai District facilitated
knowledge transfer, appropriate technologies, and integrated production processes from inoculation and spawn
production of substrate preparation and distribution to participating smallholders. The intervention aimed to
transfer production techniques and technologies to emerging community-based entrepreneurs, thereby
increasing local monetary circulation, reducing external inputs, and self-reliant agricultural development in
Thailand.

Main Results: The findings indicate that the establishment of three new community-based mushroom
enterprises in Mae Ho Phra Subdistrict (Mae Taeng District), Samran Rat Subdistrict (Doi Saket District), and
Nong Faek Subdistrict (Saraphi District), Chiang Mai Province, strengthened the Hed-cone-noi value chain by
aligning supply with rising local demand and linking smallholder farmers to consumer markets and distribution
networks. This enhanced value addition and monetary circulation at the grassroots level. Production capacity
per enterprise was standardized: 38 inoculum bottles, 945 bottles of spawn, and 17,000 substrate blocks, which
were subsequently distributed to a total of 750 cultivating households. The development of these enterprises
resulted in a substantial increase in the utilization of locally sourced production inputs, with an annual value of
2,147,499.30 Thai Baht, compared to 1,042,091.95 Thai Baht for externally sourced inputs. This corresponds
to a local to external input ratio of 67:33, highlighting the significant role of local resources in supporting fresh
mushroom production systems. Spatial variation in local economies affected input sourcing regions with
predominantly agricultural livelihoods relied more on local materials, while areas transitioning toward tourism-
oriented economies depended more on external inputs. These patterns highlight the influence of socio-economic
context on resource use strategies and the potential of localized production systems to bolster community

resilience.
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Conclusion: Strengthening newly established community-based enterprises that serve as critical nodes within
agricultural value chains by primarily utilizing locally sourced materials from the community for the production
process of Hed Cone Noi mushrooms can stimulate grassroots economic development. While both local and
external inputs are mobilized, increasing the share of locally sourced resources materially enhances local
monetary circulation and economic resilience. Contextual factors, especially land-use patterns and shifts in
economic structure, meaningfully influence material availability and production costs. In regions shifting
toward tourism or non-agricultural sectors, greater reliance on external inputs may diminish local value
retention. Fostering localized enterprise networks and robust local input supply systems to boost material
retention and economic multipliers. Expanding technology transfer in production and post-harvest management,
improving market access, and strengthening inventory management and logistics. Scaling the community-based
enterprises model to the regions by adapting to local resource endowments and socio-economic contexts, with

ongoing monitoring of input sourcing, yield, and household income impacts.

Keywords: Community-based value chain, grassroot economy, Hed-cone noi
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nauitvunelded1951a152 (Howell, 2015;

Yli-Renko et al. 2001)

Table 1 SWOT analysis of Hed-cone-noi (Coprinopsis cinerea) mushroom local enterprises

Mutual Strengths

Mutual Weaknesses

S1.

S2.

S3.

Local enterprises currently earn income from their existing
businesses and contribute to job creation in the community.
Local enterprises well understand the business processes and
operational steps.

Local enterprises are ready and interested in participating in

Coprinopsis cinerea mushroom business.

WI. Local enterprises lack experience in managing the
community business network.

W2. Local enterprises lack of financial planning for long-
term business operations.

W3. Local enterprises lack business value analysis, which

affects the efficiency of marketing utilization.

Mutual Opportunities

Mutual Treats (Risks)

Ol.

02.

03.

Systematic financial management, especially cash flow
statements, and the ability to review historical data for
analyzing the business's financial situation.

Business plans that can meet market needs by focusing on
building up the foundations.

Research and development of technology to enhance the
efficiency of Coprinopsis cinerea (Hed-cone-noi) mushroom

cultivation in the community

T1. The lack of skills, knowledge, tools, and essential
equipment that promote efficient and sustainable
business operations.

T2. Uncontrollable environmental conditions, especially
humidity and optimal temperature in the community's
production process of Coprinopsis cinerea mushroom.

T3. The slowing economy has led to higher prices for raw

materials and equipment used in the production process.
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Table 2 Summary of all monetary value.
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Mae Tang district Doi Saket district Saraphi district
Items

Per year Per month Per year Per month Per year Per month
Jelly powder 34.72 2.89 34.72 2.89 34.72 2.89
Glucose 13.89 1.16 13.89 1.16 13.89 1.16
Alcohol 23,000.74 1,916.73 23,000.74 1,916.73 23,000.74 1,916.73
Cotton dung 19,591.94 1,632.66 19,591.94 1,632.66 19,591.94 1,632.66
Potato/Wish 19.84 1.65 19.84 1.65 19.84 1.65
Flat glass bottle 297.60 24.80 297.60 24.80 297.60 24.80
Stopper cap 72,029.76 6,002.48 72,029.76 6,002.48 72,029.76 6,002.48
Rubber band 12,004.96 1,000.41 12,004.96 1,000.41 12,004.96 1,000.41
Newsprint paper 1,681.98 140.17 1,681.98 140.17 1,681.98 140.17
Fuel 78,649.60 6,554.13 78,649.60 6,554.13 78,649.60 6,554.13
Labor 408,992.00 34,082.67 408,992.00 34,082.67 408,992.00 34,082.67
Millet seeds 10,080.00 840.00 10,080.00 840.00 10,080.00 840.00
Round glass bottle 14,400.00 1,200.00 14,400.00 1,200.00 14,400.00 1,200.00
Saw dust 180,000.00 15,000.00 180,000.00 15,000.00 180,000.00 15,000.00
Young rice bran 6,000.00 500.00 6,000.00 500.00 6,000.00 500.00
Bottle neck 72,000.00 6,000.00 72,000.00 6,000.00 72,000.00 6,000.00
Lime 6,000.00 500.00 6,000.00 500.00 6,000.00 500.00
Urea fertilizer 8,400.00 700.00 8,400.00 700.00 8,400.00 700.00
Glutinous rice flour 25,200.00 2,100.00 25,200.00 2,100.00 25,200.00 2,100.00
Granulated sugar 7,800.00 650.00 7,800.00 650.00 7,800.00 650.00
Epsom salt 3,000.00 250.00 3,000.00 250.00 3,000.00 250.00
Bag 96,000.00 8,000.00 96,000.00 8,000.00 96,000.00 8,000.00
Water 18,000.00 1,500.00 18,000.00 1,500.00 18,000.00 1,500.00
Total 1,063,197.03 88,599.75 1,063,197.03 88,599.75  1,063,197.03 88,599.75
Value of raw materials outside the area 454,397.571 37,866.47 369,622.44 30,801.87 218,071.94 18,172.66
Value of raw materials inside the area 608,799.46 50,733.28 693,574.59 57,797.88 845,125.09 70,427.09
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ABSTRACT

Background and Objectives: Lower montane forest (LMF) is indispensable in mountain ecosystems; it was important for
carbon sequestration in forest ecosystems and mostly found that in northern Thailand. The areas where this forest type is located
in the national forest reserve, are often found that inhabited by hill tribe communities, making the lower montane forest vulnerable
to encroachment and destruction. Therefore, to prevent this problem, the community forests have been established to enable local
communities to help protect these forest types. Despite several studies on the vegetation structure and carbon sequestration in
lower montane forest but mostly focused on the conservation area. This leads to a lack of data in national forest reserves,
especially community forests. As well as the study of the limitation’s factors of carbon storage in such a plant community is also
limited. Therefore, this study aims to investigate the vegetation structure characteristics, carbon sequestration, and environmental
factors that affect carbon sequestration in lower montane forest areas that are managed as community forests.

Methodology: This study was conducted in the lower montane forest located in community forests of Ban La-Oob, Ban Dong
Kao, Ban Dong Mai, and Ban Tun, at Huai Hom Subdistrict, Mae Lan Noi District, Mae Hong Son Province. Twelve - 0.16 ha
(40 x 40 meters) of purposive sampling plots were established to cover the community forest area of four villages. The diameter
at breast height (DBH) and total height of all trees within the DBH = 4.5cminthe sample plots were measured. Cluster analysis
was performed to classified sub-communities. Plant community characteristics were analyzed for each sub-community,
including diversity index (H'), density (D), basal area (BA), and importance value index (IVI). We also analyzed biomass, carbon
sequestration, and carbon dioxide sequestration of each sub-community. Furthermore, the relationship between carbon
sequestration of lower montane forest with the factors of topographical as elevation above mean sea level, aspect, and slope,
moreover the plant community characteristics as BA, D, H' and number of species were analyzed using a Generalized Linear
Mixed Model (GLMM) with the “Ime4 package” and “MuMin package”, respectively, in R version 4.2.2.

Main Results: We found that a total of 138 tree species, 99 genera, and 54 families were founded including 2,548 trees. The tree
density and basal area were 1,327 trees ha'and29.93m’ha’, respectively. The Shannon-Wiener index (H ') was high (H '=4.1 8).
Plant communities can be divided into four sub-communities, three of which are secondary forest which dominated by Alstonia

glaucescens (LMF-ALGL), Eurya nitida (LMF-EUNI) and Ostodes paniculate (LMF-OSPA), and one sub-community of
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primary forest of lower montane forest dominated by Castanopsis diversifolia LMF-CADI). The forest structure and carbon
sequestration varied among sub-community types. First, the sub-community of lower montane forest dominated by Alstonia
glaucescens (LMF-ALGL) showed that 76 species 65 genera and 40 families were found. The Shannon-Wiener index (H’) was
3.64 with tree density and basal area were 2,014.58 trees ha' and 45 m’ ha”, respectively. The biomass, carbon sequestration,
and carbon dioxide sequestration values were 238.48+34.45. tha', 112.08+16.19 tC eq ha" and 410.98+59.36 tCo,eq ha,
respectively. Second, the sub-community of lower montane forest with Eurya nitida (LMF-EUNI) showed that 65 species 54
genera and 33 families were found. The Shannon-Wiener index (H') was 3.46 with tree density and basal area were 1,472.91
trees ha' and 25.91 m” ha’, respectively. The biomass, carbon sequestration, and carbon dioxide sequestration values were
175.57+41.30 tha', 82.52+19.41 tC eq ha” and 302.57+71.18 tCo2eq ha ", respectively. Third, the sub-community of lower
montane forest with Ostodes paniculata (LMF-OSPA) showed that 73 species 62 genera and 37 families were found. The
Shannon-Wiener index (H ,) was 3.81 with tree density and basal area were 887.50 trees ha' and 28.41 m’ha’, respectively. The
biomass, carbon sequestration, and carbon dioxide sequestration values were 266.99+28.50 t ha', 125.48+13.39tC eq ha" and
460.12+49.11 tCo2eq ha', respectively. Fourth, the sub-community of lower montane forest with Castanopsis diversifolia
(LMF-CADI) showed that 59 species 46 genera and 30 families were found. The Shannon-Wiener index (H ’) was 3.36 with tree
density and basal area showed that 1,229.16 trees ha and 29.85 m’ ha’, respectively. The biomass, carbon sequestration, and
carbon dioxide sequestration are shown 245.63+16.02 t ha', 115.44+7.53tC eq ha" and 423.30+27.61 tCo,eq ha', respectively.
Furthermore, the carbon sequestration of the lower montane forest in the study areas had negatively significantly with the
elevation above mean sea level (p < 0.001), but positively significantly with the slope (p<0.05) and basal area (p<0.001).
Indicating the carbon sequestration of LMF is positively associated with high elevations, steep slopes, and large basal areas.

Conclusion: This study indicates that community forests of Huai Hom subdistrict, Mae Hong Son Province, consist of secondary
lower montane forest. These forests maintain high biodiversity and possess significant carbon sequestration capacity. However,
alongside tree growth, topographic factors such as elevation and slope remained crucial determinants of carbon sequestration.
Therefore, topography must be taken into consideration when managing lower montane community forests to enhance their

carbon sequestration efficiency.

Keyword: Community forest management, carbon sequestration, climate change
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Figure 1 Study area and sample points of lower montane forest in Mae La Noi District, Mae Hong Son Province
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Figure 2 The dendrogram of stand clustering of lower montane forest in Mae La Noi District, Mae Hong Son Province:
lower montane forest with Alstonia glaucescens (LMF-ALGL), lower montane forest with Eurya nitida (LMF-EUNI), lower

montane forest with Ostodes paniculate (LMF-CADI) and lower montane forest with Castanopsis diversifolia(LMF-OSPA)
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Table 1 Plant community characteristics of lower montane forest and sub-community of lower montane forest with Alstonia

glaucescens, LMF-ALGL), lower montane forest with Eurya nitida, (LMF-EUNI), lower montane forest with Castanopsis

diversifolia, LMF-CADI) and lower montane forest with Ostodes paniculata (LMF-OSPA) in Mae La Noi District, Mae

Hong Son Province.

Community characters Total LMF-ALGL LMF-EUNI LMF-CADI LMF-OSPA
Number of species 138 76 65 59 73
Number of genera 99 63 54 46 62
Number of Family 54 40 33 30 37
Shannon-Wiener index 4.18 3.64 3.46 3.36 3.81
Basal area (m*ha') 29.93 45 2591 29.85 28.41
Stem density (stem ha™) 1,327.08 2,014.58 1,472.91 1,229.16 887.5

3. 79880801 UIVITLAVAINDHS
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[ a

9 9 a J 9
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Table 2 Top five ranking based on IVI of tree in lower montane forest and sub-community of lower montane forest with
Alstonia glaucescens, (LMF-ALGL), lower montane forest with Eurya nitida, (LMF-EUNI), lower montane forest with
Castanopsis diversifolia, LMF-CADI) and lower montane forest with Ostodes paniculata (LMF-OSPA) in Mae La Noi

District, Mae Hong Son Province; including density (D; stems ha"), dominant (Do, m’ha’), frequency (F; %) and importance

value index (IVI, %).

Community Species D Do F VI
Whole areas Schima wallichii 64.06 2.77 91.67 16.52
Castanopsis diversifolia 65.10 3.03 41.67 16.15
Alstonia glaucescens 61.46 1.10 75.00 10.30
Persea gamblei 58.85 1.08 83.33 10.24
Castanopsis tribuloides 30.21 1.77 66.67 9.97
other 1,327.08 29.93 3,775 300
LMF-ALGL Alstonia glaucescens 158.33 3.20 133.33 17.75
Schima wallichii 100.00 4.38 133.33 17.46
Castanopsis tribuloides 62.50 4.00 100.00 14.08
Persea gamblei 141.67 2.20 100.00 14.00
Wendlandia paniculata 156.25 1.43 133.33 13.72
other 2,014.58 45.00 4,800 300
LMF_EUNI Eurya nitida 162.50 3.55 100.00 27.40
Schima wallichii 93.75 3.93 100.00 24.19
Xerospermum noronhianum 106.25 0.91 100.00 13.40
Aporosa nigricans 97.92 0.69 100.00 11.96
Alstonia glaucescens 79.17 0.93 100.00 11.61
other 1,472.91 2591 3,766.66 300
LMF_CADI Castanopsis diversifolia 233.33 10.94 100.00 58.48
Schima wallichii 60.42 2.77 100.00 17.04
Litsea grandis 47.92 1.82 100.00 12.81
Persea gamblei 58.33 1.23 100.00 11.69
Balakata baccata 43.75 1.71 66.67 11.19
other 1,229.16 29.85 3,533.33 300
LMF_OSPA Ostodes paniculata 93.75 1.58 100.00 18.36
Beilschmiedia gammieana 37.50 2.93 100.00 16.77
Mitrephora tomentosa 50.00 1.98 100.00 14.82
Lithocarpus thomsonii 28.13 2.22 100.00 13.22
Celltis tetrandra 31.25 1.56 100.00 11.24
other 887.5 28.41 4,500 300
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Table 3 Biomass and carbon stock in lower montane forest and sub-community of lower montane forest with Alstonia

glaucescens, LMF-ALGL), lower montane forest with Eurya nitida, (LMF-EUNI), lower montane forest with Castanopsis

diversifolia, LMF-CADI) and lower montane forest with Ostodes paniculata (LMF-OSPA) in Mae La Noi District, Mae

Hong Son Province

Community LMF-ALGL  LMF-EUNI  LMF-CADI  LMF-OSPA Total p-value
Biomass (tha')  238.48+34.45° 175.57+41.30" 245.63+16.02° 266.99+28.50° 232.19+43.83  <0.05
C (tCha™) 112.08+16.19  82.52+19.41°  115.44+7.53"  125.48+13.39" 109.13+20.60  <0.05
Co, (tCo,eqha’)  410.98+59.36"  302.57+71.18° 423.30427.61°  460.12+49.11°  400.15+75.54  <0.05
DBH (cm) 14.18+1.10% 12.75+1.64° 15.34+1.63" 16.59+2.60" 14.67+2.09 <0.05
Height (m) 10.2120.49™ 9.46+1.03 12.30+1.40° 12.41+1.04° 11.03+1.57 <0.05

Remark: Different lowercase letters in the table indicate significant differences among treatments at the p < 0.05 level, which is

statistically significant.
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(Table 4)

Table 4 Environmental factors in lower montane forest and sub-community of lower montane forest with Alstonia

glaucescens, (LMF-ALGL), lower montane forest with Eurya nitida, (LMF-EUNI), lower montane forest with

Castanopsis diversifolia, LMF-CADI) and lower montane forest with Ostodes paniculata (LMF-OSPA) in Mae La Noi

District, Mae Hong Son Province, values shown are means=S.E. values.

Community LMF-ALGL  LMF-EUNI  LMF-CADI  LMF-OSPA  p-value
Topographic (Physical factors)
Aspect (degree) 93.90+129.13  231.02+53.73  237.17+202.73  218.88+0.0 <0.05
Elevation (m) 1222.25+17.50°  1135+88.89"  1126+41.56™ 1064+0.0" <0.05
Slope (%) 52.79+12.12°  39.49+14.53"  51.51£7.650°  35.89+10.72b°  <0.05
Community structure (Biotic factors)
Basal area (Ba; m’ha') 33.7546.13° 22.5743.15°  29.84+1.36" 29.39+3.37" <0.05
Density (D; tree ha™) 1510.754481.23  1473+203.18  1229.33+243.19  968.66+281.6
Shannon-Index (H') 3.0740.20" 3.04+0.31% 2.93+0.05 3.48+0.43" <0.05

Number of species 239.25+77.54

235.66+32.53

196.66+38.88 155.00£59.32

Remark: Different lowercase letters in the table indicate significant differences between groups at the p < 0.05 level, which is

statistically significant.

129



NyesIvsinaIneth 1o lneg 10(1): 115-136 (2569) Thai For. Ecol. Res. J. 10(1): 115-136 (2026)

[ v d 1 a [ <
4. ANUTUNUFsTHIYTnumsiniy
d (¥ (Y]
asveunuledeuradennianieninua
4 a A
asniszneouviany
= Y I 1 =)
namsaneaasldiviudsunams
v I 4 a v o tg AR
Ay veuluhavnseaui luiiunfne
gnimuaslelasesugiitszma laun seau

4 . 1
ﬂ’J']qu\ﬁ]']ﬂﬁWI&ﬁ Has ANAIATU ‘%Qiﬂﬂﬂ’ﬂ

v 9 v [ A A dy A Y o
Yadsauanyuzdnuiy s vinanunMida
v a3 4 v o JIda
Tag1/5INuMINNNUAIS UeUNANNTUWNUTIF
V0NN WA IAYNIIADANVAIINGIIIN

o 2 <
JrAauUINgIa (p < 0.001) Tuvmznvuia

Y H
= =

Huinida (p <0.001) agANUAATU (p <
0.05) Ianuduiusiauined1alfodwaynia

aA0@ (Table 5)

Table 5 Generalized Linear Model (GLM) analyzed the relationship between the carbon sequestration value of lower

montane forest with the environmental factors and community characteristics factors.

Factors Estimate Std. z-value p-value
Aspect -1.694 1.139 -1.487

Elevation -264.725 29.409 -9.002 < 0.001***
Slope 15.032 4.58 3.282 <0.05 *
Basal area (Ba; m’ha) 104.385 7.87 13.263 < 0.001%**
Shannon-Index (H’) 19.278 17.034 1.132

Number of species -9.285 5.548 -1.674

Remark: Lowercase letters indicate * = significant at 0.05 level (p < 0.05), ** = highly significant at 0.01 level (p < 0.01), ***

= very highly significant at 0.001 level (p < 0.001), and ns = not significant at 0.05 level (p > 0.05).
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ABSTRACT

Background and Objectives: The increase in greenhouse gases concentrations is a major driver of climate change,
which in turn affects to forest ecosystems. Forest plays a role in the release and storage of carbon, thereby
influencing global warming. However, forest ecosystems also mitigate climate change by absorbing carbon dioxide
through various processes and serve as reservoirs of biodiversity for both flora and fauna. In Thailand, the forests
mostly are tropical dry forests and forests can be categorized into two types; 1) deciduous forests (such as deciduous
dipterocarp forest and mixed deciduous forest) and 2) evergreen forests (such as dry evergreen forest, montane
forest and moist evergreen forest). These two types of forest are distributed throughout the country, with most
found in protected areas. Botanical gardens and arboreta are classified as urban forest that there are people using
regularly and serve as important sites in protected areas. It comprised many rare or economically valuable plant
species and also serves as a biodiversity conservation area and a research site but less documents were found in
species diversity and the potential of carbon stock and carbon dioxide (CO,) sequestration. This study aimed to
clarify species diversity in dry evergreen forest (DEF) and mixed deciduous forest (MDF) within selected botanical
gardens and arboreta and study the potentials of botanical gardens and arboreta as carbon storage.

Methodology: A total of 241 concentric sample plots were established in 2024 with inter-plot spacing of either
250 m or 2.5 km, depending on the size of the botanical gardens and arboreta and are divided into 115 sample plots
within dry evergreen forest, covering an area of 11.5 ha, and 126 sample plots within mixed deciduous forest,
covering an area of 12.6 ha. Concentric sample plots with radius about 17.84 m were established. All trees with
diameter breast height (DBH) >4.5 cm and height greater than 1.3 m were tagged, identified and mapped azimuth.
The data was used to calculate aboveground biomass using allometry equations, and the resulting aboveground
biomass were used to quantify belowground biomass, carbon storage and carbon dioxide (CO,) sequestration.
Main Results: The results revealed that 19, 514 individuals were found. In DEF contained 10,139 individuals
across 481 species with 268 genera and 78 family and the dominant species based on importance value index (IVI)
was Dipterocarpus alatus with 15.54 and followed with Streblus asper, Afzelia xylocarpa, FEucalyptus
camaldulensis and Delonix regia, with species diversity and species richness index was 4.96 and 52.80 respectively.
While, MDF contained 9,375 individual of trees across 406 species with 243 genera and 77 family and the dominant

species based on IVI was Tectona grandis with 19.84 and followed with Pterocarpus macrocarpus, Xylia
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xylocarpa, Combretum quadrangulare and Streblus asper, with species diversity index and species richness index
was 4.99 and 44.28 respectively. Carbon storage and carbon dioxide (CO,) sequestration assessment were estimated
using allometry equation. Biomass in DEF and MDF were 190.18 t/ha and 142.26 t/ha, respectively, Carbon storage
in DEF and MDF were 89.38 tC/ha and 66.86 tC/ha, respectively and Carbon dioxide (CO,) in DEF and MDF
were 328.04 tCO,/ha and 245.38 tCO,/ha, respectively. Diameter class distribution in both communities exhibited
a negative exponential pattern, indicating stable population structure. The high proportion of small-sized trees
suggests strong regeneration potential, with many individuals likely to develop into mature trees in the future.
Furthermore, in terms of carbon storage potential, larger trees (DBH > 30 cm) had the larger of carbon storage,
even though there are less number of trees in the group. However, small to medium sized trees can still grow into
mature trees in the future, thereby enhancing future carbon storage potential. A t-test was used to compare the mean
of biomass, carbon storage and carbon dioxide (CO,) sequestration indicated that two forest types is non-significant
(p-value = 0.22) in potentials of carbon storage and carbon dioxide (CO,) sequestration.

Conclusion: This study highlights the potential of botanical gardens and arboreta to function as large carbon
storage area. This study indicates that many tree species within natural forests had high potentials of carbon storage
and carbon dioxide (CO,) sequestration. The results can serve as a valuable database for assessing carbon storage
in botanical gardens and arboreta. Furthermore, this study can inform conservation planning within these areas.
Effective management should prioritize not only the preservation of large trees but also keep smaller trees with the
potential to develop into larger trees in the future, thereby enhancing overall carbon storage potential. In addition,
future monitoring of the dynamics within the sample plots may provide greater clarity changes in tree populations
and their impact of potential of carbon storage in botanical gardens and arboreta. Overall, our findings can support
the sustainable management of botanical gardens and arboreta, contributing to their role towards a low-carbon

society.

Keywords : Carbon storage, carbon dioxide sequestration, protected areas, allometric equation

' Forest Botany Division, Forest and Plant Conservation Research Office,
Department of National Parks, Wildlife and Plant Conservation, Bangkok, 10900 Thailand
*Corresponding author: voradol@gmail.com

https://doi.org/10.34044/tferj.2026.10.1.6673

140



NsansIetinaInethlifiesIneg 10(1): 137-156 (2569)

UN¥ (Introduction)
A a
nmstasundasaningiiernia
. R ] A
(Climate change) Huuutlayrimdananssnu
1 a ] 9 1 &
apszuuinath ldedegunse Taoaunquile

o o A 4 X o A 2 A
a1 ﬂul A NITMNUUYUUDINIBLIDUNTSIN YN

8 =l

14

4 Y =
man1suoulaeenlaq (Co,) tazmaiimu
I o A a
(cH, dluawnquanineliinaan1z Tandou

=< A X A A
FamsnuvuveIgungl malasuuilasves

Y

a 1 v

Y Y
Syl Uiyl onsnanoons1ng

4

W An Ia 9A51MIAY TINDIMTAVADWUT
voadau 'l (IPCC, 2006; Gebeyehu & Hirpo,
9
2019; Kanthawong et al., 2024) WanseNULa1
dawanoszuuinathlifaulnainerdesny
[l 1 1 o <
unumvedih lidenisianlaseuazinny
4 = 491 A Y o 13 1
msvou magadenunih ldivindudau
té d’ o [ 1 A é’ [
NUINF1AYAONITINUYUUYDIN Y
4 4 d' 1 1 A é’
asveulasenlyd NasnanemMINVUYUVD
anzlandeuruiy (Kaewbanlao ef al., 2025)
1 < a 1 ]
pg1315na1uszuutnal 1l sreanninu
9 Y =~
JULIIvIAN1E lanTeualemstunumlu
A o s S
1599v09n159AFuAIsUU laoon laar1u
nszIUMIduATzHuaaiomsniyay Ia
~ g’/ v v < o dy 9
pnnsgannmnumsveu A lugluuuveuiie i
4 v
(Raihan et al., 2021) Thwadounsouaguilui
X Aa
5z 10% voanunnalan (Corlett, 2016)
I 1
TaeluusaasINANYHAINHANINAFINN
2 g Vo a3 s Ao o
saduduuvasnnifumsveundinyveslan
. [ I 4 )
(Giam, 2017) Taga1u1sannnuaIiuewn la
4
ATOUAQNDI 25% YDIANSUVOUUUDN (Poorter
et al., 2015) Tgtiunafoudouseduilam
H A @
NITTUNIUNINITIUNIUIINH O WY B

(' Anthropogenic disturbances) | ¥U N5

141

Thai For. Ecol. Res. J. 10(1): 137-156 (2026)

1 } H } H
Wasulasiuidniuiuiitneas nsgn

a oA

9
FUNIUINULAY UONVINUDINUNAINNINIA

e

AINTTIUYIA (Natural disturbances) d9Wa 14
[ <3 J A o W [ [
uvasnnnuamsveundinnie 1l dinadae
msasunlasvesanimgieinialulagiiv
(Marod et al., 2022; Yatar et al., 2024)
1 ] Id
TMludsema’lneg wiseen ldiiuees
Uszan Ao ﬂ@:uﬂmé’ﬂ“lu (Deciduous forests)
] 1 3 o
(%Y 1110959 (Deciduous dipterocarp forest)
1 o I
Pmaundaly (Mixed deciduous forest) 11 1d
nay ﬂ?cjiJﬂﬂiJ'Wﬁ’ﬂchJ (Evergreen forests) 1%
Yravuda (Dry evergreen forest) 1181191
I Y .
(Montane evergreen forest) 1Y UAY (Santisuk,
2006; Marod & Kutintara, 2009) lagil1iaas
A o~ v Y < '
FHALMNTNILD1BININ 5INA FadIu gy
1 dy d‘ 1Y o
agluiunoyinyveslszms Ing
14
TAIUNNYATITAT (Botanical garden)
a 1 3 N
uag @IUFNVIIA (Arboretum) Do la1ilui
Tuwauiioe (Urban forest) Fafigiinlgusnis

IR o a I 4 {1 ad a
agilulszd @uiilununihsssuanaauay

t4

A Y A ] 9 [ 9 a
'Vlllﬂ'l']ll@]ﬂ\i‘ﬂi]guﬁluuﬂTi@HiﬂHWiimqﬁJLﬂll

2

1 IS

)
TregTuuvaanuila annedaldainsign

L1l

wisaliaSvaclundontluduaiuruaan
o A Y Aa @ 4
sazgalimsgnnssa ldiaSuamdngilszaen
J [ a
voun51FUse Toad ladezmiuasugnag

o

A A ¥ A g ' R 4
WEHIU1IN me“lﬂaqtywuﬁ ﬂf]L‘]JULLTiaQ’E]lél‘iﬂB

F '
ANUNAINHAIINIIFININ WUNANY
9y Y av A 3}1 v d‘ % 1 [l
AuaITe dnneduiluanuninieurdouls
I L= 9

volszarvu uazifuunasFouinieszuy
a 1 I 1 o
i 18181 ued198 Jogiuaau

4 a =
wgneenaasuazaIugnua lulszme Ined

3 £ ' Vg s
NIAU 71 LN TﬂﬂLLUQLﬂHﬁUUWQﬂ‘HﬁWﬁ@ﬁ



NsansIetinaInethlifiesIneg 10(1): 137-156 (2569)

1 a 1 g d' 1
18 ¥ HATAIUTNYFIA 53 und Wuniln
1 1 a3 a l [
aguauvaiiluthavuds Thaaundaly uag
] 3 o (Y a 1 4 1
Yufese uadinsounguatiailhou o e 1wu
9
Mrauiu thavdu dhvreauw nazing
( Department of National Parks, Wildlife and
. A Ao a " A
Plant Conservation, 2019) TagNundeuall
A I 1 @ < J @
dottluuvasnnNuAIT U ULaT AT
4 A o w 1
msvou laoen leandAnyvesilszima uans

il 14sg Tenidananissausiudeyalu

A

599veIANINraInFHavestsssus1a 1y
9

'
a2 o

o & ¢ o
ﬁum ﬁﬂ‘(’lﬂTW1Uﬂ15ﬂﬂlﬂﬂﬂ1iﬂﬂuua$fﬂﬂcﬁﬂ

mivoulaoonlua 1ipearanu

9
v @

= Y fao 7
aau msAnu luasauldagilssaan
d‘ o =) %3 1 =)
od1seanuranyiaved I ludianihay

9 1 1% 4
udaaztweaunaaly meluaiungnumeans
HazaIUINYIIA Azl TSN UANENINYDINIS

I [ 1] < 4 @
tuuvasdntduaIsSusuazgad

s 4 s YAy ¥ °
asuoulaosnled sinanuinldaazaniiiu

QU U

4 [ @
Uszgnaldlunisdanisnineinsaaiu
NAINNAINFININLAZNTAARANTENVIIN

msnlasunlasanmgiionmsae 11

qﬂn‘m‘ilmﬁ%ms (Materials and Methodology)

[ v
A A

1. WHAANY (Study area)

Mmsanu luaiungnumansuas

[
a A 3

FIUTNULIAN NYN mﬁaﬂ maiﬁ’ms@uamm

U

o 4

0o v Aw ' Y v JdA
ﬁ1uﬂ3%ﬂﬂ1§ﬂuiﬂﬁﬂ11m UASWUINY NIV

q a

a o

1 J Y S A
BNYTULIVIA 9311 vagWUENY Iﬂﬂ

a
¥

W naenwuiaIungnumMansazaIu

a

aa a I a 4
7nvd NsngyiiaThauuas (Dry evergreen
forest; DEF) uas U 1Waumanaly (Mixed

. z&’ A v A
deciduous forest; MDF) Tunud ensana@en

142

Thai For. Ecol. Res. J. 10(1): 137-156 (2026)

k4 v
A A v

Yo R 9
Wu‘lflm!,muulﬂmuau 37 uWd 39Usznouaie

thauuds uaztheeaundaly 102U 17 nag

9

21 @ awany Tagldgadisanluthavud
2 a I ,&’ A J
Narua 115 90 Aadlunuin 11.5 enuas uay
1 v S ] 3’;
Tuihwauwaalulgadisiananua 126 3a

a g A A 4 .
AAIUNUN 12.6 18DUAST (Figure 1 and Table 1)

200000

00000 G000 $00030 1600000 1200000 1480000

220000

190

AL

L3l

It

LI

00000 4 i STy JLeTaT T T4

Figure 1 Concentric sample plots within botanical

gardens and arboreta across Thailand.
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Table 1 Lists of botanical gardens, arboreta and numbers of survey point in this study.

Thai For. Ecol. Res. J. 10(1): 137-156 (2026)

Forest types Botanical gardens / Arboretum Number of survey point  Area (ha)
Wang Nam Yen Botanical Garden 10 1
Phu Khae Botanical Garden 10 1
Her Majesty The Queen's 60th Birthday Anniversary Phu Foilom Botanical Garden 7 0.7
Dong Fa Huan Botanical Garden 10 1
Dong Ma-I Botanical Garden 10 1
Pak Puan Arboretum 8 0.8
Ban Pae Botanical Garden 10 1
Sam Rong Kiat Waterfall Arboretum 1 0.1
Dry evergreen forest Nong Tha Yu Arboretum 10 1
(DEF) Khao Chakan Arboretum 3 0.3
Kanchanakuman Arboretum 6 0.6
Khao Hin Son Botanical Garden 6 0.6
Sap Chomphu Arboretum 6 0.6
Muak Lek Arboretum 6 0.6
Ubon Wanarom Arboretum 5 0.5
Phon Sai Arboretum 3 0.3
Phai Sali Arboretum 4 0.4
Total 115 11.5
Phu Khao Arboretum 10 1
Phai Sali Arboretum 6 0.6
Phu Kum Khao Arboretum 5 0.5
Sakunothayan Botanical Garden 10 1
Pong Sali Arboretum 10 1
Dong Bang-1 Arboretum 5 0.5
Kamphaeng Saen Arboretum 10 1
Wang Kan Leuang Arboretum 6 0.6
Ban Chom Beung Botanical Garden 10 1
Nam Phut Thap Lao Arboretum 3 0.3
Khao Din Phrai Wan Arboretum 6 0.6
Mixed deciduous forest
Tham Chom Pon Arboretum 6 0.6
(MDF)
Her Majesty The Queen's 60th Birthday Anniversary Su-ngai Padi Botanical Garden 2 0.2
Namtok Tharnthong Arboretum 3 0.3
Huai Rong Arboretum 6 0.6
Ban Phae Arboretum 3 0.3
Huai Kaew Arboretum 5 0.5
Mueang Rat Arboretum 3 0.3
Her Majesty The Queen's 60th Birthday Anniversary Phu Foilom Botanical Garden 3 0.3
Huai Chomphu Arboretum 3 0.3
Huay Tak Arboretum 2 0.2
Sam Rong Kiat Waterfall Arboretum 9 0.9
Total 126 12.6
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Figure 2 Concentric sample plots in different radius.

3. M3 ZHYeYA (Data analysis)
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Table 1 Number of trees and importance value index (IVI) of some dominance tree species in MDF and DEF in Botanical gardens and Arboreta in Thailand.

Density Frequency Dominance RD RF RDo VI
Forest Type Species Family No. of Trees
(ind.ha-1) (%) (%) (%) (%) (%)
Dipterocarpus alatus Roxb. ex G. Don Dipterocarpaceae 232 0.20 33.04 0.025 2.288 1.711 11.544 15.54
Streblus asper Lour. Moraceae 914 0.79 46.09 0.008 9.015 2.386 3.637 15.04
Afzelia xylocarpa (Kurz) Craib Fabaceae 155 0.13 20.87 0.007 1.529 1.081 3.014 5.62
Eucalyptus camaldulensis Dehnh. Myrtaceae 135 0.12 8.70 0.008 1.331 0.450 3.596 5.38
Delonix regia (Bojer ex Hook.) Raf. Fabaceae 213 0.19 7.83 0.006 2.101 0.405 2.738 5.24
Dry Evegreen Forest (DEF) Streblus ilicifolius (S. Vidal) Corner Moraceae 347 0.30 13.04 0.002 3.422 0.675 1.057 5.15
Wrightia arborea (Dennst.) Mabb. Apocynaceae 224 0.19 23.48 0.003 2.209 1.216 1.331 4.76
Hydnocarpus ilicifolia King Achariaceae 243 0.21 18.26 0.003 2.397 0.946 1.372 4.71
Microcos tomentosa Sm. Malvaceae 210 0.18 30.43 0.002 2.071 1.576 1.009 4.66
Tectona grandis L. f. Lamiaceae 153 0.13 7.83 0.006 1.509 0.405 2.631 4.55
Other Species (471) 7,313 6.36 1,721.73 0.151 72.13 89.15 68.07  229.35
Total 10,139 8.82 1931.30 0.22 100.000  100.00  100.00  300.00
Tectona grandis L.1. Lamiaceae 256 0.203 24.603 0.032 2.731 1.462 15.651 21.24
Pterocarpus macrocarpus Kurz Fabaceae 358 0.284 45.238 0.012 3.819 2.687 6.043 12.08
Xylia xylocarpa (Roxb.) Taub. var. kerrii (Craib & Hutch.) I. C. Nielsen ~ Fabaceae 290 0.230 38.095 0.005 3.093 2.263 2.286 7.69
Combretum quadrangulare Kurz Combretaceae 270 0.214 7.143 0.008 2.880 0.424 3.721 7.46
Streblus asper Lour. Moraceae 329 0.261 23.016 0.004 3.509 1.367 1.857 6.31
Mixed Deciduous Forest (MDF)  Chukrasia tabularis A. Juss. Meliaceae 227 0.180 19.048 0.003 2421 1.132 1.626 547
Canarium subulatum Guillaumin Burseraceae 104 0.083 25.397 0.003 1.109 1.509 1.463 431
Pentacme siamensis (Miq.) Kurz Dipterocarpaceae 202 0.160 11.111 0.002 2.155 0.660 1.212 427
Wrightia arborea (Dennst.) Mabb. Apocynaceae 172 0.137 23.016 0.002 1.835 1.367 0.740 3.90
Lagerstroemia calyculata Kurz Lythraceae 115 0.091 19.048 0.003 1.227 1.132 1.543 3.78
Other Species (396) 7,052 5.60 1,448.62 0.132 75.22 85.99 63.86  225.08
Total 9,375 7.44 1683.33 0.206 100.00 100.00  100.00  300.00

Remark: RD = Relavtive density, RF = Relative frequency, RDo = Relative dominance and IVI = Importance value index.

n <

LBLIMRLLELBELL

WV 6 <

(6957) 9S1-LET :(1)OT R| DRIEIE] L[LLAU

9GT-LET :(1)01 [ "S9Y [09F "10] Tey L,



NsansIetinaInethlifiesIneg 10(1): 137-156 (2569)

' 1< = dyd [
9819 15NAUAANISANEINTANUULANA1II
=< Ay v
INNITANYIVDN Chandaeng et al. (2018) n'la
= 9 [ = a A AAa o
Anwlassadndenunsthavuas o aoiIde
= a A d o 901 = Y] Y]
pazdndaaiumaas i1 e) 3913a
= <] 9 o [
UATNFTU Tasnuveyanilasdredisviia
[ o dy Ay a 9 a Yo
annszatenInunthaveds wowialisuau
95 %%iA 91N 76 ANA AY 45 WA NAMNUHAIN
a 1A SAA o A A
¥UADYN 3.73 HATWANUIIUIUYUATINGA
Y E Y& KR a a
Taun 1397 (Fabaceae) b lHHuDIonsna
vyoavualasdredadinanen1slingues
UIUFUANUANA1AY
vazgnludwaundalunudu 'l
v
Y o I a
wanua 9,375 a1 suunldidlu 406 ¥iia
J a Y A A
243 d@na 77 WA via ldawdonsanain
v A ) [ 9 T W
aviiainudiag (IvD) 14un dn (Tectona
grandis) HAwinuiovas 19.84 5098311 laun
ﬂiz@:ﬂ? (Pterocarpus macrocarpus) W (Xylia
xylocarpa) & ¢ WL 0 W 1 ( Combretum
quadrangulare) WasUo8 (Streblus asper) Taed
1 T W < I o
AN 12.55, 7.64, 7.03 uag 6.73 1losiua
o w ' A A A v o
ANE1AY dIuviaou q Uaraavaunuly
(Table 1) denuistwaunanluliasiininiu
nanwiaog luszauNgINIn (H =4.99) uag
= = a = 9
UAIANNNINUDIFTABYN 50.58 uaadln

o

<= a YA =) a
wuawu@‘lnﬂmmﬂwum’mmmﬂﬂsuw nag

o—

UAMNINNEFY TagAIANUHAINFHANAIY

1nd1R89nUN15ANYIUDY Saikhammoon ef al.
] i

(2023) # I@hmsAnyimsiuyvestivadou

a9y 1

Y v oA Y Yt 2
urandengniessnazaou latinis luyaiu
a (% I~ 1 o
5550917 laslanyaztlvihwauwaaly 910

= Y 9y Y
msaneImuau ' liina1 20,400 @4 vaze1so

° Y a
muuﬂulmﬂu 199 UM 1N 129 @A LA

147

Thai For. Ecol. Res. J. 10(1): 137-156 (2026)

' v A

49 1A UArAsilANuraINTage (H’ = 4.28)
=) g =< g’/ dy A o a
VULIAIINUNTANBIATIUND T UIUF LA
HAZAATUANUUAINFUAFGINIINTANBIVD
Piankhit ef al. (2024) DA IATITF 19T IANNY
[l I g ~ [ o N ]
weunanlulununeyindvesaruihdn
4 [ 9 A a
psnmsgadmnssuh liimamitle  wuwiia
Y o a 4 Y Y
T¥d1uau 122 wila 88 ana 39 297 vnauld
v
NANUA 2,246 AU UAAFTIANUHAINYIA (H')

E4
1 1 voA

MY 3.57 HONIINUGTINVINAIAF LAY

@

9 9
nanrialuasaldilamuINnI151891UY84
. A= v =) U
Narknoi et al. (2022) NANYITIANNY W e

[ ds’ A Y o
waaly Tuwvunthgursuiiuile suneans

1 a

Yandauns wowiialdifies 1 ¥iia 63 ana
A v A a (Y]
26 WA UAYUANNHAINEUA (H) N0 3.71
Y = a
naaa 1 MHUDINITTUNIUIINAINTTNUDY
I 1 a Sld'
WYBIINAADANHAINTHAVOINT T 1IN
uanaany
Y
NMIANYIVDINITD ¥ AT A
<3 A
1FIHUANNHAINFHA LAZANUNINUIGVD
a 9 1 a U A d’} ~
¥ ldlunaazsiiail tloennnunuaz
90d1329UNIINTLIIIATOUAQUHAIINUNIA
voalszma Tadamalinustia ldnnuiiainy
! F) Y I 1 a
na1nvateAaud1Ige uieztluiriia
= v = I [l 9
@I UF U UNANIDINANVUANATIN AU
Tadsuradenulunaazgiinin (Zhang et al.,
[ I~ 4
2024) 0614 13AAUVUIAVEITIUNG NBAIAAS
HAZAIUTNVFIA TIUIUYATITIAaFIALN
s hdadateunadon (A Wge, qungd,
T938a1) Nuanaraduveauaazyialll &9
3 a Y o A a yé’ 1Y 1
meluthauuduintsie v unauiuszrang
9 [} 1 % [ 1 d’ Y A
Tdwdalunaz lundaluludasiarunlndifes

Y
v L% U 1

4
NU UNWUAILATEAUAITUGIAILA 100 LUAT



NsansIetinaInethlifiesIneg 10(1): 137-156 (2569)

7 % aS A 901
nnszavinzalhunan tazidsuadidu
A Aa A ]
magdszuin 1,000 — 2,000 Haauasaell ¥
uanannnthaaunsalunytia lddulug lu

[ 7

Fanunazisznoulddreldudaly wu'ld

(34

Y
1

AUATEAVAINGT 50 1WATIINTEAVUINLIA
a %’ d' :) 1
runare Yswradidumasdina 1,600
Aa a T ] [ [ Y Y
Naawasaell dedrulvainiianuuiauas
¥1nn31171Aaunda (Marod & Kutintara, 2009,
Y
Nguyen ef al., 2015; Becker ef al., 2022) A73¢
Javesuradounuanaranudanalisiia 198
2 e A 4 a
N15NTLAIINANNU LazFUANNUNAIY
1 o Y I 1 a = v =
uanaeny uihiluluthwiameinunaiu on
Y 1
nalui509a11udean1INIatIAI NG
o d X { o
(Ecological niche) dudunilalumguainii i
Y 1 a = d' 1 (%
Ifusazsialinisnszartoiuanaiany
(Bunyavejchewin ef al., 2003; Phumphuang et
al.,2024)

a = < d
2. Sanamia®inn mMsthuISuay uag
[y d Jd
msgagumiverlasenlua
Faauirihavudadilsuamiasinin

1 Y] Y] 1 I
(NRY 19018 AU/tanuas uudeontdu
YIAFIN NV 1A U (Stem; W) N4 (Branch;
w,) 11 (Leaf: W,) tazaFunamnadinmidau
(Belowground biomass) CRISREET 111.43,
35.74,2.59 1A 40.43 GUAFALAST A1UE 1A
= o < 4 1 Y 9
Suamsdnnuas UeulAUMIAY 89.38 @
arsveou/tanuas nazlsuimgaduy

J 4 S [ @

asueu lasen lud (CO,) UANNIND 328.04
Y] 4 4 4
dguarsueulaoonlud/tanuas (Table2)

A YA (a a v &
¥ lgnuUS U810 W psAAAY

¢ o ¢ %
A1TVOU LLEWﬂ1§ﬂﬂ“ﬁﬂﬂ13ﬂ@u‘lﬂﬂﬂﬂq%ﬂ

148

Thai For. Ecol. Res. J. 10(1): 137-156 (2026)

(2

(CO,) gagalaun dn sovasn ldun garddda
o 1 1 I~
W1aungadss uzar Tue uay Yszgih iudu
= 1 a [ a3 4
NNITANEINDNUTVIUNTIANUAIT VDU
a I 4 A=W
wazilSuimgadumsvoulaoon laaiian
1n31R8aNUAITANYIVDY Chandaeng ef al.
(2018) N51e91uNThavndaaa1idtouasziln
aa d o %} = S A =
HaauMaas L uve JUSuauasn
a [ < 4 [ Y
HazdIHIUNITOANUAITVOUININY 186.66
1A 76.03 AUASUOUATALAT AU Vi
v 4 o a0 [ %
msgagumsueu laeenlua (CO,) Bawmuy
[ 4 J 4
347.07 duarsuoulasonlaa/tanuas
=Y o < 4 ~ g’; dyd
Tagdsuamsnnpuasueunnuluasedia
UTMUVINNI1518991UY0 4 Terakunpisut ef al.
= ' a ~ o
(2007) FINUNUSVIBWIATIN WAL AITAN
1< 4 A 9 N 1 a
wuasueuluThavudevesthasruurasa
a 1 1 Y] o J
NN UAMNIANY 140.58 AUAINUAT 1AL
70.29 AUAISVOUATAUAT AIUEIAY FI910
= 1 dy Y 3 KR o
MsAny A tuaad lmudaAnenInlung
[ < J v 4 4
AnmuAS oY tazeagua1suou laseon lea

o

wosthauudendaguealszmalne
vargndnunshwaundaly 11500
UIDTINTVWNINY 142.26 AUATAUAT 1119
3 a o Yy A
00N UNIATININVYDIB1AU NI 1V
USuiawlazianldau Jauninu 89.86,
21.96.0.20 LAY 30.24 AUATNUAST AUEIAY
=Y Y] < I'4 [l (%
Suranmsnnnuasueuvedlnaunaaly
[ 1 @ % 4 4
PAUNINY 66.86 AUATTUDU/LTNUAT LAY
=Y Y] 4 4
YSmamsgaduaisvou lasen lad (CO,)
(Y] % I'4 o I'4
191 245.38 auasueu'lason laa/anuas

(Table 2)



NsansIetinaInethlifiesIneg 10(1): 137-156 (2569)

Thai For. Ecol. Res. J. 10(1): 137-156 (2026)

Table 2 Biomass, carbon stock and CO, sequestration estimates.

AGB Total Biomass Carbon Stock  CO, Sq.
Forest type BGB B . .
Stem  Branch Leaf (tha’) (tCha’) (tCO,ha’)
DEF 11143 3574 259 39.20 190.18 89.38 328.04
MDF 89.86  21.96 0.20 30.24 142.26 66.86 245.38

Note: AGB: Aboveground Biomass, BGB: Belowground Biomass and CO, Sq.: Carbon dioxide sequestration.
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Figure 3 Percentage of individual trees (black bars) and carbon storage (gray bars) in different DBH size classes;

A) in DEF and (B) in MDF, respectively.
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ABSTRACT

Background and Objectives: Forest recovery in shifting cultivation systems plays a crucial role in shaping
forest structure and species composition in tropical mountainous regions. In northern Thailand, lower
montane forests represent one of the most ecologically important ecosystems, characterized by high
biodiversity and complex vegetation structure. However, land-use changes, particularly shifting cultivation
practices, have significantly altered these ecosystems, leading to forest degradation and initiating natural
succession processes. The recovery of plant communities following disturbance is a dynamic and complex
process influenced not only by the time since abandonment but also by environmental conditions and site-
specific factors. Understanding how these factors interact to influence forest recovery is essential for
developing effective strategies for forest restoration and sustainable land management. Therefore, this study
aimed to (1) investigate the natural succession of plant communities in lower montane forests across a
chronosequence of shifting cultivation fallows, and (2) examine the relationships between environmental
factors and plant species distribution.

Methodology: The study was conducted in Namtok Mae Surin National Park, Mae Hong Son Province,
northern Thailand, which is characterized by mountainous terrain and a tropical monsoon climate. A total
of 15 temporary sample plots were established across five land-use stages: natural forest and shifting
cultivation fallows of 1, 4, 7, and 10 years. Three plots were established for each stage. Within each plot,
all trees with a diameter at breast height (DBH) = 4.5 cm were measured and identified to species level.
Saplings were also surveyed in subplots to assess regeneration patterns. In addition, soil samples were
collected for the analysis of physical and chemical properties, including soil organic matter, soil moisture,
and soil texture. Vegetation data were analyzed using the Importance Value Index (IVI) to determine
dominant species and their ecological significance. Species diversity was assessed using the Shannon—
Wiener diversity index (H’). Cluster analysis was performed to classify plant communities based on species
composition, while Canonical Correspondence Analysis (CCA) was applied to examine the relationships

between species distribution and environmental variables. These analytical approaches allowed for the
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identification of patterns in community composition along successional gradients and environmental
conditions.

Main Results: The natural forest exhibited high structural complexity and species diversity, with 70 tree
species belonging to 35 families and 52 genera. The stand density was 1,074 stems ha'', with a basal area
0f9.26 m? ha and a Shannon—Wiener diversity index of H' =3.69.In contrast, the 1-year fallow exhibited
a very simple forest structure, with a low stand density of 23.33 stems ha' and a basal area of only 0.021
m? ha ', This stage was dominated by pioneer species, reflecting the early stage of succession following
disturbance. As the fallow age increased, forest structure showed a clear and continuous recovery trend. In
the 4-year fallow, stand density increased to 1,030 stems ha', with a basal area of 1.12 m?> ha™. In the 7-year
fallow, stand density further increased to 2,084 stems hail, with a basal area of 3.12 m*> ha™'. In the 10-year
fallow, basal area increased substantially to 7.48 m? ha', and species diversity (H’ = 3.64) approached that
of the natural forest. These findings indicate a gradual transition from early successional stages dominated
by pioneer species to more complex communities with increasing contributions from shade-tolerant species,
particularly those in the family of Fagaceae and Lauraceae. The diameter class distribution of trees (DBH
= 4.5 cm) across all five land-use stages exhibited a negative exponential (L-shaped) pattern, characterized
by a large number of small individuals and progressively fewer large trees. This pattern reflects a stable
regeneration structure, suggesting that the forest has the potential to sustain itself through continuous
recruitment and replacement of individuals over time. Cluster analysis classified the plant communities into
three main groups corresponding to different stages of disturbance and recovery: (1) early disturbed sites
dominated by pioneer species with low diversity and simple structure, (2) intermediate recovery sites
characterized by the coexistence of pioneer and shade-tolerant species, and (3) natural forest sites with high
species diversity and complex structure dominated by late-successional species. The results of CCA
indicated that species distribution was strongly associated with environmental factors, including soil organic
matter, soil moisture, soil texture, and canopy cover. These factors act as environmental filters, influencing
species establishment, survival, and competitive interactions under different site conditions. Shade-tolerant
species were primarily associated with areas of high canopy cover, high soil moisture, and high organic
matter content, whereas pioneer species were more abundant in open areas with lower soil fertility and
higher light availability. Soil texture also played an important role in determining water retention capacity
and root establishment, thereby contributing to spatial variation in plant community composition.
Conclusion: This study demonstrates that natural succession in shifting cultivation systems can lead to the
recovery of plant communities with structural and compositional characteristics similar to those of natural

lower montane forests. Time since abandonment is a key driver of forest recovery, controlling changes in
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species composition and forest structure from pioneer-dominated communities to more complex and stable
systems. However, environmental factors such as soil organic matter, soil moisture, soil texture, and canopy
cover also play critical roles in shaping successional trajectories through environmental filtering processes.
These findings highlight that forest recovery is not solely dependent on time but is the result of interactions
between successional processes and environmental conditions. While species diversity can recover relatively
quickly, full structural recovery, particularly the development of large trees and biomass accumulation,
requires longer time periods. Therefore, maintaining sufficient fallow periods and minimizing further
disturbances are essential for promoting sustainable forest restoration and biodiversity conservation in the

shifting cultivation landscapes of mountain forest ecosystem.
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gunsaiaz3Bms (Materials and Methods)

ANy (Study area)
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Figure 1. Study areas and sampling plots were shown; A) locations of sampling plots in different stages of
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NIHAINITIUNIU (Connell & Slatyer, 1977,

Chazdon, 2014; Poorter et al., 2016)

Table 1. Structural characteristics and environmental factors of natural forest and shifting cultivation fallows of

different ages in Namtok Mae Surin National Park, Mae Hong Son Province.

Variable 1 year 4 years 7 years 10 years Natural forest  p-value
Species richness (species) 1.33+£0.58 18.33 +5.03 30.00 = 8.72 37.00 = 7.00 34.67+7.37 0.020%
Tree density (trees ha ') 23.33 +15.28 1030.00 +£306.43 208333 £955.63  1706.67 £315.01  1073.33 = 134.29 0.031*
Basal area (m?ha ') 0.34 £ 0.40 373+ 1.41 1041 +1.19 24,94 +3.23 32.05+3.88 0.010%
Shannon—-Wiener index (H’) 0.23 £0.40 2.23 +0.64 2.81+0.31 324+0.11 2.97+0.44 0.036*
Elevation (m a.s.l.) 1137.67 £167.85  1268.67 +30.92 1247.67 + 74.57 1167.00 + 84.50 1243.33 £ 30.09 0.404ns
Crown cover (%) 12.06 + 5.44 66.70 £ 19.58 75.99 +£7.73 87.22£2.51 87.50 £ 2.09 0.016*
Soil moisture (%) 14.86 £9.12 17.34 + 6.80 17.70 £ 6.97 15.98 £2.70 26.43 £7.05 0.420ns
Organic matter (%) 421+1.49 7.07+2.43 541+1.23 4.69+1.77 7.79 +£2.55 0.204ns
Bulk density (g cm ?) 1.00£0.15 0.82+0.21 1.01£0.18 1.02 £ 0.09 0.71+0.34 0.463ns
Sand (%) 51.33+17.39 5333 +10.21 51.33£7.02 54.67 +5.03 53.67 + 6.81 0.895ns
Silt (%) 19.00 £ 4.00 21.33 +4.04 17.00 £ 1.00 18.33 £3.51 21.00 £ 1.00 0.443ns
Clay (%) 29.67 £ 13.65 25.33+6.35 31.67 £ 6.66 27.00 +7.81 2533+7.57 0.789ns

Remark: Values are expressed as mean + standard deviation (n = 3). Differences among shifting cultivation ages

were tested using the Kruskal-Wallis test. * Significant at p < 0.05; ns = not significant.
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Figure 2. Diameter class distribution of existing trees
indifferent areas: A) lower montane evergreen forest,
B), C), D), and E) represented 1, 4, 7 and 10 years

shifting cultivation, respectively.
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Figure 3 Cluster analysis of tree communities across shifting cultivation fallows (1, 4, 7, and 10 years) and natural

forest in Namtok Mae Surin National Park, Mae Hong Son Province, Thailand.
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Table 2 Correlation coefficients between ordination axes; tree species and environmental variables.

Axisl Axis2 Axis3

Eigenvalue 0.91 0.57 0.26
Variance in species data

% of variance explained 19.70 12.30 5.50

Cumulative % explained 19.70 32.00 37.50

Pearson Correlation, Spp-Envt* 0.98 0.94 0.88

Remark: * Correlation between sample scores for an axis derived from the species data and the sample scores that

are linear combinations of environmental variables.

Table 3. Correlation coefficients of environmental variables with each ordination axis.

Correlations*
Variable

Axisl Axis2 Axis3
1 Elevation 0.859 0.199 0.109
2 Crown cover 0.841 -0.495 -0.064
3 OM (Organic matter) 0.4 -0.37 0.711
4 SM (Soil moisture) -0.255 -0.549 0.46
5  %Silt -0.147 -0.792 0.375

Remark: * Correlations are "intra-set correlations" of ter Braak (1986)
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Figure 4. Stands ordination (Green triangle) based on canonical correspondence analysis (CCA) and tree species

existed (Black circles) in shifting cultivation fallows (1,4, 7, and 10 years) and lower montane evergreen forest.

Abbreviates indicate the tree species which are shown in Supplement Tables.
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ABSTRACT

Background and Objectives: Natural forests are dynamic ecosystems in which the structure and
composition of plant communities continuously change through the process of natural regeneration. This
regeneration process is an important ecological mechanism that maintains forest structure, species
composition, and plant diversity over long periods of time. The seedling stage represents a critical phase in
the life cycle of forest plants because seedlings must cope with intense competition and environmental
filtering, which influence germination, growth, and survival. This process is particularly important in
ecosystems with specific environmental characteristics, such as montane forests, which generally occur at
elevations higher than 1,000 meters above mean sea level and are characterized by cool and humid
conditions as well as dense forest canopies that limit light penetration to the forest floor. As a result, many
plant species exhibit shade-tolerant characteristics. However, disturbances such as the fall or death of large
trees can create forest gaps, which alter local environmental conditions, including light intensity,
temperature, and humidity. These environmental differences influence seed germination and seedling
establishment. Light-demanding species generally exhibit higher recruitment and growth rates in forest gap
areas, whereas shade-tolerant species are better able to establish and survive under low-light conditions
beneath the crown canopy. In addition, variations in light intensity and temperature also affect seedling
mortality rates, reflecting the adaptive capacity of each species under different environmental conditions.
However, quantitative information on the relationships between light intensity and temperature and the
recruitment and mortality rates of seedlings in montane forest remain limited. Therefore, this study aims to:
1) compare light intensity and temperature between forest gap areas and crown canopy areas; 2) examine
the recruitment and mortality rates of different seedling species in both habitat types; and 3) analyze the
relationship between light intensity and seedling recruitment rates in both habitat types during 2013 - 2015.
This study is expected to enhance the understanding of some role of environmental factors in natural
regeneration processes of plant communities in a lower montane forest at Huai Kog Ma watershed,

Doi Suthep—Pui National Park, Chiang Mai Province.
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Methodology: The study was conducted in a 16-hectare permanent plot measuring 400 x 400 meters located
within Doi Suthep—Pui National Park, Chiang Mai Province. Two types of forest environments were
investigated: forest gap areas and areas under crown canopy. Nine sampling locations were selected for each
type of environment, resulting in a total of 18 study locations. At each location, five seedling subplots
measuring 1 X 1 meter were established, giving a total of 90 seedling plots. All seedlings occurring within
each subplot were tagged and identified to species level. Each seedling was assigned an identification
number in order to monitor its survival and recruitment over time. Field observations were conducted
monthly from August 2012 to December 2015. During each monitoring period, newly recruited seedlings
and dead seedlings were recorded. The collected data were then analyzed to calculate seedling species
diversity, seedling density, recruitment rates, and mortality rates in both forest gap areas and crown
canopies. The relationships between environmental factors and seedling recruitment were examined in both
gap and crown canopy using Spearman’s rank correlation in R.

Main Results: A total of 105 seedling species belonging to 80 genera and 48 families were recorded during
the study period, with an overall seedling density of 293,222 individuals. ha'. Most seedlings belonged to
the families Fagaceae and Lauraceae, which are dominant components of montane forests in northern
Thailand. When the two habitat types were considered separately, 77 species representing 62 genera and 39
families were recorded in forest gap areas, whereas 70 species representing 53 genera and 36 families were
found under the forest canopy. In both environments, Castanopsis acuminatissima were the most abundant
species, with seedling densities of 210,000 and 136,444 individuals.ha" under forest gap and crown canopy
conditions, respectively. Seedling recruitment and mortality in both forest gap and under crown canopies
varied among years and also showed seasonal variation. The highest seedling recruitment was observed
during the late rainy season to the early dry season, indicating that favorable moisture conditions during the
rainy season may enhance seed germination and early seedling establishment. In contrast, seedling mortality
occurred intermittently throughout the study period and remained lower than recruitment overall. When
focusing on species with more than 10 individuals recorded between 2013 and 2015, a total of 11 species
were analyzed. The results showed that recruitment and mortality rates differed among species. Seedlings
in the family Fagaceae, including Castanopsis acuminatissima and Castanopsis tribuloides were found in
both forest gaps and crown canopies, indicating that these species are able to establish under a wide range
of light intensity. For species in the family Lauraceae, including Litsea martabanica and Persea gamblei,
seedling recruitment occurred more frequently under the forest canopy than in forest gaps, reflecting the
shade-tolerant characteristics of these species. In contrast, Cinnamomum iners seedlings were found only in

forest gap areas, suggesting that this species requires higher light availability for successful establishment.
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The relationships between light intensity and seedling recruitment and mortality of all 11 species did not
differ significantly between forest gap and under crown canopy conditions (p > 0.05). However, Castanopsis
acuminatissima, Castanopsis tribuloides and Syzygium tetragonum showed a tendency to occur under lower
light conditions, whereas Macaranga indica and Memecylon plebejum tended to be associated with higher
light intensities.

Conclusion: Seedling recruitment and mortality rates varied among species which related to the ecological
niches, in particular species light demanding. Differences in light availability between under gap and crown
canopy had influenced seedling establishments in montane evergreen forest. The formation of canopy gaps
therefore play an important role in natural regeneration processes and contributes to the maintenance of

plant diversity and forest dynamics in tropical forest ecosystems.

Keywords: Forest gap; montane forest; forest dynamics
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Table 1 Selected forest gap sizes in the lower montane forest permanent plot (LMFP).

Sampling point Area (m2) Vegetation cover
1 1000 M
2 1000 M
3 1000 G
4 900 G
5 600 G
6 500 G
7 500 G
8 400 G
9 400 G
Mean 700+£269.26

Remarks: M = coverage by wild banana (Musa acuminanta), G = forest gap
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Table 2 Recruitment rate and mortality rate of dominant seedlings in gap and crown canopy during 2013 — 2015

Gap Crown canopy
Botanical Name Family Recruitment Mortality Recruitment Mortality
rate (%.yr'l) rate (%.yr'l) rate (%.yr") rate (%.yr")

Macaranga indica Euphorbiaceae 1.64 2.21 5.78 0.00
Castanopsis acuminatissima Fagaceae 2.62 1.08 3.40 1.71
Castanopsis tribuloides Fagaceae 5.58 1.47 2.81 1.32
Garcinia merguensis Guttiferae 1.87 0.93 4.53 1.23
Cinnamomum iners Lauraceae 1.81 1.84 0.00 0.00
Litsea martabanica Lauraceae 2.57 1.62 3.23 1.12
Persea Gamblei Lauraceae 1.32 0.70 1.85 1.55
Memecylon plebejum Melastomataceae 1.23 0.84 0.62 0.00
Syzygium tetragonum Myrtaceae 3.50 0.38 1.42 0.74
Syzygium claviflorum. Myrtaceae 2.24 1.31 0.89 1.59
Helicia nilagirica Proteaceae 1.13 1.75 1.28 1.36

Average 2.50 1.18 3.12 1.80
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Table 3 Spearman’s rank correlation coefficients (r,) between light intensity and seedling recruitment and mortality

under gap and crown canopies.

Gap Crown canopy
Species Recruitment Mortalit Recruitment Mortali
p-value p-value p-value p-value
(r,) y (r,) () ty ()

Castanopsis acuminatissima -0.231 0.176 -0.068 0.690 -0.066 0.702 -0.191 0.264
Castanopsis tribuloides -0.099 0.563 -0.126 0.465 -0.013 0.937 -0.083 0.630
Cinnamomum iners -0.146 0.396 -0.200 0.242 NA NA NA NA
Garcinia merguensis -0.135 0.431 0.140 0.416 0.104 0.548 -0.0205 0.905
Helicia nilagirica -0.102 0.554 0.210 0.219 -0.044 0.796 0.061 0.723
Litsea martabanica ( -0.027 0.873 0.012 0.945 -0.092 0.590 0.172 0.315
Macaranga indica 0.156 0.365 -0.109 0.526 -0.106 0.539 NA NA
Memecylon plebejum 0.106 0.537 0.022 0.896 -0.171 0.319 NA NA
Persea Gamblei -0.049 0.775 0.106 0.539 -0.083 0.627 -0.081 0.635
Syzygium claviflorum 0.049 0.777 0.011 0.950 -0.212 0.215 -0.096 0.577
Syzygium tetragonum -0.209 0.221 0.315 0.061 -0.104 0.548 -0.031 0.854

Remark: NA indicates that the correlation could not be computed due to lack of variation in the data.
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    ∑  i = 1  S  P i   ×  ln ⁡  ( P i )


   H / =-   ∑  i=1 s    (pi) i ln (pi)


  (  28   (   W  S +   W  B ) + 0 . 025 )


  R =  100  [   (  ln ⁡  N t −  ln ⁡  S t  t ]


  M =  100  [   (  ln ⁡  N o −  ln ⁡  N i  t ]

