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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

159



NsansdetinaInethldidesIneg 10(1): 157-180 (2569) Thai For. Ecol. Res. J. 10(1): 157-180 (2026)

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'l, with a basal area of 1.12 m?> ha™". In the 7-year
fallow, stand density further increased to 2,084 stems ha-l, 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.

Keywords: Biodiversity, forest structure, ordination
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d a
qﬂmmuam%mﬁ (Materials and Methods)

av R
1. WUNANH (Study area)
4 1 = ?)} ] =)
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WOHNIANDINAIAN HazngualusIuADY
a = =Y Z d' ~
woAInmeudauEiey Usuaihdumassell
U5ENIU 1,200-1,600 HAAINAT HATYUNRL
d‘ = ) 1 = é =
MA89161 g1 20-25 BIAUHALTET FHIY
ANuMINZduAN S AL Tnveans o laf
L] =) % a dsl d’ 1 1
Twaiau dnvagdulunundiulvg
I a 1 =K A 1
1WuanITUDIAUTIUYUNT1Y (Loam to sandy
=\ 4 = =\
loam) HANNEANANY I IUNA1DIGI LAzl
=3 a =1 1Y a 1 9 é dy 1
YSnapunisiagluauasud1ege ¥uvene

dy % 9 a
ﬂ1i‘V\|‘Ll¢]’le]\i‘WiimhlﬂJGﬂll‘ﬁiﬁJ“]ﬂG]

2. M3RuTeYa (Data collection)
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Y
naauanenany 1dun 1, 4, 7 vaz 107 Tagm
1152190U a9t uU91299 (Purposive sampling)
2 . .
Wuag 3 ulaedI9819 371 15 uasdleda
. A g @ 1 o w g
(Figure 1) i udumuluudazdrauiuves
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= tjl a dl o []
milenuaw) Ayuudasiinisaulasdes

A qu 2 9 9
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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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Wy Tagd19danisszysonssm liialy
Smitinand (2014)

3 @ 1 a &

INUAIBYINAUFUDU (0-15 HY.) ﬂ?ﬂalu
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Tasea$1e S1uau 5 gaaouilas (Figure 1)

)
Y I o l
1NUUSINYUAI081959U (Composite sample)
(] 9 o 1 A a 4 A
28191BY 500 NSNABLILAY B AATIZHA VA
a <] (% ' a
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‘

O Soll daia sterage bocation

shifting cultivation fallows and natural forest, (B) layout and dimensions of sampling plots used for

vegetation and soil samples collection.
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3. M3IATITHIVOYA (Data analysis)

3.1 maviianudinyvessiiald
(Importance value index; IVI) Lﬁﬂl%}iu 19
UsziliuanudridanFatdnavessiia i lu
Fanui s (Curtis & McIntosh, 1951) #1122 14
VINHATINYDIAIINDTURNT (Relative
frequency; RF) ANINULUUTURNT (Relative
density; RD) 122 A1 NIAUTUNNT (Relative
dominance; RDo)

32A1A210na 1N HUA (Species
diversity) Taeldaumsastiniunainvaiy

V89 Shannon-Weiner index (1949) Aal

S
==Y (i) npi

i=1

d' / [ = a Y
e H = dviianunainvalevodvia 1y
Y
S = uruwiia linavua
. o ' o 9 a Y.
pi = daaIUUIUAUVeIYTHA 1Y i Ao
o 9 Y g‘/ a
sudu ldianuaveannsiia

4
weoi=1,2,3,4,5,...,s

33 miﬁ“ﬂﬂ’cjuwy:"lﬂ (Cluster analysis)
[ o 1 Y @ - =
Wn1ssunvy ldnienaenisluysiuda
l a . tg A A 1
V15550 ¥1A (Figure 1) 534 5 Auh Ao 13
=~ = 1
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~ = 1
WU 01 3-4 1l (SP04, SPO5 LAY SPo6) 15
~ = 1
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Wyueu 01y 10-12 1 (SP10, SP11 1Az SP12)
1azi533uA (SP13, SP14 uag SP15) Tagldy
NUIUN1TIANDVTLELN (Distance measure)
AMWATUDI Bray & Curtis (1957) 1WOIANGUHIY
9 o Y = J
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a 9 9 k) Y Y
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(Dendrogram) tiVe l¥Ha15an1ssangumny 1o
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(Legendre & Legendre, 2012) gron15ld
TusunsuduFag1) PC-ORD version 6 (McCune
& Mefford, 2011)

[ o [ 1 Y . .
34 n1sdaarauviy 1 (Ordination)

U

a 4 v o w Jq 9 9
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NTA-AN 1AZDUNTEING) TIVDITZAUANNGY

zg A A a 4 [ o 4 1
VOINUN WD UATIZHANNTUWUTTLH Y
Tademadeunumanizateveeny 1l Taeds
Canonical Correspondence Analysis (CCA)

) 3
(ter Braak, 1986) Tae 14 Tdsunsudnsagal
PC-ORD version 6

a 4 aa csal.: [
3.5 MsIATIZHToYaNINana NadIu
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9 [ i [
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9 =) v J dy A
WiouSouNeUANUUANAIITZHINNNUN
A18n15NAADY Kruskal Wallis (McCune &

A Y A 4oy
Grace, 2002) N7<AUANUFONUTDYAL 95

J
Hauaz a1l (Results and Discussion)

14 d (Y] A
1.Tﬂsaasmuazmﬂﬂﬁzneummmﬂuww
(Forest structure and species composition)

\ a a P '
1.1 ths55um@ wosianssuliflng
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Y
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¥a1n1a18u04 Shannon-Weiner 11101 3.69
¥ia 1Ay 10 d10uusn Ao Neld (Schima
wallichii) NENo (Lithocarpus dealbatus) MRLER
(Castanopsis armata) i loanody (Symplocos

macrophylla) Wi F1fiuiea (Syzygium helferi)
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ﬁaimﬁau (Castanopsis tribuloides) LY
(Gluta renghas) AN (Quercus brandisiana)
ﬁf}mh (Adinandra integerrima) QeI VLV
(Aporosa nigricans) ﬁﬁ1ﬁ%ﬁﬂ31nﬁ1ﬁmﬂﬂlﬂﬂ
wiia laf (IVI) 191110 39.69 21.3420.75 14.49
12.89 11.34 10.71 9.40 7.69 1z 7.10 losidud
AT Biiad 7 Timaanduiu (Table S1)
d1vsuldsu (Sapling) wuwiia 'l
Wanuas1uIY 19 297 31 dna 38 Fila HAw

¥

[ 9 [ d A d’ Y o
NUIUY 2,875 AUADLENATT NUNKU1AA
1.01 M1519NATABLENATS DA TIHAIIN
Wa1NNa10UD9 Shannon-Weiner tN1AY 3.29
wisa Idinudionnsananmariinnudinn
Tu 10 arduusn laun nz 18 nihwea milea

"y . )
A0y NONIIAY (Lithocarpus garrettianus)
= Y . . .
WeaAY (Litsea martabanica) Uoa18 (Microcos
paniculata) DTN (Aporosa nigricans) NONITI

Y @ 1
NNV (Syzygium toddlioides) 1AL TNV U
AYUANUTIAYININY 28.84,24.75,21.03,
20.51, 18.46, 18.19, 14.58, 10.78, 8.89 LAY 8.55
AEIAY FUADY ) UA1aANAUNY (Table S2)

1555094 Iimsdnaguiousoamas

Y [
87.50 +2.09 % ANNFUAUNDY 26.43 + 7.05%
a = 2 a d‘
vazSnaounsedagludumae 7.79 £2.55%
2 oA A d A 4
Fanargangaluiunany) vazgnaiy
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Y = Y A A = ~

gzioudIgnINIAdoNNI@DaTNIN WS

[ 1 v

o 4 4 4
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[ A 1 9 a [
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a 1 g0
Tdwialdnuiy Tuledne (Fagaceae) t1ae
,i’ A 9 1
BUI¥Y (Lauraceae) @13150A509W U 1ane19

AP0 ANHAULAINANIADANADINUNANIT
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a 4 ~ Y 1 a
ATILH CCA Muaadlmnulilsuia
a = o a tg a
sunsgiagluau anuyuluau uaznisln
A 3 v o w d' [ @ J o
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HAENUNUIMAIAYADIANSTNINYOITL U
e ToANd0INUTIBNIUMTANEI IATIAT4
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Shannon-Weiner 11101 3.25 W3sat laliauiiie
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S I 4 o w [ A A A
oSIFUA AUEIAY FIUFUADU 9 WA
aavaunu 1 (Table S4)
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amifadonadonlunui livyuiou
= = A ti‘ ~
91 11 Un1sUnaquisousaatnagiNes
= d A A dy
12.06 + 5.44% suiluiseuseaila auaulu

[

AUINAY 14.86 £ 9.12% taziluadunising

Q

TUAUIRAY 4.21 + 1.49% YENAMUH UL
=) oS0 d‘ -3 é
FINVOIAUNAURAY 1.00£0.15 gem™ BIgI

1 1 a 9 = dy d’ a t:' [
ANMINBITUBIA deRoUDITNNNUNY AN

a

Yo a Y q Ida o Y
vlﬂiﬂ@ﬂ“ﬁWﬁ%1ﬂﬂ1i!Glﬂﬁlﬁlfﬂﬂu ﬂﬁ]%ﬂl!’)ﬂﬁ@ll

Yy ¥ ¥
a A =

H199A0N15ATOUATDINUNYD I 13T11in1in

o

Fa '
TasnisdudrluszeziSuduaniiviualae

U

2 g

[ 9 a 4

nalnmsuanuiesinae lian Fuilunagns
Fa
diaglumsiudamendinssuniu anvue
[ 1 I 1 ~
aanarnduwaninlsvyuBounnuniaaz e
. . = o Y A

(Slash-and-burn cultivation) 991 1i5ouena
a o @ = g’/ 1 Wdy A Yo
wugnitaneunInua danalinunlasy
uaa lagasaazinanisiasunlasvesanin

a 1

yagiiomsedFany wia ldiimihndidgy
] [ ] Y d’
i argau Waunslva dnaey uas
9 & a a Y Y
roud1vy Feawsasyaulalaanield
dy L:{ a = [] o :)
anmiundlarasimsuysvud lasmnzlu

sepvinaadouninmildlss Tevinau

167

Thai For. Ecol. Res. J. 10(1): 157-180 (2026)

281909111049 doandeanunsany1 lunaie
dy { A 1 1 Y I
NunnnuIMsuanvusainae litunaln
o @ A 3 @ A 2 Y
dranluszezizuusnueamsiudivioGudu
A1TNALNY (Saikhammoon et al., 2023 ;
& ' v v
Chazdon, 2014) Haa 15093819 wssa 1ifaa
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FREEe
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¥Hadu 9 Neaarauniulil (Table S5)
(% Y a 9 g}/
szau ldgu wurtianssaldnavua
$1uaU 27 1A 42 @na 55 vila vila Taaw

9

[ 9 1 S A A (%
UUNUU 12,854.17 AUADIINATT WUNHTUINA
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octandra) Mipanos Nz 18 uzMAsURY (Rhus
9 d' A v oA o o
succedanea ) WagziduaoN NaArasiaNd ALY
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vo¥ta s (IVI) 110U 45.98 24.67 21.71
16.55 15.54 14.59 11.88 10.52 9.74 LAY 9.64
s 3 4 o [ 1 a A A
esiFud aud1ay a1uyiady q Han
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=
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[ 9 d%’ 9 [} = 1| tigl’
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IMUILTUNINYY (Poorter ef al ., 2016;
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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  2083.33+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 3.24+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 53.33+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 1833 +£3.51 21.00 £ 1.00 0.443ns
Clay (%) 29.67 + 13.65 2533 +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 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)

175



NsansdetinaInethldidesIneg 10(1): 157-180 (2569)

Wenasanmstadauny 1 ewso
I3 n 9y 9 ' . a A
swuny 1714 2 nqu (Figure 4) mudnina

] Y [ dy
voefadeindon Al

naui 1 nguldng1d-nzne (Schima

wallichii-Lithocarpus dealbatus stand) 13 ‘Viqu:

a A [

T 185 uBnEnavInszAUANgG (Elevation)

ANMUNUILUUITOUIDA (Crown cover) Hae

= %

sunsetanludu (om) Wuilasondn wulu

Q

A A v A A A ' )
NUN @mn&g@ Nli@uﬂ@ﬂﬂﬂ TG ERENGRMIN
v

A v Y = a a = [ a
wuihiesudsuudunseTagludunin
a

9 =2 a g.’; a 9
goudIamuihauauan Usznouaie

Thai For. Ecol. Res. J. 10(1): 157-180 (2026)

nilagfa8149 SP04, SPOS, SPO6, SPO7, SPOS,

1 =

L o2 A A
SP10, SP11 uaz SP12 Fuiluiuinlsnyuou
1 =} = % 1
913NN 4-10 1 39uDau1/adr9819 SP13,
SP14 uaz SP15s suduudaslutauiun
Y

535018 M Idnustaldnaludrunssald
1011 15U d08a12 (MALPAN) gnld lulvg)

= Y dal (]
(PHYAMA) 1tag 138a@u (LITMAR) YUD¢
1 [ [ a Y a 1 J d'
saunurusia 1 au 15U neluasy
(CASTRI) f91a08 (CASACU) U NI

(PERGAM) 1182 18 (SCHWAL) 13 udu

s,

-

ph PP cpo: Crovwm
T “AIEE

A P 1 3
- U g T W L] T
el 2
L;;oz -‘Sﬁig CATACTF 1.5
!?,\ T ARITS PRI
-
ALRCD .PRUCERHARPER
ER CATTR
FFE. F 1;@
ARB‘ LITMAR
& O SP 14
bz
YoSilt }, s o prvaisa LiTEEU LIThEaT

o arpon SPASTIDIO
i KcalTRl yoperg
® CRAFOR 3 SJ'MM
srny  SCIMAT GaRco
ararT P

HAOLPUE

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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