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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 ha'l, with a basal area of 3.12 m2 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
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lower montane forests. Time since abandonment is a key driver of forest recovery, controlling changes in
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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ﬂﬂﬂiﬂi!!afﬁmi (Materials and Methods)
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A Y

MINAUNUYBITIAUNY AOAAADINUITIEIIU 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  2083.33+955.63  1706.67+315.01  1073.33 + 134.29 0.031%*
Basal area (m? ha ') 0.34 +0.40 3.73 £ 1.41 10.41 £1.19 2494 +£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.1.) 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 5414123 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 5133 £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 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)
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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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