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Abstract

This study aimed to evaluate forest restoration techniques in mixed deciduous forestareas of northern
Thailand by integrating geospatial technology to assess site moisture conditions and to compare the effects of
different planting techniques on seedling growth and biomass. The study was conducted in the Sob Kok
National Reserved Forest, Chiang Rai Province. Five tree species, namely Afzelia xylocarpa, Albizia lebbeck,
Cassia fistula, Pterocarpus macrocarpus, and Xylia xylocarpa were planted under four treatments: control,
mulching, polymer, and mixed. The analysis of the Normalized Difference Moisture Index (NDMI) combined
with elevation revealed that the study area had low to moderate moisture conditions, with an average NDMI
value of 0.16483, indicating moisture limitations within the area. Most areas exhibited moderate moisture
levels, particularly at elevations between 400-900 meters, while slightly higher moisture levels were observed
above 600 m elevation. The developed biomass equation showed high predictive accuracy with an R? value
of 0.9066. Seedling survival rates were generally high, exceeding 80%, particularly for Afzelia xylocarpa,
Albizia lebbeck, and Cassia fistula, whereas Pterocarpus macrocarpus showed the lowest survival rate.
Statistical analysis indicated no significant differences among treatments (p > 0.05). Relative growth rate
(RGR) differed among species but was not statistically significant. These findings suggest that tree species
characteristics and environmental factors, especially moisture conditions, had greater influence on seedling
survival and growth than planting techniques during the early establishment stage. Therefore, selecting
suitable tree species together with site analysis using geoinformatics technology is an important approach for
improving forest restoration efficiency.

Keywords: Mixed deciduous forest, Forest restoration, Remote sensing
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Figure 1 Study area and locations of sample plots in mixed deciduous forest at Ban Pa Kha Tai, Mae Ngoen

Sub-district, Chiang Saen District, Chiang Rai Province
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Table 1 Normalized Difference Moisture Index values for the period from December 2023 to May 2024.

Month =Year NDMI Min NDMI Max NDMI Mean
December 2023 0.099492 0.366347 0.259017
January 2024 0.184148 0.300684 0.24727
February 2024 0.099501 0.275151 0.207882
March 2024 0.017191 0.172951 0.128022
April 2024 0.012198 0.11004 0.072543
May 2024 0.007117 0.14273 0.074287

AMNNTIAIEHAIATRAIINUANFNBIATNT (NDMI) $aNALTEAUANNAITETNUA WLIN WiTidau
Inejanegluseiumnudulaunans Inewudnlugaeseiinauge 400 - 900 AT NAFRdruiuinINgA199
& A= a & o . o e ' 3 o , & A,
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& | o o v g oA A = & | o .o
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oo & . PR . 3 o . ¥
uaNANREINLIN L9992 AUANES TREANIZUTNNUAGININNGY 600 AT HuudlinLsngAiany
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Table 2 NDMI Area Percentage by Elevation Class

Area proportion of NDMI classes (%)

Year- Elevation class Very Low Moderate  High Very Total Proportion
month (m) Low High area of study
(rai) area (%)
2023-12 300 - 400 0.0 0.0 98.2 1.8 0.0 52.1 1.15
400 - 500 0.0 0.02 97.17 2.81 0.0 1401.56  31.01
500 - 600 0.0 0.02 94.7 5.29 0.0 1237.69  27.39
600 - 700 0.0 0.0 92.13 7.87 0.0 676.52 14.97
700 - 800 0.0 0.0 95.23 4.77 0.0 601.02 13.30
800 - 900 0.0 0.03 96.82 3.16 0.0 485.05 10.73
900 - 1000 0.0 0.0 99.86 0.14 0.0 65.3 1.44
2024-1 300 -400 0.0 0.22 99.09 0.69 0.0 52.1 1.15
400 - 500 0.0 0.26 97.42 2.32 0.0 1401.56  31.01
500 - 600 0.0 0.13 954 4.47 0.0 1237.69  27.39
600 - 700 0.0 0.02 92.74 7.24 0.0 676.52 14.97
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700 - 800 0.0 0.01 96.06 3.93 0.0 601.02 13.30
800 - 900 0.0 0.0 98.22 1.78 0.0 485.05 10.73

Table 2 (Continued)

Area proportion of NDMI classes (%)

Year- Elevation class Very Low Moderate  High Very Total  Proportion of
month (m) Low High area  study area
(rai) (%)
2024-1 900 - 1000 0.0 0.0 99.71 0.29 0.0 65.3 1.44
2024-2 300 - 400 0.0 0.59 98.97 0.45 0.0 52.1 1.15
400 - 500 0.0 0.77 97.74 1.49 0.0 1401.56  31.01
500 - 600 0.0 0.3 97.2 25 0.0 1237.69 27.39
600 - 700 0.0 0.07 95.57 4.35 0.0 676.52 14.97
700 - 800 0.0 0.03 96.18 3.79 0.0 601.02 13.30
800 - 900 0.0 0.01 97.21 2.77 0.0 485.05 10.73
900 - 1000 0.0 0.1 98.78 1.12 0.0 65.3 1.44
2024-3 300 - 400 0.0 4.24 95.71 0.04 0.0 52.1 1.15
400 - 500 0.0 8.44 91.46 0.09 0.0 1401.56  31.01
500 - 600 0.0 6.01 93.91 0.08 0.0 1237.69 27.39
600 - 700 0.0 2.41 97.37 0.22 0.0 676.52 14.97
700-800 0.0 3.83 96.01 0.16 0.0 601.02 13.30
800 - 900 0.0 2.04 97.71 0.25 0.0 485.05 10.73
900 - 1000 0.0 0.87 99.04 0.09 0.0 65.3 1.44
2024-4 300 - 400 0.0 1472  85.28 0.0 0.0 52.1 1.15
400 - 500 0.0 24.07 7593 0.0 0.0 1401.56  31.01
500 - 600 0.0 35.51 64.48 0.01 0.0 1237.69 27.39
600 - 700 0.0 16.73  83.26 0.01 0.0 676.52 14.97
700 - 800 0.0 10.86  89.11 0.03 0.0 601.02 13.30
800 - 900 0.0 7.27 92.64 0.09 0.0 485.05 10.73
900 - 1000 0.0 1.57 98.43 0.0 0.0 65.3 1.44
2024-5 300 - 400 0.0 6.14 93.86 0.0 0.0 52.1 1.15
400 - 500 0.0 14.58 8542 0.0 0.0 1401.56  31.01

500 - 600 0.0 20.36 79.64 0.0 0.0 1237.69 27.39

© ROUAUANE

shudnaen daudas ieiaunslng bildfuengnduaednuainesanddnvinlaaifinaa



w unaASEgunaAnE rannswennsihliuaznisdnms
.o =
fuii 1 dnnsdnmn 2568

e ———
UMANISEANNAANEN

600 - 700 0.0 7.08 92.92 0.0 0.0 676.52 14.97

700 - 800 0.0 2.5 97.5 0.0 0.0 601.02 13.30

800 - 900 0.0 1.8 98.2 0.0 0.0 485.05 10.73

900 - 1000 0.0 0.31 99.69 0.0 0.0 65.3 1.44

Normalized Difference Moisture Index NOMI Normalized Difference Molsture Index NOMI

Normalized Difference Moisture Index NDMI Normalized Difference Moisture Index NOMI

Figure 2 Spatial distribution of Normalized Difference Moisture Index (NDMI) values for each month.
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Table 3 Allometric equations for estimating the biomass of 5 seedling species

Species Allometric equation Coefficient of determination (R)2
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Afzelia xylocarpa (Kurz) Craib.

Albizia lebbeck (L.) Benth

Cassia fistula L Wt = 0.2855 x (D?)%* R?=0.9066
Pterocarpus macrocarpus Kurz.

Xylia xylocarpa

Seedling Biomass

y=0.2855.x"92* R?=0.9066 ¢
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Figure 3 Relationship between seedling biomass and root collar diameter
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Table 4 Survival rate of seedlings in experimental planting plots.

Treatment Species Number Survival rate (%)
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Control Xylia xylocarpa 9 90.0
Pterocarpus macrocarpus Kurz. 6 50
Albizia lebbeck (L.) Benth 10 100
Afzelia xylocarpa (Kurz) Craib. 11 91.7
Cassia fistula L 11 100

Table 4 (Continued)

Treatment Species Number Survival rate (%)
Mulching  Xylia xylocarpa 9 81.8
Pterocarpus macrocarpus Kurz. 8 72.7
Albizia lebbeck (L.) Benth 11 100
Afzelia xylocarpa (Kurz) Craib. 10 100
Cassia fistula L 14 90.9
polymer Xylia xylocarpa 10 83.3
Pterocarpus macrocarpus Kurz. 6 50
Albizia lebbeck (L.) Benth 9 75.0
Afzelia xylocarpa (Kurz) Craib. 12 100
Cassia fistula L 11 91.7
Mixed Xylia xylocarpa 10 90.9
Pterocarpus macrocarpus Kurz. 8 72.7
Albizia lebbeck (L.) Benth 10 90.9
Afzelia xylocarpa (Kurz) Craib. 11 100
Cassia fistula L 10 90.9
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unndtlasesumAlaisaatinamen (Table 4)

Table 5 Mean survival rate of seedlings in experimental plots with different treatments

Mean survival rate (%)

Afzelia Albizia lebbeck  Cassia fistula L Pterocarpus Xylia xylocarpa
Treatment
xylocarpa (L.) Benth macrocarpus
(Kurz) Craib Kurz

Control 100 100 90.9 72.7 81.8
Mulching 95 100 100 50 88.9
Polymer 100 90 90 80 90

Mixed 100 70 90 60 90

p-value ns ns ns ns ns

4. fpnaasyiuinduinsaasaadoninngd

o o

HaNNIIATIZERIINTnRsALIAdNANS (Relative Growth Rate: RGR) aaanan ldine lvaniuusmuansnaiu
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o o
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a a «
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Table 6 Mean seedling biomass Relative growth rate

Treatment Afzelia xylocarpa (Kurz) Albizia lebbeck (L.) Cassia fistula  Pterocarpus macrocarpus Xylia
Craib Benth L Kurz xylocarpa

Mulching 0.046 0.177 0.230 0.047 0.178
Control 0.029 0.095 0.220 0.010 0.157
Mixed 0.128 0.185 0.089 0.058 0.166
Polymer 0.041 0.092 0.143 0.048 0.188
Kruskal-Wallis 0.376 0.089 0.08456 0.310 0.949
test

p-value >0.05 >0.05 >0.05 >0.05 >0.05
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