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ABSTRACT

This study aimed to examine the soil properties and amount of carbon storage in order to determine the
relationship between soil factors and the occurrence of plant species. Soil samples were collected from the
topsoil (at depths between 0-5 cm) and subsoil layers (at depths between 20-25 c¢m) across three different area
types: regular fire areas, fuel management areas, and fire protection areas, for at least 10 years. In total, nine
plots, measuring 40 meters x 40 meters were established to collect data related to tree species composition,
while three soil samples were collected in each area.

The results indicated that the areas classified under regular fire and fuel management were characterized
by physical soil properties, including proportions of silt particles, clay particles, and soil moisture. The relevant
chemical properties included phosphorus and magnesium. The amount of carbon stored in the biomass of all
plant species was around 255.9936 and 230.1698 tons of carbon per hectare in the fire and fuel management
areas, respectively. In the fire protection areas, for at least 10 years, the soil was characterized by presence of
sand particles and soil hardness, with the absence of any significant chemical factors. Carbon stored in the
biomass of all plant species in these areas was 196.6003 tons of carbon per hectare. Soils in fire —affected areas
exhibited favorable soil texture in terms of silt and clay particle content, which contributed to better plant
growth and a higher carbon storage compared to the fire protection areas, with at least 10 years of fire
prevention. Therefore, it is recommended that continuous monitoring of dynamic soil and vegetation
characteristics be conducted. This should include comparisons of biomass and carbon storage, as well as
assessments of wildfire frequency in the study areas, to identify trends in environmental changes and native tree

species. Such efforts will support a sustainable and appropriate management of forest areas
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Figure 1 Study locations in Fire Area (FF), Fuel Management Area (FMA) and Fire Protection Area (PF)
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Figure 2 Soil samples collection schematic: (a) chemical soil sampling area and (b) physical soil sampling area
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Figure 3 Grid sampling procedure (in plots of size 40 m x 40 m).
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Table 1 Soil properties under various land use types

Soil properties FF Rating FMA Rating PF Rating p - value
Surface soil (0-5 cm)

1. pH 5.63+0.17 strongly acid 5.14+0.63 moderately acid 5.87+0.05 moderately acid 0.132™
2. Organic Carbon (OC) (%) 1.61+0.42 1.55+0.29 1.52+0.64 0.971"™
3. Organic Matter (OM) (%) 2.78+0.72 MH 2.68+0.50 MH 2.62+1.10 MH 0.972"™
4. Available Phosphorus (P) (mg/kg) 12.15+1.67 a VH 54.05+20.10 b M 10.16+2.48 a L 0.006***
5. Exchangeable Potassium (K) (mg/kg) 85.90+15.57 a M 83.73+18.23 a M 126.48+24.77 b VH 0.067™
6. Exchangeable Calcium (Ca) (mg/kg) 416.5+60.01 L 425.33+75.98 L 427+84.88 L 0.983™
7. Exchangeable Magnesium (Mg) (mg/kg) 113.67+19.96 M 131+17.78 L 107.83+9.31 L 0.272™
8. Exchangeable Sodium (Na) (mg/kg) 7.20+2.48 a L 7.27+6.13 a L 20.12+7.81 b L 0.058™
9. Sand (%) 75.01+2.31 a 76.77+1.89 a 81.68+2.00 b 0.019**
10. Silt (%) 14.67+2.31 b 14.43+141 b 10.00+2.00 a 0.044**
11. Clay (%) 10.32+0.00 b 8.80+1.35b 8.32+0.00 a 0.045**
12. Soil hardness (mm)* 21.63+1.52 23.00+4.46 19.70+2.01 0.441"™
13. Soil moisture (%)** 1.09+£0.31 a 3.07+0.80 b 0.89+0.29 a 0.004**
14. Soil bulk density (g/cm3) 1.28+0.04 1.48+0.39 1.32+0.06 0.572™
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Table 1 (Continued)

Soil properties FF Rating FMA Rating PF Rating p - value
Subsurface soil (20-25 cm)

1. pH 5.63+0.26 a strongly acid 53+0.12 a moderately acid 6.16+0.07 b slightly alkaline  0.002***
2. Organic Carbon (OC) (%) 0.66+0.11 b 0.32+0.05 a 0.33+0.17 a 0.023**
3. Organic Matter (OM) (%) 1.14+0.18 b L 0.56+0.08 a ML 0.57+0.29 a L 0.020**
4. Available Phosphorus (P) (mg/kg) 6.19+3.13 a H 30.04+12.58 b L 5.81£2.70 a L 0.013%**
5. Exchangeable Potassium (K) (mg/kg) 78.75+15.05 ab H 94.97+1552 b M 59.75+7.77 a L 0.047%*
6. Exchangeable Calcium (Ca) (mg/kg) 206+35.67 L 186+60.43 L 122.83+59.10 L 0.214™
7. Exchangeable Magnesium (Mg) (mg/kg) 83.17+8.08 ab L 107+31.83 b L 52.83+15.63 a L 0.052%*
8. Exchangeable Sodium (Na) (mg/ke) 10.72+0.35 b L 1.63+£2.36 a L 8.17£2.77 b L 0.005%**
9. Sand (%) 69.01+8.33 a 68.11+3.89 a 79.68+0.00 b 0.066™
10. Silt (%) 15.33+4.16 13.09+2.75 10.67+1.15 0.234™
11. Clay (%) 15.65+4.16 ab 18.8+4.48 b 9.65+1.15 a 0.052**
12. Soil hardness (mm)* 22.74+1.51b 21.63+0.39ab 20.39+1.02a 0.090™
13. Soil moisture (%)** 2.73+0.80ab 491+1.87b 0.94+0.18a 0.018**
14. Soil bulk density (g/cm3) 1.41+0.05 1.41+0.04 1.50+0.06 0.313™

Remarks: Values in same row followed by different lowercase letters are significantly different at P < 0.05 (Duncan’s multiple comparison test). Analysis was conducted in the laboratory of Product
Quality and Standards Inspection Service Institute Princess Sirindhorn Building Maejo University, Chiang Mai province. 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). Soil Fertility Evaluation is indicated by the letters
L = Low, ML = Medium-Low, H = High, and M = Medium.
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Table 2 Biomass and carbon stock in the Fire, Fuel Management, and Fire Protection Areas

Biomass
Fire Total Total Carbon Carbon Co;
ABG (t/rai) ) ) Coz
management BLG Root  biomass biomass storage storage (tCOz eq/
ABG . . . . (tCO2/ha)
areas Stem Branch Leaf Total (t/rai) (t/rai) (t/ha) (tC/rai) (tC/ha) rai)
ota
FF Tree 54.8605 12.1896 1.5526 68.6027 18.5227 87.1254 544.5339 40.9489 255.9309 150.1461 938.4134
Sapling 0.0145 0.0017 0.0006 0.0168 0.0045 0.0213 0.1333 0.0100 0.0627 0.0368 0.2298
FMA Tree 49.5131 10.5752 1.6005 61.6888 16.6560 78.3447 489.6545 36.8220 230.1376 135.0141 843.8379
Sapling 0.0075 0.0009 0.0003 0.0086 0.0023 0.0110 0.0685 0.0051 0.0322 0.0189 0.1180
PF Tree 42.3550 8.9567 1.3606 52.6723 14.2215 66.8938 418.0865 31.4401 196.5007 115.2804 720.5024
Sapling 0.0231 0.0027 0.0009 0.0267 0.0072 0.0339 0.2119 0.0159 0.0996 0.0584 0.3652

Remarks: (FF) Fire Area, (FMA) Fuel Management Area and (PF) Fire Protection Area,

ABG = Aboveground Biomass,

BLG = Belowground Biomass.
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Figure 4 The DCA ordination diagram representing the relationship between edaphic factors and biomass

Remarks: pH (acidity or alkalinity of soil), organic carbon (OC), organic matter (OM), nitrogen (N), phosphorus (P),

potassium (K), calcium (Ca), and magnesium (Mg).
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