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~~ ~" 
INTRODUCTIO ~~'°''t, \ !if\""° 

The dry dipte rp forest (DDF) k type of tropical forest which distributed naturally on 

mainland in southeast asia region (Vietnam, Laos, Cambodia, Thailand, Burma, and India). This 

forest type is composed of medium to tall trees which remain almost leafless during the dry season, 

and has a closed to slightly open canopy [l]. In Thailand, DDF is a major type forest and it covers a 

large area in northern region and the forest was distributed on the undulating peneplain and ridges in 
dry area (rainfall below 1,000 mm), whereas the soil is sandy and lateritic, dominant tree species are 

mainly Dipterocarpaceae such as Dipterocarpus tuberculatus, D. obtusifolius, Shorea obtusa, and S. 

siamensis. [15]. In addition, this forest is a source of food, medicine plant, genetics diversity, and also 

plays a role as a source of carbon sequestration[6].The early record ofDDF area was about 47 % of 



the total forest area [8] and the current forest area has decreased dramatically due to the rapid 
expansion in socio-economic of country. From the above explanation, the Royal Forest Department 
(RFD) and other agencies, especially through the Royal Initiative Project have implemented 

conservation and sustainable DDF use with have tried to mitigate the harmful consequences of these 
activities. Huai Hong Khrai Royal Development Study Center (IllIK) was established under the royal 
initiative of His Majesty King Bhumibol Adulyadej 's in the area ofKhun Mae Kuang National Forest 
Reserve, Chiang Mai (the forest had been degraded before the establishment) with objectives for 

study, research and experimentation on appropriate methods for development of northern region and 
especially watershed and forest conservation as well as reforestation. [ 4]. In this research, we used 

the DDF area oflllIK, which the represent DDF conservation area in northern Thailand, to investigate 
the soil organic carbon (SOC) and soil nutrients storages in DDF. 

MATERIALS AND METHODS 

Site description 

2 

The study was undertaken on DDF in deep and shallow soil, with volcanic rock and sandstone 

parent material at Huai Hong Khrai Royal Development Study Center (IllIK) and this was located 

between 18° 51' 00"-18° 53' 49"Nand99°11' 59"-99°13' 40"Eatattituderangebetween320-

600 m above sea level cover an area 1,360 hectares in the east of Chiang Mai province, Northern 

Thailand. The climate is tropical savanna (Aw) with a rainy season between June to October and a 

dry season between November to April, and the mean annual air temperature and rainfall were 22.5 

C and 1360.5 mm. (the data collected from 1985 to 2012 at IIlIK Meteorological Station, about 500 

m a.s.l.). Soils were developed from colluvium and residuum rocks in Permo-Triassic (andesite and 

associated pyroclastic rocks), Carboniferous (sandstone, quartzite and shale) and Permian (sandstone, 

siltstone, tuff and chert) period [2]. The original vegetation is dry dipterocarp forest and mixed 

deciduous forest and the forests are recovering from selective cutting in 1982. Our area are mainly 

consists of dry dipterocarp forest (DDF) (-----ha) on volcanic rock and sand stone, mixed deciduous 

forest (MDF)(-----ha) on shale and limestone, reservoir, agricultural and urban area (-----ha) 

respectively. 
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Figurel. HHK and Geologic boundary 

We established 8 plot (40x40 m size) for vegetation study on DDF according to the geologic 

and soils with volcanic rock deep soil (VOD), sandstone deep soil (SSD), volcanic rock shallow soil 

(VOS), and sandstone shallow soil (SSS). Within the plot, stem girth at breast height (gbh), tree 

height, and crown width of all trees were recorded. Biomass production of tree in each plot was 

calculated using allometric equations was recommended by (10]. 

Ws (stem) 189 (D2H)o.9326 

Wa (branch) 0.125 Ws 1.2o4 

1/WL leaf (11.4/ Ws0·9) + 0.172 

Where, w biomass (kg) 
D diameter (cm) 
H height (m) 

Root biomass was calculated using an allometric equation of (9] 

Where, 

WR (root) 

w 
D 
H 

0.0313 (D2H) 0·805 

biomass (kg) 
diameter (cm) 
height (m) 

Soil sampling and physico-chemical analysis 

(1) 
(2) 
(3) 

(4) 

3 

Eight representative soil profiles were selected according to vegetation study plot and soil 

profiles were characterized according (13] and (12] methodology. In each plot, we collected soil with 

three replications from the depths of 0-5, 5-10, 10-20, 20-30, 30-40, 40-60, 60-80, 80-100 cm. or 

depended on the depth by disturbed and undisturbed (soil cores) method. Soil samples were air-dried 

and crushed to pass through a 2 mm sieve for soil physico-chemical analysis (14]. For physico­

chemical analysis, soil bulk density (BD) by soil core method, gravel content (rock fragments larger 

than 2 mm), soil particle size distribution by hydrometer method, soil pH was determined by using 

soil and water by 1: 1 ratio mixture and measured by pH-meter, soil organic carbon (SOC) determined 



by using the Walkley and Black tritation method, Soil total nitrogen was determined by using 

Kjeldahl, available phosphorus were extracted by Bray II solution and measured by 

spectrophotometer and extractable cation (potassium, calcium, magnesium and sodium) were using 

IN NTuOAc, pH 7 and measured atomic absorption spectrometry (AAS). SOC and soil nutrient 

storage in soil were calculated from their content multiplied by soil mass per hectare for each 

thickness in to 100 cm soil depth. The amount of SOC and nutrients stored in the soil were estimated 

using the area-based quantitative equation as 

SOC (t Iha) =%SOC* BD Mg/m3 *depth(m) *Area(ha) (5) 

Nutrient(tand kg/ha)=% (Nutrient)* BD Mg/m3 *depth(cm) *Area<ha) (6) 

Statistical analysis 

4 

The data analysis involved the Mann-Whitney U tests by comparing the means of groups of 
SOC and soil nutrients from DDF between volcanic rock and sandstone. 

RESULTS AND DISCUSSION 
Vegetation and Soil characteristics 

The amounts of plant biomass of the stand composed of tree, which were estimated from stem, 

branch, and leaf Plant biomass ofDDF on the volcanic rock deep and shallow soils were 130.36 t ha-

1 and 123.36 t ha-1. While biomass on sandstone were 114.71 t ha-1 and 64.62 t ha-1 respectivly (The 

total aboveground biomass of all community types of 52 stands of DDF ranges between 28.46 and 

260.51 ton/ha with an average of 126.11 ± 52.19 ton/ha in before 1980 in Thailand [11]). 

Table 1. Plant biomass in DDF(tha-1) 

Rock Biomass (tha-1) 

Stem Branch Leaf Root Total 
VOD 83.71 26.95 2.84 16.86 130.36 
VOS 77.98 30.07 1.67 13.65 123.36 
SOD 74.23 22.50 2.66 15.33 114.71 
SSS 61.53 17.04 2.56 13.50 94.62 

Soil Characteristics 
The altitude of this study were range from 404 to 521 above sea level. The depths of soil 

profiles of both parent rocks vary with their positions, that consequently influenced the stages of 
profile development. Therefore, soils were divided into shallow and deep profiles. The shallow soils 
developed on middle and upper slopes, whereas, the deep soils developed on lower slopes and 
summits. In shallow soils, volcanic rock were in the beginning stage of profile development, and 
classified into order Inceptisol, and Ultisol in sand stone whereas those in deep soils were Order 
Oxisol and Ultisol, and that on sandstone was Ultisol (Table 1.) 



Table 2. Environmental data of the sampling sites and soil morphology at HHK. 

Parent Altitude Slope Physiographic Soil depth Soil 

rock m.s.I. (%) position/ (cm) taxonomy 

Volcanic 521 4 Summit 200+ Oxisol 

Volcanic 473 3 Lower slope 200+ Ultisol 

Volcanic 589 21 Middle slope 40 Inceptisol 

Volcanic 504 20 Middle slope 40 Inceptisol 

Sandstone 484 3 Lower slope 200+ Ultisol 

Sandstone 409 12 Upper slope 40 Ultisol 

Sandstone 404 6 Summits 160 Ultisol 

Sandstone 519 4 Upper slope 40 Inceptisol 

Soil physical properties 
For all soil depth in deep soil and shallow soil, soil bulk density were range from 0.59-1.45 

Mg/m3 and 0.46-1.32 Mg/m3
, percentages of gravel content were 1.75-78.1% and 4.27-69.20%, and 

soil mass were 30.40-290.00 kg/m2 and 24.30-132.33 kg/m2. Soil particle size distribution, deep soil 
were moderately textured (sandy loam), and clay fraction increased with depth, whereas, shallow soil 
were coarse to moderately textured (loamy sand to sandy loamy) and of soil particle size was in the 
order sand> clay> silt. Soil mass with depth in 1mwas1,461.19 t/ha, 1,414.11t/ha,4.52 t/ha and 
352. 77 t/ha in VDO, SSD, SSS and VOS respectively 
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Figure 2 . Scatter plot of soil mass, soil bulk density and % gravel in soil 
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FigureJ. Ternary diagram of particle size distribution 

Soil chemical properties 
Soil pH was slightly acid to neutral (5.71-6.66) in volcanic rock and extremely acid to 

moderately acid (4.27-5.85) in sandstone. Soil organic carbon content in topsoil was medium to very 
high (12.32-32.8%) in volcanic rock, moderately low to moderately high (7.11-16.76%) in sand stone, 
and decreased with increasing depth. Total nitrogen in top soil of volcanic rock and sand stone was 
low to medium (0.51-0.84 gkg-1) and medium (0.80-1.45 gkg-1), and the trend of nitrogen distribution 
within the soil depth was similar to that of the SOC. All soils has very low level (0.03-1.02 mg kg-1

) 

of available phosphorus. The exchangeable base in volcanic and sandstone, potassium was very low 
to low (12.83-48.55) and very low (9.07-27.27), calcium was low to very low (3.66-80.77 mg kg-1

) 

and very low (3.44-55.85mg kg-1
), and both of magnesium and sodium was classified to very low 

(0.41-22.57 mg kg-1 and 0.38-22.81 mg kg-1
) respective 

c; 0 10 20 30 0.0 0.5 1.C 1.5 1 0 0 

) 
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n ;o 2C 20 
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8J RO PC eo 
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Figure 4. Soil chemical properties 
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Soil Carbon and nutrients storage 

The SOC and soil nutrients storage (100 cm soil depth) in soil of volcanic rock and sandstone 

were 25.53-41.20 and 8.76-29.72 tha-1 (P<0.05 shallow soil), 0.66-2.39 and 1.38-5.53 tha-1 (P<0.05 

deep and shallow soil), 0.10-0.42 and 0.02-0.18 kgha-1, 100.71-181.35 and 23.86-113.39 kgha-

1(P<0.05 of deep and shallow soil), 23.23.36-180.63 and 10.07-129.94 kgha-1 (P<0.05 shallow soil), 

27.07-135.00and1.41-53.36 kgha-1 (P<0.05 of deep and shallow soil) and 9.31-70.90 and 6.69-32.51 

kgha·1 (P<0.05 shallow soil) of SOC, N, P, K, Ca, Mg and Na respectively (table 3) . 

Table 3. Carbon and nutrients storages in deep soil and shallow soil on volcanic and sandstone 
Dee soil 
Soil depth 
(cm) 

0-5 
5-10 
10-20 
20-30 
30-40 
40-60 
60-80 
80-100 
0-100 
n 
P-value* 

Shallow soil 
Soil depth 
(cm) 

0-5 
5-10 
10-20 
20-30 
30-40 
40-60 
60-80 
80-100 
0-100 
n 
P-vatue• 

SOC N 
VOD SSD VOD SSD 

(--------··-· t ha-I -------------) 
10.00 6.20 0.37 0.46 
5.11 5.27 0.21 0.41 
6.72 6.17 0.31 0.83 
4.99 3.18 0.27 0.64 
2.73 2.24 0.23 0.56 
4.11 3.22 0.41 0.91 
3.90 2.03 0.33 0.95 
3.64 1.41 0.27 0.77 
41.20 29.72 2.39 5.53 

6 6 6 6 
0.150 0.004 

SOC N 
VOS SSS VOS SSS 

(------------ t ha·1 
-------------) 

14.00 3.73 0.25 0.30 
7.71 1.95 0.16 0.22 
8.13 2.94 0.17 0.45 
4.56 1. 97 0.19 0.42 
3.13 1.90 0.13 0.29 

23.53 8.76 0.66 1.38 
6 6 6 6 

0.009 0.009 

P K Ca Mg Na 
VOD SSD VOD SSD VOD SSD VOD SSD VOD SSD 

(-----------------------------------------------kg ha-I ---------------------------·-------------------) 
0.26 0.03 20.68 3.95 29.72 12.59 7.51 3.37 10.58 2.27 
0.02 0.02 18.71 4.34 18.35 9.26 6.89 3.01 4.78 0.85 
0.02 0.03 24.78 13.79 25.72 19.38 11.54 4.81 8.73 2.76 
0.02 0.01 21.19 12.94 12.18 14.70 8.54 4.87 6.11 2.94 
0.01 0.01 12.00 13.79 10.51 8.21 11.12 5.19 5.40 2.44 
0.02 0.02 22.41 26.11 21.52 22.02 26.92 11.21 10.89 6.24 
0.02 0.03 24.98 19.89 32.52 23.53 29.68 11.07 11.77 7.45 
0.04 0.03 36.60 18.58 30.11 20.25 32.80 9.82 12.64 7.56 
0.42 0.18 181.35 113.39 180.63 129.94 135.00 53.36 70.90 32.51 

6 6 6 6 6 6 6 6 6 6 
1.000 0.004 1.000 0.004 0.150 

P K Ca Mg Na 
VOS SSS VOS SSS VOS SSS VOS SSS VOS SSS 

(-----------------------------------------------kg ha·1 
----------------- -------------------------------) 

0.24 0.03 18.85 6.48 30.01 3.54 5.31 0.68 7.78 1.82 
0.02 0.01 16.22 4.63 12.43 1.24 3.36 0.43 6.75 1.51 
0.02 0.00 21.17 6.49 2.24 3.16 6.86 0.40 1.07 2.56 
0.03 0.00 32.16 6.39 4.28 3.07 8.23 0.23 1.02 1.68 
0.03 0.00 31.16 6.35 4.27 2.60 8.62 0.36 0.47 0.94 

0.10 0.02 100. 71 23.86 23.23 10.07 27.07 1.41 9.31 6.69 
6 6 6 6 6 6 6 6 6 6 

0.347 0.009 0.009 0.009 0.009 

*P-values are derived from Mann-Whitney U tests for significant differences between volcanic and sandstone by 100 cm soil depth range 

CONCLUSIONS 

The result of this study was shown that, soil characteristic have been influenced by soil parent 
material (volcanic rock and sandstone), and soil was naturally low fertility. The among of SOC and 
soil nutrients accumulation in volcanic rock was higher than sandstone and directly related to plant 
biomass. As a result of the forest conservation strategies in this area, the amount of biomass is close 
to a undisturbed DDF in the past. However, data from the study showed the potential of soil carbon 
and nutrient sequestration ofDDF in the northern part Thailand. 
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