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Physical and Chemical Properties of Tropical Soil for Rice Cultivation in Upper Northern
Thailand during Wet Season, 2020/2021
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Abstract

The upper northern region of Thailand, comprising eight provinces, has been classified into land
suitability classes for rice cultivation as follows: highly suitable (S1; 1.9 million rai), moderately suitable (S2;
1.3 million rai), marginally suitable (S3; 320,000 rai), and unsuitable (N; 660,000 rai). This study aimed to
analyze the physical and chemical properties of paddy soils in this region during the 2020/2021 wet season
to provide a scientific basis for appropriate soil and fertilizer management for sustainable glutinous rice
production. Soil samples were collected using purposive sampling and analyzed for their physical and
chemical characteristics at the Phrae Rice Research Center laboratory. The results revealed that sandy loam
was the most common soil texture, accounting for 43% of all samples. While this texture offers good drainage,
it has limitations in retaining water and nutrients. Conversely, clay soils, which have high potential for moisture
and nutrient retention, were found in very small proportions. Significant differences in chemical properties
were observed among the land suitability classes. S1 soils had median values of organic matter at 2.34%
(IQR: 1.76-2.92), available phosphorus at 12 mg/kg (7-23), exchangeable potassium at 81 mg/kg (47-120),
and soil pH at 5.61 (5.16-6.17). S2 soils showed lower nutrient levels and higher acidity, with organic matter
at 2.05% (1.59-2.58), phosphorus at 11 mg/kg (6-26), exchangeable potassium at 80 mg/kg (52-113), and
pH at 5.31 (4.97-5.95), particularly in Chiang Rai and Lampang. S3 soils had the highest available phosphorus
content at 30 mg/kg (15-66), with 2.18% organic matter (1.68-2.68), 88 mg/kgexchangeable potassium (52-
143) and pH 5.61 (5.05-6.24). N-classified soils had organic matter at 2.12% (1.57-2.58), available phosphorus
at 16 mg/kg (7-40), exchangeable potassium at 80 mg/kg (48-115), and pH 5.64 (5.08-6.17). The findings
support that fertilizer application based on soil test results can improve nutrient use efficiency, reduce
production costs and prevent excessive nutrient accumulation. In particular, phosphate fertilizer application
should be reduced in S3 areas where phosphorus accumulation is high. This fertilizer management approach
has the potential to enhance glutinous rice production in the upper northern region of Thailand.
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Fig. 1 Soil sampling locations in paddy fields categorized by land suitability classes in eight provinces of

upper northern Thailand
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Fig. 2 Classification of soil texture by sand, silt, and clay proportions in paddy field samples
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Fig. 3 Distribution of soil textures in paddy fields across land suitability classes (S1, S2, S3, and N) in upper

northern Thailand
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Table 1 Chemical properties of soils under different texture groups in upper northern Thailand

pH Organic matter Available P Exchangeable K
Texture (1:1 H2O) (%) (mg/kQ) (mg/kQ)

Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Clay 5.14 (4.95-5.70) 3.57 (2.69-4.65) 8 (5-14) 125 (92-179)
Clay loam 5.56 (5.09-6.13) 2.66 (2.20-3.26) 9 (5-14) 92.5 (69-125)
Loam 5.62 (5.07-6.16) 2.33(1.93-2.70) 17 (9-37) 83 (50-120)
Loamy sand 5.58 (5.10-5.95) 1.40 (1.08-2.11) 18 (7-74.5) 48 (27-95)
Sandy clay 4.98 (4.84-5.02) 5.03 (3.82-5.82) 11 (8-17) 178 (145-245)
Sandy clay loam 5.53 (5.09-6.17) 2.36 (1.83-2.92) 12 (6-24) 82 (53-128)
Sandy loam 5.54 (5.08-6.16) 1.91 (1.43-2.41) 18 (8-41) 74 (43-113)

Median (IQR) represents the median value (interquartile range between the first and third quartiles)
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Table 2 Chemical properties of soils under different texture groups in S1 suitability class for rice cultivation

in upper northern Thailand

Soil analysis values for S1 suitability class

Texture Organic matter Available P Exchangeable K pH
(%) (mg/kg) (mg/kg) (1:1H.0)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Clay 3.64 (3.45-4.91) 11(7-17) 149 (106-193) 5.19 (4.93-5.57)
Clay loam 2.87 (2.34-3.35) 9 (6-12) 99 (72-130) 5.68 (5.18-6.13)
Loam 2.42 (1.99-2.81) 14 (7-28) 75 (50-108) 5.65 (5.14-6.25)
Loamy sand 1.76 (1.26-2.25) 25 (17-75) 26 (17-44) 5.62 (5.35-6.54)
Sandy clay 5.63 (5.03-6.01) 16 (11-17) 229 (175-261) 4.96 (4.73-5.07)
Sandy clay loam 2.48 (1.83-2.99) 10 (6-20) 81 (50-120) 5.53 (5.14-6.07)
Sandy loam 1.86 (1.39-2.45) 16 (8-41) 64 (37-108) 5.68 (5.24-6.22)

Median (IQR) represents the median value (interquartile range between the first and third quartiles)

S1 = high suitability
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Table 3 Chemical properties of soils under different texture groups in S2 suitability class for rice cultivation

in upper northern Thailand

Soil analysis values for S2 suitability class

Texture Organic matter Available P Exchangeable K pH
(%) (mg/kg) (mg/kg) (1:1H0)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Clay 2.44 (1.34-3.20) 4 (3-5) 92 (77-125) 5.13 (5.00-5.95)
Clay loam 2.40 (1.89-2.71) 6 (4-12) 92 (75-112) 5.24 (4.86-5.94)
Loam 2.22 (1.91-2.68) 16 (9-50) 88 (54-131) 5.31 (4.88-5.88)
Loamy sand 1.11 (0.81-1.46) 5 (4-15) 44 (33-121) 5.79 (5.32-6.18)
Sandy clay loam 2.29 (1.87-2.89) 10 (6-24) 3 (61-125) 5.28 (5.03-6.06)
Sandy loam 1.84 (1.42-2.32) 13 (7-28) 70 (44-103) 5.36 (4.96-5.83)

Median (IQR) represents the median value (interquartile range between the first and third quartiles)

S2 = moderately suitability
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Table 4 Chemical properties of soils under different texture groups in S3 suitability class for rice cultivation

in upper northern Thailand

Soil analysis values for S3 suitability class

Texture Organic matter Available P Exchangeable K pH
(%) (mg/kg) (mg/kg) (1:1H0)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Clay loam 2.62 (2.45-3.21) 17 (7-40) 91 (76-139) 5.71 (5.40-6.21)
Loam 2.16 (1.83-2.64) 34 (19-60) 100 (61-139) 5.99 (5.53-6.16)
Loamy sand 1.27 (1.09-1.63) 8 (4-16) 51 (38-59) 5.00 (4.91-5.43)
Sandy clay loam 2.33(1.86-2.77) 31 (17-82) 114 (565-176) 5.72 (5.34-6.37)
Sandy loam 2.02 (1.58-2.57) 31 (17-70) 82 (50-150) 5.43 (4.91-6.18)

Median (IQR) represents the median value (interquartile range between the first and third quartiles)

S3 = marginally suitability
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Table 5 Chemical properties of soils under different texture groups in N suitability class for rice cultivation

in upper northern Thailand

Soil analysis values for N suitability class

Texture Organic matter Available P Exchangeable K pH
(%) (mg/kg) (mg/kg) (1:1H0)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Clay loam 2.48 (2.06-2.81) 8 (5-22) 6 (45-107) 5.44 (4.77-6.08)
Loam 2.24 (1.90-2.61) 27 (9-48) 3 (48-136) 5.48 (5.00-5.88)
Loamy sand 1.91 (1.17-2.15) 32 (9-343) 4 (62-101) 5.65 (5.38-5.87)
Sandy clay loam 2.26 (1.71-2.83) 13 (56-23) 0 (52-122) 5.65 (5.04-6.21)
Sandy loam 2.00 (1.43-2.42) 21 (10-46) 81 (50-112) 5.74 (5.16-6.26)

Median (IQR) represents the median value (interquartile range between the first and third quartiles)

N = unsuitability
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Table 6 Chemical properties of soils with different suitability class, upper northern Thailand

S1 S2 S3 N
Soil properties (n=884) (n=494) (n=277) (n=309)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Organic matter (%) 2.34 (1.76-2.92) 2.05(1.59-2.58) 2.18(1.68-2.68)  2.12(1.57-2.58)
Available P (mg/kg) 12 (7-23) 11 (6-26) 30 (15-66) 16 (7-40)
Exchangeable K (mg/kg) 81 (47-120) 80 (52-113) 88 (52-143) 80 (48-115)

pH (1:1 HZO) 5.61 (5.16-6.17)

5.31 (4.97-5.95)

5.61 (5.05-6.24) 5.64 (5.08-6.17)

Median (IQR) represents the median value (interquartile range between the first and third quartiles).S1 =

high suitability, S2 = moderately suitability, S3 = marginally suitability, N = unsuitability
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4. ANANNUSTEWINANTANIMENINLAZLAR
YAIAU UM AU UDADULIY

4.1 AMNBNNUTTZNINANLANNAEAINUAE
iadrevaulunimvidanauuy Iaani1saiAsel

avAlsznaunan (Principal Component Analysis,
PCA) (Fig. 4)
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P = available P, K = exchangeable potassium, om = organic matter

Fig. 4 Principal component analysis (PCA) of soil properties of soil physical and chemical properties in

upper northern Thailand
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Table 8 Correlations coefficient between soil particle fractions and soil chemical properties in

paddy soil of upper northern Thailand during wet season, 2020

Type pH Organic matter Available P Exchangeable K
(1:11H0) (%) (mg/kg) (mg/kg)
Sand (n=1,964) 0.02 -0.36* 0.16* -0.17*
Silt (n=1,964) 0.03 0.11* 0.04 0.03
Clay (n=1,964) -0.04 0.41* -0.24* 0.19%

*P-value<0.05
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Correlation) (Table 8)
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