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Conventional soil properties study including soil sampling and laboratory analysis are laborious,
costly and time-consuming. Remote sensing data is collected as reflected electromagnetic radiation
that vary with objects and correlate with plant growth and health. It can shorten the time of collecting
soil samples, reduce cost from both in filed and laboratory. This research was studied the potential of
satellite images (Sentinel 2) by calculating three vegetation indices: Normalized Difference Vegetation
Index (NDVI), Green Normalized Difference Vegetation Index (GNDVI) and Normalized Difference
Infrared Index (NDII) and correlating with soil fertility indicators, such as soil pH, soil electrical
conductivity, and soil organic matter. Soil samples were collected from Kamphaeng Saen district in
Nakhon Pathom province, which is at risk of saline soil, as well as from Bang Len district in Nakhon
Pathom province and Pak Phli district in Nakhon Nayok province, both of which were at risk of acidic
soil. The fertility of the soil was found to be associated with land use types, soil series, and vegetation
indices calculated from Sentinel 2 satellite images. In March, the NDVI with a logarithmic model showed
the highest potential for estimating soil pH. Similarly, in December, the GNDVI with an exponential
model demonstrated the highest potential for estimating soil electrical conductivity. However, all

vegetation indices were unsuitable for predicting soil organic matter.
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Figure 1 Soil sampling distribution varied by soil series and land use types in Kamphaeng Saen district

and Bang Len district, Nakorn Pathom province
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Figure 2  Soil sampling distribution varied by soil series and land use types in Pak Plee District,

Nakorn Nayok province
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Table 1 Vegetation indices and formula

No. Vegetation index Formula Reference
1 NDV/ (NIR - Red) / (NIR + Red) Rouse et al. (1974)
2 GNDVI (NIR — Green) / (NIR + Green) Gitelson et al. (1996)
3 NDII (NIR = SWIR) / (NIR + SWIR) Hunt and Rock (1989)
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Table 2 Averaged soil lab analysis values varied by land use types

Land use types pH EC (dS/m) OM (%)
Paddy Field (A1) 5.67 0.59 3.00
Field Crops (A2) 7.41 0.24 1.68
Tree Plantation (A3) 5.65 0.20 1.72
Orchards (A4) 5.94 0.35 2.33
Vegetables (A5) 6.43 0.64 2.20
Shrubs (M1) 5.96 0.20 2.49
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Figure 3 Variation of soil (a) pH, (b) EC and (c) OM by land use types in the study area
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AuantRvensaziounasdunsunndudu dod
Aduiusidsauiuuiinainluly Tnenispadu
FrenaudurssanauduarinntusieUsInasiluly
1nTy Fedamaliandedazii udunuusunan
Adiuty wazrosanamniladeusunaniluludiy a
NDIl Fslsidoyasuazidoaiiuiffoaduaniniiy
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Fadulddnan NDI Tudeusuaey Juduraslas
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Table 3 Averaged values of three vegetation indices varied by land use types in 2021

Land use types March December
NDVI GNDVI NDII NDVI GNDVI NDII
Paddy Fields 0.344 0.291 0.023 0.258 0.202 0.095
Field Crops 0.277 0.258 -0.026 0.380 0.332 0.063
Tree Plantations 0.489 0.404 0.103 0.562 0.451 0.206
Orchards 0.418 0.353 0.035 0.474 0.384 0.135
Vegetables 0.345 0.295 0.026 0.351 0.283 0.088
Shrubs 0.405 0.351 0.025 0.502 0.412 0.141
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Figure 4 Averaged of vegetation indices varied by land use types in 2021
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Laranudunsatduang (pH) wu
ANNdURUSSYMINAR N nssauiuAtAdu
nsadudnavesfiuandoyanind e 2 wou Tay
Toyaninluifouduiny nuanudunusluseiu
Ununanans 3 ol (Table 4) usiogslsAnusedl
NDVI #il4lamanuy Logarithmic Taauduius
Anasiuggeiiaalneiian Wiy 0.66 uaz pvalue
Wiy 0.05 mmzw’?fﬂ’]’ayjamwdmiu%’mmu STEN
fudl NDIl wuanuduiusluseauliunaiaiemaudig
ge dleltlamauuy Logarithmic wag Power lnein
r? Wi1nu 0.63 Lag p-value AU 0.06 NROGROES
Wululdideyanimaeaiiien Sentinel-2 i
FnganlunslgviuuudassdmsuUszunuaAIAm
Wunsaduans lneanuanuduiussywineasvil
NDIl fu A1 pH fianuduiusidsau Ao dlee NDI
astuen pH fuwltiuanas dslaeiluadaifismnssn

a0 lIUUNUTUIUVRINYUAT VN INYDINY
flunAqa uazuenaInianuduiusesa NDI fu
arrnudunsaiduniseraduiusdunisgniie
Feuogifudnunzniusumauazyaiu doilviauds
fuminzausenisugnituiisiadu nofialsdsdia
NDIl d@ulngysin warAnadsvasainnudunsadu
fiags tAnaIndaegeRuiAvdwlngeglu yadiu
funauay (Ks) luswneiunauay duduyafuiil
Aasdunsadumduduiuuueglugag 7.0-8.0
UffseAulunanadisnnseau (Land Development
Department, 2014a) wauzflsEuduiial NDIl gﬁﬁqm
gilanadeues pH iiiga dailvgeglugauinas
(K) FaduyaAuifiufazordudunsadadadunse
U1unang (Land Development Department, 2014a)
Jeoadululdimsusznaaianudunsadusng
lagldein NDII @1adasAilefadnuurveeiiuseina
Yaiu uazviavosiufiunagy uazdvil NDIl uans
AUFURUS N3 Ayl NDVI wag avid GNDVI
91941A91N NDIl @1115075333UAUATEAVBINY
197n31 (Ochoa et al., 2023)
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Table 4 Correlation between vegetation index and soil pH

Month Vegetation Model Equation r r? P
Index value
March NDVI Linear pH = -25.472NDVI + 12.138 0.77 0.0 0.7
Exponential pH = 15.645¢>%° NV 0.77 060 0.07
Logarithmic pH = -5.973(n(NDVI) - 2.5132 081 0.66 0.05%
Power pH = 1.5753NDVI*%% 081 066 0.07
GNDVI Linear pH = -8.9301GNDVI + 9.0828 071 051 0.11
Exponential pH = 9.6221e-276CNDY 071 051 0.11
Logarithmic pH = -3.016n(GNDV)) + 2757  0.74  0.55  0.09
Power pH = 3.635GNDVI 44 0.74 055 0.09
NDII Linear pH = -12.267x + 6.5577 0.76  0.60 0.07
Exponential pH = 6.522¢ 197 077 058 0.8
Logarithmic - - - -
Power - - - -
December NDVI Linear pH = -1.4435NDVI + 6.7854 024 006 0.64
Exponential pH = 6.7525¢ 02220V 024 006 0.64
Logarithmic pH = -0.352In(NDVI) + 5.8615 0.15 0.02 0.77
Power pH = 5.8623NDVI %> 0.15 002 0.78
GNDVI Linear pH = -0.9344GNDVI + 6.4987 0.13 0.02 081
Exponential pH = 6.4631¢195CNDY! 0.13 0.02 081
Logarithmic pH = -0.074n(GNDVI) + 6.0965 0.03  0.00  0.95
Power pH = 6.0772GNDVI ! 0.03 000 095
NDII Linear pH = -9.1971x + 7.2933 0.70 049 0.12
Exponential pH = 7.3122e 4% 071 050 0.2
Logarithmic pH = -1.259(n(x) + 3.4309 0.79 0.3 0.06
Power pH = 4.0265x %1 079 063 0.06

2. Ansdr bW 1vead u (Electrical
Conductivity) WUAIUENWUS T217 190 17 51
AynssauiuAnsiliinvesivandeyaninaie

4 2 \iou (Table 5) Ingdayaninariiisulusiou

Turaunuanuduiusluseauana 3 sl wioegels
Satusvd NDVI 9119 1utaawuy Power 19 A0
ANuduiusgeigalaedan ? idu 0.32 uay

p-value Wiy 0.24 vauzvayannaglusuinay
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3. Usunasdunsedngluiu numnuduius
senineArnsdnynssauivUsuadunseingludu
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5uAL At NDVI wag GNDVI Wumuduwus Ly
sEAuaMasUrunats Tag GNDVI Taaauuy
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Sentinel-2 d@naarwlunislavinnuudiassdniu
Uszanausuadunsedngluau Inearnudunus
3ENINANE GNDVI 999LA ausuIALi Ul U
Sunieinglufufienudsiudidsay Ae wuduiles
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Table 5 Correlation between vegetation index and soil Electrical Conductivity

Month Vegetation Model Equation r r P
Index value
March NDVI Linear EC = -5.7388NDVI + 1.7132 038 0.15 0.46
Exponential EC = -5.7388NDVI + 1.7132 040  0.16 0.43
Logarithmic EC = -1.326In(NDVI) - 1.5584 -0.32 0.11 0.53
Power EC = 0.0014NDVI> ™! 034 0.12 0.51
GNDVI Linear EC = -1.8015GNDVI + 0.9564 048 023 0.33
Exponential EC = 1.6593¢ 766DV -0.50  0.25 0.31
Logarithmic EC = -0.545In(GNDVI) - 0.2483  -0.15  0.20 0.37
Power EC = 0.0595GNDVI**%® 047 022 0.35
NDII Linear EC = -0.8517NDIl + 0.3967 0.18  0.03 0.74
Fxponential EC = 0.3585¢ 280N 022 0.05 0.68
Logarithmic - - - -
Power - - - -
December NDVI Linear EC = -1.4275NDVI + 0.9716 0.78  0.64 0.06
Exponential EC = 1.6538¢ 86NV -0.81 0.65  0.05%
Logarithmic EC = -0.559In(NDVI) - 0.1313 080  0.64 0.06
Power EC = 0.086NDVI™** -0.80  0.64 0.06
GNDVI Linear EC = -1.8556x + 1.0084 085 072  0.03*
Exponential EC = 1.8088e %" 085 073  0.03*
Logarithmic EC = -0.567In(x) - 0.2541 084 070  0.04*
Power EC = 0.0625x 1% 0.84 070  0.04*
NDII Linear EC = -1.9799NDII + 0.6105 051 026 0.30
Fxponential EC = 0.6457¢ %" -0.53  0.28 0.77
Logarithmic EC = -0.201In(NDII) - 0.0687 042 018 0.41
Power EC = 0.0957NDII %% 045  0.20 0.38
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Table 6 Correlation between vegetation index and soil OM

Month  Vegetation Model Equation r r P
index value
March NDVI Linear OM = 5.5705NDVI + 0.9344 -0.08 0.0l 0.88
Fxponential ~ OM = 127432218 MOV -0.06  0.00 0.91
Logarithmic ~ OM = 1.3642In(NDVI) + 4.2228  -0.03  0.00 0.96
Power OM = 5.0075 NDVI 2677 -0.03  0.00 0.96
GNDVI  Linear OM = -1.3025GNDVI + 2.6617 -0.14  0.02 0.79
Exponential  OM = 2.5612e 478NV -0.12  0.01 0.82
Logarithmic ~ OM = -0.264In(GNDVI) + 1.9388  -0.09  0.01 0.87
Power OM = 2.0042GNDVI %07 -0.06  0.00 0.91
NDII Linear OM = -1.4441 NDII + 2.2827 -0.12  0.01 0.82
Exponential  OM = 2.2344e %612 NOI -0.11  0.01 0.83
Logarithmic - - -
Power - - -
December NDVI Linear OM = -2.3304NDVI + 3.2195 -0.52 0.27 0.29
Exponential  OM = 3.3023e%772N0V -049  0.24 0.31
Logarithmic ~ OM = -0.989In(NDVI) + 1.3511 -0.57 0.32 0.24
Power OM = 1.5175NDVIO4! -0.53  0.28 0.29
GNDVI  Linear OM = -3.1864GNDVI + 3.3337 059 034 0.22
Exponential  OM = 3.4796¢->#CNoV! -0.55  0.30 0.26
Logarithmic ~ OM = -1.061In(GNDVI) + 1.0698 -0.63  0.40 0.18
Power OM = 1.3433GNDVI % 059 035 0.21
NDII Linear OM = -1.8212NDIl + 2.4589 -0.19  0.03 0.72
Exponential ~ OM = 2.4054¢ - 764N0l -0.18  0.03 0.74
Logarithmic ~ OM = -0.038In(NDII) + 2.1559 -0.03 0.00 0.95
Power OM = 2.1645NDII*2% -0.01  0.00 0.98
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